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Supplemental Delta Smelt Sampling: Non-Invasive Collection Methods and Genetic Analysis Techniques
Minimizing entrainment related mortality of adult and larval delta smelt is the primary purpose of the 2-Gates Project.  Empirical observations, particle tracking, and delta smelt behavioral modeling suggest Project operations may be beneficial in reducing entrainment.   However direct sampling by existing Interagency Ecological Program (IEP) monitoring programs are unlikely to provide sufficient resolution to detect Project related changes in delta smelt distribution.  Increased effort for direct sampling programs is desirable, but is precluded by the risk of greater take of listed species, particularly delta smelt.
Goals
We propose fish sampling addition to IEP monitoring in order to: 
1. Determine if increased turbidity from early-winter storms triggers migration of adult delta into the western Delta.
2. Determine if Project operations to prevent formation of a turbidity “bridge” are effective in reducing the immigration of adult delta smelt from the Sacramento River into the south Delta.

3. Determine if Project operations to increase dispersive mixing alter the distribution of larval delta smelt as predicted by hydrodynamic modeling.
4. Determine if Project operations to increase dispersive mixing alter larval delta smelt entrainment at the CVP and SWP export facilities as predicted by hydrodynamic modeling.
These studies have been designed to augment and compliment existing IEP monitoring programs while minimizing take of delta smelt or other sensitive fish species.

Background and Objectives 

Turbidity is increasingly recognized as a key attribute of delta smelt habitat (Bennett 2005, Feyrer et al. 2007, and Nobriga et al. 2008).  The location and structure of Delta turbidity is affected by freshwater inflow, tidal flows and other Delta hydrodynamics. During high river flow periods, turbidity enters the western Delta from the Sacramento River and the central Delta via Georgiana Slough, and then enters the south Delta through Old River and Middle Rivers. Inflow from the San Joaquin River also contributes a pulse of turbidity, although the timing typically lags from the Sacramento River. When these two water bodies meet, they form a turbidity “bridge” from the central and west Delta to the south Delta. 

Operation of the Project in conjunction with OMR flow requirements is expected to provide greater control and flexibility in preventing formation of the turbidity “bridge”.  Hydrodynamic simulations indicate a low turbidity region (< 15 NTU) is maintained for approximately 6 miles of Old River with gate operations in conjunction with OMR flow requirements. Thus, entrainment reduction may be accomplished by controlling the distribution and continuity of turbidity and salinity conditions that appear to be a component of pre-spawning, adult delta smelt habitat.  Preliminary results from the newly developed adult delta smelt behavioral model applications suggest that the distribution and density of adults could be modified to reduce the potential for entrainment at the Central Valley Project (CVP) and State Water Project (SWP) facilities through the combination of pumping restrictions (USFWS 2008) and the Project gate operations.  Restricting the presence of pre-spawning adult delta smelt from some portions of the south Delta may reduce potential entrainment of their progeny (larval and juvenile life stages).  In addition, tidal operation of the 2-Gates Project may increase dispersive mixing of water in the central or southern Delta seaward toward the western Delta. This has the potential to (1) disperse larval/juvenile smelt spawned in the central and southern Delta away from the export pumps, thereby reducing entrainment risk; and (2) transport juvenile smelt westward toward rearing habitat near Suisun Bay.

In order to assess the effect of turbidity management and dispersive mixing on delta smelt distribution and entrainment vulnerability, we propose an innovative, intensive sampling effort. Traditional sampling methods for delta smelt use nets towed through open water areas to directly capture free swimming fish.  While effective, these methods result in substantial take of delta smelt and other sensitive fish species.  Sampling for larval delta smelt is further constrained by the labor intensive process of sorting and identifying samples.  

We propose an approach that overcomes these difficulties in two ways.  One, our sampling design targets potential delta smelt predators, rather than targeting delta smelt directly.  We define predators to include fish that may eat delta smelt, but also to include export facilities which can entrain and “take” delta smelt.  Two, we will process a very large number of samples quickly and at relatively low cost by estimating delta smelt biomass in each sample (predator stomach or entrainment plankton sample) using quantitative polymerase chain reaction (qPCR) rather than traditional hand sorting and visual identification. 

We will collect and analyze stomach contents for predatory fish species including sunfishes, black bass, Sacramento pikeminnow, and striped bass.  Inland silverside and others non-game fish thought to prey on larval delta smelt will also be included.  Predatory fish will be collected by current IEP monitoring programs but also by hook-and-line sampling, and shoreline “commando” seining.  Secondarily, we will sample for larval delta smelt at the SWP export facilities using nets comparable to those used in the 20mm survey or through the use of an autonomous plankton sampler (Autonomous Plankton Sampler (APS), Figure 1).

In addition to testing the 2-Gates Project, the data from this experiment will be used to (1) tighten the linkage between observed delta smelt distributions observed from the fall mid-water trawl, spring Kodiak trawl, and 20mm surveys, (2) enhance, calibrate, and verify the delta smelt behavior model developed by RMA, and (3) provide an early and real-time warning system that would alert the water project operators to the onset of delta smelt migration into the central Delta where they become increasingly vulnerable to entrainment in the export facilities.
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Figure 1 Autonomous Plankton Sampler (APS) outside its housing (left) and inside its water tight housing

(right). Water is pumped through a net (gauze) within the housing and the net is advanced automatically on a fixed time interval or dynamically in response to turbidity, chlorophyll or changes in water pressure across the gauze filter. The APS is used extensively for unattended plankton sampling in the Atlantic Ocean for programs such as GOOS, EuroGOOS, the Large Marine Ecosystems (LME) program and the US National Marine Fisheries Service. Images courtesy of Chelsea Technologies Group.
Sampling Design
Predator sampling will occur twice per month beginning with the first winter storm event and continuing through June.  There is a several day lag-period between the onset of precipitation in the Sacramento Valley and increased Sacramento River flows and turbidities. Therefore, we propose to have crews ready to begin sampling immediately after the start of the first “large” storm of the year.  Using this approach, we hope to have several days of sampling under low Sacramento River discharges and turbidities before the river responds with increased discharge and turbidity.   During the first winter storm event, three days of sampling will occur immediately prior, and immediately after, turbid waters reach the Delta.  We anticipate that few, if any, delta smelt will be detected during the pre-storm period; whereas fish would be detected once the turbidity plume expands into previously low turbidity areas. 

In subsequent months, three days of intensive sampling will occur roughly every two weeks. Sampling areas will be stratified among six Delta regions arrayed to cover known or likely delta smelt spawning and rearing areas.  Likely sampling areas include: 1) the 6 mile length of OMR which will be managed by the Project to minimize turbidity, 2) the central and eastern Delta to help assess dispersive mixing effects on delta smelt, 3) the Jersey Point area of the San Joaquin River to assess delta smelt movement towards the central delta, 4) Decker Island area on the Sacramento River, and 5) Liberty Island area of the Sacramento Deep Water Ship Channel.   Sampling areas will be further refined through consultation with scientists from resource agencies.  

Hook-and-line sampling will be conducted by anglers paid a stipend to provide a boat and fish in the company of a field technician, targeting specific regions, habitats and predator species as required by the study design.  Angling will occur at times or tides when delta smelt are thought to be most vulnerable to predators.  Thirty-six sampling days (6 days each month), composed of 12 boats (2 for each Delta region), 3 anglers per boat, and a minimum of 12 fish per angler (5 black bass, 2 striped bass, and 5 sunfish/crappie) will yield approximately 15,552 predator stomachs for genetic based assessment of delta smelt predation.  Small predators sampled (sunfishes, silverside, and juvenile bass) will be killed and have their stomachs removed.  Larger predators (striped bass and adult black bass) will be sampled using gastric lavage and released alive back into Delta waters.

Larval sampling at the south delta export facilities will begin with the first evidence of delta smelt spawning.  At both the SWP and CVP export facilities, samples will be collected using a 20mm like net or by pumping water through an Autonomous Plankton Sampler (APS, Figure 1) at the rate of at least 100 liters per minute.  The APS includes two spools of nylon gauze, flow meter, and an internal programmable data logger controller and coupled with state of the art electric motor technology to drive the gauze advance mechanism. The APS advances the gauze as an index advance at set pre-programmed time intervals but also provides data logging for six external environmental sensors along with the capability to trigger gauze advance from an external data source (e.g. turbidity instrument). Gauze advance and memory full flags are logged after every gauze advance. On pumping, the water passes through the intake aperture and larval fish and zooplankton are captured upon the filtration gauze which is then covered with a second gauze and wound on to a collection spool immersed in preservative.  The APS may operate for one or more days on a single roll of gauze depending on desired sampling interval.
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Figure 2.  Delta smelt biomass index (quantity of delta smelt DNA) as estimated by quantitative PCR.  The number of PCR temperature cycles (y-axis) required to reach the asymptote of target gene detections yields a precise estimate of the number of delta smelt genes (biomass) present in the sample.
Sample Analysis  
Stomach samples will be frozen until ready for processing.  Larval samples collected by the APS system will be preserved in ethanol.  Samples from larger predators (>150mm total length) and the APS will be subject to cursory visual inspection.  A small tissue sample, fork length, and digital photographs will be collected from any whole fish observed (even if partially digested). Contents of each sample will then be homogenized, subjected to DNA extraction, and then be subjected to qPCR.  Geneticists working with Cramer Fish Sciences have already demonstrated this technique by isolating DNA from fresh and preserved specimens, conducted PCR for a targeted delta smelt gene, cloned this gene into a cloning vector (verified by sequencing), used this vector to create a standard curve, and validated the effectiveness of the primer probe for use in quantitative TaqMan PCR.   As shown in Figure 2, using this technique we can not only test the presence or absence of Delta smelt tissue from an unknown or mixed sample, we can also estimate the number of copies of the targeted delta smelt gene.  Thus, these advanced genetic methods can provide a very rapid and precise estimate of delta smelt biomass from any sample.  In addition, samples testing positive for delta smelt DNA may be shared with UC Davis for additional genetic sequencing as part of ongoing efforts to describe and understand delta smelt population genetics and effective population size.

Data Analysis
Using the genetic techniques described above, we will generate estimates of delta smelt biomass for each sample collected in the field (entrainment and predator stomachs).  Using this information, we will conduct an analysis describing the distribution of delta smelt in relation to time of year, turbidity, salinity, and other Project effects.  Furthermore, this data will be used to test and further refine predictions of hydrodynamic-behavior models and operational protocols for the 2-Gates Project.








