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To:  Kristin White 
Deputy Regional Director 

From:  David Mooney 
 Bay-Delta Office Manager 

Subject: National Environmental Policy Act (NEPA) Review for the proposed 2024 Central 
Valley Project (CVP) and State Water Project (SWP) Delta Smelt Summer and Fall 
Habitat Action 

This draft memorandum evaluates whether a modification to the Delta smelt Summer-Fall 
Habitat Action, through an adaptive process described in the 2019 final Environmental Impact 
Statement on the Reinitiation of Consultation on the Coordinated Long-Term Operation of the 
Central Valley Project and State Water Project (2019 FEIS) and adopted by the 2020 Record of 
Decision (2020 ROD) on the Long-Term Operation of the Central Valley Project and State Water 
Project, falls within the range of impacts analyzed in the 2019 FEIS.  This draft memorandum 
provides information to support input by interested parties. Although Reclamation does not 
usually distribute memoranda for public comment, Reclamation’s view is that offering public 
comment under these circumstances is consistent with the purposes of NEPA. Comments by 
interested parties would be considered and responded to, as appropriate, to finalize this 
memorandum.  

PROPOSED ALTERNATIVE ACTION 

The California Department of Water Resources (DWR) proposed the modification (referred to as 
the “Alternative Action”) to protect Delta smelt similarly or better than an October monthly 
average 2 ppt isohaline (“X2”) at 80 km from the Golden Gate Bridge with less impact to water 
supply.  The Alternative Action could support comparing outcomes with actions taken in water 
year 2023 that included both a September and October X2 operation. On September 6, DWR 
independently initiated the operation of the Suisun Marsh Salinity Control Gates. The proposed 
Alternative Action is: 

 Implement the September Fall X2 requirements (80 km) as described in the 2019 FEIS 
and the 2019 U.S. Fish and Wildlife Service (USFWS) Biological Opinion and 2020 ITP. 

 Operate the Suisun Marsh Salinity Control Gates September 6th – 30th. 
 Beginning October 1, off-ramp implementation of the Fall X2 requirement (80 km) and 

operate to State Water Resources Control Board D-1641 requirements for October. 
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Full details of the proposed modification are provided in the Attachment to this memorandum. If 
Reclamation adopts the Alternative Action, Reclamation would share with DWR the water and 
financial costs of the gate operation. 

ENVIRONMENTAL COMPLIANCE 

The Summer-Fall Habitat Action is described in the 2019 FEIS.  It includes initially modifying 
project operations to maintain a monthly average 2 ppt isohaline (“X2”) at 80 km from the 
Golden Gate in above normal and wet water years in September and October (“Fall X2”) and a 
toolbox of additional actions including operation of the Suisun Marsh Salinity Control Gates, to 
provide habitat components of low salinity, turbidity, suitable temperatures, and food in the same 
open water geographic area for Delta smelt. The purpose of the Fall X2 action is to establish 
contiguous low salinity habitat from Cache Slough to Suisun Marsh during the fall months of 
wetter year types where there is high quality habitat from complex bathymetry in deep channels 
close to shoals and shallows and proximity to tidal or freshwater marshlands and other wetlands. 
Reclamation and DWR also implement operation of the Suisun Marsh Salinity Control Gates 
under the 2015 Suisun Marsh Preservation Agreement (SMPA). 

The proposed action described in the 2019 FEIS and adopted in the 2020 ROD includes the 
potential for Reclamation and DWR to work with USFWS to modify this component of the PA to 
implement the new actions in lieu of the salinity management action to provide similar or better 
protection than the 80 km salinity management action in consideration of: 

 Habitat acreages in Suisun Marsh, Grizzly Bay, and other adjacent areas available to 
support Delta smelt recruitment (e.g. 0-6 ppt at Belden’s Landing, non-lethal 
temperatures, etc.), 

 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 

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

Final Environmental Impact Statement 

In the 2019 FEIS, Alternative 1 (the Preferred Alternative) included the Summer-Fall Habitat 
Action with elements that could vary year-to-year. The action was anticipated to include 
operations of the Suisun Marsh Salinity Control Gates in some years and/or a fall action to 
maintain the X2 position at 80 kilometers in above normal and wet years.  Modeling for the 
Summer-Fall Habitat Action relied on qualitative analysis. Generally, the potential impacts and 
benefits of Alternative 1 were anticipated to range between what was evaluated for Alterative 1 
and the No Action Alternative. In other words, the 2019 FEIS included a conservative analysis to 
ensure that actual impacts fall within the range analyzed. The No Action Alterative included the 
Fall X2 action from the 2008 USFWS Biological Opinion which consisted of 81 km X2 in 
September and October and passing inflows in November.  

None of the resource areas omitted from the 2019 FEIS would now be implicated in the 
Alternative Action.  

Impacts to the resource areas in the 2019 FEIS could potentially change as follows: 
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 Water Quality: Effects that would result from implementation of the Alternative Action 
are similar to those analyzed in the 2019 FEIS. While the October component of the Fall 
X2 action in the 2019 FEIS would likely result in salinity levels, chloride, and bromide 
concentrations being lower than the Alternative Action, particularly in the western Delta, 
the CVP and SWP would continue to be operated, in real-time, to meet the Bay-Delta 
WQCP objectives (2019 FEIS: Appendix Water Quality pg.G-93-96, Appendix F 
Modeling pg.2146, Figure 45-4). The Suisun Marsh Salinity Control Gates would be 
operated in October if the 2015 SMPA prescribed salinity standards for Suisun Marsh are 
near exceedance, so the salinity in the Marsh would not be impaired. 

 Fish and Aquatic Resources: Effects that would result from implementation of the 
Alternative Action are anticipated to be similar to those analyzed in the 2019 FEIS. 
Under Alternative 1, Fall X2 was primarily achieved through export reductions and 
storage releases with an intention to minimize storage releases from CVP reservoirs. 
Alternative 1 specifically sought to reduce the reliance on releases from Shasta Reservoir. 
For conditions in 2024 under the Alternative Action, Fall X2 is unlikely to result in 
significant decreased river flows because it is unlikely that the October Fall X2 action 
would need to be met through reservoir releases.  

Water temperature related impacts were considered for winter-run and spring-run 
Chinook salmon that could affect spawning and survival of juveniles. When releases are 
lower, water temperatures can be slightly higher; however, October releases for Shasta 
and Folsom are not likely to be driven by X2, but instead by minimum flows to build 
storage for next year. Regardless, the additional water temperature related impacts to 
winter-run and spring-run Chinook salmon would be negligible and within the range 
analyzed in the 2019 FEIS, as Reclamation would continue to implement temperature 
management measures consistent with current Sacramento River and American River 
temperature management plans and water temperatures would be expected to remain low 
enough to be tolerated by the early life stages. (2019 FEIS: Main Body -- Winter-run 
Chinook salmon: pg. 5-53; Spring-run Chinook salmon: pg. 5-57) 

Water temperature-related impacts were also considered for the Southern Distinct 
Population Segment of Green Sturgeon related to a reduction in suitable spawning habitat 
resulting from reduced flows in the Sacramento River which could impinge the upstream 
limit of spawning.  However, the confidence in this impact was low because of 
uncertainty about the effects of other potentially important effects on Green Sturgeon 
spawning distribution.  In contrast, increased water temperatures near the upstream 
spawning location in September from seasonal operations of some years may benefit 
Green Sturgeon larvae. The additional water temperature-related impacts to Green 
Sturgeon continue to be uncertain due to other potentially important effects.  As such, any 
releases are anticipated to be within the range of effects analyzed in the 2019 FEIS. (2019 
FEIS: Main Body – Southern DPS Green Sturgeon pg. 5-58) 

Potential impacts to Delta smelt as a result of Fall X2 were considered in the 2019 FEIS 
based on food availability and low-salinity zone habitat extent.  Under the impact 
evaluation, it was anticipated that reductions in Delta outflow during fall could negatively 
affect Delta smelt food availability in the Suisun Bay and Marsh region although there 
was some uncertainty in the extent to which outflow changes would be of the magnitude 
predicted under Alternative 1.  It was also contemplated that Alternative 1 could change 
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food availability relative to outflow changes attributable to hydrological conditions (i.e., 
wetter vs. drier years). Under the Alternative Action, reductions in Delta exports would 
be expected to have similar effects on food availability to those analyzed in the 2019 
FEIS.  Reductions in Delta outflow during fall could also reduce the surface area of low-
salinity zone water (i.e., salinities between 1 and 6) under Alternative 1.  Under the 
Alternative Action, impacts to the low-salinity zone would be expected to be within those 
analyzed in the 2019 FEIS.  Although operation to D-1641 criteria may increase 
entrainment risk, Reclamation would continue to implement real-time operations that 
minimize entrainment including counting all fish towards annual salvage loss thresholds 
that would limit reverse Old and Middle River flows and the D-1641 Export to Inflow 
ratio. Moreover, October is generally before the entrainment season.  Finally, consistent 
with Alternative 1, Reclamation under the Alternative Action will continue to implement 
the Delta Smelt Summer-Fall Habitat Action to manage other summer-fall habitat 
elements that contribute to the recovery of the species.  (2019 FEIS: Main Body – Delta 
Smelt pg. 5-71) 

Multiple other aquatic species (e.g. American Shad, Striped Bass, Spotted Bass, 
California Roach, etc.) were evaluated in the 2019 FEIS.  Generally, temperature impacts 
were the focus of the impact analysis.  Temperature impacts due to the Alternative Action 
would be anticipated to be similar to those analyzed under Alternative 1, as described 
above for salmonids and Green Sturgeon. In the Delta, Reclamation’s operations would 
not be anticipated to contribute to substantial temperature impacts.  (2019 FEIS: 
Appendix O – pg. O-248 to pg. O-263)  

 Terrestrial Biological Resources: Salinity impacts on terrestrial species from Fall X2 
were not analyzed in the 2019 FEIS. However, plant zones in complex tidal wetlands are 
influenced by inundation regime and salinity (2019 Final EIS: Appendix P pg. 10). 
Salinity levels in Suisun Marsh and Bay vary throughout the year and are influenced 
largely by inflow from the Delta (Reclamation et al. 2011). The 2015 SMPA prescribes 
salinity standards for Suisun Marsh to protect and improve terrestrial habitats that would 
still be met.  

 Water Supply Resources: Generally, the potential impacts from the Alternative Action are 
anticipated to be similar to those analyzed in the 2019 FEIS and may provide net water 
supply benefits due to the decrease in salinity requirements (and therefore outflow) in 
October.  

 Groundwater Resources: Impacts from Fall X2 on groundwater resources were not 
analyzed in the 2019 FEIS separate from surface water supplies. If benefits to surface 
water supply are anticipated with the Alternative action, then less groundwater pumping 
and less impacts to groundwater are anticipated. 

 Power Resources: Impacts from Fall X2 were not separately analyzed in the 2019 FEIS.   
Additional significant impacts to power are not expected to result given the extent of the 
proposed modification. The variability in power generation remains within the impacts 
analyzed. 

The Alternative Action is not expected to result in the additional identification of significant 
impacts nor mitigation and avoidance measures. 
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Reclamation 2020 ROD 

Reclamation’s 2020 ROD adopted the 2019 Proposed Action consulted upon for the USFWS 
2019 Biological Opinion and analyzed in the 2019 FEIS. The ROD explained that that the 
Proposed Action includes the “Delta Smelt Summer-Fall Habitat action to improve Delta Smelt 
food supply and habitat, thereby contributing to the recruitment, growth, and survival of Delta 
Smelt.” The ROD further provides that “The flexibility of actions for summer-fall Delta Smelt is 
backstopped by a commitment to maintain X2 (the distance from the Golden Gate Bridge where 
the salinity on the bottom is 2 parts per thousand) no more eastward than 80 km in above normal 
and wet years during September and October.” 

Under the Alternative Action, the contribution to recruitment, growth, and survival would be 
accomplished through increased operation of the Suisun Marsh Salinity Control Gates and the 
commitment to backstop adaptive management of the action through Fall X2 would not be 
required. Support for the Alternative Action is provided in findings from life cycle modeling in 
Polansky et al. (2024) that the Fall X2 action is not anticipated to have observable effects on 
Delta smelt as described in the Attachment to this memorandum. Delta smelt may have a similar 
or better foraging benefit from the use of the Suisun Marsh Salinity Control Gates to lower 
salinity in Suisun Marsh. The “backstopp[ing]” reference is not a commitment to maintain Fall 
X2 no more eastward than 80 km while also implementing adaptive actions. Rather, as indicated 
in the description of the Summer-Fall Habitat Action in the 2019 FEIS, it is intended to ensure 
that X2 is maintained at 80 km if Reclamation and DWR cannot demonstrate that a different 
action would provide similar or better conditions. 

The Alternative Action and associated analysis were discussed with the Delta Coordination 
Group on September 6 and was transmitted on September 12 for further discussion and input 
anticipated to be scheduled the week of September 16. A request for USFWS to confirm effects 
of the Alternative Action and the materials provided to the Delta Coordination Group are 
included in the Attachment to this memorandum. The USFWS reply will be incorporated and 
attached for finalization of this memorandum. Confirmation from USFWS is not formal 
structured decision making identified in the 2020 ROD but is a suitable science-based framework 
comparable in rigor to structured decision making. 

Given conditions this year and the review above, the Alternative Action is expected to be within 
the effects analyzed under the National Marine Fisheries Service (NMFS) 2019 Biological 
Opinion and the 2020 ROD. The time window of the Proposed Action considered in the 2019 
FEIS and evaluated by NMFS in their 2019 Biological Opinion includes the month of 
September; therefore, there is no expansion of the season of analyzed operation of the Suisun 
Marsh Salinity Control Gates. Additionally, tidal operation of the Suisun Marsh Salinity Control 
Gates could impede passage by at most 6 hours, if at all. The boat locks allow passage between 
the times of gate openings. 

2024 Interim Operations Plan 

Current operations are governed by the 2024 Interim Operations Plan, which referenced DWR 
implementation of ITP Cond. Of Approval 9.1.3.1 (includes 80 km X2 in Above-normal years) 
but no Reclamation operation as to the Summer-Fall Habitat Action outside of Below Normal 
years (paragraph 11). Under the court’s order, operations of the CVP and SWP that are not 
addressed in the IOP will “continue to be governed by the 2019 Biological Opinions, 2020 ROD, 
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the California Department of Water Resources (DWR) 2020 ITP for DWR’s operations of the 
SWP (DWR’s ITP), and any other applicable statutory or regulatory requirements.” 

Water Year 2024 is an “Above-Normal” water year; therefore, the 2020 ROD controls CVP 
operations for the Summer Fall Habitat Action. 

CONCLUSION 

The Alternative Action is within the range of impacts described by the 2020 Record of Decision 
and the existing environmental compliance documentation provide adequate to compliance with 
NEPA following confirmation by USFWS. The PA as described in the 2019 FEIS and adopted in 
the 2020 ROD encompassed the ability to modify this component to implement the new or 
modified actions to provide similar or better protection than the 80 km salinity management 
action. 

ATTACHMENT 

U.S. Fish and Wildlife Service Confirmation Memorandum, including the Delta Coordination 
Group Materials 

cc: CVO-100 (LEJohnson) 

 



United States Department of the Interior 
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VIA ELECTRONIC MAIL ONLY 

Memorandum 

To:  Paul Souza 
Regional Director 
U.S. Fish and Wildlife Service 
Interior Region 10 

From: Karl Stock 
Regional Director 

Subject:  2024 Central Valley Project (CVP) and State Water Project (SWP) Summer Fall-
Habitat Action 

Reclamation evaluated potential modifications to the “summer-fall habitat action plan” described 
by paragraph 11 of the Interim Operation Plan filed December 22, 2023, 2019 U.S. Fish and 
Wildlife Service Biological Opinion and State Water Project Incidental Take Permit Condition of 
Approval 9.1.3.1.  This proposal was considered for evaluation in light of the June 28, 2024, 
draft Biological and Conference Opinion (draft Biological Opinion) on the Long-Term Operation 
of the CVP and SWP and consistent with the August 28, 2024, discussions with you, National 
Marine Fisheries Service, California Department of Water Resources (DWR), and California 
Department of Fish and Wildlife. 

The potential modification is listed below and described further in the enclosed document.  
Please confirm that effects of this modification are within those analyzed in the 2019 Biological 
Opinion for Reclamation and DWR: 

 Implement the September Fall X2 requirement (80 km).  
 Operate the Suisun Marsh Salinity Control Gates (SMSCG) September 6 - 30. 
 Beginning October 1st, off-ramp implementation of the Fall X2 requirement (80 km) and 

operate to State Water Resources Control Board (SWRCB) D-1641 requirements. 

The enclosed analysis demonstrates that the proposed modification described above for the 2024 
Summer- Fall Habitat Action implementation provides similar or better protection than the Fall 
X2 action described in the 2019 Proposed Action. Reclamation and DWR provided the enclosed 
additional information for technical discussion through the Delta Coordination Group. 

Please reach out to Kristin White, Deputy Regional Director, at knwhite@usbr.gov, for additional 
information. 

Enclosures. 

cc: (DMMooney, LEJohnson), (DRatcliff) 

KARL
STOCK

Digitally signed by KARL 
STOCK
Date: 2024.09.12 
15:13:24 -07'00'



Proposed Alternative Action Implementation of the Summer‐Fall Habitat 

Action for Water Year 2024 

September 11th, 2024 

Background  

The Summer‐Fall Habitat Action as described in Reclamation’s 2019 Proposed Action, 2019 U.S. Fish and 

Wildlife Service (FWS) Biological Opinion (BiOp) and the California Department of Water Resources 

(DWR) 2020 Incidental  

Take Permit (ITP) includes a flow action, known as Fall X2, which sets a requirement for the location of 

the 2‐PSU isohaline, and a toolbox of additional actions, including operation of the Suisun Marsh Salinity 

Control Gates (SMSCG), to maintain appropriate low salinity habitat for delta smelt. The purpose of the 

Fall X2 action is to move the low salinity zone (0.5‐6 PSU) into Suisun Bay where delta smelt historically 

and primarily reared during the summer and fall months of wetter year types. The Fall X2 action is 

implemented during September and October of wet and above normal water years. The action is 

achieved through a combination of State Water Project (SWP) and Central Valley Project (CVP) reservoir 

releases and export reductions. A Fall X2 action was initially required in the 2008 FWS Biological 

Opinion. 

To address scientific uncertainty, the 2008 FWS Biological Opinion included an adaptive management 

framework and the development of a robust science and monitoring program to better understand how 

delta smelt would respond to the Fall X2 action. In 2012, FWS initiated the development of several life 

cycle modeling efforts to better understand the factors that affect delta smelt population growth rates. 

These efforts led to two published life cycle models (Polansky et al. 2021; Smith et al. 2021).  The first of 

these models has been repeatedly explored using alternative versions to test the robustness of its 

predictor variables (Polansky et al. 2023; 2024).  The results of all of these life cycle model variations 

support the hypothesis that Delta outflow in the summer, rather than fall, is the better predictor of 

delta smelt survival. The best information we have available to us suggests that high summer flows help 

align different habitat needs of delta smelt habitat while also increasing food subsidies, supporting delta 

smelt growth and survival (Smith and Nobriga 2023).  The same things happen if flows are high enough 

in the fall, but the response of delta smelt lessens because temperatures cool into more appropriate 

ranges and the prey subsidy is reduced as prey populations seasonally senesce. This newer information 

means the species benefits originally anticipated for the Fall X2 action are unlikely to translate to 

improved delta smelt population growth rate. A modified Fall X2 action was incorporated into the 

Summer‐Fall Action in the 2019 BiOp and ITP adding to the SMSCG operation and other tools and 

creating an adaptive management process that allowed changes to Fall X2 if other actions were 

determined to have similar or better benefits. 

Proposed Alternative Action for 2024 

For water year 2024, DWR is proposing an alternative implementation of the Summer‐Fall Habitat 

Action and seeking Reclamation participation in that alternative to account for real‐time information 



and results generated from recent life cycle model (Polansky et al. 2024) analyses. The proposed 

alternative action is the following: 

 Implement the September Fall X2 requirement (80 km) as described in 2019 FWS Biological 

Opinion and 2020 ITP.  

 Operate the Suisun Marsh Salinity Control Gates (SMSCG) for the month of September. 

 Beginning October 1st, off‐ramp implementation of the Fall X2 requirement (80 km) and operate 

to State Water Resources Control Board (SWRCB) D‐1641 requirements for October. 

Adaptive Management  

The proposed alternative action for 2024 provides an opportunity to test the efficacy of the Fall X2 

action. In 2023, the Fall X2 action was implemented in September and October along with SMSCG 

operation in September. Operation of the SMSCG during the late summer period has been shown to 

improve habitat area and conditions for delta smelt with respect to aligning appropriate salinity water 

with other important habitat features like high prey density and turbidity that tend to occur in Suisun 

Marsh (Sommer et al. 2020), and potentially leading to positive bioenergetic effects on delta smelt 

(Smith and Nobriga 2023). Hydrology has not aligned in back‐to‐back years to allow for a direct 

comparison of testing of the Fall X2 action for adaptive management purposes. A with and without 

comparison of implementing the Fall X2 action in October allows for DWR and Reclamation to test 

action performance with respect to delta smelt abundance, growth, and habitat conditions between 

2023 and 2024 operations.  

Delta Coordination Group (DCG) 

The DCG1 team is responsible for developing the annual Summer‐Fall Habitat Action Plan and associated 

Monitoring and Science Plan. Since 2021, the DCG has been using a structured‐decision making (SDM) 

framework to evaluate potential actions that included consideration of performance objectives and 

regulatory constraints. Considerations of water cost impacts were discussed but not included in the 

decision‐scope for 2024. DCG’s primary management objective for 2024 focused on an approved plan 

that increased suitable habitat attributes, including low salinity, high turbidity, and relatively cooler 

water temperatures.  

For 2024, the DCG developed the following hypotheses:  

 Decreasing X2 will maximize the area of delta smelt habitat with appropriate temperatures, 

turbidity, and salinity, which will result in higher delta smelt growth and survival.  

 Decreasing X2 will increase biomass of calanoid copepods, specifically Pseudodiaptomus forbesi 

abundance in Suisun Bay will increase through increased transport of freshwater species from 

upstream, which will result in higher delta smelt growth and survival. 

 Operating the SMSCG during the summer and fall will maximize the duration and area of delta 

smelt habitat with appropriate temperatures, turbidity, and salinity, which result in higher 

growth and survival. 

 
1 The DCG includes representatives from the 5‐agencies and SWP/CVP contractors. 



 Operating the SMSCG during the summer and fall will increase biomass of calanoid copepods, 

specifically, Pseudodiaptomus forbesi, in Suisun Marsh through increased transport of 

freshwater species from upstream, which will result in higher delta smelt growth and survival.  

Both the management objectives and hypotheses remain unchanged for the proposed alternative 

action. DWR and Reclamation will continue to implement the Summer‐Fall Habitat Monitoring and 

Science Plan2 through October of 2024, which was recently peer‐reviewed by an independent panel of 

experts.  

Justification for Alternative Summer‐Fall Habitat Action Plan  

In early 2024, over 90,000 hatchery adult cultured delta smelt were released into the Sacramento River 

near Rio Vista. Monitoring data indicate that hatchery delta smelt represent the majority, if not the 

entire, population of delta smelt in the wild. In 2024, adult delta smelt successfully spawned in the wild, 

resulting in population estimates of juvenile and post‐larval delta smelt of greater than 2 million 

individuals the week of April 5, 2024 (Abundance index of 2,453,239, 95% confidence interval of 667,028 

– 6,453,026; Preliminary Analysis of the Enhanced Delta Smelt Monitoring Program (EDSM), available at 

EDSM Weekly Report | FWS.gov). Delta smelt catches remained relatively high through most of May. 

However, EDSM catches were low in June during its ’20‐mm’ trawls and since July, when the program 

restarted its Kodiak trawl sampling only one delta smelt has been observed (in August in Suisun Bay). 

Note, the lack of observations of delta smelt in the trawls during July and August does not indicate that 

the population went to zero in the estuary. Rare fish are difficult to detect in the wild. Nevertheless, the 

reduction in catches suggests that delta smelt incurred high mortality beginning in late May or early 

June. This pattern would be consistent with observations from 2017, when warm summer conditions 

resulted in lower fall abundance of delta smelt (FLOAT‐MAST, 2020). In many areas of the estuary, data 

collected by EDSM during their daytime surveys showed water temperatures elevated above levels that 

current information suggests could impair growths (22oC) for delta smelt (Figure 1): 
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Figure 1. Box plots showing water temperatures in degrees Celsius collected by EDSM during weekly 
surveys by month of 2024 in each of the major strata of the Delta, Suisun Bay, and Suisun Marsh. Red 
dashed line indicates stressful temperatures for Delta Smelt. 

The least stressful temperatures in June ‐ August were observed in Suisun Bay and Suisun Marsh, the 

locations where Fall X2 and SMSCG actions are intended to directly benefit delta smelt. The SMSCG 

component of the modified 2024 Summer‐Fall Habitat Action is intended to provide increased habitat 

where suitable water temperatures overlap, which may be especially important given the heat wave 

that occurred in the first week of September.  

A recently published life cycle model analysis shows that delta smelt summer survival is strongly 

correlated with summer outflow, whereas fall survival is weakly correlated to fall outflow (Polansky et 

al. 2024). Thus, the statistical life cycle model best explaining delta smelt population growth includes 

summer outflow but not fall outflow (Polansky et al. 2024). FWS summarized the previously published 

life cycle model summer and fall flow results (Polansky et al. 2021; 2023; 2024) for the analysis of the 

Proposed Action in their draft Long‐term Operations Biological Opinion, concluding that Fall X2 

component of the Summer‐Habitat action was not likely to affect delta smelt survival. Another recent 

life cycle model effort found that the area of low‐salinity habitat was not among the predictors with 



highest evidence for relationships with trends in delta smelt population abundance indices (Polansky et 

al. 2021). Polansky et al. (2021) also found that September–November X2 was negatively correlated to 

the subsequent year’s recruitment (adult to larval survival); however, as illustrated by plots of the 

predicted relationship with associated credible intervals from statistical modeling (Polansky et al. 2021: 

Figures 1 and C.1), there is appreciable statistical uncertainty in the relationships, which are based on 

annual mean values across water years. September–November X2 thus was not included in the 

subsequent modeling effort by Smith et al. (2021), which focused only on the relationships found by 

Polansky et al. (2021) to have the most evidence of having an effect in the hypothesized direction. The 

modeling by Smith et al. (2021) forms the basis of the delta smelt Life Cycle Model with Entrainment 

(LCME), for which the only operations‐related inputs based on statistical support from analysis of the 

historical data are 1) Old and Middle River flows during various averaging periods in December through 

June as indicators of entrainment risk across various early life stages, and 2) June–August Delta outflow 

as an omnibus indicator of habitat conditions in the summer (ICF 2023:Appendix D, D‐478). In short, the 

offramp from implementing X2 at 80 km in October is not anticipated to have effects on delta smelt 

survival.  

Modeling Analysis  

DSM2 modeling was used to evaluate the effects in the western Delta where two modeling scenarios 

were developed using median (50%) expected hydrology and SWP/CVP operations. The required Net 

Delta Outflow Index (NDOI) to meet an X2 of 80 km was estimated based operations in 2023 and applied 

to the SWP/CVP operations models for the fall action in 2024. 

Two modeling scenarios were completed to evaluate the expected change in western Delta and Suisun 

Marsh between: 

1) Baseline conditions – where the SWP/CVP manage X2 at 80km for September and October 

2) Proposed Action – where the SWP/CVP manage X2 at 80 km for September, but not in October. 

With this Proposed Alternative Action, the SMSCG is operated tidally from September 6 to 

September 30. 

Table 1. shows the assumed NDOI for these two scenarios, where September and October NDOI is very 

similar for the Baseline scenario, which assumes meeting 80 km in both months. Under the Proposed 

Action, the NDOI increases in September with the addition of the SMSCG tidal operation, where 

additional flow is needed to compensate for the SMSCG operation. In October the assumed NDOI is 

roughly what is expected to be needed for managing water quality. 

Table 1: Scenarios to evaluate potential effects of the Proposed Action 

  NDOI (Sep)  SMSCG (Sep)  NDOI (Oct)  SMSCG (Oct) 

Baseline  9,504 cfs  0 days  9,500 cfs  0 days 

Proposed Action  10,344 cfs  25 days  4,800 cfs  0 days 

 

Modeling results 

Two primary metrics were evaluated with this analysis: 1) change in the position of X2, and 2) change in 

salinity at Belden’s Landing. Figure 2 shows the change in X2 position between the Baseline and the 



Proposed Action, where the Baseline X2 is maintained around 80 km until the beginning of November at 

which time the X2 begins moving upstream. Under the Proposed Action, X2 is maintained at 80 km only 

until the beginning of October at which time it is allowed to move upstream. The model average X2 

under the proposed alterative action is 83.2 km for October. Both scenarios begin in converge and are 

within 1 km to 2 km near the end of November. 

Figure 3. shows the change in Belden’s Landing salinity (PSU). Under the Baseline scenario, salinity at 

Belden’s Landing ranges from approximately 3 to 4 PSU over September to October, whereas with the 

Proposed Action, salinity is significantly reduced, down to about 1 PSU for most of September and then 

trending to just below 6 PSU once the SMSCG is assumed to cease tidal operation in October. The 

modeled variation in salinity changes fall within the salinity tolerance for delta smelt (1‐6 PSU; see 

Brown et al. 2014).  

 

Figure 2. Resulting daily average position of X2 under Baseline conditions and under the Proposed Action. 



 
 

Figure 3. Resulting daily average Electrical Conductivity (EC) at Belden’s Landing under Baseline 

conditions and under the Proposed Action. 

Framework for the Take and Effects Analysis  

Current Delta Smelt Spatial Distribution and Population Status 

The EDSM program’s Phase 3 sampling program for juvenile and subadult delta smelt began on July 1, 

2024. Between that date and the most recently available survey (September 2‐6th), only one delta smelt 

has been collected (Suisun Bay, Week 6, August 5‐9, 2024; Figure 4). Most population abundance indices 

therefore are zero, with the Week 6 estimate being 6,592 fish (95% confidence interval of 557–28,491; 

Figure 5). The observation of a single fish in Suisun Bay is consistent with prior observations that most 

delta smelt rear in the low salinity zone during the time period that the proposed 2024 Summer‐Fall 

Habitat Action would occur (Hobbs et al. 2019). The focus of the analysis below therefore is mostly on 

the low salinity zone.  



 

Figure 4. Total Delta Smelt Catch by Site in Week 6 (August 5‐9, 2024) of Phase 3 of the Enhanced Delta 

Smelt Monitoring Program, 2024. Source: USFWS (2024). 

 

 

 

 



 

Source: USFWS (2024.) Note: Point represents abundance index estimate, whiskers represent 95% confidence interval. 

Figure 5. Delta Smelt Abundance Index by Week and Stratum, Phase 3 of the Enhanced Delta Smelt 
Monitoring Program, 2024. 

SWP and CVP Entrainment 

Delta smelt are not likely to be entrained at the south Delta export facilities during the fall based on 

historical data (e.g., Brown et al. 2014), therefore differences in south Delta exports because of the 

proposed 2024 Delta Smelt Summer‐Fall Habitat Action would not result in take by entrainment.  

Extent of the Low Salinity Zone and Abiotic Habitat Index 

The 2024 proposed Summer‐Fall Habitat Action is modeled to shift the average October from 79.2 km to 

83.2 km (4 km). Based on the relationships between X2 and delta smelt low salinity zone extent (Table 2, 

reproduced from Brown et al. 2014) and between X2 and an index consisting of the area of abiotic 

habitat weighted by the probability of delta smelt occurrence based primarily on Secchi depth and 

conductivity (Feyrer et al. 2011) (Table 3‐1 of Brown et al. 2014), the proposed 2024 Summer‐Fall 



Habitat action would likely decrease low salinity zone extent and abiotic habitat, decreasing the overall 

low salinity zone extent from 7,369 hectares (18,209 acres) to 5,075 hectares (12,541 acres; Table 2) and 

the habitat index for October from 5,292 to 4,081 (Table 3). This will result in less habitat in Suisun 

Marsh and Grizzly Bay, with remaining low salinity zone habitat restricted to Honker Bay and upstream 

(Figure 6). While habitat area will decrease in October, there is high uncertainty if this effect will 

translate in any population effects given recent life cycle model results (Polansky et al. 2021; 2024). 

Table 2. Delta smelt habitat indices by X2 position.  The habitat index weights the probability of 
occurrence of delta smelt at a fall midwater‐trawl (FMWT) station by the surface area associated with 
that station. The probability of occurrence of delta smelt at a station is based on a general additive 
model incorporating water temperature, salinity, and turbidity measured at the time fish were sampled. 
The habitat index was calculated as the average habitat index for the 4 months of the FMWT, 
September–December. The annual habitat index was then related to mean X2 from September to 
December by using locally weighted‐regression scatterplot smoothing (LOESS regression). 

 

Source: Brown et al. (2014: Appendix 3, Delta Smelt Habitat Index, Table 3‐1) 

 



 

Source: Delta Modeling Associate (2014: Low Salinity Zone Flip Book, Version 2.0.96) 

Figure 6. Extent of low salinity zone habitat predicted at the baseline value of X2 (80 km) during October 
and model results for the alternative location of X2 (83 km).  

Food Availability in the Low Salinity Zone 

Recent studies have provided conflicting information on the relationship between fall Delta outflow and 

food availability in the low salinity zone. Detailed examination of a fall flow action in 2017 compared to 

2011–2016 did not provide evidence for an increase in delta smelt prey with increased outflow in 2017 

(Schultz et al. 2019; Flow Alteration ‐ Management, Analysis, and Synthesis Team 2020). In contrast, Lee 

et al. (2023) found support for higher abundance of Pseudodiaptomus forbesi in Suisun Bay and Suisun 

Marsh during years of higher September–November Delta outflow (2017 and 2019) relative to years 

with lower Delta outflow (2018 and 2020), and a similar trend was described in the 2024 Summer‐Fall 

Habitat Action Plan (Figure 7). Kimmerer et al. (2018a) also found increased abundance in downstream 

regions with higher flows.  However, none of these analyses conclusively linked increased abundance of 

P. forbesi and delta smelt growth in the years of higher outflow. These empirical observations of greater 

P. forbesi density with greater Delta outflow are supported by several modeling analyses (Kimmerer et 

al. 2018b, Hassrick et al. 2023), although it may be difficult to detect increased P. forbesi density in the 

low‐salinity zone due to the volume of Delta outflow required (Hassrick et al. 2023). Other analyses have 

found largely nonlinear relationships between outflow and calanoid copepod biomass in the Delta and 

Suisun Marsh/Bay, with potential for negative effects of greater September/October outflow on delta 

smelt prey at several locations (Hamilton et al. 2020). 



 

Figure 7. Log‐transformed catch per unit effort (CPUE) of the copepod Pseudodiaptomus forbesi in the 
lower Sacramento River (River), Suisun Bay, Grizzly Bay, and Suisun Marsh in the Fall (Sep‐Oct) and 
Summer (Jun‐Aug) by water year type. Figure modified from the 2024 Summer‐Fall Habitat Action Plan 
produced by the Delta Coordination Group in spring of 2024.  

ICF’s (2023:4‐24) examination of evidence for relationships between delta smelt zooplankton prey in the 

low‐salinity zone and fall (September–November), Delta outflow indicated only two taxa (E. affinis 

adults and mysids) had statistically significant regression relationships (see ICF 2023:Appendix D, Section 

D.9, Zooplankton–Delta Outflow Analysis; Table 3). Overall, the available information suggests there 

would be limited effects of the Proposed Action on food availability in the low salinity zone. 

Table 3. Zooplankton Fall (September–November) Regression Summary, With Bold Indicating Statistically 

Significant (P<0.05) Regressions.  



 

Source: ICF (2023:Appendix D, D‐478) 

Water Clarity in the Low Salinity Zone 

Greater water clarity tends to be correlated with lower probability of delta smelt occurrence in fall (e.g., 

Feyrer et al. 2011); higher turbidity decreases stress (Pasparkais et al. 2023), and lowers predation 

(Ferrari et al. 2014). Prior analyses have demonstrated statistically significant positive relationships 

between X2 and mean Secchi disk depth in the low salinity zone (ICF 2017:106), which supported 

hypotheses by Brown et al. (2014). The trends in these relationships suggest that mean X2 during the 

proposed 2024 Summer‐Fall Habitat Action could result in some effects during October but there is high 

uncertainty in both the spatial extent of delta smelt occupancy and whether water clarity will decrease 

in October. Note that there may be an effect of antecedent conditions: generally high outflow in wetter 

years would lead to greater amounts of sediment for resuspension in the low‐flow, fall months of such 

years, which would tend to give lower fall Secchi disk depth measurements at times when fall X2 would 

be relatively low (because of antecedent conditions).  

In water year 2024, turbidity was generally at favorable levels (> 12 NTU) for delta smelt during the 

summer in Suisun Bay and Suisun Marsh, but not in other areas of the estuary (Figure 8). 

Implementation of the SMSCG component of the revised Summer‐Fall Habitat Action is anticipated to 

maintain overlap of suitable habitat conditions, including water temperature, salinity and turbidity. The 

off‐ramp from implementing X2 at 80 km in October is unlikely to result in effects to delta smelt survival 

based on recent results from Polansky et al. (2021; 2024). 

 



 

Figure 8.  Box plots showing turbidity collected by EDSM during weekly surveys by month of 2024 in each 
of the major strata of the Delta, Suisun Bay, and Suisun Marsh. Red dashed line indicates 12 NTU, above 
which delta smelt are caught more frequently. August and September data were not available at time of 
writing. 

Water Temperature in the Low Salinity Zone 

Delta smelt generally occur within a 7‐25°C temperature range (Sommer and Mejia 2013), with high 

temperatures leading to increased stress, behavioral changes, and reduction in growth across their life 

history (Smith and Nobriga 2023; Davis et al. 2019; Lewis et al. 2021). High summer temperatures are 

thought to be an important factor limiting summer survival (Flow Alteration–Management, Analysis, and 

Synthesis Team 2020; Smith and Nobriga 2023). Prior statistical analyses have found limited evidence for 

positive relationships between X2 and water temperature in the low salinity zone (ICF 2017:115), 

indicating that the difference in X2 as a result of the proposed alternative 2024 Summer‐Fall Habitat 

Action would likely have minimal effect on water temperature in the low salinity zone during October.  



Cyanobacteria Harmful Algal Blooms 

The IEP MAST (2015:88–89) conceptual model for delta smelt posited a linkage between various factors 

(nutrients, summer hydrology, and air temperature) and toxicity from cyanobacteria harmful algal 

blooms (cHABs) to delta smelt and their prey. Residence time is positively related to cyanobacteria 

abundance, but recent analysis indicates that the low salinity zone is not a useful proxy for residence 

time in the area of the Delta that experiences the most severe cHABs and that climatic conditions 

(temperature and water year type) have the greatest influence on Microcystis abundance (Preece and 

Hartman 2024.) Therefore, the proposed alternative 2024 Summer‐Fall Habitat Action would likely have 

minimal effect on cHABs. 

Take and Effects: Other Listed and Candidate Fish Species  

Longfin smelt would not be likely to be affected by the proposed 2024 Fall X2 action because they tend 

to be downstream of the potential location of effect of the actions (ICF 2023:4‐66). There would not be 

expected to be any effect on juvenile winter‐run or spring‐run Chinook salmon or steelhead from the 

proposed 2024 Fall X2 action because they do not migrate through the estuary during the fall. There are 

no anticipated effects to adult Chinook salmon or steelhead migrating upstream due to the proposed 

2024 fall action because there is no evidence to suggest that changes in the low salinity zone location 

would impact their migration cues to upstream natal habitats. Green sturgeon and white sturgeon are 

found in Suisun Bay and Suisun Marsh during the summer and fall months. There is no evidence that 

salinity or X2 location would impact their rearing conditions since they freely move between brackish 

and freshwater habitats (Miller et al. 2022; Thomas et al. 2022).  

SMSCG operations are not anticipated to have any effects on adult Chinook salmon migrating upstream 

during September because they are able pass from Montezuma Slough to the Sacramento River using 

SMSCG boat locks. Similarly, the SMSCG action is not anticipated to affect white sturgeon and green 

sturgeon in September since their only expected to make localized movements in the fall. Like Chinook 

salmon, they can use the boat locks to move Montezuma Slough and Sacramento River.  
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