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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.
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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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Presenter Notes
Presentation Notes
We will visit 3, linked, SacPAS models in turn.
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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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Presenter Notes
Presentation Notes
Along the way, we will cover the basic controls and the outputs they produce.


SacPAS Fish Model Framework

Framework Design:

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


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

Framework Design:

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

o Life-history stages are characterized independently.


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

Framework Design:

o Link life-history stages with daisy-chain of results as inputs through framework.
o Life-history stages are characterized independently.

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


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



SacPAS Fish Model Framework

Framework Design:

o Link life-history stages with daisy-chain of results as inputs through framework.
o Life-history stages are characterized independently.
o Prioritize published models relevant to the life-stage processes when available.

o Update with new information regularly.


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

Framework Design:

o Link life-history stages with daisy-chain of results as inputs through framework.
o Life-history stages are characterized independently.

o Prioritize published models relevant to the life-stage processes when available.
o Update with new information regularly.

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




SacPAS Fish Model Framework

Framework Design:

o Link life-history stages with daisy-chain of results as inputs through framework.
o Life-history stages are characterized independently.

o Prioritize published models relevant to the life-stage processes when available.
o Update with new information regularly.

e Support scenario modes for key data inputs.

e 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.


SacPAS Fish Model Framework

and Decision Support

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

o Estimate juvenile survival
o Relates to pulse flow scenarios
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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.



SacPAS Fish Model Framework

and Decision Support

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

Temperature Management Plan

https://www.waterboards.ca.gov/drought/sacramento river/docs/2026/2026-final-srg-temp-
wir-mgmt-plan.pdf

XT Model in LTO of the CVP and SWP
Environmental Impact Statement

https://www.usbr.gov/mp/nepal/includes/documentShow.php?Doc 1D=54710

113.1.11. Take of Sacramento River Winter-Run Chinook Salmon

Daily average water temperature and TDM are the metrics that are used to track incidental take
of SR winter-run Chinook salmon from the operation of Shasta Reservoir. Water temperature
and TDM depend on the operation of the Temperature Control Device on Shasta Dam and the
available cold water pool. The available cold water ool depends on hydroloy
dr Some of the required for flood control, senior water

meteorology,
ghts, water

quality, and other purposes.

ment season, Re

At the end of each temperature mana umation can use the observed
temperature data to estimate the TDM of SR winter-run Chinook salmon under
Shasta Framework and the Shasta Cold Water Pool Management Plan. Currentl;
carried out usi ]

proposed action. This information will then be used 1o esti
Chinook salmon due to the Shasta Cold Water Pool Ma

the take of SR winter-run
nt Plan,

‘The estimates of temperature-dependent egg mortality are inclusive for the entire period of
from the construction of the first redd until the final emergence. For the purpose of tra
TDM will be calculated at the end of the incubation p

iod.

amount and extent of incidental tak
Water temperature is tracked in real-time. Daily average water
al surrogate for real-time operations because it can be neasured, and there are
ionships between water temperature and TDM. The amount and extent of

e is based on the Shasta mework and Reclamation’s commitment to operate to
asta Framework Objectives with an understanding that in Bin 2 and Bin 3 years, there may
be exceedances depending on year-specific hydrologi edances would be
anticipated during the development of the annual TMP.

real

emperature is a reasonable

conditions. Any exc

NMES anticipates the temperatu
under the Shasta Framework’s S

ndent egg mortality of SR winter-run Chinook salmon
hasta Cold Water Pool Management Plan as described below

NMFS Pro
onthe Lon

mmatic Biological Opinion 890 December 6, 2024

Term Operation of the
ley Project and State Water Project

— BUREAU OF —

RECLAMATION

2026 Sacramento River
Temperature Management
Plan

Executive Summary

This Temperature Management Plan (TMP or Plan) describes how the U.S. Bureau of
Reclamation (Reclamation) proposes to operate Shasta Reservoir and the Temperature
Control Device (TCD) on Shasta Dam for the 2026 temperature management season. The
Plan utilizes data from various sources, including: Reclamation's May 90% exceedance
forecast of Central Valley Project (CVP) operations, recent reservoir temperature profiles,

Appendix AB-J, Winter and Spring Pulses and Delta
Outflow

Attachment J.4 XT Model

J.4.1 Model Overview

In-river migration can be analyzed using the passage component (“Migration Model”) of the
SacPAS Fish Model. The model is a reconfiguration of the National Marine Fisheries Service
Comprehensive Passage (NMFS COMPASS) smolt passage model, developed for Columbia
River salmon and steelhead (Zabel et al. 2008). Water velocity in a reach is determined with a
power curve relationship between flow and velocity in a free-flowing reach. Fish passage time
through a reach is a function of water velocity. Fish survival through a reach is a function of
distance travelled and travel time to complete that distance. Both water and fish properties (i.c.,
velocity, travel time) are computed on sub-daily time steps. The survival sub-model is calibrated
from acoustically tagged fall-run Chinook salmon (Steel et al. 2020). The XT model (Anderson
et al. 2005), which the SacPAS Fish Model utilizes, assumes fish are similar between cohorts but
the environment they experience is different. Flow varies spatially and temporally and there is a
trade-off between the distance (X) a fish travels and the time spent (T) for a fish in a reach when
calculating survival
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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

SACPAS: Central Valley Prediction and Assessment of Salmon
Fish Model Backgraund Egg-to-Fry Modaling Migration and Survival Modeling Methods, Notes & References

SACRAMENTO RIVER SACPAS Fish Model v 4.0

FI1SH MODEL

EGG-TO-FRY MODELING MIGRATION AND SURVIVAL MODELING

[ Basic sattings J [ Intermadiate sattings ] [ Full sattings ] [ Basic setfings ] ( Full sattings ]
Baskc: simpla salaction of higtomksal year for river tempseraturg and redd data inguts Basle simple input conscle with river Tlow and fieh relesse; the rest has dedat modsl contigunsdions
Intermediate: additonal cptons foar temparaturg, salmen runs, and surseal modael; Egg-ta-Fry modal Fulll; all meded configurations sxpandad in the onlng infarface

outputs can be inputs te Migration and Surdival madelng
Full: all input opticns availshlo, inchuding thiamine-dependent fry mortality and redd dewatoring

BACKGROUND

The SaCPAS Fish Model includes Egg=te-Fry Madeling and Migration and Survival Modaling.
It affers a web interface to multiple, interconnected madals for Sacraments River Chinook
salrmon {see diagram). Predictions of salmon responses (hindcasts and hypathetical
scenarios) are possibla with the use of historical data, real-time data, and user-specified
data {e.g., aiternative scenarios). Egg-to-Fry Modeling is the first tool under the SacPas
Fish Madel. The snline teal includes varicus temperature-dependent mortality madels,
egg-to-emargence timing models, density-dependent models, and a redd dewatering
maodel. Migration and Survival Modeling is the second tool under the SacPAS Fish Model.
This online tool Includes several madels that can Include input data from the Bgg-to-Fry
Madeling taal, histerical data, and user-specified data,

Motably, one of the primary stressors on ‘Winter-Run Chingok Salmon in the Sacramento 3
River is thermal stress during incubation. River managers allocate cool water releases T
frorm Shasta Reserdoir bo reduce this stress, but at the cost of miting water releases at P
other times of the year. In the stedy, Anderson et al, 2022, the authors modeled the effect 1

of thermal stress on egg incubation and conduded that in drosght years, targeting cold = 1=

water ta the period of peak embryo hatching yields the highest survival for a minimum =1 —
use of water, The madel, available through Egg-to-Fry Madeling, allows resource managers - =)
and the public equal aceess to evaluate waber operation plans and in real-time track the e o =
status of the endangered salmon in the Central Valley of California.
= A
For more details see the manual, which includes sections on the modeling, a user's guide, |
and example results and Interpretations, e s
Maps & Diagrams Mathods, Notes & References . .
» [nter = SRCPAS Fish
@ Diagr - preinn Release
» Mates
Citation
Colurmbin Basin Resaarch, Uniersty of Washinglon, (3024). SachAS Figh Model: Ssawnad egg te emarged fry, and juvenile magratian and survival 16 the Deltn, Susdakle fram 14

v, Che g e tom el ud EEcramento e,


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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EGG-TO-FRY MODELING *
Optienal:
Temperature-dependent Egg-to-emergence
mortality models: timing models: Density-dependence and
) ne background mortality
* TDM, stage-dependent * Mechanistic {&ndersan et al, 2022;
lie 'dependen-t o {Beer & Andersen 2007) Martin et al, 2017}
critical window) * Empirical
{ rson et al, 2022) {Jensen et al. Thiamine-dependent
: . fry mortality
+ TDM, stage-independent Al | (Mantua et al, 2025, Daniels 2025)
(i.e., across whole (Beacharn & Murray 1990)
incubation stage) » Linear Redd dewateri
B = ing model
{Martin etal. 2017) {Zeug et al. 2012) [USFWS/Gard 2006

l {optional)

Emerged fry to RBDD
migration models:
* Linear model {simplified,

COMPASS model)
{Zabel et al. 2008; NMFS 2019)

* Non-linear (pulse) model
(Zabel et al. 1998)
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* Can be used with scenarios of river temperature for management planning.
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RBDD" to Feather R migration models:
= Linear model (Zabel et al. Z00E; NMF5 2019)
* Non-linear [pulse) model | zabel et al. 1995)

*FIrst reach can start ot
Balls Ferry (RKM 445) or Bend Bridge [RKM 413).

RBDD to Feather R
survival models:
* Exponential [simplified, COMPASS model)
[Zabel et al. 2008; NMFS 2019)

* XT model
[Andersan et al, 2005; Steel et al, 2020)

foption #4)

[options #1-3) l

Feather R to DCC models:
= Migration: Linear or non-linear (pulse) model
» Survival: exponential/{COMPASS or XT mode|

FRY-TO-SMOLT MIGRATION

|51 sddiyd o3 ¥ Jaypeaq

USER CAN START HERE

KWEK-RBDD reaches”* to Feather R
migration models:

+ Linear model
[2Zabel et al. 2008; NMFS 2019)
+ Non-linear (pulse) madel
[Zabel et al. 1998)

Release site can be any of the
e-colored RKMs in diogram
wi.cbrowashington. fsacramenta,fm
fimg/releaze Xref png).

KWK-RBDD reaches”*

to Feather R
survival models:

* Exponential
[simplified, COMPASS madel)
[Zabel et al. 2008; NMFS 2015)

* XT model
[Anderson at al. 2005; Steel et al. 2020)

& SURVIVAL MODELING

USER CAN START HERE

%k

-

Mill Creek / Deer Creek
to Feather R
migration madels:
Linear model
(Zabel et al. 2008; NMFS 2019)

Non-linear (pulse) model
(Zabel et al. 1938)

[options #1-3) {option #4)
h 4
Feather R to
Chipps Island models:

* STARS model, late-fall-run
(Perry et al. 2017)

* Knights Landing monitoring data

(option ma)

(options #1-3)

* %

Can be used with scenarios of pulse flows for management planning.
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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. 


CPAS: Central Valley Prediction and Assessment of Salmon

Fish Model Migration and Methods, Notes &
Ego-to-Fry Modeli - " Di ms & Ma !
Background LRI =1 Survival Modeling L = References

SACPAS Fish Model: METHODS, NOTES & REFERENCES

MANUAL

Beer WHN, Gosselin JL, Chen M, Kwok K, Nguyen HD, Iltis S, Carter M, and Anderson J1. 20256-10-25. SacPAS Fish
Model (Version 4.): Models, User's Guide, and Example Results & Interpretations. Prepared by Central Valley
Prediction and Assessment of Salmon (SacPAS), Columbia Basin Research, School of Aquatic and Fishery Sciences,
University of Washington, Seattle, Washington. See SacPAS Fish Model manual.

VERSION RELEASE HISTORY

See Version Release History.

DATA

Data Disclaimer

Redd and carcass data are made available courtesy of the California Department of Fish and Wildlife (CDFW). The
data are provisional and subsequent review may result in revisions to the data. The data were not collected following
a study design for various egg growth and survival models. It is important to consider data limitations when used in
modeling applications. For example, the aerial redd dataset is limited due to its susceptibility to turbid water and
other environmental characteristics that can make viewing the redd locations difficult.
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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.


SacPAS Models: Egg-to-Fry Modeling

o Simulates development and survival on a daily basis.
o Aggregates each cohort of redds that share spawning date and location.

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

17



SacPAS Models: Egg-to-Fry Modeling

Egg-to-Fry Survival Model: four mortality processes

Egg & Alevin Mortality > Fry Mortallty

>

@ ey

{< 7 .-15; > “aj‘r-... L
( ) e’

/ - prith)y

>

DDM > M > TDFM
High density of redds in High water Thiamine
the spawning habitat can temperatures Deficiency
result in superimposition can cause egg Complex can
of redds and consequently,  and alevin cause fry
egg mortality. mortality. mortality.
BGM

>

Mortality from processes not explicitly modeled, such as predation,

competition, and juvenile stranding.

O )

Modeled

Egg-to-Fry
Survival
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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.


SacPAS Models: Egg-to-Fry Modeling

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.



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

year )
dayy

Egg-to-Fry Survival (5;) 7

Density-dependent survival Ul —_

. Thiamine-dependent
Background survival

AN fm\l A, 1+5

B(1—T)
S] — A z U i, V\Temperature _dependent survival

J i=1 -
\ Vi =exp| —b z max(T, ; — T¢rit, 0)
y=0

Number of redds
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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.


SacPAS Models: Egg-to-Fry Modeling

Egg-to-Fry Survival (5;) 7

year )
dayy

Density-dependent survival Ul —_

. Thiamine-dependent
Background survival

\ “V”‘QW A, 1+

B{1—-T;)
— U J V\Temperature -dependent survival
A j : ' _
1=1

\ Vi =exp|(—b max(T v,i ~\crit)0)

model coefficients Number of redds

5j

21


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.


SacPAS Models: Egg-to-Fry Modeling

Egg-to-Fry Survival (5;) 7

year )
dayy

Thiamine-dependent Density-dependent survival Ul - —_—

Background survival fry mortality ]_ -|—
NN\ Aj -
. Bil

—(T?)
J E

] A U ,J V\Temperature -dependent survival

J 1=1 y=r

\ Vi =exp|(—b 7 max (T, ; ~ Tcrit)0)

model coefficients Number of redds y=0

data or input estimates
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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.
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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.



SacPAS Models: Egg-to-Fry Modeling

Inputs

e 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

24


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.


SacPAS Models: Egg-to-Fry Modeling

Inputs

e 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: Calibrated winter-run coefficients
* Mortality Sources < apply to all stocks.

* Development Rates
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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.


SACPAS: Central Valley Prediction and Assessment of Salmon

Fish Model . Migration and . Methods, Notes &
Egg-to-Fry Modeling - . Diagrams & Maps
Background Survival Modeling References

SACPAS Fish Model v 4.0

Sacramento River Chinook salmon

Egg-to-Fry Modeling

Egg development, survival, and fry emergence

Make your selections:

r -

Basic settings Intermediate settings Full settings

N, "

Simple selection of year for river temperature and redd data inputs for Winter-Run Chinook Salmon

Year
2020 -
Citation

Columbia Basin Research, University of Washington. (2026). SacPAS Fish Model: Spawned egg to emerged fry, and juvenile
migration and survival to the Delta. Available from www.cbr.washington.edu/sacramento/fishmodel.
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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. 


SACPAS: Central Valley Prediction and Assessment of Salmon

Migration and Survival

Diagrams & Maps Methods, Notes & References
Modeling s B ’

Fish Model Background Egg-to-Fry Modeling

SACPAS Fish Model v 4.0

Sacramento River Chinook salmon

Egg-to-Fry Modeling

Egqg development, survival, and fry emergence

Make your selections:

Basic settings [ Intermediate settings j Full settings

Additional options for temperature, salmon runs, and survival model;
Egg-to-Fry model outputs can be inputs to Migration and Survival modeling

River Temperature

(® Historical: 2020 - Redds

Current year and forecast with NOAA temp from NOAA CVTEMP: @ Historical: Winter Carcass Survey - 2020 RS,

I0AA_Leakage 25L3MTO_No_Pulse @ (O Forecast (winter-run): 300 redds

Temperature-dependent Mortality
with critical thermal window during egg incubation prior to hatching

® critical thermal window ON (i.e., stage-dependent; days before hatching) (Anderson et al. 2022)

O critical thermal window OFF (i.e., stage-independent; whole incubation stage) (Martin et al. 2017)

Customize graphs Reset



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!


Make your selections:

Intermediate settings l Full settings l

Basic settings

All input options available, including thiamine-dependent fry mortality and redd dewatering

River Temperature
@ Historical: 2020 v
Current year and forecast with NOAA temp from NOAA CVTEMP:
NOAA_Leakage 25L3MTO_No_Pulse @
QO cCustomized input or file:

Units: Celsius Fahrenheit Use Shiny tool to create temps.

Mortality effects: Redds to RBDD

Redds
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O Forecast (winter-run): 300 redds
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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). 


Temperature-dependent Mortality
with critical thermal window during egg incubation prior to hatching

@® Critical thermal window ON (i.e., stage-dependent; days before hatching) (Anderson et al. 2022)

End critical window: @ ATUs (°C days) 400

O Compute hatching

TCrit: 11.9 °C
o (days): 4 in critical window
bd (rate): 0.5044 ocig-!

Background mortality and density-dependent mortality:

B (base rate): 0.4864 (background maximum survival)
Density effects per kilometer:

Carrying capacity: 84.9 per KM (averaged by reach)

O Ccritical thermal window OFF (i.e., stage-independent; whole incubation stage) (Martin et al. 2017)
TCrit: °C

bd (rate): oc-1g-t

Background mortality and density-dependent mortality:

Base rate: (background maximum survival)

Density effects (Beverton-Holt):

Carrying capacity: redds total
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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.


Redd Dewatering Mortality (USFWS 2006a)

Observed KWK flows
Customized input or file:

Units: KCFS CFS

730, 10

ACID Dam Configuration: Boards out Boards in

Thiamine-dependent Fry Mortality (TDFM; Daniels, M. 2025)

Annual TDFM  0.36 0

Egg to Emergence Timing Model

(® Linear (Zeug et al. 2012): Target ATUs 958 degree C days
(O Mechanistic (Beer and Anderson 1997): Egg mass = 200 mg
(O Empirical (Jensen et al. 1999)

O Power law: Days = €10.404 - 2.043*log(T°C + 7.575) (Beacham and Murray 1990)

Run Customize graphs ‘ Reset

[ Get query string
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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

Output Values

Display all

‘
1580 Redds 12.7% Total Survival

Redd Distribution

_ Exposure to 11.9 degrees: Survival  Mortality

Pre-Hatching_exposures 5
(mean) 12.2% Pre Hatch 0.996 0.004 TDM
' ‘ 100% Pre Emergence 0.361 0.639  Spawner Density
Pre-Hatching_exposures 0.486 0.514  Background
(max) Emergence Day: 1 0  Dewater*

o 270 Mean Day 0.73 0.27 TDFM
All incubation exposure 326 Last Day

Emergence timing

* Mortality switched 'off'.
Hatch timing

Survivals to emergence ¥ Download image o¥) Download csv file
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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

Summary Results

Redd Distribution 4. 7%, expesed 1o 1.5 °C prehalching

Mean Temp in 4 days pre-halch by Reach
F-‘re—Haj:n:hil"n:l EXPOSUres Redd day 129 135 138 140 141 144 146 147 150 153 156 158 159 161 162 184 165 167 168 170
(mean) Kins-ACID TE IR T ne 1.3 1.4 116 116 108 1.7 1.8 "7 1.7
Pre-Hatching exposures ACID- Hury 4 13 112 114 1.4 HT 107 118 -
(max) Hwydd-ChCx, L T 1 ¥ PR S 1K - I X IR (X B LK

All incubation exposure

Emergence timing

Hatch timing

Survivals to emergence
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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.


Hatching Temps: Data 2020 Redds: Winter Carcasses Combined 2020

o ccowonel C(EOOME@es-oo -
SR RCU ((f(C CCCC0 O CIERE

® Exposed at hatching
© Not exposed at hatching

|"".~ Critical temp:

o Winter . — S534°F ‘119°C
;T_ f | E 5 i."‘.“: i
May Jun Jul AUg Sep Oct
121 152 182 213 244 274 305 335

Day-of-Year
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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.


Redd status counts
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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.  


Run Customize graphs Reset

|:> Get query string

Default, GUI-provided values are used for every parameter you did not alter.

# Results Summary has several metrics:
https://www.cbr.washington.edu/sac-bin/fishmodel/getandplottemp.pl?
temponly=0ff&TcritC=11.9&dirUselId=17931264322578&eggperredd=4991&mortality=emergemort&reddyear=2020

&tdfmvalue=0.27&tempsource=dbtemp&tempyear=2020&raw=13

# Grand Survival:

https://www.cbr.washington.edu/sac-bin/fishmodel/getandplottemp.pl?
temponly=0ff&TcritC=11.9&dirUseId=1793126432257&eggperredd=4991&mortality=emergemort&reddyear=2020
&tdfmvalue=0.27&tempsource=dbtemp&tempyear=20208&raw=1

# Redd counts:

https://www.cbr.washington.edu/sac-bin/fishmodel/getandplottemp.pl?
temponly=0ff&TcritC=11.9&dirUseld=17931264322578&eggperredd=4991&mortality=emergemort&reddyear=2020
&tdfmvalue=0.27&tempsource=dbtemp&tempyear=20208&raw=2
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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.


What,Value
Redd source,Winter Carcasses Combined 2020
Redd count,1580
Redd year, 2020
Temp year, 2020
TcritC,12.05
Critical Days,4
Prehatch Exposure %,0.3
PreEmerge Exposure %,55.5
Mean Emergence Day,269.2
Last Emergence Day, 326
Incubation Survival,0.136
TDM mortality,0.0322
Spawner Density mortality,©0.563
Dewater mortality,©
Background mortality,0.56
TDFM mortality,0.27
First Redd Day,129
Mortality Type,emergemort
Temp. watch period in days,7
Temp profile flips,2020-11-07
Temp profile <TcritC,2020-11-29
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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.


What,Value
Redd source,Winter Carcasses Combined 2020
Redd count, 1580
Redd year, 2020
Temp year, 2020
TcritC,12.05
Critical Days,4
Prehatch Exposure %,0.3
PreEmerge Exposure %,55.5
Mean Emergence Day,269.2
Last Emergence Day, 326
Incubation Survival,0.136
4 TDM mortality,0.0322
Spawner Density mortality,©.563
Dewater mortality,©
Background mortality,0.56
\_ TDFM mortality,0.27 )
First Redd Day,129
Mortality Type,emergemort
Temp. watch period in days,7
Temp profile flips,2020-11-07
Temp profile <TcritC,2020-11-29
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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 Using RBDD passage or a
Egg-to-Fry model scenario of timing and location

! !

SACPAS: Central Valley Prediction and Assessme:it of Salmon

Customize graphs Reset
Fish Model Background Egg-to-Fry Modeling Migration and Survival Modeling
O Get query string ecS~——— _
SACPAS Fish Model v 4.0
Send Results to Migration Model Sacramento River Chinook salmon
Eggs per redd: 6037 (Default value from Livingston Stone Hatchery, 1PE letter) (i)

Migration and Survival Modeling

Send results to Migration Model Migration and survival modeling from the fry stage below Keswick Dam to the smolt

stage in the San Francisco Bay and Delta
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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.


SacPAS Models: Migration and Survival

* 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.

Survival, Travel time And Routing Simulation (Perry et al. 2018)
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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.
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h 4
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Can be used with scenarios of pulse flows for management planning.
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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.


SacPAS Models: Migration and Survival

INTERACTIVE MAP
Download KML file

 Release Distributions:

Nstinne|

* Output from Egg-to-Fry model * @ -
 Historical Data of RBDD passage (winter-run) - <
* Scenario distributions specified by User 8
ow timeseries: e -
 Historical timeseries at a point or within system | @ oo (I
* Forecast timeseries when available - @ :
* Scenarios specified by user e\ @ - 2
' e S W @

* Modeling Choices: \ €l
* Survival | -
* Migration Rates 7B T

B OpenStreaatMap
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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.


SACPAS: Central Valley Prediction and Assessment of Salmon

Migration and Survival

Fish Model Background Egg-to-Fry Modeling Modeling

Diagrams & Maps Me

SACPAS Fish Model v 4.0

Sacramento River Chinook salmon

Migration and Survival Modeling

Migration and survival modeling from the fry stage below Keswick Dam to the
smolt stage in the San Francisco Bay and Delta

Emergence Counls
— RKM483 742268
River Flow Inputs § Rdera: e
Total: 1372222
(® Historical system flows: = 2020 - 2021 ~ E
o
53
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é |
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g B ot h“ 1
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Release Day
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= 1580 Redd
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o
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Emergence Dlay:
ean Da!
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12.7%  Total Survival
RKM,Day,Count a Surv. Mort.
RKM483,215,2475 0 099 0004 TOM ,
RKM483,221,1650 S a )
. ’ k 3 ul
RKM483,224,1650 1 0 Dewaler
073 0.27 TOFM
;E::gg‘zé;’gi?g w * Mortality switched ‘off"

Additional Model Configurations

“ Customize graphs Reset
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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.


Counts
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0

60000

20000

Emergence Counts

— RKM483 742268
RKM479 464295
——— RKM474 165659

Total: 1372222

Aug Sep Oct Nov Dec

213 244 274 305 335
Release Day

1580 Redds

Exposure to 11.9 degrees:

12.2% Pre Hatch
100% Pre Emergence

Emergence Day:
270 Mean Day
326 Last Day

12.7%  Total Survival

Surv. Mort.
0.996 0.004 TDM
0.361 0.639 Spawner Density
0.486 0.514 Background
1 0 Dewater
0.73 0.27 TDFM

* Mortality switched 'off'.
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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

SACPAS: Central Valley Prediction and Assessment of Salmon

Migration and Survival Di — Methods, Notes 8
Modeling tagrams ap= References

Fish Model Background Egg-to-Fry Modeling

SACPAS Fish Model v 4.0

Sacramento River Chinook salmon

Migration and Survival Modeling

Migration and survival modeling from the fry stage below Keswick Dam

to the smolt stage in the San Francisco Bay and Delta

River Flow Inputs Fish Release Inputs

(® Historical system flows: 2020 - 2021 - (® Passage estimates at Red Bluff Diversion Dam: 2020 -

O Fixed site flows: at: (O customized input or file:

O customized input or file:

Units: CFs KCFS

(O constant flows: KCFS

Additional Model Configurations w

Run Customize graphs Reset
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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

River Migration Modeling Configurations
(@) Linear model

Above Red Bluff Diversion Dam: Fish_Velocity (miles / day) = 1 + p.0s
Below Red Bluff Diversion Dam: Fish_Velocity (miles / day) = 1 + 007

o Non-linear model with flow and date threshold triggers

Explore pulse-flow migration model parameters

Fish_\elocity {(miles / day) = + * River Melocity = (1 + exp ( -

Fish_Velocity variance:

* River_Velocity

® River_Velocity

* [ Flow =

KCFS ) -

x* ( day -

),
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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.


®)

¢ %5 chewashington.edu/shiny/ MIGRDISTRIE/

Exploratory fish migration rate model

Example migration rate model that initiates rapid migration at a critical flow and/or after a certain time in the year

(= . =
= w
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s 3 -2
Parameters below control the Fish velocity relationship to river E
i (7]
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b
alpha alpha2 ] =
= ]
0.85 0.1 = = | - 2
S -+ = g
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BO B1 v +=
S ic
1]
0 0.5 et
=
o - . L] o -l
Velocity variance .. and display range (%) = ™ N
o
50 80
Critical Flow (kefs)
Flow = 13
10.8 = Day= 150 [ ©
¥ 1 ¥ 1 ¥ 1 ] 1
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Example Flow (kcfs)
1 ) Flow (KCFS)
H. I T T ] T T T 1
1 s lls zl: zli als lla slo SIJ slu rlg 0 50 100 150 200 250 300 350

Day of the year

Critical Day of year
River velocity (miles/day) = 1.598 "Flow" 0.2607 * 16.34

150 Fish velocity = 0 + 0.5 x River_Velocity / (1+ exp(- 0.85 (Flow - 10.8 ) - 0.1 (Day - 150 ))
Example Day of year
1 365
T ——— | o L

i B k- 112 143 186 23 260 287 p5 385

Velocity of river is related to flow volume.
PO (exponent) p1
0.2607 1.598
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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

Survival Modeling Configurations

Explore survival model parameters

@ XT model (Anderson et al. 2006; Steel et al. 2020)

xt0 intercept mean free-path length (1 / miles): 1012

xtl flow-time scale parameter encounter speed (miles / day): 15737

O Exponential model (simplified from Zabel et al. 2008)

Distance (X) parameter:

Time (T) parameter:
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Presentation Notes
There are also 2 survival model configurations and they too can be explored with a Shiny App by clicking the link.
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Sacramento River Chinook Survival Rate Modeling
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Parameters for base survival model

pX pT
0.0035 0.035
Parameters for XT survival model (in ongnal Steel et al. 2020 units)
A km 0.0065 1/KM
95,6956 Miles
154

0.0104 1Miles

w cmis 1.2351 Mies/Day

1.8876 KM/Day
23

Velocity (miles per day) of nver is refated to flow volume (kcis)
pl p0 [exponent)

16 026

Fish Velocity proportion of River Vielocity
Speed Scalar X-axis
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Fish Velocity Vanance: and use this range of the velocity distnbution
Velocity variance vWar effect band (%):
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Modelng Documents and Background
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Survival = exp( - 1/154 x sgri{Distance*2 + 2 3x Time*2)))

River velocity (mifday) = (1.6 x Flow*0.26) x 16.34 (miiday)(ft'sec)
Fish velocity (milday) = 0.5 x River velociy

Steel et al. (2020) data shown

Fish net survival
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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

Delta Migration Modeling Configurations

Ordered from simple to complex and realistic. See SacPAS Fish Model manual for more details.
QO cContinue migration model to DCC
O Model DCC fish passage proportional to DCC flow

Observed flow will match above years

10 year average; also default with user flow

Customized input or file:

Units: CFs KCFS

O Simple model of DCC operations and effects

Wen: %

(@ STARS (Perry et al. 2018) model of Delta passage (recommended)

Both STARS and Simple use these controls:

Daily catch trigger value: 3 + at Feather River Confluence
Days below trigger before re-opening: 3 ~
Days lag between trigger and action: 2 ~

Passage-To-Trigger ratio:  4qg
Scheduled closure:

1:140

335:365
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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.)


SacPAS Models: Delta Survival

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

* [nputs:
* Migration and Survival model outputs

* Flow timeseries:

* Historical timeseries from Migration and Survival Model
e Scenarios specified by user

* Modeling Choices:

* DCC gate status and controls
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Presenter Notes
Presentation Notes
Like the other components of the framework it requires Fish, Environmental Data and Modeling Choices.


Fish passage and flows

ounfts

~
L

Helease
10000 20000 30000 40000 50000 60000

c -
5 200 250 300 350 = 400
ay of year
Jul Aug Sep Oct Nov Dec Jan Feb
2020 2021
Median Mean Timing at: Distributions of fish Counts
270 270 Mean Emerge —— Emerge/Release
289 289 RBDDam —— RBD Dam 1355199
332 333 Feather River — Feather River 229343
351 350 Chipps Island —— Chipps Island 64948

BND flows

— rn
14} o

=)
BND Flow (KCFS)

Passage Model Results
Stock: Upload
Mean emergence: 269 (Day: 270)

RKM474 RKM479
RKM483

Flows: 2020 - 2021 retro

Location(s):

Release to RBD Dam

Mean arrival: 287 (18.2 Days)
0 .
Survival: 12.7% (previously
computed)

RBD Dam to Feather River
Mean arrival: 331 (44.1 Days)
Survival: 16.89%

Feather River to Chipps Island (Delta)
Mean arrival: 349 (17.6 Days)
Survival: 28%

Emergence location(s) to Chipps Island
In-River Travel Time: 79.9 Days

Survival including

4.72%
egg stage:
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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.


Fish passage and flows

. Passage Model Results
% | Stock: Winter_Chinook
- Mean release: 286 (Day: 287)
S | Location(s): RKM391
S - 20
@‘ Flows: 2020 - 2021 retro
o Q
S 15 X
L z RBD Dam to Woodson
§ | 10§ Mean arrival: 292
. o Survival: 77.3%
o -5
§ - RBD Dam to Feather River
o Mean arrival: 330 (37.9 Days)
o Survival: 17%
5 1§o 200 250 300 350 400
ay of year
Tin 3 Aug Sep Ot n 20'330 "3321 Fob  Mar Feather River to Chipps Island (Delta)
Mean arrival: 349 (18.9 Days)
MedianMean  Timing at: Distributions of Fish Counts Survival: 28%
—— Release RKM391 1263654
290 294 Woodson —— Woodson 976530 .
327 332 Feather River —— Feather River 214190 RBD Release to Chipps Island
348 350 Chipps Island = Chipps Island 59371 In-River Travel Time: 63.2 Da},S
Survival: 4.75%

——— BND flows 55


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.
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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.
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?' SacPAS Fish Model

W. Nicholas Beer and Jennifer L. Gosselin
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e SacPAS Fish Model Framework and
Decision Support

e SacPAS Models
o Egg-to-Fry Survival (v4.0)
o Migration & Survival
o Delta Survival

e User Interface & Resources

o User Interface
o SacPAS Fish Model manual

e Examples


Presenter Notes
Presentation Notes
I have introduced the scope, background and some applications of the SacPAS Fish Model.
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