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Ocean Tipping Points

When incremental changes in human use
or environmental conditions result in
large, and sometimes abrupt, changes in
ecosystem structure, function, and often,
benefits to people






:They alter
structure and
function




And alter benefits to people
(e.g., West coast sardine fisheries)
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$7M loss in two years (>$93M today)
| Bk =

Value of the
fishery dropped
from $12M to
$5M in two years,
displacing a whole
industry.
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Fic. 6. Value of California fisheries to the fisherman, 1939 through 1946.
The five species of tuna are grouped, albacore, bluefin, bonito, skipjack and yellowfin.
““All others” includes shellfish, fresh market fish and cannery species other than
sardines and tuna.



Recovery may be difficult and slow
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Early warning indicators hold promise
for anticipating tipping points
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Why we are engaged

* Ecosystem tipping points may be rapid, unexpected and
difficult to reverse.

* Crossing tipping points can have negative consequences
for people’s livelihoods and well-being.

* The ability to predict and understand ocean tipping

points can enhance ecosystem management. ¥
* Despite a growing body of tipping point science, there# oo
is still a disconnect with management decisionmaking@ e
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Project Goals

* Improve knowledge and understanding of ocean tipping points,
their potential impacts, and their relevance to management.

* Co-develop and disseminate a toolbox of approaches for
management of ecosystems prone to tipping points, which will
allow managers to:
(1) Identify the “safe operating space” for decision-making
(2) Set targets, monitor using early warning indicators
(3) Evaluate and prioritize management strategies
(4) Identify regulatory and policy vehicles




How we are approaching this

* RESEARCH: Synthesize and build upon our growing
scientific understanding of ecological and socio-economic
tipping points in marine ecosystems

*  APPLICATION: Work with experts and practitioners to
co-develop and test useful and usable approaches for

integrating that information into ecosystem manageme s
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Global database of marine
ecosystem shifts

Where and at what spatiotemporal scales have marine
ecosystem shifts been observed, across habitat types,
latitudes, and ocean basins?

What drives shifts across systems and geography?
Are there common mechanisms at play across shifts?

Are these shifts typically reported to be reversible?
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Over-harvest, eutrophication, and climate are the top
drivers of ecosystem shifts and often act in concert
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Meta-analysis of functional

responses to individual stressors
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Approach

1) Literature search using Web of Knowledge

* Keywords (I): habitat type (marine ecosystem, pelagic, subtidal,
continental shelf, demersal, benthopelagics, etc.) and regime Shift,
switchpoint, tipping point, nonlinear state change

v 1731 papers

* Keywords (ll): habitat type (marine and pelagic) and stressor type
(fishing, pollution, climate, temperature, predation, pressure)

v 3511 papers




Approach

2) Selection criteria
* Field study in pelagic marine ecosystem

 Statistical analysis (regression, correlation) used to identify
the relationship between stressor and response

* Sign. relationships identified by p-value and model selection

* Extract data from paper

» 75 papers; 736 relationships




Approach

3) Published or derived effective degrees of freedom
(EDF) from GAMs are a measure of degree of nonlinearity

Linea Weakly Highly nonlinear

r EDF: nonlinear EDF: EDF: 5.11
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Half of the studied relationships between drivers and
ecosystem components 1n the open ocean are nonlinear
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Half of the studied relationships between drivers and
ecosystem components 1n the open ocean are nonlinear
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Non-linear relationships may also be
under-reported 1n published literature



In the open ocean, highly nonlinear relationships are common
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And thus may have detectable thresholds
that could inform target-setting



A number of the most widely applicable federal and state
environmental laws and regulations allow for threshold-based
science decision making.




Law review found that...

* Where thresholds exist, explicit regulatory
targets on them yield better outcomes

* Cost benefit analysis may favor threshold based
management

* This approach is likely to minimize conflicts by
providing explicit endpoints for env. regs.

Kelly et al. in press, Ecology Law Quarterly



Management Review

* Analyzed ~50 case studies from around the world

* (Categorized each based on attributes:
* Biophysical (e.g. area, location, reversibility of shift)
* Science (e.g. quantitative threshold, measurable variables)
* Enabling (e.g. match in scale, jurisdiction, market forces)

* Institutional (e.g. relevant mgt objectives, time to act)

Kelly et al. in press Phil. Trans. Roy. Soc. B



We found that...

* Threshold management works. More explicit use
of thresholds in management is strongly associated
with better environmental outcomes.

* Responsive monitoring is key. Good outcomes
are also associated with routine monitoring

requirements in both retrospective and prospective
cases.

* Scale matters. Threshold-based systems with

smaller geographic areas are more likely to have
good management outcomes.

OCEAN TIPPING POINTS

Kelly et al. in press Phil. Trans. Roy. Soc. B
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What comes next?




How we are approaching this

« RESEARCH: Synthesize and build upon our growing
scientific understanding of ecological and socio-
economic tipping points in marine ecosystems

 APPLICATION: Work with experts and practitioners to
develop and test useful and usable approaches for
integrating that information into ecosystem management,




Phase Two: Case Study
Application

* Allow us to test and refine our
approach 1n a real-world context

* In both places:

— past or potential ecosystem tipping
points lead to interesting scientific
questions and challenges

— there are important policy windows
of opportunity where this science
could be useful to management
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Hawai’t Case Study Overview

Characterize and map ecological regimes, drivers, and cumulative impacts across

the archipelago.

Estimate threshold activity levels that define safe operating space for healthy

reefs, and develop early warning indicators for regime shifts.

Assess tradeoffs associated with managing multiple stressors across the land-sea

interface, focused in West Maui.

Create guiding principles and toolkit for managing with a tipping points

perspective, tatlored to the management setting and research findings.
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Understanding ecosystem changes in
Gwaii Haanas and Northern BC

75

1. Expert perceptions of ecosystem
interactions

2. Characterization of historical
ecosystem shifts

3. Ewvaluation of socioeconomic and
ecological trade-offs

Sector 1

Sector 2



The opportunity to improve management

New science is converging with a paradigm shift toward
ecosystem-based management of our coasts and oceans.

Existing laws and regulations allow for and even require
thresholds-based management.

Knowledge of thresholds and use of indicators improves
ecological outcomes.

Preventing a shift may be less costly than attempting to
recover from one.

Understanding the drivers and feedbacks that impede
recovery can prioritize restoration actions.
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Www.oceantippingpoints.org
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Threshold targets can be used as simple metrics for protecting ecosystem
resilience and i1dentifying safe operating spaces for human activities
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