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•Oysters (Kerstin) 

•Ecotone (Kerstin) 

•Marsh (Rikke & Charlie) 

•Hypoxia (John & Rikke) 

•Eucalyptus (Susie) 

Current research highlights ESNERR Research 
 
 

 
 

 
 
 

 
 

Improving conservation and restoration 
through better understanding 

ROAD MAP 
WATER QUALITY MONITORING AND TRENDS  
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• Examples of spatial and temporal trends from monitoring 
• Local WQ improvement due to restoration 
• Nutrient sources and loads: new perspectives 

 

EFFECTS OF NUTRIENT LOADING ON THE ESTUARY  
• Eutrophication assessment of the estuary 
• Ecological studies of negative effects of eutrophication 

– Eelgrass 
– Fish 
– Oysters 
– Salt marsh 
 

TAKE HOME MESSAGES 

ESNERR Water Quality Monitoring ESNERR WQ Monitoring 
Programs 

• Volunteer Program 
– Great spatial coverage (24 

stations) 

– Monthly sampling 

– Very long time series (since 
1989) 

– Physical Parameters and 
nutrients 
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WQ Monitoring Program-Volunteer Sites 
 
 

AP 

VM 

SM 

NM 

ESNERR WQ Monitoring 
Programs 

• Volunteer Program 
– Great spatial coverage (24 

stations) 

– Monthly sampling 

– Very long time series (since 
1989) 

– Physical Parameters and 
nutrients 

• NERR Program 
– Great temporal coverage 

(every 15 min!) 

– 4 stations 

– Since 1995 

 

NERR system-wide monitoring program 
WQ data collected consistently at four stations at 28 NERR sites 
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NUTRIENT 

P O LLUTION 

V A RIES BY 

REGION A ND 

O V ER T IME 
•Nitrates appear to 
undergo cycles of low 
vs. high years 

•Nitrates are highest in 
Tembladero Slough 
and Salinas River sites 
(note variable scale bar 
across panels, 1mg/L is 
threshold) 

•No clear trends over 
time (certainly no 
improvement) 

[From monthly 
volunteer data] 

EXAMPLE OF DAILY HYPERVENTILATION THAT 
OCCURS IN TIDALLY RESTRICTED SITES 
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BEFORE RESTORATION AFTER RESTORATION 

 

Data split at 1997 

          Restoration 

largely complete  

Red points = below DL 

 

All p < 0.05 for all 
three nutrients 

Significant difference 

  

NITRATE, AMMONIA 
AND PHOSPHATE ALL 

DECREASE AFTER 
RESTORATION 

 

Gee  et al.  2010 
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CALCULATING NUTRIENT LOADS AND SOURCES 
ESNERR is taking measurements now in various key tributaries 
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Long term nutrient trends 

Hughes et al. (2012) TNC Report 
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ECOLOGICAL EFFECTS  
OF NUTRIENT-LOADING ON ELKHORN SLOUGH 

Primary Indicators 
 

Macroalgae 
Chlorophyll a  

Based on Cloern (2001) MEPS 

Coastal Eutrophication Model 

Drivers 

(Nutrients) 

Secondary Indicators 
Dissolved Oxygen 

pH 
    Sediment anoxia 

Species diversity 
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Nutrients grow lots of ephemeral macroalgae 

Hughes et al. (2011) ESNERR Report 

Nutrients grow lots of phytoplankton 

Hughes et al. (2011) MEPS 

Tidal range explains patterns in hypoxia 
The Eutrophication Score Card, based on 

regulatory criteria 

Hughes et al. (2011) ESNERR Report 
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Hughes et al. (2011) MEPS 

High Variability in Eutrophication Expression, with 

Moderately Eutrophic Conditions most common 
ROAD MAP 
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Seagrass unstable over the last century Hypoxia also varies temporally 

Hughes et al. (2013) In prep 

Graph excluded for download as publication is in prep 



Water Quality and the Elkhorn Slough: A Tour 
for the Central Coast Regional Water Quality 
Control Board 

11/15/2013 

John Haskins, Brent Hughes, Kerstin 
Wasson...Presenters 10 

ROAD MAP 
WATER QUALITY MONITORING AND TRENDS  
• ESNERR water quality monitoring 
• Examples of spatial and temporal trends from monitoring 
• Local WQ improvement due to restoration 
• Nutrient sources and loads: new perspectives 

 

EFFECTS OF NUTRIENT LOADING ON THE ESTUARY  
• Eutrophication assessment of the estuary 
• Ecological studies of negative effects of eutrophication 

– Eelgrass 
– Fish 
– Oysters 
– Salt marsh 
 

TAKE HOME MESSAGES 

Declines in fish diversity during recent hypoxia 

Hughes et al. (2013) in prep 

Graph excluded for download as publication is in prep 

Hypoxia effects on flatfish species 

Hughes et al. (2012) TNC Report 

Hypoxia effects on flatfish species 

Hughes et al. (2012) TNC Report 
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Spatial modeling consistent with eutrophic patterns 

Hughes et al. (2012) TNC Report 

Hypoxia effects on the offshore stocks & fishery 

Hughes et al. (2013) in prep 

Graph excluded for download as publication is in prep 
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How do fish respond to water quality  

at different sites? 
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Caging Experiment 

•Staghorn sculpin used as highly tolerant indicator species 
•Cages deployed next to water quality sondes 
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HYPOXIA KILLS FISH 
Water quality is inappropriate for fish survival at some wetlands 

Making poor water quality issues 

tangible through indicator species 
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Caging Experiment 

•Olympia oysters used as highly tolerant indicator species 
•Cages deployed next to water quality sondes 
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HYPOXIA SLOWS OYSTER GROWTH 
Water quality is inappropriate for shellfish growth in some wetlands 

Lab Experiments:  

low oxygen slows growth 

Normal oxygen    Low oxygen 
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OYSTERS ABSENT FROM MANY WETLANDS 

WHERE THEY WERE HISTORICALLY PRESENT 

WATER QUALITY EFFECTS 

Oyster abundance is significantly related to water 
quality conditions at the site 

Oysters

absent

low abundance

high abundance
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2D Stress: 0.12

Wasson 2010, 
Wetlands 

EUTROPHICATION AND OYSTERS 

Oysters absent from sites with highest nutrients, 
chlorophyll and turbidity 
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Oysters absent from 14/17 sites with water control structures  

TIDAL RESTRICTION 

1909 

1909 

Only the harbor and 

main Elkhorn Channel 

have full tidal 

exchange 

 
More than 50% of the 

historic estuary is 

behind w ater control 

structures 
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EUTROPHICATION AND  
SALT MARSH DIEBACK 

MARSH DROWNING 
Our marshes are sinking 
•Subsidence measured at our monitoring stations 

Eutrophication appears likely cause 
•Studies elsewhere have shown faster decomposition, less organic deposition by roots 
in nutrient loaded vs.  control sites 
•We have measured high decomposition rates in our marshes, much higher than 
Morro Bay 

Algal mats may contribute to marsh loss at edge Field experiments examining algae effects 
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Picklweed before being 
covered by ulva 

Picklweed after being 
covered by ulva 

Negative impacts of algal cover Negative impacts of algal cover 

on salt marsh: 
 

Biomass of  pickleweed much higher  

in algal remov al treatment 

Eutrophication/marsh studies in progress… Loss of marsh sustainability in the face of sea 

level rise may be one of the biggest ecosystem 

effects of eutrophication 
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Take home messages 
• ESNERR has lots of data relevant to water quality issues  

– We’re glad to make the data available: raw data, analyses, summary reports – 
whatever is useful 

• Our monitoring has revealed decades of high nutrients, with no general 
improvement over time 
– However local upland and buffer restoration efforts have local benefits  

• We have demonstrated significant negative effects of nutrient-loading 
– Strong evidence for eutrophication problems including diurnal hypoxia, 

extensive algal production and decreased eelgrass, oyster and fish habitat 
– On-going work suggests extensive salt marsh loss in the estuary is also due in 

large part to eutrophication 

• There are clear spatial patterns to eutrophication 
– The worst-affected regions are the 50% of the estuary behind water control 

structures, and upper Elkhorn Slough which has a long residence time 

• Decreased nutrient loading would support greater ecological health of 
the estuary 
– Especially in the majority of the estuarine ecosystem far from strong marine 

influence, where residence times are longer 


