
Key points:

1) Current monitoring data inadequate for modeling egg mortality 

2) New laboratory studies do not support TDM model predictions

3) New field observations do not support TDM model predictions

4) Juvenile winter run production better explained by a simpler model

5) Robust scientific literature available, inadequately considered

6) Methods for in-river egg survival studies are readily available



1. Current monitoring data is inadequate for 
modeling egg mortality 
 
Zeug et al. (In revision). “Considerations for the use of laboratory-based and field-based 
estimates of environmental tolerance in water management decisions for an endangered 
salmonid”.  PLos One Water.

Where fry abundance is estimated
(~60 miles downstream, observations spread over >5 months)



1. Current monitoring data is inadequate for 
modeling egg mortality 
 

We have an estimate of juvenile production (~60 miles downstream from spawning area)
 -  do NOT have estimates of egg incubation survival or fry survival

In order to estimate TDM, existing models MUST assume survival after fry emergence is 
invariable, unaffected by river flow (and other environmental factors)

These and other issues were raised by the first independent scientific review of the NMFS 
model (Gore et al. 2018)--- but still have not been addressed

Gore, et al. 2018.  “Independent Review Panel (IRP) Report for the 2017 Long-term Operations Biological 
Opinion (LOBO) Biennial Science Review”.  Report to the Delta Science Program.



2. New laboratory studies do not 
support TDM model predictions
 

Reminder: 
Key conclusion from development of NMFS TDM model…

Past laboratory studies of temperature tolerance are 
unreliable; not representative of conditions in natural 
redds
• Saturated DO
• High inter-gravel flow



2. New laboratory studies do not 
support TDM model predictions



2. New laboratory studies do not 
support TDM model predictions

NMFS model predicts 96% TDM 
for “chronic warm” treatments 
(14oC)
 
Hypoxia + 14oC decreases 
survival, but not close to NMFS 
model predictions



3. New field observations do not support TDM 
model predictions
 R2 = 0.62
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Very low flows

Normal flows

Observed egg-to-fry survival vs. NMFS model predictions



4. Patterns of juvenile winter run production are 
better explained by simpler model, fewer assumptions
 
Model of juvenile production (JPI) as a function of key 
environmental and biological drivers

• Flow during incubation and emergence

• Flow variance during migration (pulses)

• Temperature during incubation

• Female spawner abundance

Model selection found good support for flow during 
incubation and emergence and female spawner 
abundance.

                    
   

Model  Number of 
Parameters 

BIC ΔBIC  

1.  Flow_IE + Temp_SAC_I + 
Flow_CV_M + Females 

5 657.339 3.014  

2. Flow_IE + Females 3 654.330 0.004  
3. Flow_CV_M + Females 3 672.856 18.531  
4. Flow_IE, Flow-CV-M + 
Females 

4 654.325 0.00  

5. Temp_SAC_I + Females 3 669.202 14.876  
6. Temp_SAC_I + Flow_CV_M + 
Females 

4 671.468 17.143  

 

Zeug et al. (In Prep) Modeling drivers of juvenile production for Sacramento River winter-run Chinook 
salmon.  NOTE: Currently a Technical Report submitted to Reclamation.  PDF, source data and analytical 
code available to panel.



R2 = 0.82

4. Patterns of juvenile winter run production are 
better explained by simpler model, fewer assumptions
 



5. Robust scientific literature available, inadequately considered



6. Methods for studying and better understanding in-
river egg survival are readily available
 Fertilized eggs implanted 

in artificial redds
Incubation chambers 
retrieved after hatch



Overview of Methods
• Three sites between Hwy 44 and 

Bear Creek 
• 10 redds /site
• Temp recorders in each redd
• One surface logger at each site
• Piezometers at 3 redds/site

• DO, inter-gravel flow, temperature



5. Methods for studying and better understanding in-
river egg survival are readily available
 
Egg-to-fry survival

GLM (negative binomial)
1 vs 2: p = 0.035
1 vs 3: p< 0.001
2 vs 3: p< 0.001



Source: Greig et al. 2007

Summary: 
Temperature, DO, gravel quality, and river flow are 
all known to influence egg incubation survival

This complexity is not adequately considered or 
addressed with current TDM-focused management

Request: Closely evaluate available information.  If 
the panel agrees, clearly convey support for 
investigations to better account for factors 
influencing early life stage mortality. 
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