


PROJECT SUMMARY

Overview:
The Santa Barbara Coastal LTER (SBC LTER) is an interdisciplinary research and education program
established in April 2000 with the goal of developing a predictive understanding of how environmental
drivers interact with terrestrial and oceanic processes to alter material flows and influence the ecology of
coastal ecosystems. SBC LTER?s principal study domain is the semi-arid coast and nearshore waters of
the Santa Barbara Channel in southern California, and its diverse and productive marine forests of giant
kelp (Macrocystis pyrifera) serve as the focal study ecosystem. Analyses of our long-term data have
identified many of the environmental drivers and ecological processes underlying the production and
community dynamics of kelp forests. Still to be determined are the ecosystem consequences of wave
disturbance and fishing that alter the area and architecture of giant kelp forests, the processes that sustain
kelp growth during warm, low nitrate conditions, the ecological and evolutionary consequences of kelp-
induced changes in pH and dissolved oxygen, and the degree to which climate variability influences
forest persistence and trophic subsidies to and from kelp forests. These and other unknowns form the
basis of the overarching question that motivates our proposed research: ?How do natural and human
drivers influence giant kelp dynamics and alter the long-term structure and function of kelp forest
ecosystems??. The research proposed to address this question is integrated in a conceptual framework
that focuses on the causes and ecological consequences of the dynamics of a relatively short-lived
foundation species in a setting of long-term climate change and human use.

Intellectual Merit:
The ecological effects of climate change are expected to be large, and long-term studies aimed at
foundation species that define a community offer great potential for understanding the consequences of
such effects on entire ecosystems. Short-lived foundation species serve as excellent models for examining
ecological responses to environmental variation and climate change because, unlike populations of long-
lived foundation species (e.g., trees, desert shrubs or corals), data collected over multiple generations are
readily obtained. Research at the SBC LTER exemplifies the value of long-term data for understanding
short-lived species as it focuses on coastal ecosystems dominated by the giant kelp Macrocystis pyrifera,
a large, short-lived seaweed that provides the foundation for extremely productive and diverse marine
forests that are highly valued in coastal temperate regions worldwide. The dynamic nature of giant kelp
forests, characterized by frequent disturbance and rapid regeneration every few years, coupled with their
high productivity and diverse food webs, make them ideal systems for investigating a plethora of
ecological patterns and processes that requires many decades to centuries to address in other ecosystems.
Such features underlie the broader ecological significance of an LTER site such as SBC, whose research
on population dynamics, community properties and ecosystem processes has spanned multiple cycles of
disturbance and recovery since it was established in 2000.

Broader Impacts:
SBC LTER research provides the foundation for a diverse array of environmental education and outreach
programs that include K-12 education and teacher professional development, undergraduate and graduate
student training, and stakeholder engagement. Our K-12 schoolyard LTER program targets historically
under-represented groups from underserved schools, while our undergraduate, graduate and postdoctoral
training at UCSB (a Hispanic Serving Institution) emphasizes tiered mentorship in interdisciplinary
research that enhances the educational experience of many students who historically have been under-
represented in the sciences. The proposed research has direct applications to the policy and management
of several topical issues for coastal regions. SBC LTER scientists have a demonstrated history of sharing
their research results with resource managers, decision makers, stakeholders, and the general public to
address these issues.



Macrocystis pyrifera, 

identifying and quantifying inputs to giant kelp forest communities from the ocean and land, and 
documenting patterns and sources of spatial and temporal variation in key elements of kelp 
forest structure and function



to determine how environmental drivers acting over 
different spatial and temporal scales interact to influence the community structure and 
ecological functions of giant kelp forests.

How are the structure and 
function of kelp forests and their material exchange with adjacent terrestrial and marine 
ecosystems altered by disturbance and climate?

Theme 1. Biotic and abiotic drivers of kelp forest structure and function





Still to be resolved is how environmental factors interact with dispersal 
to control the spatial dynamics and connectivity of giant kelp populations, which we propose to 
examine in THEME 3A of SBC IV. 
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We propose to test the predictions generated from the results of our long-term 
disturbance experiment in THEME 1A of SBC IV
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The specific mechanisms responsible for these indirect effects 
will be experimentally investigated in THEMES 1A and 1B of our proposed research
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Determining the 
extent to which fluctuations in kelp wrack and the populations of consumers that rely on it are 
linked to the temporal and spatial dynamics of nearby kelp populations is a primary objective of 
the research proposed in THEME 3B of SBC IV. 

Theme 3. Movement and fluxes of inorganic and organic matter in the coastal ocean



New research in SBC IV (THEME 3C) will use the glider to quantify variability in cross-shelf 
transport and the delivery of phytoplankton subsidies to kelp forest consumers.
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Collectively, our novel findings of the availability and uptake of these 
previously understudied sources of N stimulate new research proposed for THEME 1C OF SBC IV
on microbial regeneration of ammonium and urea and their utilization by kelp and 
phytoplankton.

The
Golden Forest

Tech Trek



We propose research in THEME 2 of SBC 
IV that aims to quantify how the dynamics of giant kelp affect sea water chemistry and organic 
matter cycling to modify the structure and function of the forest ecosystem.
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How do natural and human drivers influence giant kelp 
dynamics and alter the long-term structure and function of kelp forest ecosystems?”

THEME 1 - Environmental drivers of kelp persistence and community structure 
THEME 2 - Dynamic biophysical coupling in kelp forest ecosystems 
THEME 3 - Spatial dynamics and connectivity of kelp forests and adjacent ecosystems

“How do natural and human 
drivers influence giant kelp dynamics and alter the long-term structure and function of kelp forest ecosystems?



THEME 1. Environmental drivers of kelp persistence and community structure 

THEME 1

THEME 1A. Community and ecosystem consequences of climate variability, disturbance and 
pathways of recovery

Rationale

Approach
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THEME 1B. Ecological consequences of fishing 
Rationale



Approach

THEME 1C. Sources and utilization of recycled nitrogen 
Rationale



Approach
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THEME 2. Dynamic biophysical coupling in kelp forest ecosystems 

THEME 2A
THEME 2B

THEME 2C

THEME 2A. Effects of kelp on physical and chemical fluxes
Rationale
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Approach

dT/dt = -kT k
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THEME 2C
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THEME 3C

THEME 2B. Effects of kelp on the processing and fate of dissolved organic matter 
Rationale

Approach

THEME 1C

THEME 2A
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THEME 2C. Ecological and evolutionary consequences of kelp-induced changes in seawater 
chemistry
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THEME 3. Spatial dynamics and connectivity of kelp forests and adjacent ecosystems 

THEME 3

THEME 3A. Demographic connectivity and metapopulation dynamics of giant kelp
Rationale
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THEME 3B. Trophic connectivity between kelp forests and beaches  
Rationale

Approach



THEME 3C. Trophic connectivity between the coastal ocean and kelp forests 
Rationale

Approach
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THEMES 1 2
THEME
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THEME 1C

THEME 2A
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THEME 1A
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THEME 3C
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THEMES 2A, 3A 3B.
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Macrocystis pyrifera
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Macrocystis pyrifera

Macrocystis pyrifera

Macrocystis pyrifera
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Strongylocentrotus purpuratus

Macrocystis pyrifera
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in press.



Macrocystis pyrifera
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Professional skills

Interdisciplinarity

Team-based research

Mentoring



POLICIES

OPERATION, INFRASTRUCTURE AND RESOURCES



Phase I – Primary Use

Phase II – Curation



Phase III – Re-use
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Milestones and Deliverables



Milestones 
and Deliverables

Personnel and Governance

Deliverables and Milestones, 

DATASETS PLANNED FOR SBC IV

THEME 1A

THEME 2

THEME 1C
THEME 3C THEMES 2B, 2C



Milestones and Deliverables 





THEME 1A

Bridges to the Doctorate



Theme 1 - Environmental drivers of kelp persistence and community structure
THEME 1A - Community and ecosystem consequences of climate variability, disturbance 
and pathways of recovery

THEME 1B - Ecological consequences of fishing

THEME 1C - Sources and utilization of recycled nitrogen

Theme 2 - Dynamic biophysical coupling in kelp forest ecosystems
THEME 2A - Effects of kelp on physical and chemical fluxes 

THEME 2B - Effects of kelp on the processing and fate of dissolved organic matter

THEME 2C - Ecological and evolutionary consequences of kelp-induced changes in 
seawater chemistry 

Theme 3 - Spatial dynamics and connectivity of kelp forests and adjacent ecosystems
THEME 3A - Demographic connectivity and metapopulation dynamics of giant kelp 

THEME 3B - Trophic connectivity between kelp forests and beaches
,

THEME 3C - Trophic connectivity between the coastal ocean and kelp forests




