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Introduction
This section is focused on quantifying the spatial distribution of acoustically tagged juvenile salmon in the Georgiana Slough junction under a variety of hydrodynamic conditions, and on investigating the relationships between the spatial distribution of acoustically tagged juvenile salmon in the junction, the water discharge patterns in the junction, the installation and operation of the FFGS along with no FFGS, and the entrainment of study fish in Georgiana Slough.  Given this focus, the analyses in this section are mostly limited to analyzing the near-field processes that were directly observed at the junction of the Sacramento River and Georgiana Slough (study array or junction).As discussed in Section 3.3, the critical streakline/entrainment zone conceptual model provided a starting point for the FFGS evaluation process. Our central hypothesis: The FFGS would reduce entrainment in Georgiana Slough only if it was effective at moving juvenile Chinook salmon across the critical streakline into the entrainment zone for the Sacramento River.  Based on this conceptual model, we expect that the magnitude of the change in entrainment would be a product of four factors:
(1) The amount of time the critical streakline was left (toward the river-left shore) of the downstream tip of the barrier.	Comment by Work, Paul A.: Seems vague, given that there are banks on both sides.	Comment by Blake, Aaron R.: Text updated
(2) The number of juvenile salmon that encounter the barrier during periods when the critical streakline is left of the downstream tip of the barrier.  This number is controlled by the arrival time and spatial distribution of juveniles at the upstream end of the barrier.
(3) The barrier’s ability to consistently move fish from the Georgiana Slough entrainment zone across the critical streakline into the Sacramento River entrainment zone.
(4) The rate at which fish moved between hydraulic entrainment zones after passing downstream of the barrier.
The statistical analysis in Section 3.3 showed that the barrier did not reduce overall entrainment in Georgiana Slough, but this analysis also showed that there was a discharge range where the entrainment was reduced when the barrier was “on”.  The spatial analysis in this section describes how various factors controlling barrier efficacy combined to produce these results, and to refine our conceptual model of juvenile salmon entrainment in tidal junctions.
Methods
Data Sources and Release Groups
In this section we use spatial aggregation to increase the overall sample size to allow for statistically meaningful sub-sampling of the entire data set based on various covariates, such as hydrodynamic conditions, day vs night, etc, using the covariate aggregation approach described in the 2012 GSNPB Report (DWR 2015).  To do this we combine tracks from multiple studies and release groups to improve the spatial resolution and statistical power of the 2D statistics that are calculated for each group.  Because spatial analyses are conducted on groups of fish aggregated based on covariate values rather than on temporal continuity, fish tracks from multiple release groups and different studies can be integrated as long as all of the covariates needed for this integration were measured in a similar manner across all studies.  Aggregating data from multiple release groups and studies helps to expand the range of conditions that fish in a given covariate group experience, which can make comparisons between covariate groups   .with similar sample composition less sensitive to the influence of unmeasured covariatesmore robust to factors that were not explicitly measured nor addressed in any analyses.    	Comment by Burau, Jon R.: I think you need to ease people into this section by stating the objective first.
Additionally, the increased sample sizes that result from combining tracks from multiple studies and release groups improve the spatial resolution and statistical power of the 2D statistics that are calculated for each group.  For this analysis, tracks from acoustically tagged juvenile Chinook salmon released during the 2008 North Delta Study (2008 study) and the 2014 GSFFGS studies were integrated for comparison between FFGS Off and On and no FFGS present. Integrating the data fromRomine et. al., 2013) the 2008 study provides valuablewere used to provide information on fish distributions during low flow periods when no barrier was present.   The 2008 study data was chosen as a measure of baseline conditions for several reasons: (1) fish were released over a similar range of Sacramento River flows in both 2008 and 2014, (2) fish were released into the Sacramento River at the same location in 2008 and 2014, and, finally, (3) fish experienced similar trucking, tagging, and handling conditions in 2008 and 2014.  However, it is important to note that 2014 study fish were released later in the year than the 2008 study fish.  Because of this, fish were larger in 2014 and experienced higher water temperatures than the 2008 study fish, so comparisons between these study years may be affected by these differences.  Fish tracks collected during periods when the BAFF was turned off in 2011 and 2012 were not used for barrier-out baseline conditions because this study was conducted during much higher flow conditions, and the 2011 and 2012 study fish were released much closer to the Georgiana Slough junction.  Finally, even though the BAFF was turned off, considerable infrastructure associated with the BAFF was in place during 2011 and 2012, so the 2008 data is the only truly non-barrier data set.
Track Processing
Fish tracks for the 2014 and 2008 studies were generated using the FishCount and GeneticFish software packages described above (see section 2.5.2) (note that the 2008 study data were processed as part of the 2012 GSNPB study).  Before the spatial analysis pre-processing steps were conducted, the 2008 data was run through an outlier removal program that removed any point that increased the overall length of the track by 5 meters, and that removed any two points that jointly increased the overall track length by 10 meters (excepting the start and end points).  This routine greatly reduced the number of outliers caused by multipath echoes.  The 2014 tracking data was run through a genetic smoothing algorithm that moved each ping’s location within its predicted uncertainty radii radius while seeking to reduce the track’s overall tortuosity and sum of squared acceleration.  The resulting smoothed tracks were then run through the same outlier removal program as the 2008 study fish tracks. 	Comment by Work, Paul A.: Hard to see the appropriateness of these choices without any information about sampling rate or speed at which the fish is moving. How long are the tracks?	Comment by Work, Paul A.: ref?	Comment by Blake, Aaron R.: We are working on a white paper for this but cant cite it yet
The smoothing processes described above was aimed at improving the spatial resolution of fish density distributions derived from the 2014 tracks to better detect changes in fish density in the five-meter gap between the standoff buoys and the face of the FFGS.  As a result, these processes were not applied to the tracks prior to other analyses in this report. The additional smoothing of the post-processed 2014 data removed low-amplitude, high-frequency noise, and these tracks show less high frequency motion than the 2008 tracks but the two data sets are comparable over time scales greater than 10-20 seconds. 

Track Segmentation
During the 2008 and 2014 studies Sacramento River inflow was low enough that the flows on the Sacramento River below Georgiana Slough reversed on flood tides and entered the junction from the downstream direction.  As a result, it was possible for an acoustically tagged juvenile salmon to pass through the junction multiple times.  In order to separate each fish’s exposure to the junction into individual “treatments”, each fish’s track was broken into individual segments based on temporal gaps (fish outside the array for some period of time before re-entering the array) in the track, with separate segments treated as independent observations.   The track segmentation process was carried out using the same methods developed for the 2012 GSB spatial analysis, with several additional steps added to reduce the influence of predators. This filtering identified movement patterns that could only be the result of fish with greater sustainable swimming performance than juvenile Chinook salmon.  After the tracks were segmented, the following rules were used to discard such track segments:
1. Any segment that started and ended upstream of the junction area were discarded, as these fish did not interact with the FFGS or the junction area.  Subsequent segments for each tag code were still considered potentially valid.
2. Any segments that originated in Georgiana Slough and moved upstream into the junction were considered to be predators since Georgiana Slough never reversed during the study period. All subsequent tracks for these tag codes were removed from further analysis.
3. Any segment that originated in the Sacramento River downstream of the junction and moved upstream into the junction during ebb tides were considered to be predators.  All subsequent tracks for these tag codes were removed from further analysis.
4. Any segment that remained in the junction for more than 24 hours, or, moved upstream into the junction from the Sacramento River more than 24 hours after first exiting the junction were considered to be predators, and all subsequent tracks for those tag codes were discarded. 
5. The track segmentation process was carried out using the same methods developed for the 2012 GSNPB analysis (DWR 2015 in press), with several additional steps added to identify and reduce/remove the influence of predators on salmonid tracks.  After the tracks were segmented, the following rules were used to discard track segments:
6. 1.	Any segment that started and ended upstream of the junction area was discarded.  Subsequent segments for the tag code were still considered to be potentially valid.
7. 2.	Any segment that originated in Georgiana Slough and moved upstream into the junction was considered to be due to a predator, and all subsequent tracks for that tag code were discarded.
8. 3.	Any segment that originated in the Sacramento River downstream of the junction and moved upstream into the junction during ebb tides was considered to be due to a predator, and all subsequent tracks for that tag code were discarded.
9. 4.	Any segment that remained in the junction for more than 24 hours, or, moved upstream into the junction from the Sacramento River more than 24 hours after first exiting the junction were considered to be due to a predator, and all subsequent tracks for that tag code were discarded.
10. 5.	Any remaining tracks were considered indicative of juvenile salmon movements.
11. 6.	Because the barrier was not designed to be effective for fish arriving in the junction on ebb tides or converging tides, fish tracks associated with these tidal phases were not used for the majority of the analysis described in this section.
12. Spatial Aggregation and Covariate Assignment

Estimating the Location of the Critical Streakline (Downstream Tip of Barrier)
The maps of streamline locations and critical streakline locations (see Section 3.3, “Hydrodynamics and Critical Streakline”) showed that angle between the FFGS and the critical streakline varied over the length of the FFGS, andthe critical streakline often curved towards or away from the barrier over the range of hydrodynamic conditions observed during the 2014 study.  For this reason, the location of the critical streakline at the start of the barrierthe upstream start of the barrier could not be used to reliably predict the location of the critical streakline at the downstream tip of the barrier.  Because it wasSince we anticipated that the location of the critical streakline relative to at the tip of the barrierthe downstream tip of the barrier would be a key variable in predicting the barrier’s efficacy, we estimated the cross-stream location of the critical streakline at the tip of the barrierthe downstream tip of the barrier at the time that each 2014 Study fish and the 2008 study fish reached the downstream tip of the barrier (The 2008 study data provides a no-barrier reference).  at the time that each 2014 fish passed the tip of the barrier was directly estimated using 15  minute streamline maps produced as part of the hydrodynamic analysis.  Because this level of hydrodynamic detail was not available for the We did not have two-dimensional water velocity maps for the 2008 study period, so we estimated the location of the critical streakline relative to the location of the downstream tip of the barrier for 2008 study fish tracks by developing a relationship to link the location of the critical streakline relative to the downstream tip of the barrier to the location of the critical streakline at the upstream start of the barrier calculated using the flow ratio  the, fishmethod (Section 3.3).  In order to develop this  2relationship, 2014 streamline maps were used to create a set of data points relating the location of the critical streakline calculated using the dischargeflow ratio method to the observed cross-stream location of the critical streakline relative to the tip of the barrierthe downstream tip of the barrier for every 15 minute streamline map.  Piecewise A piecewise polynomial regression was then used to predict the cross-stream location of the critical streakline relative to the tip of the 2014 barrier for each 2008 track segment based on the dischargeflow ratio calculated for each 2008 track segment.	Comment by Work, Paul A.: This paragraph is very hard to follow without reference to any figs.	Comment by Blake, Aaron R.: Agreed, but this paragraph is really here to serve as a record of the analysis chain, not as a detailed description for others to follow.  
Calculating Track Cross-Stream Movement Relative to the Critical Streakline	Comment by Work, Paul A.: heading does not make sense to me
In order to compare the cross-stream motion of each fish to the cross-stream path of the critical streakline, every track was transformed into a coordinate system defined by the shape of the critical streakline at the time that the fish track passed the tip of the barrierthe downstream tip of the barrier.  For every fish track in the 2014 GSFFGS data, the x, y, coordinates of the critical streakline were extracted from the nearest 15 minute streamline map, and these values were used to define the along-stream axis of a curvilinear coordinate system.  The cross stream axis was defined as being instantaneously perpendicular to the along-stream axis with positive values increasing towards the right bank of the Sacramento River (away from the barrier, and Georgiana Slough).  This coordinate system was then used to calculate the cross-stream location of each 2014 fish track when it passed the dolphin upstream start of the barrier and when it passed the tip of the barrierthe downstream tip of the barrier.  The difference between these two values was reported as the change in cross-stream location relative to the critical streakline, with positive values indicating that the fish moved away from the barrier in the cross-stream direction.  This process was repeated for the 2008 data using a lookup table based on dischargeflow ratio to pick a 15 minute streamline map for each 2008 study fish track.	Comment by Work, Paul A.: needs figs
Calculation of Continuous Entrainment Curves
Continuous entrainment rate curves were calculated to show entrainment into Georgiana Slough as a function of various covariates.  The method used to compute these curves is conceptually similar to LOESS methods.  A vector of binary entrainment values (0 for Georgiana Slough, 1 for Sacramento River) describing the fate of each fish track was sorted by the independent variable of interest.  A rolling window function was used to calculate the average entrainment rate for the fish in the window, and the average covariate value of the fish within the window was logged as the independent value associated with the observed window entrainment rate.  This window function was then progressed over the entire record without wrapping.  A window size of 100 fish was used to calculate the entrainment rate curves referenced in this section. This method for calculating continuous entrainment rates is similar to the LOESS method used in Section 3.4 but shows more high frequency varience.	Comment by Work, Paul A.: ref?	Comment by Work, Paul A.: This might be familiar to someone who knows the problem more than I, but is not clear to me.

Turning Point Analysis and Type Classification
Several different categories of motions were observed in the individual fish tracks.  In order to classify fish tracks into type categories based on the differences in the observed motions, A software routine was developed to identify “turning points” where fish tracks initiated sustained cross-stream excursions, and to classify fish tracks into type categories based on motion parameters.  .  This software mapped each fish track into an along-stream and cross-stream coordinate system with the along-stream axis defined by an approximation of the location of the thalweg in the Sacramento River, and the cross-stream axis defined as being instantaneously perpendicular to this axis, increasing in towards the right bank.  Once tracks were transformed into this coordinate system, time series of cross-stream velocity and acceleration were calculated using standard numeric methodsdifferentiation, and spectral analysis was used to quantify the strength of the periodicity in these cross-channel swimming movement metrics. Turing points were extracted by using a standard Labview peak detection algorithm to find peaks in a low-pass filtered signal relating cross-stream position to along-track position.    This information was combined with measures of tortuosity, net cross-stream displacement, and estimated along stream water velocities to classify the tracks as belonging to one of four types which we define and discuss in greater detail in the results section. .	Comment by Work, Paul A.: not sure what you mean by “standard numeric methods”. I suspect you mean numerical differentiation?	Comment by Blake, Aaron R.: yes





 Turing points were extracted by using a standard Labview peak detection algorithm to find peaks in a low-pass filtered signal relating cross-stream position to along-track position.

Results
FFGS’s Expected and Observed Effect on Entrainment in Georgiana Slough
As discussed in Section 3.3.1, “Introduction, Background, and Context”, the FFGS was initially evaluated within the framework of the critical streakline conceptual model.  Based on this framework, the FFGS was expected to reduce entrainment in Georgiana Slough for fish that encountered the FFGS when the critical streakline was to the left of the tip of the barrierthe downstream tip of the  onbarrier on ebb tides (see Figure 3.3-6 in Section 3.3, “Hydrodynamics and Critical Streakline”). While hydraulic conditions were not optimal for this FFGS, the hydrodynamic analysis did show that the critical streakline was in a position where the barrier could have been effective about 30% of the time the barrier was on (Section 3.3).  However, knowing the amount of time the critical streakline was in a location where the barrier was expected to be effective does not tell us the percentage of study fish we would expect the barrier to influence, because we need to know the number of fish that encountered the barrier during these times, and this number is a joint product of the overall fish arrival time distribution and the tidal timescale spatial distribution of fish arriving at the barrier.
Additionally, the possibility that fish might respond to the hydrodynamic effects of the barrier or the standoff buoys along the face of the barrier without directly encountering the barrier was considered likely during the barrier design process.  This If the barrier or the stand-off buoys increased the barrier’s effective cross-stream signature this would expand the range of critical streakline positions associated with barrier efficacy and would increase the number of fishwould increase the range of critical streakline positions and fish locations that would be expected to be associated with FFGS efficacy that we would expect the barrier to influence. 
In order to understand how many fish interacted with the barrier when the critical streakline position was optimal, and to understand how increasing the barrier’s effective zone of influence could change the number of fish protected by the FFGS, two- dimensional frequency distributions were computed for fish transiting the junction on ebb tides.  These frequency distributions show the number of study fish that shared a pair of covariate values; in this case the functions show how many study fish experienced a as a function of the fish’s cross stream location at the start of the barrier and the particular critical streakline condition as a function the fish’s cross stream location at the start of the barrier.  By plotting the distribution of study fish in this manner we can see how many fish interacted with the barrier when the critical streakline was within an optimal range, and we can see how many more fish might have been guided if the barrier’s cross stream signature was expanded.critical streakline location when the fish was closest to the tip of the barrier (see Figures 3.5-1, 3.5-2, and 3.5-3).  The region containing fish corresponding to values that was expected to be predictive ofthat were expected to be predictive of FFGS efficacy FFGS efficacy  are demarked byindicated by the dashed lines on Figures 3.5-1 through 3.5-3, while the dotted lines demarcate show the range of values corresponding to fish that could have been potentially be protected if the buoy line (located +5 meters in the cross-stream direction from the barrier) elicited a desirable behavioral responsemoved fish across the critical streakline into the Sacramento River entrainment zone. The number of fish contained in each region for the NnOoFFGS FFGS on, ffOoFFGS FFGS off, and no barrier (2008 data) conditions are shown in Table 3.5-1.	Comment by Work, Paul A.: I suggest scanning for paragraphs that are this long or longer and seeing if there are logical breakpoints for them. Many of them describe different points and would be easier to follow if broken up.

Seems like there’s an implicit assumption that fish won’t cross the critical streakline. Whereas there is some probability that they will. Could this be included stochastically?
	[bookmark: __RefHeading__1562_1112932629][bookmark: _Toc424644722]Table 3.5-1
Number of Fish with the Covariate Values Associated with ExpectedFFGS and Potential buoy line FFGS Efficacy
	

	
	Number of fish with the values for expected efficacyinteracting with the barrier under conditions when it was expected to be effective 	Comment by Burau, Jon R.: I found these labels to be confusing.  I tried to make it less so,
	Number of fish interacting with the barrier and the buoy line when the barrier was expected to be effective Number of fish with the values for potential efficacy
	Number of fish interacting with the barrier under conditions when it was expected to be effectiveNumber of fish entrained in Georgiana Slough with the values for expected efficacy that were subsequently entrained in Georgiana Slough
(% Entrained)	Comment by Work, Paul A.: I don’t understand the headings	Comment by Blake, Aaron R.: Tried new headings.


	2014 FFGS OnFFGS on
	17
	66
	6 (35%)

	2014 FFGS OffFFGS off
	26
	46
	4 (8%)

	2008
	12
	78
	3 (25%)



The probability distributions shown in figures 3.5-1 and 3.5-2 for ffOoFFGS FFGS off and nOoFFGS FFGS on conditions are very similar, and show that most fish were concentrated in the river cross section between +10 meters to the right of the barrier and +50 meters  (+ sign = right of the barrier tip)to the right of the barrier, and, that the majority of fish passed the barrier when the critical streakline was between +2.5 meters and + 12.5 meters to the right of the barrier’s tip. Very Thus, very few fish had the combination of cross stream location and critical streakline position values that were expected to be associated withwe expected the FFGS efficacy to be effective for (17 barrier onbarrier on, 206 barrier offbarrier off), but, because of the high gradient in the cross-stream distribution of fish and the narrow range of critical streakline values these fish experienced, a behavioral response occurring at the buoy line could have influenced the fate of 4 times as many fish (66 barrier onbarrier on, 46 barrier offbarrier off).  Although these numbers still represent a small portion of the overall ebb tide samples (818 ebb fish barrier onbarrier on, 919 ebb fish barrier offbarrier off), a significant reduction in the entrainment rate for 50-70 fish distributed across such a narrow range of covariate values would result in an observable reduction in continuous entrainment.ment rate curves. 
The frequency distribution for 2008 ebb tide fish in figure 3.5-3 shows thatshowed that the bulk of the 2008 fish encountered a slightly narrower range of critical streakline values, but that these fish were more broadly distributed in the river cross-section, resulting in similar numbers of fish in the expected and possible zones of barrier efficacy (12 and 78 respectively).  These observations suggest that the 2008 data should be a good “baseline” data set for comparing entrainment rates during ebb tide periods, but, differences between the two studies in the cross-stream distributiondistributions of fish at the start of the barrierthe upstream start of the barrier is likely to make direct comparisons of spatial data difficult.
Continuous entrainment rate curves were calculated to look forto see if there was a lower entrainment rate for fish that passed the barrier when the critical streakline was near the tip of the barrier.  dDifferences in the entrainment of ebb tide fish between ffOoFFGS FFGS off, nOoFFGS FFGS on, and 2008 conditions as a function of critical streakline location (Figure 3.5-4, solid lines), and cumulative distribution curves were calculated to illustrate the proportion of ebb tide fish that experienced each critical streakline condition (Figure 3.5-4, dashed lines).  These curves show that for critical streakline values ranging from -5 meters to +2.5 meters, there was a slight reduction in the entrainment of fish transiting the junction on ebb tides with the barrier onbarrier on vs barrier offbarrier off, and, which suggests that the barrier was effective for the small number of fish transiting the junction under these conditions.   for For this range of critical streakline values both barrier onbarrier on and off, fish experienced lower entrainment than 2008 study fish, which supports the hypothesis that the barrier reduced entrainment under these conditions. .  Additionally, the limited number of 2014 fish that transited the junction when the critical streakline values were greater than +6 meters experienced lower entrainment with the barrier onbarrier on vs off for all ebb tide critical streakline values greater than +6 meters, though the 2008 study fish experienced lower entrainment than the barrier onbarrier on fish for ebb tide critical streakline values greater than + 10 meters.  While barrier onbarrier on entrainment was lower than barrier offbarrier off entrainment for a ebb tide critical streakline values between -5m and + 2.5m, and for ebb tide critical streakline values greater than +6m, thebroad range of ebb tide critical streakline values, the majority of 2014 fish that transited the junction on ebb tides between these two condition bands, when the  barrier appeared to either increase entrainment or produce very little change in entrainment over the narrow range of critical streakline values experienced by the majority of the study fish(As shown by the dashed lines on Figure 3.5-4). The combination of the two effectsnet result of the two apparent barrier effects wasin a minimal difference in overall entrainment rates between between all onbarrier FFGS FFGS on and offFFGS barrier FFGS off fish tracks.	Comment by Work, Paul A.: Earlier I suggested that more detail was needed, but here you have enough detail that the take-home message is not clear. It doesn’t seem like the specific distances (2.5 m, 6 m, etc.) are particularly important here.

Prior to showing the figures that follow, which take some effort to digest, it might be helpful to show something simpler, like the tracks that the fish followed.	Comment by Blake, Aaron R.: Text edited to add additional explination
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[bookmark: _Toc424644693]Figure 3.5-1	Contour Plot Showing Distribution of Cross Stream Location and Critical Streakline Location for Study Fish Passing by the FFGS onFFGS on Ebb Tides (FFGS OnFFGS on)
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[bookmark: _Toc424644694]Figure 3.5-2	Contour Plot Showing Distribution of Cross Stream Location and Critical Streakline Location for Study Fish Passing by the FFGS onFFGS on Ebb Tides (FFGS OffFFGS off)
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[bookmark: _Toc424644695]Figure 3.5-3	Contour Plot Showing Distribution of Cross Stream Location and Critical Streakline Location for Study Fish Passing by the FFGS onFFGS on Ebb Tides (2008 Study Data)
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[bookmark: _Toc424644696]Figure 3.5-4	Continuous Entrainment Rate in Georgiana Slough as a Function of Critical Streakline Location
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The LOESS smoothed entrainment curves shown in Figure 3.4-3 in Section 3.4, “Generalized Linear Modeling of Fish Fates” indicate that the barrier reduces entrainment in Georgiana Slough over a range of instantaneous Sacramento River dischargeflow values, but that over the study period these reductions were offset by periods when entrainment was higher with the On vs. OffFFGS FFGS on vs. off.  In order to investigate whether this trend was due to an underlying relationship between dischargeflow and the location of the critical streakline, : (1) continuous entrainment rate curves were calculated as a function of instantaneous dischargeflow in the Sacramento River upstream of Walnut Grove (Figure 3.5-5, solid lines), (2) cumulative distributions to that show the proportion of ebb tide fish that transited the junction at each dischargeflow value (Figure 3.5-5 dashed lines) and (3) a plot ofted each fish’s critical streakline location as a function of the corresponding instantaneous dischargeflow value for 2014 tracks (Figure 3.5-6). The method used for calculating continuous entrainment rates is similar to the LOESS method used in Section 3.4 and the curves show the same trends but with more high-frequency variance.  
The relationship between Sacramento River dischargeflow and critical streakline location appears to explain several trends in the dischargeflow Vs versus entrainment curves for low to medium dischargeflow values: (1) the strong negative relationship between dischargeflow and critical streakline location for flows below 10,600 cfs likely explains the negative relationship between Sacramento River dischargeflow (as measured at station WGA) and (2) entrainment in this same flow range, and, (3) the increased share of critical streakline values near the barrier tip for Sacramento River dischargeflow values between 3,600 cfs (100 cms) and 12,400 cfs (350 cms) may explain why the barrier was effectivereduced entrainment at intermediate dischargeflow values.  However, there  slope of the relationship between flow and critical streakline location is near zero above 12,400 cfs (350 cms) (Figure 3.5-6) iswhich suggests that there is only a very weak relationship between critical streakline location and Sacramento River dischargeflows above 10,600 cfs)discharge(for   at higher flow values, so the trends in entrainment at higher dischargeflow values are unlikely to be driven by a relationship between dischargeflow and critical streakline location. 	Comment by Paul: I said this previosly, I think - this would be easier to read if some of these long paragraphs were broken up. Also, I'm thinking that if you could streamline some of this, the take-home message would come through more clearly.
In order to identify whether the reduction in entrainment produced by the FFGS at low critical streakline values was due to a change in fate for the fish that were expected to be protected by the FFGS, two dimensional frequency distributions were computed showing the change in the number of fish entrained in Georgiana Slough as a function of critical streakline location relative to the tip of the barrierthe downstream tip of the barrier and the fish’s cross stream position at the start of the barrierthe upstream start of the barrier (Figure 3.5-7).  This figure is similar to the distributions in Figures 3.5-1 through 3.5-3, except that instead of showing the number of fish that transited the junction under each condition, it shows how changes in entrainment in Georgiana Slough were distributed across the two covariate ranges.  (Georgiana Slough entrainment distributions for each condition were normalized to fish per 1000 samples before calculating the difference to account for the different sample sizes between FFGS OnFFGS on and oOff conditions).  Surprisingly, this plot shows that reductions in entrainment when the FFGS was on were not associated with the combination of covariate values predicted by our critical streakline conceptual model.  Most of the reduction in entrainment at low critical streakline values (less than +2.5m) was due to fish that entered the junction in the center of the river cross-section where streamlines did not come into contact with the FFGS or the buoy line.  At the same time, there was a relative increase in entrainment when the FFGS was on for fish the FFGS was expected to protect, and, the most significant reduction in entrainment when the FFGS was on occurred for fish with median cross-stream starting positions and critical streakline values.  None of these findings are consistent with the hypothesis that the FFGS will reduce entrainment for fish that advect into the FFGS at times when the critical streakline is at or near the tip of the FFGS.  Instead, Figure 3.5-7 suggests that the observed trends in entrainment for FFGS On versus FFGS Off conditions are due to a mechanism that is not explained by our critical streakline conceptual framework. .  Instead, Figure 3.5-7 suggests that the observed trends in entrainment for FFGS OnFFGS on versus FFGS OffFFGS off conditions are due to a mechanism that is not explained by fish that fundamentally follow flow streamlines (e.g. a purely advective model of fish movement). our critical streakline conceptual framework. 	Comment by Burau, Jon R.: As we say in the hydrodynamics section, the critical steakline when taken conceptually as a line (not calculated at a point in space upstream), then no matter the behavior, the critical streakline concept works (i.e. in order for a change in fate, a fish that enters the junction in one entrainment zone must transit the critical streakline into the other entrainment zone as it leaves the junction.  I think this statement will confuse folks – brad of course jumped on this.

Spatial Analysis of Fish Tracks from Ebb Tide
A spatial analysis of the 2014 data was performed using an approach similar to that described in the 2012 GSNPB Report (DWR 2015 in press); during this analysis the distribution of fish tracks, distributions of entrainment rates, and distributions of overall entrainment in the junction area were mapped.  and tThese distributions were compared between entrainment groups based on light, critical streakline location, starting cross-stream location, and water velocity magnitude in the study area.  This analysis did not suggest any clear relationship in the distribution of these parameters as a function of the observed covariates, but comparisons between the summary distributions for the FFGS OnFFGS on, FFGS OffFFGS off, and 2008 data sets were are informative.  The spatial distribution of all ebb tide fish for FFGS OffFFGS off and FFGS OnFFGS on conditions are shown in Figure 3.5-8 and Figure 3.5-9, and the difference between these distributions is shown in Figure 3.5-10.  For comparison, the spatial distribution of all ebb tide fish from 2008 is shown in Figure 3.5-11, and the difference between the barrier onbarrier on distribution and the 2008 distribution is shown in Figure 3.5-12. As with Figure 3.5-7, all distributions shown were normalized to a sample size of 1000 fish to account for differences in sample sizes between the onbarrier FFGS ,  offbarrier, and 2008 data sets.  Thessizes.  The spatial distributione plots show that operating the barrier decreased the number of fish in the junction between the river -left bank of the Sacramento river and the barrier, operating the barrier increased the number of fish along the buoy line and along the face of the lower portion of the barrier, and operating the barrier increased the number of fish in the junction immediately downstream of the barrier.  Overall, the reduction in fish density between the barrier-on and barrier-off location shown in Figure 3.5-10 represents a 40%-50% reduction in fish density in this area, which suggests that the barrier was effective at redirecting tagged fish that encountered the barrier in the barrier-on position.

Analysis of the 2011 and 2012 study data showed similar changes in overall fish densities in the immediate vicinity of the BAFF during BAFF operations, but, changes in fish density during BAFF operations appeared to propagate further downstream along streamlines, while the concentration of fish along the face of the FFGS decays rapidly downstream of the junction.  Additionally, there are patterns in the overall change in fish density shown in Figure 3.5-10 that are hard to explain with a purelyn advective model of fish movement. These patterns include the decrease in the number of fish in the center of the channel along the face of the barrier, the decrease in the number of fish along the outside of the bend immediately downstream of the junction, and the increase in the number of fish downstream of Dagmar’s landing.  .  The spatial distribution of ebb fish from the 2008 data was similar to that of the FFGS  off barrierbarrier off fish, but the 2008 fish were more broadly distributed in the river cross section throughout the study area.
In addition to the overall distributions, spatial distributions of the number of fish entrained into Georgiana Sslough on ebb tides for barrier offbarrier off and barrier onbarrier on conditions were computed (Figure 3.5-13 and Figure 3.5-14), and the difference in the distribution of fish entrained in Georgiana Slough was calculated for barrier onbarrier on versus barrier offbarrier off and barrier onbarrier on vs 2008 data (Figure 3.5-15 and Figure 3.5-16).  These distributions show that operating the barrier reduced the number of fish entrained in Georgiana Slough between the left bank of the Sacramento River and the barrier, and reduced the number of fish entrained in Georgiana slough Slough in the center of the channel between +10 meters from the face of the barrier and +20 meters from the face of the barrier.  At the same time, operating the barrier increased the number of fish entrained in Georgiana under the downstream half of the buoy line, in a narrow region upstream of that portion of the buoy line, and in the area immediately upstream of the dolphin at the start of the barrierthe upstream start of the barrier (Figure 3.5-15).  Figure 3.5-7 shows that the strongest increase in entrainment for fish entering the junction just upstream of the barrier occurs when the critical streakline is located in the center of the river, suggesting that many of the fish that start immediately upstream of the barrier or buoy line are guided along the face of the barrier or buoys and then advect move into Georgiana Slough when they encounter streamlines bending strongly towards Georgiana Slough at the downstream end of the barrier.  As with the overall spatial distribution, the differences between the distribution of fish entrained in Georgiana Slough with the onbarrier FFGS FFGS on and the distribution of fish entrained in Georgiana Slough with the FFGS offbarrier off appear to be indicative of the overall trend in fish distribution between 2008 and 2014, with fish more concentrated in the center of the river in 2014 than in 2008...
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[bookmark: _Toc424644697]Figure 3.5-5	Continuous Entrainment Rate in Georgiana Slough as a Function of Sacramento River Sacramento River Flow eDischarg Discharge
2014 Georgiana Slough Floating Fish Guidance Structure Performance Evaluation		Management Draft Project Report
December 2015	16	Spatial Analysis of Fish Distribution and Behavior
2014 Georgiana Slough Floating Fish Guidance Structure Performance Evaluation		Management Draft Project Report
December 2015	19	Spatial Analysis of Fish Distribution and Behavior
[image: ]
[bookmark: _Toc424644698]Figure 3.5-6	Plot Showing the Relationship of Sacramento River FlowDischarge and the Critical Streakline Location when Study Fish Passed the FFGS
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[bookmark: _Toc424644699]Figure 3.5-7	Flood Plot Showing the Change in the Number of Fish Entrained in Georgiana Slough for Cross Stream and Critical Streakline Location (FFGS OnFFGS on and FFGS OffFFGS off)
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[bookmark: __RefHeading__1528_1112932629][bookmark: _Toc424644700]Figure 3.5-8	Spatial Distribution of Fish Tracks Passing Through the Junction on Ebb Tide
(FFGS OffFFGS off; N=909)
The location of the standoff buoys and FFGS structures in the off position are drawn in white.  The measured fish densities are artificially low at the edges of the domain due to variance in tracking performance between fish tracks at the peripheries of the hydrophone array.  Note the shift the high-density zone drawn in red when the edge of this zone contacts the standoff buoys.
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[bookmark: __RefHeading__1530_1112932629][bookmark: _Toc424644701]Figure 3.5-9	Spatial Distribution of Fish Tracks Passing Through the Junction on Ebb Tide
(FFGS OnFFGS on; N=818)
The location of the standoff buoys and FFGS structures in the on position are drawn in white.  The measured fish densities are artificially low at the edges of the domain due to variance in tracking performance between fish tracks at the peripheries of the hydrophone array.  The front between the moderate density zone (green) and the low density zone (blue) follows the face of the barrier.  Also note that the slight shift the high-density zone drawn in red when the edge of this zone contacts the standoff buoys is still apparent.
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[bookmark: __RefHeading__1532_1112932629][bookmark: _Toc424644702]Figure 3.5-10	Change in the Spatial Distribution of Study Fish (FFGS OnFFGS on – FFGS OffFFGS off)
The location of the standoff buoys and FFGS structures in the on and off position are drawn in white.  The measured fish densities are artificially low at the edges of the domain due to variance in tracking performance between fish tracks at the peripheries of the hydrophone array.  Fish densities were consistently higher in the area immediately in front of the barrier-on location when the barrier was on versus when the barrier was off (Illustrated by the red and orange zones along the front of the barrier on position).  Correspondingly, fish densities were consistently lower in the area immediately behind the barrier-on location when the barrier was on versus when the barrier was off (Illustrated by the blue and green zone behind the barrier-on position). There is no clear pattern in the rest of the domain, especially in the area downstream of the barrier’s downstream tip.  This indicates that the effects of the barrier on fish density distributions do not propagate downstream along streamlines.   
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[bookmark: __RefHeading__1534_1112932629][bookmark: _Toc424644703]Figure 3.5-11	Change in the Spatial Distribution of Fish Tracks Passing Through
the Junction on Ebb Tide (2008 Study Data; N=836)
The location of the standoff buoys and FFGS structures in the on and off position are drawn in dotted white for reference, these structures were not deployed in 2008.  The measured fish densities are artificially low at the edges of the domain due to variance in tracking performance between fish tracks at the peripheries of the hydrophone array.  
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[bookmark: __RefHeading__1536_1112932629][bookmark: _Toc424644704]Figure 3.5-12	Change in the Spatial Distribution of Study Fish (FFGS On - 2008 Study Data; No Barrier)
The location of the standoff buoys and FFGS structures in the on and off position are drawn in dotted white for reference, these structures were not deployed in 2008.  The observed changes in fish density on the periphery of the array erroneous due to different tracking array performance between the 2008 study and the 2014 FFGS study.  Fish densities were higher in the area immediately in front of the barrier-on downstream tip when the barrier was on versus 2008 (Illustrated by the red and orange zones in front of the barrier’s downstream tip).  Correspondingly, fish densities were lower in the area immediately behind the barrier-on location when the barrier was on versus 2008 (Illustrated by the blue and green zone behind the barrier-on position).  In the rest of the domain there is a clear pattern of decreased fish densities near the banks (blue and green), and increased fish densities in the center of the river (red and orange) when the barrier was on versus the 2008 data.  This pattern shows that fish density was more concentrated in the cross-channel direction in 2014 versus 2008.  This is likely due to differences in environmental conditions or fish condition between the two studies.  The overall tendency of the 2014 fish to be more centralized in the river cross-section makes it difficult to detect any underlying shift in fish density due to the barrier’s operation.
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[bookmark: __RefHeading__1538_1112932629][bookmark: _Toc424644705]Figure 3.5-13	Spatial Distribution of Study Fish Entrained in Georgiana Slough During
Ebb Tide (FFGS OffFFGS off; Total Entrained = 230 out of 909 [25%])
The location of the standoff buoys and FFGS structures in the off position are drawn in white.  The measured fish densities are artificially low at the edges of the domain due to variance in tracking performance between fish tracks at the peripheries of the hydrophone array.  Note that this series of plots show the spatial distribution of the fish that were entrained in Georgiana Slough only.
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[bookmark: __RefHeading__1540_1112932629][bookmark: _Toc424644706]Figure 3.5-14	Spatial Distribution of Study Fish Entrained in Georgiana Slough during
Ebb Tide (FFGS ONFFGS on; Total Entrained = 186 out of 818 [23%])
The location of the standoff buoys and FFGS structures in the on position are drawn in white.  The measured fish densities are artificially low at the edges of the domain due to variance in tracking performance between fish tracks at the peripheries of the hydrophone array.  Note the concentration of fish density at the buoy line at the downstream tip of the barrier.  Also, the density of fish entering Georgiana Slough is lower in the area immediately behind the barrier than when the barrier was off, with the exception of a plume of higher fish density passing through the lower 1/3 of the barrier.  This could indicate location where fish were passing under or through the barrier.
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[bookmark: __RefHeading__1542_1112932629][bookmark: _Toc424644707]Figure 3.5-15	Spatial Distribution of the Change in the Number of Study Fish Entrained
into Georgiana Slough on Ebb Tide (FFGS OnFFGS on – FFGS OffFFGS off)
The location of the standoff buoys and FFGS structures in the on and off positions are drawn in black.  The measured fish densities are artificially low at the edges of the domain due to variance in tracking performance between fish tracks at the peripheries of the hydrophone array.  Note the concentration of fish density at the buoy line (orange zone along buoy line).  Also, the density of fish entering Georgiana Slough is lower in the area immediately behind the barrier than when the barrier was off (blue and green zone), with the exception of a plume of higher fish density passing through the lower 1/3 of the barrier (yellow streak passing through the barrier on location).  This could indicate location where fish were passing under or through the barrier.  This figure also shows a decrease in the number of fish entering Georgian Slough in the river cross section between the buoy line and Dagmar’s landing, indicating that there is a complex response to the barrier.
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[bookmark: __RefHeading__1544_1112932629][bookmark: _Toc424644708]Figure 3.5-16	Spatial Distribution of the Change in the Number of Study Fish
Entrained into Georgiana Slough on Ebb Tide (FFGS OnFFGS on;  - 2008 Study Data)
The location of the standoff buoys and FFGS structures in the on and off positions are drawn in black.  The measured fish densities are artificially low at the edges of the domain due to variance in tracking performance between fish tracks at the peripheries of the hydrophone array.  Note the concentration of fish density at the buoy line (orange zone along buoy line).  Also, the density of fish entering Georgiana Slough is lower in the area immediately behind the barrier than when the barrier was off (blue and green zone).  



Although the spatial distributions of the 2008 data were not useful for making direct comparisons between the 2008 and 2014 data, it is worth noting that the distribution of all ebb tide tracks from 2008 shown in Figure 3.511 has have a very high gradient of in  fish density in the area around the barrier-on location.  This is important, as it indicates that the FFGS’s effectiveness may have been reduced by some combination of behavioral response and physical signal that prevented some fish from crossing the “FFGS zone” in 2008.  In other words, the FFGS barrier may have been placed in the exact spot where fish were guiding toward center channel in the absence of a barrier. 
Analysis of Fish Motion Relative to the Critical Streakline
The critical streakline conceptual model of barrier efficacy predicts that a barrier will reduce entrainment if it t: A) causes fish to move in the cross-stream direction relative to the critical streakline, and B) if this shift is large enough to move fish across the critical streakline and into streamlines entering a different branch of the junction.  For this reason, we wanted to test whether the FFGS was successful at moving fish relative to the critical streakline even if it did not cause the fish to cross the critical streakline.  To test the FFGS net effect on each fish’s cross-stream location relative to the critical streakline we computed tion.  Although the observed patterns in the spatial changes in Georgiana Slough entrainment between FFGS On and FFGS Off conditions do not appear consistent with this model, there was a desire to test whether these inconsistencies were due to the barrier producing a consistent, small-magnitude shift in fish position relative to the critical streakline that was large enough to concentrate fish along the buoy line, but not large enough to shift these fish across the critical streakline. To test this, ttwo- dimensional frequency distributions were computed that showwed the distribution of each fish’s net cross-stream shifts movement relative to the critical streakline as a function of the fish’s cross-stream position at the start of the barrierthe upstream start of the barrier.  These distributions are shown for barrier offbarrier off and barrier onbarrier on conditions in Figure 3.5-17 and Figure 3.5-18, the difference between the barrier onbarrier on and off distributions are shown in Figure 3.5-19, and the distribution of estimated 2008 values is shown in Figure 3.5-20.  The critical streakline conceptual model predicts that the majority of the barrier off fish would not exhibit a large move in the cross-stream direction relative to the critical streakline, and that during barrier on conditions fish near the barrier should show a positive change in their cross-stream location relative to the critical streakline, while fish further from the barrier should not move significantly relative to the critical streakline. In contrast with these predictions tThe distributions in Figure 3.5-17 and Figure 3.5-18 show that the majority of barrier offbarrier off and barrier onbarrier on fish exhibited very large net movements in the cross stream direction both to the right and to the left of the critical streakline, and, the distribution in the change in these values between the barrier onbarrier on and barrier offbarrier off conditions shown in Figure 3.5-19 shows that the barrier causeds fish to change their motion relative to the critical streakline in both the positive and negative directions throughout the river cross-section.  The distribution of values for the 2008 data is similar to the 2014 barrier onbarrier on and barrier offbarrier off conditions, and also indicates that the majority of 2008 fish exhibited significant cross-stream movements relative to the critical streakline in the barrier area in the absence of a barrier.  These findings show that many fish engaged in a swimming behavior that caused them to move laterally in the river relative to the critical streakline with the FFGS on and off, and the 2008 data shows that fish engaged in this behavior in the absence of the FFGS.  The magnitude of many fish’s cross-stream change in position relative to the critical streakline was greater than the cross-stream extent of the FFGS, which suggests that the FFGS did not reduce entrainment because the fish’s swimming behavior overwhelmed any change in cross-stream position produced by the FFGS. 	Comment by Burau, Jon R.: I edited this to make sure we differential between the critical streakline conceptual model and whether the barrier actually moved fish across the critical streakline.  In other words, we still believe in the critical streakline conceptual model – the barrier simply didn’t move fish across it before they left the junction or that the barrier moves fish across the critical streakline and they stay there.  These are two very different things. 	Comment by Blake, Aaron R.: We need to be even more clear – the barrier did move fish across the critical streakline, but the fish swam back to the wrong side before exiting the junction.	Comment by Stumpner, Paul: Maybe you talk about this in the type classification section. But it appears the barrier may be reducing the amplitude of the periodic cross-stream motion thereby changing the downstream distribution.
Qualitative Observation of Fish Tracks and Type Classification
A large number of 2014 and 2008 tracks were qualitatively analyzed to develop hypotheses that would better explain the observed patterns of fish movement and entrainment.  While most quantitative analyses of fish movement during the 2011, 2012 and 2014 studies were limited to track segments in the immediate vicinity of the Georgiana Slough junction, full-lengthlonger length tracks were used for the quantitative assessment, which provided information on the position history of fish from above the Delta Cross Channel to below the Georgiana Slough junction.  During this processThe use of the turning point analysis of longer tracks coupled with periods of slower currents in the 2008 and 2014 data sets uncovered, the majority of the fish tracks from 2008 and 2014 could be placed into one of four categories of movement:
Type 1 tracks: Tracks from fish that appeared to advect downstream along streamlines in a manner consistent with the critical streakline conceptual model
Type 2 tracks: Tracks from fish that exhibited consistent cross-stream movements greater than 8 meters in magnitude that were often strongly periodic in nature.
Type 3 tracks: Tracks from fish that appeared to be milling, holding near structures, or not moving downstream in a directed manner.
1. Type 4 tracks: Tracks from fish that approached the junction from downstream during flood tides.  These tracks were quantified but not used for further analyses since the FFGS was only designed to be effective during ebb tide periods.Type 1 tracks: Tracks from fish that appeared to advect downstream along streamlines in a manner that indicated minimal cross-stream swimming behavior.
2. Type 2 tracks: Tracks from fish that exhibited periodic cross-stream movements greater than 8 meters in magnitude that were strongly periodic in nature.
3. Type 3 tracks: Tracks from fish that appeared to be milling, holding near structures, or not moving downstream in a directed manner.
4. Type 4 tracks: Tracks from fish that approached the junction from downstream during flood tides.  These tracks were quantified but not used for further analyses since the FFGS was only designed to be effective during ebb tide periods.
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[bookmark: _Toc424644709]Figure 3.5-17	Contour Plot Showing Distribution of the Change in Study Fish Cross Stream Location Relative to the Critical Streakline Location in the Area of the FFGS (FFGS OffFFGS off)
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[bookmark: _Toc424644710]Figure 3.5-18	Contour Plot Showing Distribution of the Change in Study Fish Cross Stream Location Relative to the Critical Streakline Location in the Area of the FFGS (FFGS OnFFGS on)
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[bookmark: _Toc424644711]Figure 3.5-19	Flood Plot Showing the Distribution of the Change in Study Fish Cross Stream Location Relative to the Critical Streakline Location in the Area of the FFGS (FFGS OnFFGS on – FFGS OffFFGS off)
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[bookmark: _Toc424644712]Figure 3.5-20	Contour Plot Showing Distribution of the Change in Study Fish Cross Stream Location Relative to the Critical Streakline Location in the Area of the FFGS (2008 Study Data; No Barrier)
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As introduced in the methods section, sSoftware was developed to analyze the motion of each fish as they moved from the Walnut Grove Bridge downstream to the center of the junction, and classify each track as either Type 1, Type 2, Type 3, or Type 4 based on multiple movement parameters.  This software also identified and recorded locations where fish initiated directed sustained cross-stream excursions which were refer red to as “turning points”.  Figure 3.5-21 shows examples of the three types of fish tracks associated with downstream movement and the turning points identified in each track (turning points are shown as white dots).  Although it was believed that the classification software may be underestimating the proportion of Type 1 tracks in each sample by up to 50%, the results shown in Table 3.5-2 shows a similar proportion of Type 1, Type 2, and Type 3 tracks in the 2014 and 2008 studies, and show that Type 1 tracks make up a relatively small portion of each data set.  As shown in Figure 3.5-22 and 3.5-23, many of the Type 2 fish tracks identified in the 2008 data appeared to interact with the barrier and/or the buoy line when plotted on top of images of the barrier from 2014.  This corroborates the theory hypothesis that the barrier was built in an area where a hydrodynamic or physical que was initiating a behavioral response when the barrier was in the off position or not installed, which could partially explain the lack of a difference between FFGS off versus on.	Comment by Burau, Jon R.: Bit awkward having half the methods here and half under “methods sections”..  Maybe consolidate here or there?	Comment by Blake, Aaron R.: I think its worth reminding readers what happened during classification since they realistically will have skimmed, or skipped the methods section, and since this is such an important result
	[bookmark: __RefHeading__1564_1112932629][bookmark: _Toc424644723]Table 3.5-2
Fish Track Type Classification Results
	
	

	
	2014GSB Study
	2008 Study

	Number of Type 1 Tracks
	   221 (11%)
	117 (10%)

	Number of Type 2 Tracks
	1,417 (72%)
	648 (57%)

	Number of Type 3 Tracks
	   246 (12%)
	237 (21%)

	Number of Type 4 Tracks
	      94 (5%)
	130 (11%)
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Panel A – Example of a Type 1 fish track (Roughly advecting along streamlines)
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Panel B – Example of a Type 2 fish track (Periodic Cross Stream Motion)
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Panel C – Example of a Type 3 fish track (Milling)
[bookmark: __RefHeading__1546_1112932629][bookmark: _Toc424644713]Figure 3.5-21	Example 2014 Fish Tracks Illustrating the Three Types of
Downstream Movement Patterns
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[bookmark: __RefHeading__1548_1112932629][bookmark: _Toc424644714]Figure 3.5-22	Example 2008 Fish Tracks Classified as Type 2
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[bookmark: __RefHeading__1550_1112932629][bookmark: _Toc424644715]Figure 3.5-23	Example 2008 Fish Tracks Classified as Type 2

Spatial Analysis of Turning Points Extracted From Type Classification
In order to test whether the barrier caused Type 2 fish to initiate a change in the direction of cross-stream movement, the turning points identified in Type 1 and Type 2 tracks were spatially aggregated using the same techniques that were used to aggregate fish track data.  Type 3 tracks were excluded from this analysis based on the observation that many Type 3 fish tracks entered the area behind the barrier from the downstream direction during periods of extremely low water velocity.  The spatial distribution of turning points for Type 1 and Type 2 fish were computed for ebb tide conditions when the barrier was off, when the barrier was on, and for the 2008 data (Figures 3.5-24 through 3.5-26) and then the difference in the distributions between barrier onbarrier on and barrier offbarrier off conditions (Figure 3.5-27) and between barrier onbarrier on conditions and the 2008 data (Figure 3.5-28) was were calculated.  These distributions show a large number of turning points in the vicinity of the barrier and the buoy line for barrier offbarrier off and 2008 tracks, but, moving the barrier to the on position clearly increased the density of turning points along the face of the barrier and decreased the number of turning points behind the barrier.  This can be seen in the shift in turning point density from the area behind the barrier-on position in Figure 3.5-24 to the area directly in front of the barrier on position in Figure 3.5-25.  The shift in turning point density caused by moving the barrier from the off position to the on position can also be seen in Figure 3.5-27; in this figure the area behind the barrier-on position is blue and green, illustrating a decrease in turning point density on the order of -5 to -10 turning points per cell per 1,000 fish (out of a maximum value of 20), while the area along the face of the barrier on location is orange and red illustrating an increase in turning point density on the order of +5 to + 10 turning points per cell per 1,000 fish (out of a maximum value of 20). This shift in turning point density is shown in more detail in Figure 3.5-29 and Figure 3.5-30, which show that the barrier shifted the zone of moderate to high Turning Point Density (TPD) 20.0 meters to the right.  

This This shift in turning point density strongly suggests that the majority of Type 1 and Type 2 fish that encounter the barrier initiate a cross-stream excursion away from the barrier rather than passing underneath the barrier. The difference in the distribution between barrier on turning points and 2008 turning points shown in Figure 3.5-28 shows a similar pattern to that seen in Figure 3.5-27 also suggests which indicates that the barrier and associated structures caused fish to change the direction of their cross-stream movement earlier than they would have without the structures in place.  The fact that the barrier appeared to initiated sustained changes in cross stream movement for Type 2 fish is significant, because the cross-stream excursions of Type 2 fish were often much greater than the cross-stream extent of the barrier itself (Figure 3.5-2931), with many fish exhibiting cross-stream excursions on the order of 15 to 30 meters after encountering the barrier..  The magnitude of Type 2 cross stream excursions also explains the distributions seen in Figures 3.5-17, 3.5-18, and 3.5-20; fish on the left side of the river are likely to turn and move back towards the right bank resulting in a net positive shift relative to the critical streakline, fish on the right bank are likely to turn and move back towards the left bank resulting in a net positive shift relative to the critical streakline, and in the middle of the river fish are equally likely to be moving in either direction so the net shift is zero, but the variance is high.	Comment by Stumpner, Paul: It would be good to know how many where distributed on each bank bin for flow conditions. If there more started on the left bank during an ON condition vs OFF this may help explain why the FFGS did not work under certain conditions as their upstream setup was not conducive for them to either interact or be sufficiently guided.	Comment by Paul: this paragraph spans a whole page; very hard to read.
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[bookmark: __RefHeading__1552_1112932629][bookmark: _Toc424644716]Figure 3.5-24	Spatial Distribution of Turning Points from Type 1 and Type 2 Fish Tracks (FFGS OffFFGS off)
The location of the standoff buoys and FFGS structures in the off positions are drawn in black.  Turning point densities in front of the barrier-off position are moderate, and occur at a similar density as in other areas along the bathymetric gradient on the river-left bank and indicate that many fish are changing their cross-channel swimming direction at the edge of the channel.  The area between the guidance buoys and front of the barrier-off location shows a continuous, moderate density of turning points, indicating variance in the location of turning point initiation. 
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[bookmark: __RefHeading__1554_1112932629][bookmark: _Toc424644717]Figure 3.5-25	Spatial Distribution of Turning Points from Type 1 and Type 2 Fish Tracks (FFGS OnFFGS on)
The location of the standoff buoys and FFGS structures in the on positions are drawn in black.  The turning point density is much higher along the face of the barrier and much lower behind the barrier when compared to the barrier off condition.  This indicates that the barrier prompting fish to initiate cross-stream excursions, and that the spatial distribution of this behavior effect is more concentrated than the fish’s response to the edge of the channel.  
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[bookmark: __RefHeading__1556_1112932629][bookmark: _Toc424644718]Figure 3.5-26	Spatial Distribution of Turning Points from Type 1 and Type 2 Fish Tracks (2008 Study)
The location of the standoff buoys and FFGS structures in the on position are drawn in black dotted lines for reference (These structures were not deployed in 2008).  Turning point densities in front of the barrier-off position are moderate, and occur at a similar density as in the other areas along the bathymetric gradient on the river-left bank and indicate that many fish are changing their cross-channel swimming direction at the edge of the channel.  
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[bookmark: __RefHeading__1558_1112932629][bookmark: _Toc424644719]Figure 3.5-27	Difference in Turning Point Distributions (FFGS OnFFGS on – FFGS OffFFGS off)
The location of the standoff buoys and FFGS structures in the on and off positions are drawn in black.  The turning point density increased along the face of the barrier decreased behind the barrier when barrier was on versus when the barrier was off.  This indicates that the barrier prompting fish to initiate cross-stream excursions, and that the spatial distribution of this behavior effect is more concentrated than the fish’s response to the edge of the channel.  
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[bookmark: __RefHeading__1560_1112932629][bookmark: _Toc424644720]Figure 3.5-28	Difference in Turning Point Distributions (FFGS OnFFGS on – 2008 Study [No Barrier])
The location of the standoff buoys and FFGS structures in the on position are drawn in black.  The turning point density increased along the face of the barrier decreased behind the barrier when barrier was on versus the 2008 data.  This indicates that the barrier prompting fish to initiate cross-stream excursions, and that the spatial distribution of this behavior effect is more concentrated than the fish’s response to the edge of the channel.  
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[bookmark: _Toc424644721]Figure 3.5-29 Contour plots comparing the density of turning points between barrier off and barrier on periods for Type 1 and Type 2 Fish, entire Georgiana Slough junction area
The outline of the levies defining the channel are drawn in light black lines, the location of the standoff buoys and FFGS structures in the on and off position are drawn in thick black lines, and contours showing the density of turning points are shown by the colored lines. When the barrier was shifted to the on position it moved the boundary between areas with high turning point concentrations and low turning point concentrations to the right by about 20.0 meters when compared to periods when the barrier was off.   
	Frequency Distribution of the Maximum Amplitude of Track Periodic Cross Stream Motion (2014 and 2008 Study Data	Comment by Paul: I don't understand this axis label?
[image: ] Figure 3.5-30 Contour plots comparing the density of turning points between barrier off and barrier on periods for Type 1 and Type 2 Fish, zoomed into the area around the barrier.
The outline of the levies defining the channel are drawn in light black lines, the location of the standoff buoys and FFGS structures in the on and off position are drawn in thick black lines, and contours showing the density of turning points are shown by the colored lines. When the barrier was shifted to the on position it moved the boundary between areas with high turning point concentrations and low turning point concentrations to the right by about 20.0 meters when compared to periods when the barrier was off.   
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Figure 3.5-31 Frequency Distribution of the Maximum Amplitude of Track Periodic Cross Stream Motion (2014 and 2008 Study Data
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Discussion

Although the limited range of critical streakline conditions positions that occurred during the 2014 study significantly reduced the percentage of time that the barrier was expected to be effective,,, all of the analyses performed in this section suggest that the limited reduction in overall entrainmentthe poor performance of the FFGS over the course of the 2014 study was due to a more complicated combination of effects that resulted from multiple modes ofunexpected fish behavior in the vicinity of the barrier, and multiple modes of response for fish that encountered the barrier or buoy line.  . PrimarilySpecifically, automated track classification suggests that the majority of the fish transiting the junction on ebb tides in 2014 and 2008 engaged in sustained, periodic cross-stream movements in the study area, instead of moving through the junction along streamlines, as was the case for the majority of fish tracks analyzed during the 2011 and 2012 FFGS study.

, and that the behavior of these fish was not consistent with the assumptions underlying the barrier’s design.  Additionally, sSpatial analysis of fish track data and turning point data indicate that many fish responded to physical or hydrodynamic cues in the area near the barrier, which produced a behavioral response in type Type 2 fish when there was no barrier (2008)e or the barrier was off or out that was similar to the response produced by the barrier, reducing the overall net effect off the barrier onbarrier operations on entrainment. Finally, it appears that some a small number of fish did not initiate a cross-stream excursion at the barrier but instead guided along the buoy line and became entrained in Georgiana Slough.  While only a small percentage of study fish exhibited this behavior, any behavioral response that increased entrainment would partially compensate for limited protection effects of the barrier, and make any such effect harder to detect.
.
While barrier operations did not result in a large decrease in overall entrainment, the reduction in the number of fish between the barrier on and off position observed when the barrier was on during ebb tides indicates that few fish passed under or through the barrier during this time. Turning point analysis shows that moving the barrier to the on position shifted the density of turning points from behind the barrier on position when the barrier was off, to the area immediately in front of the barrier when it was on.  These observations support the hypothesis that the barrier or its hydrodynamic signature is triggering a sustained change in the cross-stream movement direction of Type 1 and Type 2 fish away from the barrier.  If this is the case then a structure similar to the FFGS that extended further down-stream could be used to successfully crowd fish away from Georgiana Slough, or, a similar structure could be installed in other junctions to move fish towards low-risk migration corridors.  Again, it should be emphasized that although the FFGS structure did not reduce entrainment, it appears to have consistently initiated sustained cross-stream motion away from Georgiana Slough for Type 2 fish tracks.

The large ratio of Type 2 to Type 1 fish identified in the 2014 and 2008 data sets, combined with evidence of Type 2 behavior in the 2006 Clarksburg Bend data set (Blake and Burau, 2015), strongly suggests the need to expand revise the our conceptual model of juvenile salmon entrainment to account for fish that move downstream via a series of periodic cross-stream excursions.  When we applied the entrainment zone – critical streakline conceptual model to the FFGS design we assumed that study fish would exhibit nearly perfectly negative rheotaxis after encountering the barrier, so that their rheotaxis swimming behavior would have no mean effect on the cross-stream evolution of fish tracks downstream of the FFGS.  This assumption was based on the observed 2011 and 2012 BAFF study tracks; the majority of these tracks are nearly parallel to streamlines in the vicinity of the BAFF (Type 1 tracks), and many of the fish that encountered the BAFF moved downstream of the barrier parallel to streamlines after leaving the immediate vicinity of the BAFF.  If the 2014 fish had behaved in a similar manner then the FFGS would have reduced entrainment risk for the limited number of fish that encountered the FFGS when the critical streakline was to the left of the downstream tip of the barrier.  

After analyzing the 2014 and 2008 study tracks for the FFGS analysis it appears that the apparent difference between the rheotaxis behavior observed in 2011 and 2012 and the rheotaxis behavior observed in 2014 and 2008 was due to a combination of the following factors:
1. The downstream water velocities were much higher during the 2011 study than velocities that occurred during the 2014 study. (Figure 3.5-32 and Figure 3.5-33)
2. A greater percentage of the fish tracks from the 2012 study classified as predators (which may not have been) moved through the junction at lower velocities than the fish classified as smolts (Figure 3.5-34).  This removed many of the low-velocity tracks from the analysis pool, possibly biasing our understanding of juvenile salmon behavior during this study towards fish transiting the junction under high water velocities.
3. The 2011 and 2012 FFGS tracking arrays only extended several hundred meters upstream of the junction, so these tracks provided limited information on the upstream behavior of these fish.  In contrast, the 2014 and 2008 arrays extended upstream for nearly a kilometer, which allowed us to observe the periodic nature of Type 2 tracks upstream of the junction area.
4. The 2011 and 2012 study fish were released about 5 river miles upstream of the study area, while the 2008 and 2014 study fish were released in the city of Sacramento, approximately 31 river miles upstream.  As a result, the 2008 and 2014 study fish may have adopted different rheotaxis behavior due to their increased acclimation time.

As a result of a combination of these factors the pool of 2011 and 2012 tracks selected for analysis were consistent with our hypothesis that study fish were advecting downstream through the junction while maintaining rheotaxis by swimming roughly parallel with streamlines.  In retrospect, it is unclear whether these fish were engaging in sustained cross-stream swimming behavior that we did not detect due to the high advection speeds within our limited tracking array, or, if these fish were exhibiting a different range of rheotaxis behaviors encountered during the 2014 and 2008 studies.  However, it is clear that we need to modify our understanding of juvenile salmon movement in general and in junctions specifically to explicitly consider the ratio of advective speeds to cross stream rheotaxis swimming speeds. 

.  In addition, if fish are engaging in large-scale, periodic, cross stream excursions guidance structures that terminate upstream of target junctions are unlikely to be effective if fish have enough time to reverse the excursion initiated by the barrier and return to the barrier-side of the river before transiting the junction.Although the movements of juvenile salmon within junctions involve both advection by the local velocity fields and behavioral responses to a broad range of biotic and abiotic stimuli, the degree to which either plays a role, varies by the ratio of the magnitude of advection relative to swimming performance.  Accordingly, we can characterize the relative importance of behavior and hydrodynamics on governing the observed movements of juvenile salmon in junctions (e.g. fish tracks) using the non-dimensional swim number (Horn and Blake, 2004), 

S   = (fish swimming speed)/(current speed) = 1(bl/s)/U              

where S is the swim number, U is the water velocity and the sustained swimming performance for juvenile salmon is typically on the order of 2 body lengths per second,  2(bl/s).  However, it is likely that juvenile salmon maintain rheotaxis during outmigration with a swim speed below their maximum sustainable swimming performance, so we will use a lower swim speed for scaling outmigration behavior.  So if we assume a  rheotaxis swimming speed of around 1.0 bl/s, then for fry (fork length < 75mm), the high end of their rheotaxis swimming performance is on the order of 0.25 ft/s: for smolts on the order of 150 mm, 0.5 ft/s.  

Current speeds at peak Sacramento River inflows (85k cfs) in the Sacramento River downstream of Georgiana Slough and during the peak ebb tidal flows can be greater than 4 ft/s.  We expect advection to dominate the shape of the fish tracks over behavior when the velocity magnitude is much greater than the reotaxis swimming speed during high flow events and the peak ebb tides [for fry (red) and smolts (blue) in Figure 3.5-35 and Figure 3.5-36].  As is the case throughout much of the north delta, outmigrants have more control (including resting and holding behaviors) over where they go during flood tides when the Sacramento River flows are low because the velocities are weaker on flood tides, which may explain why we see fewer fish move upstream into Georgiana Slough on flood tides (see section 3.5).  There is very little velocity refugia in the steep sided, rocked, narrow, high velocity canals that make up the majority of the “habitat” in the delta. This observation also naturally leads to downriver selective tidal stream transport (Levey and Candenhead, 1995) (e.g. tidal surfing) – easier to hold on flood tides, which push fish back upstream, than on ebbs.  Finally, during the relatively short low-velocity periods (~1-2 hours), when the current speeds are weak, we expect behavior to contribute significantly to the shape of the fish tracks (Figure 3.5-37).  Although low-velocity periods are relatively short, they can contribute significantly to entrainment because converging flow conditions into Georgiana Slough occur when velocities are weak. 	Comment by Blake, Aaron R.: Jon and Paul, is this correct?	Comment by Stumpner, Paul: In 2011 it was about 4 ft/s mean channel velocity at a Freeport flow of about 90k, Freeport can get to about 120k

Thus, the shape of fish tracks made by juvenile salmon exhibiting identical rheotaxis behavior can vary widely depending on the velocity magnitude and the tidal phase of the ambient velocity fields.  When S<<1, tracks will approximate neutrally buoyant non-behaving particles because advection dominates over behavior, but when S >>1 tracks can appear to exhibit milling or seeking behavior because ambient velocities are low and behavior dominates over advection.  When S ~ 1 then both advection and rheotaxis behavior play and important role and tracks can show periodic cross-stream motion combined with directed downstream movement.  We can estimate the shape of the along-channel distance of the zig-zag behavior based on the rheotaxis wavenumber



where W is the width of the channel,  is downstream advection and  is the reotaxis speed (see Figure 3.5-41).	Comment by Stumpner, Paul: Why is the numerator multiplied by 2? In the previous paragraph you said max swim speed is 2 bl/s but then assumed it is 1 bl/s, need some clarification on this.	Comment by Blake, Aaron R.: Paul, the 2 is not a body length scaling, it is because this is a wavenumber (wavelength) calculation: if a fish starts in the middle of the channel and swims with cross-channel rheotaxis speed Uy then the fish traverses 2x river width before completing a sine wave.

When we applied the swim number scaling concept to the 2014 tracks collected during ebb tides the results are consistent with the hypothesis that the majority of the 2014 ebb tide tracks were made by fish exhibiting similar rheotaxis behavior, but differences in the ratio between rheotaxis swim speed and water velocity resulted in a wide variety of two-dimensional track shapes.  For example, during periods of very strong currents the rheotaxis wave number was significantly longer than the domain of the telemetry network so we were unable to detect the zig-zag behavior resulting from similar rheotaxis behavior. 

To perform this analysis we used each track’s integral averaged cross-stream velocity as an estimate of effective rheotaxis swim speed, and scaled this value by the estimated water velocity when each track was closest to the barrier, resulting in a swim number estimate for each fish track transiting the junction on ebb tides.  The resulting distributions of individual fish swim numbers by track type show that the majority of Type 1 fish tracks were made by fish with the lowest swim numbers, the majority of Type 3 fish tracks were made by fish with very high swim numbers, and the majority of Type 2 tracks were made by fish with intermediate swim numbers between 0.2 and 0.6 (Figure3.5-37).   When we break the data used for the swim number scaling into distributions for cross-channel velocity and downstream advection velocity for each track type (Figure 3.5-38, and Figure 3.5-39), we can see that observed range of swim numbers was the result of the combined variance in the water velocity and cross-channel velocity distributions, rather than changes in water velocity or cross-channel velocity.  One can see that fish that made type 1 tracks tended to transit the junction at higher water velocities than fish that made type 3 or type 2 tracks, but the water speed distributions for all three types overlap for moderate water velocities (Figure 3.5-38). Similarly, the cross-channel velocity distributions that we used as estimates of rheotaxis velocity show fish with type 1 tracks tended to have lower cross-channel swim speeds, fish with type 3 tracks tended to have higher cross-channel swim speeds, and fish with type 2 tracks tended to have median swim speeds, but again the distributions all overlap (Figure 3.5-39).

Putting all of these observations together we can update our conceptual model of juvenile movement in junctions as follows:
1. Any population of juveniles will have a distribution of rheotaxis swim speeds that will have a significant cross-stream velocity component.  The mean and variance of the population’s cross-stream rheotaxis swim speed distribution will be driven by the population’s physiology; based on the 2008 and 2014 data we can estimate that the mean of this distribution will be around 0.2 m/s (Figure 3.5-40).
2. The balance between freshwater outflows and tidal forcing in the junction of interest will determine the range of velocity conditions that these juveniles encounter.  For example, during low outflows tidal forcing might result in a observed velocity distribution with a low mean and high variance, such as we saw in 2014 (Figure 3.5-41), or, during high outflows the velocity distribution might have a very high mean (Figure 3.5-32) 
3. The population’s cross stream rheotaxis swim speed distribution combined with the populations observed advection velocity distribution will determine the mix of track types within a junction (or channel); if there are a significant number of fish with swim numbers greater than 0.1 we can expect a mix of type 1 and type 2 tracks, if water velocities are low enough for swim numbers to reach and exceed 1.0 then we can expect a significant proportion of type 3 tracks.
4. We can use the anticipated balance between advection velocity and cross-stream rheotaxis velocity to predict the overlap between a junction’s hydraulic entrainment zones and fish entrainment zones.  As swim numbers decrease (higher velocities), the fish’s entrainment zones will increasingly overlap with the hydraulic entrainment zones.
5. Similarly, we can calculate the anticipated distance downstream that we expect the FFGS to be effective under worst-case conditions based on the balance between advection velocities and rheotaxis velocities, and the anticipated location of the critical streakline relative to the downstream tip of the barrier (Figure 3.5-41 and Figure 3.5-42):  

Downstream protection distance = (Cross-stream distance from downstream tip of barrier to critical streakline  / Rheotaxis speed) * Advection Speed	Comment by Burau, Jon R.: May make this easier to remember.  Also, I had to draw a little sketch to check you on this.  I’ve included a sketch, so that others don’t have to do the same thing.  Once you see a picture it makes sense.  See last fig..	Comment by Stumpner, Paul: Distance relative to what? The river bank? Mean or min streakline value?




Based on this revised fish entrainment conceptual model, we can see why the 2014 FFGS was not effective for the few fish that passed the barrier when the critical streakline was to the left of the barrier tip: if the critical streakline was 5 meters to the left of the downstream tip of the 2014 FFGS, the mean downstream advection velocity was .57 m/s, and the mean cross-stream rheotaxis swim speed was 0.186 m/s, then we can estimate the worst case downstream protection distance as follows:	Comment by Burau, Jon R.: I think we should come up with a name for the covariation of the fish and hydraulic entrainment zones (perhaps this is it).  The reason: we want to make sure that folks understand the critical streakline (hydraulic)/entrainment zone conceptual model = physics.  The spatial distribution (fish entrainment zone conceptual mode) embodies fish behavior – the covariation in time in space of critical streakline + fish spatial distributions = fish entrainment conceptual model...	Comment by Blake, Aaron R.: Yes, either we should re-write this in another round, or probably just expand these ideas in another forum

Downstream protection distance = (Distance to Critical Streakline/Rheotaxis speed) * Advection Speed
			= (5m / 0.186m/s)*.57m/s
			=15 meters  

Given that the downstream tip of the barrier was about 110 meters upstream from the shoal separating the Sacramento River from Georgiana slough, we can see that the low water velocities we observed provided more than enough time for a fish’s cross-stream rheotaxis velocity to move it back cross the critical streakline to the Georgiana Slough side of the junction even if the barrier performed as expected.  However, if we deployed the 2014 FFGS under high outflow conditions such as those that occurred in 2011, the above calculation would yield an estimated worst case protection distance of about 100 meters, so we would expect the barrier to have been much more effective under the 2011 conditions. 

While barrier operations did not result in a large decrease in overall entrainment, the reduction in the number of fish between the barrier on and off position observed when the barrier was on during ebb tides indicates that few fish passed under or through the barrier during this time. Turning point analyses show that moving the barrier to the on position shifted the density of turning points from behind the barrier-on position when the barrier was off, to the area immediately in front of the barrier when it was on.  These observations support the hypothesis that the barrier or its hydrodynamic signature is triggering a sustained change in the cross-stream movement of Type 1 and Type 2 fish away from the barrier.  If this is the case then a structure similar to the FFGS that extended further down-stream could be used to successfully deter fish away from Georgiana Slough, or, a similar structure could be installed in other junctions to move fish towards low-risk migration corridors.  Moreover, a barrier placed farther out into the channel would likely have been more effective, given the majority of fish were concentrated in the center of the channel adjacent to the barrier with most of the fish well river right of the barrier (Figure 3.5-11) with relatively few fish interacting with the barrier under the conditions during which it was expected to work.  However, accommodation for navigation limited how far into the channel the barrier could be placed.   

Finally, it should be emphasized that although the FFGS structure did not reduce entrainment, it appears to have consistently initiated sustained cross-stream motion away from Georgiana Slough for Type 2 fish tracks, which indicates that a revised FFGS design could be effective at changing entrainment rates in junctions if the structure was position optimally. Nevertheless, given that fish appear to be guiding off some structure in this general region, it is difficult to assess how the FFGS technology would work in other junctions given that the response to the “off” position in this junction is was affected by fish responding to other phenomenon in the barrier-off location.   In the future we recommend using our enhanced understanding of the effects of cross-stream rheotaxis swimming to design barriers by scaling anticipated advection velocities against anticipated rheotaxis velocities to estimate the best along-stream location for the FFGS, and then using the critical streakline analysis techniques laid out in section 3.3, determine the best cross-stream location of the FFGS (Figure 3.5-41).    	Comment by Blake, Aaron R.: Is this excessively redundant?  If so delete	Comment by Burau, Jon R.: No.  I think this a good cohesive summary, which is appropriate at the end of a section.  I tried to actually beef it up a bit more and you may want to too.  Put a summary of the key “big” picture findings.
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Figure 3.5-32	Estimated water speed distribution for 2011 BAFF study fish
Frequency distribution showing the estimated water speed at the time each 2011 track was closest to the BAFF.
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Figure 3.5-33	Estimated water speed distribution for 2014 study fish
Frequency distribution showing the estimated water speed at the time each 2014 was in the center of the junction.



[image: estimatedWaterSpeedByPredsAndSmolts_2012]
Figure 3.5-34	Estimated water speed distribution by predator classification, 2012 BAFF Study
Frequency distributions showing the estimated water speed at the time each 2012 track was nearest to the BAFF.  The distribution for fish classified as smolts and used for analysis is shown in red.  The distribution of fish classified as predators and removed from the analysis is shown in blue.  Note that the “predator” distribution is biased towards fish that transited the junction at lower water velocities.
.
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Figure 1.5-35   Time series of discharge at Freeport and velocity in the Sacramento River
Time series plot of (A) discharge (cfs) at the Sacramento River @ Freeport and (B) velocity in the Sacramento River below Georgiana Slough (black) and an estimate of the smolt (blue) and fry reotaxis swimming speeds.  Positive velocities (above the green zero line) represent ebb tides, negative, flood tides.
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Figure 2.5-36           Tidal time-scale time series of velocity in the Sacramento River
Time series plot of in the Sacramento River below Georgiana Slough (black) and an estimate of the smolt (blue) and fry reotaxis swimming speeds.  The yellow vertical bars indicate slack water periods.
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[image: EstimatedSwimNumberDistributionsByType_2014]Figure 3.5-37	Estimated swim number distributions for 2014 tracks by track type
Frequency distributions showing the distribution of swim numbers for each track type classification for the 2014 study tracks.  Note that the type 1 fish had the lowest swim numbers (red line), the type 3 fish had the highest swim numbers (green line), and the type 2 fish had intermediate swim numbers less than 1.0 (blue line).

[image: estimatedWaterSpeedDistribution_byType_2014]Figure 3.5-38	Estimated advection velocity distributions for 2014 tracks by track type
Frequency distributions showing the distribution of advection velocity (water velocity) for each track type classification for the 2014 study tracks.  Note that the type 1 tracks occurred at higher velocities (red line), the type 3 tracks did not occur at the highest observed velocities (green line), and the type 2 tracks mostly occurred between .3 m/s and .6 m/s (blue line).

[image: estimatedCrossChannelSpeedDistribution_byType_2014] Figure 3.5-39   	Integral averaged cross-stream velocity distributions for 2014 tracks by track type
Frequency distributions showing the distribution of cross-stream velocity (estimated rheotaxis velocity) for each track type classification for the 2014 study tracks.  Note that the three distributions overlap significantly.  Tthe type 1 tracks had lower cross-stream velocities (red line), fish with type 3 tracks tended to come from the upper half of the velocity distribution (green line), and  type 2 tracks mostly belonged to fish from the center of the velocity distribution (blue line).

[image: OverallCrossStreamVelocity08_14]Figure 3.5-40 	Overall estimated cross-channel velocity distributions from 2014 and 2008 study fish
Frequency distributions showing the distribution of integral average cross-channel velocity for each 2014 and 2008 fish track.  The integral average cross-channel velocity is an estimate of the cross-channel rheotaxis swim speed.  The 2014 distribution is shown in red and the 2008 distribution is shown in blue, with the means of each distribution represented by the dashed lines.  Note that while the 2014 distribution had greater variance the means are almost identical, at approximately 0.18 m/s
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Figure 3.5-41 Conceptual diagram of the best case interaction between a non-physical barrier and type 2 fish 	Comment by Stumpner, Paul: Why do fish all of a sudden stop exhibiting cross stream movement?

I added lines that would show consistent cross stream movement	Comment by Blake, Aaron R.: Good call.  Jon quickly worked up this figure but I agree that we need to refine the cartoon.  I have redrawn.
Conceptual illustration of the “best case” interaction of A non-physical barrier with two different type 2 fish.  The banks of the junction are drawn in light grey, the hypothetical FFGS is the solid black line, the location of the critical streakline in this scenario is shown by the red dashed line, and the hypothetical fish tracks are drawn in orange and light blue.  Fish A encounters the downstream tip of the FFGS and swaps its cross-stream rheotaxis swim direction resulting in sustained cross-stream swimming towards the Sacramento River side of the junction.  Fish B encounters the barrier, change’s it’s rheotaxis to move downstream parallel to the barrier, then resumes cross-stream rheotaxis swimming downstream of the tip of the barrier towards the Sacramento River side of the junction. Either of the scenarios will result in the greatest downstream protection distance (black arrow in along-stream direction) for type two fish with this combination of barrier alignment and critical streakline location.  


[image: C:\Users\ablake\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\worstCaseScenario (2).png]

Figure 3.5-42 Conceptual diagram of the worst case interaction between a non-physical barrier and type 2 fish 
Conceptual illustration of the “worst case” interaction of a non-physical barrier with two different type-2 fish.  The banks of the hypothetical junction are drawn in light grey, the hypothetical FFGS is the solid black line, the location of the critical streakline in this scenario is shown by the red dashed line, and the hypothetical fish tracks are drawn in orange and light blue.  Fish A encounters the FFGS and swaps its cross-stream rheotaxis swim direction resulting in sustained cross-stream swimming towards the desired outcome, but this fish changes its cross-stream swimming direction again upon encountering the opposite bank, initiating another excursion towards Georgiana Slough, passing  just downstream of the tip of the barrier and into Georgiana Slough. Fish B again encounters the barrier, change’s it’s rheotaxis to move downstream parallel to the barrier, and again resumes cross-stream rheotaxis swimming downstream of the tip of the barrier, but this time the rheotaxis swimming is towards Georgiana Slough. Either of the scenarios will result in the shortest downstream protection distance (black arrow in along-stream direction) for type two fish with this combination of barrier alignment and critical streakline location. 
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Contour plot showing the distribution of cross-stream location and critical streakline location values for study fish passing the barrier on ebb tides
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