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National Estuarine Research Reserve System
National Oceanic & Atmospheric Administration

 Federal – State Partnerships

 29 Reserves established by the Coastal 
Zone Management Act

 Provide long-term protection of reserve 
resources for research

 Enhance awareness and understanding of 
estuarine areas, and provide suitable 
opportunities for education and 
interpretation

 Protect areas that contribute to 
typological and biogeographical balance 
of the system 
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Distribution and Loss of 
Coastal Wetlands

Blue Carbon Report 2009 



Values of Wetlands

• Economic (direct and indirect)

• Recreation and aesthetics

• Habitat / nursery

– Threatened species

– Harvested species

• Water storage and filtration

• Environmental buffering

• Global carbon cycle

Batzer and Sharitz 2006



Horizontal
• Salinity
• Exposure
• Grain size
• Biota

Vertical
• Tidal level
• Depth in sediment

Human Impact

Estuarine Gradients



Estuarine
Classification

Garrison



Estuarine
Classification

Marcus 1989



Estuarine
Classification

Marshall – aese2006.geology-guy.com 



Salinity Gradients

Garrison



Raffaelli and Hawkins 1996

Species Diversity Along a Salinity 
Gradient



Exposure and Sediment Characteristics





Raffaelli and Hawkins 1996

Energy, Grain Size, & Biota

wave energy



Zonation patterns in southern California estuaries

Amigos de Bolsa Chica



Zonation patterns in southern California estuaries

Amigos de Bolsa Chica
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Respiration Respiration



Salt Marsh 
Food Web
Detritus-based

www.ecy.wa.gov



amigosdebolsachica.com

Productivity of Saltmarshes



Aboveground vs. Belowground Carbon



Carbon Sequestration



Blue Carbon Report 2009 



Tijuana River
Watershed



Sediment Loading Pollutants & Trash

Hydrology

Invasive Species

Threats

Climate Change

Habitat
Degradation

Overexploitation



Adaptive Management
Adaptive management is an iterative process of optimal 

decision-making in the face of uncertainty, with an aim to 
reducing that uncertainty over time via research and 
monitoring* 

*from Wikipedia



Adaptive Management –
Invasive Species



Adaptive Restoration

Goals
• Re-create lost habitat and 
control invasive species 

• Increase tidal prism and 
ability to export sediments

• Beneficially use excavated 
material

• Conduct research to steer 
future actions





Science-Based Ecosystem Management -
Sources of Information

paleontology, geology 
archaeology

millenia centuries decades years days minutes

historical ecology

long-term monitoring

In
fo

rm
at

io
n 

 R
es

ol
ut

io
n

Timescale

experiments

coarse-grained

fine-grained

P
erspective and C

ontext



Ecosystem Monitoring:
Assessing “Vital Signs” and Fostering Adaptive Management

PERL and TRNERR

• Water: Temperature, Salinity, 
Dissolved Oxygen, Turbidity, pH, 
Depth

• Nutrients / Chlorophyll a

• Weather: Temperature, Humidity, 
Wind, Rainfall, Barometric Pressure, 
Light

• Topography / Bathymetry

• Soil Salinity

• Vegetation

• Invertebrates

• Fish

• Birds

Tijuana
River

Estuary

Los
Peñasquitos
Lagoon

South 
San Diego

Bay



• Water Quality
– Data sondes 

• 2 to 4 week deployments 
• Record salinity, temperature, dissolved oxygen, pH, turbidity, 

chlorophyll
• Data from the sonde is uploaded and goes to the Central 

Data Management Office for QA/QC
• Once data has been approved for the public it is available to 

download at  http://cdmo.baruch.sc.edu/

SWMP



Boca Rio



Oneonta Slough



South Bay



Pond Eleven



Depth

Turbidity

Conductivity/Temperature
Chlorophyll

Dissolved OxygenpH

DataSonde Sensors



•Two sondes designated per site
•Continuous data recording
•Equipment failure – can take a day to a 
month for repairs





DataSonde

Battery C
able to Sonde

Solar Panel

Antenna





Long-term trends
pH 

2000 - 2015
Oneonta Slough

Tijuana River Estuary





Gravity





Gravity Inertia



Gravity Inertia

Difference Between the Two

















Water Levels – March 2011



Onset of Mouth Closure 
and Low-Oxygen Conditions
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Fish Kill – October 2005

Oxygen Depletion





Three-dimensional 
zonation patterns in 
soft substrates

Raffaelli and Hawkins 1996
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