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Purpose   
This 2021 Seasonal Report for Delta Smelt Summer-Fall Habitat Action (SFHA) describes the 
operations of the Central Valley Project (CVP) and State Water Project (SWP) and Delta Smelt 
habitat conditions in water year (WY) 2021. This report may support adjustments, if necessary, to 
the Delta Smelt SFHA Guidance Document (Guidance Document) for WY 2022, and future 
operations, including Delta Smelt SFHA Plans, by documenting conditions without an action. The 
structure of the Seasonal Report for Delta Smelt SFHA will be modified for years when the action is 
implemented, and those modifications will be subject to coordinated agency review. This document 
also fulfills commitments under the Record of Decision (ROD) signed by the Bureau of 
Reclamation (Reclamation) for the Reinitiation of Consultation on the Coordinated Long-Term 
Operations of the CVP and SWP. Additionally, this Seasonal Report will be used to support the 
development of Reclamation’s Annual Report on the Long-Term Operation of the Central Valley 
Project and State Water Project for Water Year 2021. This document will also act as the Delta Smelt 
SFHA report for a non-action year required by the California Department of Fish and Wildlife 
(CDFW) Incidental Take Permit for the SWP. Finally, this document will inform the Four-Year 
Review Panels adopted under the ROD and ITP. Compliance with the Incidental Take Statements, 
including the Reasonable and Prudent Measures and associated Terms and Conditions in the 2019 
Biological Opinions (BiOp) from the U.S. Fish and Wildlife Service (USFWS) and National Marine 
Fisheries Service adopted by the aforementioned ROD will be documented in the Annual Report 
and not in this document. This document strives to provide an integrated view of the factors 
affecting the low salinity zone habitat within the Sacramento- San Joaquin Delta. The results and 
discussion sections are focused on available Delta Smelt summer and fall habitat in WY 2021. 

Preliminary Data 
Real-time operations require compiling available data into seasonal reports to help inform the 
following year’s management decisions on action implementation. The variables and data highlighted 
in this report were selected based on past Delta Smelt conceptual model work and the general 
understanding of Delta Smelt biology. However, some habitat information deemed important for 
Delta Smelt survival through the summer and fall (e.g., phytoplankton, benthic invertebrates, etc.) of 
2021 were not yet available upon the completion of this report. In addition, the majority of 2021 
data that are included in this report have not undergone final quality assurance and quality control 
procedures. Information presented in this report should be interpreted with some caution, as some 
datasets remain preliminary and subject to correction, revision, and improvement. A more complete, 
final dataset from WY 2021 will be captured in the seasonal report for WY 2022. 

Background  
The Delta Smelt SFHA provides for operational actions that improve habitat and food enhancement 
actions that may increase primary productivity (phytoplankton) and zooplankton. Potential 
operational actions are additional implementation of Suisun Marsh Salinity Control Gates (SMSCG) 
operations and Delta outflow augmentation, while food enhancement actions could include the 
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Sacramento Deep Water Ship Channel Food Web Study (SDWSC), North Delta Food Subsidies-
Colusa Basin Drain Study (NDFS) and the Suisun Marsh and Roaring River Distribution System 
Food Subsidies Study (RRDS).  

Most Delta Smelt complete their entire life cycle within or immediately upstream of the estuary’s low 
salinity zone (Merz et al. 2011). Scientific research has generally shown that reducing salinity in 
Suisun Marsh and other areas within the Sacramento-San Joaquin Delta is beneficial for the Delta 
Smelt population due to increased distribution, foraging opportunities, and habitat complexity 
(Figure 1) (Sommer and Mejia 2013; Sommer et al. 2020). The highest quality habitat in this large 
geographical region includes areas with complex bathymetry, in deep channels close to shoals and 
shallows, and in proximity to extensive tidal or freshwater marshlands and other wetlands (Pg. 1 and 
2, Guidance Document) (Bever et al. 2016; Hammock et al. 2019). Therefore, the ROD included a 
Delta Smelt SFHA intended to improve Delta Smelt access to food supply and habitat, thereby 
contributing to the recruitment, growth, and survival of Delta Smelt (Pg. 33, ROD). The Delta Smelt 
SFHA will investigate summer-fall habitat to better quantify and integrate information on how food, 
turbidity, salinity, velocity, and temperature interact with the species and contribute to the overall 
recruitment, growth, and survival of Delta Smelt (Pg. 1, Guidance Document). The ROD also 
provided a commitment to maintain X2 no more eastward than 80 km in above normal and wet 
years during September and October (Pg. 33 and 34, ROD). Overall, the Delta Smelt SFHA is 
intended to increase the spatial overlap of Delta Smelt habitat attributes with a focus on Suisun 
Marsh and experimental enhancements of prey supply from the Cache Slough Complex. 

Figure 1 Map of the Sacramento- San Joaquin Delta (Credit: Google Earth)

Environmental and biological goals for summer and fall (June through October) of below normal, 
above normal and in wet years are (Pg. 4-72, BA):  
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(1) Maintain low salinity habitat in Suisun Marsh and Grizzly Bay when water temperatures
are suitable;

(2) Manage the low salinity zone to overlap with turbid water and available food supplies;
and

(3) Establish contiguous fresh water- low salinity habitat from Cache Slough Complex to
the Suisun Marsh (Pg. 2 and 15, Guidance Document).

The SMSCG have the potential to provide an increase in area of low-salinity-zone habitat for 
endangered Delta Smelt, and to allow them to more frequently occupy Suisun Marsh, one of their 
most important rearing habitats (Hammock et al. 2019; Kimmerer et al. 2013; Sommer et al. 2020). 
To accomplish the goals listed above, Reclamation and DWR would implement SMSCG operations 
for up to 60 additional days (not necessarily consecutive) from June 1st through October 31st. 
Reclamation intends to meet Delta outflow augmentation in the fall primarily through export 
reductions as they are the operational control with the most flexibility in September and October 
(Pg. 4, Guidance Document). Storage releases from upstream reservoirs may be used to initiate the 
action by pushing the salinity out further in August and early September; however, the need for this 
initial action will depend on the hydrologic, tidal, storage, and demand conditions at the time (Pg. 4, 
Guidance Document). In addition, storage releases may be made in combination with export 
reductions during the fall period during high storage scenarios where near-term flood releases to 
meet flood-control limitations are expected (Pg. 4, Guidance Document).  

The Delta Smelt SFHA also includes food enhancement actions, e.g., those included in the Delta 
Smelt Resiliency Strategy to enhance food supply (CNRA 2016), including the SDWSC, North Delta 
Food Subsidies-Colusa Basin Drain Study and the Suisun Marsh and RRDS. 

• Sacramento Deep Water Ship Channel Food Study is a federal and local partnership
between Reclamation and City of West Sacramento and West Sacramento Area Flood
Control Agency to determine the feasibility of repairing or replacing the West Sacramento
lock system to hydraulically reconnect the ship channel with the mainstem of the
Sacramento River. Combined with nutrient enhancement and other adaptive management
measures, an ongoing food web study, a reconnected ship channel has the potential to boost
food production for Delta Smelt and other planktivorous fish residing in the ship channel
and to export surplus food resources into the North Delta.

• North Delta Food Subsidies – Colusa Basin Drain Study monitors and evaluates the
effects of the North Delta Flow Action on the Delta food web. The North Delta Flow
Action redirects agricultural drainage or Sacramento River water into Yolo Bypass for up to
two to four weeks to generate a moderate flow pulse of 20-25 thousand acre-feet (i.e. a
managed ‘flow action’) to restore positive net flows and move food resources downstream,
thereby enhancing the quantity and quality of food for Delta Smelt in the North Delta
(Frantzich et al. 2021). The North Delta region is relatively rich in food resources compared
to other parts of the Estuary but negative or low flows from water diversions during summer
and fall limit the distribution of these resources to downstream areas to downstream areas of
Delta Smelt habitat. The action takes an adaptive management approach planning and
implementing annual augmented flow pulses (or not) in summer or fall based on a
combination of factors including evaluation of past results, predicted WY type, water
availability and collaboration with supporting stakeholders.



FOIA EXEMPT – DELIBERATIVE PRIVILEGE 

Page 11 of 97 

• Suisun Marsh and Roaring River Distribution System Food Subsidies Study will
coordinate managed wetland flood and drain operations and the operation of the Roaring
River Distribution System, with the additional reoperation of the SMSCG. The intent of this
study is to flush food rich waters of the managed wetlands and Roaring River into Grizzly
Bay.

When determining whether the measures above provide similar or better protection than the 80 km 
salinity management action, Reclamation and DWR will consider, at minimum, the following (Pg. 4-
73, BA):  

(1) habitat acreages in Suisun Marsh, Grizzly Bay, and other adjacent areas available to support
Delta Smelt recruitment;

(2) recruitment projections based on lifecycle modeling and/or monitoring to evaluate the
expected trend in Delta Smelt with and without the 80 km salinity management action; and

(3) the presence (or absence) of Delta Smelt in both the target areas (main Delta channels and
Suisun Marsh) and other areas (such as Montezuma Slough and Cache Slough), including
information from monitoring, presence/absence modeling, or similar tools

One or more habitat suitability indices that include calanoid copepod biomass density are being 
developed, which could be used to evaluate the success of food enhancement actions. Recruitment 
projections using an individual-based model (e.g., Rose et al. 2013 a,b; Kimmerer and Rose 2018) 
could also be calculated under different food enhancement actions. Results of caged Delta Smelt 
studies could be used as a measure of the success of food enhancement actions. However, future 
cage studies would need to compare prey availability inside and outside of cages, and whether these 
metrics change with food enhancement actions. 

In January of 2024 and 2028, Reclamation and DWR will charter an independent panel to review the 
Delta Smelt SFHA, among other actions. The purpose of the independent review will be to evaluate 
the efficacy of the Delta Smelt SFHA and its adaptive management program and the understanding 
of potential resulting beneficial effects on listed species, focusing on the Delta Smelt. 

In all years during the summer and fall, Reclamation and DWR also will be complying with the State 
Water Resources Control Board’s (Water Board) Water Rights Decision 1641 (D-1641). This water 
rights decision prescribes minimum salinity and outflow requirements for the San Francisco 
Bay/Sacramento-San Joaquin Delta Estuary. While the original purpose of the marsh salinity 
objectives was to protect habitat for waterfowl in managed wetlands, these salinity objectives 
provide multi-species habitat benefits (D-1641, Pg. 49, SMPA, Pg. 18). In 2021, Reclamation and 
DWR petitioned the Water Board to make temporary urgent changes to D-1641 to allow for 
modification of agricultural and fish and wildlife water quality objectives. These relaxations allowed 
the CVP and SWP to conserve water for winter-run Chinook salmon and meet interior Delta salinity 
standards that are important to health and human safety.  

The 2019 USFWS BiOp requires that Reclamation and DWR provide annual reports documenting 
the planning, implementation, and monitoring of the Delta Smelt SFHA. In years that an action will 
be implemented, Reclamation and DWR shall provide a draft of the implementation plan to the 
Service by May 1 and a final report of the action by May 1 of the following year. Since 2021 is a 
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critically dry year, Reclamation and DWR notified the USFWS through the Delta Coordination 
Group (DCG) that it was a non-action year.  

Delta Coordination Group 
The Guidance Document (Pg. 4 and 5) identified a Collaborative Planning Process to implement the 
Delta Smelt SFHA. In June 2020, Reclamation and DWR formed the DCG to coordinate planning 
of the Delta Smelt SFHA with USFWS, National Marine Fisheries Service, CDFW, and 
representatives from federal and state water contractors. Agencies and stakeholders participating in 
the DCG identified the PrOACT decision support tool as the structured decision-making (SDM) 
process to use in informing the Delta Smelt SFHA. The DCG did not engage in SDM for 2021 
SFHA decision-making due to 2021 being a critically dry year. However, as part of the initial 
PrOACT process performance metrics identified by the DCG were presented in a consequences 
table and described in associated performance metric information sheets (Appendix D). Metrics 
were quantified using CalSim II and abiotic habitat, copepod biomass, and Delta Smelt bioenergetics 
modeling (see below). The table and metrics are not intended to be carried forward, but rather can 
serve as an example of the kind of information that can be provided for future SDM efforts. Starting 
in August 2021, the DCG engaged in a formal SDM process, guided by Jennie Hoffman (Adaptation 
Insight) and in collaboration with Compass Resource Management to allow for exchange between 
the DCG SDM process and the Collaborative Science and Adaptive Management Program SDM 
process. To assist the DCG in technical evaluation, research needs, and expert opinions related to 
SFHA and an annual SDM processes, two technical subteams of the DCG were created in early 
2021, including the science and monitoring working group and hydrology and operations work 
group. As part of the first prototype for the SDM process, each DCG technical team provided 
expert feedback on the evaluation, selection, and scoring of performance metrics for different 
alternatives for an above normal water year type.   

DCG and DCG technical team discussions during this first prototype revealed various aspects of the 
overall SDM process that should be addressed as the DCG moves into the next SDM prototype. 
Regarding the overall SDM process, DCG members noted that the first prototype (i.e., iteration) 
was useful for providing an orientation to the SDM process yet felt rushed and incomplete. They 
recommended that the next prototype include more time to develop a clear scope for the decision 
particularly as it relates to the actions and alternatives would be considered for annual versus four-
year evaluation decision-making. For example, other water year types and different options for 
deployment of the 100 TAF should be included for annual decision-making. Longer-term decision-
making could include the Sacramento Deepwater Ship Channel and Roaring River Distribution 
System food subsidies actions. Second, the DCG recommended conducting a sensitivity analysis to 
assess how the objectives or changes in performance metric scores influence decisions. Third, the 
flow of information between the DCG and work groups needs to be clarified. Finally, the DCG 
recognized the need to include scenario planning before the water year type (WYT) is determined 
and to decide which exceedance forecast will be used for identifying the WYT.    

While scoring the performance metrics during the first prototype, the DCG and DCG technical 
teams made the following observations and recommendations. Overall, the performance metrics are 
useful as measures of food supply, habitat, and Delta Smelt growth and survival. Some metrics and 
scoring still need to be defined more explicitly and the analytical steps for scoring need to be 
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determined. For example, how to weight information based on quantitative models versus expert 
elicitation when scoring needs to be determined. Integration of information from multiple 
quantitative tools for scoring population-level performance metrics (e.g., stage-structured and 
individual-based life cycle models) needs to be determined as well. More specific recommendations 
included using hydrologic models to estimate water supply cost (as volume) as opposed to CalSim. 
Further, the volume of water re-routed during actions is non-consumptive and should not be 
included in water cost. Another recommendation was to base contaminant effect scoring on toxicity 
to Delta Smelt instead of loading or concentration. The DCG observed that output from the abiotic 
and copepod biomass models were not as useful as they could be for scoring suitable habitat and 
food due to concerns over modeling limitations and assumptions. Performance metrics for the 
learning objective were not scored during the first prototype. The DCG discussed a possible scoring 
system based on value of information analysis of different science actions (e.g., data collection and 
analysis or modeling). The next SDM prototype will be aimed at revisiting the scope of the decision 
and alternatives and refining and scoring the performance metrics. 

Decision Support Models and Tools 
The Delta Smelt SFHA is informed by several conceptual models such as the Delta Smelt 
Management, Analysis, and Synthesis Team, the Fall Low Salinity Habitat and the Flow Alteration 
model (FLOAT 2019). For example, the Fall Low Salinity Habitat conceptual model suggested that 
Delta Smelt habitat should include salinity conditions ranging from fresh to low salinity (0-6 ppt), 
minimum turbidity of approximately 12 Nephelometric Turbidity Units (NTU) for adults, water 
temperatures below 23°C, food availability, and bathymetric complexity (Brown et al. 2014, Pg. 15-
23; Komoroske et al. 2015).  

Reclamation has developed a numerical model to simulate the anticipated impacts to Delta Smelt 
habitat suitability that would result from implementation of different action alternatives (no action; 
each action alone; different combinations of actions) under different WY types (wet, below normal, 
above normal, dry), with the exception that the SMSCG action was not simulated for dry water 
years. See Appendix- C RMA Report (2021a) for a detailed explanation. The model uses inflows 
generated with CalSim II by Reclamation, which include an X2 action of 80 km during above 
normal and wet water years for all action alternatives. The model simulates monthly-averaged 
current speed (ms-1), salinity (PSU), salinity suitability (percent of time < 6 PSU); water temperature 
(°C), and water temperature suitability (percent of time < 25 °C); secchi depth (m) was interpolated 
from continuous monitoring turbidity observations for wet/above normal and dry/below normal 
years (2019 and 2018, respectively).  Habitat suitability indices (HSI) were calculated two ways: (1) 
using salinity suitability, turbidity, and current speed per Bever et al. (2016); and (2) adding a 
modification to exclude habitat with water temperatures greater than 25 ˚C. Simulated data are 
reported in monthly time steps. The model does not include CalSim II inflows for critically dry 
years, and thus, cannot be used to simulate conditions similar to 2021. A web-based data 
visualization and access tool (RMA Shiny Demo (rmanet.app) is now available for DCG members 
and the public to view different action-water year simulations interactively.  

DWR has developed a parallel modeling effort to assess the area of habitat with appropriate salinity, 
water temperature, and turbidity for Delta Smelt using the Bay-Delta SCHISM model, which is 
based on the Semi-Implicit Cross-scale Hydroscience Integrated System Model (SCHISM) (Zhang et 
al. 2016). Prior SCHISM modeling for the Incidental Take Permit produced two metrics of Delta 
Smelt habitat area. First, the spatial area of habitat below 6 PSU. Second, the area below 6 PSU that 

https://dshm.rmanet.app/overview/
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also has a Secchi disk depth of 0.5 m or less (higher turbidity) and water temperature of 25 °C or 
lower. In the modeling, salinity and water temperature are produced by the model and turbidity is 
interpolated field data from continuous sondes using turbidity data. Following improvements in the 
continuous turbidity monitoring network close to Suisun Bay and Marsh, modelers have translated 
the current index from Secchi depth to turbidity (12 NTU) in order to take advantage of better 
temporal resolution, which has been the accuracy limiter in prior work. 

Finally, Resource Management Associates (RMA) developed a model to provide an upper estimate 
of each food subsidy action’s (NDFS and SDWSC) impact on total calanoid copepod density 
(biomass per unit effort, BPUE), which is the primary prey of Delta Smelt. See Appendix C (RMA  
2021b) for a detailed explanation. For both the NDFS and SDWSC actions, total calanoid copepod 
(hence copepod) BPUE was a combination of ambient (observed) adult and juvenile copepod 
biomass density and source water (flow pulse) copepod biomass density and population growth. 
Monthly ambient (i.e., “no action”) BPUEs were estimated for June – October 2018 and 2019, using 
monitoring data accessed using the Zooplankton Data Synthesizer 
(https://deltascience.shinyapps.io/ZoopSynth/; Bashevkin et al. 2020). The 2018 data were used to 
simulate dry and below normal water years and the 2019 data for above normal and wet years. For 
both the NDFS and SDWSC actions, augmented (i.e., “source”) water is modeled to contain 
elevated copepod BPUE and cholorophyll a concentration. NDFS source water copepod BPUE was 
calculated as the 75th percentile using DWR zooplankton data collected approximately monthly in 
the Toe Drain from July through September, 2016-2019 (Kayfetz et al. 2021); SDWSC source water 
copepod BPUE was similarly calculated using the 2018 or 2019 data (see above) for the upper 
region of the ship channel. The spatial distribution and age of source water was tracked throughout 
the simulated action. Predicted copepod BPUE associated with the source water changed over time 
following Wang et al. (2019). The growth rate (i.e., increase in BPUE) of copepods was 0.4/day, 
based on the highest rate for Pseudodiaptomus forbesi in Owens et al. (2019) and was limited to prevent 
unrealistic BPUE estimates from unbounded growth. Source water copepod BPUE was calculated at 
2-hour intervals for each grid node throughout the simulation. Total copepod BPUE was estimated
as the weighted average of source water BPUE and ambient BPUE. For each action, mean monthly
total calanoid copepod BPUE and the difference in mean monthly total copepod BPUE (action –
no action) were calculated for regional strata per Rose et al. (2013a). Copepod BPUE increased the
most in the Yolo strata, within which each of the actions occurs, and gradually decreases
downstream with minimal detectable effects beyond the confluence. This model includes a number
of assumptions and simplifications that could be impacting the results (e.g., passive transport of
zooplankton, zooplankton population growth rate parameters). Future modeling efforts could
address some of these assumptions.

The Rose et al. (2013) bioenergetics model (i.e., R code provided by Will Smith, USFWS) was used 
to evaluate how the changes in copepod BPUE might impact Delta Smelt habitat quality, measured 
as growth rate potential (g Carbon mo-1). Growth rate potential (GRP) was simulated for 1,000 fish 
in each of the Rose et al. (2013) strata under the NDFS and SDWSC actions for each of the four 
water year types. Reclamation is currently working with USFWS to modify the bioenergetics model 
to produce a growth model index (GRI) based on the Von Bertalanffy Growth Model. The GRI 
represents the proportion of the expected mean weight of a fish (from the Von Bertalanffy Growth 
Model) that is realized, given environmental and prey conditions (W. Smith, personal 
communication). Key modifications include calculating Von Bertalanffy Growth Model -predicted 
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lengths, including secchi depth (m) and its effect on consumption, and using RMA simulated 
temperatures for each action-water year type scenario. 

Operations 
The 2021 WY was classified as critically dry defined by the Sacramento Valley 40-30-30 index (see 
Appendix E) water year hydrologic classification. The index value for WY 2021 was 4.0 . Since it 
was a critically dry WY, Reclamation and DWR did not implement the Delta Smelt SFHA as 
described within Reclamation’s 2020 ROD and analyzed in the 2019 USFWS BiOp or the 2020 
CDFW ITP, see Figure 2 below. This is the second year that no action has been taken due to 
hydrologic conditions, since 2020 was a dry year with an index value of 6.13. 

Figure 2. Flow Chart for additional Suisun Marsh Salinity Control Operations and X2 location as part 
of the Delta Smelt Summer Fall Habitat Action 

Salinity Control Gates Operations 

The SMSCG were not operated from June through August; two out of the three gates were 
held open, and one was closed for refurbishment. SMSCG operations began September 8th 
for the purposes of meeting the channel water salinity standards for the Suisun Marsh 
outlined in the Suisun Marsh Preservation Agreement (SMPA 2015), see Table 1 below. 
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Flashboard Status indicates if they are installed or removed. Boat Lock Status indicates if it is 
closed or in operation. 

Table 1. 2021 Suisun Marsh Salinity Controls Gate Operations

Date Gate Status Flashboard 
Status 

Boat Lock 
Status 

Notes 

9/1/20 – 9/7/20 Closed Removed Closed 
9/8/20 – 
9/23/20 

Operational Installed Operational 

9/24/20 – 
9/30/20 

Closed Installed Operational 

10/1/20 – 
10/8/20 

Open Installed Operational 

10/9/20 – 
11/17/20 

Operational Installed Operational 

11/18/20 – 
11/22/20 

Closed Installed Closed Gate 3 closed for 
refurbishment 

11/23/20 – 
2/14/21 

2 Operational 
1 Closed 

Installed Operational 

2/15/21 Open Installed Operational 
2/16/21 – 5/6/21 2 Operational 

1 Closed 
Installed Operational 

5/7/21 – 5/14/21 1 Operational 
2 Closed 

Installed Operational Gate 1 gearbox failure 
5/7-5/14 

5/15/21 – 
5/31/21 

2 Operational 
1 Closed 

Installed Operational 

6/1/21 – 6/2/21 2 Open 
1 Closed 

Installed Operational 

6/3/21 – 8/22/21 2 Open 
1 Closed 

Removed Closed 

8/23/21 – 
8/31/21 

2 Open 
1 Closed 

Installed Operational 

9/1/21 – 9/2/21 2 Operational 
1 Closed 

Installed Operational 

9/3/21 – 9/12/21 Closed Installed Operational Mechanical problem 
9/13/21 – 
9/30/21 

2 Operational 
1 Closed 

Installed Operational 

The SMSCG tidal operations are reflected in the salinity measurements at Belden’s Landing. 
There was a noticeable decrease in salinity following implementations of operations, see 
Figure 3 below.  
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Figure 3 Salinity at Belden's Landing from June through October (Station BDL at CDEC).

Delta Outflow 
Delta operations during the Summer-Fall of 2021 were controlled by a combination of D-
1641 Delta water quality and Delta outflow requirements, including those that were modified 
due to the Water Board’s Temporary Urgent Change Order (2021 TUCO). The 2021 TUCO 
modified the minimum Net Delta Outflow Index (NDOI) standard in June and July from 
4,000 cfs to 3,000 cfs. As seen in the Figure 5, generally Delta outflow was near target when 
management of salinity in the Delta required additional outflow. During the summer and fall 
the CVP maintained exports at below 1,000 cubic feet per second (cfs) until September 
when it increased to 2,000-3,000 cfs. Meanwhile the SWP exports during this period were 
generally less than 1,000 cfs throughout the season (Figure 4).  
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Figure 4 Delta Exports at SWP and CVP pumping facilities.

Figure 5 Delta Outflow (Black line and black bars) and SWRCB's D-1641 Outflow Standards for a 
critically dry year including 2021 TUCOs (Red Line). For June (A), Delta Outflow was calculated as a 14-
day rolling average, while monthly average values were used for July to September (B). 
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The summer and fall periods of 2021 saw the consistently low Delta outflow and highest X2 
(distance from Golden Gate Bridge at which water salinity measures at roughly 2 parts per 
thousand) towards late September (Figure 6). The average position of X2 during Summer 
and Fall of WY 2021 was 89 km. Water year 2021 was exceptionally dry, with X2 being 
further inland than in recent critically dry year (Figure 7). Outflow in summer and fall of 
2021 was generally lower than previous critically dry years. 



FOIA EXEMPT – DELIBERATIVE PRIVILEGE 

Page 20 of 97 

Figure 6 Top: Modeled daily Delta outflow from DWR Dayflow model from 2016 to 2020, plotted 
alongside 2021 Net Delta Outflow Index (NDOI) from DWR. Bottom: Modeled daily X2 from DWR 
Dayflow model (with the exception of 2021), plotted alongside calculated X2 for 2021 using X2 
equation used in Dayflow and NDOI data (bottom). Dark red bold line indicates the year 2021. 
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Figure 7 Top: Modeled daily Delta outflow from DWR Dayflow model for all critically dry years since 
1997 (with the exception of 2021), plotted alongside 2021 NDOI from DWR. Bottom: Modeled daily X2 
from DWR Dayflow model (with the exception of 2021), plotted alongside calculated X2 for 2021 using 
X2 equation used in Dayflow and NDOI data (bottom). Dark red bold line indicates the year 2021. 
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Food Enhancement Actions 
The Delta Smelt SFHA included three food enhancement studies. These projects are the 
NDFS, Sacramento River Deepwater Ship Channel Food Study (SDWSC), and Suisun 
Marsh and RRDS. Food Enhancement studies are addressed within the USFWS 2019 BiOp 
programmatically (on Pg. 55 and 56) and are subject to future consultation and collaborative 
planning. Future consultations may require additional reporting specific to each action 
below.  

North Delta Food Subsidies-Colusa Basin Drain Study 
The NDFS action redirects agricultural drainage or Sacramento River water into the Yolo 
Bypass Toe Drain to create positive net flow during the summer and/or fall when flows are 
typically net negative to enhance the quantity and quality of food for Delta Smelt in the 
North Delta including Cache Slough Complex and potentially the lower Sacramento River. 
This is accomplished by generating a larger than normal flow pulse of 20-25 thousand acre-
feet in the Yolo Bypass Toe Drain during the summer or fall period for up to two to four 
weeks, which has been shown to transport lower trophic plankton and/or potentially trigger 
a phytoplankton bloom downstream in some years (Frantzich et al. 2018, 2021; Twardochleb 
et al. 2021b).  

Two types of flow actions (i.e., managed flow pulse) have been conducted to date: a 
Sacramento River action (MA-SR) and an agricultural action (MA-Ag). During flow actions, 
DWR alters the operation of the Knights Landing Outfall Gates (KLOG) and Wallace Weir 
(near Knights Landing, CA) to increase fall agricultural return flows (MA-Ag) or re-direct 
Sacramento River water (MA-SR) into the Yolo Bypass Toe Drain to create a managed flow 
pulse of sustained positive, daily average net flow measured at Lisbon Weir. Study operations 
begin in mid-to late-July for MA-SR actions and are coordinated among DWR, Reclamation, 
and local irrigation and reclamation districts and require increased pumping of Sacramento 
River water into Colusa Basin Drain and Knights Landing Ridge Cut (Ridge Cut). MA-Ag 
actions begin in mid- to late-August, depending on suitable water allocations and water 
quality within the Colusa Basin Drain, Ridge Cut, and Yolo Bypass as determined by DWR 
and monitoring by reclamation districts. This type of action relies on coordinated releases of 
rice field drainage into Colusa Basin Drain. Figure 8 below provides a potential decision 
diagram for conducting the two action types; however, implementation of NDFS actions will 
be decided by the DCG with consideration of the MA-SR, MA-Ag, and alternatives included 
in the SDM process. 
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Figure 8 Decision diagram for implementing a Sacramento River (MA-SR) vs. agricultural (MA-Ag) flow 
action. The type of flow action in any year will depend on (left to right): Projected water year type (wet to 
critically dry) with the final hydrologic forecast in May, and inflow to Shasta Dam in May or June (critical 
or non-critical); however, implementation will be decided by the DCG. In addition, summer air 
temperature and the timing of agricultural planting in the north Delta region will both affect the timing of 
an agricultural action. Monitoring timing depends on the type and timing of the flow action. *Note that a 
flow action will not normally be conducted in a wet year, except under certain circumstances such as a 
wet winter and a dry spring. In addition to current year hydrology, DWR and BOR will consider previous 
year hydrology, storage capacity, available cold-water pool for salmon, and water quality in the Delta 
when determining which type of flow action to conduct. 

This study was not implemented in 2021 since the water year was critically dry. Figure 9 
reflects the water flow within the Toe Drain from June through October of 2021.  
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Figure 9 CDEC flow data from Lisbon Weir at the Yolo Bypass Toe Drain (station LIS) from June 
through October 24th of 2021, taken at 15-minute intervals. Blue line indicates LOESS smoothing 
line ± 1 SE of daily average flow. Points are daily average flow. Gray boxes indicated the period 
of the small, non-managed flow pulse. Data from CDEC are provisional, did not undergo QA/QC 
and are subject to change. Panel a) flow data over the entire interval from June through October; 
b) September flow data including the 4-day period of the non-managed flow pulse when the 
maximum daily average flow was 31.3 CFS. 
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Sacramento Deep Water Ship Channel Food Web study 
The SDWSC study is investigating the feasibility of exporting phytoplankton, zooplankton 
and other food web resources from the upper relatively productive reaches of the ship 
channel to the lower reaches of the ship channel and Cache Slough. Export production 
would be managed adaptively in part by controlling inflow from the Sacramento River at 
West Sacramento. Presently, inflow is limited to the small amount of flow (~3 cfs) that leaks 
through the Stone Lock facility sector gates which are inoperable and locked in their closed 
position. Reconnecting the ship channel with the river at West Sacramento could also supply 
the lower Sacramento River mainstem with a ‘seed source’ capable of taking advantage of 
the higher nitrogen concentration in the lower river. This concept is thus similar to the 
strategy being implemented by the North Delta Food Subsidies action. 

During 2012-2019, Reclamation and its University of California Davis partners conducted 
monthly fixed-station sampling of nutrients, suspended solids, chlorophyll concentration, 
phytoplankton and zooplankton density and other constituents to document baseline trophic 
conditions in the ship channel and how they vary longitudinally and seasonally (Figure 10). 
Reclamation is also funding the U.S. Geological Survey (USGS) to operate four continuous 
monitoring stations that record variation in tidal stage and velocity as well as EC, 
temperature, dissolved oxygen, turbidity and chlorophyll fluorescence. At one location in the 
upper ship channel (in the reach where nitrogen addition experiments were conducted by 
Reclamation, University of California Davis and USGS in 2018 and 2019) (Reclamation 
2019; Loken et al, in review), nitrate concentration is also being monitored continuously. 
These data provide the basis for determining how temperature stratification, nitrogen 
concentration, chlorophyll concentration and other parameters vary at the tidal and finer 
temporal scales required to model hydrodynamics and food web dynamics (Lenoch et al. 
2021). 

The monthly discrete sampling effort was suspended in March 2020 due to the COVID-19 
epidemic and is not slated to resume until spring 2022. Continuous monitoring, however, 
has continued at all four stations (Figure 11). These data are available at: 
https://waterdata.usgs.gov/nwis/uv?site_no=11455095, percent2011455136, 
percent2011455142, percent2011455335. 

Table 2 Links to USGS continuous monitoring station data. 
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ID USGS # Link 
CM72 11455095 https://waterdata.usgs.gov/nwis/uv/?site_no=11455095 
CM66 11455136 https://waterdata.usgs.gov/nwis/uv/?site_no=11455136 
CM62 11455142 https://waterdata.usgs.gov/nwis/uv/?site_no=11455142 
CM54 (DWS) 11455335 https://waterdata.usgs.gov/nwis/uv/?site_no=11455335 

https://waterdata.usgs.gov/nwis/uv?site_no=11455095,%2011455136,%2011455142,%2011455335
https://waterdata.usgs.gov/nwis/uv?site_no=11455095,%2011455136,%2011455142,%2011455335
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Figure 10 Longitudinal and temporal variation in specific conductance, dissolved inorganic nitrogen, 
chlorophyll concentration and zooplankton biomass recorded by monthly fixed-station discrete 
sampling 2012 – 2019. 

Experimentally manipulating flow into the ship channel cannot occur until the required 
infrastructure is approved, constructed and permitted for operation as part of the city of 
West Sacramento’s effort to address flood risks at the Stone Locks facility.  The 2015 
General Reevalution Report prepared by the US Army Corps of Engineers recommends an 
earthen levee and sheet pile wall to achieve 200-year flood reduction risk (USACE 2015). 
The authorizing legislation stipulates that the City shall achieve 200-year protection by 2025.  
The US Army Corps of Engineers solution would permanently isolate the ship channel from 
the Sacramento River. As part of its urban development planning process the City of West 
Sacramento evaluated multiple alternatives for achieving this level of protection.  In addition 
to the US Army Corps of Engineers alternative, the analysis also included construction of a 
wall with culverts and repairing the sector gates of the Stone Lock facility (Wood Rodgers 
2018).  Evaluation criteria included:  flood risk reduction and system resiliency, local water 
quality, fish passage, ecosystem enhancement (boosting plankton production and export), 
recreational opportunities, historical preservation (lock system) and redevelopment/urban 
design potential.  Repairing the lock facility sector gate system achieved the highest overall 
rating and was one of the alternatives recommended for further consideration.  If net flow 
can be restored to the ship channel and manipulated experimentally to adaptively manage 
food web productivity, it will be important to determine how much algal biomass and other 
forms of biologically available organic carbon it exports to the lower Sacramento River and 
how the magnitude of this exported material compares to organic carbon fluxes at stations 
up- and downstream. For this purpose, Reclamation funds USGS to maintain continuous 
monitoring stations in the Sacramento River at Walnut Grove and Decker Island, in Cache 
Slough and in the San Joaquin River at Jersey Point (Figure 11). 
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Figure 11  Continuous Monitoring Stations - with nitrate and chlorophyll fluorescence – for September 
2021. Sacramento River below Toland (TOL) is new station that replaces the Decker Island station 
(decommissioned in April 2021). Report also includes station data collected at Walnut Grove (SDC), Cache 
Slough (RYF), Jersey Point (SJJ), Confluence (CFL, Sacramento Deep Water Shipping Channel Marker 72 
(CM72). Flow stations used to estimate flux at CFL include SJJ, Rio Vista (SRV), Three Mile Slough (TMS), 
and Dutch Slough (DCH). TOL does not yet have a discharge rating – for the purpose of this report, the 
SRV discharge is used to estimate flux at TOL. Black boxes indicate wastewater-derived nitrogen input.  
Source:  Brian Bergamaschi, USGS. 

The stations at Toland (TOL) and Jersey Point (JPT) represent the chlorophyll fluxes from 
the northern and southern Delta into the low salinity zone, respectively. The station at 
Walnut Grove (WGA) represents flux from upper Sacramento River and the station at 
Cache Slough (RYFCC) represents the flux from the Cache Slough complex making it 
possible to separate their relative contribution to the flux into Suisun Bay via TOL. 

Suisun Marsh and Roaring River Distribution System Food Subsidies Study 
The RRDS Study would use the existing infrastructure to drain food-rich water from the 
canal into Grizzly Bay to augment Delta Smelt food supplies in that area. This management 
action may attract Delta Smelt into the high-quality Suisun Marsh habitat in greater numbers, 
reducing use of the less food-rich Suisun Bay habitat (CNRA 2016). Modified operations for 
the study will require extensive coordination with private landowners as the majority of 
managed wetlands are private property. Infrastructure repairs may also be needed. This study 
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is still in the planning and development phase and was not implemented in 2021. Thus, it 
will not be addressed further in this report. 

Monitoring  
To assess Delta Smelt habitat conditions in 2021, a no-action year, this report evaluates regional and 
historical comparisons. Regional Comparisons will examine differences between geographic areas 
within the estuary to determine areas of quality Delta Smelt habitat. Since the estuary has been 
relatively well-monitored for many years, comparisons to historical years will examine conditions in 
relation to other critically dry years. This work serves to document conditions in the absence of the 
Delta Smelt Summer-Fall Habitat Action, as described in the Background section.  

Fish Monitoring 
Fish monitoring efforts that are utilized in this seasonal report include existing surveys conducted by 
IEP, specifically the CDFW’s Summer Townet Survey (STN), Fall Midwater Trawl Survey (FMWT), 
as well as the UC Davis Suisun Marsh Survey and USFWS Enhanced Delta Smelt Monitoring 
Program (EDSM). Because monitoring relies entirely on existing monitoring programs, each of 
which has limited sampling, statistical analysis of community composition may not be possible until 
multiple action years are combined. Each survey is described fully in the Appendix B- Monitoring. 

Water Quality Monitoring 
The water quality in the low salinity zone, Suisun Marsh, and lower Sacramento River region are 
relatively well-monitored by routine and long-standing surveys such as the Environmental 
Monitoring Program (http://www.water.ca.gov/iep/activities/emp.cfm), which collects water 
quality, phytoplankton, zooplankton and benthic invertebrate samples on a monthly basis. DWR 
maintains a number of water quality stations in the low salinity zone and Suisun region. Several 
continuous water quality stations that cover the downstream range of Delta Smelt were selected in 
order to provide a general overview of the abiotic habitat conditions in the summer and fall of 2021 
(Figure 12). Stations Grizzly Bay West (GZL), Grizzly Bay East (GZB), and Tule Red (TRB) were 
used to evaluate conditions in Grizzly Bay. Stations at the mouth of Montezuma Slough (GZM), 
Hunter’s Cut (HUN), Belden’s Landing (BDL), and National Steel (NSL) were used to describe 
conditions within Suisun Marsh. To evaluate conditions along the Sacramento River, data from 
stations at Mallard Island (MAL), Decker Island (SDI), and Rio Vista (RVB) were used.   

 

http://www.water.ca.gov/iep/activities/emp.cfm
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Figure 12 Map of the general low salinity zone within the San Francisco Bay-Delta and the CDEC stations 
used to create figures in this document. HUN = Hunter’s Cut, BDL = Belden’s Landing, NSL = National 
Steel, GZL = Grizzly Bay West, GZB = Grizzly Bay Buoy East, TRB = Tule Red, GZM = Grizzly Bay at 
Montezuma Slough, MAL = Sacramento River at Mallard Island, SDI = Sacramento River at Decker Island, 
RVB = Sacramento River at Rio Vista. 

Phytoplankton and Zooplankton 
Phytoplankton and zooplankton monitoring utilized in this report is produced from the Directed 
Outflow Project (DOP), Summer Townet Survey, Fall Midwater Trawl, and EMP. For 
phytoplankton, the only 2021 data available in time for this report are those for the Lower 
Sacramento River. The 2020 data from EMP, Summer Townet Survey, and Fall Midwater Trawl are 
complete and presented in this report, but the 2020 DOP data are not yet available. For 
zooplankton, only DOP data are available for 2021, but we present data from 2020 and previous 
years that include the other three zooplankton surveys.  
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The DOP (https://www.usbr.gov/mp/bdo/directed-outflow.html), established in 2016, collects 
data on water quality, phytoplankton, zooplankton, and fish (Schultz 2019). Like EDSM, DOP 
conducts stratified random sampling instead of sampling at fixed station. The DOP uses a 
generalized random-tessellation stratified sampling design (Stevens and Olsen 2004; Starcevich et al. 
2016; also used by the current EDSM program) to select three sampling sites within each regional 
sampling stratum within the full study area per weekly sampling period.  DOP habitat monitoring 
occurs during the majority of the Delta Smelt rearing-stage period (April – November; start date 
coincides with start of EDSM 20-mm sampling).  The DOP study area (Figure 13) includes the 
North Delta Arc (Moyle et al. 2016), an area consistently occupied by a large portion of the Delta 
Smelt population.  

Phytoplankton and Zooplankton monitoring is further detailed in Appendix B. 

Figure 13. Map of the Directed Outflow Project Study Area depicting sampling strata 

Microcystis 
Microcystis is a genus of cyanobacteria often associated with harmful algal blooms in the San 
Francisco Bay-Delta. Microcystis is generally considered one of the most toxic cyanobacteria due to 
their capability of producing the toxin microcystin, which has been demonstrated to have 
detrimental effects to the health of humans, fish, and wildlife. Microcystis blooms have occurred 
annually during the summer and fall since 1999, particularly between July and September, and they 
often increase in magnitude with high water temperature, low streamflow and brackish water 
conditions associated with drought (Lehman et al. 2008, 2017, 2018, Kurobe et al. 2018). Microcystis 
is harmful to many fish and invertebrates (Ger et al. 2018; Acuna et al. 2012; Lehman et al. 2010); 

https://www.usbr.gov/mp/bdo/directed-outflow.html
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and can impact community composition and abundance of beneficial phytoplankton. Therefore, 
areas high in Microcystis and other harmful algal blooms are likely to provide poor habitat for Delta 
Smelt.  

Microcystis is surveyed in the region by visual observations conducted by CDFW’s Summer Townet 
Survey, the Directed Outflow Project, and the Environmental Monitoring Program. Field staff rank 
Microcystis presence/absence on a scale of 1 to 5, with 1 being absent and 5 being very high. We 
integrated these data sets and assessed relative frequency of high Microsystis abundance between 
regions of the estuary. 

Clam Density and Biomass 
The vast majority of bivalves found in Suisun Marsh belong to two non-native species, the brackish-
water Potamocorbula amurensis (Nichols et al. 1990) or the more freshwater-adapted Corbicula fluminea 
(Brown et al. 2016). Both species have been presumed to impact Delta Smelt by reducing food 
availability (Mac Nally et al. 2010, Kimmerer and Thompson 2014). The density and biomass of 
these two clam species are important parameters to monitor for the management of Delta Smelt. 
Benthic invertebrate data is routinely collected by EMP, and was supplemented by a special 
investigation of clams in Suisun Marsh to further investigate the habitat value of this area.  

DWR staff conducted bivalve surveys at twenty-eight sites in July and September of 2020, matching 
the survey months and sample sites of earlier years 2018 and 2019. Data from samples collected in 
2021 is currently being processed and analyzed, and data from 2018-2020 is presented below. At 
each site, a Ponar dredge was used to collect a sample of benthic sediment, which was rinsed and 
preserved in ethanol. All C. fluminea and P. amurensis individuals were identified, counted, and shell 
measured to the closest millimeter shell length using either a micrometer or handheld calipers.  
Biomass and grazing rates of each clam species were estimated for all Suisun Marsh sites sampled 
using log-log regressions of shell biomass on shell length constructed from additional samples of 
clams collected at two reference sites (methodology outlined in Thompson et al. 2008). 

Clam Density and Biomass monitoring is further detailed in Appendix B. 

Results 

Modeling results 

Resource Management Associates – Habitat Suitability 
Monthly habitat data were averaged to provide seasonal conditions for each WY type and action 
combination. The SMSCG action resulted in a substantial decrease in salinity, consistent with 
previous implementation of this action (Sommer et al. 2020). Salinity at Beldon Landing met salinity 
thresholds of < 4 ppt and < 6 ppt a greater percentage of the time during below normal, above 
normal, and wet water year types for scenarios with the SMSCG action versus without (Figure 14). 
In general, differences in habitat suitability index values between simulations with and without the 
SMSCG action showed increased habitat suitability in Suisun Marsh (Montezuma and Suisun 
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Sloughs) but decreased habitat suitability in Honker Bay and the confluence (Figure 15). August and 
September habitat suitability increased with changes in current speed. A July DWSC flow 
augmentation action resulted in shifts in temperature distribution in the ship channel. The North 
NDFS flow augmentation actions had negligible effects on relevant abiotic metrics.  

Figure 14 The percent of time the < 4 ppt (upper panel) and < 6 ppt (lower panel) salinity thresholds 
were met at Beldon Landing with and without the SMSCG action for each water year type. Simulations 
were not run for the SMSCG action for dry water year types. 
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Figure 15. Example HSI difference from 2D model output in Suisun Marsh: difference between 
NDFS+SMSCG+DWSC and No Action August, Below Normal (1979 CS) monthly-averaged HSI. 

Resource Management Associates – Copepods 
The effect of the NDFS and SDWSC food subsidy actions on calanoid copepod BPUE was 
simulated for each action, independently, for each water year type in 12 different regions stretching 
from the Yolo Bypass to the South Delta and lower San Joaquin River. In general, calanoid BPUE 
increased in response to each action within the region and month in which the action was simulated 
to have occurred (NDFS: September; DWSC: July), with the NDFS action resulting in higher 
calanoid BPUE than the DWSC action (Figure 16). Simulated calanoid BPUE increased by 
approximately 200 percent (compared to no action simulations) in response to the NDFS action in 
the Yolo Bypass region across water year types, quickly declining to less than a 50 percent increase in 
the downstream regions. The change in simulated calanoid BPUE in response to the SDWSC action 
ranged from less than a 50 percent increase in the Yolo Basin to approximately a 10 percent increase 
further downstream. 
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Figure 16. Simulated calanoid copepod biomass per unit effort (BPUE) for no action (tan), the DWSC 
action (blue), and NDFS action (teal) for the upper regions in the Delta. 

Rose et al. (2013) bioenergetics model 
Delta Smelt GRP increased only slightly in response to higher copepod BPUE across action-water 
year type combinations (Figure 17). However, each month is simulated independently (i.e., growth 
does not carry over from one month to the next) and fish do not move among regions. These daily 
growth rate potentials result in less than 0.1 mm growth in fork length per month. 
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Figure 17. The difference in daily growth rate potential (GRP) between each action and the non-action 
scenario. The DWSC action is shown in blue and the NDFS action in teal. Boxplots show the median 
(horizontal line), minimum and maximum (bottom and top of shaded box), and first and third quartiles 
(vertical lines) across months. 

SCHISM 
Bay-Delta SCHISM 3D hindcast simulations were performed by DWR (for 2021) and Reclamation 
(for 2020) to assess habitat acreage availability in the marsh over the summer-fall periods of 2021 
and 2022. Habitat area was quantified using both Low Salinity Zone (Salinity < 6.0 PSU) and three-
factor Suitable Habitat Indices (Salinity<6.0 PSU, Turbidity > 12 NTU, Temperature < 23.9°C).  In 
the production of these indices, salinity and temperature are based on 30-minute instantaneous 
model outputs, while turbidity is interpolated over the irregular domain from the field stations 
shown in Figure 18 using the methods of Sangalli (2013), which is a regularized interpolation 
method over irregular domains. Because of its noisy nature, the turbidity data are prefiltered with a 
25-hour median filter and the interpolation was carried out on log transformed values before back-
transformation to NTU. Compatibility with NTU units was assumed for stations reported in FNU.
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Figure 18. Stations used to interpolate turbidity (full station names are provided in Table 3) 
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Table 3. List of turbidity station names 

Station ID Turbidity Station Name

anh San Joaquin at Antioch
bdl Montezuma Slough near Beldons Landing
cse Sacramento River at Collinsville
god Godfather II on Suisun Slough
gzl Grizzly Bay

hon Honker Bay
hun Hunter Cut at Montezuma Slough
mrz Sacramento River at Martinez
nsl Montezuma Slough at National Steel
ryc Suisun Bay Cutoff Near Ryer
srh Sacramento River at Hood
ssi Sacramento River near Sherman Island
vol Suisun Slough 300 south of Volanti Slough
gzm Grizzly Bay at Head of Montezuma Slough Buoy
hsl Hill Slough
mir Miner Slough
sxs Steamboat Slough near Sacramento River

benbr Suisun Bay at Benicia Bridge
c24 Suisun Bay at Channel Marker 24A near Bay Point

lbtoe Toe Drain at Liberty Island near Courtland
lib Cache Slough at Liberty Island

m13 Sacramento River below Toland Landing near Rio Vista
ryf Cache Slough Above Ryer Island Ferry
sgg Shag Slough at Liberty Island near Courtland
usc Cache Slough near Hastings Tract Near Rio Vista

Figures 19 and 20 show 14-day averages of the interpolated turbidity in August 15-28, 2020 and 
September 12-24, 2020, and August 15-28, 2021 and September 12-24 2021, respectively. The region of 
highest turbidity is often west of Nurse Slough.  

The observed general turbidity pattern with a break point between Beldon’s Landing and Nurse 
Slough is also seen in many NOAA remote sensing images based on the methods described by Lee 
(2021), an example of which is given in Figure 21. The remote sensing maps have a root mean 
squared error that is significant compared to the 12 NTU threshold for habitat but the regional 
picture rendered by the maps should still be indicative of general trends in field values.  Also, 
although the accuracy of the remote sensing images may be affected by the combination of the 
remote sensing resolution and channel width in Montezuma Slough, the trends should still be 
indicative. 

Taken together, the improved continuous station coverage of turbidity and the remote sensing 
images provide an order-of-magnitude increase in time resolution of information about turbidity 
relative to trawl data used in prior assessments. Based on these data, turbidity seldom limits habitat 
acreage, but there are instances where it can be limiting (for example, in September 2020 as shown 
in Figure 23). Reduction of habitat due to turbidity may be even more rare during a summer 
operation which would occur more in the heart of the windy season than the fall actions considered 
here. To the extent that turbidity limits habitat, turbidity is usually higher west of Nurse Slough. 
Because salinity is lowest to the east, the regions of favorable salinity and turbidity would then run 
contrary to one another, with overlap in the middle of Montezuma Slough near Nurse Slough. 
Monitoring closer to Nurse Slough would help quantify habitat success in these cases. 
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Figure 19. Interpolated turbidity in units of NTU for a) two-week average starting 2020-08-15 and b) 
two-week average starting 2020-09-12 

Figure 20. Interpolated turbidity in units of NTU for a) two-week average starting 2021-08-15 and b) 
two-week average starting 2021-09-12 
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Figure 21. Processed remote sensing images of turbidity [source: 
https://nasa.baydeltalive.com/research/map-story]. 

Figures 22 shows modeled 14-day averaged salinity in August 1-14 2020, September 12-24, 2020, 
August 15-28, 2021 and September 12-24 2021. These are paired periods before and after gate 
operations for each year, timed in relatively steady flow periods so that salinity in the confluence area 
and Suisun Marsh is near equilibrium.  In 2020, modeled (and observed) salinity hovered around the 
6PSU LSZ threshold in the couple of weeks leading up to the tidal gate operations, with a noticeable 
increase in LSZ zone after the operations commenced. In 2021, salinity was above the 6PSU LSZ 
threshold the weeks leading up to gate operations in much of the marsh and even after tidal 
operations After tidal gate operations began, more habitat was generated in 2020 than in 2021. 
However, considerable acreage in 2021 was improved to levels falling between 6PSU and 7PSU, 
which might be important in light of the dearth of alternative favorable habitat.  
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 Figure 22.  Modeled average salinity for paired periods before and after gate operations in 2020 (top) 
and 2021 (bottom) 

Time evolution of habitat for Suisun Marsh is shown in Figures 23-25 for both LSZ and suitable 
habitat acreage. Figure 23 shows 2020, in which an intermediate acreage of habitat was available 
compared to the potential acreage of habitat measured by the model which is approximately 4,000 
acres. The plot is annotated within time windows to describe evolution in the limiting habitat 
components: salinity, temperature and turbidity. In 2021, the modeled Suisun Marsh LSZ acreage 
vacillates near zero during mid-summer and a modest habitat area becomes available in September 
when the salinity control structure is operated tidally. The acreage is low – considerably lower than 
the 4000 acres of potential habitat; however as noted in the discussion of spatial plots, much of the 
difference between years has to do with habitat that falls between 6 and 7 PSU.  Suisun Bay habitat 
is not shown and is essentially zero throughout the period of study for both years. 

It is evident from the three figures (Figures 23-25) that the 3-factor habitat index acreage can, in 
instances, be markedly lower in acreage than that of the low salinity zone habitat alone. This 
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happens because the regions with acceptable turbidity may sometimes not coincide with regions 
with the low salinity.  Also, although water temperatures are suitable most of the time in the Marsh, 
they can be limiting during very warm periods, for example, during the last two weeks of August 
2020.  Temperature did not limit habitat acreage at all in 2021. 

Figure 23.  Time evolution of Suitable Habitat Acreage and Low Salinity Zone Acreage in Suisun Marsh 
from 08/01/20 to 9/24/20 
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Figure 24. Time evolution of low salinity zone acreage (top) and suitable marsh habitat (bottom) 
from 08/15/21 to 08/28/21. A hypothetical alternative with no False River Drought Barrier is also 
shown. 
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Figure 25. Time evolution of low salinity zone acreage (top) and suitable marsh habitat (bottom) 
from 09/12/21 to 09/24/21. A hypothetical alternative with no False River Drought Barrier is also 
shown. 

The combined effects of turbidity and salinity on suitable habitat distribution are readily seen in 
spatial index plots of the region. Figure 26 shows the predicted fraction of time that LSZ conditions 
are met over the period September 12-24, 2021. LSZ is generally present less than 40% of the time 
in the marsh. This trend is dictated by the relatively high salinity in the marsh, which, on average, is 
slightly above the threshold of 6 PSU (Figure 22). A corresponding plot for 2020 is presented in 
Figure 27 for the same September 12-24 period. This figure presents the fraction of time habitat is 
suitable, along with the fractions of time LSZ and high turbidity conditions are met. Suitable habitat 
is generally present from Nurse Slough to the west over 60% of the time. The modeled LSZ extends 
most of the length of Montezuma Slough. However, the region of highest turbidity is primarily west 
of Nurse Slough. The overlap between this region and the LSZ, therefore, dictates the distribution 
of suitable habitat, as seen (water temperatures were always below the threshold in the period). 
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Figure 26.  Fraction of time low salinity conditions were met from 9/12/21 to 9/24/21 
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Figure 27.   Fraction of time habitat suitability conditions were met from 9/12/20 to 9/24/20 with gate 
ops (temperature criterion was always met during the period) 
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Summer of 2020 was overall a very warm period.  As shown in the habitat time series (Figure 23) 
suitable habitat acreage in the marsh dropped dramatically during the warmest period, i.e., between 
08/15/20 and 08/28/20, when water temperatures were generally hovering around the suitability 
threshold of 23.9°C.  The spatial impact of this is illustrated in Figure 28, which shows suitable 
habitat in the two weeks before and during the warmest period, as well as the fraction of time the 
temperature was suitable in each period.    

Figure 28.  Fraction of time habitat suitability conditions were met for two consecutive weeks in August 
2020 (top) and fraction of time the temperature was below 23.9°C in both periods (bottom). 

In 2021 an emergency drought barrier was installed upstream in False River and a common question 
is whether the barrier plays a role this far downstream. Modeling suggests the physical effect of the 
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emergency drought barrier on LSZ habitat is detectable but small. Figure 28 shows the change in 
mean salinity during the period August 15-28, 2021 given equal hydrology. Time series plots in 
Figures 24 and 25 indicate some changes in habitat acreage due to salinity and temperature. Besides 
the change induced by the presence of the barrier itself, the West False River Emergency Drought 
Barrier supports novel flow management and regulatory relaxation under the Water Board’s 2021 
Temporary Urgency Change Order which in turn allowed reduced outflow and ultimately salinity in 
the marsh region. Assessing the extended effects of drought policy are beyond the scope of this 
model investigation. 

Figure 29. Change in mean salinity with and without barrier during the period August 15-28 2021, given 
equal hydrology 

Some of the highest temperatures in 2020 were overestimated at certain locations in the bay/marsh 
by more than one degree during the period from 08/15/20 to 08/28/20 when temperatures 
hovered near the 23.9°C threshold.  The average bias was 0.85 degrees. The period coincided with 
very heavy smoke, and the 32km NARR reanalysis inputs for radiation may not have been 
sufficiently resolved cloud and smoke cover. While the model skill scores are still acceptable through 
the season, classification errors based on a hard criterion at 23.9 degrees would be affected and 
required bias correction of 0.85 degrees. Neither the bias nor the classification error consequences 
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occurred in 2021. Modelers anticipate proposing methods to “soften” the thresholding and/or 
correct for bias in the future.     

Abiotic Habitat Attributes 

The current prevailing hypothesis is that abiotic habitat conditions for Delta Smelt in the San 
Francisco Bay-Delta are generally better in years when the low salinity zone in the summer and fall 
(as indexed by X2) is located further downstream (Brown et al. 2013). Three commonly measured 
water quality parameters form the underlying basis for this hypothesis: salinity, water temperature, 
and turbidity; as demonstrated by past studies on Delta Smelt (Nobriga et al. 2008; Mac Nally et al. 
2010, Feyrer et al. 2011, Bever et al. 2016).  

Abiotic habitat attributes within suitable ranges for Delta Smelt are defined in this report as low 
salinity conditions of 6 ppt or less, turbidity higher than 12 NTU, and water temperatures below 
75°F (~23.9°C) based on Brown et al. (2014). To illustrate conditions for Delta Smelt at the various 
stations, proportion of time in each day deemed suitable for Delta Smelt based on each water quality 
parameter threshold was calculated and plotted in a summary heat map (Figure 18). Based on the 
general understanding of Delta Smelt biology, unsuitable condition based on just a single parameter 
(e.g., salinity), may preclude most Delta Smelt from the area. More detailed discussion on each water 
quality parameter can be found below. 

Figure 30. Heat map demonstrating proportion of time in each day that each water quality 
parameter was suitable for Delta Smelt at the stations shown in Figure 12 (i.e., salinity ≤ 6 ppt, 
turbidity ≥ 12 NTU, temperature ≤ 23.9° C). Note that data has not undergone quality control/
check and that 
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stations may actually record formazin nephelometric units (FNU) instead; however, the 
general turbidity patterns observed should remain valid. 

Salinity 
Delta Smelt has been described as a semi-anadromous species. The species spawns in freshwater 
habitat and most migrate to brackish low-salinity habitat where they spend large parts of their life 
cycle. Although some Delta Smelt reside in freshwater year-round, they are uncommon in higher 
salinity waters. Delta Smelt physiological stress response to high salinity (Komoroske et al. 2016), 
and studies that demonstrated the species’ higher occurrence in low salinity habitat based on field 
data (Feyrer et al. 2007, Nobriga et al. 2008) are the reasons why size and location of the low salinity 
zone have been described as key factors for Delta Smelt habitat. 

In 2021, salinity within Suisun Marsh was generally highest downstream at Grizzly Bay (GZL) and 
lowest at Rio Vista upstream (Figure 30 and Appendix-A Figure 1). Sites within Suisun Marsh 
exhibited the general pattern of increasing salinity between June and September, followed by a 
decline in salinity in early- to mid-September that continued into October. It is likely that salinity was 
a limiting factor in Suisun Marsh for Delta Smelt for the majority of the 2021 Summer-Fall period 
(>6 ppt). As expected based on NDOI pattern, (Figure 6, Operations Section), the MAL station 
showed a pattern of increasing salinity over time from June to October of 2021. Delta Smelt were 
not likely to be present around the vicinity of MAL station for the entirety of summer-fall period of 
2021; however, salinity upstream of the confluence between Sacramento and San Joaquin Rivers 
remained suitable for Delta Smelt based on the RVB station at Rio Vista. 

Salinity at Belden’s Landing (BDL), a monitoring station central to the additional operation of the 
SMSCG, was above 6 ppt from June to September based on extrapolation of existing data (Figure 
3). After September, salinity at BDL declined to roughly around 6 ppt, coincident with the beginning 
of SMSCG operations. Overall, there was higher salinity in 2021 relative to 2020. Several days of low 
turbidity (<12 NTU) deemed unsuitable for Delta Smelt were observed at BDL in Summer-Fall of 
2021 (Figure 30). 

In 2021, mean salinity in the Suisun regions among DOP, STN, and EMP sampling sites was 
consistently above 6 PSU during the and fall (Appendix-A Figure 2). Salinity in Suisun Marsh 
dropped in September when the SMSCGs began operating. The Lower Sacramento Region was also 
slightly brackish, with salinities over 5 PSU on some sampling occasions.     

Turbidity 
Turbidity has been demonstrated to be a key determinant factor in the occurrence and abundance of 
Delta Smelt in the field (Feyrer et al. 2007, Nobriga et al. 2008, Mahardja et al. 2017a, Polansky et al. 
2018). Under culture conditions, Tigan et al. 2020 found that both turbidity and light intensity, as 
well as the interaction between these factors, play an important role in the feeding activity, growth, 
and survival of larval Delta Smelt.  

In summer and fall of 2021, western Suisun Marsh sites saw generally higher turbidity relative to 
eastern sites closer to the confluence (NSL, MAL, and RVB) (Figure 30 and Appendix A Figure 3). 
The observed low turbidity (<12 NTU) in these more upstream sites may have been a limiting factor 
for Delta Smelt in this region during summer and fall of 2021. Grizzly Island and Montezuma 
Slough (GZL, GZM, HUN, BDL) also had fairly low turbidity in the months of September and 
October of 2021. It should be noted that reported readings in this document are in NTU but 
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collected data from continuous water quality stations may be in FNU instead (DWR Memorandum). 
Nevertheless, the relative turbidity patterns observed should remain valid as both units (FNU and 
NTU) are very similar (DWR’s June 5, 2020 Memorandum; Morgan-King and Schoellhamer 2013). 

In both the summer and fall of 2021, turbidity from discrete samples taken by long-term monitoring 
programs averaged 14.93 FNU and ranged from 0.34 to 117 FNU. Turbidity was highest in Suisun 
Marsh, followed by the SDWSC, and the Cache/Liberty complex had the clearest water. (Appendix 
Figure 4).  

Temperature 
Evidence of Delta Smelt’s sensitivity to warm water temperatures has come from both laboratory 
and field studies. Critical thermal maxima of juvenile Delta Smelt appear to range somewhere 
between 25 to 29°C in a controlled laboratory setting (Swanson et al. 2000, Komoroske et al. 2014; 
Davis et al. 2019), a temperature range that is observed in the field at times. High summer 
temperature was also found to have a negative impact on juvenile Delta Smelt survival from summer 
to fall based on a multivariate autoregressive model work and the life cycle model (Mac Nally et al. 
2010, Polansky et al. 2020). Moreover, Delta Smelt occurrence seems to be less common at higher 
water temperature (Nobriga et al. 2008, Sommer and Mejia 2013).   

In both the summer and fall of 2021, mean water temperature measured by Summer Townet, 
FMWT, DOP, and EMP generally increased toward more landward freshwater areas and was 
generally lower than 23.9°C (Appendix-A Figure 7). However, several sampling events for the 
freshwater regions of Lower Sacramento, Cache Slough, and Sacramento Ship Channel had readings 
that approached or exceeded 23.9C, and these warm temperatures continued into September.  

Water temperatures did not vary substantially between fixed stations (relative to turbidity and 
salinity) and generally stayed under 23.9° C for most of the summer and fall period. Nonetheless, 
there was a notable heatwave in mid-June that likely impacted the Delta Smelt population to some 
extent. Although mean water temperatures were below 23.9° C for all regions during both seasons, 
temperatures were warmer further inland and there were multiple sampling events when water 
temperature was above 23.9° C in the Lower Sacramento and SDWSC regions (Appendix Figure 6). 
Based on the upper thermal limit for Delta Smelt suitable habitat used in this document (23.9° C, 
75° F), water temperature may have limited Delta Smelt survival or distributions in freshwater 
regions of the northern Delta during summer of 2021 (Figure 30 and Appendix-A Figure 5).  

Extent of Contiguous Low Salinity Habitat 
In years of high net Delta outflow, habitat suitable for Delta Smelt may extend contiguously from 
the freshwater habitat of Cache Slough Complex in the North Delta to much of Suisun Bay and 
Suisun Marsh. However, based on the 2021 X2 location estimates and data from continuous water 
quality stations, Delta Smelt may have been excluded from large parts of Suisun Bay and Suisun 
Marsh regions for the majority of 2021 (Figures 31 and 32 below). X2 was estimated at 85km at the 
start of the summer of 2021 and averaged 89 km over the course of the Summer and Fall (Figures 6, 
7). MAL and BDL stations showed salinity levels generally considered too high for persistent Delta 
Smelt for the majority of Summer and Fall (Figure 30 and Appendix A Figure 1). 
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Figure 31. Map of the San Francisco Bay-Delta depicting location of X2 based on distance from 
the Golden Gate Bridge according to UnTRIM Bay-Delta model taken from MacWilliams et al. 
(2015). 

Figure 32. Daily- Average Depth-averaged Salinity when X2 is located at 89km (Delta 
Modeling Associates 2014), the maximum X2 value between June and October 2021 based 
on the X2 calculation with CDEC DTO station data. 

Contiguous fresh water to low saline water conditions did not extended between Cache Slough and 
Suisun Bay during the summer and fall in 2021. The reduced outflow in 2021 increased salinity in 
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Suisun Bay, which likely isolated low salinity habitat to the northern areas of Suisun Marsh and 
caused contiguous low salinity habitat to contract eastward.  During the summer and fall, habitat 
within Grizzly Bay, Honker Bay and the western part of Suisun Marsh were unsuitable for Delta 
Smelt. As shown in the Figure 32 above, low salinity habitat (<6 ppt) was generally located in the 
lower Sacramento and San Joaquin Rivers and their confluence.  

Abiotic Limiting Factors 
Based on abiotic habitat attributes alone, Delta Smelt distribution in Suisun Marsh was likely limited 
in Summer-Fall of 2021 due to encroachment of high salinity (0.5 to 6 ppt) water over time, while 
Delta Smelt’s presence within the freshwater reaches of the Delta may have been limited by low 
turbidity and high-water temperatures (Figure 30).  

Biotic Habitat Attributes 
Food availability is an essential component of Delta Smelt habitat, but how much is needed is 
difficult to evaluate in the field because prey densities that are needed to sustain growth vary as a 
function of water temperature and the amount of time Delta Smelt can safely forage without 
excessive risk of predation. Food availability can also be impacted by harmful algae blooms and by 
competition between Delta Smelt and other fishes (Lehman et al. 2010; Whitely and Bollens 2014; 
Grimaldo et al. 2009). The following section describes the factors that influenced the supporting 
food web for Delta Smelt in WY 2021. 

Chlorophyll 
Although chlorophyll level and phytoplankton abundance in the summer-fall period do not directly 
explain summer-fall Delta Smelt abundance (Mac Nally et al. 2010), they are correlated with calanoid 
copepod abundance, which are known as favored prey of Delta Smelt (Eurytemora affinis in particular) 
and mysid abundance (Mac Nalley et al. 2010; Bollens et al. 2011; though see Jungbluth et al. 2021; 
Kimmerer et al 2018) and describing chlorophyll patterns provides a more holistic understanding of 
conditions in the summer-fall of 2021. Continuous water quality stations (Figure 12) varied in 
Chlorophyll fluorescence with several short, localized spikes during the summer and fall. (Figure 33).  
Average Chlorophyll fluorescence was highest at the GZM station and was generally greater for 
Suisun Marsh area stations than other regions. However, the highest daily mean was recorded at the 
MAL period in October. Chlorophyll fluorescence was lowest at the RVB stations, with the latter 
never ranging above three fluorescence units. Chlorophyll fluorescence was highest in Suisun Marsh, 
similar to patterns in previous years (Sommer et al. 2020). 

In both the summer and fall of 2021, the average and upper range of Chlorophyll a (mg/l or 6.9 
ug/L) measured by DOP was greatest in Suisun Marsh, followed by Suisun Bay, when compared to 
other regions (Figure 34), agreeing with data collected by the fixed stations.  Concentrations were 
much lower in the Sacramento and Cache/Liberty regions than Suisun Regions and highly variable 
chlorophyll in the SDWSC.  



FOIA EXEMPT – DELIBERATIVE PRIVILEGE 

Page 53 of 97 

Figure 33. Daily average Chlorophyll fluorescence (in relative fluorescence units) from continuous sondes 
in 2021.  
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Figure 34. Variation in Chlorophyll a (µg/l) across regional strata as measured during 2021 DOP 
and EMP sampling. 
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Phytoplankton 

Figure 23. Biovolume of all phytoplankton (left) and diatoms (right) based on samples collected during 2020 
by the Environmental Monitoring Program, Summer Townet Survey, and Fall Midwater Trawl Survey. 
Sample sizes range 4-7 for each month by year combination 
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Figure 35. Biovolume of 70 samples collected by EMP, Summer Townet, and Fall Midwater Trawl - the 
Environmental Monitoring Program in the Lower Sacramento region. Data from the other regions was 
available in time of this report. 

Newly available information from 2020 showed total phytoplankton biovolume did not differ 
among the three regions examined (p = 0.38; Lower Sacramento River, eastern Suisun Marsh, 
western Suisun Marsh) or among the four months examined (p = 0.42; July – October) (Figure 35). 
Diatom biovolume also did not differ among regions (p = 0.73) or months (p = 0.50) (Figure 36.). 
Mean total phytoplankton biovolume was 0.013 mm3 mL-1 ± 0.010 mm3 mL-1 SD. Mean diatom 
biovolume was 0.003 mm3 mL-1 ± 0.004 mm3 mL-1. Diatoms comprised 21.1 percent of total 
phytoplankton biovolume. The pattern hypothesized was that both total phytoplankton biovolume 
and total diatom biovolume would be highest in western Suisun Marsh and lowest in the Lower 
Sacramento River. The 2020 data do not match this hypothesis, but statistical power is limited with 
only a single year of data. 

In 2021, a total of 70 samples were collected by EMP, Summer Townet, and Fall Midwater Trawl 
during July to October to monitor the phytoplankton community associated with the SMSCG 
action. These samples were distributed across the three focal regions of Delta Smelt habitat, 
including the Lower Sacramento River/Confluence (n = 23), Eastern Suisun Marsh (n = 24), and 
Western Suisun Marsh (n = 23). However, only data from the Lower Sacramento River was available 
in time for this report. 

In 2021, only data from the Lower Sacramento region was processed in time for this report (Figure 
36), so no statistical comparisons could be made between regions. Mean total phytoplankton 
biovolume was 0.013650 mm3 mL-1 ± 0.019 mm3 mL-1 SD. Mean diatom biovolume was 0.0008 
mm3 mL-1 ± 0.002 mm3 mL-1. Diatoms comprised 5.73 percent of total phytoplankton biovolume. 

Figure 36. Biovolume of all phytoplankton (left) and diatoms (right) based on samples collected 
during 2021  
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Zooplankton 
To assess localized foraging conditions, a total of 90 samples were collected by CDFW’s STN and 
FMWT surveys for monitoring of the zooplankton community during July to October of 2021. 
These samples were distributed across four regions, including the Lower Sacramento 
River/Confluence (n = 36), Eastern Suisun Marsh (n = 24), Western Suisun Marsh (n = 16), and 
Suisun Bay (n = 14). Currently, about 60 percent of these samples have been processed. However, 
the data was not available in time for this 2021 seasonal report. 

Newly available information from 2020 showed zooplankton biomass was significantly (p= 0.03) 
lower than 2019 and significantly (p= 0.02) higher than 2018. The River region had significantly 
higher biomass in all years compared to the other regions (River vs Suisun Bay: p< 0.001; River vs 
West Marsh: p< 0.01; River vs East Marsh: p<0.0001), with the East Marsh having the lowest 
biomass in 2020 and 2018. In both 2018 and 2019 there was a decrease in biomass from July to 
August, however, the opposite trend was seen in 2020 with August having higher biomass than the 
other months. This was mostly due to Tortanus spp., a higher salinity tolerant species, increasing in 
the Western Marsh during this time. Pseudodiaptomus spp. and Acartiella sinensis were the dominant 
species from July to October in all years.  

Figure 37. Mean biomass per unit effort of major zooplankton taxa contributing to Delta Smelt diets in 
regions surrounding the SMSCG.  

To assess regional foraging conditions, preliminary data from a sub-set of meso-zooplankton tows 
conducted by the DOP in the summer (n = 3; June-August) and early fall (n = 2; September-
October) of 2020 and 2021 is presented in figures 38 through 41 and summarized below. Data for 



 

FOIA EXEMPT – DELIBERATIVE PRIVILEGE 

Page 58 of 97 

 

2020 are updated from the 2020 seasonal report to include all weekly samples; data for 2021 are 
from samples collected every other week during the beginning of June through end of October. This 
dataset only used the channel surface and channel deep tows. Channel deep tows were not 
conducted when sampling sites were less than 20 feet in water depth. No shoal samples were 
processed for this dataset. The remaining 2021 meso- and macro-zooplankton data from the DOP 
will not be available in time for this 2021 seasonal report. 

Total meso-zooplankton biomass and abundance were greatest in the SDWSC the summer and early 
fall of 2020 and 2021, followed by Cache Slough in the summer and early fall of 2020 and the 
summer of 2021(Figures 38-41).  Meso-zooplankton biomass was lowest in Suisun Bay and Suisun 
Marsh during the summer and early fall. This is consistent with previous studies showing lower 
zooplankton biomass in brackish water, and Suisun Marsh in particular (Hammock et al. 2017; 
Sommer et al. 2020). Zooplankton biomass and abundance were greater in 2021 than in 2020 in 
both summer, but similar or lower in the early fall. During 2021, meso-zooplankton abundance and 
biomass were lower in the SDWSC, Cache Slough, and the lower Sacramento River during early fall 
compared to summer. 

Patterns in 2020 and 2021 zooplankton composition were roughly similar between biomass and 
abundance among and within regions for both seasons. The three freshwater regions sampled 
(Sacramento Deepwater Ship Channel, Cache Slough, and Lower Sacramento) were dominated by 
calanoid copepod Pseudodiaptomus forbesi adults and Psuedodiaptomus spp subadults. Other prey, which 
include cladocerans from the families Daphnidae and Sididae, dominated the zooplankton biomass 
and abundance in the Sacramento Deepwater Ship Channel, with the exception of fall 2021. In 2020, 
the calanoid copepod Acartiella sinenesis was the major species numerically in the low-salinity regions 
of Suisun Marsh and Suisun Bay, while the calanoid copepod genus Tortanus contributed to almost 
half of the biomass. A. sinenesis abundance and biomass in Suisun Marsh and Suisun Bay were lower 
in 2021.                
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Figure 38. Variation in monthly zooplankton biomass (mean µg C/m3 + SE) across regional strata 
as measured during 2020 DOP sampling. 
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Figure 39. Variation in monthly zooplankton abundance (individuals/m3 + SE) across regional strata 
as measured during 2020 DOP sampling. 
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Figure 40. Variation in monthly zooplankton biomass (µg C/m3) across regional strata as measured 
during 2021 DOP sampling. 
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Figure 41. Variation in monthly zooplankton abundance (individuals/m3) across regional strata as 
measured during 2021 DOP sampling. 

Microcystis 
Visual assessments of Microcystis levels from the EMP, Summer Townet, Fall Midwater Trawl, DOP, 
and DWR’s North Central Region Office (NCRO) indicate that 2021 had similar occurrence of 
Microcystis throughout the system as 2020, but higher than most of the preceding years, with a peak 
in July and August (Figure 42). 

Variation in Microcystis among regional strata as largely followed a similar trend between seasons 
(Figure 43).  Microcystis presence and overall intensity was lowest in Suisun Marsh and highest in the 
Lower Sacramento and Suisun Bay.     



FOIA EXEMPT – DELIBERATIVE PRIVILEGE 

Page 63 of 97 

Figure 42. Summer-Fall Microcystis bloom intensity based on visual ranking data from EMP, 
Summer Townet, and FMWT comparing previous years to 2021. These data were only from 
stations within regions shown in (Figure 13). Microcystis bloom presence and intensity are 
measured on a qualitative scale with 5 categories: absent, low (widely scattered colonies), 
medium (adjacent colonies), high (contiguous colonies), and very high (concentration of 
contiguous colonies forming mats/scum). 
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Figure 43. Variation in visually detected Microcystis blooms among regional strata as measured 
during 2021 EMP, FMWT, DOP, and STN sampling. Microcystis presence and intensity were 
measured on a qualitative scale with 5 categories: absent, low (widely scattered colonies), 
medium (adjacent colonies), high (contiguous colonies), and very high (concentration of 
contiguous colonies forming mats/scum). 

Clam Density and Biomass 

Analysis of clam data from 2018-2020 revealed a few predominant patterns.  First the distribution of 
the two clam species followed the estuarine gradient in Suisun Marsh.  While both species are fairly 
tolerant of salinity variance and were found in mixed communities through much of the marsh, 
there was more chance of Corbicula fluminea being detected at sites with lower salinity, below 
approximately 5 ppt (logistic model coefficient = 1.29, p<0.001), and more Potamocorbula amurensis 
biomass at higher salinities, above approximately 5 ppt (log model coefficient = 0.68, p<0.001).  
Second, there was a seasonal difference between summer and fall, with more sites experiencing clam 
grazing of any kind in September than in July (logistic model coefficient 1.55, p=0.006).  Since the 
clam species both reproduce throughout the summer, the difference between sampling months 
probably reflects the arrival of new juvenile clams after summer’s reproductive season.  Finally, we 
observed that channels with shallower water had a lower chance of C. fluminea presence (logistic 
model coefficient 0.33, p=0.005), less P. amurensis biomass (log model coefficient 0.5, p<0.001), and 
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less total clam grazing (logistic model coefficient 1.39, p<0.001).  The pattern of fewer clams in 
shallower water has been noticed before in Suisun Marsh (O’Rear and Moyle 2014.).   

Figure 45. Number of sites in Suisun Marsh at which more than trivial amounts of clam grazing 
occurred in 2018-2020. 

Figure 44. Map showing biomass of invasive bivalves Corbicula and 
Potamocorbula in Suisun Marsh from 2018-2020
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Figure 46. Total clam grazing as a function of water depth in Suisun Marsh 2018-200. 

Biotic Limiting Factors 
Previous studies have shown the factors that lead to decline of Delta Smelt are multifaceted and 
often operate simultaneously. As such, it is difficult to determine the limiting biotic factors that drive 
Delta Smelt abundance and distribution in 2021, especially given that the majority of biotic data 
remain unavailable at the time of this report’s publication. Based on the available data so far, 
phytoplankton and zooplankton productivity were similar to other dry years in the past two decades. 
There was a large, concentrated harmful algal bloom in the central/south Delta in July of 2021, but 
toxicity was relatively low, and the bloom did not extend into the primary Delta Smelt habitat areas 
in the North Delta or Suisun Marsh/Suisun Bay (USGS data: 
https://tableau.usgs.gov/views/SFBD_Data_Portal/Mapping2018and2020). However, the effects 
of long-term biotic changes to the system that are detrimental to Delta Smelt (e.g., reduction of food 
due to invasive clams, shifts in the zooplankton community) have continued to persist.  

Food Enhancement Actions 

North Delta Food Subsidies-Colusa Basin Drain Study 
Each year, DWR monitors continuous and discrete water quality parameters, phytoplankton, and 
zooplankton before, during, and after the NDFS flow pulse at sites upstream in the Colusa Basin 
Drain and Yolo Bypass and downstream in the Cache Slough Complex and lower Sacramento River 
(Figure 47). Sampling begins in July or August and continues through November in years with non-
managed flow pulses or MA-Ag actions. In years with MA-SR actions, sampling occurs from June 
through September. Water quality parameters include temperature, dissolved oxygen (DO), 
conductivity, pH, turbidity, and secchi depth. Water samples for nutrients, phytoplankton, and 
zooplankton are collected concurrently with water quality measurements. 
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Figure 47. Map of the NDFS study area. Red circles indicate monitoring sites for discrete water quality and 
biological responses to flow pulses. Circles with stars indicate sites that were monitored for continuous 
water quality. The red line separates monitoring sites into Upstream and Downstream regions. Upstream 
region sites for monitoring include Rominger Bridge (RMB), Ridge Cut Slough at Highway 113 (RCS), 
Woodland Wastewater Treatment (WWT), Toe Drain at Road 22 (RD22), Davis Wastewater Treatment 
(DWT), Toe Drain at I80 (I80), Toe Drain below Lisbon Weir (LIS), and Screw Trap at Toe Drain (STTD). 
Downstream region sites include Below Toe Drain in Prospect Slough (BL5), Liberty Island (LIB), Ryer 
Island (RYI), and Sacramento River at Rio Vista Bridge (RVB). Sacramento River at Sherwood Harbor (SHR) 
is a control site for biological monitoring. RMB and RCS are alternative sites for sampling the agricultural 
source water. RMB and 
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RCS were sampled in 2020, but only RMB was sampled in 2021 for discrete monitoring when the channel 
was dry at RCS during part of the monitoring season.  

Discrete monitoring data for the NDFS Study in 2020 (nutrients, phytoplankton, zooplankton) that 
were not available for the 2020 seasonal report are presented below. Due to unsafe sampling 
conditions resulting from wildfire smoke and the COVID-19 pandemic, discrete monitoring data are 
available only from three transects in July and August before the non-managed flow pulse. 
Therefore, we qualitatively compare water quality and phytoplankton and zooplankton levels 
between upstream and downstream regions of the study area but are unable to examine food web 
responses before, during, and after the small non-managed flow pulse that occurred between 
September 1 and 16, 2020. 

In 2020, Most physical water quality parameters differed significantly between the upstream and 
downstream NDFS study regions according to Welch’s two-sample t-tests (Figure 48). Although pH 
was similar between regions (t 8.00 = 1.45, p = 0.19), other physical water quality parameters differed. 
Mean DO (mg/L) (t 5.45 = -2.80, p = 0.03) and secchi depth (m) (t 4.24 = -7.51, p < 0.01) were higher 
in the downstream region, whereas temperature (ºC) (t 5.30 = 3.69, p = 0.01), turbidity (FNU) (t 5.06 = 
3.51, p = 0.02), and specific conductivity (µS/cm at 25 ºC) (t 5.02 = 3.84, p = 0.01) were higher 
upstream. Nutrient levels qualitatively differed between upstream and downstream before the 2020 
non-managed flow pulse (Figure 49). We were unable to run statistical tests on nutrient data due to 
limited sample sizes resulting from nutrient concentrations below the laboratory reporting limit. 
Overall nutrient levels (mg/L) were low in the study region, but ammonia concentrations were 
somewhat higher in the downstream region, and nitrate/nitrite and ortho-phosphate were higher in 
the upstream region.  

Figure 48. North Delta Food Subsidy study water quality measurements in 2020 from upstream and 
downstream regions and three transects in July and August, before the non-managed flow pulse. Mean 
(+ 1 
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SD) values for dissolved oxygen (mg/L), pH, secchi depth (m), specific conductivity (µS/cm at 25 
ºC), temperature (ºC), and turbidity (FNU) were measured with a YSI ProDSS.  

Figure 49. North Delta Food Subsidy study nutrient concentrations in water from three transects in July 
and August 2020, before the non-managed flow pulse. Mean concentrations (mg/L+1 SD) for dissolved 
ammonia, dissolved nitrate + nitrite and dissolved ortho-phosphate for sites in upstream and downstream 
study regions. 

In 2020, an assessment of the lower trophic food web demonstrated that phytoplankton biovolume 
(µm3/mL) differed between upstream and downstream regions before the non-managed flow pulse. 
Welch’s two-sample t-tests indicate that the log of the mean total phytoplankton biovolume was 
greater upstream (t 7.99 = 3.13, p = 0.01; Figure 50). While the log of the mean total zooplankton 
CPUE (catch per unit effort, number/m3) did not differ by study region (t 6.12 = -0.79, p = 0.46; Figure 
51), the log of mean CPUE of some zooplankton taxonomic groups varied by region (Figure 52). 
For example, calanoid copepod mean CPUE was greater downstream (t 7.97 = -3.39, p < 0.01), 
whereas cladoceran CPUE was greater upstream (t 6.93 = -3.63, p < 0.01). Cyclopoid (t 7.85 = 2.18, p = 
0.06) and harpacticoid copepod mean CPUE (t 4.86 = -2.42, p = 0.06), and microzooplankton and 
nauplii CPUE (t 7.22 = -0.97, p = 0.36) were similar between regions.  
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Figure 50. Mean of a) log total phytoplankton biovolume (µm3/mL + 1 SD) and b) log total 
zooplankton CPUE (catch per unit effort, number/m3 ± 1 SD) by NDFS study region for three 
transects in July and August before the small, 2020 non-managed flow pulse.  
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Figure 51. 2020 NDFS zooplankton CPUE (catch per unit effort, number/m3) from three transects in July 
and August, before the non-managed flow pulse. Log of mean CPUE (± 1 SD) by zooplankton taxonomic 
group for sites in upstream and downstream study regions. 

A majority of baseline information collected by the NDFS study in 2021 (e.g., nutrients, 
contaminants, phytoplankton, zooplankton, etc.) are not yet available for this 2021 seasonal report. 
Chlorophyll a fluorescence data from continuous water quality stations (Figure 37), suggest that that 
there was a subtle increase (~3-5 ug/L) in chlorophyll levels at one downstream station in the Cache 
Slough Complex (LIB, Figure 38) during and after the small non-managed flow pulse in the Yolo 
Bypass Toe Drain during September 2021 (Figure 9). No other changes in chlorophyll fluorescence 
were detected during or after the flow pulse relative to before.  
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Figure 52. Chlorophyll fluorescence data from continuous water quality stations. 2021 Chlorophyll 
fluorescence data from continuous water quality stations in order from most upstream site to 
downstream: Ridge Cut Slough at Highway 113 (RCS), Toe Drain at Road 22 (RD22), Toe Drain at I80 (I80), 
Toe Drain below Lisbon Weir (LIS), Screw Trap at Toe Drain (STTD), Liberty Island (LIB), and Sacramento 
River at Rio Vista Bridge (RVB) between June and November of 2021. Chlorophyll data are daily averaged. 
Shaded area indicates the days of the flow action (9/11-9/14). Upstream sites were QA/QC’d using 
procedures from the Resources Assessment Branch WQES Field Manual (06/2020). RCS data started later 
than others because the site was dry until mid- August. The break in RCS data is due to Sonde battery 
failure. Note that LIB, RYI (downloaded from USGS NWIS) and RVB (DWR EMP) data have not undergone 
QC. 

Sacramento Deep Water Ship Channel Food study 

The ship channel comprises three hydrodynamic zones:  a zone of relatively rapid water exchange 
with the mainstem Sacramento River downstream of CM56: a zone of low exchange represented by 
long-term monthly discrete sampling stations CM62 and CM66; and a no-exchange zone 
represented by four stations in the uppermost reach of the channel (Figure 53). This longitudinal 
gradient in hydrodynamic conditions is largely responsible for the longitudinal variation in plankton 
production.  The upper low-exchange zone supports relatively high phytoplankton and zooplankton 
production owing to its relatively long hydraulic residence time (months) and thermal stratification 
(Lenoch et al 2021).  In this reach, phytoplankton uptake reduces dissolved inorganic nitrogen 
(nitrate + ammonium) to concentrations that constrain phytoplankton doubling rate and limit the 
maximum level of standing stock achievable when physical conditions (light, temperature, 
stratification) are ideal (Loken et al. 2021).  Thus, adaptive management of the ship channel action 
could include operating the Lock facility gates to enhance thermal stratification and adding liquid 
fertilizer to boost phytoplankton production. 
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Figure 53. Location of sampling stations (designated by channel markers; CM). b-g) Turbidity (NTU), 
nitrate concentration (mg N L-1), ammonium (mg N L-1), phosphate (mg P L-1), chlorophyll-a (μg L-1), 
and total zooplankton biomass Location of sampling stations (designated by channel markers; CM). b-g) 
Turbidity (NTU), nitrate concentration (mg N L-1), ammonium (mg N L-1), phosphate (mg P L-1), 
chlorophyll-a (μg L-1), and total zooplankton biomass (μg dw L-1) at each sampling station, including all 
sampling dates (2012-2019). Sampling stations on the x-axes are ordered from seaward to landward, 
and gray vertical lines denote site groupings based on hydrodynamic exchange zones (HE, LE, NE). 
(Figure prepared by Adrianne Smits, UC Davis) 

Another important habitat feature of the ship channel is its longitudinal variation in suspended 
solids concentration and turbidity.  The length of the ship channel exceeds the maximum tidal 
excursion length, and its flood tides are stronger than ebb tides.  These characteristics result in the 
formation of a Turbidity Maximum Zone (TMZ) in the low-exchange zone (Lenoch et al 2021).  
Here, total suspended solids concentration averages ~20 mg/L and turbidity ~30 NTU, some 3-
times higher than in the upper reaches.  Surveys conducted by the California Department of Fish 
and Wildlife Summer Tow Net Survey indicate that delta smelt catch at the TMZ station is 
consistently higher than at its sampling station in the no-exchange zone (Table 3).   
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Year Survey Station 
Code 

Sample 
Date Secchi Temperature 

Top 
Conductivity 

Top TideCode Depth 
Bottom 

Delta 
Smelt 

2011 
2012 
2013 
2013 
2014 
2015 
2017 
2017 
2011 
2011 
2012 
2012 
2012 
2011 

5 
5 
1 
2 
1 
2 
2 
3 
1 
2 
1 
2 
4 
3 

797 
797 
797 
797 
797 
797 
797 
797 
796 
796 
796 
796 
796 
795 

8/9/2011 
8/6/2012 

6/11/2013 
6/24/2013 
6/2/2014 

6/18/2015 
6/26/2017 
7/10/2017 
6/14/2011 
6/28/2011 
6/11/2012 
6/25/2012 
7/24/2012 
7/12/2011 

31 
30 
23 
33 
32 
41 
27 
20 
48 
46 
40 
38 
39 
62 

24.6 
23.7 
21.1 
21.0 
21.2 
22.7 
24.1 
25.6 
22.0 
21.6 
22.4 
22.1 
22.9 
24.7 

731 
767 
682 
709 
773 
692 
808 
786 
965 
954 

1035 
1050 
948 
981 

4 
2 
2 
2 
2 
2 
4 
4 
3 
2 
2 
2 
2 
3 

34 
32 
32 
35 
33 
31 
34 
30 
33 
34 
32 
35 
35 
35 

1 
5 
8 
4 

12 
1 
1 
1 
1 
1 
2 
2 
2 
1 

Table 4 Delta smelt catch at California Department of Fish and Wildlife Summer Townet Survey stations 
located in the TMZ (low-exchange zone) and upper no-exchange zone of the Sacramento Deep Water Ship 
Channel, 2009-2017. 

Sampling by the US Fish and Wildlife Services’ Enhanced Delta Smelt Monitoring Program also 
documents higher catches in the TMZ than in the clearer waters of the upper ship channel (Table 4)  

Date Reach Lat Long 

Water 
temperature 

(°C) 

Surface 
EC 

(µS/cm) 
Turbidity 
(NTUs) Tows 

Duration 
(min) Catch 

FL range 
(mm) 

2/26/2018 
8/1/2018 
7/6/2017 
7/6/2017 

7/13/2017 
7/17/2017 
7/26/2017 
7/26/2017 
8/1/2017 

8/15/2017 
8/22/2017 
1/4/2018 

1/22/2018 
3/14/2018 
3/19/2021 
7/5/2018 
7/9/2018 

7/18/2018 
7/19/2018 
7/23/2018 
7/23/2018 
7/24/2018 
8/1/2018 
8/8/2018 

8/14/2018 

Upper 
Upper 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 
Lower 

38.50984 
38.48619 
38.42445 
38.38797 
38.44562 
38.43847 
38.38407 
38.4069 

38.40133 
38.38922 
38.29569 
38.41404 
38.42231 
38.45014 
38.44504 
38.39515 
38.42213 
38.44809 
38.42379 
38.42087 
38.42475 
38.30199 
38.46826 
38.38556 
38.36973 

-121.585 
-121.585 
-121.606 
-121.623 
-121.596 

-121.6 
-121.624 
-121.614 
-121.617 
-121.622 
-121.619 
-121.612 
-121.608 
-121.595 
-121.597 
-121.619 
-121.607 
-121.595 
-121.606 
-121.608 
-121.607 
-121.655 
-121.586 
-121.625 
-121.631 

10.5 
24.1 
22.9 
22.8 
23.9 
24.8 
23.7 
23.9 
24.1 
22.8 
22.8 
9.2 
10.2 
12.0 
11.0 
24.3 
22.8 
23.7 
23.5 
24.1 
24.0 
23.3 
23.9 
23.1 
22.7 

575 
832 
664 
603 
675 
669 
437 
579 
555 
434 

1290 
442 
356 
518 
444 
519 
679 
663 
496 
702 
710 
271 
765 
558 
339 

38.3 
22.2 
28.6 
31.9 
29.5 
33.1 
27.8 
45.0 
17.4 
38.6 
51.3 
118.0 
79.2 
31.9 
42.0 
38.0 
36.8 
246.7 
45.6 
35.3 
33.0 
28.8 
28.3 
33.0 
20.8 

2 
2 
2 
2 
2 
1 
1 
1 
2 
4 
2 
3 
5 
3 
5 
3 
3 
2 
6 
2 
4 
2 
2 
3 
2 

5 
10 
2.5 
5 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 
5 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

1 
2 
3 
6 
7 
40 
36 
26 
2 
1 
1 
1 
1 
1 
1 
5 
2 
1 
1 
1 
1 
4 
2 
2 
5 

64 
46-59 
37-42 
33-50 
32-52 
33-54 
33-58 
38-52 
44-45 

54 
49 
83 
75 
66 
73 

34-44 
42-50 

48 
50 
44 
50 

43-48 
50-55 

46 
40-46 

 

Table 5 Delta smelt catch by the U.S. Fish and Wildlife Service Enhanced Delta Smelt Monitoring Program in 
the upper and lower (TMZ) Sacramento Deep Water Ship Channel, 2017-2018.  FL = fork length. 

 

Although monthly grab sampling did not occur in 2021, continuous underway monitoring of 
specific conductance, temperature, turbidity, dissolved oxygen concentration, pH and chlorophyll 
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fluorescence was conducted as an element of the fish monitoring component of the ship channel 
food web study that began in May 2021 (Reclamation 2021).   This fish monitoring effort is being 
conducted using the Aquatic Habitat Sampling Platform (Platform) developed by Cramer Fish 
Sciences under a grant from the Reclamation.  The Platform samples the fish community by guiding 
fish through a live well outfitted with video cameras and so does not require fish handling, an 
important consideration when sampling areas where Delta Smelt and other species of concern are 
known to reside. This effort includes near-shore and channel as well as day and night sampling.  The 
continuous monitoring collected by the Platform during May – September 2021 documented the 
same longitudinal water quality patterns as the 2012-2019 record. These data also indicated, 
however, that turbidity was noticeably higher during 2021.  This observation was confirmed by the 
continuous monitoring data recorded at the USGS station at CM72, which indicated generally higher 
turbidity in WY2021 than WY2020 (Figure 54).  Further analysis will be required to determine what 
proportion of this increased turbidity stemmed from hydrodynamic, wind or ship traffic effects.   

Figure 54.  Comparison of chlorophyll concentration and turbidity at USGS continuous monitoring station 
at CM72 in the low-exchange zone of the ship channel.  Missing data interval coincides with COVID-19 
shut down period.  Data are provisional 

Chlorophyll export 

Due to the isolation of its relatively productive uppermost reach and lack of net outflow, the ship 
channel did not function as a net exporter of chlorophyll during 2020 or 2021.  On the contrary, the 
net chlorophyll flux in the no-exchange zone during the third and fourth quarters of both water 
years may have been slightly negative (landward).  By comparison, the net chlorophyll flux from the 
Cache Slough complex during those same periods was slightly positive (Figure 55). The average 
chlorophyll flux conveyed into the North Delta by the Sacramento River at Walnut Grove during 
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July-September of 2020 and 2021 was some 3 metric tons, the equivalent of 123 tons of 
phytoplankton carbon.  This value is comparable to the net negative chlorophyll flux at the 
confluence, indicating that the Delta during this period was not a net source of phytoplankton 
carbon to Suisun Bay. 

Figure 55. Comparison of seasonal chlorophyll flux at USGS continuous monitoring stations in the 
Sacramento-San Joaquin Delta (see Figure x for station names).  Fluxes are expressed in metric tons of 
chlorophyll a per quarter (value within circle) with warm colors signifying landward fluxes.  Multiplying 
chlorophyll by 41 yields an estimate of phytoplankton carbon (Source:  Brian Bergamaschi, USGS).  Data 
are provisional. 

Fish Status   

Delta Smelt Status 

Abundance 
CDFW Summer Townet Survey and Fall Midwater Trawl Survey have historically provided 
abundance indices for Delta Smelt in the summer and fall periods, respectively. However, Delta 
Smelt numbers have declined below the detection limits of both surveys. The Summer Townet 
Survey Delta Smelt abundance index for 2021 was 0 due to the lack of catch. Although the 2021 Fall 
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Midwater Trawl Survey is ongoing at the time of writing of this report, the survey has not captured 
any Delta Smelt at their fixed index stations thus far this season. Survey efforts were not reduced 
due to COVID or wildfire smoke.   

EDSM sampling effort in 2021 was relatively unimpacted by COVID or wildfire smoke compared 
to 2020. The overall paucity of Delta Smelt catch and very few non-zero EDSM’s modeled 
abundance estimates of Delta Smelt in 2021 indicate that the 2021 cohort of Delta Smelt is the least 
abundant in the history of EDSM (Figure 56).  

Figure 56 EDSM-ANNUAL. Weekly Delta Smelt abundance estimates from EDSM survey. Years indicates 
the years in which each Delta Smelt cohort was born. Phase 1 of EDSM runs from December through 
March and focuses on adult Delta Smelt. Phase 2 sampling takes place from April through June and 
targets post-larval and juvenile Delta Smelt. Phase 3 runs from July through November and targets 
juvenile and sub-adult Delta Smelt. Closed circles indicate normal sampling effort for the week and open 
circles indicate a reduced sampling effort. Figure was provided by Vanessa Tobias and Lara Mitchell 
(USFWS). 

Distribution 
Between the start of phase 3 sampling in late June and the end of September 2021, EDSM has 
caught only a single Delta Smelt on 530 different sampling events. The lone observation of Delta 
Smelt occurred on August 20th, 2021 at the Sacramento Deep Water Shipping Channel. 
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Delta Smelt Supplementation 
Annual supplementation of Delta Smelt using cultured-reared fish from the University of California 
Davis, Fish Conservation and Culture Laboratory (FCCL) was proposed in Reclamation’s 2019 
Biological Assessment and analyzed in the 2019 BiOp (USFWS 2019). Supplementation was 
proposed to begin between 2022 to 2025; however, continued declines in population abundance and 
lack of wild Delta Smelt broodstock collections for the refuge population at FCCL the last couple 
years has expedited supplementation efforts. To inform future supplementation strategies, 
Experimental Release of hatchery Delta Smelt into the wild is planned to occur late 2021 to early 
2022 that aims to provide an initial evaluation of logistical operations, techniques, science, and 
information needs and resources. The USFWS is leading the Experimental Release Technical Teams 
(ERTT) in collaboration with CEQA lead CDFW, DWR, USBR, USGS, FCCL and academic 
experts to plan, coordinate, and implement releases of ~40,000 hatchery Delta Smelt in the North 
Delta at >200 days post hatch.  

The ERTT has developed a draft study plan (USFWS 2021) for experimental releases of the 40,000 
fish the FCCL marked for supplementation. The plan includes objectives and procedures for high-
priority areas to learn from including production, genetics, tagging, transport, release, and 
monitoring of Delta Smelt; many of which pertain to goals outlined in the FWS Supplementation 
Strategy (USFWS 2020). A brief summary of current experimental release plans (as of September 
2021) is as follows:  

• Production & Tagging:  
 Fish spawned in February through June 2021 
 ~17,000 fish available starting Sept-Oct, another 24,000 estimated in Nov 

2021.  
 Genetic samples to be collected, a subset of fish to be VIE tagged, and the 

rest will have their adipose fin clipped. 
 Fish transitioned to live feed ~30 days prior to transport, and health 

screened. 
• Transport:  

 Cultured fish transported by truck to release sites (at 200fish/20gal carboy 
density),  

 32 carboys (~6,400 fish) planned for a given transport batch, will be several 
batches 

• Release:  
 Release timing is estimated for December 2021 to February 2022.  
 Release location in the North Delta Arc this first year will be downstream of 

Rio Vista, in the Sacramento River across from Brannan Island. 
 Two release strategies will be tested including hard release (directly from 

transport carboys and boats into water) and soft-release (indirect release after 
enclosure-acclimation for 48-72 h). 

 Two to four release events may take place, with 9,000-12,800 Delta Smelt 
released each event (with 6,400 split between hard or soft release strategy). 

• Monitoring:  
 Collaboration and coordination with existing monitoring programs for re-

capture identification and collection of cultured fish.  
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 Planned ARIS cameras for visual assessments of Delta Smelt behavior,
predators, and release strategy.

Fish Assemblage 

Native vs Non-Native Fish Species 
The Delta Plan listed percentage of native fish biomass or relative abundance as a performance 
measure in the Delta. This metric is based on the Delta Juvenile Fish Monitoring Program beach 
seine survey data that has demonstrated an increase in non-native fish numbers over the past two 
decades (Mahardja et al. 2017b, IEP et al. 2020b). Biomass of native fishes in the nearshore habitat 
continued to be considerably low relative to introduced fishes in WY2020 and WY2021 (Figure 57). 
Mississippi Silverside (Menidia audens) and centrarchid species make up a substantial portion of this 
introduced fish biomass. Mississippi Silverside may be a significant competitor and intraguild 
predator to Delta Smelt and thus their consistently high numbers in WY2020 and WY2021 are likely 
to be detrimental to Delta Smelt (Schreier et al. 2016). Centrarchids such as Largemouth Bass 
(Micropterus salmoides) are known to be associated with submerged aquatic vegetation, which can 
negatively impact Delta Smelt through reduction in turbidity and increased predation (Ferrari et al. 
2014, Hestir et al. 2016). There is an apparent reduction of centrarchid biomass in WY2020 and 
WY2021 relative to the previous years; however, it is unclear whether this was due to the 
inconsistent sampling in WY2020 and lack of August data in WY2021. The heavy presence of these 
introduced species likely contributed to the suppression of Delta Smelt numbers to some extent, and 
based on the existing data, this pattern has continued into WY2020 and WY2021. 

Figure 57. Estimated annual mean biomass per volume of nearshore fishes based on March-August 
beach seine catch data as calculated in Mahardja et al. (2017). *Reduced sampling in 2020 due to 
COVID-19. **No data from August of 2021. 
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Abundance of POD Species  
The steep decline of Delta Smelt that occurred in the early 2000s was a part of the Pelagic Organism 
Decline (POD) event, in which four pelagic fish species experienced simultaneous, abrupt decline in 
abundance likely caused by common factors (Thomson et al. 2010). The 2021 status of two 
introduced species listed in the POD, Striped Bass (Morone saxatilis) and Threadfin Shad (Dorosoma 
petenense), are reviewed in this report to compare and contrast their responses to Delta Smelt under 
this critically dry year condition. Age-0 Striped Bass numbers in the summer and fall based on long-
term surveys appear to be somewhat correlated with water years (Figure 58), with 2021 catch so far 
being lower than recent wet years (e.g., 2011, 2017, 2019). Unlike Delta Smelt and Striped Bass, 
Threadfin Shad numbers in 2021 were comparable to the past few years with no clear, discernible 
pattern (Figure 59). 

Figure 58. Mean Striped Bass catch per tow and standard deviation (error bars) from the CDFW Summer 
Townet Survey from all stations for each year since 2011 (left) and from the CDFW Fall Midwater Trawl 
Survey from all stations for each year since 2010 (right). Only data from September and October surveys 
were used for Fall Midwater Trawl Survey to ensure consistency with 2021 data. 
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Figure 59. Mean Threadfin Shad catch per tow and standard deviation (error bars) from the CDFW 
Summer Townet Survey from all stations for each year since 2011 (left) and from the CDFW Fall Midwater 
Trawl Survey from all stations for each year since 2010 (right). Only data from September and October 
surveys were used for Fall Midwater Trawl Survey to ensure consistency with 2021 data.  

Discussion 

Abiotic Habitat Attributes 
The overall abiotic habitat conditions in summer and fall of 2021 for Delta Smelt were similar to 
what can be expected based on a critically dry, non-action year, i.e., stressful at times throughout 
much of the species’ typical range. Outflow and X2 in summer and fall of 2021 fell within the range 
of other critically dry years from the past two decades (Figure 6). Based on outflow and X2 
calculations for summer and fall of 2021, salinity levels within the Suisun Marsh and Suisun Bay are 
somewhat higher compared to previous critically dry years (Figure 7). Salinity at Belden’s Landing 
and within the western portion of Montezuma Slough was likely to contribute to constraining the 
western distribution of Delta Smelt for large parts of the season.  Salinity at the BDL station largely 
stayed above 6 ppt starting in June. Brief periods of low turbidity were also observed at the BDL 
station (Figure 30); this combination of factors likely imposed additional stress for any Delta Smelt 
in this area. 
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Figure 60. Percentage of Day in the low salinity zone when X2 is located at 89km (Delta 
Modeling Associates 2014) 

Delta Smelt low salinity habitat in late summer and fall 2021 was most likely similar to Figure 60 
above. 

The San Francisco Bay-Delta system has seen a long-term reduction in turbidity over the past 
several decades (Schoellhamer et al. 2011, Hestir et al. 2013, Bever et al. 2018); however, some 
regional differences persist. Within the range of Delta Smelt, the Suisun region and the North Delta 
have generally seen the highest turbidity, along with the general area of low salinity zone where X2 is 
located. Turbidity in 2021 appeared to be similar to other dry years where the Lower Sacramento 
River and upstream sites remained less turbid than shallower downstream areas. The SDWSC had 
highly variable turbidity. Summer and fall water temperature in 2021 were generally under the 23.9 C 
threshold, but temperatures exceeded 23.9 several times in the Lower Sacramento and SDWSC, 
which may have been detrimental to Delta Smelt population.  

Extent of Contiguous Low Salinity Habitat 
One of the goals of the Delta Smelt SFHA is to establish contiguous low salinity habitat from Cache 
Slough Complex to the Suisun Marsh. However, dry conditions in the non-action year of 2021 
meant that X2 was located far upstream, and the low salinity zone was restricted to the narrow 
habitat of the channelized Sacramento River throughout the summer and fall. This would isolate any 
fish that remained in Suisun Bay or Marsh from the lower Sacramento River through the North 
Delta/Cache Slough Complex. Because the location of X2 in WY 2021 was similar to previous 
critically dry years, it can be assumed that the temporal and spatial extent of contiguous low salinity 
habitat between regions was also similar to previous critically dry years. 
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Biotic Habitat  
The extent to which Delta Smelt abundance and distribution was driven by biotic habitat factors in 
WY2021 is still not clear, as the majority of biotic data remain unavailable at the time of this report’s 
publication. However, we note that chlorophyll levels remain much lower than historic (pre-1986) 
levels throughout both the Delta and Suisun, with the highest chlorophyll in areas of lower flow and 
greater hydrodynamic complexity, such as Suisun Marsh and the Sacramento Deep water Ship 
Channel (Figure 34). Cyanobacteria has been increasing in the Delta over the past 20 years, and 2021 
and 2020 both had high incidences of Microcystis in visual assessments, especially in the Lower 
Sacramento (Figure 43). Microcystis thrives in high water temperatures and low flows (Lehman et al. 
2018), and the combination of high temperatures and harmful algae may have been detrimental to 
smelt.   

The data from 2020 and other previous years indicate that food for Delta Smelt, particularly the 
calanoid copepod Pseudodiaptomus, is highest in Suisun Marsh during higher outflow years (Figure 37). 
Few Pseudodiaptomus were found in Suisun Marsh during 2020, probably due to lower exports of 
these freshwater taxa from upstream (Kimmerer et al. 2018). Clam biomass and grazing rate tended 
to be lower within the small sloughs of Suisun Marsh (Figure 44), supporting this as a region of 
beneficial food production in the future. 

North Delta Food Subsidies-Colusa Basin Drain Study 
The NDFS Study results from previous years indicate that phytoplankton blooms downstream 
require certain water volume and maximum daily net flow through the Yolo Bypass (Davis et al. 
2021). Seasonal agricultural return flow from Colusa Basin occurred in September of 2021 resulting 
in a very small, non-managed flow pulse lasting four days with maximum daily average flow of 31.3 
cfs (Figure 9) and was followed by a slight increase of chlorophyll fluorescence at Liberty Island in 
the Cache Slough Complex, which may have been unrelated to the flow pulse (Figure 50). 
Chlorophyll fluorescence did not increase at any other sites following the flow pulse. The small flow 
pulse in September at Yolo Bypass Toe Drain did not seem to trigger a phytoplankton bloom 
downstream in Sacramento River based on the limited available information to date. Monitoring for 
this study will be completed in November 2021, and most of the data from 2021, including discrete 
water quality, phytoplankton, and zooplankton data were not yet available at the completion of this 
report. Reclamation and DWR intend to re-evaluate the remaining 2021 data when they become 
available and present in future Summer-Fall Habitat Seasonal Reports. 

In 2021, chlorophyll levels were higher at RCS and RD22 in the upstream study region than at any 
of the sites downstream. In general, chlorophyll levels before the small, non-managed flow pulse 
were similar between 2021 and previous years. The lack of response in chlorophyll levels from the 
2021 flow pulse contrasts with previous years with larger, managed flow actions. In 2018 and 2019 
large agricultural flow actions caused noticeable changes in chlorophyll fluorescence in the upstream 
study region (Frantzich et al. 2019, Twardochleb et al. 2021a). In both 2018 and 2019, during the 
flow action, chlorophyll levels decreased at the upstream stations RCS, RD22, I80 and LIS, while 
stations downstream (LIB, RVB) remain relatively constant. In both 2018 and 2019, STTD saw a 
small increase in chlorophyll levels during the flow action. Following these 2018 and 2019 flow 
actions, chlorophyll levels increased at the upstream stations (Frantzich et al. 2019, Twardochleb et 
al. 2021a). During the 2016 Sacramento River action, chlorophyll levels in the upstream region 
generally dropped during the flow action while levels rose at downstream sites after the action 
(Frantzich et al. 2021). The magnitude of the increase downstream was greater during the 2016 flow 
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action than in 2018 or 2019 (Davis et al. 2021). The lack of a noticeable response in chlorophyll 
levels in 2021 is likely due to the low flow year; very little water was released to flush phytoplankton 
from upstream to downstream sites (Figure 9). The chlorophyll responses in 2021 were even lower 
than in 2020, another non managed flow year in which chlorophyll levels increased in the Yolo 
Bypass but not downstream in the Cache Slough Complex following the small, non-managed flow 
pulse (2020 Delta Smelt Summer-Fall Habitat Seasonal Report). 

Sacramento Deep Water Ship Channel Food study 
The SDWSC food study has so far yielded a 7-year data set that documents spatial and temporal 
variation in baseline water quality and plankton standing stock throughout the entire length of the 
ship.  It has performed bioassay-scale experiments documenting nitrogen-limitation in the low and 
no-exchange zones during late spring, summer and fall and it has conducted whole-reach-scale 
experiments to provide information on the processes that regulate phytoplankton production.  It has 
also documented how air temperature, winds and tidal flows affect key physical processes such as 
longitudinal, vertical and lateral dispersion.  In the next three years, the SDWSC will continue its 
focus on improving understanding of physical and ecological processes including measurement of 
plankton growth rates, nutrient dynamics (including bottom sediment processes) and ecosystem 
metabolism and how the fish community varies between open channel and littoral habitat and varies 
with water quality and plankton standing stock. These data will be used to develop enhance models 
for use in comparing the performance of multiple flow-nutrient management scenarios as they affect 
environmental conditions, food supply and Delta Smelt. 

Fish Status  

Delta Smelt Status  
Delta Smelt catch was at an all-time low throughout the San Francisco-Bay Delta in 2021, reflecting 
the very low adult spawning stock and the stress of critically dry year conditions including those 
reviewed here. Evaluating the impacts of the 2021 non-action year on Delta Smelt is difficult 
because only a single Delta Smelt were caught throughout the system between June and October by 
all the fish monitoring programs.  

Based on the existing literature and monitoring information for Delta Smelt, we expect 2021 
environmental conditions to be mostly detrimental to the species due to the combination of high 
salinity, low turbidity, high temperatures, and high incidence of HABs. However, over 1,000 
Wakasagi (Hypomesus nipponensis) were caught in Summer-Fall period of 2021, with the majority of 
catch coming from the Sacramento Deep Water Shipping Channel (same location where the only 
Delta Smelt was observed in Summer-Fall of 2021). Wakasagi is an introduced fish species within 
the same genus as Delta Smelt with similar life history and habitat requirements (Davis et al. 2021). 
Although additional studies are clearly needed, the high numbers of Wakasagi in 2021 offers some 
hope that there may be remnant suitable habitat for Delta Smelt in the Cache Slough Complex 
during a critically dry year. It may be beneficial to focus Summer-Fall management actions and 
supplementation at Cache Slough Complex, especially the Sacramento Deep Water Ship Channel, 
for future critically dry years. 
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Management Summary 
We were unable to attain any of the goals for the summer-fall actions due to critically dry conditions 
and lack of action implementation. The average outflow and the location of X2 during WY 2021 
was similar to other critically dry years as defined by D-1641. Delta Smelt abundance was likely 
lower the last few years. It is likely that salinity was a limiting factor in Suisun Marsh and Suisun Bay 
for Delta Smelt for the majority of the 2021 Summer-Fall period (>6 ppt), precluding the species 
from access the majority of the habitat. Abiotic habitat was available in the Sacramento River and 
north delta, but productivity (as measured by chlorophyll) in these regions was very low, 
temperatures occasionally exceeded Delta Smelt’s thermal limits, and harmful algal blooms were 
widespread.  
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