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SUMMARY
Changes to atmospheric and oceanographic conditions, including increased temperatures (air and water), ocean
acidification, sea level rise and altered ocean currents, may affect temperate marine ecosystems. Some species will likely be
able to adapt to these impacts and even thrive under new conditions, while others may be adversely affected, resulting in
ecologically significant biological, phenological, or community shifts. While these potential changes present a challenge for
managing coastal resources, we have the opportunity to address this challenge with the tools we currently use.
This report recommends an approach to efficiently and effectively augment MPA monitoring to provide additional
information that can inform the management dialogue around potential climate change effects on marine ecosystems and
adaptation or mitigation measures. This report explicitly focuses on approaches for monitoring the potential impacts of
climate change on marine ecosystems (e.g. rocky intertidal, kelp and shallow rock). While we recognize that climate change
will likely impact human uses, both consumptive (e.g. fishing, crabbing) and non-consumptive (e.g. tidepooling, SCUBA
diving), consideration of monitoring these effects is not covered in this report.
The MPA Monitoring Enterprise has developed a framework for MPA monitoring in California to ensure that monitoring
efficiently and effectively assesses MPA performance and provides information to support future MPA management
decisions. This framework, that was developed to assess the progress of California’s regional networks of MPAs in meeting
the goals of the Marine Life Protection Act (MLPA), adopts an ecosystem-based approach to assess the condition of marine
ecosystems. While climate change is not explicitly incorporated into the goals and objectives of California’s MPAs, future
evaluations of MPA performance will occur in the context of a changing climate and associated changing oceanographic
environment.
This document offers a suggested framework for augmenting MPA monitoring efforts in order to inform our understanding
of climate change effects and increase the effectiveness of adaptive MPA management in light of climate change. It
contains recommendations for efficiently incorporating climate change monitoring following a three-tiered design in order
to provide scalable implementation options for managers that can track climate change impacts and provide ‘alerting
signals’ for California’s marine ecosystems.
The first, most basic, approach for incorporating climate change into MPA monitoring is through the identification of
species that are currently identified in MPA monitoring plans that may also inform our understanding of climate change
effects. This report identifies these species, suggests what aspects of climate change are likely to affect them and predicts
how these species may respond. If resources are available, MPA monitoring can be augmented through the addition of new
metrics for species already being monitored (e.g., measuring mussel depth, in addition to percent cover) or through the
addition of new species for monitoring. Finally, new areas of research are identified that take advantage of the ‘natural
laboratory’ created by a network of MPAs. These research areas can advance our understanding of how climate change
may affect marine ecosystems and be used to evaluate the efficacy of management actions.
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Purpose

Temperate marine ecosystems are likely to change in response to altered atmospheric and
oceanographic conditions, including increased temperatures (air and water), ocean acidification, sea
level rise and altered ocean currents, including coastal upwelling. Some species will likely be able to
adapt to these impacts and even thrive under new conditions, while others may be adversely
affected, resulting in ecologically significant biological, phenological, or community shifts. Existing
evidence suggests that climate change may result in the loss of sandy beach habitat and wetland
systems, saltwater intrusion to aquifers, and declines of kelp forests and some fish stocks in
California. While these potential changes present a challenge for managing coastal resources, we
have the opportunity to address this challenge with the tools we currently use. This report
recommends an approach to efficiently and effectively augment MPA monitoring to provide
additional information that can inform the management dialogue around potential climate change
effects on marine ecosystems and adaptation or mitigation measures.

Climate Change in Temperate Marine Ecosystems

Of the climate changes and impacts most likely to affect nearshore temperate marine ecosystems,
the following – sea level rise, increased air and sea surface temperatures, increased intensity and
frequency of storms, decreasing pH, and altered circulation patterns – may be most effectively
informed through MPA monitoring. It is important to note that many physical characteristics (e.g.,
sea level rise, sea surface temperature, circulation patterns, wave height, etc.) are already monitored
by other programs and agencies. Many of these programs have long-term and ongoing spatial and
temporal data that, when combined with the ecological monitoring conducted for MPAs, can both
identify the ecological consequences of changes in these oceanographic conditions and facilitate
better evaluation of the performance of California’s network of MPAs 1. More information on these
impacts, including existing monitoring programs, is provided below.
Sea Level Rise
Sea level rise is principally caused by thermal expansion and increases in freshwater input, 2
and can be exacerbated by El Niño Southern Oscillation (ENSO) events. 3 Under medium to
medium-high greenhouse gas emission scenarios (B1 and A2 IPCC scenarios) mean sea
levels are projected to rise from 1.0 to 1.4 meters by the year 2100 along the California
coast. 4 Sea level rise is anticipated to result in coastal inundation, beach erosion, flooding,
and saltwater intrusion to low-lying areas, such as coastal wetlands, 5 and may ultimately
cause changes in habitat availability and types. 6 Monitoring programs in place that track sea
level rise include Cal-Adapt and the Integrated Ocean Observing System (IOOS).

Carr et al. 2011
Heberger et al. 2009
3 Cayan et al. 2006
1
2

Cayan et al. 2009
Heberger et al. 2009
6 Harley et al. 2006
4
5
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Increased Air and Sea Temperatures
Elevated mean sea and air temperatures and extreme events will become more common in
the region. 7 Increased temperatures can directly manifest as thermal stress in temperaturesensitive species and can change local salinity. Species will likely respond differently to these
compounding factors, but changes in species ranges, community structure, phenologies (i.e.
seasonality of life cycle events), and increased incidences of disease and establishment of
invasive species are expected. 8 Monitoring programs in place that track air and sea surface
temperatures include the California Nevada Applications Program (CNAP), Integrated
Ocean Observing System (IOOS), and Western Regional Climate Center.
Increased Intensity and Frequency of Storms
More intense storms and extreme weather events may be expected with climate change and
may be enhanced by naturally occurring ENSO events. 9 Storms can cause direct physical
damage to coastal ecosystems, especially coastal wetlands, estuaries, intertidal zones, and kelp
forests. Indirect damage due to changing intensity and frequency of storms can be just as
important as direct impacts. For example, sediment inputs from land based erosion and
runoff may cause increased turbidity, thus smothering estuarine, coastal and offshore benthic
communities by sediment deposition. Storm intensity and frequency may be exacerbated by
sea level rise resulting in shoreline erosion and increased nearshore turbidity. 10 The National
Weather Service Climate Prediction Center currently monitors for these kinds of events.
Ocean Acidification
The oceans are absorbing large amounts of anthropogenic carbon dioxide (CO2), resulting
in chemical reactions that lower ocean pH and acidify ocean water. Decreased pH levels can
result in the decline of available calcium carbonate, which is needed for the development of
many species, including calcareous algae, zooplankton, shellfish, and larval fishes, 11 and can
cause population and trophic shifts. 12 Ocean acidification can also affect biological processes
(e.g., fertilization, development, metabolism) in a variety of species. 13 The PMEL Carbon
Dioxide Program monitors pH levels in at select monitoring sites in the region.
Altered Circulation Patterns
Ocean circulation patterns are driven by winds and thermohaline circulation, influencing
currents and upwelling. Climate change will interact with naturally occurring climate cycles
such as the El Niño-Southern Oscillation (ENSO) and Pacific Decadal Oscillation (PDO).
Cayan et al. 2008, Moser et al. 2009
Stachowicz et al. 2002, Harley et al. 2006
9 Moser et al 2009
10 Flick 1998, Peterson and Schwing 2008
7
8

Hauri et al. 2009
Doney et al. 2009
13 Portner and Reipschlager 1996, Kikkawa et al. 2003, Ishimatsu et al. 2004, Kurihara and Shirayama 2004, Kurihara et
al. 2007, Michaelidis et al. 2007
11
12
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These interactions can cause significant changes in ocean productivity, shifts in distribution
of nutrients and organisms, altered larval dispersal, and modification in food webs. 14
Monitoring programs in place that measure ocean circulation patterns include the Integrated
Ocean Observing System (IOOS) and Southern California Coastal Ocean Observing System
(SCCOOS).

MPA Monitoring in California

The MPA Monitoring Enterprise has developed a framework for MPA monitoring in California to
ensure that monitoring efficiently and effectively assesses MPA performance and provides
information to support future MPA management decisions.
The top level of the monitoring framework is the set of Ecosystem Features chosen to collectively
represent and encompass a region, such as the South Coast and North Central Coast regions. For
example, 10 Ecosystem Features have been identified for the South Coast region and these include
rocky intertidal ecosystems, kelp and shallow rock ecosystems, and estuarine and wetland
ecosystems, among others. As described in the monitoring plans:
The Ecosystem Features provide the focus for two core MPA monitoring elements: 1) assessment of
ecosystem condition and trends, and 2) evaluation of specific MPA design and management
decisions. Assessment of ecosystem condition and trends will track the state of marine ecosystems,
including human activities, in each region, and how they change over time inside and outside the
MPAs. Evaluations of specific MPA design and management decisions, such as MPA size and
spacing, will examine the effects of these decisions on Ecosystem Features. Collectively, the two core
monitoring elements will provide information to assess progress in achieving MPA goals, and
facilitate future adaptive management decisions. 15
The MPA monitoring framework that was developed to assess the progress of California’s regional
networks of MPAs in meeting the goals of the Marine Life Protection Act (MLPA), 16 and which is
described in the North Central Coast and South Coast MPA Monitoring Plans, adopts an
ecosystem-based approach to assess the condition of marine ecosystems. While these plans identify
metrics that can be used to both monitor MPA performance and track climate change impacts, there
is also an opportunity to consider additional metrics or new research questions that may augment
MPA monitoring in support of advancing understanding of climate change impacts and testing the
efficacy of proposed management and planning approaches under the challenges of climate change.

MPA Monitoring in a Changing Climate

Two of the primary purposes for MPA monitoring are assessing progress towards MPA goals and
evaluating the effectiveness of management actions. Increasingly, these goals include broad
ecosystem-level protections; thus monitoring includes measuring key aspects of the structure and
Bakun 1990, Gaylord and Gaines 2000, Behrenfeld et al. 2006, Peterson and Schwing 2008
Additional details are available on the Monitoring Enterprise website at www.monitoringenterprise.org
16 California Marine Life Protection Act, Statues 1999, Chapter 10.5 of the California Fish and Game Code, section
2850-2963.
14
15
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function of coastal and marine ecosystems. Implicit in this is the need to understand changes in the
physical and biological environment through tracking changes through time. Recent approaches to
natural resource management include calls for adaptive management, whereby the effectiveness of
management actions are evaluated and, if needed, adjusted in response. Information collected to
assess ecosystem condition and in support of adaptive management can also be useful for evaluating
and adapting to climate change, but it requires explicit consideration of climate change in the
monitoring framework.
A useful way of approaching the role of climate change in MPA monitoring is to consider the types
of decision support that are required for effective MPA management; these include: informing
decisions, evaluating decisions, and increasing understanding to support future decisions.
Informing decisions
Climate change has implications for the existing decisions that need to be made within current
monitoring approaches and management mandates, such as where species of concern are
located or how water quality may affect MPA success. It may also result in emerging decisions,
such as how to consider ocean acidification or changing upwelling patterns, issues that
historically have not been a concern of marine managers. There may also be the need for
decisions on how to enact rapid responses to episodic conditions such as hypoxia or storm
related events.
Evaluating decisions
Climate change adaptation and monitoring provides the opportunity for adaptive
management, including evaluating decisions and testing assumptions. Evaluating the efficacy of
management decisions in the face of climate change requires the inclusion of MPA
monitoring metrics that are sensitive to the effects of climate change. Monitoring results
can also suggest ecosystem indicators that are sensitive to changes in ocean conditions
associated with climate change. Determination of the management and monitoring actions
taken in response to climate change is based on assumptions regarding the nature of marine
ecosystems and climate change. Designing monitoring that tests the predicted ecosystem
responses based on these assumptions is equally important. MPA monitoring can show if
species and ecosystems, both their structural and functional attributes, are responding to
changes in oceanographic conditions as predicted.
Increasing understanding
The effects of a changing climate may result in unforeseen changes to coastal and marine
ecosystems. This uncertainty underscores the need for monitoring programs designed to
collection information that documents the condition of and tracks the changes in marine
ecosystems. This information can be used to deepen our understanding of climate change
effects, improve our ability to adaptively manage MPAs in the face of these changes and
inform the development of biophysical and coupled socio-ecological models to make future
predictions and reduce uncertainty.
6

Integrating Climate Change into Monitoring

While monitoring and management for climate change is often implemented as a separate endeavor
from existing monitoring efforts, this approach misses the opportunity to efficiently leverage
resources and to use the information collected to inform other management mandates. Effective
monitoring and management are contingent on full integration of metrics and frameworks that are
climate-informed 17. Not doing so decreases the likelihood of separating the impacts of climate
change that are negative from the beneficial impacts of MPAs due to the reduction of other impacts.
Incorporating consideration of climate change into MPA monitoring is not a complex endeavor
requiring expensive technical capacity. The key element required is integrating climate change into
the underlying perception of condition for the system being monitored. Much of the work can be
done using existing metrics, new metrics for already monitored species, or existing metrics on new
species.
A first step is to identify species that are already being monitored and consider their vulnerabilities
to climate change. This may include predictions of how these species are expected to respond to
climate-related changes. For example, these predictions may identify altered abundance, size
frequency, or density as potential responses. In Tier 1 below, we suggest species identified as
candidates for MPA monitoring in the existing monitoring plans that may also provide useful
information to inform our understanding of climate change effects.
A next step is to identify the predicted climate change concerns for an individual MPA or region,
and identify additional metrics to assess these concerns in order to inform effective management in
the face of climate change. This may include adding a new metric for a species currently being
monitored (e.g., fecundity, incidence of disease, range shift) or adding new species that may be
expected to experience a range shift or change in abundance. We provide some examples in Tier 2,
below.
Finally, monitoring provides the opportunity to advance our understanding of how climate change
may be affecting marine ecosystems through identification of new research areas. In Tier 3 we
explore some of the new elements that might become part of a monitoring plan given the reality of
climate change.
California’s MPAs offer an opportunity to increase the data and information available to support the
development of climate change-informed marine and coastal management and adaptation strategies.
This is especially true of no-take reserves, which are often described as ‘living laboratories’ where it
is possible to evaluate climate change effects in the absence of extractive human uses. Additionally,
MPA monitoring will allow us to test the efficacy of both MPAs and adaptation approaches under
the challenges of climate change.
This document offers a suggested framework for augmenting MPA monitoring efforts in order to
inform our understanding of climate change effects and increase the effectiveness of adaptive
17

Carr et al. 2011
7

management in light of climate change. It contains recommendations for efficiently incorporating
climate change monitoring following the three-tiered design applied in the North Central Coast and
South Coast MPA Monitoring Plans in order to provide scalable implementation options for
managers. The three tiers include the following to track climate change impacts and provide ‘alerting
signals’ for California’s marine ecosystems:
•
•
•

Tier 1. Existing climate change indicators within the North Central Coast and South Coast
MPA monitoring plans that provide information on climate change
Tier 2. Candidate climate change metrics that may be added to the MPA monitoring plans
Tier 3. Candidate new framework elements for climate change monitoring

What can climate change monitoring in a MPA monitoring framework provide?
• Assessment of the human and ecological dynamics in the ecosystem, including
testing model predictions of human and ecological responses to environmental
changes
• Data to better design management and planning actions to address climate
change concerns
• Test of the efficacy of management and planning actions taken to address
climate change

TIER 1. EXISTING METRICS WITHIN THE NORTH CENTRAL COAST AND
SOUTH COAST MPA MONITORING PLANS THAT PROVIDE
INFORMATION ON CLIMATE CHANGE
The MPA monitoring framework was applied to develop the North Central Coast and South Coast
MPA Monitoring Plans. Both plans adopt an ecosystem approach with indicators that provide
information on ecosystem condition, including human uses. The framework includes two core
elements for monitoring MPAs: 1) Assessing Ecosystem Condition and Trends, and 2) Evaluating
MPA Design and Management Decisions. Several features of the existing monitoring plans provide
useful information on climate change effects. The following are the ecological components in both
the North Central Coast and South Coast Monitoring Plans that provide useful information on
climate change effects in MPAs. While climate change is likely to affect patterns of human uses, the
focus of this report is on the ecological aspects of MPA monitoring.
1. ECOLOGICAL INDICATORS OF ECOSYSTEM CONDITION AND TRENDS
Several of the recommended ecological indicators in both the North Central Coast and South Coast
MPA monitoring plans may be useful to monitor climate change effects (Table 1). These include
species indicators that are sensitive to temperature thresholds and may exhibit biological responses
in abundance, distribution, size structure, and range shifts. It is expected that some species ranges
may shift farther north range due to thermal stress and tolerance limits. Other changes in the climate
8

regime that will result in a biological response include ocean acidification, sea level rise, changes in
upwelling intensity and timing, increased severity of storms, and changes in wave heights and
patterns. These will result in changes in size structure, habitat availability, food supply, and larval
dispersal.
Other responses to climate change effects may include more complex community shifts caused by
ecological interactions, such as changes in predator-prey interactions, decreased reproductive
success, increased disease incidence, and invasion of non-native species. For instance:
• Ocean acidification and increased temperature may result in increased abundance of ochre
sea stars (Pisaster ochraceus). These sea stars are keystone species and increased abundance may
result in increased predation pressure on the California sea mussel (Mytilus californianus). 18
• Increased sea and air temperatures may also result in reduced growth rates and reproductive
success. For example, owl limpets (Lottia gigantea) are sensitive to thermal stress; therefore,
decreased abundance and size frequency may occur in the southern ranges of limpet
populations. 19
• Increased ocean temperatures and turbulence in shallow waters will likely cause shifts in
depth distribution of fishes 20.
• Increased temperatures may also increase incidences of diseases and invasions by non-native
species. An increase of withering syndrome disease in black abalone is expected with
increasing temperatures.
P17F

P18F

P

P

P19F

P

2. EVALUATION OF MPA DESIGN AND MANAGEMENT DECISIONS
U

Evaluating the effectiveness of MPA design and management also provides an opportunity to track
climate change effects. In particular, through questions related to MPA size and shape, as well as
spacing of MPAs, we may improve our understanding ecosystem responses to climate change. New
questions that may be answered while monitoring for existing Tier 1 metrics in the plans that may
also inform the evaluation of climate effects in MPAs include the following:
•
•
•
•

Do MPAs reduce impacts from non-climatic stressors (e.g. pollution, water quality,
consumptive and non consumptive uses)?
Do MPAs increase resilience of the ecosystem (ability for the ecosystem resist and recover
from disturbance)?
Do MPAs protect areas and species that seem more resistant and adaptable to climate
change effect?
Do MPAs protect resilient populations that are able to ensure replenishment, viability, and
genetic diversity?

Gooding et al. 2009, Harley 2011
Harley and Rogers-Bennett 2004
20
Perry et al. 2005, Dulvy et al. 2008
18
19
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•
•

Do MPAs protect areas and species least expected to be impacted by climate change?
How does MPA size and spacing allow for connectivity and species range shifts in response
to climate change effects?

10

Table 1. Existing MPA monitoring metrics that can be used to detect climate change effects.
The MPA Monitoring Framework (see Appendix 2) provides two implementation options: Ecosystem Feature Checkups (orange boxes)
use simplified monitoring protocols to take best advantage of partnerships with citizen-science monitoring programs; Ecosystem Feature
Assessments (green boxes) use more resource-intensive monitoring methods designed for implementation by government agency and
research institutions. The following table provides existing monitoring metrics for both options that may provide additional information on
climate change effects. This table may be read as:
“If monitoring for Focal Species/Indicator Metric), (Climate Change) may manifest through (Plausible Biological Change/Range Shift).”
TIER 1: FOCAL
SPECIES/INDICATORS METRICS

CLIMATE CHANGES

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

North
Central

Black abalone (Haliotis cracherodii)
abundance and Size Frequency 21

•
•

Increased air and sea temperature
Ocean acidification

•
•

Reduced abundance due to thermal stress and disease
Stunted growth due to ocean acidification

California sheephead (Semicossyphus
pulcher) abundance, size frequency, and
sex ratio 22

•

Increased sea temperature

•
•

Increased abundance and size
Northern range shift

Cassin’s auklet (Ptychoramphus aleuticus)
breeding success 23

•

•

Reduced population abundance due to changes in food
supply
Reduced reproductive success
Reduced abundance due to thermal stress

Dungeness crab (Cancer magister)
abundance 24
Eelgrass (Zostera marina) areal extent 25

MLPA REGION

•
•
•
•
•
•

Changes in upwelling intensity
and timing
Increased air and sea temperature
Increased sea temperature
Changes in upwelling intensity
and timing
Increased sea temperature
Ocean acidification
Storm impacts

•
•
•
•

Increased abundance and growth due to increased available
dissolved CO 2 and increased sea temperature.
Reduced growth due to storm damage and turbidity

South

✔

✔

✔

✔

✔

✔

✔

Field et al. 2000
Lenarz et al. 1995
23 Mazur and Milanes 2009, Wolf et al. 2010
24 Botsford 2001
25 Björk et al 2008, Palacios and Zimmerman 2007
21
22
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TIER 1: FOCAL
SPECIES/INDICATORS METRICS

Marine birds abundance 26

CLIMATE CHANGES

South

Reduced due to changes in food abundance and
composition

✔

✔

Reduced due to thermal stress and increased predation by
Pisaster sp.

✔

✔

•

Increased abundance and size frequency

✔

✔

✔

✔

✔

✔

✔

✔

•

•
•
•
•
•
•
•
•

Increased sea temperature
Storm frequency
Ocean acidification
Ocean acidification
Increased sea temperature
Increased sea temperature
Ocean acidification

•

•
•

Reduced abundance due to thermal stress
Increased fragmentation of local populations

Pinniped abundance (colony size)
(harbor seal, California sea lion, northern
elephant seal) 30
Purple sea urchin (Strongylocentrotus
purpuratus)abundance and size
frequency 31
Red abalone (Haliotis rufescens) abundance
and size frequency 32

•

Sea level rise

•

Reduced abundance due to loss of haul out sites.

Red sea urchin (Strongylocentrotus
franciscanus) abundance and size
frequency 33
Rock crab (Cancer spp.) abundance and

Ochre sea star (Pisaster ochraceus)
abundance and size frequency 28
Owl limpet (Lottia gigantea) abundance
and size frequency 29

MLPA REGION
North
Central

Changes in upwelling intensity
and timing
Increased air and sea temperature

Mussel bed cover (Mytilus spp.) 27

•

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

•
•

Ocean acidification
Increase sea temperature

•

•
•

Increased sea temperature
Ocean acidification

•
•

Reduced abundance due to thermal stress and disease
Stunted growth due to ocean acidification

•
•

Ocean acidification
Increased sea temperature

•

Reduced abundance and size frequency

•

Changes in upwelling intensity

•

Reduced abundance and size frequency

Northern range shifts

✔

✔

✔

✔

✔

Sydeman et al. 2001
Harley and Rogers-Bennett 2004, Harley et al. 2006, Harley 2011
28 Gooding et al. 2009
29 Cheung et al. 2009
30 Adams et al. 2009
31 Harley and Rogers-Bennett 2004
32 Rogers-Bennett et al. 2010
33 Harley et al. 2006, O’Donnell et al. 2009
26
27
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TIER 1: FOCAL
SPECIES/INDICATORS METRICS

size frequency 34

CLIMATE CHANGES

•
•
•

and timing
Increased air and sea temperature
Increased sea temperature
Ocean acidification

Areal extent of surface kelp canopy
(Nereocystis luetkeana) 36

•
•
•

Increased severity of storms
Wave height and patterns
Increased sea temperature

California sheephead (Semicossyphus
pulcher) density, size structure, and sex
ratio 37

•

Increased sea temperature

Purple sea urchin (Strongylocentrotus
purpuratus) density and size structure 38
Kellet’s whelk (Kelletia kelletii) density and
size structure 39
Red sea urchin (Strongylocentrotus
franciscanus) density and size structure 40
Giant kelp (Macrocystis pyrifera) areal
extent 41,

•
•
•
•
•
•
•

Abalone (Haliotis spp.) density and size
structure 35

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

•

•
•

Reduced density and size structure due to thermal stress
and disease
Stunted growth due to ocean acidification
Reduced areal extent
Lower density
Expansion of bull kelp (Nereocystis luetkeana) into
traditionally giant kelp dominated systems
Increased abundance and size
Northern range shift

Ocean acidification
Increased sea temperature
Increased sea temperature

•

Reduced density and size structure

•

Northern range shifts

Ocean acidification
Increased sea temperature
Increased severity of storms
Wave height and patterns

•

Reduced density and size structure

•
•
•
•

Reduced areal extent
Lower density
Lower annual productivity
Bull kelp (Nereocystis luetkeana) range shift, moving into
giant kelp (Macrocystis pyrifera)dominated systems

•
•
•
•

MLPA REGION
North
Central

South

✔

✔

✔

✔

✔

✔
✔

✔

✔

✔

California Department of Fish and Game 2001
O’Donnell et al. 2009
36 Springer et al. 2010, Byrnes et al. 2011
37 Lenarz et al. 1995
38 Gooding et al. 2009
39 Zacherl et al. 2003
40 Harley and Rogers-Bennett 2004, O’Donnell et al. 2009
41 Byrnes et al. 2011, Reed et al. 2011
34
35
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TIER 1: FOCAL
SPECIES/INDICATORS METRICS

Sea star (Pisaster spp. and Pycnopodia
helianthoides) density and size structure 42
Hydrocoral density 43
Cover of foliose red algae 44
Cover of fucoids (fleshy brown algae) 45
Areal extent of pickleweed (Salicornia
virginica) 46
Colony size and fledging rate of sea
birds 47:
• Brandt’s cormorant
• Pelagic cormorant
• Pigeon guillemot
• Common murre
Rock crab (Cancer spp.) density 48
Total abundance of rockfish larvae 49

Total YOY (young-of-the-year) rockfish

CLIMATE CHANGES

•
•
•
•
•
•
•
•
•

Ocean acidification
Increased sea temperature
Increased sea temperature
Ocean acidification
Increased sea temperature
Sea level rise
Increased sea temperature
Sea level rise
Sea level rise

•
•
•

Sea level rise
Increased sea temperature
Changes in upwelling intensity
and timing
Changes in circulation patterns

•
•
•
•
•
•
•

Increased sea temperature
Ocean acidification
Increased sea temperature
Changes in upwelling intensity
and timing
Changes in circulation patterns
Increased sea temperature

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

MLPA REGION
North
Central

South

•

Increased density and size structure

✔

✔

•

Reduced density

✔

✔

•

Increased algal cover

✔

✔

•

Increased algal cover

✔

✔

•
•
•

Decrease in areal extent
Loss of habitat
Shifts in food supply

✔

✔

✔

✔

✔

✔

•

Decrease in density

•
•
•

Decrease in abundance
Shifts in spatial patterns of recruitment
Shifts in species ranges

✔

✔

•

Reduced abundance

✔

✔

Harley et al. 2006
Cheung et al. 2009
44 Barry et al. 1995
45 Heberger et al. 2009
46 Heberger et al. 2009
47 Sydeman et al. 2001
48 Leet et al. 2001
49 Moser et al. 2000
42
43
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TIER 1: FOCAL
SPECIES/INDICATORS METRICS

abundance 50
Pismo clam (Tivela stultorum) density and
size structure 51
Sand crab (Emerita analoga) density and
size structure 52

CLIMATE CHANGES

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

MLPA REGION
North
Central

•
•
•
•
•

Changes in upwelling intensity
and timing
Changes in circulation patterns
Increased sea temperature

•
•

Shifts in spatial patterns of recruitment
Shifts in species ranges

•

Reduced density and increased mortality due to thermal
stress

Changes in upwelling timing and
intensity
Increased sea temperature

•
•

Increased abundance
Northern range shifts

South

✔

✔

✔

Soto 2002
Revell et al. 2011
52 Sorte et al. 2001, Revell et al. 2011
50
51
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TIER 2. CANDIDATE CLIMATE CHANGE METRICS THAT MAY BE ADDED TO
THE MPA MONITORING PLANS
Several ecological metrics could be added to existing monitoring plans in order to track climate
change effects in MPAs. In some cases these metrics are new metrics of existing monitored species;
in other cases they are metrics for new species (Tables 2 and 3). Developing Tier 2 components
requires vigilance on the part of those monitoring to recognize novel species that are not
traditionally seen, yet have shifted into the region and are therefore not identified on any list of
species to monitor. One of the recurring tenets of the study of climate change effects is to “expect
surprises.” In monitoring this could translate into “notice surprises.”
Point Conception in Santa Barbara County is a major biogeographic boundary point, delineating
some species’ northern or southern range limits. Given the range patterns associated with historic
climatic conditions for these species, observed changes can serve as climate change indicators by
monitoring presence/absence and percent coverage within the existing MPA framework. 53 Below
are examples of climate-sensitive species with range limits at Point Conception that could be used in
the North Central Coast and South Coast Monitoring Plans to track climate change impacts. 54 These
examples include species already monitored through climate-sensitive metrics, already monitored
species with additional metrics that are climate-sensitive, and additional species. Additional details
and metrics can be found in Table 3 (North Central Coast) and Table 4 (South Coast).
North Central Coast Candidate Climate Change Indicator Species to be Included in the MPA
Monitoring Plan
Plausible decrease in species of:
• California anadromous salmonid species abundance and size frequency
• Dungeness crab abundance and size frequency
• Pinniped population and breeding success
• Rockfish density
Plausible increase in species of:
• Dolphin fish, billfish, and schooling fish, such as mackerel, bonito and sardine abundance
• Treefish, kelp rockfish, California sheephead, kelp bass, giant kelpfish, range extensions
South Coast Candidate Climate Change Indicator Species to be Included in the MPA Monitoring
Plan
Plausible decrease in species of:
• Blue fin tuna abundance and size frequency
• Spider crab abundance and size frequency
53
54

Blanchette et al. 2008
Radovich 1961, California’s Living Marine Resources and their Utilization 1992, Shaw 2008
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•
•
•
•

California spiny lobster abundance and size frequency
Owl limpet cover
Giant kelp and other shallow kelps
Any fishes (and other species) with cold water affinity whose southern range limit extends
into southern CA and is temperature-dependent 55

Plausible increase in species of:
• Tropical species that may be expanding their ranges farther poleward, such as pelagic red
crabs (can also be found in Northern regions, during ENSO events), bottlenose dolphins
(established populations after the ‘82/83 ENSO event), and many species of fish, including
hammerhead sharks, bonefish, Mexican barracuda, cutlassfish, puffers, and porcupinefish.
• Bull kelp (due to increased storm removal of giant kelp)
Many proposed monitoring species occur across the California coast and some of those provide
good monitoring metrics for climate change. Examples of candidate monitoring metrics for
inclusion in either the South Coast or the North Central Coast regions for climate change (although
the pattern of change may be different) include:
•
•
•
•
•
•
•
•
•
•
•
•
•

55

Cassin’s auklet (Ptychoramphus aleuticus) nest abandonment rates
Krill abundance
Marine bird nesting success (density and fledging rate)
Mussel shell integrity (thickness and size) and size frequency (Mytilus spp.)
Mussel bed height (Mytilus spp.)
Mussel larval concentration and integrity (Mytilus spp.)
Ochre sea star (Pisaster ochraceaus) larval concentration
Owl limpet (Lottia gigantea) larval concentration and density
Pelagic red crab (Pleuroncodes planipes) presence
Sea urchin (Strongylocentrotus purpuratus and S. franciscanus) larval concentration
Abundance of intertidal nudibranch (Phidiana hiltoni)
Abundance of subtidal gastropods (Calliostoma ligatum)
Distribution and concentration of phytoplankton (relative proportion of diatoms and
dinoflagelates) and zooplankton.

Holbrook et al. 1997
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Table 2. Additional North Central Coast MPA monitoring metrics that can be used to detect climate change effects
This table may be read as:
“If monitoring for Focal Species/Indicator Metric), (Climate Change) may manifest through (Plausible Biological Change/Range Shift).”
TIER 2: ADDITIONAL MPA MONITORING
METRICS TO BE CONSIDERED

CLIMATE CHANGES

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

ADDITIONAL METRICS FOR SPECIES ALREADY MONITORED
Black abalone (Haliotis cracherodii) disease occurrence
(withering syndrome)

•

Increased sea temperature

Black abalone (Haliotis cracherodii) larval
concentration and recruitment
Cassin’s auklet (Ptychoramphus aleuticus) abandonment
rate of nest

•

Increased sea temperature

•

Dungeness crab (Cancer magister) larvae
Marine bird nesting success (density and fledging
rate)
Mussel shell integrity (thickness and size) and size
frequency (Mytilus spp.) 56
Mussel larvae (Mytilus spp.) concentration 57
Mussel bed height (Mytilus spp.) 58
Ochre sea star (Pisaster ochraceus) larvae

•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•

Increased incidence of disease
Reduced abundance due to thermal stress and disease
Reduced recruitment
Reduced abundance

Changes in upwelling intensity and
timing
Increased air and sea temperature
Increased sea temperature

•

Reduced reproduction success to changes in food supply

•

Changes in upwelling intensity and
timing
Increased air and sea temperature
Ocean acidification
Increased sea and air temperature
Sea level rise
Ocean acidification
Increased sea and air temperature
Increased sea and air temperature
Sea level rise
Ocean acidification

•

Reduced recruitment due to larval sensitivity to higher
temperatures
Reduced reproduction success due to changes in food
abundance and composition

•
•

Reduced mean size
Reduced shell integrity

•

Reduced recruitment

•

Thermal stress restricting mussels to the lower levels of
the shore
Increased recruitment

•

Gaylord et al. 2011
Gaylord et al. 2011
58 Menge et al. 2008
56
57
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TIER 2: ADDITIONAL MPA MONITORING
METRICS TO BE CONSIDERED
concentration
Owl limpet (Lottia gigantea) larval concentration
Sea urchin (Strongylocentrotus purpuratus and
Strongylocentrotus franciscanus) larval concentration
Red abalone (Haliotis rufescens) larval concentration
YOY and juvenile rockfish composition and
concentration
Anadromous salmonid abundance and size
frequency
California sheephead (Semicossyphus pulcher)
abundance 59
Garibaldi (Hypsypops rubicundus) abundance 60
Krill abundance
Novel species

Nudibranch (Phidiana hiltoni) abundance 61
Opaleye (Girella nigricans) 62
Phytoplankton (diatom and dinoflagellate) and
zooplankton composition, concentration, timing

CLIMATE CHANGES
•
•
•
•
•
•
•
•

Increased sea temperature
Increased sea temperature
Ocean acidification
Increased sea temperature
Ocean acidification
Increased sea temperature
Increased sea temperature
Changes in upwelling intensity and
timing
Changes in circulation patterns
Increased sea temperature
Increased severity of storms
Increased sea temperature

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

•
•

Reduced fertilization success
Reduced recruitment

•

Reduced reproduction success and recruitment

•

Reduced abundance

•
•
•

Range shift out of the region
Reduced hatching success
Range shift into the region

•
•

Range shift into the region
Changes in krill abundance and distribution

•

Range shift into the region

•
•
•

Increased sea temperature
Changes in upwelling intensity and
timing
Increased air and sea temperature
Increased sea and air temperature
Changes in upwelling intensity and
timing
Changes in circulation patterns
Increased sea temperature
Increased sea temperature

•
•

Range shift into the region
Range shift into region

•
•
•

Increase sea temperature
Ocean acidification
Changes in upwelling intensity and

•
•

Altered composition and timing
Range shifts

•
•
•
•
•
•
•
•
•

Lenarz et al. 1995
McGowen 1993, Field et al. 1999
61 Goddard et al. 2011
62 McGowen 1993
59
60
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TIER 2: ADDITIONAL MPA MONITORING
METRICS TO BE CONSIDERED
and distribution 63
Pelagic red crabs (Pleuroncodes planipes) presence 64
Rock wrasse (Halichoeres semicinctus) 65
Schooling fish (e.g. mackerel, bonito, sardines)
abundance 66
Subtidal gastropod (Calliostoma ligatum and Kelletia
kelletii) abundance 67
Treefish (Sebastes serriceps) abundance

CLIMATE CHANGES

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

•
•
•
•

timing
Changes in circulation patterns
Increased sea temperature
Increased sea temperature
Increased sea temperature

•
•
•

Range shift into the region
Range shift into the region
Range shift into the region

•

Increased sea temperature

•

Increase in abundance

•

Increase sea temperature

•

Range shift into the region

California Natural Resources Agency 2009
Goericke et al. 2007
64 Aurioles-Gamboa 1992, Lluch-Belda et al. 2005
65 McGowen 1993
66 Lea and Rosenblatt 2000, Lluch-Belda et al. 2005
67 Barry et al. 1995
63
63
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Table 3. Additional South Coast MPA monitoring metrics that can be used to detect climate change effects
This table may be read as:
“If monitoring for Focal Species/Indicator Metric), (Climate Change) may manifest through (Plausible Biological Change/Range Shift).”
TIER 2: ADDITIONAL MPA
MONITORING METRICS TO BE
CONSIDERED

CLIMATE CHANGES

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

ADDITIONAL METRICS FOR SPECIES ALREADY MONITORED
Abalone (Haliotis spp.) disease occurrence
(withering syndrome)

•

Increased sea temperature

Abalone (Haliotis spp.) larval concentration and
recruitment

•

California sheephead (Semicossyphus pulcher)
spawning sites 68

Increased sea temperature

•
•
•
•

Increased incidence of disease
Reduced abundance due to thermal stress and disease
Reduced recruitment
Reduced abundance

•

Increased sea temperature

•

Northern range shift and changes in site fidelity

Cassin’s auklet (Ptychoramphus aleuticus)
abandonment rate of nest

•
•

Changes in upwelling intensity and timing
Increased air and sea temperature

•

Reduced reproduction success to changes in food supply

Marine bird nesting success (density and fledging
rate)

•
•

Changes in upwelling intensity and timing
Increased air and sea temperature

•

Reduced reproduction success due to changes in food
abundance and composition

Mussel shell integrity (thickness and size) and size
frequency (Mytilus spp.) 69

•
•
•
•
•
•

Ocean acidification
Increased sea and air temperature
Sea level rise
Ocean acidification
Increased sea and air temperature
Increased sea and air temperature

•
•

Reduced mean size
Reduced shell integrity

•

Reduced recruitment

•

Thermal stress restricting mussels to the lower levels of

Mussel larvae (Mytilus spp.) concentration 70
Mussel bed height (Mytilus spp.) 71

Topping et al. 2006
Gaylord et al. 2011
70 Gaylord et al. 2011
68
69
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TIER 2: ADDITIONAL MPA
MONITORING METRICS TO BE
CONSIDERED

CLIMATE CHANGES

•

the shore.
Increased recruitment

Increased sea temperature

•
•

Reduced fertilization success
Range shift out of region

Ocean acidification
Increased sea temperature

•

Reduced recruitment

•
•
•

Sea level rise
Ocean acidification
Increased sea temperature

Owl limpet (Lottia gigantea) larval concentration
and density

•

Sea urchin (Strongylocentrotus purpuratus and
Strongylocentrotus franciscanus) larval concentration

•
•

Ochre sea star (Pisaster ochraceus) larvae
concentration

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

ADDITIONAL SPECIES TO MONITOR FOR CLIMATE CHANGE
Blue fin tuna (Thunnus orientalis) abundance and
size frequency

•

Increased sea temperature

•
•

Range shifting north from region
Altered migration patterns

Krill abundance

•
•
•

Changes in upwelling intensity and timing
Increased air and sea temperature
Increased sea temperature

•

Changes in krill abundance and distribution

•

Presence of early-stage larvae

•
•
•
•
•
•
•
•
•
•

Increased sea and air temperature
Increased severity of storms
Ocean acidification
Changes in upwelling intensity and timing
Changes in circulation patterns
Increased sea temperature
Changes in upwelling intensity and timing
Increase sea temperature
Ocean acidification
Changes in upwelling intensity and timing

•

Range shift into the region

•

Range shift out of the region

•
•

Altered composition and timing
Range shifts

California Moray eel (Gymnothorax mordax)
reproduction
Novel species

Nudibranch (Phidiana hiltoni) abundance 72
Phytoplankton (diatom and dinoflagellate) and
zooplankton composition, concentration, timing

71
72

Menge et al. 2008
Goddard et al. 2011
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TIER 2: ADDITIONAL MPA
MONITORING METRICS TO BE
CONSIDERED

CLIMATE CHANGES

PLAUSIBLE BIOLOGICAL CHANGE/RANGE SHIFT

and distribution 73

•

Changes in circulation patterns

Pelagic red crabs (Pleuroncodes planipes) presence 74

•

Increased sea temperature

•

Range shift into the region

Spider or Sheep crab (Loxorhynchus grandis)
abundance and size frequency

•

Increased sea temperature

•

Range shift out of the region

Subtidal gastropod (Calliostoma ligatum)
abundance 75

•

Increased sea temperature

•

Increase in abundance

Subtropical/Tropical fish (e.g. hammerhead
sharks, bonefish, Mexican barracuda, cutlassfish,
puffers and porcupinefish) abundance

•

Increased sea temperature

•

Range shift into the region

California Natural Resources Agency 2009
Goericke et al. 2007
74 Aurioles-Gamboa 1992, Lluch-Belda et al. 2005
75 Barry et al. 1995
73
73
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TIER 3: CANDIDATE NEW FRAMEWORK ELEMENTS FOR CLIMATE CHANGE
MONITORING
Some of the effects of climate change in MPAs may go beyond factors that can be detected with
existing monitoring species and metrics. Because climate change effects are likely to be ubiquitous in
marine and coastal systems it may be prudent to fully integrate climate change into MPA monitoring
and management. In Tier 3 we provide a perspective on the types of new framework elements that
can facilitate this integration. These elements can drive an iterative process of identifying new
implications of climate change for MPAs, improving monitoring, and improving management.
One important area for considering climate change in MPAs is the interactive nature of climate
change with existing environmental challenges. There is still insufficient scientific knowledge to
determine how MPAs will respond to the impacts of multiple climate stressors compounded by
non-climatic stressors. Non-climatic stressors, such as land use practices, fishing, habitat
degradation, disease, non-native or invasive species, and pollution may interact with and possibly
exacerbate the impacts of climate change. Monitoring programs should consider other impacts and
plausible interactions. A new monitoring framework to provide information on climate change
effects in MPAs should include analysis of climate change variables, temporal and spatial tracking of
patterns and ecological change across ecosystems, disturbance response monitoring, and
coordinated information sharing and analysis.
As a first step, adding essential oceanographic and climatic variables to MPA monitoring can
increase the information available to inform the climate change management dialogue 76. There is
ample opportunity to include climate change monitoring within MPA management and link MPA
monitoring to several existing climatic and oceanographic monitoring programs in California, such
as the Integrated Ocean Observing System, National Weather Service Climate Prediction Center,
and the California Climate Data Archive. Essential oceanographic and climate measurements needed
to interpret MPA monitoring results include:
•
•
•
•
•
•
•
•
•
76

Temperature (air and water)
Ocean chemistry (ocean acidification, salinity, O 2 )
Currents and circulation
Upwelling
Shoreline mapping (sea level rise)
ENSO and PDO events
Wave height and patterns
Storm events
Precipitation

Carr et al 2011
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MPA monitoring can provide the opportunity to further our scientific understanding of the linkages
between ecological indicators and physical factors (e.g., climatic, atmospheric, oceanographic) as
they relate to climate change. MPA monitoring that is reflective of climate change and attempts to
capture the effects and response of those changes will be a key step in supporting MPA
management, but it will also help develop a suite of information that will be useful in filling some of
the information gaps about climate change and MPAs. This section focuses on additional questions
that may require new research projects or development of new methods. For each focus area,
information is provided on what might be required to implement supplemental monitoring.
FOCUS AREA 1. MPA EFFECTS ON ECOSYSTEM AND SPECIES RESILIENCE
Information Need: California’s marine and coastal ecosystems are impacted by non-climatic stressors,
such as fishing, coastal development, and water pollution. MPAs provide an opportunity to assess
how populations respond to climate change in the absence of some of these pressures. There is still
considerable scientific debate about how to empirically measure resilience. However, approaches
that compare rates of ecosystem change in areas with and without identified anthropogenic stressors
may shed light on the interactions between MPAs, climate change, and ecosystem resilience.
•

Question 1. Which MPAs and ecosystem features are most resilient to climate change
impacts?
Potential Approach: Compare species composition and density in no-take reserves to other
MPAs and surrounding areas to serve as a baseline for resilience. Monitor areas during and
after an episodic event (e.g. severe storm, ENSO year) to determine which ecosystems and
MPAs were able to resist and/or recover from change. Develop a model to forecast climate
change effects in California’s MPAs.

•

Question 2. Can MPAs serve as reference sites for climate change impacts? Are communities
inside MPAs more resilient to climate change effects than those outside MPAs?
Potential Approach: Conduct assessments to determine the effectiveness of management
actions that reduce localized stresses (e.g., fishing) and compare to outside areas. Compare
rates of changes in community structure in areas isolated from local anthropogenic stresses
that can serve as reference sites for the ability of MPAs to enhance resilience to climate
change.

Information Need: Understanding of the interaction between climate change and ecosystem structure
and function of MPAs.
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•

Question 1. Do MPAs protect climate-sensitive species in specific geographic ranges?
Potential Approach: Monitor climate-sensitive species abundance and composition within
specific ranges over the long term. Compare between MPAs along the network gradient.

•

Question 2. Do MPAs protect species in areas that may serve as climate refugia?
Potential Approach: Identify and monitor existing MPA locations that serve as nursery,
spawning, or foraging habitats (e.g., eelgrass beds, kelp forests, estuaries, wetlands) that may
act as refugia for climate-sensitive species.

FOCUS AREA 2. OCEANOGRAPHIC CLIMATE CHANGE VARIABLES AND
EFFECTS ON MPAS
Information Need: Understanding of spatial and temporal effects of sea level rise in coastal and marine
areas relative to low-lying habitats.
•

Question 1. Will species be able to shift or relocate to new areas as sea level rise results in
inundation of wetlands, beaches, and other nearshore habitats?
Potential Approach: Model sea level rise and associated impacts on community structure.
Identify methods to accommodate species and habitat movement through migration
corridors.

•

Question 2. Will species move higher in the intertidal zone?
Potential Approach: Monitor for changes in species distribution up intertidal gradients
relative to historic sea level and with reflection on modern sea level.

•

Question 3. What coastal habitats will be most vulnerable to sea level rise?
Potential Approach: Record extreme storm events and wave conditions (height and
patterns) and coastal erosion rates to determine areas most vulnerable to sea level rise.

Information Need: Understanding of the effects of altered sea surface temperature on marine species
and habitats. Increasing temperatures are projected to cause phenological and community shifts,
increased risk of invasive species establishment, altered photosynthetic and metabolic rates, and
increased risk of disease.
•

Question 1. Will species abundance or range change in response to increasing sea surface
temperatures?
27

Potential Approach: Monitor for presence or absence of native species to detect range shifts
and invasive species establishment. Coordinate information sharing with other monitoring
programs, such as the California Department of Fish and Game’s Marine Invasive Species
Program and the Multi-Agency Rocky Intertidal Network (MARINe).
•

Question 2. Will relative species abundance change in response to increasing sea surface
temperatures?
Potential Approach: Monitor composition and areal extent of plants and algae [e.g., giant
kelp (Macrocystis pyrifera) and beach wrack] and abundance of known temperature-sensitive
species [e.g., Sea stars (Pisaster spp., Pycnopodia helianthoides) and abalone (Haliotis spp.)].
Analyze historical sea surface temperature and future temperature projections to determine
which species may be most vulnerable or resistant to thermal stress; species with high levels
of vulnerability may serve as early warning signals of change.

Information Need: Understanding climate impacts requires monitoring of the many aspects of climate
and a wide range of biological, chemical, and physical responses. Putting climate change impacts in
the context of multiple stresses requires an integrated analysis.
•

Question 1. How will ocean acidification affect marine species?
Potential Approach: Conduct systematic monitoring of ocean pH and alkalinity along with
monitoring of mussel bed cover and species abundance and size frequency (e.g., black
abalone, purple sea urchin, rock crab) to identify and track early indications of difficulties in
calcification or of decreased prey availability due to increasing CO 2 in the ocean.

•

Question 2. How will larval transport be affected by predicted changes in ocean circulation?
Potential Approach: Develop standardized approaches to modeling and monitoring
techniques to facilitate the links between monitoring efforts to climate and
ecological/biological response models. Model future larval recruitment and future
circulation patterns driven by climate change.

•

Question 3. How will primary productivity be affected by predicted changes in coastal
upwelling?
Potential Approach: Monitor for phenological shifts in marine species (e.g., seabirds, marine
mammals) that time breeding and migration patterns to coincide with upwelling. Utilize
existing SeaWiFS data.
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Information Need: Knowledge of cross-scale interaction of species composition and climate change
impacts, including changes in sea surface and air temperatures, ocean acidification, physical
oceanography, and sea level rise.
•

Question 1. How will climate factors influence MPA performance?
Potential Approach: Utilize climate modeling information and derivative products in order
to forecast ecological and population responses at regional and local levels. Place climate
change impacts in the context of multiple stresses in order to distinguish climate change
influences. Streamline collection of data at certain spatial and temporal resolutions and
support ground truth measurements.

FOCUS AREA 3. ATMOSPHERIC AND CLIMATIC VARIABLES AND EFFECTS ON
MPAS
Information Need: Research into effects of extreme or anomalous events on species and habitats in
marine and coastal areas.
•

Question 1. What impact will changes in precipitation and increasing frequency and intensity
of storms have on species and habitats in MPAs?
Potential Approach: Monitor sedimentation rates caused by increased precipitation that may
smother nearshore eelgrass and seagrass beds. Record level of damage or destruction to kelp
holdfasts and mussel beds after storm events and compare to other data over time.

•

Question 2. What impact will increasing air temperatures have on species and habitats in
MPAs?
Potential Approach: Monitor species abundance, composition, and presence/absence to
detect range and community shifts, invasive species establishment, and disease occurrence.

Information Need: Naturally occurring climatic variability, such as inter-annual El Niño Southern
Oscillation (ENSO) and inter-decadal Pacific Decadal Oscillation (PDO) events, characterized by
warm and cool phases and changes in sea surface temperatures and wind patterns, need to be
considered in monitoring climate change parameters. These events result in alterations to plankton
distribution and fish abundance and cause range shifts in marine species. 77
77

Sagarin et al. 1999, Brosnan and Becker 2005, Helmuth et al. 2006, Hilbish et al. 2010
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•

Question 1. What are “natural” versus anthropogenic events?
Potential Approach: Differentiate between ENSO/PDO events (single or decadal time
frame) and anthropogenic events (long-term trend) in order to determine episodic events
versus long-term changes. ENSO/PDO events can be used to forecast future climate
change impacts on biological indicator species in MPAs.

FOCUS AREA 4. CLIMATE ANALYSES AND DATA INTEGRATION
Information Need: Rescaling of climate information to suit regional to local scale analyses.
•

Question 1. How can climate information be used in regional and local scales to
determine climate change effects in MPAs?
Potential approach: Develop descriptive downscaled models of large-scale climate
variability data (e.g., ENSO, PDO) to assess ecosystem response. Downscaled models
should include large-scale circulation data, currents, coastal upwelling, sea temperatures,
sea levels, and winds.

•

Question 2. How can large-scale climate variability be linked to biological response in
MPAs?
Potential approach: Create a climatological baseline of modeled climatic data including in
situ, moored buoy, and modeled data for the region. Link this information to local
knowledge of the ecosystem and ecosystem variability to understand historical climate
conditions at regional and local scales.

Information need: Temporal and spatial tracking of climatic patterns and ecological changes across
ecosystems.
•

Question 1. Will climate change affect MPAs in different ways across temporal and spatial
scales?
Potential approach: Monitor for community and range shifts between MPAs. Analyze
seasonality and climatic factors while considering ecological responses over time and space.
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FOCUS AREA 5. EPISODIC EVENTS, RAPID RESPONSE, AND LONG-TERM
EFFECTS ON MPAs
Information Need: Long-term monitoring protocols might not capture episodic events necessary to
evaluate extreme disturbance events. A disturbance response monitoring protocol would be useful.
•

Question 1. How can episodic climate change events affect MPA ecosystems?
Potential approach: Need to be able to track local disturbance events that might not be
picked up by long-term monitoring protocols. Developing a disturbance response
monitoring protocol would be useful in tracking episodic events such as ENSO/PDO, algal
blooms, extreme precipitation events, or extreme heat waves to determine the impact to
MPA ecosystems and could be used in long-term climatic effects analyses. Develop a
regional rapid response monitoring protocol and action network. Standardize training, data
management, and communications plan.

FOCUS AREA 6. COORDINATION AND INFORMATION SHARING ACROSS MPAS
Information Need: Although coordination and information sharing are incorporated into the North
Central Coast and South Coast monitoring plans, communication of climate change-specific
monitoring protocols, methods, and results is critical to success. Coordination, sharing, and analysis
of data between regions (both within and outside MPAs) are needed to track climate change impacts
and range shifts of indicator species. There should be special recognition that there will be a lag
effect (e.g., time between change and response to change).
•

Question 1. How are “indicator species” responding to climate change impacts?
Potential Approach: Analyze indicator species data within individual MPAs, between
specific MPAs, and throughout the entire network of MPAs periodically to assess changes
and signals. Consider which indicators are likely sources of early detection (such as the
intertidal nudibranch, Phidiana hiltoni, and sub-tidal gastropods, Calliostoma ligatum and Kelletia
kelletii) and adjust temporal and spatial monitoring schemes to allow for early detection. For
example, in coral reef systems this has meant shifting monitoring to track warm water
events to detect bleaching and disease progression.

•

Question 2. What additional benefit could be gained from collection and analysis of data?
Potential approach: Coordinate a centralized data analysis team to track climate status and
trends and communicate with the monitoring teams. Develop a centralized data bank
accessible by all MPAs.
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•

Question 3. How will monitoring results be communicated among regions and to interested
stakeholders, including scientists, managers, and decision makers?
Potential Approach: Develop a MPA working group with representatives from all areas to
analyze results and disseminate information back to their home area. Use regular inter-MPA
communications (newsletters, listservs, discussion groups) and novel communications
(georeferenced online database information portals, special conferences, webinars) to share
findings from monitoring analyses.

CONCLUSION
With the onset of global climate change, there may be many unanticipated effects. Monitoring
programs should be flexible enough to allow detection and recording of anomalous events; these
may be informative measures of the effects due to climate change. Tracking climate change impacts
on MPA performance will be challenging even with the inclusion of indicator species within the
existing monitoring frameworks and other climatic, atmospheric, and oceanographic factors.
Modeling climate impacts to ecosystem features can be a useful solution in addressing the complex
and interwoven aspects of climate change.
Monitoring MPAs to determine how effective they are in the face of climate change will be
important for determining how to improve management and siting. The monitoring suggestions
presented in this framework, as well as others that will be developed as the effects of climate change
become evident, will be useful in improving California’s MPAs.
Many of the same tools that are used for MPA monitoring today are useful for assessing the effects
of climate change and working to envision management responses. There are, however, many
opportunities for expanding the monitoring toolkit by learning how to use old tools in new ways and
adding new tools. Additionally there is much to learn by looking at the results of monitoring in a
new light, especially to identify early indicators and leverage network wide comparisons.
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APPENDIX 1
The following decision tree includes existing metrics 78 and additional metrics common to the North
Central Coast and South Coast regions. It can be used to analyze existing MPA monitoring metrics (Tier 1)
when considering climate changes within MPA monitoring plans. It can also be used to develop scientific
priorities and inclusion of new climate change metrics and monitoring needs within MPA monitoring
plans (Tier 2 and 3). This decision tree model uses sea level rise, increasing temperatures, increasing
severity and frequency of storms, decreasing pH, and altered circulation patterns as parameters to consider
when evaluating monitoring priorities. Local knowledge may dictate additional factors be considered in
monitoring for the effects of climate change.

Tier 1 metrics are divided into the MPA Monitoring Framework’s two implementation options: Ecosystem Feature Checkup
(orange) and Ecosystem Feature Assessment (green).
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APPENDIX 2
Schematic diagram of the MPA Monitoring Framework showing the two principal monitoring elements: 1) Assessing Ecosystem Condition &
Trends; and 2) Evaluating MPA Design & Management Decisions. Ecosystem condition may be tracked using Ecosystem Feature Checkups,
which employ monitoring metrics called vital signs, or through Ecosystem Feature Assessments, which employ key attributes and
indicators/focal species as monitoring metrics. MPA design and management decisions are evaluated through answering targeted questions,
including both short- and long-term questions.
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