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Introduction

I'able 1: Region 10 Guidance Criteria for Salmon and Trout

Salmonid Uses During the Summer Maximum Criteria
Conditions
Bull Trout Juvenile Rearing 12°C (55°F) TDADM
Salmon/Trout "Core" Juvenile Rearing 165C (61°F) TDADM

(Salmon adult holding prior o spawning, and adult and sub-adulf
buldl trout foraging and migration may also be included in this use

e EPA thermal criteria developed for
Pacific Northwest salmonids (EPA SalmonTrout Migraon plus RonCore uvenle Rearing | [¥C (646 TDADM
2003 ) Salmon Trout Migration 'm DADM.
* No such criteria in CA, so Pacific NW pricnd here

thermal criteria adopted — i e e
e Could California populations be more Bull Trout Spavning 9°C (45°F) 7DADM

adapted to warmer temperatures? SemonTrout Spaving. Feg Toobaion, and Py C S AN

Steelhead Smoltification 14°C (37°F)y TDADM

Criteria

Maodified from U.5. Environmental Protection Agency (2003). 1) "7DADM" refers to the
Maximum 7 Day Average of the Daily Maximums,; 2) "'Salmon” refers to Chinook, Coho,
sockeye, pink and chum salmon: 3) "Trout” refers to steelhead and coastal cutthroat trout

EPA Region 10 guidance
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Introduction

« (Ca State Water Resources Control Board funded project:
Quantifying thermal thresholds for Central Valley salmonids

« Task 1: Improving and applying a framework for identifying
numeric temperature targets

o Task 2: Adult energy density study

o Task 3: Temperature modeling



Theory: To successfully spawn, adult salmon [}
must have enough energy at the initiation [}
of their migration. An adult that uses too [P
much energy will die prior to spawning. [}

Successful spawning: E, - (E, +E, +E ) <E,

Energy used during
Energy floor, migration (E, ) - —

i M B Energy used
representing energy .r
unable to be allocated (E,) >durng holding (E,,)

initation of migration (E)) gonad formation

/ Energy density
FitzGerald & Martin. (2022). Con on Physiclogy.

Bowerman et al. (2017). Journal c:fFish Biology.
adapted from FitzGerald & Martin. (2022). Conservation Physiclogy. Crossin & Hinch. (2005). Transactions of the American Fisheries Society.

i
Energy density upon R > Energy used for




Question: Do poor environmental conditions
result in high energy use and increased pre-
spawn mortality of adult Chinook salmon (O.

tshawytscha) during migration and spawning?

-In the Central Valley, there is very little information on how environmental conditions
impact energy use and pre-spawn mortality during migration.

Need measurements of energy content, reliable temperature
measurements (or models), and migration routes!



Experimental design: Modeling and assessment

-We will link empirical measurements of fish energy density,
migration and travel time, size, and pathogen prevalence to
environmental factors, especially water temperature.

-Water temperature will be obtained from high-resolution
stream temperature models as well as from a subset of adults
tagged with archival temperature tags.
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Methods — Archival temperature tags

e Innovasea Acoustic Data Storage Tags: “ADST tags”

e Transmits current tag temperature and depth as well as stores archive of all recorded
temperatures and depths

e Retreiving tag archive requires physical tag recovery

e Bright red and floats, increasing odds of being found and returned




~Legend E, = energy at initiation

| = Chinook salmon spawning grounds (both fall-run and sp ing )V ; of migration
Maijor fivers and migration routes R .
Dams and complete barriers to migration o8 E TRVl L E\, = energy used during

Il Delta, lake, or reservoir *,Lm.« migration
g Fish sample site
B Acoustic receiver

E, = energy used during
holding

2 (EM + EH + ES + ED) Es=egs;‘\g’3/nlilsgdfor

E, = energy at death

Capture, measure, and

e - Ocean (E): tag 150 adults, measure
(pre-spawn holding pe

S gty with fatmeter and PA, gill tissue for

spawning, and upen
death (carcasses):

? 2\ Sy e i pathogen assessment

kL mﬁ - River entry (E,, ,): CDFW traps in
delta, fatmeter

- Spawning ground arrival (E,, ,):

Hatcheries / surveys, fatmeter

Capture, tag, measure,
and release 200 adult

LE R R + »« | - Prespawn fish (E, .. s): Hatcheries /
?3_ B WA N surveys, fatmeter

Pacific Ocean

- Spawned out fish (E;): Hatcheries /
surveys, fatmeter
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Thermal exposure at Rio Vista
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2022 Telemetry data

e Unfortunately, ADST tags had a programming error and most
shut off within 7 days of initiation

e Some limited data from ocean residence was recorded

 On the bright side: Innovasea warrantied all 2022 ADST tags so
2023 season possible!




2022 Season Recap

110 tagged and released in Ocean

15 tags recovered on beaches — mortality
soon after release

34 known to have entered the bay _
31 known to have passed Carquinez straits &
10 known to have exited Delta into rivers
3 recaptured at Feather River hatchery

1 recaptured at Nimbus hatchery
(American R)

1 caught at barge hole on Sacramento
(mouth of Battle Ck)

? X .- & 1 _. L ot . "' ¥ L & ""'.-‘i i ‘...,.,‘ s .’ e L :
i N B R N R TR T o o= A prn,

- o

Thousands of dead fish, killed by an algae bloom, float around Lake Merritt in Oakland, Calif., on Wednesday, Aug. 31, 2022.
(Ray Chavez/Bay Area News Group)

No recovered archival data



2022 Season Recap

110 tagged and released in Ocean

15 tags recovered on beaches — mortality
soon after release

34 known to have entered the bay

31 known to have passed Carquinez straits
10 known to have exited Delta into rivers
3 recaptured at Feather River hatchery

1 recaptured at Nimbus hatchery
(American R)

1 caught at barge hole on Sacramento
(mouth of Battle Ck)

1 caught at Benicia after going up to
Sacramento!

No recovered archival data

Kilometers upstream of the Golden Gate
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2023 Season Recap

131 tagged and released in Ocean

7 tags recovered on beaches — mortality soon after
release

109 known to have passed Golden Gate

89 known to have passed Carquinez straits

67 known to have exited Delta into rivers

50 made it to Feather/Yuba spawning grounds or
hatchery

5 made it to Mokelumne River spawning grounds or
hatchery

3 made it to Upper Sacramento River spawning
grounds or hatchery

2 made it to American River spawning grounds or
hatchery




2023 Telemetry data

ADST tags worked as advertised in 2023

We recovered 16 in total

8 of these tags made it to the spawning grounds (all to the
Upper Feather River)

Here are 5 representative temperature exposure plots
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lant, from Feather Hatchery, Male
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Results

First direct measurements of CV salmon energy use during adult
migration for 100 + years (Greene 1916 in Trans. Am. Fish. Soc.; n=9)

Water temperatures experienced by adult salmon in both years
indicate that CV salmon regularly experience high water
temperatures (>20C) during return migration

Evidence of pre-spawn mortality in 2022

2023 data should allow a wet year contrast to 2022 data

Few fish returning to upper Sacramento and tributaries in both 2022
and 2023



Lessons learned

Use of anesthetic (AQUI-S) was problematic. Fish were more
lethargic at release and exhibited higher post-tagging mortality

Tagging in ocean prior to freshwater entry allowed for tagging
effects to dissipate before migration

Quadruple-tagging fish (69kHz tag, JSATS tag, PIT, and FLOY) was
useful to maximize detections and estimate tag loss

Floating tags were very useful for tag recovery
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