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1. Execu2ve Summary 
 
The White Sturgeon (Acipenser transmontanus) is the largest freshwater fish species in North 
America. The species as a whole is considered to be “endangered” by the American Fisheries 
Society (AFS 2008). Reproducing popula5ons occur in the Columbia River and Fraser River 
Basins and in California, where the only such popula5on occurs in the Central Valley 
(Sacramento River and San Joaquin River watersheds). The landlocked White Sturgeon 
popula5on of the Kootenai River (a tributary of the Columbia River) is listed as endangered 
under the federal Endangered Species Act (ESA). White Sturgeon that spawn in the Central 
Valley and rear and/or migrate through the San Francisco Bay Estuary (SFE) are regarded as a 
species of “High” management concern by California Department of Fish and Wildlife (CDFW 
2015); hereader we refer to this popula5on as the California White Sturgeon popula5on.  
 
Studies indicate that annual recruitment of California White Sturgeon has decreased since the 
early 1980s. Recent evidence indicates that this decline is con5nuing (Blackburn et al. 2019; 
Ulaski et al. 2022). Environmental condi5ons necessary to support popula5on viability are 
deteriora5ng (SWRCB 2017; CDFW 2023). High levels of water diversion combined with adverse 
reservoir storage opera5ons generate extremely altered hydrographs throughout the SFE 
watershed (TBI 2016; SWRCB 2016, 2017; Reis et al. 2019) – where California White Sturgeon 
spawn and rear – impairing successful reproduc5on. The popula5on also suffers from 
overharvest in the recrea5onal fishery (Blackburn et al. 2019; CDFW 2023; California Fish and 
Game Commission 2023). Furthermore, a massive harmful algal bloom in San Francisco Bay and 
San Pablo Bay in 2022 killed large numbers of adult California White Sturgeon, demonstra5ng 
the popula5on’s vulnerability to future algal blooms (CDFW 2023). A smaller harmful algal 
bloom in 2023 caused addi5onal mortality to adult California White Sturgeon – 15 dead adults 
were detected on the shoreline by community scien5sts in the vicinity of the bloom soon ader it 
occurred (California Fish and Game Commission 2023). California White Sturgeon popula5on 
growth is most sensi5ve to survival of sexually mature adults (Blackburn et al. 2019), so these 
consecu5ve fish kills almost certainly have exacerbated the chronic declines in California White 
Sturgeon abundance. Persistent blooms in the Delta are likely to impede California White 
Sturgeon migra5on to and from their spawning grounds in the San Joaquin River watershed. 
Harmful algal blooms are fueled by chronically high nutrient levels in the SFE (Cloern et al. 
2020); bloom forma5on in the Delta is also 5ed to high levels of water diversion and subsequent 
high residence 5me (low flow) in certain Delta channels (Berg and Sutula 2015).  
 
Exis5ng environmental regula5ons are inadequate to prevent further decline; without 
addi5onal protec5ons afforded to species listed under the Endangered Species Act (ESA), the 
California White Sturgeon is increasingly likely to become endangered in the near future. 
Current regula5on of river flow and water quality condi5ons in the SFE are inadequate to 
support na5ve fish viability and fisheries (SWRCB 2010, 2017; CDFW 2010), including California 
White Sturgeon. The prospect of increasingly frequent and prolonged droughts related to global 
climate change (Diffenbaugh et al. 2015), combined with several planned water development 
projects in the SFE watershed are likely to increase the frequency and severity of inadequate 
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river flow condi5ons in the future. Similarly, current White Sturgeon fishing regula5ons are not 
sufficiently protec5ve to prevent further decline of the popula5on (Blackburn 2019; CDFW 
2023; California Fish and Game Commission 2023) and future regula5ons under development 
now are inadequate to maintain popula5on stability, much less reverse the decline of the 
California White Sturgeon popula5on. Finally, harmful algal blooms in San Francisco Bay proper, 
which are facilitated by nutrient enrichment, threaten to cause repeated mass mortality events 
for California White Sturgeon in the future. Regula5ons to limit nutrient pollu5on to levels that 
will prevent harmful algal blooms have not yet been proposed and are not likely to be 
completely implemented for at least a decade. Meanwhile, water quality condi5ons in the 
Delta, par5cularly in the San Joaquin River near Stockton, likely impair migra5on of adult and 
juvenile California White Sturgeon to and from spawning grounds in the San Joaquin basin. 
More protec5ve flow standards for the lower San Joaquin River have been adopted by the State 
Water Resources Control Board (SWRCB 2018); however, five years later, the state has yet to 
implement these standards.  
 
Each of these major impacts — inadequate river flow and water quality condi5ons, overharvest, 
and the loss of habitat and poten5al for catastrophic mortality due to harmful algal blooms — 
represent a grave threat to the California White Sturgeon popula5on. These problems are 
independent of each other – addressing just one or two of these major problems will not 
eliminate the high risk that California White Sturgeon become endangered – that is, experience 
further declines in viability such that it is in danger of ex5nc5on – in the near future. Also, 
California White Sturgeon are impacted by numerous other environmental stressors that 
threaten the popula5on. A coordinated response to these individual and collec5ve threats is 
required in order to prevent endangerment and then ex5rpa5on of this unique popula5on.  
 
For these reasons, we pe55on the California Fish and Game Commission to list the California 
White Sturgeon popula5on as threatened, meaning it is “likely to become an endangered 
species in the foreseeable future in the absence of the special protec5on and management 
efforts required by [CESA]." (Cal. Fish & Game Code § 2067; 
htps://wildlife.ca.gov/Conserva5on/CESA/FESA). 

2. Natural History 
 

2.1. Descrip+on 
 
The California Department of Fish and Wildlife (CDFW) describes White Sturgeon as follows:  
 

“… adults have wide, rounded snouts, with four barbels in a row on the underside, 
closer to the 5p of the snout than to the mouth (Moyle 2002). They feed with a 
toothless, highly protrusible mouth and process food with a palatal organ in the 
pharynx. Their bodies have 5 widely separated rows of bony plates (scutes). Scute 
counts per row are: 11-14 (dorsal row), 38-48 (two lateral rows) and 9-12 (botom 
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rows). Four to eight scutes are also found between the pelvic and anal fin. 
Although they lack the large scutes behind the dorsal and anal fins found in green 
sturgeon (A. medirostris), small remnant scutes (fulcra) may be present. The dorsal 
fin has one spine followed by 44-48 rays. The anal fin has 28-31 rays. The first gill 
arch has 34-36 gill rakers. Body colora5on is gray-brown on the dorsal surface 
above the lateral scutes, while the ventral surface is white and fins are gray. Their 
viscera are black. Dispersing juveniles tend to be darker than dispersing free 
embryos (Kynard and Parker 2005). Juveniles less than one year old have 42 dorsal 
fin rays, 35 lateral scutes, and 23 gill rakers on the first arch.” (CDFW 2015 at p. 
224.) 

 
White Sturgeon may grow to 6 m fork length (FL), live more than 100 years, and weigh over 600 
kg. In California, the largest individual on record – caught in Lake Shasta in 1963 – measured 2.9 
m and 225 kg, and was at least 67 years old (CDFW 2015 at p. 225). 
 

2.2. Taxonomy 
 
All modern sturgeon are polyploid; White Sturgeon belong to ploidy group B with 240 
chromosomes (Hildebrand et al. 2016). Phylogene5c rela5onships revealed by analysis of 
mul5ple mitochondrial gene sequences indicate that White Sturgeon’s closest rela5ves are 
Asian species, including A. schrenckii, A. sinensis, and A. dabryanus (Krieger et al. 2008; 
Hildebrand et al. 2016). Analysis of mul5ple mtDNA sequences suggested that White Sturgeon 
shared a common ancestor with A. schrenckii (Amur Sturgeon) approximately 46 million years 
ago (Hildebrand et al. 2016 ci5ng Peng et al. 2007). 
 

2.3. Life History 
 
Hildebrand et al. (2016) provided a rangewide overview of White Sturgeon life history stages. 
California White Sturgeon spawn and develop one to several months earlier than popula5ons 
elsewhere in their range (see Hildebrand et al. 2016 at Table 1). 
 
White Sturgeon are iteroparous. A small propor5on of adults spawn in any given year. 
Successful reproduc5on occurs episodically, when spring-summer river flows are high enough to 
support incuba5on and early rearing success. In the SFE, females may mature reproduc5vely as 
early as age 10, but more commonly between ages 12-16 (95-135 cm FL); 50% of females 
mature by age 14 and all mature by age 19 (CDFW 2015; Blackburn et al. 2019; CDFW 2023). 
Males mature earlier, generally between 10-12 years of age (75-105 cm FL), and appear to 
spawn more frequently than females (Willis et al. 2022). Following matura5on, males may 
spawn every 1-2 years. Females are physiologically capable of spawning every 2-3 years 
(Hildebrand et al. 2016 ci5ng Paragamian et al. 2005); they typically wait at least 2-4 years 
between reproduc5ve events, longer if spawning condi5ons are not favorable (Moyle 2002 at p. 
108). Adult California White Sturgeon prepare to spawn by moving into the lower reaches of 
Central Valley rivers during the winter months and migrate upstream into spawning areas 
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between December and late May or early June (Israel et al. 2009; CDFW, 2015, pp. 225-226; 
Hildebrand et al. 2016; CDFW 2023).  
 
Fecundity of female California White Sturgeon averages 5,648 eggs per kilogram of body weight, 
which translates to hundreds of thousands of eggs per female at maturity (CDFW 2015 ci5ng 
Chapman et al. 1996; Klimley et al. 2015; Willis et al. 2022). Eggs are nega5vely buoyant and 
become adhesive upon fer5liza5on (Moyle 2002; Israel et al. 2009; Hildebrand et al. 2016). 
Embryonic development is rapid and temperature-dependent, ranging from 3-13 days in the 
California White Sturgeon popula5on. Op5mal egg incuba5on occurs between 14-17oC; 
mortality is nearly complete at temperatures <8°C and > 20°C (Wang 1985; CDFW 2023). 
Hildebrand et al. (2016) suggest that popula5ons may differ in their upper lethal temperature.  
 
Among California White Sturgeon, yolk-sac larvae are 10-11mm total length (TL) at hatch; at 
temperatures between 14oC and 17oC, the yolk sac is completely absorbed approximately 20-23 
days post-fer5liza5on (Wang et al. 1985). Larvae are photonega5ve upon hatching and swim 
near the botom of rivers (Kynard and Parker 2005). In a laboratory study, the presence of 
physical cover in well-lit mesocosms decreased preda5on on White Sturgeon larvae <17 mm TL; 
however, larger individuals did not benefit from the presence of cover and other studies have 
observed that White Sturgeon leave cover at the size where exogenous feeding begins 
(Gadmoski and Parsley 2005).   
 
Recruitment of juvenile California White Sturgeon is posi5vely correlated with high river flows 
and Delta Ou{low during spring and early summer months (Israel et al. 2009; CDFW 2015, 
2023; SWRCB 2017; see also Parsley and Beckman 1994; AFRP 2001; Moyle 2002; Willis 2022).  
CDFW’s conceptual model for California White Sturgeon life history states:  
 

“The dispersal of larval white sturgeon is dependent on high spring river flows, 
which op5mally consists of mul5ple large flow pulses and a rela5onship between 
the mean monthly ou{low from April–July and white sturgeon [young-of-year] 
has been developed (Kohlhorst et al. 1991). Reduced seasonal flows or flows 
mismatched ecologically with sensi5ve early life stages may reduce dispersal of 
these life stages when they are most vulnerable to na5ve and nonna5ve 
preda5on. Flow reduc5ons may serve to reduce or eliminate [young-of-year] 
survival even if spawning was successful.” (Israel et al. 2009 at p. 17). 

 
The mechanism underlying the rela5onship between high river flows and California White 
Sturgeon recruitment has been atributed to improved survival and transport of larval sturgeon 
into suitable rearing areas, increases in the number of females spawning during high flow 
periods, or both (Fish 2010; CDFW 2015 at p. 226). It is also possible that high river flows 
improve spawning habitat by cleaning sand and silt out of gravel and cobble spawning 
substrates (Paragamian 2012; Hildebrand et al. 2016). Juvenile sturgeon ac5vely swim 
downstream towards the estuary, sugges5ng that their capacity to osmoregulate in brackish 
environments develops as larvae mature into juvenile fish (Israel et al. 2009; CDFW 2015 ci5ng 
McEnroe and Cech 1987). In the Central Valley, California White Sturgeon spawning has been 
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detected during wet and dry years in both the San Joaquin River and the Sacramento River, 
indica5ng that adults will atempt to spawn even when flows are low (Jackson et al. 2016). The 
fact that juvenile recruitment appears to be successful only in years when elevated river flows 
occur during larval dispersal and early juvenile rearing (i.e., between April and July) suggests 
that flows during the spring and early summer are essen5al (SWRCB 2017). CDFW (2015 at p. 
227) states: “The first few months of life are considered to be cri5cal for sustaining popula5ons 
[of White Sturgeon].” 
  
California White Sturgeon appear to grow more rapidly than conspecifics in more northerly 
popula5ons. Young-of-year (YOY) White Sturgeon reach 18-30 cm TL by the end of their first 
year in the SFE, before growth rates slow such that they reach 102 cm TL by Age 7 or 8. 
California White Sturgeon grow faster than fish from any other popula5ons through age 10 and 
growth remains fast rela5ve to most popula5ons throughout their life span (see Figure 2 of 
Hildebrand et al. 2016). California White Sturgeon are predicted to reach approximately 147 cm 
length by age 15, whereas fish of the same age in the lower Columbia River are predicted to be 
116 cm (Blackburn et al. 2019, ci5ng DeVore et al. 1995). California White Sturgeon in the SFE 
grow approximately 4.6 cm/year between ages 10-50, whereas those in the Kootenai River grow 
approximately 2.5 cm/year (Blackburn et al. 2019 at p. 907, ci5ng Paragamian et al. 2005). 
 
The rela5vely rapid growth of California White Sturgeon may reflect availability of water 
temperatures and/or high-quality habitats that support rapid growth, weak or absent density-
dependence (i.e., low compe55on), or elevated marine-based prey availability. Altera5ons in 
hydrology resul5ng from dam opera5ons are also suspected to produce differences in White 
Sturgeon growth (Blackburn et al. 2019 at p. 907, ci5ng Beamesderfer et al. 1995 and Van 
Poorten and McAdam 2010). Whether this phenotypic difference in growth rates has any 
gene5c basis is unknown.  
 
In the SFE, California White Sturgeon larger than 2 m and older than 27 years are not common 
(CDFW 2015 at p. 225). Blackburn et al. (2019 at p. 906) reported a maximum age of 29 years, 
although they acknowledged uncertainty in es5ma5on of age for fish older than 20 years old. 
They atributed truncated maximum age span in the SFE to harvest and sampling gear bias (the 
trammel net gear used by CDFW’s Adult Sturgeon Study has a mesh size that targets legal-sized 
fish; oversized fish are captured less frequently). 
 

2.4. Natural Mortality 
 
Natural mortality of adult and sub-adult fish is expected to be low. Adult sturgeon are heavily 
armored and extremely large rela5ve to most poten5al predators. White Sturgeon may be 
preyed upon by large sharks, sea lions, and other marine mammals (CDFW 2023, 
htps://marinespecies.wildlife.ca.gov/white-sturgeon/the-species/), but mortality due to 
preda5on on adults is likely to be rare. Reliably high adult survival is essen5al to the success of 
the White Sturgeon life history strategy, which features late matura5on, iteroparity, and mul5-
year intervals between spawning atempts.  
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On the other hand, larval and early juvenile White Sturgeon are suscep5ble to preda5on prior 
to ossifica5on of their bony scutes (Gadomsky and Parsely 2015). Rates of preda5on on larval 
and juvenile White Sturgeon are unknown. In the SFE and its watershed, Sacramento 
Pikeminnow (Ptychocheilus grandis), Channel Ca{ish, (Ictalurus punctatus), Prickly Sculpin 
(Co>us asper), Common Carp (Cyprinus carpio), Largemouth Bass (Micropterus salmoides), and 
Striped Bass (Morone saxatalis) are likely to prey opportunis5cally on larval and juvenile White 
Sturgeon (CDFW 2015; see htps://marinespecies.wildlife.ca.gov/white-sturgeon/the-species/). 
Preda5on would be expected to increase under low river flow condi5ons, which correspond to 
lower river stage and reduc5ons in suspended sediment, both of which enable light penetra5on 
to the dark benthic environments that provide cover for larval and juvenile White Sturgeon. 
 

2.5. Status 
 
Twenty-two species in the order Acipenseriformes (sturgeon and paddlefishes) are categorized 
as “ex5nct in the wild”, ‘‘cri5cally endangered’,’ or ‘‘endangered’’ by the Interna5onal Union for 
Conserva5on of Nature 
(IUCN: htps://www.iucnredlist.org/search/list?query=sturgeon&searchType=species). The most 
recent IUCN list categorizes White Sturgeon as “vulnerable;” the change from the previous IUCN 
ra5ng as "least concern" reflects this fish’s declining status range-wide. White Sturgeon 
popula5ons in the Columbia River above Grand Coulee Dam, Kootenai River, Fraser River and 
Nechako River are recognized as threatened or endangered by the United States and/or 
Canadian governments (Hildebrand et al. 2016; Ulaski et al. 2022 at p. 335). The American 
Fisheries Society considers White Sturgeon to be “endangered” (AFS 2008). 
  
The SFE popula5on of White Sturgeon – the only reproducing popula5on in California – is a 
Species of Special Concern (CDFW 2015; Hildebrand et al. 2016). The 1992 Central Valley Project 
Improvement Act (CVPIA) established as federal policy that ‘‘natural produc5on of anadromous 
fish in Central Valley rivers and streams will be sustainable, on a long-term basis, at levels not 
less than twice the average levels atained during the period of 1967–1991.” (CVPIA 
§3406(b)(1)). Under this “doubling policy”, the Anadromous Fish Restora5on Program (AFRP) 
established a produc5on target of 11,000 White Sturgeon in the Central Valley, wherein 
“produc5on” refers to the number of first-5me spawners each spawning season (AFRP 2001 
appendix A-2, sensu Ricker 1958). The AFRP Final Plan iden5fies as a “high priority” the need to 
“[s]upplement Delta ou{low for migra5on and rearing of white sturgeon, green sturgeon, 
striped bass, and American shad by modifying [Central Valley Project] opera5ons…” (AFRP 2001 
at 97). Despite habitat and ecosystem restora5on projects funded by the CVPIA and other 
governmental programs, there is no evidence that the AFRP White Sturgeon produc5on target 
has ever been atained (Ulaski et al. 2022 at p. 335). 
  
Like most sturgeon species, White Sturgeon life history allows them to capitalize on spawning, 
incuba5on, and juvenile rearing condi5ons that are available only infrequently. Historically, their 
long-life spans, variable and opportunis5c reproduc5on, and high fecundity made it possible for 
California White Sturgeon to persist and maintain a rela5vely stable popula5on through periods 
when riverine spawning and early rearing habitats were unsuitable (e.g., due to low river flows 
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associated with drought condi5ons). However, as the State Water Resources Contol Board 
(SWRCB) noted, the California White Sturgeon popula5on currently “does not appear stable and 
exhibits progressively diminishing recruitment in recent wet years” (SWRCB 2017 at p. 3-63). 
  
Although longevity and fecundity may buffer popula5ons through periods of low recruitment, 
delayed matura5on and the mul5-year interval between egg clutches of individual females also 
make White Sturgeon vulnerable to sustained anthropogenic modifica5on of river and estuarine 
flow regimes, overharvest, and sustained degrada5on of other habitat condi5ons (Blackburn et 
al. 2019). Willis et al. (2022 at p. 2) cau5oned: “…long-term viability of white sturgeon depends 
on regularly favorable climate and flow condi5ons, as well as access to appropriate spawning 
and rearing habitat.” See Hildebrand et al. 2016. The low intrinsic popula5on growth rate of 
White Sturgeon means it is highly sensi5ve to overharvest (Blackburn et al. 2019; Ulaski et al. 
2022 ci5ng Boreman 1997) and catastrophic adult mortality events. Furthermore, because 
White Sturgeon recruitment is heavily influenced by survival at early life stages (Jackson et al. 
2016 at p. 172 ci5ng Kohlhorst et al. 1991, Hildebrand et al. 1999, Secor et al. 2002), persistent 
reduc5on in the frequency of high magnitude spring-summer river flows leads to increases in 
the interval between successful cohorts, reducing the popula5on’s resilience and viability during 
periods of poor recruitment or high levels of sub-adult/adult mortality. 

3. Range and Distribu2on 
 

3.1. Range 
 
Reproducing popula5ons of White Sturgeon have been documented in the Sacramento, San 
Joaquin, Columbia, and Fraser River drainages (Hildebrand et al. 2016). Land-locked popula5ons 
exist in the Columbia River basin above major dams (Figure 1). White Sturgeon have also been 
introduced to watersheds outside of their na5ve range (Figure 1) but none of these introduced 
popula5ons appears to have persisted (USGS; 
htps://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=300). In California, White Sturgeon 
spawning is documented only in the Sacramento River (Moyle 2002; CDFW 2015) and in the San 
Joaquin River (Jackson et al. 2016). Spawning probably occurs, or occurred historically, in other 
reaches of major Central Valley Rivers (Moyle 2002). For instance, the Na5onal Marine Fisheries 
Service (NMFS) reports that “Green and white sturgeon adults have been observed periodically 
in small numbers in the Feather River” (17388 Federal Register/Vol. 70, No. 65 ci5ng 
Beamesderfer et al. 2004). White Sturgeon have been detected in California river systems north 
of the SFE (Figure 2), but the origins and reproduc5ve fates of these fish are unknown; CDFW 
(2015) reports: 
 

“Historically, small runs also occurred in the Russian, Klamath and Trinity rivers. 
White sturgeon have also been documented in the Eel River (M. Gilroy, CDFW, 
pers. comm. 2011). It is doub{ul that any of these later four rivers currently 
support popula5ons of white sturgeon.”  
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In salt water, White Sturgeon have occasionally been found far from likely natal rivers, including 
in the Aleu5an Islands, and near Baja California, Mexico (Hildebrand et al. 2016 ci5ng PSMFC 
1992 and Ruiz-Campos et al. 2011, respec5vely). Individuals tagged in the SFE have been 
recaptured outside of their natal basin, including one in the Lower Fraser River (Welch et al. 
2006) but it is generally thought that long-distance marine migra5ons of White Sturgeon are 
infrequent (Drauch Schreier et al. 2013). In the SFE, White Sturgeon may occasionally be found 
in 5dal habitats of larger tributary streams such as Coyote Creek, the Guadalupe River, the Napa 
River, Sonoma Creek, and the Petaluma River (Leidy 2007 ci5ng Stevenson et al. 1987 and CDFG 
2006). 
 

 
Figure 1:  Na3ve range of White Sturgeon (Acipenser transmontanus) in the lower 48 United 
States.  Documented introduc3ons outside of the na3ve range are also depicted. USGS; 
htps://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=300 
 
The small spawning range of California White Sturgeon rela5ve to its large body size is 
characteris5c of most endangered fish species in North America (Rosenfield 2002). The 
challenges of maintaining adequate popula5on size and geographic insula5on from localized 
catastrophic events are magnified for dis5nct popula5ons of large-bodied fishes, like the 
California White Sturgeon, that are more geographically constrained than the species as a 
whole. 
 

3.2. Distribu+on 
 
Adequate distribu5on of spawning and rearing sites (popula5on spa5al structure) is a key factor 
determining the viability of anadromous fish species (McElhany et al. 2000). When key life 
stages are confined to a few small loca5ons, the en5re popula5on is at risk from localized 
catastrophic mortality or destruc5on of habitat (Rosenfield 2002). The current distribu5on of 
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California White Sturgeon spawning is highly constrained rela5ve to the popula5on’s historic 
range (Figure 2). 
 
Impassable dams have blocked access to important spawning habitats throughout the Central 
Valley (CDFW 2015). Indeed, Sellheim et al. (2002 at p. 2) observed that “Much of historical 
California freshwater spawning and rearing habitat is now either inaccessible or severely 
degraded due to impassable barriers, insufficient freshwater flows, agricultural diversions, 
elevated water temperatures, invasive species, and environmental contaminants such as 
selenium.” A relic popula5on that persisted in Shasta Reservoir ader construc5on of Shasta Dam 
indicates that California White Sturgeon likely migrated and spawned upstream of the current 
damsite historically, including in major tributaries to the upper Sacramento River such as the Pit 
River (Moyle 2002; CDFW 2015). Spawning in the Sacramento River is believed to occur only in 
the 140 km reach between Knights Landing and Colusa (Moyle 2002; CDFW 2015). In the San 
Joaquin River, spawning has been documented at sites between rkm 115.2 and rkm 139.8 
(Jackson et al. 2016).  NMFS reports “periodic” spawning of White Sturgeon in the Feather River 
(17388 Federal Register/Vol. 70, No. 65 ci5ng Beamesderfer et al. 2004; see CDFW 2015). 
Heublein et al. (2017) report the presence of gravid White Sturgeon females near poten5al 
spawning habitat on the Feather River during spawning season. However, we are unaware of 
documented successful egg deposi5on or recruitment from the Feather River watershed.  
 
The absence of evidence for consistent spawning ac5vity in the Central Valley outside of the 
Sacramento River and San Joaquin River mainstems may reflect a lack of recent systema5c 
sampling in other Central Valley rivers. Although Moyle (2002) correctly surmised that White 
Sturgeon spawned in the San Joaquin River, evidence of successful spawning was not 
documented un5l 2011. Extensice levels of water development limit the frequency and spa5al 
extent of successful California White Sturgeon spawning in the San Joaquin River (Jackson et al. 
2016). Furthermore, low flow levels, construc5on and maintenance of the Stockton Deepwater 
Ship Channel, and high nutrient inputs to the San Joaquin River from agriculture upstream 
foster low dissolved oxygen condi5ons and frequent harmful algal blooms (e.g., of the toxic 
cyanobacteria Microcys3s) (Berg and Sutula 2015) in the lower San Joaquin River, both of which 
are likely to impair California White Sturgeon migra5ons to and from spawning grounds in the 
San Joaquin River and its tributaries (CBDA & CV RWQCB 2006; CDFW 2015). The frequency of 
flow and temperature condi5ons suitable for California White Sturgeon spawning and 
incuba5on in the Feather River are likely to be far lower now than occurred historically, due to 
construc5on and opera5ons of Oroville Dam and the Thermalito water management 
infrastructure (Heublein et al. 2017). 
 
The geographic range of sub-adult and adult California White Sturgeon rearing in the estuary is 
also at risk of being severely constrained. According to Leidy (2007), California White Sturgeon 
were most abundant in Suisun and San Pablo Bays, and the western Delta, although they are 
also found in Central and South San Francisco Bay. However, because adult and sub-adult White 
Sturgeon are rela5vely sedentary, heavy fishing harvest and repeated fish kills ader harmful 
algal blooms in San Pablo Bay threaten to eliminate California White Sturgeon in this area. 
Similarly, intense fishing pressure in the western Delta, and increasingly sophis5cated fishing 
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technology and communica5on among sport-anglers (CDFW 2023 at 55) may limit California 
White Sturgeon use of this area. 
 

 
Figure 2: Current and historic distribu3on of White Sturgeon (Acipenser transmontanus) in 
California. The San Francisco Estuary (SFE) watershed is the only known spawning popula3on in 
the state; detec3on of White Sturgeon in rivers north of the SFE is not believed to reflect 
presence of a current spawning popula3on (CDFW 2015). California Fish and Game Commission 
(2023).  

4. Abundance and Popula2on Trends 
 

4.1. Abundance 
 
California White Sturgeon briefly supported a commercial fishery before the turn of the 20th 
Century. Skinner (1962) reports es5mated landings of White Sturgeon, although he 
acknowledges high uncertainty in these es5mates due to variable record keeping (Figure 3). 
High harvest led to a popula5on crash and, as a result, the commercial fishery was closed from 
1901-1910.  Records indicate much smaller landings in 1916 and 1917. The commercial fishery 
was closed by the state legislature ader 1917 and all possession of White Sturgeon was 
prohibited un5l 1953.  A recrea5onal White Sturgeon fishery was opened in 1954 and con5nues 
to this day. 
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Figure 3 Commercial harvest of California White Sturgeon (in thousands of lbs). Data from 
Skinner 1962. 
 
Several data sets reveal a decline in California White Sturgeon abundance over the past 25 
years. For example, catches of Age 0 YOY White Sturgeon by the CDFW/Interagency Ecological 
Program’s Bay Study reveal a decreasing trend in juvenile abundance over the past 40 years, 
punctuated by increases in years with high spring-summer freshwater flows out of the Delta and 
into San Francisco Bay (Figure 4; see Fish 2010). 
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Figure 4: Rela3onship of spring-summer Delta ou[low and California White Sturgeon juvenile 
recruitment. Le^ axis: Abundance index of Age 0 White Sturgeon caught in pelagic waters of the 
San Francisco Bay estuary (source: CDFW/Interagency Ecological Program’s San Francisco Bay 
Study o>er trawl). Right axis: Average Delta Ou[low during April-July, in thousand acre-feet 
(source: Dayflow; h>ps://data.cnra.ca.gov/dataset/dayflow). Abundance is strongly correlated 
with April-July Delta ou[low (r=0.762, n=42). No index was generated in 2016. 
 
Similarly, over the past 25 years, CDFW’s mark-recapture studies of sub-adult and adult 
California White Sturgeon reveals a decline of approximately 80% (Figure 4). For such a long-
lived species, a decline of this magnitude in less than three decades is concerning. CDFW’s most 
recent es5mate of the 5-year average of the harvestable (slot-sized) popula5on (33,000 fish) 
(CDFW 2023) does not account for poten5ally massive losses to the California White Sturgeon 
popula5on resul5ng from harmful algal blooms in 2022 and 2023. CDFW’s Adult Sturgeon Study 
confirms a substan5al decline in California White Sturgeon density from levels commonly 
observed in the later half of the 20th century to those observed over the last decade (Figure 5); 
CDFW reports that, “2022 represented the most survey days with zero catch since the onset of 
[CDFW’s Adult Sturgeon Study]” (California Fish and Game Commission 2023 at PDF p. 49). 
 

 
Figure 5: Es3mated abundance of "slot-sized" California White Sturgeon based on CDFW mark-
recapture studies. Whiskers represent error bounds. The latest year of data (2021) precedes fish 
kills related to harmful algal blooms in 2022 and 2023. CDFW 2023, slide 28. 
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Figure 6: Catch-per-unit-effort (CPUE) of legal-sized White Sturgeon caught in the CDFW’s Adult 
Sturgeon Study (trammel net gear) in the San Francisco Estuary, 1968 to 2022. Sampling was not 
conducted every year in the early decades of this sampling program; more recently, no sampling 
occurred in 2018 (Stompe and Hobbs 2023). A unit of effort is 100 net-fathom hours of fishing 
3me. California Fish and Game Commission 2023 at Figure 9. 

4.2. Popula+on Trends 
 
As described above, California White Sturgeon abundance is declining (Figures 4, 5, 6; CDFW 
2015; SWRCB 2017; Blackburn et al. 2019; Schreier et al. 2022; Moyle and Rypel 2023; CDFW 
2023; California Fish and Game Commission 2023). Blackburn et al. (2019 at p. 896) concluded 
that “Recent surveys suggest a declining popula5on of White Sturgeon Acipenser 
transmontanus in the Sacramento–San Joaquin River basin (SSJ), California.” Popula5on trends 
are discussed below in the context of four factors for which data are available: the low 
frequency and declining magnitude of substan5al juvenile recruitment related to Central Valley 
river flow condi5ons; high direct mortality related to entrainment and salvage at the massive 
water export facili5es operated in the south Delta by the State Water Project (SWP) and the 
federal Central Valley Project (CVP); high rates of harvest in the recrea5onal fishery; and 
catastrophic mortality in response to harmful algal blooms. Although these are not the only 
stressors on the California White Sturgeon popula5on, they represent the largest nega5ve 
anthropogenic effects on the popula5on, and these are the impacts for which data are available 
to contextualize recent popula5on trends. 
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4.2.1. River Flows and Delta OuJlow 
 
Recruitment of juvenile California White Sturgeon is flow-dependent. Chronically low river flows 
and reduc5ons in freshwater inflow to San Francisco Bay (Delta ou{low) resul5ng from water 
diversion and storage opera5ons have been implicated in the decline of California White 
Sturgeon (CDFW 2015; Jackson et al. 2016; SWRCB 2017). As a result, successful cohort 
forma5on is infrequent for California White Sturgeon, corresponding to years of high spring-
summer river flows into and out of the Delta (Figure 4; Moyle 2002; Fish 2010; CDFW 2015 
ci5ng Kohlhorst et al. 1991 and Scha�er and Kohlhorst 1999; SWRCB 2017). CDFW (2015 at p. 
224) states “Annual recruitment of white sturgeon in California appears to have decreased since 
the early 1980s.” Similarly, Blackburn et al. (2019 at pp. 897-898) observed that “Few age-0 and 
age-1 White Sturgeon have been sampled since 1998, and only two strong year-classes (2006 
and 2011) have been documented in the last 19 years [through 2016]” and concluded that, 
“Con5nued poor recruitment has the poten5al to put the popula5on at risk.”  
 
The SWRCB analyzed the rela5onship between average freshwater Delta ou{low in March-July 
and recruitment of juvenile White Sturgeon (SWRCB 2017). The SWRCB found that recruitment 
of juvenile White Sturgeon did not occur when March-July average flows were below certain 
thresholds (see Figures 3.6-2 and 3.6-3 of SWRCB 2017 at pp. 3-65) and determined that 
monthly average Delta ou{lows > 37,000 cfs during this period were sufficiently protec5ve of 
California White Sturgeon. From 1980-1999, average March-July Delta ou{lows >37,000 cfs 
occurred 30% of the 5me (6 out of 20 years). Since 1999, flows of this magnitude have occurred 
only 17.4% of the 5me (4 out of 23 years). 
 
Using a similar analy5cal approach, we determined that recruitment of YOY White Sturgeon is 
very low or zero when Sacramento River flows (“SAC” + “YOLO” variables in Dayflow) average < 
30,000 cfs between April and July (Figure 7).  
 
Juvenile recruitment during op5mal condi5ons may also be constrained by declines in the 
spawning stock of adults (SWRCB 2017 ci5ng Gingras et al. 2014; Blackburn et al. 2019), adult 
fecundity, or both.  
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Figure 7: Rela3onship of spring-summer Sacramento River flow (= “SAC” + “YOLO” variables in 
Dayflow; h>ps://data.cnra.ca.gov/dataset/dayflow) and an index of California White Sturgeon 
juvenile recruitment (source: Age 0 California White Sturgeon Index, CDFW//Interagency 
Ecological Program’s Bay Study O>er Trawl). Age 0 abundance is strongly correlated with April-
July Sacramento River flows (overall r=0.769, n=42, p<0.01).  
 

4.2.2. Entrainment Mortality 
 
Each year, fish “salvage” opera5ons at the SWP and CVP South Delta water export facili5es 
detect millions of fish that become entrained into the water export infrastructure (TBI 2012). 
Studies on survival of other fish species that become entrained show that orders of magnitude 
more fish are killed in the export facility infrastructure prior to salvage (e.g., by preda5on or 
unsuitable water quality condi5ons; Cas5llo et al. 2012). In other words, salvage is always much 
less than the total loss of fish atributable to exports, and failure to detect fish in salvage does 
not necessarily indicate that pre-screen mortality is zero.  
 
Juvenile White Sturgeon are entrained episodically as a result of SWP and CVP water exports 
from the Delta. An unknown frac5on of entrained White Sturgeon dies as a result of the 
entrainment and/or salvage process. Ci5ng a study of entrainment mortality in the SFE’s Green 
Sturgeon popula5on, Jackson et al. (2016 at p. 172) indicate that “Water diversions in the main 
stem [of the San Joaquin River] and throughout the San Francisco Estuary may also entrain 
biologically significant por5ons of annual juvenile produc5on.” During 2023 through October 
6th, 2023, a combined total of 947 juvenile California White Sturgeon were salvaged at the CVP 
and SWP facili5es in the south Delta – a new annual record (Figure 8). Given the rela5onship 
between salvage (fish enumerated at the fish screening facili5es) and entrainment mortality 
(which includes fish eaten in the CVP and SWP diversion infrastructure upstream of the salvage 
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facili5es), total salvage of California White Sturgeon may underes5mate mortality due to 
entrainment by 1-2 orders of magnitude.  
 
Salvage may track annual recruitment of juveniles. To the extent this is true, trends in California 
White Sturgeon salvage data indicate a significant declining trend in abundance, including zero 
fish detected in 5 of the last ten years (Figure 8). High salvage mortality in 2023 likely reflects a 
rela5vely large cohort of YOY White Sturgeon produced following the record precipita5on and 
runoff of that year. Results from 2023 illustrate how direct mortality related to entrainment may 
erode the capacity of the California White Sturgeon popula5on to respond to environmental 
condi5ons that support successful reproduc5on. 
 

 
 
Figure 8 Annual combined salvage of White Sturgeon at Central Valley Project and State Water 
Project export operations (through 10/6/2023). 

4.2.3. Fishing Harvest 
 
California’s sport fishery for California White Sturgeon has also been implicated in the decline of 
sub-adult and adult California White Sturgeon in the recent past. The SFE fishery targets White 
Sturgeon between 40 and 60 inches, which equates to fish between approximately 9 and 17 
years of age. Anglers can catch 1 fish per day, and are limited to a harvest of three fish annually. 
Blackburn et al. (2019) es5mated that the SFE sport fishery harvest rate between 2007 and 
2015 averaged 13.6% (range: 8-29.6%). CDFW es5mates that fishing exploita5on rates from 
2016 through 2021 averaged 8.1% (range: 3.5-14.2%; California Fish and Game Commission 
2023 at PDF p. 22). These harvest levels are far above those that the best available science 
indicates can be sustained (CDFW 2023). Blackburn et al. state (2019 at p. 896): 
  

“Under current condi5ons, the popula5on will likely con5nue to decrease 
(popula5on growth rate λ = 0.97); .... The models also suggested that White 
Sturgeon in the [SFE] could reach the replacement rate (i.e., λ ≥ 1.00) if total 
annual mortality for age-3 and older fish does not exceed 6%. Low levels of 
exploita5on (i.e., <3%) would likely be required to maintain a stable popula5on.”  
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CDFW’s mark-recapture abundance es5mates of “slot sized” fish regularly exceeded 150,000 
fish in the 1980s and returned to these levels in the late 1990s following an extended drought in 
1987-1993 (Figure 5). By 2021, the es5mated harvestable popula5on had declined to a 5-year 
average of approximately 33,000 fish (CDFW 2023). This es5mate does not account for the 
poten5al effect of massive fish kills in 2022 and addi5onal mortality in 2023, related to red-5de 
blooms of the harmful algae, Heterosigma akashiwo (see below).   
 
Popula5on produc5vity is essen5al to fish popula5on viability (McElhaney et al. 2000). Average 
popula5on growth rates <1.0 clearly are not consistent with viability of California White 
Sturgeon. Moreover, Ulaski et al. (2022) found that exis5ng harvest rates were inconsistent with 
popula5on growth needed to atain federal targets for this species under the CVPIA.  
 

4.2.4. Harmful Algal Blooms 
 
In addi5on to the chronic drivers of declining abundance described above, the California White 
Sturgeon popula5on is suscep5ble to widespread catastrophic loss from harmful algal blooms in 
the Bay and in the Delta. During July and August 2022, a red 5de algal bloom, caused by the 
flagellated raphidophyte algae, Heterosigma akashiwo, spread across San Pablo, Central and 
South San Francisco Bays. H. akashiwo blooms have been linked to fish kills elsewhere in the 
world (CDFW 2023) and this bloom culminated in the rapid die-off of uncountable numbers of 
fish in the Bay (New York Times Aug. 30, 2022: htps://www.ny5mes.com/2022/08/30/us/fish-
dead-algae-bloom-california.html) and at least one of its estuarine lagoons, (Lake Merrit, in 
Oakland California; Guardian Sept. 1, 2022; htps://www.theguardian.com/us-
news/2022/sep/01/dead-fish-oakland-lake-merrit-algae-bloom). White Sturgeon and Green 
Sturgeon suffered heavy mortality over a period of approximately one week. Based on reports 
and pictures submited by volunteer naturalists and professional biologists, CDFW es5mates 864 
dead sturgeon were observed on the Bay shoreline, 195 of which were confirmed to be 
California White Sturgeon and 17 were confirmed as Green Sturgeon; the remaining carcasses 
were incomplete, poorly photographed, or were too badly decomposed to iden5fy from 
pictures (CDFW 2023). Based on the ra5o of confirmed carcasses (>90% of which were 
California White Sturgeon), it is clear that hundreds of California White Sturgeon carcasses were 
observed on the shoreline following the 2022 fish kill event. Another bloom of H. akashiwo, 
centered in San Pablo Bay (a sub-embayment in the larger San Francisco Bay complex), occurred 
in July of 2023. This bloom was shorter-lived and less extensive than the 2022 bloom. However, 
mul5ple observa5ons of White Sturgeon carcasses were reported on the shoreline of San Pablo 
Bay in iNaturalist during the bloom and immediately ader it receded 
(htps://www.inaturalist.org/observa5ons?nelat=38.86430003509466&nelng=-
121.2081780273586&order_by=observed_on&place_id=any&subview=table&swlat=36.892975
90683787&swlng=-123.6324969552935&taxon_id=49825). No official es5mate of California 
White Sturgeon mortality in 2023 has been produced.  
 
The number of California White Sturgeon carcasses observed on Bay Area beachlines during and 
immediately ader the 2022 and 2023 red 5de algal blooms likely represents a very small frac5on 
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of total mortality during the blooms as: (a) ~80% of the Bay’s shoreline was not systema5cally 
scanned for sturgeon carcasses due to access restric5ons, and (b) most dead sturgeon probably 
drided to the botom, were swept out of the bay by 5des, or degraded before detec5on 
(Schreier et al. 2022; CDFW 2023 at slides 52-54). Although the true extent of California White 
Sturgeon mortality will never be known, adult mortality is highly likely to be at least an order of 
magnitude higher than the confirmed carcass counts. Precise comparisons of bloom-related 
mortality to the standing stock of White Sturgeon are not possible because of high uncertainty 
in exis5ng es5mates of both mortality and total abundance of adult and sub-adult California 
White Sturgeon. 

5. Habitat Necessary for Species Survival 
 

5.1. Habitat Requirements 
 
White Sturgeon popula5ons with access to marine environments spawn in large rivers when 
flows are elevated and generally rear in their natal river estuaries and local marine 
environments un5l matura5on and between spawning events (CDFW 2015; Hildebrand et al. 
2016; Sellheim et al. 2022). Although they display wide diversity in their use of saline 
environments, California White sturgeon spawn exclusively in freshwater and spend most of 
their lives in saline habitats, returning to freshwater environments to spawn. Therefore, NMFS 
has jurisdic5on over California White Sturgeon under the federal ESA. Indeed, the migratory 
behavior of non-landlocked White Sturgeon popula5ons is roughly analogous to that of 
Shortnose Sturgeon (Acipenser brevirostrum) of the Atlan5c Coast, a federally endangered 
species administered by NMFS.   
 
White Sturgeon spawn in deep water (>4m; Parsley and Beckman 1994) with swid currents. 
Jackson et al. (2016) collected eggs in the San Joaquin River at depths >10 m. Spawning occurs 
at temperatures from 8 -19°C, and peaks at ~14°C (CDFW 2015 ci5ng McCabe and Tracy 1994). 
CDFW (2015) states that op5mal incuba5on substrate is free of sand and silt that can smother 
embryos. Spawning substrates in the San Joaquin River and Kootenai Rivers may contain some 
gravel, but are dominated by sand, silt, or hard pan clay (Hildebrand et al. 1996 ci5ng Jackson, 
Z., USFWS, Lodi, CA, pers. comm., and Kohlhorst, 1976); perhaps as a result, there is no White 
Sturgeon recruitment in the Kootenai River (Paragamian 2012) and successful recruitment in the 
San Joaquin River probably occurs only during years with high river flow (A. Schreier, UC Davis, 
pers. comm., Oct. 31, 2023). 
 
In the SFE, recently hatched White Sturgeon employ a two-stage dispersal from spawning sites 
to estuarine rearing habitats. Par5ally developed White Sturgeon hatchlings are photonega5ve 
and briefly disperse along river botoms; these embryonic fish then seek benthic cover un5l the 
ini5a5on of exogenous feeding (Kynard and Parker 2005). Under op5mal thermal condi5ons 
(14-17oC), California White Sturgeon eggs hatch in approximately 5-7 days and yolk sack 
absorp5on is completed approximately 20-23 days post-fer5liza5on (Wang et al. 1985). 
California White Sturgeon YOY are able to feed exogenously 20-30 days ader hatching, at which 
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point they swim downstream ac5vely, dispersing widely into rearing habitat throughout the 
lower rivers and Delta (Israel et al. 2009 ci5ng McCabe and Tracey 1994; Kynard and Parker 
2005). As YOY, California White Sturgeon become tolerant of brackish waters and tolerance or 
preference for salinity appears to increase con5nually with age (Sellheim et al. 2022).  
 
In estuarine environments, White Sturgeon aggregate in deep water over sod botom 
substrates. Movements may be in response to changes in salinity (CDFW 2015 at p. 224) and/or 
freshwater inflow to the estuary (Hildebrand et al. 2016 ci5ng Kolhorst 1991). White Sturgeon 
feed on or near the botom; they may feed in inter5dal areas during high 5des (Moyle 2002; 
CDFW 2015) but otherwise prefer deep water environments. Prey for juvenile sturgeon include 
chironomids, amphipods, aqua5c insect larvae, and opossum shrimp (Neomysis mercedis; Scot 
and Crossman 1973; CDFW 2015). As White Sturgeon grow, their diet is dominated by benthic 
invertebrates including crabs and clams. An invasive non-na5ve clam, Corbula amurensis, has 
become a major California White Sturgeon prey item since its invasion in the late 1980s, though 
its nutri5onal value to sturgeon is unknown (Zeug et al. 2014). Larger White Sturgeon prey on a 
range of fish including Pacific Herring (adults and eggs), Anchovy, Striped Bass, Starry Flounder, 
and Longfin Smelt (Skinner 1962; Scot and Crossman 1973; CDFW 2015 at p.225; Zeug et al. 
2014). 
 
Although capable of marine migra5ons (as evidenced by records of White Sturgeon along the 
Pacific Coast, far from natal habitats), California White Sturgeon typically remain in brackish 
estuarine environments through most or all of their adult lives (Miller et al. 2020). Un5l 
recently, it was believed that most White Sturgeon juveniles and adults remain in the SFE year-
round (Klimley et al. 2015), but isotope microchemistry evidence reveals considerable individual 
varia5on in migra5ons to and from marine environments. Sellheim et al. (2022) found a wide 
range of amphidromous behavior among sub-adult California White Sturgeon (i.e., during the 
first 10 years of life), which they grouped into four basic paterns “ranging from those that 
primarily inhabited low salinity waters to those who resided in high salinity water following a 
few years in low or medium salinity” (at p. 11). Although some sub-adults remained in 
freshwater environments throughout their pre-matura5on period, others never occupied 
freshwater during their sub-adult years. Short dura5on movements into high salinity habitats (> 
10 psu) occurred among approximately half of the White Sturgeon studied by Sellheim et al. 
(2022) and the frequency of journeys into higher-salinity brackish habitats increased as 
individuals aged.  
 
In addi5on to these periodic and short-term movements into marine waters, longer distance 
marine movements have been documented (Scot and Crossman 1973). Such migra5ons explain 
observa5ons of juvenile and sub-adult White Sturgeon far from known spawning popula5ons 
(Hildebrand et al. 2016). However, long-distance marine dispersal does not appear to be a 
significant component of the White Sturgeon life history strategy; gene flow appears to 
atenuate with geographic distance (Drauch Schreier et al. 2013; Willis et al. 2022), sugges5ng 
that extensive migra5ons are most oden associated with feeding rather than spawning (CDFW 
2015 at p. 225). 
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Cri5cal habitat for California White Sturgeon should extend downstream of Central Valley “rim 
sta5on” dams to the waters and fringing marshes of San Francisco Bay and its sub-embayments, 
and include the nearshore ocean off of San Francisco Bay (Gulf of the Farallones) and nearby 
coastal embayments (e.g., Bodega Bay, Tomales Bay). This would include recently documented 
spawning sites on the San Joaquin and Sacramento Rivers, as well as likely spawning and rearing 
areas on their major tributaries, including waterways used for migra5on to and from these 
spawning/rearing areas in and upstream of the Delta. 

6. Factors Affec2ng Ability to Survive and Reproduce 
 
Abundance of sub-adult and adult California White Sturgeon is at or near recorded lows (Figures 
4, 5, 6). Successful cohort forma5on is rare (Jackson et al. 2016; Ulaski et al. 2022) and the size 
of successful cohorts appears to be decreasing (Figure 4; CDFW 2023), indica5ng declining 
popula5on produc5vity. Both abundance and popula5on produc5vity are likely to have declined 
further in response to massive fish kills caused by harmful algal blooms in 2022 and 2023; 
length data from confirmed California White Sturgeon killed in the 2022 event indicates that the 
majority of fish killed were of reproduc5ve age (CDFW 2023). In addi5on, the popula5on 
appears to have suffered significant range constric5on caused by historic construc5on of 
impassable dams and their current opera5ons; successful spawning in many rivers that likely 
supported spawning historically is unknown (e.g., the Stanislaus River, Tuolumne River) or 
extremely rare (Feather River, San Joaquin River). These low and/or declining levels of 
abundance, popula5on produc5vity, and spa5al distribu5on are not consistent with popula5on 
viability (McElhany et al. 2000). 
 
California White Sturgeon are imperiled primarily by:  
 

• Central Valley water management infrastructure and opera5ons, including: 
o the existence of several impassable Central Valley dams, which block access to 

former spawning and rearing grounds;  
o high levels of water diversion and the current opera5ons of Central Valley dams, 

which collec5vely alter river hydrographs in ways that deprive California White 
Sturgeon of river and estuarine flows and water quality condi5ons necessary for 
successful recruitment; 

o direct mortality resul5ng from entrainment/salvage at CVP and SWP water 
export facili5es in the south Delta;  

• Overharvest in the recrea5onal fishery; and  
• Harmful algal blooms, some of which have resulted in direct mortality, and others (e.g., 

in the Delta) which rou5nely impair water quality condi5ons along the migra5on route 
for spawning White Sturgeon and their offspring.  
 

Other threats include: low dissolved oxygen in the southern Delta; toxins, including selenium 
and mercury; and direct mortality from ship strikes and dredging. In addi5on to these exis5ng 
threats, the risk of California White Sturgeon ex5rpa5on is exacerbated by imminent threats of 
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direct and indirect habitat modifica5on driven by human ac5vi5es. Major exis5ng and 
reasonably foreseeable imminent threats to the California White Sturgeon popula5on are 
described below. 
 

6.1. Dams 
 
Impassable dams on each of the nine largest Central Valley tributaries block access to historic 
California White Sturgeon spawning habitat. Smaller, semi-passable dams below these “rim” 
dams likely impair access to otherwise accessible spawning habitats. In addi5on, dams block 
river sediment transport which impairs sturgeon spawning habitat and denies migra5ng larval 
and juvenile sturgeon turbidity (suspended sediment) that they use to hide from predators 
(CDFW 2015). Among major anthropogenic factors limi5ng, or poten5ally limi5ng, viability of 
popula5ons of White Sturgeon in California, CDFW rates dams as “high” (CDFW 2015 see Table 
1 at PDF p. 109). 
 

6.2. Water Diversions 
 
Radical altera5on of the SFE hydrograph as a result of the large-scale capture and diversion of 
Central Valley runoff is a major force constraining California White Sturgeon produc5vity and 
driving declines in abundance (Moyle 2002; CDFW 2015, 2023; Jackson et al. 2016; SWRCB 
2017; Blackburn et al. 2019; Ulaski et al. 2022; SWRCB 2017). Diversions and reservoir storage 
opera5ons during wet years truncate peak river flows (Figure 9) and constrain the frequency of 
wet condi5ons upon which White Sturgeon cohort success relies. For example, between 1990-
2018, 7 out of 11 of the years that Reis et al. (2019) classified as “wet” or “above normal” in 
terms of unimpaired Central Valley runoff were actually “below normal” or drier in terms of 
water that flowed out of the Delta (Figure 10). Thus, water diversion and storage reduce the 
frequency and quality of condi5ons that favor California White Sturgeon recruitment. 
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Figure 9: Unimpaired hydrograph (blue lines) vs. actual hydrograph (red lines) for the San 
Joaquin River in 2009 (top) and 2016 (bo>om). Water diversions and reservoir opera3ons 
eliminate high flow condi3ons that correspond with successful White Sturgeon recruitment on 
this and other Central Valley rivers. 
 

 
Figure 10: Trends in actual Delta ou[low (below) rela3ve to Central Valley unimpaired runoff 
(above). Coloring of bars represent water year types based on quin3les of unimpaired flow from 
1922-2016. In terms of actual Delta ou[low, the frequency of “wet” and “above normal” years is 
markedly reduced compared to unimpaired hydrology. The percentage of unimpaired flow 
reaching San Francisco Bay (line in lower panel; right y-axis) declined significantly during this 
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3me-period (Kendall’s tau = −0.36, p < 0.001), including since 1995 (Kendall’s tau = −0.29, p < 
0.05). Reis et al. 2019. 
 
Despite the fact that current regula5ons are clearly inadequate to maintain freshwater flow or 
water quality condi5ons necessary to maintain viable popula5ons of several fishes na5ve to San 
Francisco Bay, the Delta, and their tributary rivers (SWRCB 2010, 2017; CDFW 2010, USFWS 
2022), recent changes to state and federal ESA regula5ons nevertheless allow for increased 
water diversion, decreased river flows, and reduced Delta ou{low as compared to earlier 
regula5ons (see, e.g., Figure 5.16-13, at p. 5-373 in Reclama5on 2019; see, e.g., Tables 5.2.3-
5.2.4 in CDWR 2020 at p. 5-12).  Moreover, several recent proposals for new water management 
infrastructure described below seek to increase water diversions, par5cularly during weter 
periods when high river flows and Delta ou{lows would otherwise benefit California White 
Sturgeon reproduc5on and recruitment. 
 

6.2.1. Sites Reservoir 
 
This proposed new off-channel reservoir would divert water from the Sacramento River during 
high flow periods from October-June, for later delivery to agricultural and urban users. If 
approved, Sites Reservoir diversion opera5ons are expected to reduce April-June flows, 
especially under wet condi5ons, in the known spawning, rearing, and migra5on corridor of 
California White Sturgeon in the Sacramento River (e.g., Sites RDEIR/SDEIS Table 5c-9-1c). This is 
likely to have a nega5ve effect on successful spawning and recruitment of juvenile California 
White Sturgeon. 
 

6.2.2. Delta Conveyance 
 
The California Department of Water Resources has proposed a new diversion from the 
Sacramento River that would route Sacramento River flow through an underground tunnel to 
exis5ng export infrastructure in the southern Delta (“the Delta Conveyance Project”).  
Opera5on of the Delta Conveyance Project would substan5ally reduce flows in the lower 
Sacramento River, par5cularly during spring-summer months of weter years (Delta Conveyance 
Project, Drad EIR (CDWR 2022) Appendix 05C Table 5C-42 at p. 5c-43); 
htps://www.deltaconveyanceproject.com/planning-processes/california-environmental-quality-
act/drad-eir/drad-eir-document) that would otherwise support California White Sturgeon 
reproduc5on and recruitment. 
 

6.2.3. Bay-Delta Water Quality Control Plan Update and Proposed Voluntary 
Agreements 

 
The SWRCB’s exis5ng Bay-Delta Water Quality Control Plan and related regula5ons are 
inadequate to protect na5ve fishes, even when supplemented by flow and diversion constraints 
applied under the federal and state ESAs (SWRCB 2010, 2017; CDFW 2010; USFWS 2022). The 
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current water quality standards governing flow into the Delta from the Sacramento River 
watershed, through the Delta, and into San Francisco Bay, were adopted in 1995. 
 
The SWRCB recently proposed new drad standards for flow from the Sacramento River 
watershed into the Delta, in-Delta hydrodynamics, and Delta ou{low (SWRCB 2023). The 
“proposed project” would require a minimum of 55% of unimpaired flow from the Sacramento 
River and the Delta’s eastern tributaries to reach the Delta year-round and for that volume to 
become Delta ou{low. However, the “proposed project” will not achieve the frequency and 
magnitude of flow condi5ons that California White Sturgeon need to sustain their popula5ons 
and fully recover. For example, the SWRCB has determined that average March-July Delta 
ou{lows ≥ 37,000 cfs are protec5ve of California White Sturgeon (SWRCB 2017 at pp. 3-63 
through 3-66). The SWRCB’s modeling predicts that flows of this magnitude will occur with only 
marginally higher frequency than baseline (19% vs. 15%) under the SWRCB’s proposed project 
(SWRCB 2023 Table 7.6.2-5 at p. 7.6.2-38). Moreover, this marginal difference in frequency of 
suitable flows is en5rely due to flows that exceed current diversion and storage capacity (i.e., 
unregulated flows), but which would be available for capture and storage by new diversions 
(e.g., the proposed new Delta Conveyance Project) and/or new storage facili5es, such as the 
proposed Sites Reservoir Project (see SWRCB 2017 at p. 5-31, showing that without 
“unregulated flows,” Delta Ou{low targets for White Sturgeon and Green Sturgeon would be 
achieved less frequently than baseline – 12% vs. 15%). Notably, the SWRCB’s “high flow” 
alterna5ve (65% of unimpaired Sacramento River and east side tributary inflow to the Delta) is 
projected to result in Delta ou{lows greater than or equal to the SWRCB’s White Sturgeon 
minimum flow threshold in 24% of years (SWRCB 2023 Table 7.6.2-5 at p. 7.6.2-38), 
approximately the frequency needed to ensure spawning opportuni5es necessary to sustain 
and recover the California White Sturgeon popula5on (1 in 4 years, see above). 
 
The SWRCB also described proposed Voluntary Agreements (VAs) as an alterna5ve to its 
“proposed project.” These VAs would provide far less flow into San Francisco Bay, through the 
Delta, and in tributary rivers where California White Sturgeon spawn and rear, than the SWRCB’s 
proposed project. In fact, during years with “wet” hydrology, modeling indicates that the 
Voluntary Agreements would result in less flow than under baseline condi5ons (see, e.g., 
SWRCB 2023 at Table 4-13; and Table G3a-10). Thus, the VA alterna5ve threatens to significantly 
diminish the frequency and magnitude of river and Delta ou{low condi5ons that White 
Sturgeon rely on for successful spawning and juvenile recruitment. 
 

6.3. Entrainment Mortality 
 
Direct and indirect mortality related to SWP and federal CVP opera5ons in the southern Delta 
are a subset of overall water management impacts on the California White Sturgeon popula5on. 
However, since these opera5ons result in substan5al direct mortality in years of high sturgeon 
recruitment, we consider this issue separately here. Although there is no known conversion for 
es5ma5ng total White Sturgeon entrainment mortality as a func5on of salvage of these fish (as 
there is for other species, e.g., Cas5llo et al. 2012), it is clear that: (a) there is no reason to 
expect high survival of salvaged fish, (b) total mortality will be greater than the number of fish 
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enumerated in salvage because of losses prior to the fish screens, and (c) salvage has been 
episodically high (Figure 8).  
 
Whereas constraints on export opera5ons contained in the 2008/2009 federal ESA biological 
opinions for Delta Smelt and anadromous fishes have been found to reduce salvage and related 
mortality of certain protected species (e.g., Delta Smelt; Smith et al. 2021), there is no reason to 
believe that those constraints are adequate to protect White Sturgeon, which are vulnerable in 
different seasons and under different hydrological condi5ons than other imperiled species. 
Furthermore, the export constraints detailed in the 2008/2009 biological opinion have been 
altered and may be altered again during the ongoing ESA reconsulta5on on CVP opera5ons. 
Specifically, the most recent federal biological opinion and CESA Incidental Take Permit allow for 
much higher levels of export during “storm” condi5ons (CDFW 2020 at p. 92). If juvenile 
California White Sturgeon capitalize on high-flow storm events to disperse in the Delta, then 
implementa5on of this “storm-flex” provision would be expected to increase entrainment 
mortality. 
 

6.4. Recrea+onal Harvest 
 
White Sturgeon life-history and behavior make the California White Sturgeon popula5on 
suscep5ble to overharvest. White Sturgeon exhibit delayed matura5on and do not spawn every 
year; thus, loss of older, more fecund, adult females represents a significant blow to overall 
California White Sturgeon popula5on produc5vity (Blackburn et al. 2019). These same life 
history atributes can mask long-term declines in the popula5on (Ulaski et al. 2022). Legal 
recrea5onal fishing for California White Sturgeon has exacerbated recent popula5on declines 
(Blackburn et al. 2019; CDFW 2023). CDFW’s planned response – to set harvest levels to 4% of 
the harvestable popula5on – will not eliminate the threat to the popula5on posed by 
recrea5onal fishing.  
 
In addi5on, because adult and sub-adult White Sturgeon tend to aggregate in a small area for 
extended periods (Hildebrand et al. 2016), fishing boats can concentrate angling pressure on 
significant popula5on pockets. This threat to the popula5on from legal harvest is exacerbated 
by the expansion of tools for rapid communica5on in the field (cell phones; social media) that 
allow recrea5onal anglers and boat captains to quickly learn about and move towards areas of 
high catches. In addi5on, White Sturgeon predictably return to favored spots seasonally 
(Hildebrand et al. 2016), making them easy for fishing boats to find and target. 
 
In response to extremely high harvest rates in the recent past, CDFW has proposed to develop 
new fishing regula5ons intended to achieve a 4% harvest mortality rate (California Fish and 
Game Commission 2023). This target is significantly above the levels Blackburn et al. (2019) 
calculated would be necessary to maintain a stable popula5on (<3%); harvest rates consistent 
with California White Sturgeon popula5on growth would be lower s5ll. And Blackburn’s 
calcula5ons did not account for the emerging threat of harmful algae blooms, which resulted in 
extreme California White Sturgeon mortality events in 2022 and 2023. 
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6.5. Poaching 
 
Poaching California White Sturgeon, principally for their eggs (caviar), has been iden5fied as a 
threat to the popula5on (Israel et al. 2009). Organized poaching rings have been iden5fied and 
par5cipants arrested, but there are no data on the current magnitude of this problem. 
 

6.6. Harmful Algal Blooms 
 
As described above, harmful red 5de (H. akashiwo) algal blooms in San Francisco Bay led to 
substan5al die-off of California White Sturgeon in 2022 and 2023 (CDFW 2023; California Fish 
and Game Commission 2023). These widespread blooms, and more localized persistent blooms 
of cyanobacteria (Microcys3s) in the San Joaquin River migra5on corridor, also threaten to 
constrain the geographic extent of California White Sturgeon spawning and rearing. Bloom 
forma5on corresponds to high light penetra5on, water temperatures, nitrogen (N) and 
phosphorus (P) (collec5vely, “nutrient”) concentra5ons, and residence 5mes. In the Bay, the 
one factor under human control is nutrient concentra5ons. In the Delta, because technologies 
to reduce N loads in treated wastewater effluent have been implemented at the Stockton and 
Sacramento wastewater treatment plants, reducing residence 5me with increased river flows 
(especially in the San Joaquin) represents the main viable strategy to mi5ga5ng or preven5ng 
harmful algal blooms. 
 
Repeated red-5de algal blooms, in 2022 and again in 2023, indicate that sizeable California 
White Sturgeon mortality events may occur more frequently in the future. Indeed, future 
blooms may be worse. The SFE is highly suscep5ble to harmful algae blooms because it is 
chronically over-enriched in N and P compounds that fuel phytoplankton growth and 
reproduc5on (Cloern et al. 2020). H. akashiwo forms cysts that lay dormant in botom 
sediments; the 2022 bloom may have deposited these cysts over a large por5on of San 
Francisco Bay, se�ng the stage for rapid development of widespread blooms in the future. 
Moreover, H. akashiwo is not the only poten5ally harmful, bloom-forming phytoplankton in the 
Bay; the San Francisco Bay Regional Water Quality Board’s (Regional Board) Nutrient 
Management Strategy iden5fies 17 harmful algal bloom-forming species in the SFE, and some of 
these are more toxic than H. akashiwo (SFEI 2016). Whereas, the Regional Board an5cipates 
proposing regula5ons that would constrain nutrient loading of the Bay from wastewater 
treatment plants (Eileen White, Execu5ve Director of the San Francisco Bay Regional Water 
Quality Board, pers. comm., Aug. 7, 2023), no reduc5on in nutrient loads has yet been required 
and such regula5ons (if adopted) are not likely to result in atainment of targeted nutrient load 
reduc5ons for at least 10 years. Thus, the harmful algal blooms are an increasingly imminent 
threat to the California White Sturgeon. 
 
In addi5on, harmful blooms of highly toxic cyanobacteria in the genus Microcys3s are 
increasingly common on the lower San Joaquin River during the spring and summer (Kudela et 
al. 2023), including months when adult and juvenile California White Sturgeon would be 
migra5ng to and from the San Joaquin River and its tributaries. These blooms and related low 
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dissolved oxygen levels in the Stockton Deepwater Ship Channel likely form a barrier to 
migra5ng California White Sturgeon adults and juveniles (CBDA & CVRWQCB 2006; CDFW 2015 
at p. 108). 
 

6.7. Pollu+on 
 
As Gunderson et al. (2017 at p. 334) note: “[t]he San Francisco Estuary is heavily influenced by 
anthropogenic ac5vi5es, including historic and chronic contaminant inputs. These contaminants 
can adversely affect SFE fish popula5ons, par5cularly white sturgeon, because they are a 
benthic dwelling, long-lived species.” California White Sturgeon are sensi5ve to agricultural and 
industrial pollutants, many of which bioaccumulate, leading to deformi5es, slower growth, and 
reduced reproduc5ve poten5al (CDFW 2015 at p. 230). Their exposure to organochlorine 
pes5cides, mercury, and selenium is quite high in the SFE. Indeed, Gunderson et al. (2017) 
found elevated concentra5ons of several metals, as well as DDE, PCBs, PBDEs, galaxolide, and 
selenium in the 5ssues of California White Sturgeon. Given this fish’s long lifespan, PCB’s and 
other pollutants may represent a significant popula5on-level concern (Moyle 2002; CDFW 2015 
and sources cited therein).  
 
The threat to California White Sturgeon posed by selenium accumula5on may be 
underappreciated. Elevated levels of selenium (Se) lead to decreased swimming ac5vity, slower 
growth, lower energy reserves, and decreased survival in California White Sturgeon (CDFW 2015 
at p. 230). Se enters the SFE from agricultural runoff and stormwater discharge – par5cularly 
from naturally seleniferous soils on the west side of the San Joaquin Valley – and from 
petroleum refinery effluent in Suisun Bay and San Pablo Bay. Gunderson et al. (2017 at p. 335) 
report Se levels in California White Sturgeon consistent with those associated with impaired 
reproduc5ve success. Stewart et al. (2020) reported Se in 5ssues of Sacramento Splitail taken 
from Pacheco Creek, which receives effluent from three nearby oil refineries, that were higher 
than those from Splitail sampled elsewhere in the SFE. These results suggested that “…the 
proposed EPA Se criteria for muscle 5ssue in Splitail may be under-protec5ve.” (Stewart et al. 
2020 abstract). White Sturgeon also inhabit the receiving waters of Pacheco Creek and forage 
on some of the same prey as Sacramento Splitail (e.g., mollusks) as well as the Splitail 
themselves, sugges5ng that California White Sturgeon exposure to refinery-origin Se may be 
higher than previously understood. 
 

6.8. Climate Change 
 
The regional effects of global climate change are likely to exacerbate several stresses on the 
California White Sturgeon popula5on. Poten5al effects include increases in water temperature 
that would impair reproduc5ve success; increased developmental rates leading to poten5al 
mismatch between life-history transi5ons and prey availability; disease suscep5bility; and 
increased dura5on, intensity, and extent of harmful algal blooms (CDFW 2015). Anthropogenic 
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impacts to climate have increased the risk of persistent droughts in California (Diffenbaugh 
2015); altera5ons to annual and seasonal hydrology resul5ng from climate change are also likely 
to further impair California White Sturgeon recruitment. 
 

6.9. Hatcheries 
 
Hatchery supplementa5on of wild sturgeon is not currently a threat to the California White 
Sturgeon popula5on, though it has been proposed. CDFW (2015 at p. 233) reports that 
ar5ficially reared sturgeon were outplanted from 1980-1988. Hatchery supplementa5on could 
threaten California White Sturgeon discreteness. Conserva5on status assessments for Pacific 
salmon include thresholds for hatchery influence (Lindley et al. 2007). Indeed, Central Valley 
fall-run and late-fall run Chinook Salmon popula5ons are listed as California Species of Special 
Concern, in part, because of high levels of hatchery influence (CDFW: 
htps://wildlife.ca.gov/Conserva5on/Fishes/Chinook-Salmon). Furthermore, hatchery-rearing of 
California White Sturgeon would not alleviate major threats to the popula5on (e.g., 
overharvest, harmful algae blooms, selenium toxicity) as these threats affect mainly older fish; 
hatchery-rearing would not undo or mi5gate several factors that imperil the popula5on in the 
first place. 
 

6.10. Ship Strikes 
 
White Sturgeon are killed by strikes from boat and ship hulls or propellers (Hildebrand et al. 
2016; Demetras et al. 2020). The popula5on level impact of this effect is unknown. There is 
concern that narrow sec5ons of the SFE (e.g., Carquinez Strait) may funnel high vessel traffic 
into the migratory path of California White Sturgeon on their way to and from spawning 
grounds, leading to deadly boat strikes (A. Schreier, UC Davis, pers. comm, Oct. 31, 2023). As the 
adult spawning stock becomes more limited, the poten5al for consistent loss of large females to 
ship strikes could become problema5c (CDFW 2015). 
 

6.11. Dredging 
 
Dredging of the federal naviga5onal channels, as well as smaller-scale dredging projects, poses a 
variety of direct and indirect impacts to California White Sturgeon. In 2009, the San Francisco 
Estuary Ins5tute prepared a study for the U.S. Army Corps of Engineers regarding SFE dredging 
impacts on green sturgeon (Stanford et al. 2009). Direct impacts include entrainment from 
hydraulic dredging, exposure to contaminated sediments, water quality impacts via sediment 
resuspension and sedimenta5on, disturbance from underwater noise, and changes to habitat 
(e.g., bed leveling). Indirect impacts include modifica5ons to prey base, increased occurrence of 
ship propeller strikes, and preda5on by invasive species. Impacts to Green Sturgeon are likely 
amplified for California White Sturgeon, because California White Sturgeon spend most of their 
lives in the SFE, whereas Green Sturgeon migrate through the estuary quickly.  
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7. Degree and Immediacy of Threat 
 
The threats facing the California White Sturgeon described above vary by degree and 
immediacy. The most significant threats are harmful algal blooms, recrea5onal fishing, and 
water diversions.   
 

7.1. Water Diversions 
 
Decreased freshwater flows through the watershed currently pose a severe, chronic threat to 
California White Sturgeon viability. Current management of river and estuarine flows (i.e., 
regula5on of reservoir opera5ons and diversions) constrains the produc5vity of the popula5on 
and promotes gradual, but persistent decline in the popula5on. Freshwater flow condi5ons are 
likely to be further degraded by mul5ple pending projects that would divert and store yet more 
runoff in the Sacramento Valley and the Delta.  
 

7.2. Recrea+onal Fishing 
 
Recrea5onal fishing is a grave threat to California White Sturgeon in the near-term. At current 
harvest levels, the threat from spor{ishing is severe. It is possible that new proposed 
restric5ons will reduce the near-term impacts from recrea5onal fishing, but the best available 
science indicates that, unless harvest rates are restricted to <3% of the popula5on, the 
popula5on will con5nue to decline (Blackburn et al. 2019) and will certainly not recover. 
 

7.3. Harmful Algal Blooms 
 
Harmful algal blooms pose a poten5ally catastrophic, immediate threat to California White 
Sturgeon. Given the combina5on of excessive nutrient loading, increased water diversions, and 
climate change, it is likely harmful algal blooms will occur with increased frequency and severity, 
leading to future fish kills and impairment of migra5ons.  

8. Impact of Exis2ng Management Efforts 
 
Exis5ng regulatory mechanisms are clearly inadequate to protect California White Sturgeon 
from further decline and eventual ex5rpa5on.  
 

8.1. Water Diversion Regula+ons 
 
Despite the existence of regula5ons addressing water diversion under the state and federal 
Clean Water Acts (i.e., the Bay-Delta Water Quality Control Plan) and state and federal ESAs (i.e., 
state CESA Incidental Take Permit and federal Biological Opinions), the propor5on of Central 
Valley-wide unimpaired runoff that makes it through the Delta to San Francisco Bay has declined 
drama5cally over the past century and over the past 25 years (Figure 10; Huton et al. 2017; 
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Reis et al. 2019). Moreover, exis5ng river and estuarine flow requirements are minimum 
standards that do not address and will not prevent the further reduc5on of “surplus” (i.e., 
unregulated) flows by proposed projects in the near future. As SWRCB (2023, at 1-9) explains: 
 

“Total average annual unimpaired (without diversions and dams under current 
channel and infrastructure condi5ons) ou{lows from the Bay-Delta watershed 
are about 28.5 million acre-feet (MAF). Annual average ou{lows with diversions 
are a litle more than half this amount at about 15.5 MAF, and ou{lows during 
the winter and spring from January through June are less than half. However, 
average regulatory minimum Delta ou{lows are only about 5 MAF, or about a 
third of current average ou{lows and less than 20 percent of average unimpaired 
ou{lows. Exis5ng regulatory minimum Delta ou{lows would not be protec5ve of 
the ecosystem, and without addi5onal instream flow protec5ons, exis5ng flows 
may be reduced in the future, par5cularly with climate change and addi5onal 
water development absent addi5onal minimum instream flow requirements that 
ensure flows are preserved in stream when needed for the reasonable protec5on 
of fish and wildlife.” (emphasis added). 

 
Several other recent reviews have similarly concluded that minimum flow requirements and 
current flow levels in the SFE watershed are inadequate to protect endangered fishes or 
recrea5onal and commercial fisheries (SWRCB 2010, 2017; CDFW 2010; USFWS 2022). The 
effect of water diversion and reservoir storage opera5ons on the volume and 5ming of flows to 
San Francisco Bay can be seen in the reduced frequency of years with high spring-summer river 
flows, rela5ve to the frequency of naturally occurring wet condi5ons (Figure 10). Thus, current 
water management prac5ces reduce the frequency of condi5ons that California White Sturgeon 
depend on for successful spawning and larval rearing. Moreover, as described above, adop5on 
of currently proposed updates to the Bay-Delta Water Quality Control Plan (SWRCB 2023), Sites 
Reservoir, and the Delta Conveyance Project would each reduce the frequency and magnitude 
of high spring-summer Delta inflows and ou{lows, and would therefore reduce the frequency 
and magnitude of successful California White Sturgeon recruitment. 
 

8.2. Recrea+onal Fishing Regula+ons 
 
CDFW acknowledges that increased regula5on of fishing harvest will be needed to stabilize the 
popula5on (CDFW 2023; California Fish and Game Commission 2023). CDFW has convened 
agency and outside experts to review poten5al changes in fishing regula5ons aimed at ataining 
a new maximum exploita5on rate target of 4% (California Fish and Game Commission 2023 at 
PDF p. 25). This target level of harvest is substan5ally higher than the maximum Blackburn et al. 
(2019) calculated would be necessary to maintain a stable popula5on (<3%) – that calcula5on 
was made prior to the emergence of harmful algal blooms and associated fish kills in San 
Francisco Bay-proper. CDFW’s revised harvest target would not be expected to halt declining 
abundance of California White Sturgeon, much less restore this popula5on.  
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Separately, CDFW staff proposed emergency fishing regula5ons that would restrict the 
California White Sturgeon fishery to catch-and-release only for the 2024 fishing season. 
However, at its October 11, 2023, public mee5ng, the California Fish and Game Commission 
rejected this proposal in favor of a series of temporary modifica5ons to fishing regula5ons 
aimed at achieving a harvest mortality target that was es5mated, without suppor5ng evidence, 
to be “4-5%.” Thus, there are no current plans to reduce California White Sturgeon harvest to 
levels consistent with maintaining a stable, much less recovering, popula5on. 
 

8.3. Nutrient Enrichment Regula+ons 
 
Nutrient enrichment of San Francisco Bay and its main tributaries supports increasingly 
common and widespread harmful algal blooms that kill California White Sturgeon and limit its 
geographic range. But current regula5on of nutrient loads from agricultural runoff, treated 
municipal wastewater, and refinery effluent have not prevented the SFE from becoming one of 
the most nutrient-enriched estuaries in the world (Cloern et al. 2020). Un5l nutrient loading 
into the Bay (primarily by local wastewater treatment plants) is significantly reduced, 
widespread blooms are likely to recur in the pelagic waters of the Bay. Although the Regional 
Board an5cipates requiring load reduc5ons in an updated wastewater nutrient permit, changes 
in infrastructure and opera5ons required to substan5ally reduce nutrient loads are likely to take 
many years to implement. Therefore, it is highly likely that California White Sturgeon will 
con5nue to suffer loss of habitat and poten5ally catastrophic fish kills for the foreseeable future 
as a result of harmful algal blooms. 
 
In the Delta, river flows are chronically impaired (SWRCB 2017; Reis et al. 2019). Although the 
SWRCB has been reviewing water quality (flow) standards for the Bay-Delta since 2009, and 
adopted new standards for San Joaquin River flow in 2018, river and estuarine flows are s5ll 
being managed to meet the requirements adopted nearly thirty years ago, in 1995. As a result, 
residence 5mes in the southern Delta support widespread seasonal toxic algal blooms in all but 
the wetest years. Indeed, the state is contempla5ng replacing the unimplemented 2018 San 
Joaquin River basin flow standards (which would require that 40% of unimpaired flow from the 
lower San Joaquin River’s three main tributaries reach the Delta) as part of a “voluntary 
agreement” with water diverters on the Tuolumne River (SWRCB 2023) – the proposed VA 
would provide significantly less flow in the Tuolumne River and San Joaquin River than the 2018 
standards would provide. It is also not clear whether even the 2018 standards would result in 
flows needed to mi5gate harmful algal blooms during the July-September period, when no new 
flow standard applies. 

9. Recommenda2ons for Future Management 
 
Conserving, protec5ng, and restoring California White Sturgeon will require immediate ac5on to 
simultaneously reduce key stressors, including: harmful reservoir opera5ons and high levels of 
water diversion that inhibit successful spawning, rearing, and adult and juvenile migra5ons 
through the Delta; nutrient pollu5on that supports harmful algal blooms in San Francisco Bay-
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proper; and overharvest. Full restora5on of this popula5on will also require elimina5on and 
mi5ga5on of toxic substances that California White Sturgeon bio-accumulate (e.g., Selenium, 
methyl-mercury, PCB’s, etc.). Popula5on level impacts from ship strikes and dredging should be 
thoroughly inves5gated.  And scien5fic research on, and long-term monitoring of, the California 
White Sturgeon popula5on must be restored and expanded. 
 

9.1. Restore Adequate Freshwater Flows to Increase Recruitment 
 
Increased frequency of adequate river flow into, through, and out of the Delta are necessary to 
support successful recruitment of juveniles to the California White Sturgeon popula5on. Based 
on the empirical rela5onship between Delta ou{low and successful California White Sturgeon 
cohort forma5on, the SWRCB (2017) iden5fied monthly average March-July Delta ou{lows > 
37,000 cfs as necessary to protect White Sturgeon. In order to support popula5on produc5vity 
consistent with a viable popula5on, such flows need to occur at least once in every 4 years 
(~25% of years), given the reproduc5ve interval of California White Sturgeon females (2-4 
years). Restoring the popula5on to its former abundance will require suitable river condi5ons to 
recur even more frequently.  
 
Similarly, our analysis indicates that recruitment of Age 0 California White Sturgeon rarely 
occurs in years when average Sacramento River flows between April and July are < 30,000 cfs 
(Figure 7).  New reservoir opera5on rules and constraints on diversions must be implemented to 
substan5ally increase the frequency and magnitude of average April-July Sacramento River 
flows >30,000 cfs.  
 
Jackson et al. (2016) iden5fied flow impairment as a likely constraint on California White 
Sturgeon reproduc5ve success in the San Joaquin River Valley. Their study indicates that 
increases in streamflow during the March– May period are important drivers of spawning 
ac5vity. However, they did not study the effect of flows in April-July on the successful transi5on 
of eggs into juveniles that reach the Delta. They called for increased research to refine es5mates 
of streamflow and temperature needed to support successful spawning and larval survival in 
the San Joaquin and its main tributaries. Increased flows in the San Joaquin during the March-
July 5me period will be necessary in order to study their effect on California White Sturgeon 
success. Restora5on of the San Joaquin River as suitable spawning, incuba5on, and larval 
rearing habitat for California White Sturgeon would improve popula5on viability through 
increased produc5vity and, eventually, abundance. Perhaps more importantly, increasing the 
frequency and success of spawning on the San Joaquin River and its tributaries would also be a 
major improvement to this fish’s constrained geographic distribu5on, and would be a significant 
contribu5on to the popula5on’s overall viability, as a result.  
 
In addi5on, flow and temperature condi5ons on the Feather River are unlikely to support 
successful California White Sturgeon reproduc5on, incuba5on, and dispersal in most years, due 
to the opera5ons of Oroville Dam and the Thermalito infrastructure (Heublein et al. 2017). 
Restora5on of the Feather River as suitable spawning, incuba5on, and early rearing habitat for 
California White Sturgeon would improve popula5on viability through increased produc5vity 
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and, eventually, abundance; it would also create addi5onal spawning opportuni5es off the 
mainstem Sacramento River that would be a significant incremental improvement to the 
popula5on’s constrained geographic distribu5on. Research into the flow needs of White 
Sturgeon on this river should be inves5gated; needed modifica5ons to storage and diversion 
opera5ons must be implemented to support successful reproduc5on on the Feather River.  
 

9.2. Eliminate or Substan+ally Reduce Migratory Barriers Through the Delta 
 
Two main barriers severely impair migra5on of California White Sturgeon through the Delta – 
low dissolved oxygen and harmful algal blooms in the lower San Joaquin River around Stockton. 
In part, both of these migra5on barriers result from inadequate San Joaquin River flows. 
Adequate river flows are necessary to alleviate chronically low levels of dissolved oxygen (Jassby 
and Van Nieuwenhuyse 2005) and to prevent blooms of the toxic cyanobacteria (e.g., in the 
genus Microcys3s; Berg and Sutula 2015; Lehman et al. 2013, 2020). Year round flows of ~1,000 
cfs in the Stockton Deepwater Ship Channel correspond to near elimina5on of dissolved oxygen 
levels < 5mg/L (the current regulatory standard (Figure 11; Jassby and Van Nieuwenhuyse 2005) 
and should be mandated, at least during the December-July period, when White Sturgeon are 
likely to migrate through this area on their way to or from spawning habitat in the San Joaquin 
watershed (Figure 12). 
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Figure 11: Distribu3on of flows and dissolved oxygen levels by month in the Stockton Deepwater 
Ship Channel. TBI 2010. Original source Figures 2 and 6 from Van Nieuwenhuyse, E. E. 2002. 
 

 
Figure 12: Timing of migra3on for different life stages of fish, including California White 
Sturgeon, that migrate through the Stockton Deepwater Ship Channel and the long-term 
distribu3on of temperature and dissolved oxygen levels in each month of the year. CBDA and CV 
RWQCB 2006. 
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The SWRCB adopted new standards for San Joaquin River inflow and flows on the San Joaquin’s 
three lower tributaries in 2018 (SWRCB 2018). These updates, which have not been 
implemented and for which implementa5on is not imminent (SWRCB 2023), would require 
minimum flows of 1,000 cfs upstream of Stockton at Vernalis. However, about half the San 
Joaquin River’s flow at Vernalis is distributed among other channels before it reaches Stockton, 
so this minimum Vernalis standard would not guarantee adequate flows to break up dissolved 
oxygen barriers in the lower San Joaquin River.  A minimum flow standard of 1,000 cfs in the 
Stockton Deepwater Ship Channel (or ~ 2,000 cfs at Vernalis) should be implemented, at least 
during the months of December through July, when White Sturgeon migrate through this area. 
 
At this 5me, it is unknown what specific flow levels are necessary to prevent toxic algal blooms 
in the lower San Joaquin River. Lehman (2020) found that summer5me Delta ou{lows > ~10 
Kcfs were associated with a reduc5on in toxic algal blooms magnitude, spa5al extent, dura5on, 
and toxicity rela5ve to drought years. In addi5on to the minimum flow at Vernalis (described 
above), the SWRCB’s updates to San Joaquin River flow standards would require 40% of 
unimpaired flow from the Stanislaus, Tuolumne, and Merced rivers to reach the Delta between 
February-June. This standard has not been implemented; thus, it has had no effect on flow – 
and implementa5on of the 2018 standard is neither imminent nor certain, given the SWRCB’s 
considera5on of a “voluntary agreement” alterna5ve. Adopted flow standards (i.e., SWRCB 
2018) should be implemented while studies are conducted to determine flows necessary to 
prevent forma5on of harmful algal blooms in the lower San Joaquin watershed during the 
months of May-July (when blooms are likely to form and migra5ng sturgeon may be present). 
 

9.3. Reduce Direct and Indirect Mortality Related to Water Export Opera+ons 
 
Episodic entrainment of juvenile sturgeon at CVP and SWP export facili5es limits the California 
White Sturgeon popula5on’s ability to respond when environmental condi5ons would 
otherwise support juvenile recruitment. Most juvenile California White Sturgeon salvage (and 
by extension, most pre-screen mortality) occurs between June and November (Figure 13). It is 
likely that White Sturgeon mortality is higher in June than salvage data reveal, as most YOY 
entrained at this 5me are likely to be too small to screen efficiently and are vulnerable to pre-
screen mortality. Current regula5on of exports is least restric5ve during these months. 
Therefore, we recommend adop5on of export-related hydrodynamic criteria (e.g., limits on 
nega5ve flows in the Old and Middle River distributaries of the San Joaquin River) for June-
November to limit the likelihood of entrainment for California White Sturgeon. 
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Figure 13: Combined CVP and SWP salvage of California White Sturgeon by month, 1993-2022. 
 

9.4. Eliminate Harvest Impacts in the California White Sturgeon Fishery 
 
Fishing harvest of California White Sturgeon has clearly been unsustainable. Un5l the 
popula5on is determined to have recovered, fishing should be limited to catch-and-release only.  
A catch-and-release fishery for California White Sturgeon is consistent with conserving and 
restoring these fish as hooking mortality is extremely low.  As CDFW reports: 
 

“Numerous studies on White Sturgeon indicate that the species is robust and 
tolerates the stress associated with catch and release angling well. … In a study 
conducted in the C.J. Strike reservoir catch and release fishery on the Snake 
River, ID, it was determined that adult White Sturgeon were hooked an average 
of 7.7 5mes, and landed 3.5 5mes, in a year (Koz�ay and Dillon 2010).  This 
suggests that over the course of their long lives, these sturgeon experience a 
high level of catch and release without long term nega5ve consequences. In 
studies of gear effects, it has been observed that metal tackle that has been 
ingested is processed and expelled quickly (Lamansky et al. 2018; Bowersox et al. 
2016). Mortality as a result of angling was examined in the lower Fraser River, BC 
(Robichaud et al. 2006). Out of 25,219 angling events, no mortality was observed 
immediately upon capture and release.  A subset of 96 angled fish were held in 
net pens for three days to evaluate delayed mortality.  No mortality was 
observed in the first two days. Two fish died by the end of the third day (2.6% 
mortality); however, the authors indicated that the mortality was likely 
influenced by the high density of fish being held in the floa5ng net pens 
(sturgeon are a benthic oriented species so cap5vity in a floa5ng pen is itself a 
stressor) (Robichaud et al. 2006).”  California Fish and Game Commission 2023 at 
PDF p. 56. 
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Although direct mortality from catch-and-release fishing appears to minimal, we recommend a 
prohibi5on on any fishing for California White Sturgeon over their spawning grounds between 
the months of December and May, inclusive. Hooking and capture generates sub-lethal stress 
responses (California Fish and Game Commission 2023); gravid females are likely to respond to 
hooking and associated handling by abandoning spawning for that year. Also, females that are 
already stressed by egg produc5on and prepara5on for spawning may experience delayed 
mortality if they become further exhausted as a result of handling by anglers. 
 

9.5. Reduce Nutrient Pollu+on in San Francisco Bay to Prevent Large Harmful Algal 
Blooms 

 
Preven5ng future catastrophic algal blooms will require rapid and aggressive reduc5ons in N 
and P loads for wastewater and oil refinery effluent disposed of in San Francisco Bay. The 
Regional Board an5cipates drading an update to its nutrient permit in 2024. However, adop5on 
and implementa5on of the permit are uncertain, as are the permit's final terms; even under the 
best-case scenario, retrofi�ng exis5ng infrastructure or building new infrastructure to 
substan5ally reduce nutrient loading and the risk of harmful algal blooms will require many 
years – perhaps a decade or more. Implementa5on of necessary load reduc5ons (currently 
es5mated to be on the order of a ~75-80% reduc5on in both N and P) will require significant 
investment by most or all of the Bay’s 37 wastewater treatment plant operators and five 
refineries. Funding and technical assistance to facilitate rapid transi5on to lower N and P 
loadings should be provided.  
 

9.6. Improve Monitoring and Research on California White Sturgeon Popula+ons 
 
Historic and current long-term monitoring programs that generate informa5on about California 
White Sturgeon abundance, produc5vity, distribu5on, and life-history and gene5c diversity 
should be maintained and expanded. Monitoring California White Sturgeon popula5ons is 
challenging because they are rela5vely rare, large-bodied, long-lived, and migratory.  Different 
life stages occupy very different habitats and require different gear to sample them efficiently. 
As described in this pe55on and elsewhere (California Fish and Game Commission 2023), CDFW 
has numerous monitoring programs to track California White Sturgeon abundance.  Each of 
these programs has generated a valuable long-term data set, however, given the life-history of 
this fish and the large expanse and varied habitats of the San Francisco estuary and its 
watershed, each 5me series of es5mated abundance is subject to high variability. Some of this 
variance is intrinsic to California White Sturgeon popula5on dynamics, but some of it reflects 
the resource-intensive nature of adequately sampling California White Sturgeon. Recently, the 
US Bureau of Reclama5on cut funding for CDFW’s Adult Sturgeon Study. Dedicated funding to 
con5nue this program has not been secured. This study has provided cri5cal, fishery-
independent insight into long-term popula5on trends for over 50 years. Funding must be 
replaced, and indeed, the Adult Sturgeon Study should be expanded, especially given the need 
to understand the popula5on impacts of the 2022 and 2023 HAB-related fish kills. Similarly, the 
CDFW/Interagency Ecological Program’s Bay Study provides cri5cal data on California White 
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Sturgeon juvenile recruitment, but it is underfunded and future funding is not secure. Likewise, 
CDFW’s White Sturgeon fishing tag program must be adequately funded to support increased 
par5cipa5on from the fishing community. Finally, CDFW is currently unable to monitor White 
Sturgeon recrea5onal fishing in the SFE beyond self-reported data. The Resources Agency 
should secure funds to maintain and increases each of the long-term sampling programs 
described above and fund addi5onal CDFW staff to conduct frequent direct angler surveys, boat 
launch monitoring, and fishing regula5on enforcement. 
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