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Preface 
The ocean is essential to all life on Earth. Life on land 
is impacted in many ways by the ocean, from fisheries 
supporting local economies to large-scale current systems 
regulating weather systems. Yet even small changes 
in ocean temperature or marine ecosystems can have 
irreversible effects that could disrupt long-established 
human and climate systems around the world. 

To discuss these issues, the 2026 US-UK Scientific Forum, 
Shifts and tipping points in ocean systems, was held at 
the Royal Society in London, on 19 – 20 May 2026. The 
Forum brought together leading researchers and other 
stakeholders from across the UK and the US to reflect on 
changing ocean systems, and to reflect on what is needed 
to identify and reduce disruptions from shifts and tipping 
points in ocean systems, and adapt to their consequences. 

After an opening session broadly introduced the concepts 
of shifts and tipping points, other sessions on the first day 
explored these shifts and tipping points in the context 
of ocean circulation, biogeochemical cycles and marine 
ecosystems. Speakers discussed drivers of these changes, 
as well as how to monitor, predict and potentially mitigate 
them. On the second day of the Forum, speakers  
discussed how policies and regional interventions  
could be implemented to protect and restore coastal  
or deep-sea systems, including through co-creation with 
Indigenous Peoples.

At the end of both days, breakout sessions brought 
together Forum participants for small group discussions 
to go into more depth on some of the topics raised in 
the sessions and to develop some of the ideas from this 
meeting into actionable projects and expert perspectives.  

The meeting was not designed to generate conclusions 
and recommendations but rather observations and ideas 
on which to build future deliberations and actions. This 
document is not a verbatim record, but a summary of the 
discussions that took place during the event and the key 
points that were raised. Comments and recommendations 
reflect the views and opinions of the speakers and not 
necessarily those of the Royal Society or the National 
Academy of Sciences (NAS).

For their work in structuring, organising, and moderating 
the forum we would like to thank the members of the 
organising committee: Scott Doney and Corinne Le Quéré 
(co-chairs of the committee), John Bruno, Ida Kubiszewski, 
Tim Lenton, Michael Meredith, Malin Pinsky, and Anastasia 
Romanou; as well as the speakers, panellists and 
participants who contributed to this important discussion. 
Anna Bashkirova and Jennifer Clements of the NAS and 
Amna Siddiq, Ashleigh Carver, Keisha Byfield, Luke Clarke, 
Poppy Joyce, Paul Davies and Leo Marioni of the Royal 
Society provided essential staff support. Eva Amsen wrote 
this summary of the forum, and videos of the event are 
available on the websites of the NAS and the Royal Society. 

Paul Nurse 
President of the Royal Society

Neil Shubin  
President of the National Academy of Sciences
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Background
The ocean covers 70% of the Earth’s surface, but its impact 
reaches much further. A vast system of ocean currents 
regulates global temperatures and weather systems, while 
marine ecosystems provide direct economic and social 
benefits to coastal regions that rely on tourism and fisheries. 

But rising atmospheric and oceanic temperatures, ocean 
acidification, pressure from fishing industries and other 
factors can readily and perhaps irreversibly disrupt ocean 
systems by altering their circulation, biogeochemistry and 
ecosystems. Some of these changes would have a long-
lasting and global impact. For example, a slowdown or 
collapse of the Atlantic meridional overturning circulation 
(AMOC) has the potential to permanently disrupt the global 
food supply by affecting the production of staple crops 
like maize and wheat through changing weather patterns, 
as well as leading to more severe droughts and flooding 
around the world, harsher winters in parts of Europe, and 
potentially triggering cascading impacts across critical 
human and environmental systems. Shifts and tipping 
points in ocean systems create additional risks that interact 
with other climate change impacts, leading to complex 
regional and global consequences.

The far-reaching impact of shifts and tipping points in 
ocean systems formed the motivation for the 2026 US-UK 
Scientific Forum, co-organised by the Royal Society and  
the National Academy of Sciences. Speakers discussed 
which factors drive changes in ocean systems, how to 
identify and predict shifts and tipping points, and what 
research and interventions might be needed to mitigate  
or prevent disruptions. 

These interdisciplinary issues benefit from broad expertise 
from different fields and countries, and the Forum 
encouraged the initiation of new US-UK collaborations  
to extend discussions beyond the meeting.

About the Royal Society
The Royal Society is the UK’s national academy of science. 
It is a self-governing Fellowship of many of the world’s most 
distinguished scientists drawn from all areas of science, 
engineering, and medicine. The Society’s fundamental 
purpose, reflected in its founding Charters of the 1660s, is 
to recognise, promote, and support excellence in science 
and to encourage the development and use of science for 
the benefit of humanity.

1.	 Timothy M. Lenton et al., 2019. Climate Tipping Points — Too Risky to Bet Against, Nature 575, (7784): 592-95. doi: 10.1038/d41586-019-03595-0.

About the National Academy of Sciences 
The National Academy of Sciences was established in 1863 
by an Act of Congress, signed by President Lincoln, as a 
private, nongovernmental institution to advise the nation 
on issues related to science and technology. Members are 
elected by their peers for outstanding contributions  
to research.

Shifts, tipping points, and systems dynamics
Shifts and tipping points are not quite the same thing, but 
they are related, noted session chair Corinne Le Quéré of 
the University of East Anglia. This meeting covered both, 
and the first two speakers of the day introduced these  
key concepts. 

In the opening presentation, Tim Lenton described tipping 
points as irreversible and self-propelling. Once a state 
passes a tipping point it cannot go back. How we think 
about the risk of climate tipping points has changed over 
time based on new scientific evidence, said Lenton, who 
is the University of Exeter’s Chair in Climate Change and 
Earth System Science. He noted that twenty years ago the 
IPCC placed the risk of climate tipping points at around  
4 – 5°C of warming, but that more recent reports 
acknowledge that some tipping points could be reached 
already with 1 – 2°C of global warming1. Lenton added 
that some systems, like coral reefs, are much closer to 
a tipping point than others. He noted the importance of 
early warning systems, but cautioned that the window for 
preventing irreversible climate tipping points is rapidly 
closing. Lenton further introduced the notion of positive 
tipping points, where human actions, such as habitat 
recovery programmes, may push a system toward a more 
sustainable state. 

Ecological transitions in marine ecosystems are affected 
by many different drivers, said Scripps Institution of 
Oceanography’s Lisa Levin. She gave several examples 
of abiotic conditions, human disturbances and species 
interactions that can all lead to shifts and tipping points in 
marine ecosystems. These changes are directly observable 
in coral reefs and kelp forests, while oxygen measurements 
are indications of habitat loss in the deep sea. Human 
activities such as bottom trawling and seabed mining are 
directly responsible for disruptions in some ecosystems, 
said Levin. She noted the positive effects of actions such 
as maintaining marine protected areas or rewilding and 
restoration, but pointed out that there is still a lot of research 
needed to further implement positive tipping points. 
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Shifts and tipping points in ocean circulation
In the next session, speakers discussed drivers and 
effects of tipping points in ocean circulation, whether early 
warning systems could be developed, and which scientific 
knowledge is still needed to better understand these tipping 
points. First, Stefan Rahmstorf of the Potsdam Institute for 
Climate Impact Research showed how several climate model 
simulations predict that by the year 2100 the AMOC will have 
slowed down to a point from which it cannot recover, unless 
emissions are rapidly reduced2. Several models also suggest 
that an AMOC shutdown will be preceded by a convection 
collapse in the middle of the century, which Rahmstorf 
referred to as a likely point of no return. He noted that even 
before 2100, the effects of a slowing AMOC and the collapse 
of the subpolar gyre (SPG) convection will be noticeable. 

Ocean circulation is a complex process, with many 
interconnected elements. Focusing on one of these 
connections, Sophie Nowicki of the University at Buffalo 
discussed the contribution of melting ice sheets on the 
AMOC. She noted that ice sheets used to be seen as 
passive indicators of climate change, but that there is a 
growing understanding, based on more recent observations, 
that melting ice sheets also affect ocean circulation. Ice 
sheets show seasonal melting in summer and refreeze 
in winter, but increased air and ocean temperatures are 
shifting the balance. Nowicki noted that it is challenging to 
couple ice sheet models to existing climate models, and to 
incorporate new observations about water flow into these 
models. When freshwater runoff from the Greenland ice 
sheet is taken into account, one model does show a small 
negative effect on the AMOC3. However, Nowicki pointed 
out that more research and updated models are needed to 
understand how ice sheets influence ocean circulation in 
different regions, at different timescales, and in relation to 
different processes. 

2.	 Sybren Drijfhout et al., 2025. Shutdown of Northern Atlantic Overturning after 2100 Following Deep Mixing Collapse in CMIP6 Projections, 
Environmental Research Letters 20, (9): 094062. doi: 10.1088/1748-9326/adfa3b.

3.	 Jan T. M. Lenaerts et al., 2015. Representing Greenland Ice Sheet Freshwater Fluxes in Climate Models, Geophysical Research Letters 42, (15): 6373–
81, https://doi.org/10.1002/2015GL064738.

4.	 Giovanni Sgubin et al., 2017. Abrupt Cooling over the North Atlantic in Modern Climate Models, Nature Communications 8, (1): 14375.  
doi: 10.1038/ncomms14375.

5.	 Aditya Narayanan et al., 2026. Compound Drivers of Antarctic Sea Ice Loss and Southern Ocean Destratification, Science Advances 12, (19).  
doi: 10.1126/sciadv.aeb0166.

6	 Theo Spira et al., 2026. Wind-Triggered Antarctic Sea-Ice Decline Preconditioned by Thinning Winter Water, Nature Climate Change 16,(5): 583–90. 
doi: 10.1038/s41558-026-02601-4.

Continuing the focus on the North Atlantic region, Alejandra 
Sanchez-Franks of the National Oceanography Centre 
discussed the potential of a collapse of the SPG convection, 
in which the process of deep water formation in the Labrador 
and Irminger Seas is affected by an increase in meltwater 
and rising atmospheric warming. Models suggest that a 
collapse of SPG convection would trigger both regional 
and (through AMOC destabilisation) global climate and 
ecosystem disruption4. Sanchez-Franks discussed some 
of the evidence that supports a weakening SPG, including 
observed temporary shutdowns linked to atmospheric 
changes and extreme sea ice melt. She noted that 
observations and existing models are not yet able to offer 
accurate enough predictions to create an early warning 
system for collapse of SPG convection. While AI advances 
make it possible to boost information from available data, 
Sanchez-Franks emphasized that continued data collection 
is needed to allow for the development of more accurate 
warning systems for ocean tipping points. 

Some ocean tipping points may have already been 
reached. The University of Southampton’s Alberto Naveira 
Garabato discussed whether this is the case for the decline 
in Antarctic sea ice. Sea ice in this part of the world is an 
important factor in shaping Southern Ocean ecosystems, 
because the seasonal cycles of freezing and melting 
feed into ocean circulation. However, he mentioned that 
satellite data and other observations have shown an abrupt 
decrease in the overall sea ice cover since 2015, which has 
not recovered. Naveira Garabato referred to studies that 
suggest that this new state of low ice cover is the result of 
several factors5, 6. An increase in upwelling of deep water 
around Antarctica, driven by stronger winds, has led to 
a build-up of heat and salt which in turn is reducing the 
level of seasonal sea ice production. With less sea ice 
available to melt in summer, the upper ocean has remained 
warmer, which further inhibits the formation of new sea 
ice. Since the sea ice level seems stuck in this new state, 
he suggested that this change is starting to look like a 
tipping point has been passed. He added that whether it’s 
possible to tip it back to the previous state, perhaps with an 
additional source of freshwater, remains to be determined. 
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Shifts and tipping points in ocean biogeochemical cycles
The ocean contributes to the continuous cycling of 
carbon, oxygen and other elements between the marine 
environment, surrounding land and the atmosphere. In this 
session, speakers described several shifts and tipping points 
in this system. First, Jaime Palter of the University of Rhode 
Island discussed how oxygen enters the deep ocean in the 
Labrador Sea to contribute to ventilation of the deep Atlantic 
Ocean. She mentioned that 24 teramoles of oxygen is added 
to the ocean every year in this region, mostly upstream in the 
eastern subpolar gyre. 

This is equivalent to the amount needed to balance 
respiration across the entire North Atlantic in the 3 – 6°C 
layer. Palter argued that a convection tipping point in the 
Labrador Sea would not immediately cause widespread 
deoxygenation, but that this would be a gradual process. 
Nevertheless, she suggested that the effects could be more 
severe in specific regions within this area. For example, she 
mentioned that climate models project that the Northwest 
Atlantic area would see rapid deoxygenation under 
warming conditions. But Palter noted that even gradual 
deoxygenation could resemble a tipping point for organisms 
that already live near their metabolic limit.

FIGURE 1

7	� Rosalind E.M. Rickaby et al., 2026. Shelf-invading low-oxygen waters control Cenozoic organic carbon burial rates,  
Proc. Natl. Acad. Sci. U.S.A. 123 (26) e2526409123. doi: 10.1073/pnas.2526409123.

Sea level can control how efficiently the ocean buries organic carbon. 

At intermediate sea levels (B), low-oxygen waters overlap with phosphate-rich continental-shelf sediments. This enables 
more phosphate recycling, which in turn fuels ocean productivity and increases carbon burial. At very high or low sea levels, 
this overlap is lost and carbon burial weakens7.
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Next, Ros Rickaby of the University of Oxford discussed 
the complex link between sea level changes and carbon 
sinks. She showed that over a timescale of 60 – 70 million 
years, a lower proportion of organic carbon has been 
buried at times when the sea level was higher. Rickaby 
further suggested that at times when the sea level was 
low, the increased availability of phosphorus over a smaller 
area increased the production of organic carbon, which 
in turn led to lower oxygen levels. This could encourage 
more carbon burial if the oxygen minimum zone coincides 
with a shelf (Figure 1). If the area with low oxygen is too 
deep during periods of low sea level, there isn’t enough 
surface available for carbon burial. Conversely, if the sea 
level is too high, there isn’t enough phosphorus. Rickaby 
summarized that this balance between phosphorus and 
carbon burial demonstrates how sea level alone can impact 
the biogeochemistry of the ocean.

James Rae of the University of St Andrews described how, 
while the uptake of CO2 in the ocean currently helps to 
modulate atmospheric CO2 levels, some climate events 
can reverse this effect and release CO2 from the ocean. 
One event that could cause this is a change in ocean 
circulation. Rae discussed paleo data from deep-sea 
corals which demonstrated that during the end of the last 
glacial period CO2 was gradually released from the deep 
Southern Ocean. Data from ice cores further showed that, 
within this period of gradual change, there have been more 
abrupt jumps in CO2 release in the Southern Ocean and 
North Pacific. Rae showed simulation data that link these 
events to sea ice loss and a poleward shift of westerly 
winds, which are both caused by changes in AMOC. He 
further noted that another driver for carbon release is 
ocean acidification. During a period of acidification in the 
geological past, marine organisms increased calcification, 
which further drove CO2 release. Rae cautioned that 
historic events are not perfect analogues for current climate 
events, but that paleo data can show which processes 
could be monitored or explored in models.

Closing this session, Nicole Lovenduski, of the University 
of Colorado Boulder, discussed how earth system models 
could be used to predict when extreme ocean events might 
occur months or years ahead of time. She showed how 
the Community Earth System Model is able to generate a 
seasonal forecast using the mean of multiple ensemble 
models based on two years of data. The robustness of such 
model simulations can be tested by checking the forecast 
with true events, said Lovenduski. Some forecasting models 
have already shown that it’s possible to predict extreme 
ocean events such as marine heat waves up to a year in 
advance. However, she noted that sparse biogeochemical 
observations make it more difficult to test and improve some 
forecasts. As a result, forecasts work better for parts of the 
ocean where more data are collected. 

Shifts and tipping points in marine ecosystems
Several speakers in this session highlighted how marine 
ecosystems can be affected by changes in environmental 
conditions and emphasized the value of collecting data 
to monitor and predict how species and communities 
respond to climate change. First, Samantha Siedlecki of the 
University of Connecticut discussed how even sub-lethal 
changes can compound in coastal environments to disrupt 
ecosystems and local economies. Combinations of climate-
driven stressors such as warming or deoxygenation can 
impact growth, metabolism, reproduction or behaviour of 
organisms living in these ecosystems. She illustrated this 
with an example of a coastal ecosystem in Washington 
state, where models and observations showed that 
circulation changes resulted in lower oxygen levels and 
habitat compression. This has already affected local 
fisheries. Siedlecki emphasized that understanding how 
compound changes affect coastal ecosystems is crucial for 
mitigating marine risks.

For some ecosystems, the link between observed shifts 
and climate events is not clear yet. This was exemplified 
in a presentation by Stephanie Henson of the National 
Oceanography Centre. Even though the paleo record of 
the past thousand years shows different functional plankton 
communities before, during and after the Little Ice Age, 
Henson noted that several questions would need to be 
answered to understand how plankton would respond 
to future ocean changes. These include questions about 
the causal link between environmental conditions and 
ecosystem changes, which species to monitor, how resilient 
plankton communities are to change, whether changes 
in plankton communities reflect functional changes, 
and understanding how much complexity needs to be 
monitored and modelled.
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Lisa McManus of the University of Hawaiʻi at Mānoa 
showed how different computational models can be used 
to predict the recovery trajectories of coral reefs. She 
first described how eco-evolutionary modelling could 
show which characteristics determine coral persistence. 
Simulations of coral reef ecosystems at the scale of reef 
patches showed that growth rate, genetic variance and 
thermal tolerance all determined how the coral cover 
changes over time. Next, McManus discussed the potential 
of machine learning in coral reef predictions. She showed 
that machine learning-based models were able to predict 
when reefs switch from a coral- to an algae-dominated 
state, but that, at least in this example, these predictions 
were more accurate when a traditional machine learning 
model was combined with theoretical modelling. McManus 
added that the effectiveness of machine learning for such 
predictions is likely context dependent.

In the final talk of this session, Michael Burrows, of the 
Scottish Association for Marine Science, emphasized the 
importance of understanding a species’ thermal range. This 
range is shaped like a bell curve, the thermal performance 
curve, peaking at the temperature at which organisms 
show optimal physiological and ecological performance. 
Species that are living at temperatures lower than their 
peak performance temperature will respond positively 
to a warming climate, whereas those living at the upper 
end of their range will respond negatively (Figure 2). This 
range is different for every species, said Burrows, so a 
shifting climate will affect different species in different ways 
within the same ecosystem. He suggested that, with an 
understanding of these thermal ranges and with long term 
data collection, it’s possible to project how ecosystems 
change in response to climate shifts.

FIGURE 2

Diagram showing a thermal performance curve. 

Courtesy of Michael Burrows. 
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Tipping points in ecosystem services
The second day of the Forum focused on human 
interactions with ocean ecosystems and tipping points. 
Imperial College London’s Emma Cavan opened the first 
session of the day by introducing anthropogenic threats 
to the open-ocean biological carbon pump (BCP). This 
system describes the cycles that transfer carbon from 
the surface ocean to the deep ocean, contributing to a 
large amount of ocean carbon storage. However, physical 
changes in circulation or nutrient supply can push the BCP 
past tipping points beyond which it is less effective at deep 
ocean carbon storage. Cavan said that human activities 
act on these processes in several ways, including through 
industrial scale fishing activities that affect the food web 
that the BCP relies on. 

Cavan touched on potential policies that could protect 
the BCP, such as a dedicated fisheries code. This could 
potentially be a framework to set out protocols and 
guidelines, linked with a certification system and carbon 
credits. She argued that scientific evidence should be 
considered to determine whether such a fisheries code 
could work, whether it should be implemented, and what 
would be required to introduce it.

Next, Adrian Stier of UC Santa Barbara discussed how 
social tipping points can interact with ecological tipping 
points. To illustrate this, he shared the complex history 
of the pacific herring population at Haida Gwaii, an 
archipelago off the coast of British Columbia. These herring 
are an ecologically critical resource because they attract 
wolves, bears and whales to the area. They have also 
been a crucial resource for the local population for 10,000 
years. In the past 150 years, the abundance of herring has 
also attracted commercial fisheries, which has caused 
temporary shifts that collapsed the herring population in the 
1970s and 1990s. Quotas are now in place to manage the 
numbers. However, Stier explained that these quotas are 
set for the entire archipelago and do not take into account 
that fish population can vary between coves. 

7	

Further emphasizing the value of local management, 
Oregon State University’s Will White described how local 
conservation efforts can make kelp forest ecosystems 
more resilient to climate change in the short term. Marine 
heatwaves negatively affect kelp growth, but they also 
increase sea urchins’ feeding rates. Urchins feed on kelp 
holdfasts, which further reduces the kelp canopy cover, 
rapidly turning kelp forests into urchin barrens. White 
showed how simulations project the effectiveness of 
three short-term actions that could be taken following a 
heatwave: closing fisheries that capture urchin predators, 
removing urchins, and planting new kelp. These simulations 
suggest that these actions are particularly effective when 
used in combination, but that they would need to be taken 
immediately at the start of a heatwave, or even right before 
it. White also showed how the expansion of existing marine 
protected areas could support the management of kelp 
forests in the longer term, especially when accounting for 
the fact that certain locations will be more vulnerable to 
heat damage than others. 

Marine heatwaves are becoming more frequent, longer, 
and more intense, which will have widespread implications 
for ecosystems and society, warned Dan Smale of 
the Marine Biological Association. However, he noted 
that some of the effects of these heatwaves can be 
managed thanks to improvements in forecasting and the 
implementation of local proactive and reactive response 
plans. He mentioned a proactive response example, 
in which handfish in Tasmania were temporarily held in 
captivity for the duration of a heatwave. Reactive responses 
could include, for example, the closure of fisheries to 
manage ecosystems. Smale suggested that marine 
heatwaves resulting from the El Niño weather pattern that is 
expected to return this year could be an opportunity to test 
different approaches and find what works best to minimize 
the impact on marine ecosystems.7
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Human dimensions of ocean tipping points
The meeting’s final session focused on the need to reach 
beyond the scientific community to implement ecosystem 
management actions or to introduce new policies. First, 
`Aulani Wilhelm, CEO of Nia Tero, a non-profit supporting 
Indigenous Peoples’ guardianship of their ancestral lands 
and waters, shared her insights on collaborations between 
scientists and Indigenous Peoples. With 40% of global 
protected lands falling within Indigenous lands8, Wilhelm 
argued that Indigenous populations have extensive 
experience in guardianship of natural lands. She shared 
how scientists and Indigenous People worked together 
to co-design the management of Papahānaumokuākea, 
a large national marine sanctuary in the Hawaiian 
archipelago. Despite taking a long time to build trust, 
these two groups now co-manage this sanctuary through 
mutual expertise. To build such successful collaborations, 
Wilhelm recommended that researchers involve Indigenous 
Peoples in codesigning local solutions and ask them for 
their input and vision.

Another way to enact change is by implementing risk 
reduction policies. As Executive Director of the Strategic 
Climate Risks Initiative, Laurie Laybourn suggested that 
AMOC collapse could be added to national risk registers, 
like it already is in Iceland. He noted that there are some 
inherent challenges that come with the introduction of 
climate topics to the risk register. For example, it could 
be perceived as low priority because it is a slow-moving 
process, and its broad and complex impact would 
not clearly limit AMOC risk management to a single 
government department. Laybourn provided several 
recommendations for engaging with policymakers: engage 
early; communicate worst-case scenarios, not just what is 
most likely to happen; convey information that could lead to 
actionable policies; identify thresholds of intolerability; and 
identify actions that would be beneficial even if a tipping 
point does not occur. 

8.	 Stephen T. Garnett et al., 2018. A Spatial Overview of the Global Importance of Indigenous Lands for Conservation, Nature Sustainability 1, (7): 369-
74. doi: 10.1038/s41893-018-0100-6.

9.	 This section is a summary of the main points made by individual speakers and attendees, and the statements have not been endorsed or verified by 
the National Academy of Sciences and the Royal Society. 

Key points highlighted by forum speakers and attendees9 
Several important themes emerged across the sessions. 
Principal among these was the interconnectivity of multiple 
marine, terrestrial and human systems. Speakers in several 
sessions stressed that failure to avoid shifts and tipping 
points can lead to widespread and long-lasting impacts, 
because a slowdown or collapse of one system could  
have a cascading impact across others, which would 
have the potential to irrevocably impact human and 
environmental wellbeing. 

A recurring theme of the Forum was that, even if explicit 
tipping points are avoided, pushing systems towards 
tipping points without crossing critical thresholds can still 
lead to severe impacts. The characteristics of systems can 
change as tipping points are approached, exhibiting signs 
of system slowdown or increased variability, for instance. 
For example, speakers pointed out that even if AMOC 
collapse is avoided, AMOC slowdown will still impact global 
weather patterns. Additionally, it was stated that the further 
an environmental system is pushed towards a tipping point, 
the harder it may be to restore it to its previous stable 
state. Therefore, attendees discussed the importance of 
mitigating disruption to critical marine systems, not only to 
avoid irreversible shifts, but also to preserve ecosystem 
function and to avoid the knock-on impacts of disruption. 

Finally, the presentations emphasized that there are still 
substantial unknowns around environmental system 
dynamics, responses to stressors, and impacts of system 
shifts. Discussions at the Forum highlighted that many 
ecosystem-level tipping points have yet to be discovered, 
highlighting the importance of further ocean observations 
and process studies. Participants noted that understanding 
the dynamics of critical marine ecosystems, and how they 
respond to multiple stressors, may help identify potential 
shifts and tipping points and inform future responses to 
reduce their risks of occurrence. 
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