Delta Action 8 Workshop
Background Material for Participants

Introduction:

This Delta Action 8 workshop is to be held on Friday, May 27th at the Farm Bureau in Stockton This workshop is intended to generate discussion and answer questions relating to the Delta Action 8 coded wire tag late-fall study.  Components of the study that will be discussed include the design, the power of the test, the data analyses methodology and other studies.  This background material has been provided so that participants come to the meeting with an understanding of the history and results of the experiment to date.  At the end of the workshop, the Service would like recommendations on the study designs for 2005, 2006 and for short and long term approaches to this issue.  

History:

In October of 1996, the Central Valley Project Improvement Act’s, Anadromous Fish Restoration Plan (AFRP) proposed nine actions in the Delta that essentially resulted in extending the time period for protective measure contained within the Delta Accord (1994) which later became the 1995 Water Quality Control Plan. Much of the rationale of these nine Delta Actions was based on the desire to protect both the early and late outmigrants of the various salmon races to ensure greater life history diversity relative to outmigration timing.  Actions in the Delta were selected to increase the natural production of anadromous fish, but it was assumed that other species would also benefit from the proposed actions.  

Delta Action 8 specifically was originally implemented to “Establish conditions for a CWT late fall run juvenile survival experiment in December 1997 and January 1998 at exports of 65 and 35% of Delta inflow, respectively.”  The action was to estimate the value of the lower export/inflow ratio to survival of juvenile salmon migrating through the Delta between November and January.  Delta Action 8 was to provide the data needed to assess the benefits of implementing Delta Action 9.  Delta Action 9 proposed to limit the average combined Central Valley Project (CVP) and State Water Project (SWP) exports to no greater than 35% of Delta inflow in November-January period, similar to the level prescribed in the 1995 WQCP between February and June. 

The Delta Action 8 experiment was to use late-fall yearlings from Coleman National Fish Hatchery.  The juveniles would be coded wire tagged, trucked and released in Georgiana Slough and at Ryde (or Isleton) (Figure 1) and to measure relative survival of the two groups to Chipps Island (and as indexed in the ocean fishery) at two different export/inflow ratios.  The experiment had been conducted in earlier years with fall run and in December of 1993 (IEP Newsletter, Spring of 1994), December of 1994, January of 1995 and January of 1996.  The cost of this experiment for tags, recovery and tag reading are approximately $75,000. The tagging is an additional cost but would occur whether this experiment was conducted or not.   

The late-fall experiments conducted in 1993 and 1994, prior to the Delta Action 8 experiments, had the Delta cross gates open (Figure 1).  In all other late-fall Delta Action 8 releases the gates were closed except during 1999.  In 1999, water quality in the Delta was a problem and the gates were opened during the experiments. Over the course of the experiment it has been requested the gates to be closed to minimize the variation in survival from a change in the gate operation.  In December of 1994, January of 1995 and for both releases in 1999, the Ryde group was actually released at Isleton – about 3 miles further downstream on the Sacramento River than Ryde.  The groups were moved to Isleton to assure that none of the tagged fish would move upstream on the tides, at the lower flows, to be entrained into the open Delta cross channel (December of 1994) or Georgiana Slough.

In the early years of implementation of the experiment, it became apparent that there were logistical and institutional problems getting a high export rate (or export/inflow ratio) in December and a low export rate (or export/inflow ratio) in January.  First, Sacramento River flows were unpredictable and difficult to plan export levels around.  It may have been this recognition that changed the experimental variable tested from export/inflow ratios to just export levels.  In addition, when flows were high (as the case, many times in January) getting the low export rate was extremely costly since the difference was large between the reduced, requested exports and what exports could be under the existing standards.  Thus we attempted to get a low export/flow ratio in December but, since 2001, Environmental Water Account assets have been used to pay for the export cuts, and there was reluctance to use EWA assets for experimental purposes when natural fish weren’t in the Delta and couldn’t benefit from the export curtailments.   One additional consideration was that if experimental conditions did not reflect what the natural fish were exposed to, then the information may not be relevant.   These issues all weighed in to what export levels were during each of the yearly experiments. 






Conceptual Model:  

As juvenile salmon from the Sacramento basin migrate through the Delta towards the Pacific Ocean they encounter various junctions in the rivers.  Two such junctions are the Delta cross channel and Georgiana Slough, which carry water from the Sacramento River into the Central Delta.  This higher quality Sacramento River water in the central Delta is then “conveyed” to the South Delta where is it pumped out of the Delta by the SWP and CVP.    

Significant amounts of flow from the Sacramento River enter the Delta cross channel and Georgiana Slough and it is assumed that juvenile salmon also enter the central Delta via the Delta cross channel and Georgiana Slough.  Once the juvenile salmon enter the Central Delta their mortality is increased because of the greater distance to the ocean, the higher temperatures, higher predation, a greater number of agricultural diversion and a more complex channel configuration making it more difficult to find their way to sea.  In addition, upon reaching the mouth the Mokelumne River they are often exposed to net upstream (reverse) flows on the lower San Joaquin River, Old and Middle Rivers  moving to the south towards the pumping plants.  

Water is drawn from the central Delta through lower Old River to the export pumps when the combined CVP/SWP pumping rate exceeds the flow from the San Joaquin River down the upper reach of Old River and Middle River   This unfavorable Delta hydrodynamic situation, with net reverse flow in the southern Delta, increases the risk of juvenile salmon being entrained at the SWP and then CVP facilities.  This reverse flow also may increase fish residence time in the central Delta, increasing the exposure to other mortality factors and thereby decreasing survival through the Delta. 

Juvenile salmon, steelhead and other species of fish in the south Delta are directly entrained into the SWP and CVP export water diversion facilities.  Many juvenile salmon die from predation in Clifton Court Forebay before they reach the SWP fish screens.   Some juvenile salmon migrating down the mainstem Sacramento River below the mouth of Georgiana Slough also may be diverted to the south Delta via Three-mile Slough or around Sherman Island.  

Management question:
Should the inflow/export ratio be reduced between November and January to protect juvenile salmon migrating through the Delta at that time? 

Management objective

To quantify the relationship between Central Valley Project (CVP) and State Water Project (SWP) exports and juvenile salmon survival through the Delta between November and January. 

Experimental hypotheses:

1). Georgiana Slough (interior Delta) survival relative to Ryde/Isleton (mainstem Delta) survival increases with lower exports

2). Survival through the Delta is higher with lower exports, 

3). Survival is higher with lower exports when the Delta cross channel gates are closed. 

4). Salmon diverted into Steamboat and Sutter have higher survival than those staying the mainstem.

               Experimental design:

Releases have been made at Georgiana Slough, Ryde (or Isleton), and Port Chicago.  In later years, releases have been made at Sacramento, Vorden and Sherman Island (Figure 2). 

-  Georgiana Slough releases were made to index interior Delta survival (treatment 1)

-  Ryde releases were made to index mainstem Delta releases  (control 1)

-  Port Chicago releases were made to obtain absolute survival of both groups by factoring out ocean survival to compare survival in the Delta between years (control 1a, control 2).  


-  Sacramento releases were made to estimate survival through the Delta (treatment 2)

-  Sherman Island releases were made to allow absolute survival measurements at Chipps Island (control 1b, control 2a) 

-  Vorden release (treatment 3, control 4) was made to estimate the effect of Delta cross channel and Georgiana Slough when compared to Ryde (control 3) and to estimate the effect of Steamboat and Sutter Sloughs when compared to Sacramento release (treatment 4)


Experimental assumptions:

1). The survival of groups released at Ryde is not affected by exports

2). Survival downstream of Sherman Island /Port Chicago is the same for all groups released within each set.   

3) Survival of upstream groups is the same as downstream groups once the upstream groups reach the downstream location.  

4.  There is equal probability of capture of all groups at Chipps Island (when the sampling effort is corrected for) and in the ocean fishery
Methods:

Late-fall juvenile salmon from Coleman National Fish Hatchery were marked with coded wire nose tags (CWT), trucked and released at various locations in the Delta.  (More information about these fish at the hatchery is provided in Attachment 12). Releases at Ryde and Georgiana Slough were made within a day apart so that environmental conditions are similar between groups within one experiment.  The Georgiana Slough group in recent years has been released a day before the Ryde group in anticipation that it will take them longer to get to Chipps Island and to make it easier for the hatchery since the 50-70,000 groups use more than one truck to haul the groups to the release site.  It was also hoped that recoveries from both groups at Chipps Island would occur during a similar period of time.  

Initially the Georgiana Slough and Ryde groups were of similar size (~30,000 in each group), but starting in December of 1997, the numbers released were increased at Ryde ( ~50,000) and a larger group was released at Georgiana Slough (~70,000).  In December of 2002, the Georgiana Slough group was smaller due to a last minute substitution due to a loss of the original group in the truck during transport.  The size of the other groups were comparable, with the exception of later Port Chicago and Sherman Island releases where only 25,000 are released in the group.  It was anticipated that these groups would have higher survival than those released upstream.   In December of 2003 we used two tag codes per group to allow additional information to be gathered on the variance around the survival estimates.  The two tag codes within each group are raised in the same hatchery pond. We are exploring the benefits of having multiple ponds with two tag groups within each group.  It is unclear whether the hatchery can accommodate such a request. Survival through the Delta can potentially be affected by the pond environment at the hatchery.  
The marked fish are recovered as juveniles at Chipps Island (Figure 1) as they migrate from the Delta and in the ocean fishery as adults.  Sampling at Chipps Island is conducted almost daily for 5 to 6 weeks after the marked fish are released.  Daily sampling consists of ten, twenty minute tows per day.  The fraction of time sampled by day is roughly 14%. 

The marked fish recovered in the ocean fishery are expanded estimates based on port sampling and are provided in a web-based database query system administered by Pacific States Marine Fisheries Commission.  The Regional Mark Information System website is: www.rmis.org.  Recoveries are reported by tag code and by year.  For our purposes we included all ocean recoveries but excluded hatchery or spawning ground returns.  We felt that where the fish were released may affect their ability to home back to their natal hatchery (where sampling for coded wire tags is greater) and thus bias our comparison between groups.      

 The survival index to Chipps Island is calculated by the following formula:


    S = # recovered/((# released) * (fraction of time * fraction of area sampled)) 


The fraction of time sampled is calculated based on the number of minutes sampled between the first and last recovery at Chipps Island divided by the total number of minutes during that period.  

The fraction of area sampled is the net width (30’) divided by the width of the channel at Chipips Island (3900’) and equals 0.007692.
The survival indices have been calculated for each tag code when more than one tag code is used within a group.  Group survival is calculated by combining the recovery and release numbers and time sampled for two tag codes.  We have used this group survival when calculating the Georgiana Slough/Ryde survival ratio. In 2003 and 2004 we also have reported mean survival (and plus and minus two standard deviations) when comparing groups within a year. Although two tags have been used in these later years, they are still raised together in the same pond and trucked together thus they are not truly independent of one another. 

The ocean recovery information is reported as ocean recovery rate, which is the expanded number recovered in the ocean fishery divided by the number released.  

The survival ratio is simply the ocean recovery rate of the Georgiana Slough group divided by the Ryde group and is called a differential recovery rate.  With the Chipps Island survival indices the ratio of survival is the survival index of the Georgiana Slough group divided by the survival index of the Ryde group. 
A differential recovery rate was also calculated for the Chipps Island recoveries. Ken Newman recommended this method in order to estimate standard errors around each estimate using the Delta method (attachment 1).  

               Individual year results and related analyses and studies: 
Table 1 shows the dates of release, the water temperature in the truck and at release, the number released, the average size, the first and last day recovered at Chipps Island, the number recovered, the number of minutes fished and fraction of time sampled during the period from first to last recovery and the survival index for each of the Ryde/Isleton and Georgiana Slough groups.  Expanded salvage at the State Water Project (SWP) and Central Valley Project (CVP) are also shown.  In addition ocean recoveries and ocean recovery rates are shown for releases made prior to 2000.  The data and and graphs of the timing of individual recoveries of the various groups to Chipps Island is provided in attachment 2.  Also included in attachment 2 are the daily values for CVP+ SWP exports, Sacramento River flows and combined flows going through the Delta Cross Channel (if open) and Georgiana Slough.  

In December of 1997 and January of 1998 the experiment was conducted as envisioned with the higher export ratio being tested in December and the lower export rate tested in January.  The results indicated that the Georgiana Slough/Ryde survival ratio was higher in January when the mean export/Sacramento River inflow was lower (table 2)  
In December of 1998, the experiment was repeated.  Releases were made on December 1 and 2 and December 29 and 30.  Exports were low for the two groups (~2000 cfs).  Flows on the Sacramento River during the 10 to 14 days after release however were much higher for the first group (50,000) than for the second group (20,000), but the average E/I/ ratios for both groups were generally low and ranged between 4 and 8%, respectively.  In this case the Georgiana Slough /Ryde survival ratio was higher (0.72) when the E/I ratio was 8% (second release) than it was (0.24) at 4% (first release). In this year it appeared the Ryde survival was lower for the second release (0.374) than during the first release (0.741) (table 2).  Although a similar result was observed between the two Ryde groups using the ocean recovery information (obtained years later),  the differences were much less and the resulting ratios between the two Georgiana Slough and Ryde groups were similar and generally high (0.66 and 0.69) using the ocean recovery rates (Table 2).   
In May of 1999, Sheila Greene evaluated a different way of estimating survival for the groups (Attachment 3).  Later comparison (about 2001) of the two different methods for estimating survival showed relationships with exports that were not very different (Figure 3).  
In December of 1999, the experiment was conducted again.  This time, two sets of releases were to be made 10 days apart.  The Delta cross channel gate was closed for the first release made on December 10 (Georgiana Slough) and 11 (Isleton).  The gates were then opened and closed on December 14, opened on December 15 and closed again on January 16 – thus open for the most of the first and all of the second set of releases made on December 20 (GS) and 21 (Isleton).  In addition, while flows were relatively constant during the month (~15000 cfs) exports fluctuated substantially during the two periods (Attachment 2).  Exports started at 5000 on the first day of the first release and were 1500 from about day 4 until day 11 and increased back to 5000 by day 14.  The second release had exports starting at 2000 cfs on day 1 and increased steadily to about 10729 on day 14.  With the addition of the 1999 data, the relationship which had been significant, 1993-1998 (p<0.05), between GS/ Ryde survival ratio and exports (for the mean of 17 days after release) was no longer significant (Figure 4).  
 In the November 2000 and January 2001, the late-fall fish from Coleman that were usually allocated for Delta Action 8 were instead allocated to evaluate the Delta Cross Channel and Steamboat and Sutter Sloughs.  We ran an experimental trawl at Benicia during the test to evaluate recoveries there. Recoveries at Benicia were lower than at Chipps Island and the trends were not similar (Table 3).   

In early January of 2002, we made another set of releases at Georgiana Slough (January 2) and Ryde (January 5).  (Again some of the allocated fish for this study were used earlier in the year (November of 2001) to evaluate the Delta Cross Channel).   The resulting GS/Ryde ratio was generally high (0.31) given the high level of exports (close to 10,000 cfs for the average during the 17 days after release).  Flows and exports had been high the day of release (~57,000 cfs and 12155 respectively ) and were reduced to 5000 for the next 5 days (for Delta smelt protection) and back to 12,000 cfs by day 7 (Attachment 2).  
In 2000, radio tagging results showed that late-fall juvenile salmon released at Georgiana Slough were mostly in the main stem San Joaquin River when they were last detected  (due to the short battery life) which was about 3 days after they were released  (Figure 5 and 6, Attachment 4).  It seemed to make biological sense that this time period might be critical to determining the survival of juvenile salmon through the Delta as related to exports.  Thus we compared our survival ratio to exports for the average of the three days after the Georgiana Slough release.  When the relationships using 17 days and 3 days were compared we found that the average exports for the December 20, 1999 and January 2002 experiment were much greater using the 17 day average than the 3 day average (Figure 7).  Once the 3 day average was used the relationship again became significant (p<0.05).

It was after this release that Erin Chappell of DWR did an analysis to evaluate which averaging period of exports appeared to be important.  She looked at the averages using the number of days until 25%, 50% and 75% of the recoveries had been made at Chipps Island and for day of release and for the mean of 3 and 17 days after release.  The best relationship was with mean exports for the 3 days after the Georgiana Slough release. Bryan Manly (6/13/2003) also found higher correlations with the 3 day average exports than for the 5, 7, or 17 days after release. (Bryan also found a significant relationship between survival and average water temperature during the experiment, but it wasn’t clear where the water temperature was measured?)
In December of 2002, more fish from Coleman were available for the experiment.  With the concern that the relative survival indices for groups released at Ryde and in Georgiana Slough, could not address how the fish split on the main stem Sacramento River at Georgiana Slough and the most recent information from radio tagging at the Delta Cross Channel which indicated a large percentage of juvenile salmon could be entrained into Georgiana Slough even when the Delta Cross Channel gates were closed (Attachment 5), an augmented experimental design was employed.   This new design kept the core GS/Ryde comparison, but limited it to one release per year, while adding other release sites (Figure 2).  The Port Chicago release was continued. (It had started in 1996)(Figure 8).  A Sacramento release was reinstated (had been done in 1996-1997) to compare survival to the GS and Ryde survival indices to estimate what percentage of the group split into each reach.  We also timed the Sacramento release to be a day after a release was made in the upper Sacramento River basin at the hatchery (Battle Creek) to estimate survival from upstream to the Delta.  Releases were made at Georgiana Slough and at Ryde, (12/5 and 12/6 respectively) with a release at Port Chicago (1/10).  We had planned to make a release at Sherman Island to use as a new downstream control for the Chipps Island recoveries, but the Georgiana Slough group (12/4) was killed in transport, and we elected to do an additional release at Georgiana Slough instead of releasing at Sherman Island per our proposal.   Exports ranged between 5000 and 7000 for the 10 days during the experiment. They increased soon afterwards.  Flows were extremely low, 11000 cfs average for the average of the 3 days after the Georgiana Slough release.  Flows increased substantially on December 16, when they were 34,600 cfs.   By December 18, exports were close to 11,000 cfs  (Attachment 2). The Georgiana Slough/ Ryde survival ratio was low in relation to other releases made at that export level (Figure 9).
In December 2003, all proposed releases per the study plan of December of 2002 were made.  A release was made at Sacramento on 12/5, 7 days after the Battle Creek release on 11/28 – because that was the estimate of how long those fish took to get to Sacramento.  Releases were also made in Georgiana Slough on 12/9 and at Ryde (12/10) the following days, with the Sherman Island release and Benicia release (could not get access to Port Chicago) on 12/11.  We had hoped to coordinate a release at Vorden (figure 2) used for additional Delta Cross Channel studies, but equipment was delayed and that part of the experiment did not occur until 12/21.  Flows increased from 16,000 on December 5 to about 30,000 on the 15th.  Exports varied between 4000 and 7000 cfs until December 15th when they increased to 11,000 cfs (Attachment 2).  The results of the ratio appeared to fall on the line of the estimated relationship (Figure 9).   
Essentially the same experimental design was used in December of 2004, but with the Vorden release (12/7) being made the day before the Georgiana Slough release (12/8) and two days before the Ryde (12/9) release.  Our priority was to keep exports similar for the 10 day period following the Sacramento release on 12/6.  While this was generally the case, export levels between facilities changed over the period (Attachment 2).  The ratio appeared to be similar to what the relationship would have predicted.  With the help of Jon Burau of USGS, we released the salmon from the two tag codes contained with the Sacramento group 6 hours apart.  This strategy was suggested so the two groups of coded wire tag fish approaching Steamboat and Sutter Sloughs would be on opposite phases of the tide.  The tide influences the diversion rate of water from the Sacramento River into Steamboat and Sutter Sloughs.  In addition, drifters were released with the Vorden release to determine if water was diverted into Georgiana Slough when it reached that location. The Vorden release was made on the slack before the ebb tide.  None of the Vorden group was predicted to have been diverted into Georgiana Slough based on the tide phase at the time the drifters passed Georgiana Slough (Attachment 6). This seemed to be supported by the similarity of survival indices to Chipps Island of the Vorden and Ryde releases (table 4).   
During Data Assessment Team (DAT) calls in late November of 2004, it became apparent that the SWP and CVP would be reducing their exports in December because there was no excess water in the system to pump.  It was then that it was suggested to limit exports to 4000 cfs during the experiment to gather more data at the lower export levels.  It was cost effective (~40,000 af) and could be covered by EWA and B2 assets.   Again the question came in about using these assets when not many natural salmon were present.  Since it was feasible to do and the cost seemed relatively small, the discussion ensued.  Ultimately, what was recommended was to keep exports stable for the 14 days and use assets to do that.  Exports were projected to be about 6000 cfs for the 10 day period.  The original suggestion to evaluate 4000 cfs was dropped because 1).  Not many natural salmon were migrating into the Delta at the time – even though others had come in earlier.  2). The costs to do it were revised and were now estimated to be about ~90,000 af .  Thus the recommendation for a lower export rate was abandoned and the request for stable exports was made.  However, the suggestion generated lots of discussion.  In response to these discussions about what the experiment could have gained from a data point at the lower export level, Wim Kimmerer conducted a power analyses (Attachment 7).  These results suggest that a 2000 cfs export level could have provided critical information in evaluating the relationship.         




Related modeling work:

Modeling by Ken Newman, University of St. Andrews, Scotland, using fall run juvenile salmon from the Sacramento Basin released in the Delta indicates from modeling that increasing exports/flow (or exports) are strongly and negatively associated with survival through the Delta (using a paired hierarchical model – Attachment 8).  The other models (the unpaired model and the paired pseudo-likelihood model) showed relatively weak effects (Attachment 8).  He suggests the hierarchical paired model could be the more powerful model if the assumptions behind the pairing hold true.  Steve Cramer has put the coefficients from the hierarchical paired model into a spreadsheet to estimate survival through the Delta for winter run.  Survival through the Delta at different export levels could be estimated for juvenile salmon migrating through the Delta between November and January if the variables affecting survival are the same for both groups/races.        
In addition, Ken validated the two fall run models based on data generated since 1995 (Attachment 9).  Ken compared the observed estimates to those predicted using the paired and unpaired models.  Ken found an r value of 0.71 (and 0.68 when exports were changed to export/flow ratio) for the paired model and r of 0.60 for the unpaired model.  The two models appeared roughly equivalent for predicting the relative recovery rates of the two different releases groups. Both models tend to over-predict Ryde and under-predict Sacramento releases (in a relative sense) in terms of recovery rates to Chipps Island.  It seems like estimates of survival could be made for the late-fall releases made at Sacramento and Ryde to see how this model predicts for these releases.  
Radio tagging conducted in 2000 (attachment 4), indicated that at lower Sacramento River flows (24,000) juvenile late-fall salmon radio tagged and released at Ryde moved upstream into Cache Slough prior to moving downstream (Figure 10).  At the higher river flows (45,000 cfs) this did not occur (Figure 11).  It is possible at lower flows the Ryde group has lower survival due to this tidal dispersal into Cache Slough which would bias our ratio high at low flows - which brings into question of whether using the Ryde release is an adequate control for this experiment.  

There was recognition that the Ryde group was not a perfect control group at the beginning of the experiment, although it was considered at the time to be the best.  Individual coded wire tagged juvenile salmon from releases made at Ryde had been recovered at State Water and Central Valley Projects fish salvage facilities.  Sheila Greene of DWR has since shown that the relative rate of fish lost of the Ryde group relative to the Georgiana Slough group at the State Facility was a function of exports – as exports increased the relative proportion salvaged of the Ryde fish relative to the Georgiana Slough increased (Figure 12).    
Ken Newman also evaluated how exports might be affecting Ryde releases to evaluate their role as a control in these paired experiments (Attachment 10).  Since there wasn’t enough late-fall data he looked at the question using the fall run data he had used in his paired model. He found that in most cases Ryde survival improves as exports increase (which is counter to what we had hypothesized) – except when flows were less than 13,000 cfs.  When flows were less than 13,000 cfs both the Ryde and upstream releases had a negative export effect.  This may result in our ratios being biased low at higher exports when flows are greater than 13,000 cfs (all but once in 12/02).          
Multi – year Results:
  Georgiana Slough and Ryde versus exports
This evaluation looks at the relative difference in survival of the Georgiana Slough group versus the Ryde group.  Using both the Chipps Island survival indices and the ocean recovery rates differences between groups is statistically significant with the Georgiana slough group surviving less than the Ryde group (one exception in ocean results ) (Figure 13).

Table 2 also includes a table of the ratios using the Chipps Island and ocean recovery data with temperature at release, flow on the Sacramento River at Freeport and mean combined exports for the State Water Project and Central Valley Project for the three days after the Georgiana Slough release.  

The differential recovery rates, and calculated variance and standard errors are shown for the Chipps Island recovery information in table 5.  The differential recovery rate using recoveries at Chipps Island is similar to the estimates derived using the ratio of the survival indices (Figure 14). The survival indices correct each group by the sampling effort whereas the differential recovery rate would not.    Similar rates are shown using the ocean recovery data in table 6. One standard error is equivalent to a confidence interval of 68% whereas plus and minus two standard errors is roughly equivalent to the 95% confidence interval.

The ratio of the Georgiana Slough survival relative to the Ryde survival (or recovery rate in the ocean fishery) is correlated to mean combined exports at the State Water Project (SWP) and Central Valley Project (CVP) for the three days after the Georgiana Slough release. The relationship using the ocean information and only 11 data points is statistically significant (p<0.05) (Figure 15). The ocean information for the last three releases is not yet available.  The relationship using the same 11 points for the Chipps Island survival ratios is also significant at p < 0.05.  The slope of the two lines are not different indicating their relationship to exports is similar. The intercept of the regression lines are significantly different – indicating that the ocean index is predicting a higher ratio at any one flow (table 7) (Obreski, personal communication). 

The differential recovery rates and plus and minus 1 and 2 standard errors using the Chipps Island recoveries versus exports is shown in figure 16a.  The differential recovery rates and plus and minus 1 and 2 standard errors using the ocean fishery recoveries versus exports is shown in figure 16b.  The 68 and 95% confidence intervals around each of the estimates using the Chipps Island information are large and somewhat greater than that using the ocean recovery information.

In a multiple regression analyses using temperature at release, flows and exports, exports alone came out as the most significant (p<0.10) variable affecting survival (Table 8).

Port Chicago releases

In the earlier years when two sets of Georgiana Slough and Ryde/Isleton pairs were released within a 2 month period, only one release at Port Chicago was made to use as a control – usually released midway in time between the two set of releases.  The ocean recovery rates of these releases indicate that at times recovery rates are not higher for the Port Chicago or Benicia groups than for the Ryde group (Table 9).  This could be due to the inherent variability of recovery of the groups in the ocean fishery, but it may be due to the difference in time of the releases.  By releasing only one set of releases, the Port Chicago release is better suited as a control.  Comparing the recovery rates of the Sherman Island group to the Port Chicago group may help us determine whether the Port Chicago group is needed as a control group in the future.  

Sherman Island releases

Starting in December of 2003, releases at Cherman island were to be used as a downstream control (released upstream of Chipps Island) for the Chipps Island recoveries.  In December of 2003, we envisioned using this group like a typical efficiency release.  Sherman Island is about 10 miles upstream of Chipps Island.  The group was released on the beginning of a flood tide, so the group would move upstream and disperse, before moving downstream to be caught as they passed Chipps Island.  Sampling was conducted 24 hours starting a few hours after release to assure none moved downstream on the flood.  Typically the efficiency of the net is calculated by dividing the number recovered by the number released. Since there is some time associated with pulling out the net and redeploying it, the time sampled was also corrected for.  When we did this we calculated the efficiency of the net as 0.001606.  
We calculated this efficiency rate by taking the sampling time during the time the group was caught within the first 24 hours. The first fish from the Sherman Island group was caught on 12/11 at 22:30.  The last fish caught before the 24 hour sampling ended was on the next day, 12/12 at 08:45 (the end of the tow was at 9:05 am).  Thirty three of the Sherman Island fish were recovered during this time (Table 10). (An additional 20 were caught over the course of the next 19 days.) Sampling was conducted for 500 minutes within the 635 minute time period. This was 0.7874 of the time available.  The equation we used to calculate the efficiency was 33/(26086*(500/635)) and got 0.001606.  When the efficiency rate was applied to the Georgiana Slough and Ryde groups, correcting for the effort sampled during their recovery period, estimates of absolute survival were 0.35 and 1.25 respectively -too high to be absolute estimates and still retain the same relative difference between the Ryde and Georgiana Slough groups.  
When the survival index of the Sherman Island group was calculated using all of the recoveries (53) and the fraction of time sampled during the entire recovery period we got an estimate of 1.663.  When the Gerogiana Slough and Ryde groups are divided by this survival index at Sherman Island we get absolute estimates of 0.05 and 0.17.  
The fact that individuals from the Sherman Island group continued to be caught after the 24 hour sampling was completed and the fact that there was more effort for the Sherman Island group then for the Georgiana Slough and Ryde groups makes these absolute estimates of survival suspect.  An alternative approach was taken to estimate survival of the Sherman Island group using only the recaptures made during “normal” morning sampling period through-out the recovery period.  Using these recaptures and time sampled we estimated a survival index of the Sherman Island group of  0.793.  When the Georgiana Slough and Ryde survival indices are divided by this estimate we get an estimate of 0.10 and 0.35 respectively.  Comparison of the three groups in the ocean fishery may help sort some of these issues out.  
Part of the problem with using the Sherman Island like a typical efficiency release, may be related to the tidal influence at Chipps Island.  There is a possibility that the fish move downstream and then move upstream again on the flood tides – so the group is exposed to the trawl multiple times. This may also be occurring with the other release groups.     

We have, in the past, estimated efficiency of the net at Chipps Island by using the ocean recovery rate of an upstream group relative to a downstream group (Port Chicago, Benicia or Ryde) to estimate survival to Chipps Island and then calculate the number that arrived at Chipps Island by multiplying the survival estimate times the number released.  The efficiency estimate was the number of the upstream group recovered in the Chipps Island trawl, divided by the number that was estimated to have arrived at Chipps Island, corrected for the sampling fraction.  When the recovery rate of upstream groups was higher than for the downstream group, estimates were not calculated.  The ocean recovery data will allow us to calculate this estimate for these groups when adults are recovered in 2004-2006 fishery.        
In December of 2004, we were not able to sample for the Sherman Island release for the first 24 hours after release due to a manpower shortage.  Sampling was conducted as we normally do - ten, twenty minute tows per day, usually between 7 am and noon.  Survival to Chipps Island was estimated to be 0.61 with the Georgiana Slough and Ryde groups relative to the Sherman Island group being 0.188/0.614 =  0.29 (GS) and  0.587/0.641 = 0.92 (Ryde) respectively.     

Sacramento Releases

Sacramento releases have been made in five years.  Two of those releases were made in December of 1996 and January of 1997, when no corresponding releases were made in Georgiana Slough and at Ryde. The Chipps Island indices and relative ocean recovery rate for the two data points where ocean recoveries are available are similar (Table 9).  The point with the greatest discrepancy, January of 1997, had the Port Chicago group released two weeks before, which could have biased the results somewhat as mentioned above under the Port Chicago discussion. With the limited data additional analyses has not been conducted at this point.  It is hoped that someday, all of this data will be used to generate a model of late-fall survival through the Delta.
Combined evaluation of multiple releases within a year
In January of 1996, releases were made at Vorden, Ryde, Georgiana Slough and Port Chicago.  The Chipps Island survival indices generated from these releases appeared to indicate that survival from Vorden (on the Sacramento River downstream of the junctions with Steamboat and Sutter Sloughs)  (0.80) and Ryde (0.67) were much higher than in Georgiana Slough (0.17), indicating that with the Delta Cross Channel gates closed, many of the marked fish released at Vorden did not appear to enter Georgiana Slough.

In December of 2002, releases were made at Battle Creek, Sacramento, Georgiana Slough, Ryde and Port Chicago.  Survival indices of the Sacramento group (0.515) and Battle Creek group (0.612) were higher than for the Ryde group (0.397) or Georgiana Slough group (0.017), indicating that possibly some of the Sacramento group went through Steamboat and Sutter Sloughs and had higher survival through the Delta (Table 11). 

In December of 2003, releases were again made at Battle Creek, Sacramento, Georgiana Slough, Ryde, Sherman Island and Benicia (Table 12).  The survival index at Sacramento (0.412) was again higher than for those released at Ryde. (0.282) and Georgiana Slough (0.079), again indicating that some of the smolts may have gone into Steamboat and Sutter Sloughs were they had higher survival.  Although, the Vorden release was two weeks later than the Sacramento release, it had survival (0.221) lower than the Ryde group but higher than the Georgiana Slough group, indicating that perhaps some of this group migrated into Georgiana Slough where they experienced the lower survival (table 9).  The multiple tag codes used allowed confidence intervals around the mean to be estimated. These confidence intervals showed that survival of the Battle Creek and Vorden groups were signicantly higher than those released into Georgiana Slough (Figure 17).  
In December of 2004, releases were again made at Battle Creek, Sacramento, Vorden, Georgiana Slough, Ryde, Sherman Island and Port Chicago.  All releases were made in general sequence as they would migrate down the river (table 4).  The Battle Creek group (0.42) appeared to survive at a lower rate than the Sacramento (0.58) and Vorden (0.56) and Ryde (0.59) groups so there appeared to be some loss as they migrated downstream from the upper river (table 3).  The similarity between the Vorden and Ryde groups would indicate that not many smolts from the Vorden group appeared to go into Georgiana Slough (the Delta cross channel gates were closed) – which was also indicated by the drifters mentioned earlier.  The similarity of the Sacramento and Vorden groups also would indicate that not many of the Sacramento group went into Steamboat and Sutter Sloughs.  Using the multiple tag codes to estimate mean survival and confidence intervals using plus and minus two standard deviations, indcated that at the 95% level, the Georgiana Slough group was not statistically lower than the others (Figure 18).   

Proposed study design in 2005 and 2006.  

It is our desire to come away from the workshop with a study plan for 2005 and 2006.  
2005 Study Design:

The number of late-fall from Coleman NFH will be reduced in the fall of 2005 due to a power outage in early April that killed approximately 200,000 fish – most of which were to be used in the Delta Action 8 experiment.  We have 1 group of 70,000, 1 group of 50,000 for sure and possibly one additional group of 50,000 and the November surrogate release of 86,000.  We propose the 70,000 group to be released into Georgiana Slough and the 50,000 group to be released at Ryde.  We would suggest two tag codes per group.  It may not be possible to hold separate tag codes within a group in separate ponds – but it may be a function of how long they are help after tagging and prior to release.  If the other groups become available I would recommend 50,000 to be released at Sherman Island or Port Chicago and the group of 86,000 be released at Sacramento. 

2006 Study Design:

In 2006, it is hopeful that a total of 290,000 fish would be available for this experiment.  We would propose a design similar to that used in 2004.  We would also suggest two tag codes for the Sherman Island and Port Chicago releases. 




Proposed study design for 2006


     Sacramento – 70,000: 2 groups of 35,000 released 6 hours apart 
Vorden – 50,000: 2 groups of 25,000 release – on the peak of a flood tide (it was done on the slack before ebb in 2004). 

Georgiana Slough -70,000: (2 groups of 35,000)

Ryde - 50,000: (2 groups of 25,000)

Sherman Island -25,000: (2 groups of 12,500)

Port Chicago – 25,000: (2 groups of 12,500)

The Delta Cross Channel gates would be closed for the entire 14 day period and exports should be at 2000 cfs if possible – based on Wim’s power analyses that indicates a result at the 2000 cfs export level, that is similar to that predicted, would not have confidence intervals that would include zero (Attachment 7 ).

Workshop Questions:

This workshop is intended to generate discussion and answer if possible the following questions relating to the study design used in the past and those proposed for 2005 and 2006, the power of the tests, the data analyses methodology and other studies.  
 How could the study design be improved?

1. Are the underlying assumptions valid?  If not, are they valid “enough”? 
2. Should there be different release sites, or less release sites, or more fish per group

3. What are the benefits of multiple groups within a release group or multiple tag codes within a group?  Groups are defined as reared in separate ponds at the hatchery  

4. Is it useful to have a control group at Sherman Island to estimate absolute smolt survival at Chipps Island? How should we use this control to estimate absolute smolt survival? How do we estimate the efficiency of the Chipps Island trawl?  

5. Is the timing of the groups to Chipps Island adequate to use the same efficiency estimates and only correct for time sampled.  Is it necessary to correct for time sampled or would differential recovery rate be adequate?  Should we only sample only on ebb tides?  
6. Could we benefit from an additional recovery effort at Benicia ?
7. Should we double our effort to two shifts at Chipps Island like we do during VAMP?  How many more fish would we catch in a second shift? Would it change our estimates and how much would it lessen our standard error.  

What environmental conditions should be tested?

1.  Should 12,000 cfs export be actively targeted for testing, as the level of protection of fish if there are any in the Delta would be low at that time?  Is there value in conducting the study at other export levels?  What is the value of replication? How reasonable is it we could test 2000 cfs export levels?

2.  How do we get prescribed and stable export levels?

3.   Is it more important to test conditions wild fish would be exposed to or to test the extremes to the extent possible whether or not there is wild fish present?

4.  How many days should exports be kept stable?  Is it important to keep stability within each project?  What is the role of Clifton Court Forebay gates on SWP pumping?
What is the power of the test? 

1. What is the power of the test needed to differentiate between outcomes?  

2.  What data points are the most important to gather at this point in time?  

3. How important is replication in the relationship.  Is it still worthwhile to gather data at points where we already have data?  

4. How many data points will we need to improve our certainty in the relationship?

5.  What level of significance is appropriate for management actions with only 14 /11 data points?

How should the data analyses be done differently?
1. Is it okay to use ratios as indices of survival?  Should the data be transformed? What other options would be appropriate?  Are DWR estimates better?  Should we change our methodology?  Using survival indices factor out differences in sampling effort for each group.  I have reported differential recovery rates at Chipps Island with standard errors.  They aren’t that much different.   How would we estimate standard error of the ratio of survival indices?
2.    What is the role of standard errors in regression analyses? Are the standard errors calculated correctly?   Are there other ways to estimate standard errors around each point?  Standard errors are large does that mean the relationship isn’t real?

3.  Should the Chipps Island recoveries be added to the ocean recoveries to reduce the variance?

Based on analyses Steve Obreski conducted (Table 7), the slopes are not different between the two groups but the intercept is. (Is this justification for not combining data from the two sources?)  Does the difference of intercept change the conclusion that exports are reducing survival in the interior Delta?
4.   Three day averages of exports resulted in the best relationships.  Is this the correct averaging period or should it be done differently?  How else could you account for the changing export conditions over the 10 -14 day period over the course of the experiments?  Should we delete the data points with fluctuating exports and see if the relationship changes?
5. Are there more appropriate ways to analyze the data to test the hypotheses?  If one variable models are not appropriate, are more variable models more appropriate with 14 data points?

What does the Gopher paper tell us (Attachment 11) about this analyzing this type of data?
6. What is the role of modeling for this data with only 14 data points?

7. What are the potential sources of variability affecting results?  Can these be better controlled or accounted for in the analyses?  

8. What are the uncertainties and how can they better be articulated and in the long-term reduced? 

9. How do we separate the capture probability from survival?  

10. How do the late-fall results compare to those with fall run using Newman’s paired model (In Cramers spreadsheet model)? 
11. Is there enough evidence that the Ryde control is biased?  Are the Sherman Island or Port Chicago releases better controls?


Additional analyses/or studies

1. What additional analyses or studies are needed to supplement this information and to identify mechanisms for the observed relationship? 

Hypothesized mechanisms include:  increase distance of the GS group, higher predation in the interior Delta, higher temperatures in the interior Delta, increased entrainment from the CVP and SWP as well as other non – project diversions, delays in migration due to reverse net flows to the pumps. 

2.    Should we couple these experiments with additional radio-tagging or ultrasonic tagging to detect mechanisms for the survival observed?  Where would the funding come from?

3.   On what tides do unmarked salmon move down the Sacramento River and encounter the Delta cross channel and Georgiana Slough?   

4.   What proposals to address these issues were funded as part of the CALFED Science PSP processes?






 Where do we go from here?

Proposal for 2005


Proposal for 2006


Short –term changes in the experiment

Long-term changes in the experiment
 

Modeling of this data


Other Recommendations?
