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Presenter Notes
Presentation Notes
Good afternoon everyone. I thank you for your interest in the Fish Model. I hope to cover a variety of topics including some aspects of the ecology, scope and use of the model. This talk covers a lot of material and you will be able to review at your leisure in the near future when this and other presentations are made publicly available. 
I will emphasize that the model is built around the life-history of the Sacramento River winter-run Chinook Salmon and it draws completely on data collection, curation and analysis from many federal and state agencies, field technicians, university research programs, and environmental consultants.  There are too many contributors to list. But we thank you all.



Outline
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● SacPAS Fish Model Framework and 
Decision Support 

Presenter Notes
Presentation Notes
I’ll introduce the Fish Model as a framework and illustrate how it contributes to Decision Support.
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● SacPAS Fish Model Framework and 
Decision Support 

● SacPAS Models
○ Egg-to-Fry Survival (v4.0)
○ Migration & Survival
○ Delta Survival

Presenter Notes
Presentation Notes
We will visit 3, linked, SacPAS models in turn.
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● SacPAS Fish Model Framework and 
Decision Support 

● SacPAS Models
○ Egg-to-Fry Survival (v4.0)
○ Migration & Survival
○ Delta Survival

● User Interface & Resources
○ User Interface
○ SacPAS Fish Model manual

Presenter Notes
Presentation Notes
We will introduce the User Interface which is now in Version 4. This has just been released and we are very excited about providing it. 
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● SacPAS Fish Model Framework and 
Decision Support 

● SacPAS Models
○ Egg-to-Fry Survival (v4.0)
○ Migration & Survival
○ Delta Survival

● User Interface & Resources
○ User Interface
○ SacPAS Fish Model manual

● Examples

Presenter Notes
Presentation Notes
Along the way, we will cover the basic controls and the outputs they produce.



SacPAS Fish Model Framework 
and Decision Support

Framework Design:

● Link life-history stages with daisy-chain of results as inputs through framework.
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Presenter Notes
Presentation Notes
The Framework Design links life-history stages with a daisy-chain of results as inputs through the framework



SacPAS Fish Model Framework 
and Decision Support

Framework Design:

● Link life-history stages with daisy-chain of results as inputs through framework.

● Life-history stages are characterized independently.
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Presenter Notes
Presentation Notes
The Life history stages are characterized independently, as much as possible, to modularize the components of the framework.





SacPAS Fish Model Framework 
and Decision Support

Framework Design:

● Link life-history stages with daisy-chain of results as inputs through framework.

● Life-history stages are characterized independently.

● Prioritize published models relevant to the life-stage processes when available.
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Presenter Notes
Presentation Notes
We prioritize using published models that are relevant to the life-stage processes when available.




SacPAS Fish Model Framework 
and Decision Support

Framework Design:

● Link life-history stages with daisy-chain of results as inputs through framework.

● Life-history stages are characterized independently.

● Prioritize published models relevant to the life-stage processes when available.

● Update with new information regularly.
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Presenter Notes
Presentation Notes
We are trying to update and include new information regularly. �Most recently a re-calibration of egg-to-fry mortality coefficients.




SacPAS Fish Model Framework 
and Decision Support

Framework Design:

● Link life-history stages with daisy-chain of results as inputs through framework.

● Life-history stages are characterized independently.

● Prioritize published models relevant to the life-stage processes when available.

● Update with new information regularly.

● Support scenario modes for key data inputs.

10

Presenter Notes
Presentation Notes
We try to support scenario modes for key data inputs.





SacPAS Fish Model Framework 
and Decision Support

Framework Design:

● Link life-history stages with daisy-chain of results as inputs through framework.

● Life-history stages are characterized independently.

● Prioritize published models relevant to the life-stage processes when available.

● Update with new information regularly.

● Support scenario modes for key data inputs.

● Enable scripting for easy access to results.
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Presenter Notes
Presentation Notes
and Finally, we enable scripting for easy access and filtering of results.



● Estimate temperature-dependent mortality 
in winter-run Chinook Salmon 
○ Relates to scenarios of temperature-control water release

● Estimate juvenile survival 
○ Relates to pulse flow scenarios

SacPAS Fish Model Framework 
and Decision Support 
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Presenter Notes
Presentation Notes
Two examples of Decision Support are about predicting effects of environmental and operational condition scenarios.
Here is an example of how we support scenarios:
The Egg-to-Fry model has groupings of data that match Hydrological Classifications. 
Also a fully customized scenarios can be run with text inputs and uploads of data.
And finally, bulk-file processing can be arranged with SacPAS staff.




● ESA Section 7(a)(2) Programmatic 
Biological Opinion for the Reinitiation 
of Consultation on the Long-Term 
Operation of the Central Valley Project 
and State Water Project 

● Temperature Management Plan
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-
wtr-mgmt-plan.pdf

● XT Model in LTO of the CVP and SWP 
Environmental Impact Statement
https://www.usbr.gov/mp/nepa/includes/documentShow.php?Doc_ID=54710

SacPAS Fish Model Framework 
and Decision Support 
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Presenter Notes
Presentation Notes
These methods can provide supportive materials relevant to Long Term Operations in the region and here are a few examples.

https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.waterboards.ca.gov/drought/sacramento_river/docs/2026/2026-final-srg-temp-wtr-mgmt-plan.pdf
https://www.usbr.gov/mp/nepa/includes/documentShow.php?Doc_ID=54710


SacPAS Models
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Presenter Notes
Presentation Notes
Now… when you are ready to run the Fish Model, click the link on our front page, and you go to the landing page for the Fish Model. The top has controls for the various run types. Below, you will find some Background information and a schematic diagram to show how all the big pieces fit together. 
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Presenter Notes
Presentation Notes
Here is slightly more detailed view of the schematic. It summarizes the overall flow of information and linkages. I will loosely walk through the flow of modeling beginning with the Egg-to-Fry process shown in the upper center of the map and leading through Migration and Survival and into the Delta. 
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Presenter Notes
Presentation Notes
Before proceeding to Egg-to-Fry modeling, I must point the access to background materials, especially the SacPAS Fish Model manual which has many details that I cannot cover today
and further down on this page are citations to all studies referenced in the Fish Model Framework.



● Simulates development and survival on a daily basis.

● Aggregates each cohort of redds that share spawning date and location. 

● Outputs can be used as inputs to Migration and Survival Model.

SacPAS Models: Egg-to-Fry Modeling

17



SacPAS Models: Egg-to-Fry Modeling
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Presenter Notes
Presentation Notes
The Egg-to-Fry model quantifies 4 sources of mortality which are: density dependent mortality (DDM), temperature-dependent mortality (TDM), Thiamine dependent fry mortality (TDFM) and Background mortality (BGM). 
These would be considered essentially independent because the relevant causes of the mortality for each stage are unique to that stage. 
E.g. Density Dependence on the spawning ground is a function of the number of spawners, but this is not related to calculating TDM as a result of exposure to the thermal regime.



Stage-Dependent mortality (Anderson et al. 2022):
TDM occurs a few (~ 4 ) days prior to hatching when 

eggs are most thermally sensitive.

Stage-Independent mortality (Martin et al. 2017):
TDM occurs at any time during development between 

spawning and emergence.

SacPAS Models: Egg-to-Fry Modeling

~ 3 months total 
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Presenter Notes
Presentation Notes
I now draw your attention to an essential decision you make when using the Egg-to-Fry model: which method of computing TDM will you select?  The  stage-dependent mortality assumes fish are critically vulnerable with a high mortality rate during a short period of time, 4 days, just before hatching. The stage-independent model assumes that TDM occurs at any time during that incubation period. The periods are shown in the cartoon of the timeline at the bottom, with red for the stage-dependent period and blue for the entire incubation period,  up to about 3 months long.



SacPAS Models: Egg-to-Fry Modeling

Egg-to-Fry Survival (Sj)

Background survival
Thiamine-dependent 
fry mortality

Density-dependent survival

Temperature-dependent survival

Number of redds

reach i
year j
day y
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Presenter Notes
Presentation Notes
Both formulations use this equation for egg to fry survival along with two essential sub components that have an algebraic relationship to the data. These equations make relatively simple assumptions about the ecological processes. The density dependent survival (upper right) is a Beverton-Holt type dependency on the total number of redds (A) and the capacity of the reach (D). The temperature dependent survival below that  is computed daily, over the critical window period (recall either 4 days or all incubation). It is 1 (or 100%) for any day at or below a thermal threshold, and decreases linearly above that. The only differences between the two mortality models is the number of reaches, and the critical period length. The stage-dependent model has four reaches and a 4 day critical period. The stage-independent model has one reach and an all-incubation critical period.



Density-dependent survival

Temperature-dependent survival

Egg-to-Fry Survival (Sj)

Background survival
Thiamine-dependent 
fry mortality

Number of redds

SacPAS Models: Egg-to-Fry Modeling

reach i
year j
day y
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model coefficients

Presenter Notes
Presentation Notes
When the model was calibrated this past year to incorporate thiamine dependent fry mortality ( T sub-j) , we fit the red circled parameters for both the stage-dependent and stage-independent models.



Egg-to-Fry Survival (Sj)

Background survival
Thiamine-dependent 
fry mortality

Number of redds

reach i
year j
day y

SacPAS Models: Egg-to-Fry Modeling
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Density-dependent survival

Temperature-dependent survival

model coefficients

data or input estimates

Presenter Notes
Presentation Notes
Data inputs are shown with green circles: The number of spawners (per reach) Aj. The temperature timeseries T in the expression for TDM survival (V). And the timing for each redd when it enters into its own critical period (i.e. y=0 ). In practice, development time  is converted to day-of-the-year time in order to properly  index the temperature for each day. So for the stage independent model y=0 on spawning day. For the stage-dependent model day 0 is computed from the temperature timeseries and the specified number of ATUs to the end of the critical period.



TDFM
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Presenter Notes
Presentation Notes
This is a key summary using  the recent recalibration of the Egg-to-Fry models. The grey circles and shaded area are the point estimates of Egg-to-Fry survival and 90% confidence bounds which  were estimated through the Juvenile Production Estimate assessment process. The heavier lines in red and blue show the fit to the data. The thinner lines in the same colors use the previous calibration. Most conspicuous is the importance of including TDFM in years 2021- 2024 on the right edge of the plot. Using the previous calibration, without TDFM, total survival (the thin lines) over-predict, but the recalibration is a much better fit to the data. I will call out year 2022. Here, estimated survival was very low, yet modeled survival was over-predicted implying that the TDM process has more nuance and/or that mechanisms of Background Mortality should be explored.




Inputs

• Redd Distributions: 
• Historical Data from Winter, Spring, Fall, and Late-Fall Aerial & Carcass survey data
• Scenario distributions specified by User

• Temperature profiles:
• Historical timeseries
• Forecast timeseries when available
• Scenarios specified by user

• Modeling Choices:
• Mortality Sources
• Development Rates

SacPAS Models: Egg-to-Fry Modeling
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Presenter Notes
Presentation Notes
To run the model, 3 types of inputs are required: redd distributions, temperature profiles and modeling choices. Four Sacramento River Chinook runs have aerial survey data available.  The winter-run also has a carcass-survey based method for estimating the redd distribution. 
Second, the temperature profiles can be retrospective historical data, forward-looking projections, or hypothetical scenarios you provide. 
Last are modeling choices that have been briefly introduced and will be shown in more detail.



Inputs

• Redd Distributions: 
• Historical Data from Winter, Spring, Fall, and Late-Fall Aerial & Carcass survey data
• Scenario distributions specified by User

• Temperature profiles:
• Historical timeseries
• Forecast timeseries when available
• Scenarios specified by user

• Modeling Choices:
• Mortality Sources
• Development Rates

SacPAS Models: Egg-to-Fry Modeling

Calibrated winter-run coefficients 
apply to all stocks.
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Presenter Notes
Presentation Notes
An important assumption in working with the non-winter-run fish is that the development and mortality processes are the same as for winter run. Because this is hard to justify for processes like density dependent mortality and background mortality, they are turned “off” automatically if you choose to model a non-winter-run stock. Similarly if one of the redd aggregations is selected, then density dependence does not apply and will be turned off by default.
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Presenter Notes
Presentation Notes
The User Interface begins with a selection for control over modeling with a choice among Basic, Intermediate or Full Settings. Basic Settings is a very quick, cached set of model runs  for each year. It uses the  winter-run carcass-survey-based redd distribution, observed temperatures and the stage-dependent model. This is a straightforward way to see variability among years, and become familiar with the outputs. 
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Presenter Notes
Presentation Notes
Intermediate settings allows you to essentially mix-and-match the models and the environmental variables and can recreate anything in the Basic Settings.
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Presenter Notes
Presentation Notes
Full settings gives you the maximum flexibility for controlling inputs and can also recreate anything seen with Intermediate or Basic Settings.
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Presenter Notes
Presentation Notes
Maximum flexibility for controlling inputs begins with temperature data and redd distributions selections. Several aggregations of years are made for both temperature and redd distribution, and they would normally be used in parallel, but this is not required!
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Presenter Notes
Presentation Notes
For an example run, I have selected 2020 for both redds and temperature seen in the menu selections near the top of the screen. It was a Dry year according to the HCI classifications and the previous year 2019 was a Wet year. We will examine these results in a moment. As you continue to move down the page, a cartoon timeline with checkboxes control the types of mortality to include. All boxes are checked except Redd Dewatering. Redd dewatering was NOT included in the mortality model recalibrations and is not a great concern for winter-run. Detailed monitoring of winter-run redds over 10 years from 2013 to 2022 has shown that fewer than 1% of winter-run redds are dewatered  (Chelberg 2023). 
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Presenter Notes
Presentation Notes
Further down the page is access to the two TDM mortality models mentioned above. The “Critical thermal window ON” selection is the default and uses stage-dependent mortality. The “Critical thermal window OFF” selection uses stage-independent mortality. The calibration coefficients for both models are shown, and can be adjusted.
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Presenter Notes
Presentation Notes
Further down the page are controls for redd dewatering, but is greyed-out in our example since it was not selected above. 
Further still is the input area for TDFM. The value shown is automatically updated to correspond to the redd year selected. For all years prior to 2020, this default is 0; and pre-season, it is assumed to be the same as the previous year. Finally, there are four choices for the development rate. The linear Accumulated Temperature Units method is the default because it is specific to winter-run and used in the recalibration. The other Timing models are all calibrated with Chinook data, but from other populations. At last we get to the run controls and a check box for obtaining a query string which I will come back to later. 



Example results of Egg-to-Fry Survival outputs
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Presenter Notes
Presentation Notes
After the Run button is pressed, you will wait a few moments until the results are presented as both graphics and text files for download. First are the Summary Results,  also the top item shown in the menu on the left. Selection of one of the other links will bring up additional tabular results.



Example results of Egg-to-Fry Survival outputs
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Presenter Notes
Presentation Notes
For example, here are the Pre-hatching exposures for each cohort relevant to the stage-dependent model and the cohort’s exposures are shown with red color if 11.9 degrees or greater. This image extends off the screen but zoomed here to show you some detail.
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Presenter Notes
Presentation Notes
Below the tables are graphics for the spatio-temporal exposure to temperature of each cohort of redds at three different stages and a timeseries of temperature and redd status. Each plot has a “download image” button below it and a “zoom” button in the upper right corner. We’ll zoom in on one of these now.
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Presenter Notes
Presentation Notes
This is showing the status of the cohorts during the critical window when stage-dependent mortality occurs. Each point represents a cohort. 
The size of the point is proportional to the number of redds in the cohort. 
The isoline of the critical threshold temperature is shown lightly on the thermal landscape.
The red circles indicate that the cohort was exposed to 11.9 C for one or more days during the critical window in 2020 reflecting the data seen in the table previously.



37

Presenter Notes
Presentation Notes
Another graphical result is the  timeseries plot of the environmental conditions and the disposition of the redds. The tri-color histogram mountain at the bottom of the image shows the developmental status of the redds beginning in May and extending into November. The temperature profiles at the gages are shown in the cool blue and green lines above. The vertical shaded bars mark when two key events happen in the thermal regime. First: When does the downstream gradient of temperatures flip over, that is, when does the river start cooling as it flows downstream instead of warming? This event occurred in November. Second: When does the temperature at the Keswick gage drop below the threshold temperature (Tcrit) if it has gone above it? In 2020, this happened late in December.  
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Presenter Notes
Presentation Notes
An alternative to the interactive mode is to use query strings. If “Get query string” is selected, the model does not run, but provides a long list of example queries that can be used to obtain different outputs. This is a truncated view of that result. For example, use the top one to see the results summary.



39

Presenter Notes
Presentation Notes
That string can be pasted into a browser to return this table, or embedded in your desktop application. The output is intended to be user friendly to appear in your browser like this, but is also a csv-type file that can be parsed by a machine.
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Presenter Notes
Presentation Notes
Most of the important output for the population are compiled here, such as the different mortality effects along with timing metrics and run specific inputs.  This list is very easy to populate so if you want to see another outcome included in this summary, let us know. 



SacPAS Models: Migration and Survival

Using outputs from 
Egg-to-Fry model

Using RBDD passage or a 
scenario of timing and location
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Presenter Notes
Presentation Notes
Now moving on to Migration and Survival. This part of the framework is accessed from the Egg-to-Fry model or directly from the top level menus. Since outputs from the Egg-to-Fry model are in terms of emergence timing and survival rates, these are converted into counts using fecundity data for the year as shown in the Eggs per redd box. A default value is used when this detail is missing. The counts and timing are then sent to the Migration and Survival model. Directly accessing Migration and Survival will bypass the Egg-to-Fry component of the framework.



• A Process Model using the COMPASS back-end.

• Simulates movement and survival on a daily basis through reaches of the 
Sacramento River.

• Outputs can be used as inputs to the STARS Model for the Delta.

SacPAS Models: Migration and Survival
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Survival, Travel time And Routing Simulation (Perry et al. 2018)

Presenter Notes
Presentation Notes
Migration and Survival model is a customized interface to COMPASS. COMPASS or Comprehensive Passage was designed for and is still being developed for modeling migration and survival of Chinook and Steelhead in the Columbia and Snake Rivers. It also has a framework type structure whereby different movement models and survival models can be chosen, along with input data and fish releases. Outputs of the daily time-step model can be sent to the Delta passage model: STARS which is an easy to remember acronym meaning survival, traveltime and routing simulation.




43

Presenter Notes
Presentation Notes
Returning to our schematic map. The Migration and Survival Modeling scheme is the large green area filling the right and bottom of the image.  The key limitation for application to the Sacramento River is that it can not handle flow bifurcations that route fish to distinct channels. As a result the model generates output to Feather River with the intention of feeding into the STARS model or other method for the greater Delta area. It can continue to DCC and Chipps but does not properly route fish through sloughs and make simple assumptions of what happens at the DCC gate.



• Release Distributions: 
• Output from Egg-to-Fry model
• Historical Data of RBDD passage (winter-run)
• Scenario distributions specified by User

• Flow timeseries:
• Historical timeseries at a point or within system
• Forecast timeseries when available
• Scenarios specified by user

• Modeling Choices:
• Survival 
• Migration Rates

SacPAS Models: Migration and Survival
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Presenter Notes
Presentation Notes
In general these are all the components of the Migration and Survival model. Very similar to Egg-to-Fry, we need Fish inputs, Environmental data and Modeling Choices.
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Presenter Notes
Presentation Notes
If we send the Egg-to-Fry outputs for 2020 to the Migration and Survival model, the page will look like this. A summary of the emergence (which is now translated into a release) is a temporal  histogram, and the details previously seen are reprinted. The output from the Egg-to-Fry run now populates the customized input area. The flows must be chosen as well, and for most purposes should match the cohort’s year.
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Presenter Notes
Presentation Notes
These are the detailed Egg-To-Fry outputs. The histogram shows the source of all fish in the release: when and where they emerged, and the details on the right are a reminder of how we got here.



SacPAS Models: Migration and Survival
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Presenter Notes
Presentation Notes
The interface looks  slightly different  when “Migration and Survival Modeling” is selected, and this example will use passage estimates at RBDD as inputs. This is the landing page when “Basic Settings” is selected  and the shortcut to the Full Settings are accessed with “Additonal Model Configurations”.



SacPAS Models: Migration and Survival
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Presenter Notes
Presentation Notes
There are 2 migration configurations: a linear velocity model and a non-linear model sensitive to pulses of flow and the time of year. To discover more how this works click the link.
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Presenter Notes
Presentation Notes
This opens a Shiny App for Fish velocity in terms of River velocity and the migrant’s sensitivity to time, a surrogate for smoltification, and flow as the arbiter of velocity.



SacPAS Models: Migration and Survival
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Presenter Notes
Presentation Notes
There are also 2 survival model configurations and they too can be explored with a Shiny App by clicking the link.



Example results
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Presenter Notes
Presentation Notes
Both the exponential, or base, model and the XT model can be compared and understood for their sensitivity to flow, distance, and model coefficients.



SacPAS Models: Delta Survival
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Presenter Notes
Presentation Notes
Finally, we select what to do with the fish modeled to Feather River. There are four choices and STARS is the current recommendation and default. �(Note that the controls have changed over the years. For example the daily catch trigger value has been reduced from 5 to 3.)



STARS : Survival, Travel time And Routing Simulation (Perry et al. 2018)

• Inputs: 
• Migration and Survival model outputs

• Flow timeseries:
• Historical timeseries from Migration and Survival Model
• Scenarios specified by user

• Modeling Choices:
• DCC gate status and controls

SacPAS Models: Delta Survival
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Presenter Notes
Presentation Notes
Like the other components of the framework it requires Fish, Environmental Data and Modeling Choices.
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Presenter Notes
Presentation Notes
If we use 2020 Egg-to-Fry output through the migration model and STARS we end up here with details on the timeseries of environmental conditions and fish passage. The small arrows point to the means of the corresponding distributions by color. Tabular results accompany this graphic.
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Presenter Notes
Presentation Notes
In contrast If we use 2020 RBDD passage as a release through the migration model and STARS we end up here.  In this and the previous plot, the blue line is the flow at the Bend gage and there are two  prominent spikes in late January which we also saw previously. These can be influential depending on the migration model selected.



56

Presenter Notes
Presentation Notes
So, using the linear migration model, these are the outputs for the RBDD release of winter-run in 2020. On the left the time scale spans the calendar year boundary. The brown line shows daily abundance entering the Delta and the Red line, exiting the Delta. The purple line shows daily variation in survival through the Delta  between 0.2 and 0.4. On the right are day to day travel time plots for the various routes. Now, suppose we had chosen flow-pulse migration…
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Presenter Notes
Presentation Notes
The previous results have been shifted to the top of the slide. And with flow-pulse migration, shown below, fish entering the Delta are much more episodic, initially migrating more slowly and then moving in “bursts”. Recall there were flow spikes in January and they result in spikes in arrival timing.

There are lots of additional details and opportunities for using the model and unfortunately we have limited time to explore them further.



● SacPAS Fish Model Framework and 
Decision Support 

● SacPAS Models
○ Egg-to-Fry Survival (v4.0)
○ Migration & Survival
○ Delta Survival 

● User Interface & Resources
○ User Interface
○ SacPAS Fish Model manual

● Examples
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SacPAS Fish Model
W. Nicholas Beer and Jennifer L. Gosselin

Presenter Notes
Presentation Notes
I have introduced the scope, background and some applications of the SacPAS Fish Model.
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Presenter Notes
Presentation Notes
We are grateful to Reclamation for funding our SacPAS work and the opportunity to share it with you all.
We also must especially acknowledge the extensive efforts of field biologists and agencies that have contributed to this project.
If there is time, I would be happy to answer your questions and hear your comments in person or through correspondence in the future. Thanks!
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