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The U.S. Fish and Wildlife Service's 2008 biological opinion and reasonable and prudent 
alternative with respect to continued operations of the Central Valley Project and State Water 
Project, which is currently subject to re-consultation, includes a Reasonable and Prudent 
Alternative referred to as the Fall X2 Action. The action requires water project operators to meet 
specified outflow requirements through a combination of releases from reservoirs upstream of 
the Delta and reductions in water exports from the south Delta. This report synthesizes the best 
available scientific information relating to the Fall X2 Action and should be considered during 
re-consultation. 

Introduction 
 
In a biological opinion issued in December 2008, the U.S. Fish and Wildlife Service (Service) 
determined that continued operations of the Central Valley Project (CVP) and State Water 
Project (SWP) as proposed by the U.S. Bureau of Reclamation (Reclamation) was likely to 
jeopardize the threatened delta smelt and result in the destruction or adverse modification of 
designated delta smelt critical habitat. Having made those determinations, the Service included a 
reasonable and prudent alternative to the proposed action in the biological opinion, consisting of 
five components. Component three, referred to as the Fall X2 Action, is intended to improve the 
habitat of delta smelt in the fall by increasing outflow during that period (USFWS 2008:282, 
369). 
 
The Fall X2 Action requires Reclamation and the California Department of Water Resources 
(DWR) to manage operations of the CVP and SWP in order to assure that the monthly average 
location of X2 in the Delta meets specified targets in water years characterized as “wet” or 
“above normal.” X2 is a measure in kilometers of the distance from the Golden Gate Bridge to 
the point in the Delta where salinity at the bottom of the channel is 2 parts per thousand. The 
water-year classification scheme is based on indices of the volume of runoff into major rivers 
that are tributary to the Delta. 
 
In September and October, Reclamation and DWR must maintain the monthly average location 
of X2 at 74 km in wet years and 81 km in above normal years (USFWS 2008:369). In November 
(and, in some cases, extending into December), the Fall X2 Action requires Reclamation and 
DWR to release an amount of water equivalent to all inflow into Sacramento Valley Basin 
reservoirs in order to provide outflow through the Sacramento-San Joaquin Delta up to the 
amount needed to maintain the monthly average location of X2 at 74 km in wet years and 81 km 
in above-normal years (USFWS 2008:369). Reclamation and DWR can reach these targets 
through a combination of water releases from reservoirs upstream of the Delta and reduced water 
exports from the pumping facilities in the south Delta. 
 
The Fall X2 Action is controversial because of its significant water cost in above normal and wet 
years. When it is implemented, the Action can cost on the order of 300,000 to 700,000 acre-feet 
of water. Even acknowledging that the price of water on the market can vary substantially, the 
action is one of the most expensive conservation measures implemented to protect delta smelt. 
Further, the consequences extend beyond the economic value of the lost water to impacts on 
employment and other socio-economic factors, particularly in agricultural communities in the 
southern Central Valley that are dependent on water supplied by the export operations. 
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Justification for the Action 
 
In its 2008 biological opinion, the Service explained that the Fall X2 Action is necessary because 
operation of the water projects as proposed by Reclamation would have “significant adverse 
impacts on X2, which is a surrogate indicator of habitat suitability and availability for delta smelt 
in all years” (USFWS 2008:373; see also Appendix 1 for salient text from the biological opinion 
relating delta smelt to its habitat, and the extent and quality of delta smelt habitat to the location 
and extent of the low-salinity zone in the estuary). Thus, a principal justification for the Fall X2 
Action is that the location of X2 in the estuary is a proxy for the extent of delta smelt habitat and 
that as the value of X2 increases, the availability and suitability of delta smelt habitat in the 
estuary decreases. The Service opined that the reduction in and constriction of delta smelt habitat 
– attributable to an increase in the monthly average location (and value) of X2 – limits the 
distribution of delta smelt “mainly to a core region in the vicinity of the Sacramento and San 
Joaquin Rivers (Feyrer et al. 2007)” (USFWS 2008:179). Therefore, an additional justification 
for the Fall X2 Action is to increase the spatial extent of delta smelt habitat and, accordingly, the 
distribution of delta smelt. The Service further indicated that the loss and constriction of delta 
smelt habitat is reflected in a statistical association between the location of X2 in the estuary in 
the fall and the production of young delta smelt during the following year (USFWS 
2008:373). As a consequence, the Service posited that implementation of the Fall X2 Action 
would lead to an increase in the abundance of delta smelt the following year (see Box 1). 
 
In sum, in the 2008 biological opinion, the Service argued that the Fall X2 Action would lead to 
an increase in delta smelt habitat in the autumn of wetter years, would expand the distribution of 
delta smelt, and would increase abundance of delta smelt in the following year. Other regulatory 
authorities adopted that compound finding as justification for the need for a fall outflow 
requirement. The State Water Resources Control Board (which has overlapping regulatory 
authority with the Service for certain aquatic species in California), like the Service before it, 
cites to the work of Feyrer and his colleagues (2007, 2011) to support the assertion that “[t]he 
amount of habitat available to delta smelt is controlled by freshwater flow and how that flow 
affects the position of X2, geographically, in the estuary” (SWRCB 2010:108).  Even while 
recognizing uncertainty regarding the effectiveness of the Fall X2 Action, the State Water 
Resources Control Board concluded that it is likely to improve habitat conditions for delta 
smelt. Similarly, the Interagency Ecological Program, the home base for the Delta’s interagency 
natural resource research and monitoring curriculum, advances the premise that conditions are 
more favorable for delta smelt when the low-salinity zone is located in the western portion of the 
fish’s geographic range in the estuary, increasing the availability of fresher water in the Delta, 
thereby supporting more sub-adult delta smelt (IEP 2014:141). More recently, in the 2016 
biological assessment for the California WaterFix Project prepared by Reclamation, that agency 
included the Fall X2 Action as a component of a proposed management action. In doing so, 
Reclamation made the observation that “the location of X2 influences both the area and quality 
of habitat available for delta smelt to successfully complete their life cycle” (USBR 2016:6-2). 
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Box 1 – The 2008 biological opinion logic chain 
 
The Service draws from findings in a published journal article (Feyrer et al. 2007) and references an 
unpublished manuscript (Feyrer et al. 2008, ultimately published as Feyrer et al. 2011) to assert that a 
relationship exists between the location of X2 in the San Francisco estuary and the distribution and size 
of the delta smelt population (FWS 2008, pages 236-237). 
 
Referencing the unpublished manuscript, the agency defines the tidally influenced and spatially dynamic 
low-salinity zone in the estuary as waters ranging from 0.5 to 6.0 psu, and observes that the location of 
the X2 (2 parts per thousand) isohaline reasonably represents the location and extent of the low-salinity 
zone. 
 
The agency asserts that the distribution of delta smelt can be predicted by the location of X2 in the 
estuary (FWS 2008, page 178). 
 
The agency asserts that the volume (area) of water that experiences low-salinity conditions in the Delta 
determines the extent of habitat that is available for delta smelt (FWS 2008, pages 373-375). 
 
The agency observes that the volume of water in that range of low-salinity conditions is greater when X2 
is located in more westerly positions in the Delta, reflecting the greater extent and depth of channels and 
bays in western portions of the Delta (FWS 2008, pages 236-237). 
 
The agency asserts that the location of X2 is a sufficiently accurate predictor of delta smelt presence and 
habitat availability, such that it can serve as a surrogate measure of the extent of delta smelt habitat 
(FWS 2008, page 373), and, as such, management actions intended to support the protection and 
recovery of delta smelt can be informed adequately by the location of X2 alone. 
 
The agency contends that delta smelt will benefit from more available habitat when the low-salinity zone 
is situated in western positions in the estuary in the autumn and prescribes specific locations for the X2 
isohaline, 81 km in above-average years and 74 km in wet years. 
 
In addition, the agency asserts that “[w]estward and variable locations of fall habitat … moves the delta 
smelt population away from the risks of possible future entrainment in the Delta, and distributes it more 
broadly throughout the estuary” (FWS 2008, page 373).   
 
The agency opines that those circumstances can be “expected to distribute smelt into more diverse 
geographic areas, helping to reduce the risk of localized losses from future entrainment, contaminants, 
and predation” and “may reduce the proliferation of other factors that reduce habitat suitability such as 
Microcystis and Egeria growth” (FWS 2008, page 373).   
 
The agency summarizes the effects of the position of X2 on delta smelt with the observation that water 
project induced “hydrologic change to the estuary threatens the recovery and persistence of delta smelt” 
(FWS 2008, page 374). 
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Support for the premise that the extent of the low-salinity zone in the 
estuary determines the performance of delta smelt 
 
The Service largely relied on a journal article by Feyrer et al. (2007), and an in-manuscript 
predecessor to an article that was subsequently published as Feyrer et al. (2011) to support its 
decision to impose the Fall X2 Action. Feyrer et al. 2007 investigated patterns of delta smelt 
distribution across gradients of three physical environmental factors that vary across the estuary 
– water temperature, Secchi depth (turbidity), and conductivity (salinity). Using long time-series 
survey data for delta smelt derived from the Fall Mid-water Trawl (FMWT), a seasonal sampling 
of fishes inhabiting the open waters of San Francisco Bay and the Sacramento-San Joaquin 
Delta, and environmental data from the fish survey stations, the study matched the presence of 
delta smelt with the physical factors to infer the preference of the fish for conditions across the 
ranges of the three factors. Feyrer et al. (2007) found that salinity and turbidity could explain 
slightly more than a quarter of the variance in delta smelt presences and absences across the 
Delta in the autumn. They went on to assert that “declines in habitat suitability were associated 
with anthropogenic modifications to the ecosystem,” adding that the results presented were 
“consistent with existing evidence of a long-term decline in carrying capacity in delta smelt” --
although the analyses presented in the paper do not support (or refute) those two statements.  
 
In the companion paper, Feyrer et al. (2011) drew from that earlier work in developing a delta 
smelt “habitat index” that “accounted for both the quantity and quality of abiotic [delta smelt] 
habitat” and used it “to model the index as a function of estuarine outflow.” The model used 
“general additive modeling to identify habitat suitability based on combinations of water 
temperature, clarity, and salinity from surveys conducted during fall,” applying it “using outflow 
predictions under future development and climate change scenarios.” The authors reasoned that 
abiotic habitat for delta smelt would diminish over time as flows through the Delta decreased, 
drawing the low-salinity zone deeper into the Delta, where the areal extent of waterways is 
lesser, therefore the extent of habitat as defined by abiotic factors (the water quality variables) is 
diminished. Water exports from the state and federal facilities in the south Delta in the autumn 
exacerbate the phenomenon with greater export volumes contributing to drawing the low-salinity 
zone incrementally further inland. Employing the Fall X2 Action to regulate outflow though the 
Delta, setting the low-salinity zone in more downstream locations in the estuary in above average 
and wet years would allow for greater areal extent of salinity-defined abiotic habitat. That, in 
turn, should have direct benefits to delta smelt, reflected in their increased growth and survival in 
the autumn of wetter years. 
 
But analytical errors combine to compromise the conclusions from the two journal articles. Of 
primary concern is that Feyrer et al. (2007) limited the environmental correlates of delta smelt 
presence in the estuary to just three physical variables. The analysis ignored other physical 
variables that appear in the Service’s own conceptual models linking delta smelt population 
responses to physical environmental attributes, and disregarded biotic variables altogether 
(although it recognized that biotic variables could play a major role in controlling the distribution 
of the species). Accordingly, temperature, turbidity, and salinity combined could explain just a 
small fraction of the variance in patterns of delta smelt presence and absence in the Delta in the 
autumn. The parsimonious conclusion from the Feyrer et al. (2007) study should have been that 
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temperature, turbidity, and salinity combined explain just a quarter of the variance in patterns of 
delta smelt presence and absence, and that the better predictors of delta smelt presence and 
absence were to be found among variables that were not investigated and combine to explain the 
other three quarters. Of additional of concern, Feyrer et al. (2007) drew delta smelt and 
environmental factor data from a subset of the FMWT survey stations rather than the full set of 
stations, excluding stations in areas that are known to be occupied by delta smelt. Among areas 
excluded from the analysis (because time series data were not then available) were several 
proximate to Cache Slough in the northeast Delta, where an apparent demographic unit that has 
contributed as much as a third of the total numbers of sampled delta smelt in recent years reside 
year-round in near-freshwater circumstances (Sommer and Mejia 2013). Multiple now-known 
“hotspots” of delta smelt numbers were unknown at the time and were not part of the FMWT 
survey footprint or the sub-sample of survey data analyzed by Feyrer et al. (2007 and see 
Polansky et al. 2017). Additionally problematic is the delta smelt “habitat index” in Feyrer et al. 
(2011) used to support the Fall X2 Action; it added sources of error into the biological opinion’s 
findings, including 1) the lack of an independent estimate of delta smelt abundance in the 
analysis, 2) a bias in the habitat index that served to hide geographic patterns of landscape 
occupancy by delta smelt, and 3) problems with the procedure used to link the habitat index to 
outflow through the Delta and the position of the low-salinity zone (these are discussed in detail 
in Manly et al. 2015). Combined, these flaws in design considerations in the two investigations 
misinformed the conceptual ecological model that served as the basis for the regulatory finding 
and the Fall X2 Action. 
 
The Service did not solely rely only on Feyrer et al. (2007) and material from what was to 
become Feyrer et al. (2011), referencing “several lines of published peer reviewed scientific 
research that link habitat alteration to the decline of delta smelt (Bennett 2005; Feyrer et al. 
2007; Nobriga et al. 2008).” The Service also asserted that “delta smelt have become 
increasingly habitat limited over time” and that “this has contributed to the population attaining 
record-low abundance levels (Bennett 2005; Baxter et al. 2008; Feyrer et al. 2007, 2008; Nobriga 
et al. 2008)” (USFWS 2008, p.374). However, Bennett (2005), the contemporary synthesis of 
ecological information on delta smelt at the time of the biological opinion, does not explicitly 
identify limited habitat as the cause of “record-low abundance” in delta smelt. Bennett (2005) 
conducts no quantitative analysis of the impact of changing habitat area in the autumn on 
subsequent abundance, although he does discuss both habitat volume (an inappropriate measure 
of the extent of habitat, as discussed herein below, see Bennett pages 32-34) and carrying 
capacity (pages 51-52).  He observes that “adult abundance is always low when X2 is located in 
the lower Sacramento and San Joaquin rivers” (page 32), but that observation was associated 
with the position of the low-salinity zone in the spring, not in the autumn (see his Figure 19A).  
He concludes from his analysis of stock recruitment models that “(h)abitat loss is a reasonable 
possibility for delta smelt [abundance declines] given our limited knowledge of ecology and the 
dramatic hydrological and food web changes that have occurred within its range over the past 
several decades” (page 30), but elsewhere attributes the declines to density dependence resulting 
from food shortages in the late summer, rather than shortages of habitat per se (page 51). Neither 
Nobriga et al. (2008) nor Baxter et al. (2008) show a link between the position (extent) of the 
low-salinity zone in the autumn to subsequent delta smelt numbers; rather they relate its 
abundance to factors affecting its detection or identify other putative causative factors, including 
flows during the spring and food availability during the summer. 
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Both Reclamation and DWR expressed concern regarding the appropriateness of the Fall X2 
Action. It was one of the elements of the biological opinion challenged by DWR and other 
interests, including farmers and water agencies, in federal court. While the United States Court 
of Appeals for the Ninth Circuit ultimately upheld the biological opinion and reasonable and 
prudent alternatives in light of the deferential standard of review afforded to federal agencies, the 
federal district court initially set aside the biological opinion and reasonable and prudent 
alternatives, including specifically the Fall X2 Action. Among other things, the trial court 
reasoned that there was no evidence in the record for the requirement to locate X2 at 74 km in 
wet years and 81 km in above normal years (a more detailed description of the court proceeding 
with respect to the Fall X2 Action is offered in Appendix 2). 
 
Concurrent with the legal challenge, a committee of the National Research Council was 
convened at the request of Congress to review the biological opinion and specifically the 
prescribed Fall X2 Action. The NRC committee report (NRC 2010) observed “the X2 action is 
conceptually sound in that the amount of habitat available for delta smelt limits their abundance, 
the provision of more or better habitat would be helpful.” But, the expert committee found no 
scientific justification for the assertion that the position of X2 determines either the amount or 
quality of delta smelt habitat or the abundance of the fish, pointing to the “weak statistical 
relationship between the location of X2 and the size of smelt populations” and observing that 
“the distribution of salinity and turbidity regimes and smelt abundance indices is unclear.” The 
committee further described the derivation of the Fall X2 Action as lacking “rigor,” pointing out 
that the action is “based on a series of statistical analyses” linking “the relationship of 
presence/absence data to environmental variables, the relationship of habitat to X2, [and] the 
relationship of X2 to smelt abundance” concluding that “each step of this logical train of 
relationships is uncertain.” Unavailable to the NRC committee were maps of the distribution of 
delta smelt habitat in the estuary, information on the distribution of delta smelt in the autumn of 
years experiencing different outflow regimes, or the distribution of its food resources in the same 
years. That the Feyrer et al. (2007) analysis used the FMWT as its source of delta smelt 
distribution and abundance was itself problematic; it’s survey-station locations mostly located in 
deeper open waters of the estuary’s larger channels and bays do not sample the full extent of 
delta smelt habitat (see Box 2). The FMWT and Enhanced Delta Smelt Monitoring Program are 
not designed to monitor the effects of the location of the low-salinity zone on the performance of 
delta smelt, nor can the data gathered in those surveys be used to competently assess the effects 
of the Fall X2 Action on the fish or its habitat (sensu stricto). The same shortcoming in survey 
design elements should be acknowledged in all investigations that use the generalized fish 
surveys to provide occurrence data on delta smelt. 

If not the extent of the low-salinity zone in the estuary in the autumn, 
what environmental factors do determine delta smelt performance? 
 
In light of flaws in the approach taken by the Service in the biological opinion to identify the 
cause of the delta smelt population decline, numerous studies were undertaken using diverse 
multivariate approaches to explore how both physical and biotic factors may affect the 
abundance of delta smelt. Multivariate autoregressive models indicated substantial support for a 
relation between abundance of delta smelt and one of 19 covariates – summer water temperature  
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Box 2 – The survey data for delta smelt and its reliability 
 
The sampling schema of four trawler-based fish surveys that seasonally sample the Delta and adjacent 
areas of the San Francisco estuary share an overlapping geographic footprint. The delta smelt abundance 
data used in Feyrer et al. (2007 and 2011) were generated from one of these, the Fall Mid-water Trawl 
(FMWT), which was originally designed to sample Age-1 striped bass at set survey stations on the open 
estuarine waters of San Pablo Bay east into Suisun Bay, past the confluence of the Sacramento and San 
Joaquin rivers, deep into the Delta. In a gross sense, the footprint of the FMWT trawl overlaps with 
much but not all of the distributional range of delta smelt. Because the FMWT does not sample a closed 
population of delta smelt, its catch cannot be translated with correction into census population numbers. 
Importantly the FMWT, which largely samples the deep-waters of bays and broader channels, misses 
many of the habitat associations occupied by delta smelt. Bennett (2005) describes delta smelt as more 
abundant in shallows and “shoal areas” than deeper channels, and Bennett and Burau (2015) make clear 
that the fish’s habitat is not the open waters and mid-channel benthos that the FMWT draws its nets 
through, rather it is found at shoal-channel interfaces during flood tides and near-shoreline situations 
during ebb tides, which are inaccessible to the FMWT gear. 
 
That the FMWT neither surveys a closed population nor samples all or at least a representative sample of 
the habitats occupied by delta smelt is adequate argument to dismiss its returns as not accurately 
reflecting the status of delta smelt and trends in its numbers, but other shortcomings of the data 
collection effort make it likely to be an unreliable monitoring tool for delta smelt. The FMWT generates 
sampling error from biases that include (1) survey depth, sampling creep by trawl boats over time, 
shifting to deeper positions adjacent to historical survey stations combine with gear that now cannot 
reach fish species that inhabit the bottom, and as many as half the contemporary trawls do not sample the 
bottom as they did three decades ago, (2) the time of day of sampling, which under-samples species that 
are nocturnal or crepuscular in many of their activities, (3) gear avoidance, it is now evident that many 
fish see the nets coming and escape capture, especially under increasingly frequent low-turbidity 
conditions, (4) gear-capture inefficiencies, wherein both very small and very large fish are differentially 
excluded from the catch, creating capture bias that can extend to different life stages of the same species, 
and (5) species misidentification, a chronic problem in early survey years, which may have affected 20 
percent or more of smaller species and early life stages, and in the case of delta smelt and the co-
occurring longfin smelt, likely confounding the abundance indices for the two species, potentially 
creating false trend patterns for each (Kirsch et al. 2018). 
 
The data generated by the FMWT have limited utility due to uncorrected and uncorrectable biases, 
making it flawed as a survey tool for delta smelt (Latour 2016). In fact, the U.S. Fish and Wildlife 
Service has acknowledged shortcomings in the FMWT and the general fish surveys in informing 
conservation planning and directing species-specific management actions; a year ago it instituted an 
Enhanced Delta Smelt Monitoring (ESDM) Program in an effort to address a subset of these. The agency 
recognized that “the declining Delta Smelt population has resulted in the need to develop a high 
precision sampling program with the ability to detect Delta Smelt at low densities in order to support 
real-time management decisions and to continue to monitor population dynamics” (FWS 2016a). 
 
Over the past two years, the EDSM has intensified the seasonal surveys for delta smelt, adding new 
sample stations and increasing the frequency of sampling, estimating survival, and inferring dispersal. In 
September and October, 2017, the EDSM caught 40 times the number of delta smelt than did concurrent 
sampling via the FMWT, reinforcing the conclusion that the FMWT and other seasonal surveys are not 
competent in sampling the delta smelt population. An incremental upgrade over the historical surveys, 
which are limited to offering abundance-index values, the EDSM is designed to estimate life stage-
specific abundance using catch-per-unit-effort values and volumetric multipliers, spatial distribution, and 
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survival. Unfortunately, like the FMWT, the EDSM does not sample the complete range of delta smelt 
and, like the FMWT, it does not sample the breadth habitat strata that appear to support the highest 
densities of the fish, hence it perforce under-samples the population. 
 

 
(MacNally et al. 2010). A Bayesian change-point analysis found that two of 19 covariates, water 
clarity and the volume of water exported from the Delta in winter, were associated with the 
FMWT-derived autumn abundance of delta smelt (Thomson et al. 2010). A state-space life-cycle 
model indicated that delta smelt abundance was affected by density dependence, temperature 
from April through June and specifically in July, prey density from April through June and from 
July through August, abundance of predators from April through June and September through 
December, turbidity in January and February, and adult entrainment (Maunder and Deriso 2011). 
Five covariates – stock, entrainment, water temperature, prey densities, and predation from April 
through June appeared to affect delta smelt abundance in a multivariate investigation by Miller et 
al. (2012) that attempted to better specify the environmental factors than the studies that 
preceded it. Each of those studies considered the position of the low-salinity zone or outflow 
through the Delta in the autumn; none found evidence that the location of X2 in the fall 
determined the performance of delta smelt. 
 
More recently, Hamilton and Murphy (2018) drew from the environmental factors investigated 
in the previous multivariate investigations in an effort to identify factors that limit the abundance 
of delta smelt. The concept of “limiting factors,” derived from observations that applying more 
of a nutrient that was not limiting does not improve crop yields, asserts that the abundance of an 
organism is controlled not by the total amount of resources available, but by the availability of 
the scarcest resource. The concept recently has been applied in population ecology, and in 
studies of imperiled species (Thomson et al. 1996, Cade et al. 1999, Messier 2000, Dunham et al. 
2002, Kaiser et al. 2012). The Hamilton and Murphy (2018) investigation indicated that the 
effects of four factors have at different times limited delta smelt population performance. 
Entrainment at two power plants in Contra Costa County was identified as a significant 
contributor to delta smelt declines in the 1990s and earlier. In more recent years, predation and 
competition by Mississippi silversides had demonstrable effects on delta smelt numbers. But it is 
the availability of food that most frequently appears to limit delta smelt abundance. A shortage of 
zooplankton in summer appeared to affect delta smelt numbers in more than 40 percent of the 
years that were evaluated, and, not surprisingly, the availability of food earlier in the year may 
influence survival of the delta smelt’s early life stages. When food availability in the spring was 
included in models that best-explain delta smelt abundances, the frequency of food limitation in 
summer decreased and food limitation in the spring showed elevated effects. The position of the 
low-salinity zone in the estuary in the autumn was not observed to be a factor limiting the 
abundance of delta smelt in any year. 
 
The multivariate studies that followed the appearance of the 2008 biological opinion, and the 
recent investigation of the environmental factors that may limit delta smelt abundance, implicitly 
recognize the multidimensional concept of habitat. The widely accepted term habitat was used 
interchangeably with the term “abiotic habitat” in the 2008 biological opinion in its justification 
for the Fall X2 Action. But the two are not synonymous. The term habitat includes abiotic factors 
(that is, physical environmental factors) and biotic factors, which combined define the 
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spatiotemporal boundaries within which delta smelt are distributed and contribute to determining 
the abundance and reproductive success of the species (see Box 3). 
 
The premise in the 2008 biological opinion is that delta smelt habitat can be characterized for 
purposes of management planning as an “area of suitable abiotic habitat,” or, more specifically, 
the surface area of Delta water with the three physical or abiotic variables existing in a “suitable” 
range. But, habitat is not the surface area or volume of water that exhibits physical variables in a 
particular range. Rather, the habitat of a species includes the geographic areas it occupies, all of 
the resources it uses, and the conditional states of those resources. Such resources include both 
physical resources and biological resources; combined they provide the environmental elements 
necessary for the survival, persistence, and recovery of a listed organism. For delta smelt, 
variation in habitat extent and quality can occur with variability in the availability of food, 
shelter from predators, substrates for spawning, and a large number of physical variables, 
including salinity, turbidity, and temperature. Variability in salinity, measured as the location of 
X2 in the Delta, has not been shown to affect directly the survival of delta smelt or trends in its 
population numbers, nor the abundance or condition of any of the biotic resources that contribute 
to its habitat (and see ICF 2017). The best habitat for delta smelt is designated so by its 
comparative capacity to support and sustain the fish; and, that habitat can be found high in the 
Delta at near freshwater conditions, and low in the Delta, in and adjacent to Suisun Bay, where 
salinity conditions are the highest in the geographic range of the delta smelt (see Box 4). Feyrer 
et al. (2007) acknowledge that “abiotic habitat,” defined exclusively by water quality variables, 
is not equal to actual habitat -- “Our evaluation of suitable habitat could be considered limited 
because it ultimately included only two factors, salinity and water transparency. But fish can 
only exploit resources within an area if they can occupy it in the first place. Thus, many other 
potential elements of delta smelt habitat suitability, such as food density, entrainment risk, 
predation risk, or exposure to contaminants will be influenced by the quantity, quality, and 
spatial distribution of the water quality parameters we modeled… It should be noted that these 
other factors would not likely increase our estimates of suitable habitat – they could only reduce 
them.” 
 
However, rather than prudently limiting their conclusions to weak inferences regarding delta 
smelt and its habitat drawn from weak correlations between occurrences of delta smelt and water 
quality variables, Feyrer et al. (2007, 2011) and the 2008 biological opinion use those variables 
as legitimate proxies for delta smelt habitat. With that rationale, the position of X2 in the estuary, 
absent any quantitative validation, became the “surrogate indicator” of the extent and quality of 
delta smelt habitat used to inform the Fall X2 Action. 

The low-salinity zone and X2 as a conservation target for delta smelt 
 
The use of X2, the proxy for the low-salinity zone, as a focal environmental target for 
conservation planning in an estuary has definite appeal – after all, flows through, and tidal 
influences in an estuary functionally define the ecosystems there, and serve as essential 
mediating influences to which estuarine ecological communities respond. A salinity gradient 
defines the limits of the distribution of many estuarine species, and presumably contributes 
directly and indirectly to determining their abundances. At the same time, no attribute of an 
estuary is quite so dynamic. Survival of any estuarine species likely reflects adaptations to a  
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Box 3 – The concept of habitat 
 
Habitat is a species-specific concept and the term has been widely misused (Hall et al. 1997). Each 
species has a spatio-temporal area that it occupies and specific resources and resource conditions that it 
requires for its survival and persistence (Morrison et al. 1991). Habitats are spatially explicit, that is, 
they can be portrayed on maps, which is essential in conservation planning efforts that target imperiled 
species and their habitats. Understanding the location and extent of habitats that support species of 
concern and the availability of those habitats over time is critical to directing conservation efforts and 
contributing to species recovery (Murphy and Noon 1991).  
 
The habitat of a species of concern can be occupied or unoccupied at any point in time. Habitat can vary 
in quality or conditions as measured by the fitness of the individuals that reside there. The term “suitable 
habitat” is frequently invoked, but habitat is by definition suitable, or it’s not habitat. That said, 
unsuitable environmental conditions may occur across all or portions of a species’ habitat, making 
certain resources unavailable or just marginally acceptable. A species may experience population losses 
or individuals may move to landscape areas with better conditions, or both may occur. Unsuitable 
conditions may be short-lived, for example during a winter cold snap, or they may last for long periods, 
like during an extended drought that may last for years. Whether unsuitable for short or long periods, 
environmental conditions can again become suitable allowing a local or regional population to rebound 
in numbers and move back into habitat that was temporarily unoccupied, or both. 
 
Habitat includes physical resources and biological resources that provide the environmental elements 
necessary for the survival and persistence of a species. Habitat quality varies with dynamic 
environmental conditions across the landscape and through time. For delta smelt, variation in habitat 
quality can occur with variation in the availability of food, shelter from predators, substrates for 
spawning, and a large number of physical variables in suitable ranges, including salinity, turbidity, 
temperature, and flow velocity. When the conditions of any one of those resources falls outside the 
suitable range for delta smelt, it can impact the fish’s growth, movements, reproduction, or survival. 
 

 
range of salinity conditions that vary substantially with other environmental conditions, 
including landforms, bathymetry, and ground-water inputs, and with other physical factors that 
vary at small spatial scales and as a consequence of short tidal-exchange periods. Seasonal 
variation in Delta through-flows lead to dramatic differences in the position and extent of the 
low-salinity zone over the longer term. If habitat is constrained in its extent and quality for an 
estuarine fish, it might be expected that it would be on the basis of less dynamic physical 
variables than salinity concentrations and/or biological ones.  
 
The intuitive appeal of the position of X2 as a measure of the health of the Delta’s aquatic 
ecosystem for purposes of conservation management has a fairly long history. In a regulatory 
context, it marks back at least to 1994, when the U.S. Environmental Protection Agency, 
California water agencies, and stakeholders agreed to salinity standards for then-identified 
ecologically sensitive geographic areas of the Delta. The location of more saline conditions in 
more westerly portions of the Delta where the estuary empties into San Francisco Bay is 
associated with better water quality in more of the estuary. The location of what has come to be 
referred to as the X2 isohaline – the distance from the Golden Gate Bridge, where San Francisco 
Bay meets the Pacific Ocean, to the location of the 2 parts per thousand isohaline – can be used 
to mark the landward limit of the salt field in the estuary, and functionally represents salinity  
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Box 4 – A definition of habitat for delta smelt 
 
Habitat for delta smelt includes areas in the northern estuary, primarily from Suisun Bay and Suisun 
Marsh east into the Cache Slough complex of waterways. While delta smelt can be found in the open 
waters of bays and larger channels, they are more frequently associated with complex bathymetry, in deep 
channels close to shoals, shallows, and, in spring, shore lines, in areas with little submerged vegetation 
and minimal densities of Microcystis, but in proximity to extensive tidal or freshwater marshlands and 
other wetlands. Such situations contribute to local production of diatom-rich phytoplankton communities 
that support copepods, in particular Eurytemora and Pseudodiaptomus, and certain cyclopoid zooplankton 
that are frequent in the diets of delta smelt. The fish demonstrate good performance in waters with: 1) 
surface salinities of less than 6,500 Ec in the spring, less than 17,500 Ec in the summer, and less than 
19,500 Ec in the fall, noting that improved performance is associated with a range of use by delta smelt of 
less than 3,300 Ec in spring, 12,500 Ec in summer and 13,000 in fall, 2) water transparency less than 100 
cm Secchi depth in spring, 60 cm in summer and 80 cm in fall, noting that improved performance is 
associated with a range of use by delta smelt of less than 50 cm in spring and summer, 3) spring water 
temperatures during hatching close to 15 oC, summer water temperatures below 23.3 oC, and fall water 
temperatures below 21.6 oC, noting that improved performance is associated with a range of use by delta 
smelt of less than to 22 oC in summer and 20.6 oC in fall, and 4) relatively low flow velocities, with 
preferred conditions varying somewhat with life stage.  Differences in densities of food in waters used by 
delta smelt seem to have little association with differences of performance of delta smelt in spring and 
fall. Improved performance is associated with a range of use by delta smelt of more than 1,370 gC/m in 
summer and median calanoid density of 5,000 gC/m. Before spawning, delta smelt initiate a diffuse 
landward dispersal to fresher-water circumstances. Increases in delta smelt numbers have been greatest in 
years with wet winters and springs (average X2 less than 68 km) when the first flush occurs in December 
and is moderate (30-day average inflow of <80,000 cfs) and when flows across Yolo bypass are 
prolonged (more than 50 days of flow between January and April). Mississippi silversides prey on young 
smelt and may compete with older delta smelt; good and excellent delta smelt performance has not 
occurred when silverside numbers exceed 100 per sample in nearby beach seines. While little is known 
about the microhabitat conditions required for successful spawning, preferred substrates may include 
clean cobble or sandy surfaces to which eggs are adhered. Where pre-spawning delta smelt must disperse 
greater distances to spawning areas, intervening areas of the estuary, including some areas with conditions 
that may be less suitable for delta smelt, are occupied by spawning adults and young of the year making 
their way back to the species’ core distribution in northern portions of the Delta and adjacent estuary. 
 
Sources: Aasen 1999, Baskerville-Bridges et al. 2004, Bennett 2005, Bennett and Burau 2014, Lehman 
2009, Lehman et al. 2010, Mahardja et al. 2016, McGowan and Marchi 1998, McGowan 1988, Merz et 
al. 2011, Murphy and Hamilton 2013, Nobriga et al. 2008, and Sommer and Meija 2013. 
 

 
stratification in the water body. Importantly, its location is determined by water outflows to the 
bay through the Delta and tides, and both the quantity and quality of those outflows reflect 
expropriation of water by users within and upstream of the Delta, as well as contaminant inputs 
from urban, industrial, and agricultural sources (Jassby et al. 1995).  
 
Accordingly, Jassby et al. (1995) described X2 as an ecosystem-level “indicator” of conditions 
that affect both favorably and not favorably a wide variety of aquatic species (a misuse of the 
term indicator, as discussed below). The effects of the location of X2 on specific native and other 
desired fishes of the Delta and the ecological communities that support them are not so clear. As 
the position of X2 in the Delta moves bayward (to the west) and the estuary enjoys fresher and 
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very low-salinity water, the abundances of several fish species of conservation concern appear to 
increase (Kimmerer 2002), but other species that inhabit the low-salinity zone of the Delta 
exhibit broad tolerances to salinity conditions, and do not appear to respond similarly. Kimmerer 
(2002) examined the relationships between the location of X2 in the spring and abundance 
indices for seven fish species and several aquatic invertebrates, finding negative correlations 
between the position of X2 and abundances of five species, but no correlation for two others, 
including delta smelt. A lack of positive response to X2 by lower-trophic level organisms in the 
study led Kimmerer to conclude that the proximate mechanisms for the positive X2 relationship 
with certain fishes are physical phenomena associated with the low-salinity zone, such as access 
to floodplain habitats or spawning areas in tributaries, but not necessarily salinity itself. 

Whether the position of X2 can serve as a “surrogate indicator” for the 
location and extent of delta smelt habitat 
 
A key premise supporting the Fall X2 Action is that the position of X2 in the estuary can serve as 
a direct measure of the location and extent of the portion of the low-salinity zone that is occupied 
by delta smelt, and therefore, can serve as “a surrogate indicator of habitat suitability and 
availability for delta smelt in all years” (FWS 2008). The reference to a “surrogate indicator” 
combines two concepts -- surrogates and ecological indicators -- that individually have valuable 
application in conservation planning. But a growing body of literature warns against use of 
surrogates or ecological indicators without validation of the relationship between the target and 
the surrogate/indicator (Murphy and Weiland 2014, Murphy et al. 2011, Wenger 2008) and post-
biological opinion data and analyses on delta smelt provide strong evidence that the premise that 
the position of X2 in the estuary is an indicator of the extent of delta smelt habitat is false. 
 
There are three criteria that an ecological indicator must fulfill to establish its validity to 
represent the habitat for delta smelt in conservation planning (consistent with Dale and Beyeler 
2001, Hunsaker and Carpenter 1990, Niemi and McDonald 2004) --   

1) The location of the indicator (in this case the location of a portion of the low-salinity zone 
in the estuary) must spatially and temporally occur over much of the range of the target 
species and the distribution of its (ecological) habitat, 

2) There must be an ecological mechanism by which the indicator (here the location of fall 
X2) controls or affects the distribution or abundance of delta smelt, or the extent or 
condition of its habitat, and 

3) The location of the indicator must be anticipatory of changes in the status of the delta 
smelt or its habitat; that is, a measurable change in the position of X2 will predict 
changes in the size of the delta smelt population and/or the extent or condition of its 
habitat that can be averted by a management action.  

The location of X2 in the estuary in the autumn fails to fulfill those criteria for delta smelt 
habitat. Delta smelt are frequently and consistently found outside of the portion of the low-
salinity zone from X0.5 to X6 that was used to define the fish’s (abiotic) habitat boundaries in 
the estuary in investigations by Feyrer et al. (2007, 2011; also Brown et al. 2014, 2016), and 
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large areas of the estuary exhibiting salinity conditions from X0.5 to X6 are unoccupied by delta 
smelt in the autumn in nearly all years (Merz et al. 2011, Murphy and Hamilton 2013). The 
location and extent of the low-salinity zone therefore fails to represent delta smelt habitat for 
purposes of conservation planning. It is plainly established from available survey data and has 
been long appreciated that delta smelt are found in circumstances from freshwater (X0) to 
estuary areas with salinities of X16 and greater (see Heib and Fleming 1999, Moyle et al. 2010). 
No data exist that indicate that delta smelt performance is lesser in salinities inside or outside of 
the X0.5 to X6 range of salinity that is represented as (abiotic) habitat in the 2008 biological 
opinion (and in Feyrer et al. 2007 and 2011 and Brown et al. 2014 and 2016).  

While delta smelt almost certainly were historically more widespread in the Delta, the fish is 
now largely restricted to the more northern sub-areas of the estuary, from Suisun Bay and Suisun 
Marsh in the west, east up into the main-stem Sacramento River, with highest densities around 
Liberty Island, Cache Slough, and the Sacramento River deep water ship channel. The low-
salinity zone is located across much of that area, seasonally shifting up to two dozen kilometers 
in east and west directions, and is distributed broadly across southern and eastern areas of the 
Delta that are sparsely occupied or unoccupied by delta smelt. Areas that appear to be currently 
more densely populated by delta smelt in the autumn frequently experience the low-salinity 
conditions described as suitable in the biological opinion, but some occupied areas experience 
intermittent freshwater conditions. Notably delta smelt have been recorded in the western 
portions of their range in years in which autumn outflow is low (X2 near 90 km and above, as in 
autumn 2007; see Figure 1) and the low-salinity zone is situated well into in the eastern portions 
of the Delta. And the fish is found in near freshwater circumstances well east of the X2 isohaline 
range in years in which autumn outflow is comparatively high (X2 in the below 80 km range, as 
in 1995; see Figure 1). Moreover, delta smelt are frequently and consistently found outside of the 
core occupied areas in the estuary, and large portions of the available lens of low salinity in the 
estuary are unoccupied by delta smelt in the autumn. On first principles, and based on raw 
distributional data, X2 neither defines delta smelt habitat, nor is it a valid indicator of the 
landscape areas that support habitat used by delta smelt.  

The MAST report (IEP MAST 2015), which is an inter-agency synthesis of information on the 
ecology of delta smelt, states “data generally supported the idea that lower X2 and greater area of 
the LSZ would support more sub-adult Delta Smelt” and the “position and area of the LSZ is a 
key factor determining the quantity and quality of low salinity rearing habitat available to Delta 
Smelt.” But there is a paucity of empirical research to support these statements. Although 
Sommer et al. (2011) report that the “centroid” of the distribution of delta smelt appears to shift 
with the location of the low-salinity zone, the position of X2 in the estuary does not define or 
reflect the location, extent, and quality of delta smelt habitat. The sustained (continuous) 
presence of delta smelt in habitats in western portions of its range in the Delta and adjacent 
Suisun Bay and Suisun Marsh, in even the driest years when X2 is located in more eastern 
positions, countermands the assertion that X2 is a valid proxy measure for the location and extent 
of delta smelt habitat. 

Surrogates or proxies are used commonly to deduce salient ecological attributes of harder-to-
assess federally listed animals and plants, and to inform their determinations and decisions made 
in exercising their authorities under the ESA (see Caro 2010, Cushman et al. 2015). Inferences  
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Figure 1 a and b – Maps of the proportional distribution of delta smelt (red symbols) and 
density of its prey (green symbols) in September and October of years with higher through-Delta 
outflow (averaged X2 at 72km) and lower outflow (X2 at 88km) showing delta smelt sampled 
from both eastern and western ends of its distribution. A twenty-map sequence, including the two 
above, covering years 1990-2008 appears in Appendix 3.  
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drawn from co-occurring, more readily observed, and better-studied species or from biological or 
physical features of a species’ habitat may provide useful to resource managers. However, no 
surrogate species for delta smelt has been proposed, and considering the points above, it is 
unlikely that a readily measurable surrogate or proxy measure that co-occurs with and varies 
predictably across the spatial extent of delta smelt habitat exists. In any case, should a surrogate 
for delta smelt or an ecological indicator to its habitat be proposed, it must be put through a 
validation procedure before being institutionalized in management planning (see Murphy and 
Weiland 2014) 
 
For purposes of conservation planning, the best habitat for delta smelt is defined not by X2 as a 
surrogate indicator; rather, the best habitat is defined by its comparative capacity to support and 
sustain the fish (see Box 4 above). That habitat can be found east in the Delta, in the lower 
Sacramento River near continuous freshwater conditions, and west in the Delta and in and 
around Suisun Bay and Suisun Marsh, where salinity conditions are typically highest in the delta 
smelt’s geographic range. While San Francisco Bay’s saline waters to the west and the 
freshwater Sacramento River to the east bound the range of delta smelt, the location of X2 in the 
Bay-Delta tidal zone by and large neither predicts nor determines the location of other resources 
that contribute to delta smelt habitat or the survival and successful reproduction of the species. 

Informing a targeted management action through effects analysis 
 
Data and observations relating to delta smelt distribution and abundance through time to varying 
through-Delta outflow regimes could be used to evaluate the following null hypothesis: 
 
Ho: The size and location of the LSZ does not influence the survival and growth of sub-adult 
delta smelt.  

A number of investigations since the 2008 biological opinion was released provide information 
that applies directly in evaluating the Fall X2 Action as a hypothesis. Emerging data and directed 
analyses establish that the geographic range of delta smelt includes areas with higher salinity 
conditions, beyond the portion of the low-salinity zone used as the habitat proxy for conservation 
planning purposes. Studies show that delta smelt have a broader tolerance for salinity than is 
reflected in the low-salinity habitat proxy. Historical and recent data indicate that delta smelt 
frequently use landscape areas not sampled in the general fish surveys. And the latest 
observations show that the elevated flows required to meet the Fall X2 requirement may displace 
delta smelt food downstream of areas with higher delta smelt densities, hence may deleteriously 
impact the species (Kimmerer et al. 2018). 
 
Kimmerer et al. (2013) examined the influence of freshwater flow (the location of X2) on the 
area and volume of the low salinity zone, and then considered associations with abundance of 
several fishes, including delta smelt. Using the UnTRIM model, they quantified the relationship 
between the X2 location and the area and volume of development of the low salinity zone, noting 
that both Suisun and San Pablo bays encompass wide ranges of salinity under most flow 
conditions, concluding that variation in the volume or area of “physical habitat” as defined by 
salinity is not a strong influence on the abundance of delta smelt. They note “use of salinity as 
the only variable that defines habitat is clearly inadequate” and “many aspects of habitat and its 
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response to freshwater flow are missed or ignored” by their own analysis. For example, an 
“important mechanism for the effects of flow on habitat for fish is stimulation of food web 
productivity… through nutrient loading (Nixon 1988) or stratification (Skreslet 1997), but not 
phytoplankton production (Kimmerer 2002b).”  
 
Murphy and Hamilton (2013) countered the assertion in the 2008 biological opinion that delta 
smelt undertake a spawning migration, wherein (i) sub-adult delta smelt move en masse eastward 
from Suisun Bay and the area of the Sacramento-San Joaquin rivers confluence to the central 
Sacramento-San Joaquin Delta in the winter and spring to spawning grounds on the main-stem 
rivers and other Delta tributaries and (ii) their offspring subsequently disperse back through the 
central Delta, returning to a more western distributional footprint by summer. Finding no clear 
tracking of X2 in the autumn by delta smelt, prior to spawning, delta smelt are most abundant in 
Suisun Bay, the Sacramento and San Joaquin rivers confluence, the lower Sacramento River, and 
the Cache Slough complex. The authors concluded that inter-seasonal dispersal of delta smelt is 
more circumscribed than had been previously inferred.  
 
Bennet and Burau (2015) found that during flood tides, delta smelt were frequently caught in the 
Kodiak trawls; whereas on ebb tides, they were primarily caught in the beach seines at shoreline 
stations. Delta smelt catch in the Kodiak trawls was higher when turbidity levels were elevated 
and in the morning. For the Kodiak trawl samples, the optimal model explaining fish occurrence 
included water current velocity and turbidity, whereas for the beach seine samples, only current 
velocity was retained as a significant predictor.  
 
Bever et al. (2015) found that three complexity metrics -- the percent of the time salinity was less 
than 6 psu, the maximum depth-averaged current speed, and the Secchi depth at each FMWT 
station in the vicinity of Suisun Bay -- were found to be most predictive of historical delta smelt 
catch. Areas with low maximum depth-averaged current speed has historically led to conditions 
favorable for delta smelt catch in Suisun Bay by the FMWT.  
 
In Hammock et al. (2015), the relative conditions of delta smelt collected from five regions in the 
San Francisco Estuary were compared: Cache Slough, Sacramento River Deep Water Ship 
Channel, Sacramento-San Joaquin rivers Confluence, Suisun Bay, and Suisun Marsh. Fish 
sampled from Suisun Bay and, to a lesser extent the Confluence, exhibited relatively poor short-
term nutritional and growth indices and morphometric condition, while fish from the freshwater 
regions of the estuary, and Cache Slough in particular, exhibited the most apparent 
histopathological signs that suggested contaminant exposure. In contrast, fish from the Suisun 
Marsh region exhibited higher short-term nutrition and growth indices, and better morphometric 
and histopathological condition, findings that support the hypothesis that multiple stressors, 
including food limitation and contaminants, are contributing to the decline of delta smelt, and 
that those stressors influence delta smelt heterogeneously across space. 
 
Kimmerer et al. (2015) tested the effects of 4 ppt salinity increases on delta smelt. Adults fed 2% 
body mass per day, starting at 0.5 ppt [freshwater], were exposed to weekly step-increases of 4 
ppt salinity to a maximum of 10 ppt saltwater over 19 days, and compared to freshwater controls. 
No apparent increase in length or weight occurred nor did a difference in survival. Salinities used 
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in the experiment were well within the tolerance range for adult delta smelt. Acclimation to both 
4 ppt and 8 ppt salinity is achieved within a few days.  
 
Manly et al. (2015) in revisiting Feyrer et al.’s (2011) habitat index established that geography 
was as good as, or better than, salinity in explaining the pattern of landscape occupancy by delta 
smelt, and indicated that an effective habitat index required static regional (geographic) effects, 
dynamic salinity and turbidity effects, and an independent abundance index. 
 
Komoroske et al. (2016) found delta smelt in the lab to have the capacity for coordinated 
molecular response to osmo-regulate and regain homeostasis across a broad range of salinities; 
the fish rapidly adjust to “considerable increases” in osmotic gradient. Delta smelt did not exhibit 
significant reduction in condition at 18 ppt salinity. However, at 34 ppt delta smelt displayed 
reduced body condition even with unlimited food available.   
 
Latour (2016), investigating four “pelagic” fishes in the delta, including delta smelt, found 
turbidity, along with year, month, and region, were “statistically important,” in explaining 
patterns of zero observations and turbidity mediates catch per unit effort (CPUE). 
Comparatively, there was no empirical support for any other annualized covariates, which 
included metrics of prey abundance, other water quality parameters, and outflow through the 
Delta (that is, turbidity is linked to CPUE and abundance more than flow is). The study 
suggested that CPUE and species distributions can become confounded in an estuary that has 
experienced “morphological alterations.” Coefficients of variance depend on the assumption that 
“gear catchability” has remained constant over time and space, a survey condition unlikely to 
apply. The author suggests that delta smelt and the other fishes could be more effective at gear 
avoidance under lower-turbidity conditions associated with greater gear-detection capacity. 
 
Hammock et al. (2017) found greater gut fullness in delta smelt in brackish water, but in a lab 
setting found differences in stomach fullness in delta smelt were unlikely to be caused by 
differences in osmoregulatory costs, and no evidence that salinity influenced the metabolic 
demand of delta smelt following acclimation. 
 
Brown et al. (2017) observed that under high outflow conditions food (zooplankton) from areas 
occupied by delta smelt can be exported into the upper estuary away from the fish. In particular, 
food produced in the Yolo Bypass in the spring is exported as the bypass drains, with food better 
retained in shallow areas away from the main flow path. 
 
Polansky et al. (2017) produced models that captured regional variation in delta smelt samples 
from the spring Kodiak trawl and identified several density “hot spots” -- the waterways 
surrounding Grizzly Island, channels at the confluence of the Sacramento and San Joaquin rivers, 
the Cache Slough complex, and the Sacramento deep water shipping channel. Those density hot 
spots were fairly consistent between surveys, with the Cache Slough complex of habitat areas 
and the Sacramento deep water shipping channel persistently high. The effect size on the linear 
scale of turbidity was double that of salinity, but both local covariates could translate into larger 
expected changes in density predictions over a range of observed turbidity and salinity indices. 
Feyrer et al. (2011) had remarked that specific conductance and Secchi depth accounted for a 
meaningful reduction of null deviance; however, Polansky et al. found that those covariates 
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explained very little of the variation in delta smelt catch when a regional spatial adjustment to 
density was included. 

 
Kirsch et al. (2018) strongly suggest that delta smelt are frequently misidentified by biologists 
engaged in fish surveys in the Delta, including both false negatives and false positives, with 
implications for uses of past survey data. Assuming greater quality control now than in the past, 
trusting sample data for rarer fishes, such as delta smelt, from the first few decades of the 
surveys, when huge FMWT index numbers were typically reported, seems misplaced. Findings 
from investigations that use the long Summer Tow-net and FMWT time-series data sets to 
establish relationships between delta smelt abundance and environmental factors should be 
applied with caution. 
 
Gross et al. (2018) analyze flow and salinity over time in the Delta, finding that X2 “is higher 
under the contemporary scenario than for the pre-project scenario except for the months of 
August, September, and October.” In other words, the average location of X2 was further 
upstream in the autumn months before development of the CVP and SWP and water-export 
operations were initiated than since.   
 
The results of the foregoing must be taken into account during the current re-consultation.  

Conclusion 
 
The evidence presented in the 2008 biological opinion and relied upon by the Service does not 
support the assertion that there is a relationship between X2 and heighted performance – 
abundance and/or subsequent reproductive success – of delta smelt. The location of X2 (or the 
low-salinity zone), described as “abiotic habitat” in the biological opinion, is not a valid 
surrogate for actual delta smelt habitat: the fish is missing from much of the low salinity window 
much of the time and is consistently found beyond that area. Bio-energetic costs to delta smelt 
from residing at diverse locations across the greater low-salinity zone have not been shown to 
significantly differ. Numerous multivariate studies relating delta smelt numbers to environmental 
factors have found mechanistically reasonable relationships between certain factors and delta 
smelt performance, but not one relating higher outflow through the Delta in the autumn or X2 
and delta smelt performance. 
 
The re-consultation should recognize that the process of identifying a management action that 
will have a high likelihood of benefiting delta smelt should subscribe to a structured decision-
making process that follows sequential steps described as effects analysis using the best available 
scientific information (Murphy and Weiland 2011, 2016). The steps include 1) developing 
conceptual ecological models or influence diagrams that identify environmental drivers, 
controlling ecological factors, habitat responses, candidate management actions, and species 
performance, 2) identifying reliable spatially resolved data on delta smelt distribution, 
abundance, and vital rates under varying habitat conditions, 3) evaluating management-relevant 
hypotheses toward a process that models the outcomes of alternative management scenarios to 
establish their likely benefits to delta smelt and its habitat, and 4) carrying out analyses of 
comparative costs and benefits of alternative management actions for consideration in a 
consequences table (see Gregory and Long 2009). By undertaking such steps during re-



 

56760612.v1 21

consultation, the Service can adopt a structured decision-making approach, which is more likely 
to result in an effective and efficient conservation policy for delta smelt.  
  



 

56760612.v1 22

Literature cited 
 
Aasen, G.A. 1999. Juvenile delta smelt use of shallow-water and channel habitats in California’s 
Sacramento-San Joaquin estuary. Cal. Fish and Game 85:161-169. 

 
Baskerville-Bridges, B., J. Lindberg, and S.I. Doroshov. 2004. The effect of light intensity, alga 
concentration, and prey density on the feeding behavior of delta smelt Hypomesus transpacificus 
larvae. American Fisheries Society Symposium 39: 219-228. 

 
Bennett, W.A. 2005. Critical assessment of the delta smelt population in the San Francisco 
Estuary, California. San Francisco Estuary and Watershed Science: 3 (2).  

 
Bennett, W.A. and J.R. Burau. 2014. Riders on the storm: Selective tidal movements facilitate 
the spawning migration of threatened delta smelt in the San Francisco estuary. Estuaries and 
Coasts.  

 
Brown, L.R. 2000. Fish communities and their associations with environmental variables, lower 
San Joaquin River drainage, California. Environmental Biology of Fishes 57: 251-269. 

 
Brown, L.R., W.A. Bennet, R.W. Wagner, T. Morgan-King, N. Knowles, F. Feyrer, D.H. 
Schoellhamer, M.T. Stacey, and M. Dettinger. 2013. Implications for future survival of delta 
smelt from four climate change scenarios for the Sacramento–San Joaquin Delta, California. 
Estuaries and Coasts 36: 754–774. 

 
Cade, B.S., J.W. Terrell, and R.L Schroeder. 1999. Estimating effects of limiting factors with 
regression quantiles. Ecology 80: 311-323. 
 
Caro, T., J. Eadie, and A. Sih. 2005. Use of substitute species in conservation biology. 
Conservation Biology 19:1821-1826. 

 
Cushman, S.A., K.S. McKelvey, B.R. Noon, and K. McGarigal. 2010. Use of abundance of one 
species as a surrogate for abundance of others. Conservation Biology 24:830-840. 

 
Dale, V.H. and S.L. Beyeler. 2001. Challenges in the development and use of ecological 
indicators. Ecological Indicators 1:3-10. 
 
Dunham, J.B., B.S. Cade, and J.W. Terrell.  2002. Influences of spatial and temporal variation on 
fish-habitat relationship defined by regression quantiles. Trans. Amer. Fish Soc. 131:86-98 
 
Feyrer F., M.L. Nobriga, and T.R. Sommer. 2007. Multidecadal trends for three declining fish 
species: habitat patterns and mechanisms in the San Francisco estuary. Canadian Journal of 
Fisheries and Aquatic Sciences 64: 723-734. 
 
Feyrer, F., K. Newman, M.L. Nobriga, and T.R. Sommer. 2011. Modeling the effects of future 
outflow on the abiotic habitat of an imperiled estuarine fish. Estuaries and Coasts 34:120–128. 
 



 

56760612.v1 23

Gregory, R. and G. Long. 2009. Using structured decision-making to help implement a 
precautionary approach to endangered species management. Risk Analysis 29: 518-532. 
 

Gross, E., P. Hutton, and A. Draper. 2018. A comparison of outflow and salt intrusion in the pre-

development and contemporary San Francisco Estuary. San Francisco Estuary and Watershed 
Science: 16(3). 
 
Hamilton, S.A. and D.D. Murphy. 2018. Analysis of Limiting Factors Across the Life Cycle of 
Delta Smelt (Hypomesus transpacificus). Environmental Management (online 18pp.) 
 
Hammock, B.G., J.A. Hobbs, S.B. Slater, S. Acuna, and S.J. Teh. 2015. Contaminant and food 
limitation stress in an endangered estuarine fish. Science of the Total Environment 532: 318-326. 
 
Hieb, K. and K. Fleming. 1999. Summary chapter. In: Orsi J. editor. Report on the 1980-1995 
fish, shrimp and crab sampling in the San Francisco Estuary, California. Interagency Ecological 
Program for the San Francisco Estuary Technical Report 63. 503 p.  
 
Hobbs, J.A., W.A. Bennett, and J.E. Burton. 2006. Assessing nursery habitat quality for native 
smelts (Osmeridae) in the low-salinity zone of the San Francisco estuary. Journal of Fish 
Biology 69:907–922. 
 
Hunsaker, C., D. Carpenter, and J. Messer. 1990. Ecological indicators for regional monitoring. 
Bulletin of the Ecological Society of America 71:165-172. 
 
ICF 2017. Public Water Agency 2017 Fall X2 Adaptive Management Plan Proposal. Submitted 
to United States Bureau of Reclamation and California Department of Water Resources. 
 
IEP MAST (Interagency Ecological Program, Management, Analysis, and Synthesis Team). 
2015. An updated conceptual model of Delta Smelt biology: our evolving understanding of an 
estuarine fish. Technical Report 90. January. Interagency Ecological Program for the San 
Francisco Bay/Delta Estuary, Sacramento, CA. 
 
Kaiser, M.S., P. Speckman, and J.R. Jones. 1994. Statistical models for limiting nutrient 
relationships in inland waters. Journ. Amer. Statist. Asso. 89:410-423. 
 
Kimmerer, W.J., E.S. Gross, and M.L. MacWilliams. 2009. Is the response of estuarine nekton to 
freshwater flow in the San Francisco Estuary explained by variation in habitat volume? Estuaries 
and Coasts 32:375-389. 
 
Kimmerer, W.J., E.J. Carpenter, U.E. Lindstrom, and A.E. Parker. 2012. Short-term and 
interannual variability in primary production in the low-salinity zone of the San Francisco 
estuary. Estuaries and Coasts 35:913-929. 
 
Kirsch et al. 2018.  Fish misidentification and potential implications to monitoring within the San 
Francisco Estuary, California. Journal of Fish and Wildlife Management 9:1-19. 
 



 

56760612.v1 24

Latour, R. 2016. Explaining patterns of pelagic fish abundance in the Sacramento-San Joaquin 
Delta. Estuaries and Coasts 39:233-247. 
 
Lehman, P.W., S.J. Teh, G.L. Boyer, M. Nobriga, E. Bass, and C. Hogle. 2010. Initial impacts of 
Microcystis on the aquatic food web in the San Francisco Estuary. Hydrobiologia 637:229-248. 
 
Lindberg, J.C. and C. Marzuola. 1993. Delta smelt in a newly created, flooded island in the 
Sacramento–San Joaquin Estuary, Spring 1993. BioSystems Analysis Inc. Prepared for 
California Department of Water Resources, Sacramento, CA.  Available online at: 
http://www.calwater.ca.gov/Admin_Record/C-044803.pdf 
 
Lott, J. 1998. Feeding habits of juvenile and adult delta smelt from the Sacramento-San Joaquin 
River Estuary. Interagency Ecological Program Newsletter 11:14-19. 
 
Lucas, L.V., J.E. Cloern, J.K. Thompson, et al. 2002. Functional variability of habitats within the 
Sacramento-San Joaquin Delta: Restoration implications. Ecological Applications 12:1528-1547. 
 
Mac Nally, R., J.R. Thomson, W.J. Kimmerer, F. Feyrer, K.B. Newman, A. Sih, W.A. Bennett, 
L. Brown, E. Fleishman, S.D. Culberson, G. Castillo. 2010. Analysis of pelagic species decline 
in the upper San Francisco Estuary using multivariate autoregressive modeling (MAR). 
Ecological Applications 20:1417–1430. 
 
Mager, R.C., S.I. Doroshov, J.P. Van Eenennaam, and R.L. Brown. 2004. Early life stages of 
delta smelt. In Feyrer, F., L.R. Brown, R.L. Brown, and J.J. Orsi editors. Early life history of 
fishes in the San Francisco Estuary and Watershed. American Fisheries Society Symposium 
39:169-180. 
 
Mahardja, et al. 2016. Abundance trends, distribution, and habitat associations of the Invasive 
Mississippi Silverside (Menidia audens) in the Sacramento–San Joaquin Delta, California, USA. 
San Francisco Estuary and Watershed Science: 14(1).  
 
Manly, B.F.J., D. Fullerton, A.N. Hendrix, K.P. Burnham. 2015. Comments on Feyrer et al. 
“modeling the effects of future outflow on the abiotic habitat of an imperiled estuarine fish.” 
Estuaries and Coasts 38: 1815–1820. 
 
Maunder, M.N. and R.B. Deriso. 2011. A state–space multistage life cycle model to evaluate 
population impacts in the presence of density dependence: illustrated with application to delta 
smelt (Hyposmesus transpacificus). Canadian Journal of Fisheries and Aquatic Sciences 
68:1285-1306. 
 
McGowan, M.F. 1998. Fishes associated with submerged aquatic vegetation, Egeria densa, in 
the Sacramento-San Joaquin Delta in 1998 as sampled by pop nets. Romberg Tiburon Center. 
Unpublished report prepared for the California Dept. of Boating and Waterways. 
 



 

56760612.v1 25

McGowan M.F., and A. Marchi. 1998. Fished collected in submersed aquatic vegetation, Egeria 
densa, in the Delta. Interagency Ecological Program for the Sacramento-San Joaquin Estuary 
Newsletter 11(1):9-10. 
 
Messier, F. 1991. The significance of limiting and regulating factors on the demography of 
moose and white-tailed deer. Jour. Anim. Ecol. 60: 377-393. 
 
Merz, J.E., S. Hamilton, P.S. Bergman, and B. Cavallo. 2011. Spatial perspective for delta smelt: 
a summary of contemporary survey data. California Fish and Game 97:164-189.  
 
Miller, W.J., B.F.J. Manly, D.D. Murphy, D. Fullerton, and R.R. Ramey. 2012. An investigation 
of factors affecting the decline of delta smelt (Hypomesus transpacificus) in the Sacramento-San 
Joaquin Estuary. Reviews in Fisheries Science 20: 1-19. 
 
Moyle, P.B., B. Herbold, D.E. Stevens, and L.W. Miller. 1992. Life history of delta smelt in the 
Sacramento-San Joaquin Estuary, California. Transactions of the American Fisheries Society 
121:67-77.  
 
Murphy, D.D. and S.A. Hamilton. 2013. Eastward migration or marsh-ward dispersal: 
understanding seasonal movements by delta smelt. San Francisco Estuary and Watershed 
Science 11(3):1-20. 
 
Murphy, D.D. and P.S. Weiland.  2011.  The route to best science in implementation of the 
Endangered Species Act's consultation mandate: The benefits of structured effects analysis. 
Environmental Management 47:161-172. 
 
Murphy, D.D. and P.S. Weiland. 2014. The use of surrogates in implementation of the federal 
Endangered Species Act – proposed fixes to a proposed rule. J. Environ. Stud. Sci. 4:156-162. 
 
Murphy, D.D. and P.S. Weiland. 2016. Best Available Science under the U.S. Endangered 
Species Act. Environmental Management 58: 1-14. 
 
National Research Council. 2010.  A Scientific Assessment of Alternatives for Reducing Water 
Management Effects on Threatened and Endangered Fishes in California’s Bay Delta. National 
Academies Press. Washington, D.C. 
 
Niemi, G.J. and M.E. McDonald. 2004. Application of ecological indicators. Annual Reviews in 
Ecology, Evolution, and Systematics 35:89-111. 
 
Nobriga, M.L. 1998. Evidence of food limitation in larval delta smelt. Interagency Ecological 
Program Newsletter 11(1): 20-24.  
 
Nobriga, M.L. 2002. Larval delta smelt composition and feeding incidence: environmental and 
ontogenetic influences. California Fish and Game 88:149-164. 
 



 

56760612.v1 26

Nobriga, M.L., F. Feyrer, R. Baxter, and M. Chotkowski. 2005. Fish community ecology in an 
altered river delta: spatial patterns in species composition, life history strategies, and biomass. 
Estuaries and Coasts 28:776-785.   
 
Nobriga, M.L. and B. Herbold. 2009. The little fish in California’s water supply: a literature 
review and life-history conceptual model for delta smelt (Hypomesus transpacificus) for the 
Delta Regional Ecosystem Restoration and Implementation Plan (DRERIP).   
 
Polansky, L., K.B. Newman, M.L. Nobriga, and L. Mitchell. 2018. Spatiotemporal models of an 
estuarine fish species to identify patterns and factors impacting their distribution and abundance. 
Estuaries and Coasts 41: 572-581. 
 
Rosenfield, J.A. and R.D. Baxter. 2007. Population dynamics and distribution patterns of longfin 
smelt in the San Francisco Estuary. Transactions American Fisheries Society 136:1577- 1592.   
 
Sommer, T., W.C. Harrell, A. Mueller-Solger, B. Tom, and W. Kimmerer. 2004. Effects of flow 
variation on channel and floodplain biota and habitats of the Sacramento River, California, USA. 
Aquatic Conservation: Mar. Fresh. Ecosystems. 14:247-261. 
 
Sommer, T., C. Armor, R. Baxter, R. Breuer, L. Brown, M. Chotkowski, S, Culbertson, F. 
Feyrer, M. Gingras, B. Herbold, W. Kimmerer, A. Mueller-Solger, M.L. Nobriga, and K. Souza. 
2007. The collapse of pelagic fishes in the upper San Francisco Estuary. Fisheries 32:270-277. 
 
Sommer, T., F.H. Mejia, M.L. Nobriga, F. Feyrer, and L. Grimaldo. 2011. The spawning 
migration of delta smelt in the upper San Francisco Estuary. San Francisco Estuary and 
Watershed Science 9(2):1-16. 
 
Sommer, T.R. and F.H. Mejia. 2013. A place to call home: A synthesis of delta smelt habitat in 
the upper San Francisco estuary. San Francisco Estuary and Watershed Science 11(2):1-25. 
 
Swanson, C., T. Reid, P.S. Young, and J.J. Cech. 2000. Comparative environmental tolerances of 
threatened delta smelt (Hypomesus transpacificus) and introduced wakasagi (H. nipponensis) in 
an altered California estuary. Oecologia 123:384-390.  
 
Thomson, J.D., G. Weiblen, B.A. Thomson, S. Alfaro, P. Legendre. 1996. Untangling multiple 
factors in spatial distributions: lilies, gophers and rocks. Ecology 77:1698-1715.  
 
Thomson, J.R., W.J. Kimmerer, L.R. Brown, K.B. Newman, R. Mac Nally, W.A. Bennett, R. 
Feyrer, E. Fleishman. 2010. Bayesian change point analysis of abundance trends for pelagic 
fishes in the upper San Francisco Estuary. Ecological Applications 20:1431–1448. 
 
USFWS 2008. Formal Endangered Species Act consultation on the proposed coordinated 
operations of the Central Valley Project (CVP) and State Water Project (SWP). 396 pp. 
 
van Geen, A. and S.N. Luoma. 1999. The impact of human activities on sediments of San 
Francisco Bay, California: an overview. Marine Chemistry 64:1–6. 



 

56760612.v1 27

 
Wang, J.C.S. 1986. Fishes of the Sacramento-San Joaquin Estuary and adjacent waters, 
California: a guide to the early life histories. Interagency Ecological Study Program, 
Sacramento-San Joaquin Estuary Technical Report 9, Sacramento, CA.  
 
Wenger, S.J. 2008. Use of surrogates to predict the stressor response of imperiled species. 
Conservation Biology 22:1564-1571. 
 
 

  



 

56760612.v1 28

Appendix 1 
 

Essential excerpts from The Biological Opinion for Delta Smelt 
(USFWS 2008) 
 
Background in support of the Fall X2 Action  
 
“Protection and restoration of habitat is an essential element in any conservation strategy where 
habitat has been lost or degraded. However, identifying the exact role habitat quality and volume 
play in the growth and survival of a species comes with some uncertainty. In the case of fall delta 
smelt, habitat area is a significant covariate in its stock-recruit relationship, indicating evidence 
of an effect on the population. Westward and variable locations of fall habitat provide increased 
habitat area and moves the delta smelt population away from the risks of possible future 
entrainment in the Delta, and distributes it more broadly throughout the estuary” (pages 372-
373). 
 
“This action is designed to increase baseline monthly outflows in the fall period of wet and 
above normal WYs to increase areas of habitat and move the habitat away from Delta impacts 
and into broader open waters west of Sherman Island; and to increase variability of monthly 
habitat extent by having 2-3 months above the baseline. This would be expected to distribute 
smelt into more diverse geographic areas, helping to reduce the risk of localized losses from 
future entrainment, contaminants, and predation. Finally, it may reduce the proliferation of other 
factors that reduce habitat suitability such as Microcystis and Egeria growth” (pages 372-373). 
 
“The Service’s examination of habitat suitability during fall is derived from published literature 
and unpublished information linking X2 to the amount of suitable abiotic habitat for delta smelt 
(Feyrer et al. 2007, 2008). Under balanced conditions, CVP/SWP operations control the position 
of X2 and therefore are a primary driver of delta smelt habitat suitability. As a result, this 
analysis relies on the effects of proposed CVP/SWP operations on fall X2, how that affects the 
surface area of suitable abiotic habitat for delta smelt, and finally how that affects delta smelt 
abundance given current delta smelt population dynamics. Supporting background material on 
the effect of fall X2 on the amount of suitable abiotic habitat and delta smelt abundance is 
available in Feyrer et al. (2007, 2008)” (page 234). 
 
(The) “effects of project operations on X2 will have significant adverse direct and indirect effects 
on delta smelt. Directly, these changes will substantially decrease the amount of suitable abiotic 
habitat for delta smelt, which in turn has the possibility of affecting delta smelt abundance 
through the depensatory density-dependent mechanisms” (page 237).  
 
Justification for the Fall X2 Action 
 
“The Effects section clearly indicates that there will be significant adverse impacts on X2, which 
is a surrogate indicator of habitat suitability and availability for delta smelt in all years (Figures 
E-19 and E-25 in Effects section). Moreover, the results of Feyrer et al. (2007) suggest that 
adverse effects on adult delta smelt during fall may be part of the reason that there is a statistical 
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association between fall X2 and the production of young delta smelt during the following year. 
The action is focused on wet and above normal years because these are the years in which 
project operations have most significantly adversely affected fall (Figure E-27 in Effects section) 
and therefore, actions in these years are more likely to benefit delta smelt” (page 373). 
 
“The persistence of this significant hydrologic change to the estuary threatens the recovery and 
persistence of delta smelt. Outflow during fall determines the location of X2, which determines 
the amount of suitable abiotic habitat available to delta smelt (Feyrer et al. 2007, 2008). The 
long-term upstream shift in X2 during fall has caused a long-term decrease in habitat area 
availability for delta smelt (Feyrer et al. 2007, 2008), and the condition will persist and possibly 
worsen in the future. This alone is a significant adverse effect on delta smelt” (page 374) 
 
“However, the problem is further complicated because there are several lines of published peer 
reviewed scientific research that link habitat alteration to the decline of delta smelt (Bennett 
2005; Feyrer et al. 2007; Nobriga et al. 2008). An important point regarding this action is that 
because of the current, extremely low abundance of delta smelt, it is unlikely that habitat space is 
currently a limiting factor. However, it is clear that delta smelt have become increasingly habitat 
limited over time and that this has contributed to the population attaining record-low abundance 
levels (Bennett 2005; Baxter et al. 2008; Feyrer et al. 2007, 2008; Nobriga et al. 2008). Further, 
as detailed in the Effects section, persistent degraded or worsened habitat conditions are likely to 
contribute to depensatory density-dependent effects on the delta smelt population while it is at 
historical low levels, and would at some point in the proposed term of this project, limit delta 
smelt recovery” (page 374-375). 
 
“The amount of suitable abiotic habitat for maturing pre-adult delta smelt has been seriously 
depleted and stabilized by CVP/SWP operations” (page 234). 
 
“Therefore, the continued loss and constriction of habitat into areas of low habitat quality under 
the proposed action significantly threatens the ability of the delta smelt population to recover and 
persist in the estuary at self-sustaining levels higher than the current record-lows” (page 375). 
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Appendix 2 
 

Summary of Court Proceedings regarding Fall X2 Action 
 
Shortly after the U.S. Fish and Wildlife Service (Service) issued its 2008 biological opinion for 
continued operations of the Central Valley Project and State Water Project, numerous parties 
initiated legal actions against the Service. The Plaintiffs in these proceedings, which were 
consolidated by the federal district court that heard them, included the State of California, 
numerous government agencies that contract for water from the Central Valley Project or State 
Water Project, and farming interests. Plaintiffs alleged that the biological opinion and reasonable 
and prudent alternatives, including the Fall X2 Action, violate the Administrative Procedure Act 
and Endangered Species Act. The parties filed cross-motions for summary judgment on these 
claims, and the court issued a memorandum opinion granting in part and denying in part 
Plaintiffs’ motions on December 14, 2010. In re Consol. Delta Smelt Cases, 760 F. Supp. 2d 855 
(E.D. Cal. 2010). 
 
The federal district court held that both the biological opinion and the reasonable and prudent 
alternatives violated the Administrative Procedure Act and Endangered Species Act and were 
legally deficient in a number of respects. Among other things, the court faulted the Service for 
comparing results from two different hydrologic models – Calsim II and Dayflow – to justify 
both the jeopardy and adverse modification conclusions it reached in the biological opinion, and 
the imposition of the Fall X2 Action. 
 

“FWS’s decision to use a Calsim II to Dayflow comparison . . . without 
attempting to calibrate the two models or otherwise address the bias created, was 
arbitrary and capricious and ignored the best available science showing that a bias 
was present.” 

 
Id. at 907. In addition, the court faulted the Service for its “total lack of explanation” for the 
requirement to locate X2 at 74 km in wet years and 81 km in above normal years, holding that 
the Service failed to identify “any record evidence” to explain the requirement.  Id. at 922. 
 
That said, the court rejected a number of Plaintiffs’ arguments regarding the Fall X2 Action.  For 
example, the court rejected Plaintiffs’ argument that the Service improperly relied on two papers 
– Feyrer et al. 2007 and 2008 – in the biological opinion. Whereas Plaintiffs argued that Feyrer 
et al. (2008) should have excluded data from their analysis, the court held that a dispute over the 
decision whether to include the data “is a scientific dispute among experts over which the agency 
is owed deference.” Id. at 915. 
 
In a similar vein, the court rejected Plaintiffs’ contention that the Service acted unlawfully when 
it concluded that X2 is a surrogate for delta smelt habitat. After noting that Feyrer et al. 2007 and 
2008 qualified their conclusions that there is a relationship between X2 and metrics of delta 
smelt habitat and abundance, the court opined that the conclusions drawn in the biological 
opinion “may be a ‘stretch’ or unjustified expansion of Feyrer (2007) or Feyrer (2008),” but 
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“when all the disputed X2 studies are considered, X2 has a measurable effect on smelt abiotic 
habitat.” Id. at 918. 
 
The federal district court entered a final judgment on March 29, 2011, that it subsequently 
amended. Because the court did not vacate the reasonable and prudent alternatives when it 
entered judgment and winter 2010-11 was a wet year, the Fall X2 Action was slated for 
implementation in fall 2011. Therefore, Plaintiffs moved to enjoin the Fall X2 Action in June 
2011. After the court determined that it had jurisdiction to hear the motion while an appeal was 
pending, the parties briefed the matter and the court heard argument and testimony. The court 
issued lengthy findings, stating: 
 

“Overall, the record reveals no support for a direct link between X2 and smelt 
abundance. There is some support for the BiOp’s conclusion that the habitat index 
is correlated with smelt abundance, but the overall value of this finding is 
undermined by, among other things, the fact that it considers only abiotic habitat 
factors.” 
 
“The record also reveals almost no biological support for the use of the 74 km and 
81 km markers for the Fall X2 Action. While those locations correspond with 
existing monitoring stations, this is not biological support for requiring X2 to be 
positioned at these locations” 

 
In re Consol. Delta Smelt Cases, 812 F. Supp. 2d 1133, 1202 (E.D. Cal. 2011). 
 
The court went on to conclude that “[t]he scientific evidence in support of imposing any Fall X2 
action is manifestly equivocal,” and that “[t]here is essentially no biological evidence to support 
the necessity of the specific 74 km requirement set to be triggered in this ‘wet’ water year.” Id. at 
1204. 
 
On September 2, 2011, the court issued an injunction against full implementation of the Fall X2 
Action, which ordered that no Fall X2 Action setting the X2 target west of 79 km (rather than 74 
km) shall be implemented, but that all other requirements of the Fall X2 Action, including the 
timing of it and the mechanisms for its measurement, shall remain unchanged. Federal 
defendants then sought a stay pending appeal, which was denied, and the injunction remained in 
place for fall 2011. 
 
On appeal, a panel of the United States Court of Appeals for the Ninth Circuit reversed the 
federal district court in a split (2-1) decision, emphasizing the narrowness of judicial review of 
agency action and the deference owed to the agency. San Luis & Delta-Mendota Water Auth. v. 
Jewell, 747 F.3d 581 (9th Cir. 2014). The Ninth Circuit characterized the challenged biological 
opinion as “a jumble of disjointed facts and analyses,” but explained that to survive judicial 
review, the Service need not support its determinations “with anything approaching scientific 
certainty” and that when scientific or technical issues are in dispute “a reviewing court must 
generally be at its most deferential.” Id. at 592, 605. With respect to the issue whether it was 
appropriate for the Service to use results from two different models to justify the Fall X2 Action, 
the Ninth Circuit readily noted that “[i]deally, the FWS would have thoroughly discussed its 
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reasoning with regard to possible issues arising from the use of DAYFLOW with CALSIM II.” 
Id. at 621. But the court went on to conclude that as a panel of generalist judges, it was obliged 
to defer to the Service’s reasonable judgment. Id. 
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Appendix 3 
 
Mapped distribution of delta smelt in September and October associated with different mean 
positions of the X2 (representing the low-salinity zone in individual years from 1990-2009). 
[Maps are being assembled.] 
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