
Delta Smelt - DRAFT
BDCP Logic Chains for Covered Fish Species


Note to Reviewers:
The following presents a draft set of straw BDCP biological objectives for a spring-run Chinook Salmon.  Per the recommendations of the independent science review panel, the objectives have been structured to address specific stressors as identified in existing documents such as existing recovery plans, biological opinions, and/or DRERIP life history conceptual models.  A standardized table is used for each objective to provide specificity regarding the objective.  Terms used in the table such as “Indicator” and “Attribute” are defined in Attachment 1.  Additional components of the logic chain such as expected outcomes, conservation measures, and monitoring metrics are not presented herein.  However, portions of the objective table are specifically intended to provide information relevant for these additional components.  Efforts to link specific species objectives to broader natural community objectives and ecosystem objectives will be conducted once the species objectives have been reviewed and finalized.    

Disclaimers:
1. Some of the objectives presented herein are hypothetical.  These objectives are introduced to stimulate further discussion.
2. The Global Goals and Global Objectives presented below are not BDCP goals and objectives.  BDCP will contribute to the achievement of these global goals and objectives.  
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Global Goal           
Establish self-sustaining populations of Delta smelt that will persist indefinitely.

[bookmark: _Toc275273489]Global Objective
Maintain abundance of delta smelt in accordance with the following criteria: delta smelt numbers or total catch must equal or exceed 239 for 2 out of 5 years and not fall below 84 for more than two years in a row. Distributional and abundance criteria can be met in different years (from: USFWS Recovery Plan Distribution and Abundance Criteria).  

[bookmark: _Toc275273490]Stressors/Limiting Factors
The following stressors/limiting factors were adapted from Nobriga and Herbold (2009) and USFWS (date). Not all of the stressors listed below are proposed to be addressed by BDCP. 
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	ID
	Stressor
	Summary Description

	Stressors Addressed by BDCP

	1
	Food limitation due to overbite clam
	Food availability and food web disruptions.

	2
	Food limitation due to altered co-occurrence with prey
	Food availability and food web disruptions affecting juveniles.

	3
	Water quality - Toxicity (pesticides, Cu, MeHg, Se, microcystis, wastewater)
	Effect of contaminants and microcystis on productivity.

	4
	Water quality - Temperature 

	Effect of water temperature on productivity as well as on role of other stressors.

	5
	Water quality - Water transparency
	Effect on distribution and survival (including predation). 

	6
	Altered flows 
	Altered distribution due to diversions and gate operations.

	7
	Entrainment
	Direct mortality due to project and non-project diversions.

	Stressors Not Addressed by BDCP

	8
	Climate change 
	Effects of climate change are considered, but no specific objectives proposed. 



[bookmark: _Toc275273491]Stressor #1: Food Web (overbite clam)	Comment by Bruce: This ignores Corbicula, which could be as important or greater concern in the Delta.

The overbite clam directly competes with delta smelt for calanoid copepods and it grazes phytoplankton that would otherwise support the production of copepods and other historically important delta smelt prey (e.g., mysid shrimp).  The impact of overbite clams on the food web supporting delta smelt likely interact with other stressors to affect delta smelt viability (Nobriga and HerboldDRERIP Conceptual Model, 2009).

BDCP Objective #1  
Provide suitable habitat areas where overbite clams have not established.

	Relation to Global Objective
	Limits the growth rate and size of larvae, juveniles, and adults to the extent that there are effects on large areas or multiple patches of habitat.


	Indicator
	Occurrence of overbite clams

	Location
	Cache Slough, Suisun Marsh, West Delta, Cosumnes/Mokelumne, South Delta (?) 


	Attribute
	Spatial extent and density of clams in a given area

	Quantity or State
	Presence/absence of overbite clam and clam density.  Establish threshold density based on reference conditions.


	Time Frame
	Within 15 years of permit issuance?
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Stressor #2: Altered co-occurrence with prey

There are strong correlations between the apparent spatial-temporal “co-occurrence” of early life stage delta smelt with their prey and abundance of maturing adults in the subsequent autumn (r2 > 0.90 for larvae and > 0.70 for juveniles; BJ Miller and Tom Mongan, San Luis and Delta Mendota Water Authority, unpublished data).  Similarly, Kimmerer (2008) recently published a statistically significant correlation between summer biomass of calanoid copepods in the low-salinity zone and an index of delta smelt survival from summer-autumn.  Co-occurrence with prey is a secondary stressor stemming from species invasions and environmental manipulation that is affected by other stressors, including the spatial distribution of suitable delta smelt habitat (a function of X2, water quality, and submerged vegetation), water temperature, overbite clam grazing, entrainment of the food web components that support delta smelt (e.g., Jassby et al. 2002; Durand, 2008DRERIP Food Webs model), and pesticide loading (Werner, et. al., 2008DRERIP Contaminants Model), and possibly Microcystis blooms that poison copepods.  

BDCP Objective #2
Increase cumulative abundance of preferred prey (Eurytemora, Pseudodiaptomus, Cyclopidae sp, etc.) that co-occur with early life stage and adult delta smelt.

	Relation to Global Objective
	Limits the growth rate and size of larvae, juveniles, and adults to the extent that there is a landscape scale effect on habitat quality.


	Indicator
	Prey items such as Eurytemora, Pseudodiaptomus, Cyclopidae sp.

	Location
	Cache Slough, Suisun Marsh, West Delta, Cosumnes/Mokelumne, South Delta 


	Attribute
	Abundance of preferred prey within specific locations at specific times.

	Quantity or State
	A statistically measurable trajectory of increasing cumulative abundance of preferred prey.
Note: Need to develop a workplan on how this metric would be developed.

	Time Frame
	June to October.  
Within 20 years of permit issuance?
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Stressor #3: Toxicity (pesticides, Cu, MeHg, Se, microcystis, wastewater) 

Water toxicity can act as a stressor either directly through physiological impairment of the fish themselves or indirectly by suppressing the supporting food web.  For example, pyrethroid pesticides are a likely source of zooplankton mortality (Werner et al. 2008), and a factor influencing fish health and survival (Floyd et al. 2008).  Similarly, toxicity work has indicated that delta smelt may be exceptionally sensitive to ammonia toxicity (Werner et al. 2008).  Further, ammonium ion may inhibit phytoplankton blooms (Wilkerson et al. 2006; Dugdale et al. 2007).  Ammonium ion also may provide a competitive edge to toxic Microcystis aeruginosa over diatoms that are more edible to zooplankton (Takamura et al. 1987), possibly leading to lower zooplankton productivity (Ger et al. 2009).

BDCP Objective #3
Reduce delta smelt exposure to contaminants and other toxins, including microcystis.

	Relation to Global Objective
	A key limiting factor to the species population’s natural productivity, spatial distribution and/or diversity.


	Indicator
	Water quality parameters.

	Location
	BDCP Planning Area

	Attribute
	· Concentration (µg/L) of;
· ammonium, 
· pyrethroids, 
· Microcystis abundance
· Dissolved oxygen levels (mg/L)
· Water temperature (°C)

	Quantity or State
	????

	Time Frame
	TBD
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Stressor #4: Temperature 

Some locations in the estuary exceed the thermal limits of delta smelt during winter and summer.  The laboratory-derived lower and upper temperature tolerances of juvenile delta smelt are 7.5ºC (46ºF) and 25.4ºC (78ºF), respectively (Swanson et al. 2000).  In addition to lethal limits, water temperatures increase the stress associated with food limitation, exposure to contaminants, and low dissolved oxygen concentrations, causing mortality at levels below laboratory-derived lethal limits (e.g. Kumaraguru and Beamish 1981; Marine and Cech 2004; Bennett et al. 2008).  

BDCP Objective #4
Minimize exposure of larval, juvenile, and adult delta smelt to adverse water temperatures.

	Relation to Global Objective
	Water temperature regulation for the benefit of delta smelt will lower the incidence of related mortality and contribute to achieving the recovery plan abundance targets.


	Indicator
	Water temperature and occurrence of larval, juvenile, and adult delta smelt 

	Location
	BDCP Planning Area

	Attribute
	Water temperature and presence/absence of juvenile delta smelt

	Quantity or State
	___% reduction of larval, juvenile, and adult delta smelt exposed to water temperatures equal to or greater than 25.4ºC

	Time Frame
	Through the life of the program
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Stressor #5: Water Transparency

Delta smelt distribution is strongly associated with turbid water (Nobriga et al. 2005; Feyrer et al. 2007; Nobriga et al. 2008).  The lack of suitably turbid conditions is a primary stressor that is also a component of delta smelt habitat. Larval feeding success is enhanced by turbidity (Baskerville-Bridges et al. 2004).  Long-term monitoring shows the distribution of juvenile delta smelt is strongly influenced by water transparency (Nobriga and HerboldDRERIP Conceptual Model, 2009).  

BDCP Objective #5 
Utilize turbidity events as management triggers. 

	Relation to Global Objective
	Water transparency is a key limiting factor to the species population’s natural productivity, spatial distribution and/or diversity 


	Indicator
	Turbidity

	Location
	Select monitoring stations in the Delta

	Attribute
	Suspended sediment

	Quantity or State
	????

	Time Frame
	December through June
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Stressor #6: Altered flows

At all life stages, delta smelt distribution is controlled by freshwater flow; small larvae are distributed furthest from the low salinity zone (LSZ) and juveniles and maturing adults are often distributed at the upstream edge of the LSZ (Hobbs et al. 2007; Nobriga et al. 2008).  The distribution of maturing delta smelt depends on freshwater flow and turbidity.  Adults are cued to move by freshets during winter-spring (Grimaldo et al. 2009).  

During low outflow conditions, delta smelt move into the Delta to spawn.  Delta hydrodynamics and resulting entrainment in water diversions are primary stressors that affect delta smelt mortality (Erkkila 1950; Stevens and Miller 1983; Moyle et al. 1992; Kimmerer 2008) – see Stressor #7 below for objective regarding entrainment.

BDCP Objective #6
Avoid flow and hydrodynamic conditions that promote movement of spawning adults into the southern delta.

	Relation to Global Objective
	Reduction in delta smelt entrainment resulting from flow alterations will positively affect species productivity.

	Indicator
	Old and Middle river flows

	Location
	Southern Delta

	Attribute
	Net flows

	Quantity or State
	Reduced occurrence of spawning delta smelt in the southern Delta.

	Time Frame
	Winter – Spring.  
5 water year running average basis
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Stressor #7: Entrainment

Delta smelt are vulnerable to entrainment in the SWP and CVP diversions during winter-spring spawning migrations and during their larval and early juvenile periods in the spring-early summer, but the relationship between river flows and entrainment in the SWP and CVP diversions varies by life stage (Kimmerer 2008).  See DRERIP Conceptual Model, page 23 for details.

BDCP Objective #7
Reduce entrainment loss of delta smelt at project diversions.

	Relation to Global Objective
	USFWS 1996 Recovery Plan

	Indicator
	Entrainment loss

	Location
	South Delta facilities

	Attribute
	Number of delta smelt spawning adults, juveniles, and larvae. 

	Quantity or State
	Reduce entrainment of delta smelt (normalized by water year type):
· adults by __% 
· juveniles by __% 
· larvae by __% 


	Time Frame
	December to March.  Within 20 years of permit issuance
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	Indicator
	What will be measured? 
Species, habitat, ecological process, physical condition…

	Location
	Where will it be achieved?

	Attribute
	What aspect of the indicator will be measured?
Population size, density, cover, presence/absence, reproductive rate…

	Quantity or State
	What measurable condition or change is expected?
Increase, decrease, maintain or limit negative impact?
Quantity: 500 individuals, 20% cover, 30% increase …
Quality: Weed-free, all life stages present, cover class 4…

	Time Frame
	When will this be achieved?





