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Many activities in coastal systems produce 
multiple stressors	




2005	


2006	


2006	




“Prioritize and coordinate 
management of multiple activities 

within a specified ecosystem”	


2004	




Mapping Human Impacts ���
(Expert Judgment, Habitat Vulnerability)	


Models of Cumulative Impacts estimate the 
spatial distribution of multiple stressors in 
coastal and ocean systems and evaluate the 
combined relative impacts from these 
stressors	
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e.g. Commercial shipping and pollution, 1994	


Raw data available online from NOAA	


Halpern et al 2008 Science	
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Spatial scale	

Frequency	


Functional impact	

Resistance	


Recovery time	


Mapping Human Impacts ���
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Vulnerability 	

Weight	




1.  Layer the individual maps of stressors and 
ecosystems 	


2.  Apply the ecosystem vulnerability weight	


3.  Calculate a cumulative impact score for every 1km2 
pixel of the ocean	


Calculating a Cumulative Impact Score	




Mapping Human Impacts ���
(Expert Judgment, Habitat Vulnerability)	


Halpern et al. (2008) Science	




Regional Scale - Mapping Human Impacts ���
(Expert Judgment, Habitat Vulnerability)	


Ban et al. (2010) Marine Policy	
Halpern et al. (2011) Conservation Letters	




1.  Layer the individual maps of stressors and 
ecosystems 	


2.  Apply the ecosystem vulnerability weight	


3.  Calculate a cumulative impact score for every 1km2 
pixel of the ocean	


4.  Groundtruth scores to identify indicators 
of multiple stressors	
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1. Determine if modeled impact scores reflect 
spatial differences in ecological degradation 
within coastal ecosystems	


2. Identify indicators of cumulative impacts in 
specific habitat types	


Objectives of this Study	




To determine whether the scores accurately reflect estimates of ecosystem health 
we compare diversity and composition of a suite of species from 3 habitat 
types:	


•  rocky intertidal	

•  kelp forest 	

•  shallow soft sediment	


with physical conditions and impact scores from the California current model by 
Halpern et al (2009) Conservation Letters	


2. To determine whether the cumulative impact scores accurately reflect  
known disturbance levels in southern California soft-sediment sites: 

We compare established indices of biological condition in soft-sediment 
systems with impact scores from the California current 

Methods	




Study Region	


San Diego 

Monterey 

Santa Barbara 

Monterey	


California, USA	


Santa Barbara	


San Diego	


Halpern et al 2009, Conservation Letters	




Study Region	


San Diego 

Monterey 

Santa Barbara 

Monterey	


California, USA	


Santa Barbara	


San Diego	


Halpern et al 2009, Conservation Letters	




Monterey	


Santa Barbara	


San Diego	


California Current Cumulative Impacts Model	


Halpern et al 2009, Conservation Letters	




Impacts modeled in Halpern et al. 2009	


California Current Cumulative Impacts Model	
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Conclusions���

1.  Indicators of ecosystem health are primarily related to physical 
variables	


2.  Indicators also correlated with impact scores	


•  Model fitting suggests that power to detect these relationships is 
limited 	


•  Sample size, sampling objectives	

•  Variation in impact score	

•  Additivity of cumulative impacts	

•  Scale mismatches	


•  The scale of the original data used to generate impact scores are 
very broad (e.g. climate, fishing)	


•  Need local scale data to estimate local impacts 	
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1.  Model averaging	


2.  Add data at broader scales across the California Current for 
regional scale tests	


3.  Add data from more degraded sites	


4.  Examine additional relationships between indicators and single/
multiple stressors	


Take Home: 	

Cumulative Impacts Model can be used to visualize 
cumulative impacts and set priorities at broad scales 
but could be improved using local data for local scale 
implementation	





