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Presenter
Presentation Notes
My name is Brett Harvey. I work in the Aquatic Ecology Section at the Dept of Water Resources. Today I’m going to talk about my work comparing geneticto “Length at Date” run identifications for juvenile Chinook salmon in the Central Valley
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Presentation Notes
I’d like to start by acknowledging the many people who contributed to sample collection, genetic analysis and data management over the 15+ years of the Salmon Genetics Project.



What is the Length‐at‐Date approach?

Presenter
Presentation Notes
Before I launch into the results of my analysis, I’ll describe the development and implementation history of the Length-at-Date Approach, along with key assumptions of the approach?



Length‐at‐Date

‐ Identifies Chinook run origin

Presenter
Presentation Notes
Length-at-Date is a method for identifying the run origin of juvenile Chinook salmon in the Central Valley. 



Length‐at‐Date

‐ Identifies Chinook run origin
‐ 1989: Winter Run ESA listed

Presenter
Presentation Notes
It was developed and adopted in 1989, in response to the listing of Central Valley Winter Run Chinook under the Endangered Species Act. 



Length‐at‐Date

‐ Identifies Chinook run origin
‐ 1989: Winter Run ESA listed
‐ CVP/SWP take limits

Presenter
Presentation Notes
With the listing, take limits were imposed on the pumping facilities of the state and federal water projects. 



‐ Identifies Chinook run origin
‐ 1989: Winter Run ESA listed
‐ CVP/SWP take limits

Length‐at‐Date

Presenter
Presentation Notes
THE PROBLEM was that the juvenile population in the Central Valley is a mixture of juveniles from all four Central Valley runs…



Who’s my
Daddy?
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Presentation Notes
…and since these juveniles are morphologically indistinguishable, there was no way to tell them apart, and no way to assess Winter Run take. 



South Delta Fish Salvage Facilities

Presenter
Presentation Notes
This was particularly a problem at the south Delta fish salvage facilities.Large numbers of juvenile Chinook were regularly salvaged or entrained during juvenile migration season, but only a small proportion of them were believed to be Winter Run.



High Economic Stakes

Presenter
Presentation Notes
Since the consequence of exceeding take was to shut off the water supply to millions of people and a multibillion dollar agricultural industry, there was - and still is - tremendous economic interest dependent on the run assignments of salvaged fish.



1989: Length at Date approach conceived

Fisher’s length‐at‐date chart from Stevens (1989 memo report)

Presenter
Presentation Notes
To address this problem, the Length-at-Date method was developed by Frank Fisher at Fish & Game. This is Fisher’s original hand-drawn chart illustrating the Length-at-Date approach. 



Day of Year

1989: Length at Date approach conceived

Fisher’s length‐at‐date chart from Stevens (1989 memo report)
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Presentation Notes
The approach is based on the observation that different runs spawn at different times of the year, as indicated along the x-axis.



1989: Length at Date approach conceived

Fisher’s length‐at‐date chart from Stevens (1989 memo report)
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Presentation Notes
From these spawning dates, Fisher estimated the earliest and latest emergence time for each run…



1989: Length at Date approach conceived

Fisher’s length‐at‐date chart from Stevens (1989 memo report)
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ln(FL) = 0.006*days
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Presentation Notes
… and then applied a Fall Run growth rate to estimate the minimum and maximum fork length for each run on any given day of the year. 



Current Fisher Model Size Criteria

Presenter
Presentation Notes
Here’s a more modern version of the chart. Again the day of year is along the X-axis, fork length on the Y-axis. The dashed lines are the size thresholds separating the different runs. 



Current Fisher Model Size Criteria

Presenter
Presentation Notes
The run-origin of a juvenile Chinook is determined by cross referencing its fork length with the day it was sampled. For instance, a 75 mm juvenile caught in early February falls within the Winter Run size range and would be designated Winter Run. 



Current Fisher Model Size Criteria
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Presentation Notes
If caught in early March, it would be called Spring Run.



Current Fisher Model Size Criteria

Presenter
Presentation Notes
… and in early May, Fall Run. 



Current Fisher Model Size Criteria
River

Presenter
Presentation Notes
Fisher’s size criteria were adopted throughout the Central Valley to classify run origin and Winter Run take. …except now their called the River Model.



1997: Delta Model adopted for Salvage ONLY

Presenter
Presentation Notes
The one exception to this is at the south Delta water diversion, where modified size criteria for winter run Chinook were adopted, based on higher winter run apparent growth rates in the Delta. The new criteria were called the Delta Model and they were only adopted for use at the south Delta Salvage facilities. 
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Presentation Notes
Delta Model size criteria were based on the higher apparent growth rates for Winter Run in the Delta.



Criteria developed for Winter Run

Presenter
Presentation Notes
A main points to understand about Length-at-Date size criteria, is that they were conceived, developed and modified for the sake of classifying Winter Run.



Criteria developed for Winter Run

Model Assumptions
1. spawning runs segregated in time

2. same constant growth rate
(except winter run)

3. juvenile FL ranges segregated

Presenter
Presentation Notes
… and that size criteria are based on three key assumptions:   spawning activity of the four runs is segregated in time,the four runs have the same constant growth rate (except of course Winter Run in the Delta), and because of the first two assumptions, juvenile fork length ranges of the four runs are segregated from each other on any given day of the year.
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Criteria developed for Winter Run

Model Assumptions
1. spawning runs segregated in time

2. same constant growth rate
(except winter run)

3. juvenile FL ranges segregated
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Presentation Notes
From the outset, most agency scientists recognized that these assumptions were not completely valid, and therefore that run assignments based on the Length-at-Date approach were potentially inaccurate. So why was the Length at Date approach so widely adopted? Because at the time there were no better alternatives. 



Collect
Tissue
From
Here

1993: Genetic testing initiated

Presenter
Presentation Notes
So in the early 90s, DWR started funding the development of genetic tests under the guidance of IEP scientists, with the ultimate goal of replacing the Length-at-Date approach.This hasn’t happened yet. But since fork lengths and sample dates were recorded for each genetically tested fish, I was able to use this database to test the validity of the assumptions underlying the Length-at-Day approach. 



Genetic Method
Year WR3.2E WR3.2B WR4.0 GMA12 GMA16 ONCOR16
1997 899
1998 1,063
1999 1,643
2000 1,121 2
2001 1,202 361
2002 336 120
2003 2 783
2004 1 319 582
2005 279
2006 2,932
2007 1,055
2008 2,859
2009 1,728
2010 1,832

Juveniles tested by each genetic method
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Presentation Notes
I put this table in to show the number of juveniles that have been assigned genetic IDs by the different genetic tests through the years of the salmon genetics project.Note are that genetic tests have been continuously modified as new genetic markers and algorithms were developed. 



Genetic Method
Year WR3.2E WR3.2B WR4.0 GMA12 GMA16 ONCOR16
1997 899
1998 1,063
1999 1,643
2000 1,121 2
2001 1,202 361
2002 336 120
2003 2 783
2004 1 319 582
2005 279
2006 2,932
2007 1,055
2008 2,859
2009 1,728
2010 1,832

Chinook tested by each method
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Presentation Notes
I also put this slide in to illustrate that as of 2010, nearly 20,000 juveniles have been successfully tested for run origin!



Chinook tested by each method
Genetic Method

Year WR3.2E WR3.2B WR4.0 GMA12 GMA16 ONCOR16
1997 899
1998 1,063
1999 1,643
2000 1,121 2
2001 1,202 361
2002 336 120
2003 2 783
2004 1 319 582
2005 279
2006 2,932
2007 1,055
2008 2,859
2009 1,728
2010 1,832
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But that I limited my analysis to fish tested by more recent assays that were able to resolve all four runs.
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Initially I simply looked at the genetic assignment of fish that fell within each Length-at-Date run.Each one of these pies represents a Length-at-Date run, and the slices represent the proportion of each Length-Run that assigned to each genetic run. The size of each pie is proportional to the number of fish that fell within each Length-at-Date size range. In this and all remaining figures, Green represents genetic Fall Run, Yellow – genetic Spring Run, Orange – genetic Winter Run, and Dark Red – genetic Late-fall. What’s immediately apparent is that most Length-at-Date Fall run (in the upper left corner) also assigned to genetic Fall run. This is also true for Winter and Late-fall run, although larger proportions of other genetic runs also fell within Winter and Late-fall size criteria.Notice also that nearly all genetic Winter run, indicated by orange pie slices, fell within size criteria for Winter run. This is an important finding because it shows that protective measures for winter run that are based on Length-at-Date size criteria have been targeting the right fish.Spring Run size criteria also captured the majority of genetic Spring Run, but the criteria also captured a large proportion juveniles genetically assigned to Fall Run. 



Genetic Test Accuracy

(Michael Banks et al., in review, Animal Genetics)

Leave
One
Out
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Presentation Notes
The poor agreement between Length-at-Date and genetic spring run may be partly explained by inaccuracies of the genetic tests themselves. A common accuracy test is the Leave One Out test. For those who are unfamiliar, the genetic tests compare the genes of an unidentified fish to the genes of a baseline of known run fish, and is assign it to the run that it most closely matches. The Leave One Out test takes known fish out of the baseline one-by-one, and assigns them using the remaining fish in the baseline. The y-axis represents the proportion of each run correctly assigned.Leave One Out showed the most recent genetic test to be highly accurate for Winter and Spring Run from Butte, Mill and Deer Creeks… and slightly less accurate for Fall and Late-fall runs.



(Michael Banks et al., in review, Animal Genetics)

Leave
One
Out Blind

Test

Genetic Test Accuracy
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Presentation Notes
However, Michael Banks, who developed the genetic tests, recently conducted a more rigorous accuracy test using known origin fish that were not in the baseline. It was a “Blind Test” because his lab did not know the run origin of the samples.Compared to the Leave-One-Out test, the blind test was much less accurate for Spring and Late-Fall Run. 



(Michael Banks et al., in review, Animal Genetics)
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Presentation Notes
For Spring Run this is understandable, because the blind sample included Chinook from the Feather River, where Spring and Fall run have somewhat hybridized, and the baseline had no Feather River fish. When the Feather River fish are excluded from the blind test results, Spring Run accuracy is much more similar to the Leave-One-Out test.



(Michael Banks et al., in review, Animal Genetics)
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Presentation Notes
Here I’ve added a separate histogram to show the dramatic difference in accuracy for Feather River and Non-Feather River samples in the blind test. There is virtually no difference between Feather and Non-Feather River Fall Run because almost all Feather River Chinook, whether Spring or Fall Phenotype, were genetically assigned to Fall Run.



Fall Run or Feather River Spring?
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F

S No FR
Only FR
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Presentation Notes
This may partly explain the large number of salvaged Genetic Fall Run falling within Spring Run size criteria. 
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Presentation Notes
To look at things from another angle, I graphed the fork-length-frequency of each genetic run and overlaid it with Delta Model size criteria. Fork lengths are pooled in biweekly intervals and fork length frequencies are plotted on a log scale. Fork lengths of genetic Fall Run were spread across size criteria for three runs, but especially overlapped Spring Run criteria between March and May. You can also see that there are three separate groups of juvenile migrants. 
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Older, possibly yearling juveniles.
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… and small Young of the Year, which both appear in salvage primarily in the winter.



Genetic Fall Run
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Presentation Notes
And older sub-yearling juveniles that appear in the salvage mostly in the spring. Its tempting to speculate that one of these groups may represent Feather River Spring Run that were wrongly assigned to Fall Run by genetic tests. For instance the winter-migrating older juveniles…However, both genetically identified Late Fall and Spring Run had similar fork length distributions. Another thing to notice is that the trajectory of fork lengths does not appear to increase at the rate assumed by Length-at-Date size criteria… but I’ll get back to that later.



Genetic Winter Run
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Presentation Notes
Only genetic Winter Run fell primarily within its size criteria, which isn’t surprising since Length Criteria were originally created to identify Winter Run.



Segregated Fork Length Ranges?
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In case anyone is still unconvinced that the assumption of non-overlapping fork length ranges is not valid, I graphed the fork length distributions for each run side by side for each biweekly interval. Although the figure is rather busy, I think its clearly demonstrates that the assumption of segregated juvenile fork lengths does not hold up. There is considerable overlap between runs throughout the migration season.



Fall Run
Apparent Growth
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Presentation Notes
Finally, to look at the assumption of consistent growth rate across runs, I ran separate log-linear regressions on each of the subgroups of salvaged fish to compare with the apparent growth rate assumption of the Delta Model. I did this for each year in my analysis. This figure for Fall Run, grey lines represent non-significant regressions, and black lines significant regressions.



Fall Run
Apparent Growth

Presenter
Presentation Notes
Here’s the same regression lines without the scatter plot. Clearly there was no clear trend across years… and only the winter-migrating YOY had apparent growth rates similar to growth rates assumed by Length-at-Date models.Regressions for the other three runs had similar results.
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Since most concern is usually centered on Winter Run, here are the regression lines for Winter Run. Again, no consistent pattern of apparent growth across years, with negative fork length trends for more than half the years.



Bad News
‐ Delta Model assumptions unsupported
‐ Feather River spring run undetectable

Presenter
Presentation Notes
What does all this say about the Delta Model size criteria used at the salvage facilities.Well, key assumptions of the model are not supported by genetic run identifications, therefore many fish are misidentified. This may be partly explained by inability of tests to identify Spring Run. The inability to identify Spring Run from the Feather River will continue to be a problem for either the genetic or Length-at-Date approach.



Good News
‐ Delta Model  works for Winter Run

Presenter
Presentation Notes
The Good News is:The Delta Model does a good job identifying Winter Run juveniles despite the invalidity of the assumptions. We can be sure of this because of the near 100% accuracy of genetic tests for Winter Run.



Good News
‐ Delta Model  works for Winter Run
‐ Rapid genetic assays forthcoming

Who’s my
Daddy?

Presenter
Presentation Notes
Finally, rapid genetic assays are currently being tested to assess Winter Run salvage take. As these methods become cheaper and more widely used, we may finally be able to answer this juveniles question for millions of little Chinook. This can only lead to a better understanding of run-specific migration behavior in the Central Valley, which should in turn lead to better management of water for the benefit of both fish and people.



Thank You


	Validating Length-at-Date �run assignments �for �Central Valley Chinook salmon 
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47



