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Charge to the Panel 

• 

• 

3. 

• 

• 

• 

• 

•  

Agenda Item 9 
Attachment 1



Agenda Item 9 
Attachment 1



•  

•  

•  
•  

X2(푡) = 10.16 + 0.945 X2(푡 1) 1.487 log10(푄표푢푡(푡))              (1)
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t X2(푡 1) 푡 푡 1
푄표푢푡(푡)
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In general, there should be no expectation that the species 
responses to X2 indicated by the existing regressions, which 
involve correlations with multi-year collections of seasonal 

field sampling across multiple stations, would be manifest at 
the fine time scales that salinity distributions can now be 

estimated within the estuary. 

Key Pa per s:  Ja ssby et a l. (1995), Kimmerer  (2002, 
2013), Kimmer er  et a l. (2009, 2013) 
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Estimates of X2, with a well-chosen series of monitoring stations, although 
requiring interpolation between stations, can certainly be accomplished with 
less uncertainty . The more noise in the predictor variables, the 
weaker the apparent relationship between the response and predictors; we are 
thus more likely to discover subtle relationships when using measured X2 than 
when using outflow, particularly at low flows. This difference between the 
precision of X2 and Qout is most important at short time scales (days), as the 
fluctuations will compensate to some extent on monthly scales. On the other 
hand, these short scales may be of interest for some organisms, particularly 
those that can be affected by pulse flows at certain points in their life cycles
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all

We recommend that in setting Delta outflow objectives, the 
State Board should use a suite of indicators, including X2, to 
ensure ecosystem (beyond individual species) health and to 
better understand and anticipate how outflow changes will 
affect not only target species but also other aspects of the 

ecosystem. 

Key pa per s: Cloer n a nd Ja ssby (2012), Kimmer er  (2004) 
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index 
predictor 

cause 
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Potamocorbula

Potamocorbula amurensis

Agenda Item 9 
Attachment 1



At this time, 

2‰  alone, 

2‰  

Additional factors that the Board should consider as they develop 
additional indicators include: changes in X2 between seasons and 

water-year types, comparisons of flows to unimpaired flows, 
habitat suitability, spatial and temporal dynamics of the area and 
volume of habitat, location and size of the LSZ, water age, benthos 
community structure and function, patterns of gross energy flows in 
the system, and flowpath-related metrics such as the split between 

Sacramento and San Joaquin flows. It will also be important for 
species-specific indices to include vital rates in addition to indices 

for standing stock abundance. 
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Developing an improved approach to managing Delta 
outflow will require a concerted effort to consider ecosystem 

responses that are beyond the analysis of (multiple) 
individual species, allowing process-based anticipation of 

changes caused by system-wide and local drivers, and 
encouraging scientific consensus regarding the role of 
important (and unimportant) factors and processes 
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It seems unlikely that the predicted increase in the abundance 
index under any proposed regime would result in a 

substantive improvement in abundance of Delta Smelt in the 
short-term due to stock size limitations. 
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We saw little evidence that the relatively modest changes in 
fall Delta outflows that are being proposed are going to result 

in substantive increases in abundance of key pelagic fish 
species based on their X2-abundance relationships. 
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Simple statistical models  

More complex multivariate statistical models  

Variation in the volume or area of physical habitat (as defined 
by salinity) is unlikely to be the direct mechanism behind 

abundance-X2 relationships 

Key pa per s: Kimmer er  et a l. (2009, 2013) 
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Full life-cycle models  

Which level of model complexity provides the greatest insights?  

We encourage continued, thoughtful use of multi-stage life-
cycle models. Confounding parameters and over-fitting issues 
can be addressed by simplifying the model structure and by 

using more restrictive prior assumptions about some 
parameter estimates. 
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Longfin smelt population growth  
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It is critical that quantitative analyses communicate 
uncertainty in recommended flow criteria to decision makers 
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a framework and flexible decision-making process 
for ongoing knowledge acquisition, monitoring, and evaluation leading to continuous 
improvements in management planning and implementation of a project to achieve specified 
objectives.

Defining objectives and actions 
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Predicting the response of indicators to actions 
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Implementing a plan 
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Decision makers are hesitant to adopt costly policies in the 
absence of relatively convincing model predictions that 

indicate they will achieve the desired objectives. However, it is 
very difficult to improve model predictions without 

implementing these policies in the first place. Thus, the rate of 
learning about the efficacy of alternate flow policies in the 

Delta will likely be very slow. 
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The challenge of AM 
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Bad Good

Low High
1 2 3 4 5 6 7 8 9 10

Major Minor
1 2 3 4 5 6 7 8 9 10

Uninformative Very Informative
1 2 3 4 5 6 7 8 9 10

Very Difficult Relatively Easy
1 2 3 4 5 6 7 8 9 10

Predictive Ability

Value Conflicts

Experimental Design

AM Implementation
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a

In the simplest terms, freshwater outflows affect water 
quality, water circulation, and the distribution of dissolved 

and particulate materials within the estuary. Mobile 
organisms actively orient to these environmental cues. 

Key Pa per s: Cloer n et a l. (1995), Cloern a nd Ja ssby 
(2012), Kimmer er  et a l. (2004), Luca s et a l. (1999, 
2009) 
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Potamocorbula

The Panel unanimously agrees that the distribution, condition, 
and abundance of some estuarine organisms are statistically 
associated with outflow and X2 because these two indicators 
are tied to underlying physical and ecological processes that 

more directly affect the estuarine organisms. 

Key Pa per s: Ja ssby et a l. (1995), Kimmerer  (2002a ), 
Kimmer er  et a l. (2009, 2013) 
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Potamocorbula

Ecosystem change in the San Francisco Bay estuary has been 
continuous on a decadal scale. However, this slow continual 
change has been punctuated by events such as the sudden 
increase in Potamocorbula clam biomass and the decline in 
chlorophyll and pelagic organisms that followed. While such 
punctuating events are dramatic, it should be kept in mind 

that continuous ecosystem change had been taking place at 
all trophic levels before such conspicuous events occurred.  

Key Pa per s: Luca s a nd Thompson (2012), Nichols et a l. 
(1986, 1990), Nichols a nd Thompson (1985), Pa r cha so 
a nd Thompson (2002) 
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The role of ammonium 

There is a large body of work indicating that ammonium 
concentrations greater than some threshold inhibit the uptake 

of nitrate by phytoplankton. Because of these nutrient 
utilization dynamics, high ammonium concentrations and 

growth on ammonium will always correlate with low 
phytoplankton biomass, while growth on nitrate will always 
correlate with high biomass accumulation, i.e., blooms. If 
phytoplankton growth is truncated for reasons other than 
nitrogen limitation (e.g., light, grazing) prior to reaching 

“bloom” conditions, then no nitrate will be consumed and 
some ammonium will remain, which has been interpreted (we 
believe incorrectly) as evidence that ammonium had inhibited 

bloom formation.  

Key Pa per : Cloer n and Ja ssby (2012) 
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Because of these nutrient utilization dynamics, high 
ammonium concentrations and growth on ammonium will 

always correlate with low phytoplankton biomass 
accumulation, while growth on nitrate will always correlate 

with high biomass accumulation. 
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Other factors potentially affecting species dominance  

There has been a long-term change in the composition of the 
phytoplankton community, with a general trend toward 

smaller-celled phytoplankton. Factors that appear to affect 
the dominance of different types of phytoplankton include 

periods of reduced outflow (long water residence times) with 
decreased turbidity and higher water temperatures. These 

changes in the structure of the phytoplankton community are 
also consistent with increased benthic grazing in the LSZ and 

the Delta. Decreased turbulence affords an advantage to 
buoyant or positively phototactic cells by increasing the 
average amount of light they receive and by decreasing 

exposure to benthic grazers.  

Key Pa per : Luca s a nd Thompson (2012) 
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Eurytemora Limnoithona

Eurytemora 
affinis

Limnoithona

Changes in the relative abundance of lower-trophic-level 
consumers (e.g. Eurytemora to Limnoithona) in the LSZ reflect 
the trends in phytoplankton cell size, supporting the idea that 

the efficiency of the pelagic food web has decreased over 
time.  
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More comparisons with estuaries around the world 

Inferences based on correlation analyses, which so far have be 
the main tool applied to understanding the relationships 

between resources and processes in the Bay-Delta ecosystem, 
are limited because they do not inherently prove cause and 

effect. This is especially true in a system where so many 
changes have occurred, and responses to change have 

covaried over the same, relatively short period. 

Key Pa per s: Nichols et a l. (1986), Cloern a nd Ja ssby 
(2012)
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Corbicula fluminea
Perna viridis

Syntheses based on estuarine comparisons are likely to be 
informative. 

Given that the Sacramento-San Joaquin estuary has 
undergone a decadal-scale decrease in turbidity, the 
fundamental ecological effects of a changing light 

environment should be further explored. 

Key pa per s: Cloer n a nd Ja ssby (2012), Bur gha r t et a l. 
(2013)
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New types of ecosystem modeling 

Delta  ecosystem 
model

New monitoring technologies 
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Benthic indicators  
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Mya  Macoma 

Potamocorbula
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More studies of Potamocorbula (and Corbicula) 
Potamocorbula

Potamocorbula

Potamocorbula

Fish condition and food-web analysis 
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ad hoc

Molecular techniques to examine population dynamics.  
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When outflow is used to protect or improve estuarine health, 
expectations should be realistic: (1) habitat use by different 
organisms is seasonal, thus the same amount of outflow will 

have different effects at different times of year, (2) many 
populations require more than one year to respond, (3) 
abundance indices may not accurately reflect the true 

population responses, and (4) room for adaptive management 
should exist within prescribed outflow management practices. 
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Use of outflow objectives on a monthly to seasonal basis does 
not capture all of the desired dynamics that ensure protection 

of species and ecosystem health. 
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River Research and Applications

San Francisco Bay The Urbanized Estuary

Marine Ecology Progress Series

Wildlife Society Bulletin

Estuaries and Coasts

in
San Francisco Bay–The Ecosystem

Continental Shelf Research

Marine 
Ecology Progress Series
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Limnology and Oceanography

Estuarine, 
Coastal and Shelf Science

PLoS 
ONE

Reviews of Geophysics

Marine Pollution Bulletin

Marine Biology

Journal of 
Experimental Marine Biology and Ecology

Marine Pollution Bulletin

Estuarine Ecology

Journal of Hydraulic Engineering
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Marine Ecology Progress Series

Estuarine, Coastal and Shelf Science

Ecological Modelling

Estuarine, Coastal and Shelf Science

Estuaries

Canadian Journal of Fisheries and Aquatic Sciences

Estuaries and Coasts

Reviews in Fisheries Science

Regulated Rivers: 
Research and Management
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Aquatic Conservation–Marine and 
Freshwater Ecosystems

Marine Ecology Progress Series

Estuarine, 
Coastal and Shelf Science 

in San Francisco 
Bay–The Ecosystem

Ecological Applications

Estuarine, Coastal and Shelf Science

Ecological Modelling

Marine Ecology and Progress Series

Estuaries

San Francisco Estuary and Watershed Science

Limnology and Oceanography 
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Estuaries and Coasts

San Francisco 
Estuary and Watershed Science

Microcystis
Hydrobiologia

Environmental Management

Ecosphere

Limnology and Oceanography

Marine Ecology Progress Series

Ecological Applications

Canadian Journal of Fisheries and Aquatic 
Sciences

Ecology of Marine Invertebrate Larvae

Estuaries and Coasts
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San Francisco Bay: The Ecosystem

Journal of Physical 
Oceanography

Coastal Lagoons: Critical 
Habitats of Environmental Change

Hydrological Changes and Estuarine 
Dynamics.

Comparing Futures for the Sacramento-San Joaquin Delta

San Francisco Estuary and Watershed Science

X2

Estuarine, Coastal and Shelf Science

Science
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Potamocorbula amurensis
Marine Ecology Progress Series

Potamocorbula amurensis
Pacific Science

Marine Pollution Bulletin

Marine Pollution Bulletin

Estuarine, Coastal and Shelf Science

Oceanography and Marine Biology 
Annual Review

Anchoa mitchilli Estuaries and Coasts

Estuaries and Coasts
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American Scientist

Wildlife Society Bulletin

Transactions of the American Fisheries Society

Transactions of the American 
Fisheries Society

San Francisco Estuary and 
Watershed Science

BioScience

Estuaries

Estuaries and Coasts
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Ecological Applications

Estuarine Coastal and Shelf Science
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Adaptive Management of Renewable Resources

Estuaries and Coasts

Estuaries and Coasts

San Francisco Estuary and Watershed Science
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