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Executive Summary: 

The NOAA Fisheries Southwest Fisheries Science Center (SWFSC) is developing a Central 
Valley Chinook Life Cycle Model (LCM) to provide scientific input to a biological opinion on 
the effects of the operations of the state and federal Central Valley water projects on listed 
anadromous fishes.  The LCM is a work in progress, with the current version tailored for winter 
Chinook, and through the Center for Independent Experts (CIE), the SWFSC convened an expert 
panel to provide feedback and advice, as recommended by an earlier review (Rose et al. 2011).  
Rather than a panel report, each member of the panel has written individual reviews; this is mine.  

In summary, my findings and main recommendations for the model are: 

The SWFCS is developing a complex Bayesian model of the salmon life cycle that links to 
existing models of flow in the Sacramento River and the Delta, plus a river temperature model 
and an ocean model.  The SWFSC is using state-of-the-art methods for fitting the model to data, 
and the scale and representation of the river in the model are appropriate for a life cycle model, 
but can be improved by dividing the river into two habitats at Red Bluff.  The model generally 
incorporates the best available science and methods for winter Chinook, except for the method 
for estimating habitat capacity, and so far lacks a necessary method to assess the effects of 
hatchery fish on the productivity of the winter Chinook population.  Adapting the model for 
other runs of Chinook, including the listed Central Valley Spring Chinook, will require more 
work. 

My main recommendations are: 

1.  Divide the representation of the river in the model into two sections, at Red Bluff. 
2.  Account for the effects of hatchery fish on the productivity of Chinook populations. 
3.  Develop Bayesian Network models for the habitat capacity of the river, using the 
opinions of field biologists as well as other information to populate the conditional 
probability tables.  Use this in place of the depth, velocity, roughness method.  As an 
alternative, simply use the opinion of field biologists who have spent time in the river 
observing habitat use by juvenile Chinook. 
 

Because the model is a work in progress, it is not possible to say whether the completed 
model will represent the best available science, as I understand the term to be used in the 
Endangered Species Act. However, if these recommendations are successfully implemented, 
then likely it will. 
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Background: 

This is a review of a model under development, the Central Valley Chinook Life Cycle 
Model (LCM), which is intended to provide useful guidance for a biological opinion that NMFS 
will soon prepare on the effects of operations of the state and federal water projects on listed 
anadromous fish in the Sacramento and San Joaquin rivers.  Such biological opinions must be 
based on the “best available science.”  The version of the model under review is specifically for 
winter Chinook, which are listed as endangered under the federal Endangered Species Act.  The 
heart of the material under review was presented to a review panel at a workshop on November 5 
and 6, 2015. 

 

Description of the Individual Reviewer’s Role in the Review Activities: 

Before the review panel workshop, I read the material provided, and reviewed other relevant 
materials on Chinook salmon, and then participated in the workshop.  At the review panel, the 
panel was presented two superficially similar but different models: Version 1, a simulation 
model that is described by Hendrix et al. (2014), and Version 1.1, an estimation model that is 
based on the same conceptual model as Version 1.  Work on Version 2 is in progress.  Version 
1.1 is a complex estimation model that can be fit to data only by use of advanced methods such 
as Markov Chain Monte Carlo (MCMC), in this case adaptive MCMC.  I am not expert in the 
use of these methods, although I have some understanding of them and am persuaded of their 
value.  Therefore, my review deals mainly with biological matters and the representation of 
habitats in the model.   

 

Summary of Findings: 

ToR 1): 

Is the model useful for informing NMFS of the effects of water operations and prescribed RPA 
actions on salmonids at various life stages and at the population level?  

a) What are the strengths and weaknesses of the model?  
b) Are key parameters and performance measures captured in the model?  If not, what other 

parameters and performance measures should be included? 
c) Can the model be applied to address the multiple timescales associated with RPA decisions and 

operations?  
d) What are the technical constraints to the implementation of the model and the feasibility to 

address them (e.g., transparency of the model, data sets availability, model parameter 
uncertainties and sensitivities, etc.)?  
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Is the model useful for informing NMFS of the effects of water operations and prescribed RPA 
actions on salmonids at various life stages and at the population level?  

George Box famously said that “all models are wrong, but some are useful.”  However, 
whether a model is useful depends not just on the model, but also on the user of the model.  
Someone who understands both a system and a model of it may be able to get good use from 
even a poor model, whereas some not as skilled or knowledgeable would get nonsense.  That is, 
one needs to know just how the model is wrong, and how that matters for the system of interest 
and the question at hand.  This is particularly a problem for models like Version 1.1 of the Life 
Cycle Model (LCM), which links together a set of distinct models, deals with a complex system 
about which much is poorly understood, and uses fitting methods that require expertise for good 
results.  No one person can be expected to have the necessary skills and knowledge, so the 
upshot is that only a cooperative group can be expected to do useful analyses with the LCM, or 
to assess analyses done by others.   

The LCM is still a work in progress, as noted above, but I think that, with modifications 
described below, it is potentially useful for informing NMFS of the effects of some water 
operations and RPAs on winter Chinook at the population level.  However, because of the very 
low survival of naturally produced winter Chinook eggs or alvins in the last two summers, the 
proportion of hatchery fish in the run presumably will be much higher in the near future.  This 
will likely affect the behavior of the fish productivity of the population (e.g., Chilcote et al. 2011; 
Christie et al. 2012; Christie et al. 2014), and erode the utility of models based on existing data 
for assessing the effects of project operations. 

Moreover, the utility of the model will depend on the particular questions being asked.  For 
example, I expect that the model would do better at answering questions such as the relative 
harm at the population level from incidental take at the export facilities and incidental take in the 
ocean fishery, than about the benefits of specific RPAs.  In particular, I expect that there will be 
attempts to use the model to fine tune the operation of the export facilities, which will seem 
possible because of the short time step in the particle tracking model, but it will be easy to ask 
too much of the model for that purpose.   

I am less optimistic that Version 2 would be useful for spring and fall Chinook, which have 
more complex juvenile life history patterns than winter Chinook, without further modification.  

 

a) What are the strengths and weaknesses of the model?  

Strengths: 
Version 1.1 is being fit to data with up-to-date MCMC methods that allow the model to be 

more complex than would otherwise be the case.  These methods are key to the model’s utility, 
although they are also very difficult and time consuming to implement.  The alternative of 
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constructing a life cycle simulation model is easier, but such a model would be too complex to be 
a useful thought experiment, and would not support reliable assessments of future operations or 
RPAs.   

It is well known that models should be as simple as possible, but no simpler.  I think that the 
geographical representation of habitat for winter Chinook in the LCM (Figure 1 in Hendrix et al. 
(2014) is not far from optimal, but can be improved by dividing the Sacramento River at Red 
Bluff into a primarily gravel bed, moderate gradient reach upstream, and a predominately sand 
bed, low gradient reach below.  This should work well, since monitoring at the Red Bluff 
Diversion Dam provides some of the best data on juvenile Chinook in the Sacramento River, and 
these data should be used in fitting the model.  As it is, a ~ 100 km reach of spawning/rearing 
habitat and a ~250 km reach of rearing/migratory habitat are lumped together.  This makes it 
impossible to distinguish what I have called fry migrants to low gradient streams and fingerling 
migrants (Williams 2012).  Moreover, distinguishing these habitats allows for a test of a concept 
applied in the model, discussed below.  The downstream end of the rearing/migratory habitat at 
the boundary of the legal Delta in geographical representation seems close enough to the 
monitoring station at Knights Landing that data collected there can be used for that boundary. 

 

Weaknesses:  
Migration: 

The treatment of juvenile migration in the LCM seems to me a weakness.  In the LCM, a 
small, fixed fraction of winter-run fry migrate directly to tidal habitat, and other fry migrate in 
response to fish density, following the example of Greene and Beeche’s (2004) model of 
Chinook in the Skagit River.  This seems a bit of a conceptual patchwork.  There is evidence for 
density dependent migration on the Skagit River (Green and Beeche 2004; Zimmerman et al. 
2015), and the idea the fry migrations are driven by fish density or limited habitat capacity in the 
stream has a long history, but, so does the idea that the migration is deliberate or volitional (e.g., 
Healy 1991: 332-333), and I think that overall the evidence better supports the concept that the 
timing of migration is largely volitional.  As summarized in Williams (2006:69), and elaborated 
in Williams (2012): 

There is good evidence for genetic variation in the propensity of ocean-type Chinook to migrate 
as fry (Carl and Healey 1984), although year to year variation in the proportion of fry and 
fingerling migrants in some Central Valley rivers, described below, shows that environmental 
factors also matter.  It seems likely that there is some genetically influenced but variable 
threshold for fish to migrate as fry, analogous to the threshold for smolting in the Thorpe et al. 
(1998) life history model for Atlantic salmon, discussed in Ch. 1.  
 

It is clear from monitoring in the Central Valley that the majority of juveniles of all runs 
except late fall Chinook migrate downstream as fry, either to low gradient streams, the Delta, or 
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the bays.  For example, Figure 6 from Poytress et al. (2014), partially copied below, show that a 
large majority of juvenile winter Chinook pass Red Bluff as fry before November, and larger 
juveniles do not appear in the catch before late October.   

 

Figure 6 from Poytress et al. (2014). Winter Chinook fork length (a) capture proportions, (b) 
cumulative capture size curve, and (c) average weekly median boxplots for winter Chinook sampled by 
rotary traps at the Red Bluff Diversion Dam (RBDD) between July 2002 and June 2013. 

The LCM uses two categories of juveniles, fry and smolts, but the implicit definitions of 
these terms are different from the usual meanings.  As I understand it, in the model smolts are 
implicitly defined by a propensity to migrate, and the proportion of rearing juveniles that migrate 
(i.e., turn into smolts) is a function of the calendar month.  So, the larger juveniles passing the 
RBDD in winter would be the smolts in the LCM.  However, in the LCM, it seems that the 
majority of the fry passing the RBDD are not volitional migrants, but rather are forced to 
migrate, presumably by competition for space upstream.    

Table 5c in Poytress et al. (2014) gives data on the estimated total passage of juvenile winter 
run and the proportion fry (< 46 mm) for brood years 2002-2012, so I plotted the percentage fry 
over total passage to see if the percentage fry increases with total passage.  If it does, the 
relationship has a sharp threshold at about two million.  However, the percentage fry also 
decreases over time more smoothly than does the total passage (for example, passage was similar 
in the last three years), which suggests that something else is involved.   
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Data from Table 5c in Poytress et al. 
(2014); bars show 95% confidence 
intervals. 

 

 

 

 

 

During the panel presentation, Noble 
Hendrix noted that with low flows, 
juveniles are more likely to migrate and 
less likely to survive (Summary Report, p. 
12).  However, with 2010 as an exception, 
the Poytress et al. (2014) data do not seem 
to support this.  Instead, the proportion of 
fry migrants increases with discharge. 

(Discharge data from USGS) 
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Figure 9 from Williams (2001).  Size 
distributions of juvenile Chinook salmon 
captured in the lower American River in screw 
traps (box plots with closed circles) and seines 
(box plots with open circles) in 1995.  Sample 
periods are two weeks.  Data from CDFG. 

 

 

 

 

 

 

Interpreting the pattern in Figure 6 from Poytress et al. (2014) is complicated by the lack of 
monitoring of juveniles in rearing habitat upstream from Red Bluff.  That is, some juveniles 
could be establishing territories shortly after emerging, so that others cannot, and migrate 
instead.  By this view, these residents would be the larger migrants sampled later in the winter.  
There are few of these, which implies that there is little rearing habitat above Red Bluff, 
assuming density-dependent migration.  However, there are data from American River, a major 
Sacramento River tributary, that address this issue for fall Chinook.  Juvenile fall Chinook were 
sampled with a rotary trap near the downstream end of the spawning area, and also by seining 
further upstream.  Data for 1995 were summarized in Figure 9 of Williams (2001), and show that 
the fish captured by the trap and by seines were about the same size, mostly < 40 mm, until early 
April.  Later in the spring, the fish captured by the traps were somewhat larger than those 
captured by seine.  That is, fish did not seem to be taking up residency until sometime in mid-
March, by which time most had left the river.  This does not seem consistent with density-
dependent migration.  

Does all this matter?  Hendrix et al. (2014) state at p. 3 that “State transitions can be flexibly 
described by an extension of the Beverton-Holt stock-recruitment relationship that allows (but 
does not require) individuals exceeding the capacity of a habitat to move downstream, rather 
than die in that habitat (Greene and Beechie 2004).”  This is true, but if indeed juvenile Chinook 
are genetically predisposed to different migratory behaviors, then the LCM may mislead, even if 
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output from the LCM can match observed behavior.  In particular, the LCM may mislead about 
“the quantity and quality of rearing and migratory habitat [which] are viewed as key drivers of 
reproduction, survival, and migration of freshwater life stages” (Hendrix et al. 2014:5).  
However, since juvenile winter Chinook seem to arrive at the Delta at about the same time, the 
issues discussed above may matter less for assessing project operations in the Delta on winter 
Chinook than on spring or fall Chinook. 

Habitat capacity: 

A related weakness in the LCM is the PHABSIM-like approach to estimating habitat 
capacity in the river, described in Hendrix et al. (2014), in which habitat capacity is a function of 
depth, velocity, and an index of channel roughness, as estimated by the HEC-RAS model.  There 
is little evidence that PHABSIM and similar models can predict where juvenile fish will be 
(Williams 2011, Appendix A), even though the models incorporate empirical distributions of fish 
over the habitat variables.  One reason for this failure is poor estimates of velocity, even for 2-D 
models using a much finer spatial scale than the 1-D HEC-RAS model of the Sacramento River 
(e.g., Guay et al. 2001; Gard 2010).  (I have been told that 2-D hydraulic models have improved 
considerably over the last few years, but have not yet seen data demonstrating this).  Another 
reason is that fish select habitat based on other factors, such as the available food supply, as well 
as the traditional microhabitat variables.  Finally, HEC-RAS operates at a much coarser spatial 
scale than the spatial scales at which fish select microhabitat, the scale at which depth, velocity, 
and substrate are typically used.   

As applied in the LCM, habitat capacity is designated as high or low quality, according to 
criteria given in Table 1 of Hendrix et al. (2014), who note that “Ranges of high and low habitat 
quality were based on published studies of habitat use by Chinook salmon fry across their range 
and examination of data collected by USFWS within the Sacramento- San Joaquin Delta and San 
Francisco Bay.”  The criteria strike me as misleading, especially for mainstem habitats that 
include riffles, runs, and pools, in which juvenile salmon often behave differently, and because 
“fry” as used in Hendrix et al. (2014) includes a considerable range of sizes, which typically are 
reported to select different microhabitats.  In particular, the velocity criterion for mainstem 
habitat seems low, compared to literature values, which may result from taking values from 
“studies of habitat use by Chinook fry” that used a lower upper size limit for fry, such as the 46 
mm used by Poytress et al. (2014).  I do not have data from observations of habitat use by 
juvenile Chinook at hand, but a MS thesis by Terry Jackson from ~ 1992 has such data for the 
American River; it should be available through Oregon State University. 

For a specific example of the criteria being misleading, Steve Lindley, who is heading the 
modeling effort, may recall that when the Central Valley Technical Recovery Team held a 
workshop to hear presentations on Central Valley Chinook and their habitats, Doug Killam, a 
CDFW biologist, showed impressive underwater video of a run in the Sacramento River near 
Redding that looked rather like a giant hatchery runway.  Yet, as I remember the video, under the 
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Table 1 criteria this would be classified as poor habitat, for being too deep, lacking roughness, 
and probably for flowing too rapidly.      

In my opinion, it will not be possible to develop useful estimates of the habitat quality in the 
river within the LCM.  This is an exercise in environmental flow assessment, which remains a 
challenging problem with no simple solution.  A better approach would be linking another model 
to the LCM.  Steve Lindley mentioned a dynamic energy budget model as one possibility, but 
this may require better hydraulic modeling than will be available for some time, and is not 
expected to be ready for the Biological Opinion.  My hunch is that the best approach, especially 
in the near term, would be to develop Bayesian Network models for the river.  Such models have 
been used for environmental flow assessment, particularly in Australia (e.g., Stewart-Koster et 
al. 2010; Chan et al. 2012), and have the virtue of being transparent to stakeholders while 
making the uncertainty in the assessment explicit.  If time does not allow this, using the expert 
opinion of field biologists such as Doug Killam, who have spent a lot of time in the river, would 
be an alternative.   

The problems discussed so far may matter less for Winter Chinook than for other runs, 
because winter Chinook tend to enter the lower reaches of the Sacramento and the Delta at about 
the same, so the distinction between the moderate gradient, gravel bed reach and the low 
gradient, sand bed reach may not be less important for them, and for assessing diversions and 
RPAs in the Delta.  Because the population is so small, erroneous estimates of habitat capacity 
should not be a major problem, either.  However, with the current approach, estimates of the 
habitat capacity of the river should be regarded with great caution.   

Hatchery influence: 

The model does not yet address the issue of hatchery fish.  This is a significant weakness.  
Given the poor survival in hyporheic habitat in the last two years, the proportion of adults that 
are hatchery fish will increase sharply in the coming years, with serious implications for the 
productivity of the population (Chilcote et al. 2011; Christie et al. 2012; 2014).  This is a 
significant weakness.  Reducing the alpha parameter in the Beverton-Holt relationship as a 
function of hatchery influence may be a way to address it.  Chrisite et al. (2014) reported that: 

Combining 51 estimates from six studies on four salmon species, we found that (i) early-
generation hatchery fish averaged only half the reproductive success of their wild-origin 
counterparts when spawning in the wild, (ii) the reduction in reproductive success was more 
severe for males than for females, and (iii) all species showed reduced fitness due to hatchery 
rearing. 

b) Are key parameters and performance measures captured in the model?  If not, what other 
parameters and performance measures should be included? 

Most but not all are.  Key performance measures for the model will be estimates of 
uncertainty in the model results, and how well the model results compare with the historical 
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record.  The LCM does attempt to provide such estimates of uncertainty, which is a giant step 
forward, but currently Version 1.1 assumes only observation error.  Modifying the model to deal 
also with process error will be a major improvement.  Also, as noted above, the model does not 
currently deal with hatchery influence.   

Other key performance measures, especially for spring and fall Chinook, include how well 
the model estimates the contributions to the spawning population of different life history 
patterns.  Unfortunately, there are only a few data on the latter question (e.g., Miller et al. 2010; 
Sturrock et al. 2015), so obtaining more such data should have high priority. 

I am not sure how to answer the question regarding parameters.  For example, the model 
simulates habitat capacity, so there is an associated parameter, but I question the way that this is 
done.   

c) Can the model be applied to address the multiple timescales associated with RPA decisions 
and operations?   

The LCM can be applied to multiple timescales associated with RPA decisions and 
operations in the Delta, because the particle tracking model can work with short timescales.  In 
other parts of the system, for example the river, the time steps are limited by CALSIM, and so 
are the timescales that can be addressed.  This is discussed further in answer to ToR 2. 

d) What are the technical constraints to the implementation of the model and the feasibility to 
address them (e.g., transparency of the model, data sets availability, model parameter 
uncertainties and sensitivities, etc.)?  

The methods used to fit the model will be transparent only to people with good 
understanding of adaptive MCMC; to others, it will seem like some kind of magic (black or 
white, depending on how well they like the results).  I do not see a way around this. 

As mentioned above, there is a shortage of good data on the basic biology and behavior of 
naturally produced Chinook in the Central Valley.  Problems with some of the existing data sets, 
such as the USFWS seine data, are discussed in Williams (2006), and many of the 
recommendations for monitoring and research in Williams (2006) and Williams (2009) still 
apply.  In particular, determining the juvenile life histories of fish that survive until harvest or 
reproduction using microchemical and microstructural analyses of otoliths should be given high 
priority.   

Another issue is whether migratory behavior is self-reinforcing, which could affect the 
utility of estimates of migration rates developed from acoustic tagged hatchery fish.  My thinking 
on this has been influenced by a largely ignored paper by Ewing et al. (2001) regarding spring 
Chinook in the Rogue River, and by coded-wire tag data from the Central Valley.  Over 100 
times as many coded-tagged juvenile fall Chinook released at Coleman Hatchery had been 
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captured in the Chipps Island trawl than were recovered at the export facilities (Williams 2012, 
Table 1).  However, tagged juveniles released in the Delta apparently are much more likely to be 
recovered at the export facilities.  The simplest explanation of this seems to be that juvenile 
Chinook migrating down the Sacramento River developed migratory behavior that kept them out 
of the south Delta.  This could also explain why few Butte Creek spring Chinook that were 
tagged as they migrated as fry out of the mountains were recovered at the export facilities, even 
though almost all tagged adult fish recovered in Butte Creek had been tagged as fry (Williams 
2006:32).  If migratory behavior is self-reinforcing, it seems like something that should be 
accounted for in the model, although its importance may vary across runs.  Self-reinforcing 
migratory behavior would also raise questions about the utility of studies using hatchery 
juveniles with acoustic tags; results from such studies are used in the LCM. 

 
ToR 2): 
Has NMFS effectively linked multiple specific models to represent the whole life cycle to inform 
NMFS in determining the effects of water operations and prescribed RPA actions on salmonids 
at the population level?  

Since Version 1.1 is still a work in progress, there is not a firm answer to this question, but 
NMFS is making good progress toward linking various models, such as the particle tracking 
model and the ocean model, to make an informative whole.  I am less sanguine about the 
CALSIM and HEC-RAS models used for the riverine part of the system, and how useful the 
particle tracking model will be will depend on the modeled “behavior” of the particles.  
However, I do not have practical suggestions for alternatives. 

CALSIM is an operations model that runs on a monthly time step.  CALSIM does not model 
the passage or routing of water down the river, which is unnecessary for monthly time steps, but 
does seem necessary for modeling the effects of some contemplated projects, particularly the 
large tunnels that are proposed to move Sacramento River water across the Delta.  Similarly, it is 
not suitable for assessing the effects of short-term changes in releases from Shasta Dam that de-
water fall Chinook redds.  The model includes a work-around for when water will flow into the 
Yolo Bypass, but this will not work well if the duration or total flow into the by-pass matters.  
One obvious problem concerns the timing of the flow threshold for migration into the Delta 
described by del Rosario et al. (2013).  Modelers for the Bureau of Reclamation and the Dept. of 
Water Resources have long been aware that the monthly time step is a problem for biological 
analyses, so I suspect that trying to shorten the time step substantially is difficult, or else it would 
have been done already.   

Another concern with CALSIM is that traditionally, analyses have been done using the 
historical hydrological record.  This raises two problems.  One is that operational rules can be 
optimized for the historical time series, whereas future time series would be different even 
without climate change.  The other is climate change, which will increasingly make the historical 
time series misleading.  This makes some kind of synthetic hydrology seem useful.  
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HEC-RAS is a one dimensional hydraulic model that is intended primarily to predict stage at 
transects for analyzing flood hazards.  Doubtless it does this well.  However, for purposes of the 
LCM, some method for distributing velocity across the transects is necessary, and apparently this 
is done with an approximation using depth and roughness that is not really physically based.  As 
applied to the Sacramento River, the transects are close together for flood control analyses, but 
still far apart at the spatial scales that matter to small fish.  Accordingly, I am not optimistic that 
estimates of depth, velocity and roughness in patches as defined in the LCM will be very good. 

  
ToR 3):  

Is the model framework suitable for winter-run, spring-run, and fall-run and can the framework 
be adapted for other species of Pacific salmonids?   

Because winter-Chinook tend to enter the Delta at about the same time (del Rosario et al. 
2013, Figure 3), the current model framework may be easier to apply to winter-run, and perhaps 
late fall-run, than to fall or spring Chinook that migrate over a longer period and exhibit more 
diverse juvenile life histories.  For fall and spring Chinook, the question whether fry migration is 
volitional or density-dependent will be more important.  Also, with fall and spring Chinook, 
multiple rivers will need to be represented.  Finally, especially for fall Chinook, more attention 
should be given to the bays, as explained below. 

According to Hendrix et al. (2014): “In the San Francisco estuary, outmigrating Chinook 
salmon do not use the bay habitat for feeding and arrive in the Gulf of the Farallones with 
relatively low lipid content (MacFarlane and Norton 2002).”  MacFarlane and Norton (2002) 
reported that the juvenile fall Chinook that they sampled grew slowly as they passed through the 
bays, and then grew rapidly once they reached the Gulf of the Farallones.  Unfortunately, they 
over-stated their results, for example in the following language in their abstract:  

Data suggest that chinook salmon from California’s Central Valley have evolved a strong 
ecological propensity for an ocean-type life history. But unlike populations in the Pacific 
Northwest, they show little estuarine1 dependency and proceed to the ocean to benefit from the 
upwelling-driven, biologically productive coastal waters. 

The problem is that their sampling did not begin until April 30, by which time migrating fish 
were over 80 mm in length (Figure 3 in MacFarlane and Norton 2002), and their sampling was in 
deep water, whereas the literature about juvenile rearing in estuaries refers to smaller fish around 
the margins of the estuary.  As summarized in Williams (2012):  

Based on studies of other estuaries, Chinook that migrate to the estuary as fry tend to rear there 
for some time, while Chinook that rear to fingerling size (~ 60+ mm) or larger somewhere 
upstream tend to pass through the estuary more rapidly (Healey 1991; Burke 2004). Small 
Chinook occupy mainly shallow water around the margins of the estuary, often moving up into 

                                                
1 Note that MacFarlane and North (2002) defined the estuary in terms of salinity, which excludes the Delta. 
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tidal marsh channels on the flood tide, and retreating back to subtidal areas late on the ebb tide 
(Levy and Northcote 1982; Lott 2004).  The juveniles tend to move into deeper water and down 
the estuary as they grow (Healey 1980; 1991). 

In other words, the McFarlane and Norton (2002) results are not inconsistent with other 
reports in the literature, and there is evidence that the bays are indeed important habitat for 
Central Valley fall Chinook.  Based on otolith microchemisty, Miller et al. (2010) reported 
that 20% of a sample of Central Valley fall Chinook taken in the ocean fishery had entered 
brackish water (i.e., the bays) by the time they reached 55 mm.  These would have been 
naturally produced fish, since very few hatchery fish are released at that size, so assuming 
that a substantial proportion of their sample were hatchery fish, the percentage of naturally 
produced fish in the sample that reared in the bays must have been larger than 20%, likely 
much larger.  Whether the sample was an outlier or reasonably representative is an important 
question that can easily be answered, if managers were willing to allocate money to 
appropriate studies. 

It may also be necessary to include more categories of juveniles than fry and smolt for 
applying the model to spring and fall Chinook.  Unfortunately, there is not good information on 
which juvenile life history patterns produce significant numbers of adult fish, although this also 
could be determined by analyzing the otoliths of naturally produced adults. 

Finally, density-dependent mortality in the Delta and bays probably is more important for 
fall-run, especially those migrating when tens of millions of hatchery fish are released. 

 

ToR 4): 
Is there evidence that the developed life cycle models can be placed within a relevant decision-
making framework? What are the key strengths?  What is the model telling us more broadly? 

Given that the Version 1.1 is a work in progress, and work on Version 2 is underway, I think 
the answer probably will be yes, but only if the model is used thoughtfully by people who 
understand both the model and its limitations, and also understand the biology of the species and 
the limitations of the existing data on the species.  Put differently, the model may well be more 
useful for generating questions and identifying data gaps than producing answers.  I suspect that 
some managers and many stakeholders want the model to be a source of clear answers 
incorporating the best available science, but given the state of the science this expectation is not 
realistic. 
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Conclusions and Recommendations: 

Conclusions: 

Version 1.1 of the LCM is a work in progress that was presented to the panel during the 
workshop, and the only documentation of many aspects of the model that we have is PowerPoint 
presentations.  We were told that Version 2 is in the works, and presumably this will be the 
version used for the Biological Opinion.  As a result, the subject of the review is a bit of a 
moving target.    With that caveat, I think that enormous progress on developing a useful life 
cycle model has been accomplished, but much remains to be done, and I am not confident that it 
can be done on the schedule that managers would like.  This is not a criticism of the model or the 
modelers, but rather a statement of how difficult it is to develop such a model.  Again, I was very 
impressed at the progress that has been made; before the workshop, I was doubtful that 
developing a useful model was feasible. 

Does the model represent the best available science?  Because the model is still a work in 
progress, my assessment must be hedged.  Certainly, the model being developed with state-of-
the-art methods, and assuming that Version 2 deals with process error as well as observation 
error, it will represent the best available modeling methods.   Assuming that Version 2 
incorporates the first three recommendations below, I think it will embody the best available 
science.   

I also want to emphasize that the form and usefulness of the model are seriously constrained 
by the quality of the data that are available.  My impression is that study of Central Valley 
Chinook has for many years been overly focused on the immediate effects of the state and 
federal facilities, particularly the diversion facilities in the Delta, mainly using tagged hatchery 
fish.  In consequence, there has been inadequate attention to basic biology and the life histories 
and survival of naturally produced fish, despite the power of otolith analyses for the purpose 
(e.g., Barnett-Johnson et al. 2008: Miller et al. 2010; Sturrock et al. 2015), and the emphasis on 
naturally produced fish in the Central Valley Project Improvement Act.  In other words, the 
chicken of short-sighted research priorities has come home to roost.  

 

Recommendations: 

1.  Divide the representation of the river in the model into two sections, at Red Bluff. 

2.  Account for the effects of hatchery fish on the productivity of Chinook populations. 

3.  Develop Bayesian Network models for the habitat capacity of the river, using the opinions of 
field biologists as well as other information to populate the conditional probability tables.  Use 
this in place of the depth, velocity, roughness method.  As an alternative, simply use the opinion 
of field biologists who have spent time in the river observing habitat use by juvenile Chinook. 
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4.  Be cautious about assuming density-dependent migration, or ignoring density-dependent 
mortality. 

5.  Reconsider the treatment of the bays in the model, particularly for fall Chinook. 

6.  Promote more research into the juvenile life histories of naturally produced juvenile Chinook, 
and on the effects of interactions with hatchery fish on naturally produced Chinook. 

7.  Consider using synthetic hydrology to develop input for CALSIM that reflects different 
climate change scenarios, and to check the influence of details of the historical record on model 
results. 

 

The Summary Report and the Review Process:   

I found the summary report useful for jogging my memory, but I think that the discussion at 
the panel workshop moved too quickly and was too disjointed for the note-takers to follow, so 
that the report does not represent an accurate account of the workshop.  I have tried to produce 
reports of meetings somewhat like this in the past, and found it impossible to do without a 
recording of the meeting. 

I think the panel had a good range of expertise that covered the issues that came up for 
discussion, and the NMFS presenters were well prepared.  However, it would have been helpful 
if the panel had been given more information on what to expect at the workshop, for example in 
a short document describing briefly how the work had progressed since 2014.   

Apart from informal discussion during our time in Santa Cruz and participation in the 
workshop, the panel did not engage in any work as a panel. 
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Annex 1:  Format and Contents of CIE Independent Peer Review Report 
 
1. The CIE independent report shall be prefaced with an Executive Summary providing a concise 

summary of the findings and recommendations, and specify whether the science reviewed is 
the best scientific information available. 

 
2. The main body of the reviewer report shall consist of a Background, Description of the 

Individual Reviewer’s Role in the Review Activities, Summary of Findings for each ToR in 
which the weaknesses and strengths are described, and Conclusions and Recommendations in 
accordance with the ToRs. 

 
a. Reviewers should describe in their own words the review activities completed during the 
panel review meeting, including providing a brief summary of findings, of the science, 
conclusions, and recommendations. 
 
b. Reviewers should discuss their independent views on each ToR even if these were 
consistent with those of other panelists, and especially where there were divergent views. 
 
c. Reviewers should elaborate on any points raised in the Summary Report that they feel might 
require further clarification. 
 
d. Reviewers shall provide a critique of the NMFS review process, including suggestions for 
improvements of both process and products.  
 
e. The CIE independent report shall be a stand-alone document for others to understand the 
weaknesses and strengths of the science reviewed, regardless of whether or not they read the 
summary report.  The CIE independent report shall be an independent peer review of each 
ToRs, and shall not simply repeat the contents of the summary report. 

 
3. The reviewer report shall include the following appendices: 
 

Appendix 1:  Bibliography of materials provided for review  
Appendix 2:  A copy of the CIE Statement of Work 
Appendix 3:  Panel Membership or other pertinent information from the panel review meeting. 
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Annex 2:  Terms of Reference for the Peer Review  

 
Central Valley Chinook Life Cycle Model Panel Review 

  
1) Is the model useful for informing NMFS of the effects of water operations and prescribed RPA actions 

on salmonids at various life stages and at the population level?  
a) What are the strengths and weaknesses of the model?  
b) Are key parameters and performance measures captured in the model?  If not, what other 

parameters and performance measures should be included? 
c) Can the model be applied to address the multiple timescales associated with RPA decisions and 

operations?  
d) What are the technical constraints to the implementation of the model and the feasibility to 

address them (e.g., transparency of the model, data sets availability, model parameter 
uncertainties and sensitivities, etc.)?  

 
2) Has NMFS effectively linked multiple specific models to represent the whole life cycle to inform 

NMFS in determining the effects of water operations and prescribed RPA actions on salmonids at the 
population level?  

  
3) Is the model framework suitable for winter-run, spring-run, and fall-run and can the framework be 
adapted for other species of Pacific salmonids?   
 
4) Can the model fit into a decision-making framework for using life cycle models (at appropriate 

temporal and spatial scales) to adapt water operations and prescribed RPA actions on individual and 
multiple species?  
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Annex 3:  Tentative Agenda 

Central Valley Chinook Life Cycle Model Panel Review 
Southwest Fisheries Science Center, 110 Shaffer Road, Santa Cruz, CA 95062 

November 5-6, 2015, 8:30 am – 5:00 pm 

First day 

8:30 am Arrival and coffee 

9:00 am Welcome and introductions     Steve Lindley 

9:10 am Legal and Regulatory Context    Rea, McClain, or Yip 
         (NMFS-CVO office) 

9:30 am  Project Overview       Steve Lindley 

9:45 am Winter-run Life Cycle Model Framework Part 1  Noble Hendrix 

10:45 am Break   

11:00 am Winter-run Life Cycle Model Framework Part 2  Noble Hendrix 

12:00 pm Lunch 

1:15 pm Habitat Capacity      Correigh Greene 
 
1:45 pm Enhanced Particle Tracking Model    Steve Lindley 
 
2:15 pm Break 
 
2:30 pm Panel and Presenter Discussion 
 
4:30 pm Public Comment and Concluding Remarks    Steve Lindley 
 
5:00 pm Adjourn 
 

Second Day 

9:00 Panel Report Preparation  

 

Point of contact for reviewer security & check-in  

Anne Criss, Assistant to the Director 
Fisheries Ecology Division 
Southwest Fisheries Science Center 
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110 Shaffer Road 
Santa Cruz, CA 95060 
Anne.Criss@noaa.gov  
(831) 420-3996 
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Appendix 3.  The Panel 

 

The panel consisted of Jamie Gibson, Contractor, Wolfville, Nova Scotia; David Hankin, 
Professor Emeritus, Department of Fisheries, College of Natural Resources and Sciences, 
Humboldt State University, California; and John Williams, Consultant, Petrolia, California 

 


