
Principles for managing marine ecosystems 
prone to tipping points

EMBEDDING THE SCIENCE OF TIPPING POINTS INTO OCEAN MANAGEMENT

The seven management principles, described 
on the next page, are based on the biological 
observations that tipping points: 

1. are common everywhere;
2. are associated with intense or multi-faceted 

human uses and impacts; 
3. may be preceded by changes in early 

warning indicators; 
4. may redistribute benefits among 

stakeholders; 
5. may influence the relative costs of action 

and inaction; 
6. can aid managers in selecting biologically-

informed management targets; and 
7. often require an adaptive, tiered response to 

environmental monitoring.

Ocean Tipping  Points project 
collaborators have outlined seven 
principles to help marine managers 
strategically predict and prevent 
tipping points.
Awareness is growing among scientists and 
environmental managers that human impacts 
can lead to dramatic, sometimes rapid, changes 
in the way that ecosystems function. These 
changes can impact which species and habitats 
are dominant, the way ecosystems work, how 
productive they are, how rapidly nutrients are 
cycled, or what benefits they provide to people. 

The challenge is predicting when such tipping 
points might occur in the face of limited 
information, and how to manage habitats to 
prevent these unwanted ecological shifts. The 
tipping points principles developed by our team 
are designed to address this challenge.
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Linking Tipping Points to Management
A classic example that illustrates how these seven principles 
manifest in practice is found in the kelp forest habitat off the 
western U.S. coast (see illustration above). As a keystone species, 
otters maintain kelp habitat by eating sea urchins, the main 
consumers of kelp. In the absence of otters, urchin populations 
can grow unchecked, their out-of-control grazing undermining 
kelp forests and creating ‘urchin barrens’ devoid of the shelter 
and biodiversity that kelp ecosystems typically offer. The 
infographic shows how the seven tipping points observations 
and associated management principles are linked to this otter-
urchin example.
Integrating these principles into current management practice 
can be a cost-effective, efficient, and practical approach for 
managing ecosystems prone to tipping points. Having principles 
in place can motivate and guide acquisition of appropriate data, 
indicators, and monitoring plans. 
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Our team paired biological observations with key considerations for resource 
management, resulting in the seven tipping points principles. In this graphic and 
the box below, (bottom right), we illustrate the connection between the observations 
and principles with an example from U.S. Pacific kelp forest ecosystems.
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SEA OTTERS, URCHINS, KELP, oh my!

*All data from “Principles for managing 
marine ecosystems prone to tipping 
points” (Selkoe, et. al. 2015)
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Intense human use 
is often implicated

Early warning 
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shift with regimes
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target setting

Tiered management 
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to monitoring data

Assume tipping points are 
present

Address impacts of human 
use to avoid tipping points

Identify and monitor early 
warning indicators

Assess e�ects of tipping 
points on human bene�ts

Establish a precautionary 
bu�er around tipping points

Tie management targets to 
thresholds

Increase monitoring and 
precaution as risk of tipping 
point increases
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URCHIN BARREN

2 Otters hunted to near extinction

3 Otter decline used as an early warning
indicator that ecosystem may shift

Kelp forest bene�ts include: Urchin barren bene�ts include:

Fin�sheries Tourism/Recreation Shell�sheries  

5 Set target otter densities below an 
estimated threshold to stay outside 
of the precautionary 
bu�er and maintain 
urchin barrens

6 Set target otter densities above 
an estimated threshold to 
maintain kelp forest ecosystem
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the sea urchin industry
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Non-commercial  
Harvest 

       Kelp forest tipping points observed around the world1

Kappel et al. (in review)

In the 19th century, sea otters in Southern California were hunted to near-extinction for their furs. Populations of sea 
urchin, the favored prey of otters, then exploded. As a result the ecosystem crossed a tipping point and formerly vast 
kelp forests supporting  abundant �sh populations were  overgrazed  by urchin, forming 'urchin barrens’.  Fisheries reor-
ganized to target urchin, and opposition to otter reintroduction ensued. 

Similar transitions of complex kelp forest habitats to urchin barrens have occurred worldwide when urchin predators are 
over-harvested, and �eld studies have begun to estimate the predator and urchin density thresholds that cause the 
system to tip into a new state. Increased understanding of tipping points dynamics and societal preferences for urchin 
�sheries or kelp forests can inform management goals and actions.  
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