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1

DECLARATION OF BRADLEY CAVALLO

2

I, Bradley Cavallo, declare that the following facts are true and correct.

3 I.

Introduction

4

1.

I am a fisheries biologist with more than 20 years of specialized experience in the

5 study of Central Valley Chinook salmon. I am a Principal at Cramer Fish Sciences (CFS) where I
6 have been employed since 2006. CFS was founded in 1987. We specialize in assessing the
7 productivity and limiting factors of fish populations and their habitats and developing and

SOMACH SIMMONS & DUNN
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8 implementing restoration, research, and monitoring plans. We have a staff of more than
9 50 fisheries biologists, ecologists, fluvial geomorphologists, geneticists, biometricians, and
10 biotechnicians at six locations throughout the West Coast. Since its inception, CFS has provided
11 fisheries scientific consulting services for a wide variety of federal, state, local, and non12 governmental entities. Further information regarding my qualifications to render opinions
13 contained in this declaration are set forth in my professional resume, attached hereto as Exhibit A
14 and incorporated herein by this reference.
15

2.

I have been retained as an expert to provide expert opinions and testimony on

16 behalf of the Defendants-Intervenors, the Sacramento River Settlement Contractors
17 (SRS Contractors) and the Tehama-Colusa Canal Authority (TCCA), collectively known as the
DOWNEY BRAND LLP

18 “Sacramento River Intervenors” in the above-referenced actions. I have previously submitted an
19 expert declaration in PCFFA v. Raimondo case, and I also prepared an expert report in Natural
20 Resources Defense Council v. Zinke, Case No. 1:05-cv-1207 (E.D. Cal.). A true and correct copy
21 of my expert report dated November 5, 2018, is attached hereto as Exhibit B.
22

3.

Throughout my career (since 1999), I have studied salmonid populations of the

23 Sacramento River basin and analyzed the effects of water project operations. I have extensive
24 knowledge of rivers regulated by dams and the ecology of Chinook salmon and steelhead. Much
25 of my work has focused on quantitative analyses, including life cycle modeling and simulation
26 modeling, to evaluate the influence of river flows, water temperatures and other factors on the
27 survival of Chinook salmon. I have worked on numerous fisheries projects throughout
28 California’s Central Valley. My work has included multiple aspects of evaluating the status and
1
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1 trends of fish populations and adverse environmental impacts affecting anadromous fish
2 populations. As a specific example, I was hired by the California Department of Water Resources
3 (DWR) to be the lead scientist for research programs assessing environmental impacts of the
4 California State Water Project’s operations on salmon and steelhead in the Feather River,
5 Sacramento River, and the Sacramento-San Joaquin Delta. In other consulting projects, I was
6 hired by DWR to develop a winter-run Chinook salmon life cycle model for evaluating proposed
7 water project operations. I was also hired by the Metropolitan Water District of Southern
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8 California and the State Water Contractors to develop a simulation model for how water
9 management in the Sacramento-San Joaquin Delta may influence migration and survival of
10 juvenile Chinook salmon. I was hired by the United States Bureau of Reclamation (USBR) to
11 develop an Adaptive Management Plan for winter-run Chinook salmon in relation to the Coleman
12 National Fish Hatchery and the Battle Creek restoration effort.
13

4.

During water years 2020 and 2021, I was personally involved in numerous meetings,

14 conference calls, and discussions with SRS Contractors, Reclamation, DWR, the National Marine
15 Fisheries Service (NMFS), the California Department of Fish and Wildlife (CDFW), and others to
16 review and discuss the analysis and interpretation of fisheries monitoring data.
17

5.

I have reviewed and evaluated the Interim Operations Plan for the Central Valley

DOWNEY BRAND LLP

18 Project (2022 IOP) proposed by Federal Defendants and State Plaintiffs. I have also reviewed the
19 injunction proposed by the PCFFA Plaintiffs, and the supporting information filed by these parties
20 in these matters. The following are my opinions and responses to certain aspects of these parties’
21 motions related to temperature management on the Sacramento River, and conditions for listed
22 salmonid species in the Sacramento River.
23 II.

Summary of Opinions

24

6.

Scientific information reviewed in my declaration (and references therein) supports

25 the following conclusions:
26
27

•

The winter-run Chinook salmon population has recovered fully from the population
decline associated with the 2014-2015 drought.

28
2
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1
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Lower than expected egg-to-fry (ETF) survival in 2020 is most likely a result of

2

thiamine deficiency, but juvenile winter-run production in 2020 was still the third

3

highest observed in the last ten years.

4

•

Lower than expected ETF survival in 2021 resulted from an uncertain combination

5

of continued thiamine deficiency, high adult abundance, and elevated water

6

temperatures that affected approximately 50% of incubating winter-run. Despite

7

this, winter-run production in 2021 was higher than production observed during the

8

2014-2017 period.

9

•

10
11

The three abundance-related criteria for extinction risk are likely to remain low
when juveniles from the 2020-2021 brood years return as adults in 2023-2024.

•

Viability of the spring-run Chinook Evolutionarily Significant Unit (ESU) was

12

adversely influenced by the 2014-2015 drought. Deer and Mill Creek populations

13

have still not recovered, and Butte Creek spring-run suffered very high pre-

14

spawning mortality in 2021. However, this decline is unrelated to Shasta

15

operations. Management of Sacramento River water temperatures and flows in

16

2022 will not appreciably influence risk of extinction for the spring-run ESU.

17
DOWNEY BRAND LLP

•

•

The 2022 operations proposed by both Plaintiffs and the Federal Defendants are

18

predicated on the reliability and accuracy of the Martin model—both for defining a

19

critical temperature (Tcrit) for egg incubation, and for quantifying temperature

20

dependent mortality (TDM) when Tcrit is exceeded. The Martin model is clearly

21

not appropriate or reliable for determining how to manage Sacramento River water

22

temperatures.

23

•

Given uncertainties regarding winter-run temperature needs, the influences of

24

thiamine deficiency on egg survival, and the challenges of cold water pool

25

management, the 2019 Biological Opinion (BiOp) provides the best option for

26

managing 2022 operations. The PCFFA Plaintiffs’ proposed order and the IOP are

27

prescriptive—providing minimal opportunities for modifying operations to adapt to

28

emerging information.
3
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1 III.

Winter-Run Chinook Salmon

2

A.

Spawning and egg incubation

3

7.

Sacramento River winter-run are unique in that they are the only Chinook salmon

4 run spawning in summer months. Adults enter freshwater in winter and spring and hold until they
5 initiate spawning in late spring and summer. Adult females construct a nest (known as a redd) by
6 digging a depression in gravel deposits on the river bed where water depths, velocities, and gravel
7 size are within a suitable range (Geist 2000). Adult males compete for access to females and when

SOMACH SIMMONS & DUNN
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8 an appropriate mate is selected, the female will deposit her eggs in the depression while
9 simultaneously fertilized by the male. The number of eggs deposited by a female salmon, known
10 as fecundity, is related to body size, with larger females producing a larger number of eggs (Quinn
11 and Bloomberg 1992). The female covers the fertilized eggs in the depression with gravel and
12 both males and females eventually die in the spawning grounds.
13

8.

Spawning activity for winter-run Chinook is not evenly distributed in the

14 Sacramento River. Winter-run Chinook redd and carcass surveys by the CDFW indicate most
15 spawning and egg incubation occurs in the first five river miles downstream of Keswick Dam
16 (Exhibit B), and this pattern is relatively consistent among years (Killam 2006). Documents I
17 have reviewed in this case focus on water temperatures at the Clear Creek gauge (CCR), which is

DOWNEY BRAND LLP

18 approximately nine miles downstream of the primary spawning area of winter-run Chinook
19 salmon. I have adopted the CCR standard for responding to claims in this case, but it is important
20 to recognize that temperatures at this location are somewhat warmer than what most winter-run
21 Chinook experience during spawning and egg incubation as most of the redds will be upstream.
22

9.

Once deposited into redds, eggs are limited in that they are unable to move if

23 environmental conditions deteriorate prior to hatching. Characteristics of spawning gravels, the
24 rate at which water flows through the gravel (intergravel flow), water temperature, and dissolved
25 oxygen can all influence survival during egg incubation. The characteristics of spawning gravel,
26 intergravel flow, dissolved oxygen, and water temperature in the upper Sacramento River (where
27 most winter-run Chinook spawn) is critical to understanding how these factors are influencing
28 survival during egg incubation.
4
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1
2

A.1.
10.

Spawning gravel quality

River beds suitable for Chinook salmon spawning consist primarily of gravel and

3 cobbles ranging in size from 1.5" to 6" in diameter. An excess of fine sediment (sand and silt)
4 impedes intergravel flow within redds and can severely impact the survival of incubating eggs.
5 Spawning gravels of the Sacramento River have coarsened over time, but exhibit no signs of fine
6 sediment accumulation that would impair incubation success (Stillwater Sciences 2007). In the
7 summer of 2021, I and two of my colleagues surveyed three separate spawning riffles on the
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8 Sacramento River at Redding. We collected data on the characteristics of the spawning riffles and
9 found them to be free of excessive fine sediment and with gravels within the acceptable size range
10 for Chinook salmon spawning.
11
12

A.2.
11.

Intergravel flow

Incubating eggs require sufficient flow through the intergravel environment to

13 deliver dissolved oxygen and remove metabolic waste. Hydraulic conductivity is a measure of
14 how easily water can pass through sediment (sand, gravel, or cobble substrates). Methods for
15 measuring hydraulic conductivity were developed by Terhune (1958) and have become a standard
16 method for evaluating the capacity of gravels to support successful incubation of salmon eggs. In
17 the intergravel environment, the rate at which water moves through the porous substrate is

DOWNEY BRAND LLP

18 influenced not only by sediment composition, but also by local surface water velocity and water
19 pressure gradients (e.g., hydraulic head).
20

12.

Spawning gravels with hydraulic conductivities greater than 1,000 cm/hr are

21 associated with relatively high rates of egg incubation success—assuming water temperatures,
22 dissolved oxygen, or other factors are not limiting (Barnard and McBain 1994). As part of our
23 summer 2021 field study on the Sacramento River, we collected nine measurements of hydraulic
24 conductivity (following Terhune 1958) at three different spawning riffles. Samples were collected
25 in native, undisturbed gravel (not in salmon redds), but areas known to be used by Chinook
26 salmon for spawning were targeted. Observed hydraulic conductivity averaged 2,076 cm/hr, and
27 ranged between 643 and 3,248 cm/hr. Most of our hydraulic conductivity measurements indicated
28 conditions likely suitable for egg incubation (>1,000 cm/hr). However, we measured hydraulic
5
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1 conductivity in undisturbed gravels, not at salmon redds. Studies have shown that the construction
2 of redds by salmon substantially improves hydraulic conductivity (Zimmerman and LaPointe
3 2005), reduces fine sediments (Kondolf et al. 1993), and increases hydraulic head (Tonina and
4 Buffington 2009)—all acting to increase the rate that water flows through the egg pocket of a redd
5 relative to native, undisturbed gravels. Therefore, our measurements of Sacramento River
6 hydraulic conductivity almost certainly underestimated the quality of conditions experienced by
7 winter-run Chinook salmon.
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8

13.

Martin et al. (2017) hypothesized that low intergravel flow within redds of

9 Sacramento River winter-run result in lethally deficient dissolved oxygen at water temperatures
10 warmer than 53.5oF. A new laboratory study (Martin et al. 2020) shows that eggs incubated under
11 conditions of low intergravel flow exhibit poor survival. However, no studies conducted in the
12 Sacramento River or in other comparable Central Valley rivers suggest that unusually low
13 intergravel flows hypothesized by Martin et al. (2017) and Martin et al. (2020) actually occur. The
14 data we collected on the Sacramento River this year, along with evidence from other comparable
15 Central Valley rivers (discussed in section III.A.3), suggest conditions hypothesized by the Martin
16 papers are not likely to occur for winter-run in the Sacramento River.
17

DOWNEY BRAND LLP

18

A.3.
14.

Dissolved oxygen

Salmon eggs consume oxygen during incubation and an insufficient supply of

19 dissolved oxygen can cause mortality. Within the redd, oxygen is supplied by the movement of
20 water through the riverbed (i.e., intergravel flow). Infiltration and accumulation of fine sediment
21 can impair the supply of oxygen by blocking interstitial spaces in the gravel, inhibiting oxygenated
22 water from passing through the redd (Chapman 1988; Bjorn and Reiser 1991), and also by coating
23 eggs and reducing oxygen diffusion through the egg wall (Greig et al. 2005; Lapointe et al. 2004).
24 Dissolved oxygen concentrations ≥8 mg/L are generally thought to be adequate for successful
25 incubation. In gravel and cobble bottomed rivers not impacted by excessive fine sediment, the
26 concentration of dissolved oxygen in the shallow intergravel environment (<12") generally tracks
27 the concentration of dissolved oxygen in surface waters flowing over the gravel. As part of the
28 2021 field study described previously, we measured dissolved oxygen at nine sites in the
6
DECLARATION OF CAVALLO IN SUPPORT OF INTERVENOR-DEFENDANTS’ OPPOSITION TO MOTIONS
FOR INTERIM INJUNCTIVE RELIEF AND MOTION FOR REMAND WITHOUT VACATUR

Case 1:20-cv-00431-DAD-EPG Document 333 Filed 01/10/22 Page 8 of 178

1 Sacramento River, pairing samples from the intergravel environment with samples from ambient
2 surface water. Dissolved oxygen in surface water samples ranged from 97 to 100% saturation
3 (10.3 mg/L to 10.8 mg/L) while samples from the intergravel environment ranged from 86 to
4 100% saturation (9.0 mg/L to 10.5 mg/L). Data collected from other large Central Valley rivers
5 hosting Chinook salmon spawning also suggests dissolved oxygen is not generally limiting. DWR
6 conducted extensive studies of intergravel flow and dissolved oxygen in spawning gravels of the
7 Feather River (CDWR 2004). They observed mean dissolved oxygen concentrations between

SOMACH SIMMONS & DUNN
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8 8.5 and 11 mg/L (Table 5.1-6). Similar studies were conducted in Chinook salmon spawning
9 gravels of the American River. Like the Feather River, dissolved oxygen concentrations on the
10 American River were observed to be equal to or higher than required for successful embryo
11 incubation (Merz et al. 2018). These studies demonstrate good dissolved oxygen availability in
12 Chinook salmon spawning gravels downstream of major Central Valley flood control and water
13 storage impoundments. In the absence of data to the contrary, there is no reason to expect low
14 dissolved oxygen hypothesized by Martin et al. (2017) is uniquely problematic in the Sacramento
15 River downstream of Keswick Dam.
16
17

A.4.
15.

Water temperature

Water temperature affects egg mortality and the development rate of embryos

DOWNEY BRAND LLP

18 (Murray and McPhail 1988; Beacham and Murray 1990). The relationship between water
19 temperature and Chinook salmon egg mortality has been the focus of numerous research efforts
20 (e.g., Beacham and Murray 1990; USFWS 1999; Geist et al. 2006; Martin et al. 2017; Del Rio
21 et al. 2019). Laboratory studies are commonly used because temperatures can be experimentally
22 altered while other factors potentially influencing egg survival are controlled (e.g., gravel quality,
23 intergravel flow rate, predation, dissolved oxygen, disease, etc.). Since thermal tolerances can
24 vary among regions (Poletto et al. 2017; Munoz et al. 2014), studies utilizing local stocks are
25 preferable to studies conducted on salmon from other regions.
26

16.

A rigorous accounting of temperature-related egg mortality (differentiating from

27 other mortality sources and applicable to a variety of temperature conditions likely to occur in the
28 field) requires an intensive laboratory study. The study which is closest to meeting this standard
7
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1 was conducted by the U.S. Fish and Wildlife Service (USFWS 1999). The USFWS study
2 specifically addressed winter-run egg thermal tolerance using two different types of temperature
3 exposure: one evaluated egg survival with constant temperatures ranging between 50 and 62oF,
4 and the other evaluated egg survival with variable water temperature beginning at 56oF and
5 warming to 60 or 62oF. Collectively, USFWS (1999) results indicate temperature-related
6 mortality begins to accrue at water temperatures warmer than 56oF.
7

17.

A recent laboratory study performed by UC Davis (Del Rio et al. (2019)) affirms

SOMACH SIMMONS & DUNN
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8 findings from USFWS (1999) and suggests dissolved oxygen limitation is an unlikely explanation
9 for patterns reported by Martin et al. In this regard, Del Rio et al. (2019) evaluated embryo
10 hatching success at two water temperatures (50oF and 57.3oF) and two dissolved oxygen levels
11 (10 and 6 mg/L). The authors confirmed that “warm temperature alone minimally reduced
12 hatching,” which is consistent with prior studies having found tolerance up to 60.8oF (16oC)
13 (Del Rio et al. at 16). What the new study makes clear is that hatching success under low
14 dissolved oxygen conditions was reduced at both water temperatures tested (50oF and 57.3oF).
15 Importantly, mortality at 57.3oF was not substantially increased under conditions involving normal
16 levels of dissolved oxygen. Therefore, this new study confirms that water temperature of 56oF (or
17 even somewhat warmer) does not lead to substantial increases in temperature-related mortality.
DOWNEY BRAND LLP

18 Del Rio et al. (2019) also shows that with normal dissolved oxygen levels, there was no significant
19 difference between hatching success at 50oF and 57.3oF. This finding suggests that if dissolved
20 oxygen were limiting in the Sacramento River (as was suggested by Martin et al.), then it would
21 adversely influence winter-run egg survival in every year, not just in years with temperatures
22 exceeding 53.5oF.
23

18.

The State Plaintiffs’ declarant (Herbold Decl. ¶ 34) claims “[t]here is no

24 physiological basis for the 2019 BiOps’ temperature goal of 56 degrees F.” This is plainly
25 incorrect. USFWS (1999) directly evaluated effects of water temperature on winter-run Chinook
26 egg incubation success and found mortality was minimal at 56oF. More recent studies show egg
27 mortality increases only slightly at 57.3oF as long as ambient dissolved oxygen is not limiting
28 (Del Rio et al. 2019), and only slightly at 58.1oF (Martin et al. 2020) as long as intergravel flows
8
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1 and dissolved oxygen are normal. As described in sections III.A.2 and III.A.3, there is no
2 evidence to suggest intergravel flows or dissolved oxygen on the Sacramento River deviate from
3 the favorable incubation conditions seen in other Central Valley rivers.
4

19.

The State Plaintiffs’ declarant (Rosenfield Decl. ¶ 32) does not consider USFWS

5 (1999), Del Rio et al. (2019), or Martin et al. (2020) and relies primarily upon temperature6 dependent mortality estimated by the Martin model (Martin et al. 2017). As discussed in detail in
7 section VI, the approach relied upon by Martin et al. (2017) cannot reliably estimate TDM and

SOMACH SIMMONS & DUNN
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8 cannot statistically distinguish a critical temperature of 53.5oF from the critical temperature of
9 56oF supported by USFWS (1999).
10

B.

Winter-run conservation hatchery

11

20.

The USFWS operates an artificial propagation program for winter-run Chinook

12 salmon. The program was initially located at Coleman National Fish Hatchery (on Battle Creek),
13 but was relocated to Livingston Stone on the upper Sacramento River in 1997. The Livingston
14 Stone National Fish Hatchery (LSNFH) winter-run conservation program is supported in the
15 NMFS draft Recovery Plan (NMFS 2014) and is authorized under the Federal Endangered Species
16 Act (ESA) (NMFS 2017). The program includes two elements: (i) the Winter Chinook Integrated17 Recovery Supplementation Program (IRSP), and (ii) the Winter Chinook Captive Broodstock

DOWNEY BRAND LLP

18 Program (CBP). As described by NMFS (2017):
19
20

[The ISRP] propagates winter-run Chinook salmon that are managed to be
integrated with the natural population in the Upper Sacramento River and are
intended to provide demographic enhancement to aid in the resilience, rebuilding
and recovery of that population.

21
22
23
24

[The CPB] is conducted by withholding from release a portion of the juveniles
produced annually in the ISRP and rearing them to maturity at LSNHF. Thus,
winter-run Chinook salmon captive broodstock are sourced from a program is
operated with an integrated-recovery strategy

25

Together with the IRSP, the Winter Chinook CBP is expected to increase the
security of the SR winter-run Chinook salmon ESU by rearing a captive population
in a safe and secure environment.

26

21.

Since 1998, the LSNFH conservation program has annually released an average of

27 247,000 (range: 30,840-609,311) winter-run smolts to supplement natural in-river production
28 (Table 1). Programs that rely mostly on returns of hatchery produced fish for use as broodstock
9
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1 are prone to domestication selection—the loss of traits that allow fish to survive and reproduce
2 successfully in the natural environment. To minimize potentially harmful effects of domestication
3 selection, NMFS (2017) specifies that only naturally produced winter-run Chinook salmon are to
4 be used as broodstock at LSNFH. Though this standard can be temporarily relaxed, no other
5 Central Valley salmon or steelhead hatchery is operated as a conservation facility that regularly
6 incorporates natural origin fish into their broodstock. Thus, the LSNFH conservation hatchery
7 program has, and continues, to contribute substantially to the viability and resilience of winter-run

SOMACH SIMMONS & DUNN
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8 Chinook salmon.
9
10
11
12
13
14
15
16
17
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18
19
20
21
22
23
24
25
26

22.

In evaluating the status of winter-run Chinook salmon, neither Dr. Rosenfield nor

27 Dr. Herbold consider the unique conservation attributes of the LSNFH winter-run Chinook
28 hatchery program, or the demographic benefits the program provides to the species.
10
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1

C.

Winter-run monitoring, status, and trends

2

23.

The status of winter-run Chinook salmon is informed principally by two monitoring

3 efforts: spawning escapement surveys and juvenile production estimates.
4 IV.

Spawner abundance

5

24.

Chinook salmon die after spawning which makes it possible to estimate the total

6 number of spawners by conducting a carcass mark-recapture survey. On the Sacramento River,
7 mark-recapture of dead salmon (a carcass survey) provides the basis for annual estimates of

SOMACH SIMMONS & DUNN
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8 spawning female numbers. The carcass survey is not a direct count. Rather, it is an estimate
9 based on the number of carcasses observed and marked relative to the number of unmarked
10 carcasses in subsequent surveys. The distribution of winter-run spawning is most reliably
11 determined by where and when female carcasses are recovered.
12

25.

Based on counts at the Red Bluff Diversion Dam (RBDD) (before carcass survey-

13 based escapement estimates were implemented), the Sacramento River winter-run Chinook
14 population declined at an average rate of 18% per year between 1967 and the early 1990s
15 (CA HSRG 2012). The abundance of adult winter-run Chinook salmon population reached a low
16 abundance in 1994 when an estimated 189 adults passed above RBDD. The abundance of winter17 run Chinook has generally increased since 1994 to a high of >17,000 in 2006, but began to decline

DOWNEY BRAND LLP

18 again in 2007 (Figure 1). The 2007-2011 decline has been attributed to a range of factors
19 including loss of life history diversity, degraded freshwater habitat, excessive harvest, and poor
20 ocean conditions; factors that have also affected other runs of Central Valley Chinook salmon
21 (Lindley et al. 2009). Abundance declined after the 2014-2015 drought, but still remained higher
22 than levels observed during the early 1990s and in 2011. In 2019-2021, the winter-run population
23 rebounded to the highest levels seen since 2005-2006 (Figure 1).
24 ///
25 ///
26 ///
27 ///
28 ///
11
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1
2
3
4
5
6
7
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8
9
10
11
12
13
14

D.

Juvenile production

15

26.

USFWS uses catch of likely winter-run Chinook juveniles at the RBDD rotary

16 screw traps to estimate a juvenile production index (JPI). The JPI is an estimate of the total
17 number of juvenile winter-run produced in each year that survive to pass the RBDD trapping
DOWNEY BRAND LLP

18 location. The JPI estimate expands daily catch at the RBDD rotary screw traps to account for
19 efficiency of the traps (the proportion of fish passing the traps that are expected to be captured)
20 and for periods of time (hours or days) when no trapping occurred. Juvenile salmon larger than
21 fry (>45 millimeter fork length) are converted to “fry equivalents” at 1.7:1, such that each fish
22 larger than a fry is considered to equal 1.7 fry. This methodology standardizes all estimated
23 production to fry.
24

27.

The JPI was developed to provide a measure of winter-run juvenile year-class

25 strength and to provide a backup (or verification) of carcass survey-based spawner estimates
26 (C.D. Martin et al. 2001). The JPI is considered the most reliable indicator of year-class strength
27 for winter-run Chinook salmon—when it is available it is used to set take limits for Delta water
28
12
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1 project operations (CDFW 2021a, 2021b) and to forecast adult abundance in the ocean (O’Farrell
2 et al. 2016).
3

28.

Estimates of ETF survival are also reported by USFWS. However, unlike the JPI

4 that is calculated from a single direct estimate of juvenile abundance using catch in a rotary screw
5 trap, ETF survival on the Sacramento River is calculated from multiple separate estimates from
6 different life stages. ETF is based upon the JPI and female spawner abundance estimate, but also
7 incorporates a number of additional assumptions (e.g., that all spawning females produce viable

SOMACH SIMMONS & DUNN
A Professional Corporation

8 eggs) and depends upon, and does not account for, uncertainty in estimates of female spawner
9 abundance and the number of eggs per spawning female (see section 3.1 of Exhibit B). ETF
10 survival estimates provide a coarse assessment of egg incubation success, but are a less useful
11 predictor of year-class strength than the JPI. For example, in forecasting the abundance of adult
12 winter-run Chinook in the ocean, O’Farrell et al. (2016) found that a model including ETF
13 survival was “outperformed” by a model relying on female abundance and the JPI.
14

29.

Abundance of juvenile winter-run Chinook (as indexed by the JPI) shows

15 considerable year-to-year variation (Figure 2), driven primarily by abundance of female spawners.
16 The JPI for 2021 has not been finalized, but is currently estimated at 796,403 fry equivalents
17 (CDFW 2021b). Relative to 6,199 estimated female spawners, this is a low level of juvenile

DOWNEY BRAND LLP

18 production. However, the 2021 JPI is higher than values observed for 2014, 2015, 2016, and 2017
19 (Figure 2). Since most winter-run mature at age-3, adult spawner abundance three years after
20 juvenile out-migration shows how juveniles performed after leaving the upper Sacramento River.
21 Juveniles produced by the 2014-2017 brood years (including smolts released from the
22 conservation hatchery), produced an average adult return of more than 3,900 fish between 2017
23 and 2020.
24 ///
25 ///
26 ///
27 ///
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30.

Though winter-run smolts produced by the conservation hatchery at LSNFH

19 contributed disproportionally to spawning escapements in 2017 and 2018 (~18% of spawners were
20 natural origin), the abundance of natural origin winter-run rebounded to 5,043 spawners (~63%
21 natural origin) in 2019 (CDFW 2019). Dr. Rosenfield expressed concern about the relatively high
22 percentage of hatchery origin returns in 2017 and 2018 (Rosenfield Decl. n.5), but LSNFH has
23 been carefully managed as a conservation program for decades and its purpose is to help the
24 winter-run Chinook population persist through periods of adverse condition—a function it
25 performs well.
26

E.

Egg-to-fry survival in 2020 and 2021

27

31.

Declarants for the State Plaintiffs and PCFFA Plaintiffs claim that low estimates

28 for winter-run ETF survival in 2020 and 2021 are attributable primarily to excessively warm water
14
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1 temperature in the Sacramento River (Rosenfield Decl. ¶¶ 13, 17, Herbold Decl. ¶¶ 29-31, both
2 relying primarily on the Martin model). In fact, water temperatures during winter-run egg
3 incubation were below 56oF during the entirety of the 2020 incubation season, and in 2021, until
4 roughly half of incubating winter-run had already hatched (Figure 3). As discussed in section VI,
5 the Martin model cannot reliably estimate TDM. The Martin model was developed based on data
6 from 1997-2015. When the model is applied to newer observations (years 2016-2021), it has
7 severely overestimated ETF survival in four of five years by 30% to 139% (Table 2). This finding

SOMACH SIMMONS & DUNN
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8 strongly suggests there are factors in addition to TDM that are influencing observed patterns of
9 ETF survival among Sacramento River winter-run Chinook.
10
11
12
13
14
15
16
17
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32.

Both Dr. Rosenfield (Rosenfield Decl. ¶ 13) and Dr. Herbold (Herbold Decl. ¶ 29)

13 briefly acknowledge a deficiency in the vitamin thiamine, but they do not consider evidence
14 regarding the magnitude and consequences of thiamine deficiency for survival of winter-run eggs.
15 The problem of thiamine deficiency was first recognized in 2020, and it continued to be a problem
16 for winter-run in 2021. As described in the draft 2021 JPE letter (CDFW 2021b):
17

23

Additional early life stage mortality was likely due to thiamine deficiency complex
syndrome, thought to be the result of shifts in marine forage fish species off the
coast of California. Thiamine concentrations in egg samples from 30 females
spawned at LSNFH in 2021 showed 83 percent of females with thiamine low
enough where some fry mortality would be expected (T. Lipscomb, USFWS, pers.
comm.). Any thiamine deficiency impacts manifested in egg viability or early fry
stages will lead to a reduced JPI compared to what would have been observed
absent thiamine deficiency impacts . . . . The assumption that most mortality would
occur prior to outmigration is consistent with observations at Central Valley
hatcheries, where mortality and behavioral abnormalities associated with thiamine
deficiency in hatchery-origin juveniles were documented soon after hatch. Survival
studies of untreated fish would be necessary to understand lower survival due to
latent effects of thiamine deficiency.

24

33.

DOWNEY BRAND LLP

18
19
20
21
22

The fact that 83% of female winter-run sampled at LSNFH were thiamine deficient

25 at levels sufficient to cause mortality during egg incubation is significant. The effects of thiamine
26 deficiency on egg or early fry survival have not been studied for naturally spawning winter-run
27 Chinook salmon, but these effects are expected to be more severe than adverse effects observed in
28
16
DECLARATION OF CAVALLO IN SUPPORT OF INTERVENOR-DEFENDANTS’ OPPOSITION TO MOTIONS
FOR INTERIM INJUNCTIVE RELIEF AND MOTION FOR REMAND WITHOUT VACATUR

Case 1:20-cv-00431-DAD-EPG Document 333 Filed 01/10/22 Page 18 of 178

1 the hatchery or laboratory settings (https://www.fisheries.noaa.gov/west-coast/science-data/
2 monitoring-thiamine-deficiency-california-salmon).
3
4
5
6
7

SOMACH SIMMONS & DUNN
A Professional Corporation

8
9
10
11
12
13
14
15
16
17
DOWNEY BRAND LLP

18
19
20
21
22
23

34.

In addition, when the abundance of adult salmon exceeds the capacity of habitat to

24 support successful spawning or early rearing of juveniles—an effect known as density dependence
25 can occur. Plotting estimated ETF survival against abundance of female winter-run Chinook
26 (Figure 4) demonstrates that the highest ETF survival rates occur when the number of female
27 spawners is low (<1,000 fish), while lower ETF survival occurs when female spawner abundance
28
17
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1 is higher than about 4,000. In 2021, the number of female spawners is estimated to be 5,860
2 indicating a lower ETF survival value was expected.
3

35.

Thiamine deficiency is thought to be an important factor that contributed to

4 relatively poor ETF survival (11%) in 2020 (CDFW 2021a). Thiamine deficiency is the primary
5 culprit for low ETF survival observed in 2020 because water temperatures were cold (averaging
6 53.8oF at CCR, May-October) and because there were fewer than 4,000 female spawners
7 (Table 1). In 2021, worse ETF survival (2.6%) is most likely due to an uncertain combination of

DOWNEY BRAND LLP
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8 continued thiamine deficiency, density dependence, and elevated water temperatures that occurred
9 after approximately 50% of winter-run eggs had already hatched and emerged from the gravel.
10

36.

There are two other factors that introduce additional uncertainty in estimated JPI

11 and ETF survival for the 2021 brood year of winter-run Chinook.
12

•

Changes to juvenile trapping at RBDD in 2021. Migrating fry, pre-smolts, and

13

smolts are monitored by using rotary screw traps at the RBDD located

14

approximately 60 miles downstream of Keswick Dam. Rotary screw traps are a

15

standard fisheries monitoring device that can be effective in temporarily capturing a

16

small fraction of downstream migrating juvenile salmon. All winter-run juveniles

17

must pass through the segment of the river where the traps are located, but only a

18

small fraction can be captured. The abundance of fish passing RBDD is estimated

19

by performing trials to estimate capture probability and then extrapolating from the

20

number observed at the trap to the total number of fish passing the traps. However,

21

USFWS implemented a new configuration of rotary screw traps at RBDD in 2021,

22

and only 13 trials were available to characterize capture-efficiency with this new

23

configuration (CDFW 2021b). More capture-efficiency trials with the new

24

trapping configuration may lead to changes in the JPI for 2021, and also to changes

25

in estimated ETF survival (which depends on the JPI estimate).

26

•

No sampling during a large, two-day flow pulse when a peak of winter-run

27

out-migration likely occurred. A large magnitude flow event (nearly

28

37,000 cubic feet per second (cfs) occurred in late October 2021 (Figure 5). No
18
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1

juvenile trapping occurred during a two-day period coinciding with this event,

2

despite the fact that a flow pulse of this kind is expected to be associated with

3

increased out-migration of winter-run fry. In 2005, USFWS conducted a special

4

investigation to evaluate juvenile passage during storm events (Poytress et al.

5

2014). In their report, they describe the collecting of large numbers of Chinook

6

salmon during the study:

7

During this storm event, sampling was conducted following the peak of
river discharge as river stage decreased, but while turbidity continued to
peak (Figure 27a). The planned 24-hour sample had to be cut short due
to the huge influx of fry and smolt passage that occurred during the
turbidity increase (i.e., from 10’s to 1,000’s per hour) and the need to
reduce the potential impact to listed winter Chinook.
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37.

For days when samples are not collected, USFWS imputes the missing values

12 based on the interpolated mean of available observations before and after the missed days
13 (Poytress et al. 2014). This approach is acceptable if environmental conditions (i.e., river flow)
14 are stable, but is likely to introduce substantial negative bias to estimates if no samples are
15 collected during a flow pulse like that which occurred in late October 2021. To evaluate the
16 magnitude of this potential bias, I analyzed the catch associated with another flow event (nearly
17 18,000 cfs) that occurred in early November 2021 (Figure 5). This event was sampled by USFWS

DOWNEY BRAND LLP

18 and led to an 8x and 3x increase in estimated passage of winter-run fry during the first and second
19 day of the flow event, respectively (relative to catch the day before the flow event began).
20 Applying this pattern to the larger magnitude October flow pulse conservatively suggests as many
21 as (or more than) 60,000 additional winter-run fry may have passed during the two-day period
22 when no sampling occurred.
23 ///
24 ///
25 ///
26 ///
27 ///
28 ///
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F.

Available information suggests the winter-run population is not jeopardized
by the 2020 and 2021 brood year production

38.

A framework for assessing the extinction risk of the Sacramento River winter-run

22
23

24 Chinook salmon is provided by Lindley et al. (2007). For the winter-run population to be
25 considered at low risk of extinction (i.e., defined as <5% chance of extinction within 100 years)
26 the population viability assessment must demonstrate “low” risk level for each of the following
27 criteria:
28
20
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•

1
2

years);

3

•

Population decline (change in population growth rate);

4

•

Catastrophic decline (catastrophic abundance declines occurring within the past

5

10 years);
•

6
7
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8

Hatchery influence (determined by hatchery practices and abundance of hatchery
produced fish on the spawning grounds).

39.

The most recent formal five-year status review (NMFS 2016) considered data

9 available through 2015. It concluded that extinction risk for winter-run Chinook was low for
10 “Population size” and for “Catastrophic decline,” and moderate extinction risk for “Population
11 decline” and “Hatchery influence.” Since overall risk to the population is determined by the
12 highest risk score, winter-run Chinook continued to be at moderate risk overall in the 2016 review.
13
14

40.

Including data available through the 2021 brood year:
•

15
16

DOWNEY BRAND LLP

Population size (size of the spawning population combined over the previous three

“Population size” has improved since 2018 and continues to satisfy the low risk
standard of >2,500 (Figure 6).

•

The “Population decline” criteria is assessed by calculating the slope in log-

17

transformed estimated run sizes for the previous ten years. Using data through

18

2021, “Population decline” is slightly positive (0.045) and thus improved over the

19

value reported in the 2016 NMFS status review (-0.15).

20

•

“Catastrophic decline” is based upon the largest year-to-year decline in total

21

population size (N) over the most recent 10 such ratios. Using data through 2021,

22

the catastrophic decline criteria should remain unchanged at low.

23

•

LSNFH is operated as a “best-management practices” hatchery, as a result the

24

proportion of hatchery fish on the spawning grounds (pHOS) is evaluated more

25

leniently than for non-conservation hatcheries (Lindley et al. 2007). However,

26

pHOS averaged 82% in 2017 and 2018. Adult natural origin winter-run have been

27

abundant since 2019 (averaging more than 4,000 fish), but returns of hatchery

28

produced winter-run have also been high. The previous status review classified
21
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1

“Hatchery influence” as a moderate risk, but it may be justified to now consider

2

this risk as high.
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41.

Since overall risk to the population is determined by the highest risk score, overall

20 winter-run Chinook extinction risk will likely be determined by the “hatchery influence” criteria;
21 available data for the other three criteria should be considered “low” risk. Moderating production
22 of winter-run Chinook hatchery smolts could reduce pHOS to below the 50% threshold considered
23 for “medium” extinction risk. Alternatively, excess returns of adult hatchery origin winter-run
24 Chinook could be removed from the Sacramento River, potentially for use in experimental
25 reintroduction programs underway in Battle Creek or planned for the McCloud River.
26

42.

The wet conditions experienced in the Sacramento basin from October through

27 December 2021 (when juvenile winter-run were out-migrating) should improve the growth and
28 survival for juvenile Chinook salmon of the 2021 brood year.
22
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1

43.

Based upon the NMFS extinction risk criteria described previously, it is my opinion

2 the adult returns from the 2020 and 2021 brood years are unlikely to increase the extinction risk of
3 Sacramento River winter-run Chinook. If juvenile survival is not well below typical values, the
4 “Population size” criterion should remain at low risk (Figure 6), as should “Population decline”
5 and “Catastrophic decline.” Importantly, ocean conditions are the primary driver of juvenile
6 survival—the analysis of O’Farrell et al. (2016) does not indicate management of Sacramento
7 River flows and temperatures in 2022 will affect juvenile survival of the 2021 brood year.
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8

44.

The potential for “Hatchery influence” risk to winter-run Chinook has likely

9 increased since the last status review (NMFS 2016). If “Hatchery influence” is considered a high
10 risk now, it is likely to remain a high risk when adults return from the 2020-2021 brood years in
11 2023-2024.
12

45.

The State Plaintiffs’ declarant, Dr. Bruce Herbold makes several claims about the

13 current status of winter-run Chinook and the likelihood of their imminent extinction.
14
15

Since survival [of winter-run Chinook] was very low in 2020 and is projected to be
low in 2021, it is essential that we have better survival in 2022 to avoid having
three consecutive failed generations. (Herbold Decl. ¶ 33.)

16

46.

Estimated ETF survival was relatively low in 2020 (despite cold water

17 temperatures) and in 2021, but the JPI estimates for these years were not uniquely low (Figure 1).
DOWNEY BRAND LLP

18 Furthermore, the LSNFH conservation hatchery released more than 500,000 winter-run smolts in
19 both years. There is no evidence or objective data analysis available which supports the
20 conclusion that 2020 and 2021 are likely to be failed generations for winter-run Chinook salmon.
21
22

With little water in reserve and no assurance of what environmental and
management challenges will hit them while they are down in 2022, the endangered
species [including winter-run Chinook] are closer to extinction than any of them
have been since they were listed. (Herbold Decl. ¶ 65.)

23
24

47.

Winter-run Chinook were at considerably greater risk of extinction in the early

25 1990s. Abundance was lower in the 1990s than it was in 2016-2017 (following the previous
26 drought). Furthermore, the LSNFH winter-run Chinook conservation hatchery did not begin
27 releasing smolts until 1998. As detailed previously, declines in adult abundance associated with
28
23
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1 the 2020-2021 brood years are likely to be comparable or less severe than observed in 2010-2011
2 and 2016-2017 time periods.
3 V.

Spring-run Chinook

4

A.

Populations critical to viability and recovery of Central Valley spring-run
Chinook not adversely affected by Sacramento River temperature
management

48.

The State Plaintiffs’ declarant Dr. Rosenfield opines that the viability of Central

5
6

7 Valley spring-run Chinook salmon is threatened by Sacramento River water temperatures for adult

SOMACH SIMMONS & DUNN
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8 holding, spawning, and early egg incubation (Rosenfield Decl. ¶ 20). I disagree with
9 Dr. Rosenfield’s assessment. In fact, the viability of the Central Valley spring-run Chinook ESU
10 is not appreciably influenced by water temperatures in the mainstem Sacramento River.
11

49.

A key element of the recovery strategy for spring-run Chinook is to categorize

12 tributaries based upon their ability (or potential) to support recovery of the ESU (NMFS 2014).
13 “Core 1” tributaries are those that exhibit the known ability (or strong potential) to support a
14 viable population with low extinction risk. Deer Creek, Mill Creek, Butte Creek, Battle Creek,
15 and Clear Creek are the only rivers currently identified as “Core 1” for the spring-run Chinook
16 ESU. Thus, the viability of spring-run ESU is presently and primarily determined by the status of
17 the five “Core 1” tributary populations, which does not include the current Sacramento River

DOWNEY BRAND LLP

18 mainstem population.
19

50.

The mainstem Sacramento River population of spring-run Chinook could

20 potentially contribute to recovery of the ESU in the future, but water management in 2022 will not
21 affect this outcome. This is the case because a viable spring-run Chinook salmon population
22 requires spatial segregation and geographic isolation from fall-run Chinook (NMFS 2014). The
23 Sacramento River mainstem spring-run population is considered by the CDFW to have largely
24 been eliminated through competition and hybridization with fall run salmon (CDFW 2016). I
25 agree with CDFW’s assessment. The Sacramento River mainstem might support a viable spring26 run population in the future only if artificial segregation were provided. Additional explanation of
27 these points is provided in sections 3.2, 3.3, and 3.5 of my June 8, 2020 Declaration, attached as
28 Exhibit C for reference.
24
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1

51.

For these reasons, it is my opinion that there is no basis for 2022 Sacramento River

2 temperature management to appreciably diminish the viability of the Central Valley spring-run
3 Chinook ESU.
4

52.

Dr. Rosenfield’s declaration (Rosenfield Decl. ¶ 21) calls attention to an estimated

5 92.5% pre-spawning mortality that occurred among approximately 16,000 adult spring-run
6 Chinook that returned to Butte Creek in 2021. The 92.5% pre-spawning morality was due to
7 “high river temperatures from late May through August 2021” (Rosenfield Decl. ¶ 21). The

SOMACH SIMMONS & DUNN
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8 catastrophic pre-spawning mortality Butte Creek spring-run Chinook experienced in 2021
9 contrasts sharply with pre-spawning mortality observed among Sacramento River winter-run
10 Chinook in 2021. CDFW (2021) reports winter-run pre-spawning mortality at 5.5% in 2021 and
11 Dr. Rosenfield attributes significance to this result (Rosenfield Decl. ¶ 21). However, according
12 to CDFW (2019), the 1997-2019 average pre-spawning mortality for winter-run Chinook is 2%
13 (ranging from 1 to 5%). Unlike Butte Creek, pre-spawning mortality among Sacramento River
14 winter-run Chinook in 2021 was not unusually high and did not appreciably contribute to reduced
15 juvenile productivity.
16

53.

It is important to note that the abundance of spring-run Chinook in Mill and Deer

17 Creeks (Core 1 populations) crashed after the 2013-2015 drought, and unlike Sacramento River
DOWNEY BRAND LLP

18 winter-run, these populations have still have not recovered. A combined total of just
19 170 spawning adult spring-run were estimated for Mill and Deer Creeks in 2020 (CDFW 2021c).
20 Water temperatures and flows in Butte, Deer, and Mill Creeks are not controlled or influenced by
21 Shasta operations or by the Sacramento River, but temperatures (Figure 7) in these streams
22 (particularly during droughts) frequently exceed temperature requirements that Dr. Rosenfield
23 recommends for the Sacramento River.
24 ///
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54.

The State Plaintiffs’ declarant Dr. Rosenfield claims that the viability of Central

24 Valley spring-run Chinook salmon is threatened by flow-related survival impacts to juvenile
25 spring-run emigrating from Sacramento River tributaries (Rosenfield Decl. ¶ 22). Dr. Rosenfield’s
26 opinion that low flows during spring 2021 resulted in low out-migration survival is flawed in
27 several ways. First, it focuses narrowly on one specific window for juvenile out-migration. The
28 most recent research indicates Central Valley spring-run Chinook salmon have evolved multiple
26
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1 out-migration strategies that migrate at different times of year and at different sizes. This strategy
2 confers resilience to the population during drought conditions (Cordoleani et al. 2019). Second,
3 the most common out-migration strategy for spring-run is to emigrate as fry shortly after
4 emergence, primarily between December and March (CDFW 2013). Age zero smolts (smolts that
5 have spent less than one year in freshwater) that migrate in the April-June period did experience
6 lower flows in spring 2021 relative to recent wet years. However, an analysis of pre- and post-dam
7 flows in the Sacramento River shows flows in May and June are higher in the post-dam period due
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8 to dam releases. Thus, prior to the construction of Shasta Dam, age zero spring-run smolts likely
9 migrated under lower May-June flows than they do today (Zeug et al. 2011). Finally, spring- run
10 juveniles may remain in the natal stream over summer and migrate as yearling smolts (CDFW
11 2013; Cordoleani et al. 2019). These yearling smolts migrate primarily in late fall and early winter
12 of their second year in freshwater. All of these different migratory strategies contribute to the
13 population of returning adults and yearling smolts have recently been found to be especially
14 important for imparting resiliency of Central Valley spring-run populations during drought
15 conditions (Cordoleani et al. 2021). Thus, Dr. Rosenfield’s opinion is incorrect in focusing on a
16 single, late spring out-migration window for age-0 smolts and ignoring that other out-migration
17 strategies (fry and age-1 smolts) appear to be more important to drought resilience of spring-run.
DOWNEY BRAND LLP

18 Dr. Rosenfield also does not recognize that Sacramento River late spring flows during droughts are
19 higher now than they were historically.

21

Shasta Operations proposed under the 2022 IOP and the PCFFA Plaintiffs’ proposed
injunction are in large part predicated on the Martin model, but the Martin model
cannot reliably estimate TDM

22

A.

Martin model background

23

55.

The Martin model was developed in the aftermath of the 2013-2015 drought. The

20 VI.

24 model purports to estimate TDM for winter-run Chinook salmon eggs incubating in the
25 Sacramento River. A peer-reviewed publication, Martin et al. (2017), describes a thermal hazard
26 model, constructed using estimates of female spawning, estimates of fecundity, model-based
27 estimates of temperatures experienced by each redd during incubation, and estimates of fry
28 production (the fry-equivalent JPI). In addition to these data sources, the Martin model’s TDM
27
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1 estimates require a number of assumptions that are unlikely to be satisfied (Gore et al. 2018).
2 Specifically:
•

3
4

viable eggs;
•

5
6

•

8
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all sources of mortality other than temperature-dependent egg mortality are
assumed to constant and the same across all years; and

7

9

for each year, all spawning females are assumed to produce an equal number of

the number of spawning females, fecundity and fry-equivalent JPI are known
precisely without error.

56.

ETF survival of salmonid embryos has been a topic of considerable research, and is

10 associated with a well-understood, accepted methodology (Rubin 1995; Dumas and Marty 2006;
11 Roni et al. 2015). Robust and reliable methods for estimating ETF survival in the field include
12 burial of a known number of eggs in incubation containers so fry produced can be captured and
13 counted as they emerge from the gravel. Exhibit B, Figure 7 depicts an accepted approach for
14 estimating ETF survival in the field, while Exhibit B, Figure 8 depicts the approach relied upon by
15 USFWS and Martin et al. (2017). The response variable referred to by Plaintiffs (and others) as
16 “egg-to-fry survival” in fact includes additional sources of mortality and uncertainty which are
17 unaccounted for. More details on these foundational problems with the Martin et al. (2017)

DOWNEY BRAND LLP

18 approach are described in Exhibit B, section 3.2.
19

57.

The analysis presented in Martin et al. (2017) depends on the estimation of four

20 parameters:
21

Tc: The temperature above which thermal mortality begins to occur (“T crit”);

22

t: The daily rate at which eggs die when the estimated T crit is exceeded (“Beta t”);

23

K: The number of adult females above which density dependent mortality occurs;

24

S0: Estimated survival in the absence of TDM or density dependent mortality.

25

58.

Two of the four model parameters (Tc and t) are applied assuming constant water

26 temperatures during the entirety of the egg incubation period to provide a simplified depiction of
27 estimated TDM (Figure 8). This summary result of the Martin model has been relied on by
28 biologists and managers to assess the effect of water temperature on survival and for decision
28
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1 making about temperature management on the Sacramento River. For example, the graphic
2 (Figure 8) was provided to parties by the Federal Defendants on October 21, 2021, and was also
3 included in Dr. Rosenfield’s declaration. The full version of the Martin model (not just Figure 8)
4 has also been used for predicting incremental increases in TDM associated with operations—that
5 is, where temperatures vary through time, rather than being held constant through the incubation
6 period.
7
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18
19
20
21
22
23
24
25
26
27
28

59.

Critically, applications of the Martin model to evaluate Sacramento River

temperature management alternatives (for example in the 2022 IOP proposed by Federal
Defendants and State Plaintiffs, and by the PCFFA Plaintiffs), have not considered uncertainty in
estimates of TDM. When a mathematical model (like the Martin model) is used, estimate
uncertainty is typically represented as a confidence interval (CI). A 95% CI is typically used for
biological and ecological models. A narrow 95% CI suggests decision makers can be confident the
29
DECLARATION OF CAVALLO IN SUPPORT OF INTERVENOR-DEFENDANTS’ OPPOSITION TO MOTIONS
FOR INTERIM INJUNCTIVE RELIEF AND MOTION FOR REMAND WITHOUT VACATUR

Case 1:20-cv-00431-DAD-EPG Document 333 Filed 01/10/22 Page 31 of 178

1 true value1 is included in the range of outcomes predicted by the model. In contrast, a wider 95%
2 CI indicates the model has limited capacity to predict the true value. Results of the Martin model
3 have been applied and reported almost universally as point estimates, with no indication of
4 associated CIs. The absence of CIs has given the impression that the Martin model provides very
5 precise estimates of TDM. When appropriate CIs are included (CFS 2022 section 3, attached
6 hereto as Exhibit D; Constandache Decl.), it becomes clear that the different water temperatures
7 recommended and disputed by the Plaintiffs and Federal Defendants result in indistinguishable

SOMACH SIMMONS & DUNN
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8 changes in TDM.
9

B.

The procedures for estimating key parameters of the Martin model have not
previously been disclosed or subjected to independent scientific review

60.

Though independent scientific reviews of the Martin model have raised significant

10
11

12 questions about reliability of data sources and underlying assumptions (e.g., Gore et al. 2018), it
13 appears the specific analytical code used to estimate Tc and βT (the parameters that drive most of
14 the uncertainty is estimated TDM) has not been previously reported or independently evaluated.
15 The Martin model publication (Martin et al. 2017) only briefly describes the analytical procedure
16 used to estimate these parameters. Programming code needed to reproduce or evaluate these
17 analytical procedures was not included with Martin et al. (2017) publication, or in other publicly

DOWNEY BRAND LLP

18 available sources.
19

61.

As detailed in Exhibit D, we requested and eventually received the analytical code

20 NMFS indicated they have relied upon (and continue to rely on) to estimate TDM. In addition to
21 the foundational problems of the Martin model described previously, we used the code to develop
22 appropriate confidence intervals for TDM, and while doing so identified serious problems that
23 have not previously been disclosed or considered.
24
25
26

1

The “true value” of TDM in the Sacramento River, under a given set of conditions is not known. However,

27 mathematical simulation allows us to define a true value or “ground truth” in a data set and see if the model can

capture the true value by its predictions. Dr. Constandache performed this analysis and found that with realistic levels

28 of noise in field observations, estimates of the Martin model did not consistently converge on the true value.
30
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1

C.

Mathematical approaches in the code for the Martin model are not suitable
for predicting or managing TDM

62.

As described in Exhibit D, the analytical code relied upon by NMFS cannot

2
3

4 identify a “best fit” parameter set for Tc and βT (also referred to as “Tcrit” and “BetaT”), indicated
5 the model is non-identifiable. In other words, the statistical approach to the model cannot reliably

SOMACH SIMMONS & DUNN
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6 identify a narrow, specific value for Tcrit or BetaT.
7

63.

8

These results show that the estimates produced from the multiple synthetic data sets
cluster around a curve, instead of a single point in parameter space. This is a strong
indication that the model suffers from a type of mathematical weakness called nonidentifiability . . . .

9
10

Dr. Constandache reports:

11 Constandache Decl. ¶ 9.
12
13
14
15

The extremely wide CI for β 𝑇 shows that that parameter spans several orders of
magnitude and is, for all practical purposes, non-identifiable. To understand just
how wide this CI is, one needs to consider the implied daily mortality rates when
the temperature exceeds the critical value by 1oC: at the low end of the 95% CI, the
daily temperature related mortality would be 0.7%, while at the high end it would
be 98.5%.

16 Constandache Decl. ¶ 14.b.
17

64.

When a model is non-identifiable, parameters cannot be estimated with a level

DOWNEY BRAND LLP

18 precision necessary for the model to be useful.
19

65.

In addition to non-identifiability, the 95% CI for Tc reported in Martin et al. (2017)

20 range from 51.4°F to 56.7°F. This indicates there is no statistical difference between the Martin
21 model reported Tc of 53.5°F and the previous management target temperature (56°F), which was
22 derived from the laboratory study of winter-run Chinook salmon (USFWS 1999).
23

66.

For βT, the 95% CI reported by Martin et al. (2017) ranges from 0.007 to 4.21.

24 This is an extremely wide CI that has massive influence on estimated TDM. When water
o
25 temperature exceeds Tc by 1 C at the low end of βT (0.007), the daily temperature related mortality
o
26 would be 0.7%. In contrast, when water temperature exceeds Tc by 1 C at the high end of βT

27 (4.21), daily mortality would be 98.5%. In other words, the range of rates at which eggs die when
28
31
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1 Tcrit is exceeded produces TDM estimates from 0.7% to 98.5%—a range that is so broad that the
2 true rate of mortality could be almost any value.
3

67.

However, the Martin model substantially under-represents true uncertainty in their

4 estimation of Tc and βT. When fitting a model to data, it is standard practice to account for
5 uncertainty in available observations. For example, the model used for forecasting abundance of
6 adult winter-run Chinook salmon (i.e., the number of adults that can be expected in a given year)
7 (O’Farrell et al. 2016) that was described previously, includes and accounts for uncertainty in

SOMACH SIMMONS & DUNN
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8 estimates of both female abundance (i.e., the number of female spawners) and fry-equivalent JPI
9 (i.e., the number of estimated juveniles). The code for estimating parameters of the Martin model
10 does not account for uncertainty in either of these estimates. Instead, the Martin model assumes
11 these values are known without error.
12

68.

It might be argued that uncertainty in the estimates of Beta T and T crit are

13 individually inconsequential because the joint probability of these two parameters is what is
14 important—that the joint probability is narrow and yields precise estimates of TDM. This is not
15 the case. Dr. Constandache used the analytical code provided by NMFS to generate CIs for the
16 joint probability of these two parameters. The result confirms there is considerable uncertainty in
17 the relationship (Figure 9) and that this uncertainty is greatest within the range of temperatures

DOWNEY BRAND LLP

18 being disputed in this case (53 to 56oF). For example, at 53.6oF (the Tc estimated by Martin et al.
19 2017), the 95% CI for TDM ranges from 0 to ~65% (Figure 9). At 55oF, the 95% CI ranges from
20 0% to nearly 100% (Figure 9). Reporting TDM as a single point estimate, or a series of point
21 estimates (e.g., Figure 8) omits the large amount of uncertainty in the parameters of the Martin
22 model and gives false confidence in predicted TDM. Proposed Orders of the Federal Defendants
23 and the Plaintiffs (and their respective declarants) presume that differences between proposed
24 water temperatures below 56oF will yield meaningful changes in winter-run egg incubation
25 success. Those conclusions are simply not supported by the Martin model or any other analytical
26 tool.
27 ///
28 ///
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18

69.

Collectively, the analyses performed by Dr. Constandache indicate the range of

19 possible values for Tc and βT are too large—estimates of TDM based on these results cannot
20 reasonably be expected to have predictive power and therefore should not be used to make
21 management decisions about Sacramento River water temperatures during egg incubation.
22

D.

Bayesian parameter estimation for the Martin model

23

70.

Between our initial request (October 5, 2021) and when we received the correct

24 code, we received code from NMFS that was based on a Bayesian analysis method called Markov
25 Chain Monte Carlo (MCMC) sampling. As described by Dr. Constandache:
26
27
28

We assumed that this [Bayesian MCMC code] was just the most recent code used
to analyze the data, due to the fact that MCMC methods are better suited for the
task: they can more easily accommodate models with strong nonlinearities, they
don’t require strong assumptions about the statistical properties of the noise (e.g.
normality), and they will automatically produce confidence intervals.
33
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1

71.

Dr. Constandache found significant problems with the Bayesian MCMC code

2 provided by NMFS. Constandache Decl. ¶ 17. However, since the Bayesian approach is a
3 superior method for attempting to estimate Martin model parameters, Dr. Constandache completed
4 a corrected implementation of the method and found:
•

5
6

it is approximately equally likely to take any value within the range allowed by the

7

prior assumption. See CFS 2022, Ex. D, fig. 7.
•
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8
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The parameter βT is non-identifiable. In the absence of artificially strict constraints,

Regardless of the prior assumptions imposed on βT, the 95% CI for Tc always
contains the value 13.3oC [56oF], hence the validity of the critical temperature

9
10

identified by the USFWS lab study (USFWS 1999) could also not be rejected by

11

the Bayesian analysis. In other words, under the Bayesian analysis, 56 degrees is

12

just as likely to be the critical temperature as 53.5 degrees.
•

13

When run on synthetic data sets, for which the true values of the parameters are

14

known, the MCMC algorithm has difficulties converging. This is not unexpected

15

for a non-identifiable model. At levels of noise that match those present in realistic

16

ETF survival data, even when the procedure converges, it produces parameter

17

estimates that are far from the ground truth values. CFS 2022, Ex. D at 12-14.

18

Thus, the data being used by the Martin model is not sufficient to estimate the

19

desired parameters regardless of the fitting methodology used (frequentist or

20

Bayesian).

21

72.

The application of the Bayesian approach affirms serious deficiencies in the Martin

22 model that were described previously. Estimates of TDM generated by the Martin model cannot
23 reasonably be expected to have predictive power and should not be used to make management
24 decisions about Sacramento River water temperatures during egg incubation.
25 VII.

Operating Shasta water temperatures for winter-run Chinook salmon

26

73.

As described at length in section VI, the Martin model does not support a critical

27 temperature of 53.5oF over a critical temperature of 56oF for winter-run Chinook egg incubation.
28
34
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1 Furthermore, the Martin model does not produce estimates of TDM that are reliable, meaningful,
2 or useful for informing management decisions.
3

74.

Laboratory studies conducted by USFWS provide the best available scientific

4 information to inform management of Sacramento River water temperatures during egg
5 incubation. It might be argued that poor ETF survival observed in 2014, 2015, and 2021
6 demonstrates that the 56oF standard is inadequately protective. However, as depicted in
7 Dr. Rosenfield’s declaration (Rosenfield Decl. Table 1), water temperatures at the CCR gauge

SOMACH SIMMONS & DUNN
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8 during these years exceeded 56oF. The pattern of ETF survival and average water temperatures at
9 Clear Creek (between May and October) reveals a split in available observations: ETF survival at
10 temperatures below 54.5oF ranges from 11 to 49%, while ETF survival at water temperatures
11 warmer than 56.5oF ranges from 3 to 5% (Figure 10). Importantly, no observations are available
12 for years with water temperatures between 54.5 and 56oF at the CCR gauge. Thus, field data on
13 ETF survival are not necessarily in conflict with the USFWS (1999) study recommending
14 temperatures not exceed 56oF during egg incubation.
15

75.

Dr. Rosenfield indicates that data from NMFS and USBR show that “in every year

16 between 1996 to 2016 when average daily temperatures at the CCR gauge were greater than 54.5F
17 . . . egg-to-fry survival was less than or equal to 17.5%” (Rosenfield Decl. ¶ 33). This statement is
DOWNEY BRAND LLP

18 misleading. A year when ETF survival estimates were available and when average water
19 temperature at the CCR gauge were warmer than 54.5oF but cooler than 56.5oF has never occurred
20 on the Sacramento River (Figure 10). In fact, poor survival (11%) was observed in 2020 when
21 average water temperatures were below 54oF. Lower ETF survival rates have only occurred when
22 average water temperatures have exceeded 56.5oF.
23

76.

I understand that cold water pool in Shasta is frequently limiting. In my opinion,

24 one key component of a strategy to help conserve the cold water pool is to not release waters that
25 are colder than needed for successful egg incubation. The Martin model cannot meaningfully
26 distinguish rates of TDM below 56oF. CFS 2022, Ex. D. As a result, there is no winter-run
27 specific scientific information that supports a water temperature of 53.5oF being appreciably better
28 for winter-run incubation success than a water temperature below 56oF.
35
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18
19
20
21

77.

If releasing waters to reach a temperature of 53.5oF at Clear Creek does not

22 adversely impact available cold water pool, then there is nothing biologically adverse with this
23 temperature. However, when cold water pool is limited, or may be limiting, it is necessary to
24 consider tradeoffs between how available water should be allocated during the incubation season.
25 This issue is discussed further in section VIII.
26 ///
27 ///
28 ///
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1 VIII. Continuing Shasta Operations under the 2019 BiOp for water year 2022 does not risk
“irreparable harm” to winter-run or spring-run Chinook salmon
2
3

78.

The 2019 BiOp specifies that in Tier 3 years water temperatures at the CCR gauge

4 will be managed to a target between 53.5 and 56oF during the critical egg incubation period. This
5 standard provides flexibility in how to manage available cold water pool to protect winter-run
6 Chinook salmon. Flexibility is essential because, as described in section III.A.3 and section VI,
7 we currently have minimal evidence that water temperatures colder than 56oF appreciably improve
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8 incubation success of winter-run Chinook salmon.
9

79.

Dr. Rosenfield opines that water temperatures at the CCR gauge must not exceed

10 54.5oF in Critically Dry years, and must not exceed 53.5oF in Dry years (Rosenfield Decl. ¶¶ 34, 36).
11 The Martin model provided the primary basis for Dr. Rosenfield’s recommended water
12 temperatures, but information presented previously demonstrates the Martin model is flawed and
13 cannot meaningfully distinguish rates of TDM below 56oF (section VI). Patterns of ETF survival in
14 the Sacramento River and laboratory egg survival studies of winter-run Chinook salmon do not
15 support the necessity or value of a temperature colder than 56oF. Requiring these colder water
16 temperatures under conditions of limited cold water pool risks prematurely exhausting available cold
17 water earlier in the incubation season (Deas Decl. ¶¶ 33, 35-6). Equally important, unlike the 2019

DOWNEY BRAND LLP

18 BiOp, the PCFFA Plaintiffs’ standards provide no flexibility for delaying cold water releases until
19 later in the season. The metabolic activity of incubating eggs is greatest near the time of hatching
20 (Geist et al. 2006). Reserving and releasing cold water later in the incubation season to benefit a
21 large fraction winter-run eggs (for example) would likely produce more favorable outcomes than
22 maintaining 53.5oF through August, but running out of cold water thereafter.
23

80.

The Federal Defendants’ IOP requires average daily temperatures at CCR (May 15

24 thru October) of 54oF in a Dry or Below Normal Year, and 55oF in a Critical Year. These
25 temperatures differ only slightly from the PCFFA Plaintiffs’ request (0.5oF warmer), and therefore
26 suffer from the same problems:
27

(a)

The Martin model provides the primary basis for temperatures requested by Federal

28

Defendants, but the Martin model is flawed. (CFS 2022, Ex. D at 14; Constandache
37
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1

Decl.). It is not reliable for estimating the threshold of critical temperature (Tc) below

2

56oF, nor is it reliable for estimating the amount of mortality that occurs when

3

temperatures exceed Tc.

4

(b)

5

ETF survival patterns in the Sacramento River), supports a 56oF standard.

6

(c)

7

through October, prevents variable temperature management strategies that may better

8

conserve limited cold water pool and which may provide better outcomes for winter-run

9

Chinook salmon.

10

81.

Best available science specific to winter-run Chinook (USFWS 1999 and observed

Adopting static temperature standards that must be maintained from mid-May

The flawed nature of the Martin model (CFS 2022, Ex. D at 14; Constandache

11 Decl.), the inaccurate predictions the Martin model has provided since 2016 (Table 2), and the
12 emergence of thiamine deficiency in 2020-2021, strongly suggest that flexibility in the
13 management of Sacramento River water temperatures is needed. In dry and critically dry years,
14 the 2019 BiOp requires consultation and allows parties to consider all available information to
15 determine how best to manage water temperatures. Strategies that include allowing some
16 warming before winter-run spawning begins and/or allowing temperatures at or even slightly
17 above 56oF early in the incubation period (when metabolic demands are low), but cooling later

DOWNEY BRAND LLP

18 when metabolic demands are highest, may be effective and should be considered. The 2019 BiOp
19 allows flexibility for these kinds of operations. In contrast, the 2022 IOP and PCFFA Plaintiffs’
20 proposed injunction are prescriptive and appear to assume scientific uncertainties do not exist, and
21 that opportunities for better managing Sacramento River water temperatures are not needed.
22

82.

Contrary to the exaggerated claims of expert declarants for the State Plaintiffs and

23 PCFFA Plaintiffs, recent consultations have not caused irreparable harm to the viability of winter24 run Chinook salmon. The population has rebounded fully from the 2014-2015 drought (Figure 1)
25 and juvenile production from the 2020 and 2021 brood years does not suggest abundance changes
26 that will adversely impact NMFS extinction risk criteria for winter-run Chinook.
27
28
38
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1

I declare under penalty of perjury under the laws of the United States of America that the

2 foregoing is true and correct.
3

Executed this 10th day of January 2022, in Sacramento, California.

4
5

By:
Bradley Cavallo

6
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1.

Personal Information and Qualifications

1.1

Qualifications

My name is Bradley J. Cavallo. I have 20 years of experience working on salmon and
other anadromous fishery issues in California. I am currently a Principal Scientist and
Vice President of Cramer Fish Sciences in Auburn, California, where I have worked since
2006. Prior to this position, I was employed from 2003 until 2006 as a Senior
Environmental Scientist and from 1999 to 2003 as an Environmental Scientist at the
California Department of Water Resources in Sacramento, California. Prior to these
positions, I was employed as a Fisheries Biologist at the California Department of Fish
and Game in Stockton, California.
In 1997, I earned a Master of Science degree in Aquatic Ecology from the University of
Montana at Missoula. In 1994, I earned a Bachelor of Science in Wildlife and Fisheries
Biology from the University of California at Davis. I have authored numerous fishery
reports, published papers, and made many scientific presentations in the field of
fisheries science. In the course of my professional career and education, I have attained
expert knowledge of regulated rivers and estuaries, particularly related to the ecology of
Chinook salmon and other anadromous fishes.
I have worked on numerous fisheries projects throughout California’s Central Valley. My
work has included multiple aspects of evaluating the status and trends of fish
populations and adverse environmental impacts affecting anadromous fish populations.
As a specific example, I was employed by the California Department of Water Resources
to be the lead scientist for research programs assessing environmental impacts of the
California State Water Project's operations on salmon and steelhead in the Feather
River, Sacramento River, and the Sacramento-San Joaquin Delta. In other consulting
projects, I was employed by the California Department of Water Resources to develop a
winter run Chinook salmon life cycle model for evaluating proposed water project
operations. I was also hired by the Metropolitan Water District of Southern California
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and the State Water Contractors to develop a simulation model for how water
management in the Sacramento-San Joaquin Delta may influence migration and survival
of juvenile Chinook salmon. More recently, I was hired by the United States Bureau of
Reclamation (USBR) to develop an Adaptive Management Plan for winter run Chinook
salmon in relation to Coleman National Fish Hatchery and the Battle Creek restoration
effort. My qualifications are further described in my curriculum vitae attached hereto as
Exhibit A.

1.2

Publications and Reports

Cavallo, B. et al. 2015. Predicting juvenile Chinook routing in riverine and tidal channels
of a freshwater estuary. Environmental Biology of Fishes, 98(6): 1571-1582.
Cavallo, B., J. Merz, J. Setka. 2012. Effects of predator and flow manipulation on Chinook
salmon (Oncorhynchus tshawytscha) survival in an imperiled estuary. Environmental
Biology of Fish, published online April 2012. DOI 10.1007/s10641-012-9993-5.
Merz, J., S. Hamilton, P. Bergman, and B. Cavallo. 2012. Spatial perspective for delta
smelt: a summary of survey data. California Fish and Game 97(4): 164-189.
J. Merz, M. Workman, D. Threloff, and B. Cavallo. 2013. Salmon Life Cycle Considerations
to Guide Stream Management: Examples from California's Central Valley. San Francisco
Estuary and Watershed Science, 11(2). Available:
http://www.escholarship.org/uc/item/30d7b0g7.
Delaney, D., P. Bergman, B. Cavallo and J. Melgo. 2014. Stipulation Study: Steelhead
Movement and Survival in the South Delta with Adaptive Management of Old and Middle
River Flows. California Department of Water Resources Technical Report.
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Cavallo, B., P. Gaskill, J. Melgo. 2012. Investigating the influence of tides, inflows, and
exports on sub-daily flow in the Sacramento-San Joaquin Delta. Available:
http://www.fishsciences.net/reports/2013/Cavallo_et_al_Delta_Flow_Report.pdf.
Cavallo B., et al. 2016. Coleman National Fish Hatchery Adaptive Management Plan.
United States Bureau of Reclamation. December 2016. Available:
https://www.usbr.gov/mp/battlecreek/docs/pd-cnfhamp.pdf.
Cavallo B., et al. 2014. Hatchery and Genetics Management Plan for Feather River
Hatchery Spring-run Chinook Program. California Department of Water Resources. June
2014.
Zeug, S.C. & B.J. Cavallo. 2014. Controls on the entrainment of juvenile Chinook Salmon
(Oncorhynchus tshawytscha) into large water diversions and estimates of populationlevel loss. PLoS One 9(7): e101479. Doi:10.1371/journal.pone.0101479.
Zeug, S.C. & B.J. Cavallo. 2013. Influence of estuary conditions on the recovery rate of
coded wire tagged Chinook salmon (Oncorhynchus tshawytscha) in an ocean fishery.
Ecology of Freshwater Fish 22:157-168.
Zeug, S.C., P.S. Bergman, B.J. Cavallo and K.S. Jones. 2012. Application of a life cycle
simulation model to evaluate impacts of water management and conservation actions on
an endangered population of Chinook salmon. Environmental Modeling and Assessment
17:455-467.
DWR. 2006. Draft Biological Assessment for Federally Listed Anadromous Fishes,
Oroville Facilities Relicensing, FERC Project No. 2100. May 2006.
SP-F9 Final Report: The Effects of the Feather River Hatchery on Naturally Spawning
Salmonids. November 2004. http://orovillerelicensing.water.ca.gov/wgreports_envir.html.
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SP-F10 Task 1E Adult Chinook Salmon Migration and Holding Patterns. August 2005.
http://orovillerelicensing.water.ca.gov/wg-reports_envir.html.
SP-F10 Task 3A Final Report: Distribution and Habitat use of Juvenile Steelhead and
Other Fishes of the Lower Feather River. April 2004.
http://orovillerelicensing.water.ca.gov/wg-reports_envir.html.
SP-F10 Task 3B: Growth Investigations of Wild and Hatchery Steelhead in the Lower
Feather River. April 2004. http://orovillerelicensing.water.ca.gov/wgreports_envir.html.
SP-F10 Task 4A River Flow Effects on Emigrating Juvenile Salmonids in the Lower
Feather River. January 2004 http://orovillerelicensing.water.ca.gov/wgreports_envir.html.
SP-F16 Phase 2 Report: Evaluation of Project Effects on Instream Flows and Fish
Habitat. April 2004. http://orovillerelicensing.water.ca.gov/wg-reports_envir.html.
Seesholtz, A., B. Cavallo and others. 2003. Lower Feather River juvenile fish
communities: distribution, emigration patterns, and association with environmental
variables. American Fisheries Society Symposium 39: 141-166.
DWR 2002. Distribution of fishes in the lower Feather River in relation to season and
temperature, 1997-2001. DWR, Division of Environmental Services Technical Report.
Cavallo, B.J. 1999. Modeling survival and testing hypothesis for adult striped bass using
program MARK. California Department of Fish and Game Draft Technical Report.
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Cavallo, B.J. and C.A. Frissell. 1997. Floodplain habitat heterogeneity and the
distribution, abundance, and behavior of fishes and amphibians in the Middle Fork
Flathead River basin, Montana. University of Montana, Masters Thesis.
Cavallo, B.J. and C.A. Frissell. 1996. Fishes, toads and natural floodplains: species
distribution in diverse and thermally complex aquatic habitats. Intermountain Journal of
Sciences 2: 27.

1.3

Compensation for Expert and Testimony Services

As an employee of Cramer Fish Sciences, compensation for work related to this expert
report is billed at the standard rate for a Principal Scientist ($225/hr). Deposition
testimony will be billed at $337.50/hr.

1.4

Expert and Testimony Services over the Past Four Years

I have not testified as an expert at trial or by deposition in any other cases in the past
four years.

1.5

Reservation

I reserve the right to supplement and/or amend the opinions expressed herein,
including in response to positions taken by Plaintiffs or other experts, and to respond to
any such positions, and to amplify what is stated herein, where necessary, and especially
in view of information not presently known to me or new information presented by
other experts prior to or at trial, and to supplement this report should additional
information be brought to my attention during the course of this proceeding.

2.

Background

I have reviewed Plaintiffs’ Sixth Supplemental Complaint (6SC) in this lawsuit, as well as
various other documents filed in this matter. I have opinions, stated in section 3 of this
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report, regarding matters stated in or implicated in Plaintiffs’ 6SC related to Sacramento
River winter run Chinook salmon and Central Valley spring run Chinook salmon in the
Sacramento River and its tributaries. Section 2 of my report provides background
information related to my opinions, and section 3 provides and explains my opinions.

2.1

Chinook Salmon

Chinook salmon (Oncorhynchus tahawytscha) attain the largest body size among the five
species of Pacific salmon. Throughout their range, Chinook (or King) salmon are a
frequent target of both recreational and commercial fisheries and have great cultural
and economic significance. In the Central Valley of California, four distinct runs of
Chinook salmon are present; defined by the timing of adult movement from the ocean
into freshwater rivers. Two of the four runs of Central Valley Chinook salmon are listed
under the federal Endangered Species Act (ESA): the Sacramento River winter run
Evolutionarily Significant Unit (ESU) and the Central Valley spring run ESU. The
National Marine Fisheries Service (NMFS) defines an ESU as a group of Pacific salmon
reproductively isolated from other salmon groups and which represents an important
component of the evolutionary legacy of a species listed under the ESA. The current
listing status of winter run and spring run is discussed in further detail below.
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Figure 1. Key life stages for Chinook salmon. Fry through smolt life stages are collectively referred to as juveniles.

2.2

Sacramento River Winter Run Chinook Salmon

Sacramento River winter run are unique in that they are the only Chinook salmon run
spawning in summer months. Adults (Figure 1) enter freshwater in winter and spring
and hold until they initiate spawning in late spring and summer. Eggs (Figure 1)
incubate in the gravel and emerge in late summer and early fall. Some fry initiate
migration out of the spawning grounds soon after hatch and disperse to downstream
rearing habitats while others will rear near the spawning grounds. Juveniles (ranging
from fry to pre-smolt sized fish) enter the Sacramento-San Joaquin Delta in the late fall
and winter and leave the Delta for the Pacific Ocean primarily in March and April. Fish
spend several years in the ocean before returning to freshwater when they are 2-4 years
old. A large majority of fish return at age 3. The locations for each of adult spawning, egg
incubation, and juvenile life stages in the upper Sacramento River are shown in Figure 2.

-7EXHIBIT B
Page 14 of 81

installed on Shasta Dam in 1997. The TCD was designed to allow selective releases of water from various
stages in the reservoir to provide suitable temperatures for winter-run Chinook egg and larval incubation
which primarily occurs from May to October [Vogel and Marine 1991, California Department of Fish and
Wildlife
(CDFW) data]. Traditionally, the objective
had been333
to maintain
water
temperaturesPage
at or below
Case
1:20-cv-00431-DAD-EPG
Document
Filed
01/10/22
62 of
56oF at various compliance points in Sacramento River reaches downstream of Keswick Dam (Figure 1).
The compliance points have changed between and within years based on a variety of conditions affecting
seasonal water temperatures and the spawning distribution of winter-run Chinook.
Keswick
Dam

B

C

178

Highway 44 Bridge
Temperature
Compliance
Point

A

South
ACID
Bonnyview
Dam
Bridge
Clear
Creek

D

Temperature
Compliance
Point

E
Airport
Road
Bridge

Balls Ferry
Bridge

N
Battle
Creek

Temperature
Compliance
Point

Jellys Ferry Bridge

2

Temperature
Compliance
Point

1.8

Bend Bridge

Winter-Run Chinook Salmon
Water Temperature Compliance Points

1.6

Red Bluff
Diversion Dam

Temperature
Compliance
Point

1.4

F

Figure 1. The upper Sacramento River between Keswick Dam (River Mile 302) and Red Bluff Diversion Dam (River Mile 243)
showing
water temperature compliance points and landmarks used in this report.
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In 2014,
a compliance point was established at a location several miles upstream of Clear Creek (South
1
Bonnyview Bridge and commonly referred to as “CCR” – the California Department of Water Resources
Data Exchange Center gauging station nomenclature). Despite attempts to maintain 56oF at CCR, higher
0.8
temperatures
occurred due to physical limitations of the TCD and the low Shasta Reservoir levels. Those
issues are described in U.S. Bureau of Reclamation (USBR) 2015a. As a result, an unanticipated adverse
0.6on incubating winter-run salmon eggs in the Sacramento River transpired late in the incubation
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Figure 2. The Sacramento River from Keswick to Red Bluff Diversion Dam (upper panel) where upper case letters
indicate specific locations referred to in the lower panel. The lower panel depicts the cumulative distribution of winter
run Chinook spawning (as indicated by carcass surveys) in 2014 (solid line) and 2015 (dashed line), and the range of
juvenile rearing (horizontal solid black arrow). Winter run spawning is heavily skewed to the uppermost five miles of the
Sacramento River (between Keswick [A] and Hwy 44 Bridge [C]).

Prior to the construction of Shasta Dam, winter run spawned in the McCloud, Pit, and
Sacramento Rivers as well as Battle Creek where temperatures remained cool in the
summer months (Figure 3; Yoshiyama et al. 2000). After the construction of Shasta Dam
in 1943, winter run were restricted to spawning in the main stem Sacramento River
below Keswick Dam. Although Battle Creek is located below Shasta Dam, access to
spawning habitat was restricted by construction of hydroelectric facilities. Currently,
the Sacramento River main stem below Keswick Dam is the only location where winter
run spawn. Although peak spawning activity for winter run Chinook is not evenly
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distributed in this river segment, winter run Chinook redd and carcass surveys by the
California Department of Fish & Wildlife (CDFW) indicate spawning distributions are
strongly skewed upstream toward Keswick Dam and this pattern is relatively consistent
among years (Killam 2006). Spawning by winter run Chinook salmon occurs between
May and August with a peak between early June and early July (Williams 2006). Thus,
the “bulk” of eggs would still be incubating in the gravel in late June and early July.
Further, data from the Red Bluff screw trap sampling indicates that weekly passage of
winter run juveniles between October and December was highly variable over an
11 year period and showed a second, smaller pulse of winter run Chinook pass later in
the year (Poytress et al. 2014). The chemical composition of salmon ear bones (otoliths)
provides a coarse record of rearing habitat utilization. Recent otolith analysis conducted
on winter run Chinook adults, indicate early dispersing winter run fry exit Sacramento
River to rear in tributaries including Battle Creek, Deer Creek, and Mill Creek (Phillis
et al. 2017). Thus, winter run Chinook juveniles are not entirely dependent on the
Sacramento River main stem for rearing habitat during their juvenile life stage.
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Figure 3. Historical and current distribution of winter run Chinook salmon. Historical information from Yoshiyama et al.
(2001). Current distribution from CDFG (1998). Source: Schick, Edsall and Lindley (2005). Note that red portion of the
Sacramento River indicates potential spawning area, the area utilized is considerably less as shown in Figure 2.

With passage and flow improvements, spawning habitat has become available to winter
run Chinook in Battle Creek (NMFS 2014). CDFW is implementing a reintroduction
program for Battle Creek to establish a viable, self-sustaining population of winter run
Chinook salmon (ICF 2016). Juvenile winter run Chinook were released in 2018,
indicating suitable habitat is expected to be available for fish that return as a result of
this reintroduction.
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Numbers of returning winter run spawners declined in the 1980s and they were listed
as threatened in 1989. The population continued to decline in the 1990s to less than
200 returning spawners and was reclassified as endangered in 1994 (NMFS 2016a).
Following the listing of winter run, multiple actions were implemented to promote
recovery. A conservation-based artificial propagation program began at Livingston
Stone National Fish Hatchery (LSNFH) to supplement natural production. This program
obtains adult winter run from a trap at the base of Keswick Dam and rears fish to the
smolt life stage. Juveniles are released into the Sacramento River in about February of
each year. In addition, a temperature control device was installed at Shasta Dam to
allow operators to better control temperatures in the river during the spawning and egg
incubation periods. Reasonable and Prudent Alternatives of the 2009 Biological Opinion
on the Long-Term Operation of the Central Valley Project and State Water Project
requires a temperature of 56 F or lower be maintained from May to October at the
approved temperature compliance point, with procedures for exceptions during drought
(NMFS 2009). Finally, Red Bluff Diversion Dam (RBDD) gates were permanently raised
in 2012 in part to facilitate passage of adult winter run.
Since the low numbers in the early 1990s, abundance of returning adult winter run
again increased to a high of >17,000 in 2006 but began to decline again in 2007
(Figure 4). The 2007-2011 decline has been attributed to a range of factors including
loss of life history diversity, degraded freshwater habitat, excessive harvest, and poor
ocean conditions; factors that have also affected other runs of Central Valley Chinook
salmon (Lindley et al. 2009). The most recent status review for Sacramento winter run,
performed in 2015, found the population was at a moderate risk for extinction (NMFS
2016a). This was unchanged from the previous assessment in 2010.
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Figure 4. Sacramento River winter run Chinook spawning abundance 1990-2018 (Source: CDFW Grand Tab 2018).

2.3

Central Valley Spring Run Chinook Salmon

Adult spring run enter spawning tributaries largely between April and June. These fish
hold in deep pools through the summer before initiating spawning activity in September
and October. Juveniles emerge from the gravel in late fall and early winter. Some fry
will leave the spawning area soon after hatch in winter and rear in downstream habitat.
Other fry will rear in the river they were spawned in until they are large enough to
become smolts (the physiological transition necessary for life in marine waters).
Outmigration for most spring run smolts occurs in late winter and spring while less than
one year old. However, some juveniles will rear in rivers in which they were spawned
until they are yearlings before initiating migration toward the ocean. Spring run remain
in the ocean until they are 2 to 4 years of age and again enter freshwater for spawning.
Spring run Chinook salmon were once widely distributed in the Sacramento and San
Joaquin Rivers where higher elevation tributaries provided cool temperatures for adults
to hold over summer. Dam construction blocked access to most historic spring run
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habitat. However, severe degradation of spring run habitat actually began during gold
mining activities in the 19th Century, well before construction of major dams began.
Central Valley spring run Chinook salmon were listed as threatened under the ESA in
1999 and the decision was reaffirmed in 2005.
Currently, there are three independent populations of Central Valley spring run: in Deer,
Mill, and Butte Creeks (NMFS 2016b). Other river systems continue to support spring
run salmon but are considered to have insufficient numbers or excessive presents of
hatchery-origin strays to be considered a positive contribution to the viability of the
ESU. Dependent populations include Clear Creek, Battle Creek, Antelope Creek, Big
Chico Creek, Beegum Creek, and Cottonwood Creek. Relatively large numbers of adult
Chinook salmon return to the Feather and Yuba Rivers each year during the spring and
early summer. However, genetic analysis has indicated that these fish have interbred
with fall run Chinook salmon that have an overlapping spawning period. Though
Feather and Yuba River spring run Chinook are considered part of the Central Valley
Spring run ESU and receive related regulatory protections, NMFS does not include these
populations in evaluating the viability of the ESU. For example, spring run Chinook
produced by the Feather River Hatchery are part of the ESU, but are not considered to
contribute to viability because of genetic mixing with fall run Chinook salmon.
The Sacramento River main stem population of spring run Chinook is not considered to
contribute to viability of the ESU. Very few spring run Chinook are present in the
Sacramento River, and few have been observed spawning in the main stem Sacramento
River since the early 1990s (GrandTab 2017; NMFS 2016). On the main stem
Sacramento River, redd surveys between 2001 and 2013 observed from zero to a
maximum of 105 redds during the spring run spawning period. However, the true race
(or origin) of Chinook salmon creating redds on the Sacramento River during the
putative spring run spawning season is unknown. The race (or origin) of these redds is
unknown because there is overlap in the time during which fall run and spring run
Chinook spawn on the Sacramento River (NMFS 2016b). Lindley et al. (2004) identified
main stem Sacramento River spring run Chinook as not being representative of the
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historical Central Valley spring run Chinook ESU (unlike Butte, Deer, and Mill Creeks).
Furthermore, Sacramento River main stem spring run are considered by the CDFW to
have largely been eliminated through competition plus hybridization with fall run
salmon (CDFW 2016). Though spawning of fall run Chinook in the main stem
Sacramento River could be managed to create separation and to provide protection to
spring run Chinook from further interbreeding, fisheries agencies have not pursued such
actions. Thus, the NMFS and CDFW appear to attribute very little conservation value to
spring run Chinook attempting to spawn in the main stem Sacramento River.

2.4

Chinook Salmon Life Cycle

Sacramento winter run and Central Valley spring run share a similar life cycle (Figure 1)
and similar physical and environmental influences at each life stage. Adults enter
freshwater before their eggs are ready for spawning and hold for a period of time
(months) before initiating spawning. Adult females construct a nest (known as a redd)
by digging a depression in gravel deposits on the river bed where water depths,
velocities, and gravel size are within a suitable range (Geist 2000). Adult males compete
for access to females and when an appropriate mate is selected, the female will deposit
her eggs in the depression while simultaneously fertilized by the male. The number of
eggs deposited, or fecundity of females, is related to body size with larger females
producing a larger number of eggs (Quinn and Bloomberg 1992). The female covers the
fertilized eggs in the depression with gravel and both males and females eventually die
in the spawning grounds.
Eggs incubate within the gravel for 45-60 days. After hatch, the salmon remain in the
gravel until their remaining yolk sac is absorbed; a life stage termed “alevin.” Following
the exhaustion of the yolk, salmon emerge from the gravel and begin to feed on their
own at which point they are considered “fry.”
As fry, some individuals will immediately migrate from the spawning grounds and
search out sufficient rearing habitat in tributaries, floodplains, the Delta estuary, or the
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lower reaches of main stem rivers. Other fry will remain near the spawning ground to
rear. Regardless of their rearing strategy, fry eventually begin a physiological transition
that will prepare them for life in the ocean. Once this transition has begun and fish begin
a directed migration to the ocean, they are considered a “smolt.” For most Chinook
salmon in the Central Valley, migration to the ocean occurs before the end of their first
year. Fish feed in the ocean and begin their return to freshwater at 2-5 years of age.
However, most fish return at age 3.
Due to the large differences in each of these life stages, the physical and environmental
stressors affecting each life stage are also distinct. Adults waiting to spawn require
depths, flows, and temperatures consistent with their physiological tolerance to survive
to the time when spawning can begin. Unfavorable temperatures during the holding
period have been shown to have a negative effect on egg fertility and survival
(Pankhurst and King 2003; Burt et al. 2011). Disease outbreaks can also occur during
low flow conditions (Ray et al. 2012). Adults also must have access to suitable spawning
habitat. Adult females can move gravel of a size up to 10% of their body length (Kondolf
2000). If gravel is too large, they will not be able to construct redds. When the amount
of appropriate spawning habitat is limited or there are too many adults attempting to
build redds, females may dig up redds of other females; a phenomenon known as
superimposition. This can reduce or limit the number of viable eggs deposited in a river
even when many adults are present. Adult salmon waiting to spawn can also be
harassed or caught by anglers (even though anglers may be targeting other species).
Figure 5 depicts generalized water temperature tolerances for freshwater life stages of
Chinook salmon, described below.
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Figure 3. Relative water temperature (oF) tolerances for the freshwater life stages of Chinook depending on duration of exposure

Figure
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embryos (Murray and McPhail 1988; Beacham and Murray 1990). The effect of water
temperature on salmon embryos survival is a very well-studied topic. Laboratory
studies are commonly used because temperatures can be experimentally altered while
7

other factors potentially influencing embryo survival are controlled (e.g., gravel quality,
intergravel flow rate, predation, dissolved oxygen, disease, etc.). Since thermal
tolerances can vary among regions (Poletto et al. 2017; Munoz et al. 2014), studies
utilizing local stocks are preferable to studies conducted on salmon from other regions.
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The best available winter run Chinook temperature-embryo survival study was
conducted by the United States Fish and Wildlife Service (USFWS) in a laboratory setting
(USFWS 1999). This study showed winter run Chinook cumulative temperature-related
egg mortality remains low (17%) with water temperatures at 56°F, and increases to
21%-33% when temperatures are increased from 56°F to 60°F during incubation, and
further increases to 27%-66% when temperatures are increased from 56°F to 62°F
(USFWS 1999). Some studies conducted on Chinook salmon in the Pacific Northwest
have indicated water temperatures between 50°F to 54°F are needed to provide “good”
egg survival (review by EPA 2003). However, a number of other studies demonstrate
minimal temperature-related mortality at average water temperatures up to 58°F. For
example:


Reiser and Bjornn (1970) reviewed Chinook salmon populations in the Pacific
Northwest and recommended temperature ranges of 5.0-14.4°C (41-57.9°F).



Embryo survival was studied in a laboratory experiment conducted by Murray
and McPhail (1988). They incubated five species of Pacific salmon, including
Chinook, at five incubation temperatures: 2, 5, 8, 11, 14°C (35.6-57.2°F). Chinook
embryo survival was high at 5, 8, and 11°C, but survival was moderate at 14°C
and poor at 2°C. As a result of their study, Murray and McPhail (1988) concluded
that the range of temperatures for normal embryo development is between 2°C
and <14°C (35.6°F and <57.2°F).



Healy (1979), as cited in EPA (2001), observed 97% survival where daily
maximums reached 55°F, but also noted that survival was between 90% to 94%
with initial water temperatures between 55°F and 57.5°F.



Geist et al. (2006) reported no significant differences in survival of Chinook
salmon embryos beginning incubation between 13 and 16.5°C (55.4°F to 61.7°F)
when dissolved oxygen was ≥4 mg/L.

Laboratory experiments provide the most reliable setting for evaluating temperaturerelated egg mortality because temperatures can be experimentally altered while other
factors potentially influencing embryo survival are controlled (e.g., gravel quality,
intergravel flow rate, predation, dissolved oxygen, disease, etc.). Though challenging,
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embryo temperature tolerance can be tested in the field (rather than in a laboratory
setting). This approach generally requires placing a known number of eggs in an
incubation chamber buried in the substrate so that fry can be captured as they emerge
from the chamber (Figure 6). No such field study has been conducted for winter run
Chinook, but prior to the hypothesis put forward by Martin et al. (2016) there had been
no indication existing temperature criteria might be inadequate. As reviewed in
section 3.2, there are substantial problems with the Martin et al. analysis, and its
findings do not provide an appropriate basis for dismissing reliability of laboratory
derived temperature criteria.
In addition to suitable temperatures, eggs require sufficient oxygen during incubation.
Infiltration of the redd by silt and sand can coat eggs and reduce oxygen transfer,
resulting in higher mortality (Greig et al. 2005; Lapointe et al. 2004). However, Geist
et al. (2006) found embryo survival was unaffected by dissolved oxygen at 4 mg/L
(below levels required by Oregon and Idaho water quality standards). If water levels
decline too far during the incubation period, redds can become dewatered and egg
mortality can result (Becker et al. 1983). If flow increases to a point where gravel begins
to move, eggs may be scoured from the redd resulting in partial or complete mortality.
Low river flows can affect intergravel flow rates, potentially enough to cause increased
mortality. Egg predators, particularly invertebrates, can also cause mortality of
incubating eggs (Meyer 2003).
2.4.2

Alevins

Following hatch, the embryos become alevins. This life stage can move within the gravel
but only for short distances. Alevins gain nutrition from the remaining yolk sac and
have not started feeding yet. The gills are functional and this stage has a higher
temperature tolerance and can withstand lower dissolved oxygen concentrations than
eggs. Murray and McPhail (1988) reported 97% survival of alevins between hatch and
emergence at 57.2°F. USFWS (1999) found 74% survival of pre-emergent alevins at
58°F, but higher mortality (90%) with continuous exposure to water temperature
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warmer than 62°F. Alevins can also experience mortality if redds become dewatered
(Becker et al. 1983). Other threats at this stage include: scouring during high flows,
predation, and poor water quality.
2.4.3

Fry

After the yolk sac is absorbed, alevins emerge from the gravel and become fry. At the fry
stage, fish must acquire sufficient food (small invertebrates) to survive and grow while
avoiding predation from predatory fish and birds. Fry can thrive in water temperatures
approaching 70°F (Figure 5), but must have sufficient food to satisfy elevated
bioenergetic demands associated with such temperatures. Habitat must provide
sufficient food resource and also refuge from predation. The amount and quality of
available habitat is not constant, but rather it changes in response to the magnitude of
river flows (Nislow and Armstrong 2012) and also as a function invertebrate prey
availability, riparian vegetation, submerged cover availability, and tributary inflows.
Additionally, both flow magnitude and variability influence the proportion of juveniles
that leave the spawning reach as fry relative to smolts (Zeug et al. 2014; Vogel 2017). As
temperatures increase, both fry and their predators require more food to meet their
needs. This can cause fry to forage in areas where there is a higher risk of predation
(McCullough 1999) and therefore increased predation mortality (Petersen and Kitchell
2001; Marine and Cech 2004). Additionally, lower flows and/or higher temperatures
can increase incidence of disease (Foott 2017).
2.4.4

Smolts/migrating fry

As smolts or fry begin to migrate, they become susceptible to the full range of
environmental changes occurring in the river system (Nislow and Armstrong 2012).
Fish must migrate through regions where habitat is poor, including channelized sections
confined by levees where there may be little refuge from predators. Greater flows are
generally associated with higher survival of migrating Chinook salmon in Central Valley
rivers (Zeug et al. 2014; Michel et al. 2015; Perry et al. 2018), but higher flows are often
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linked with increased turbidity (presence of suspended sediment that impedes
visibility). Increased turbidity reduces encounters with predators (Gregory and Levings
1998) which can increase survival rates for migrating juvenile salmon. Migrating fish
are also susceptible to entrainment into unscreened water diversions that must be
passed on their way to the ocean (Walters et al. 2012). Warmer water temperatures
during migration have been associated with lower survival rates of Chinook salmon
(Conner et al. 2003).
2.4.5

Sacramento River and delta conditions

The Plaintiffs’ 6SC focuses on spawning and egg incubation which primarily occurs in
the first five river miles downstream of Keswick Dam (Figure 2). However, fry and
smolts are also dependent on habitat conditions occurring in the 295 river miles
between the spawning reach and where the Sacramento River reaches the western
Delta, and also dependent upon conditions in tributaries where non-natal rearing occurs
(Phillis et al. 2017). Success of juvenile salmon in this lengthy river segment is
understood to be limited by inadequate riparian vegetation, inadequate instream cover,
inadequate floodplain habitat, and by predation from non-native fishes (NMFS 2014).
These factors are challenging in normal water years, but are exacerbated by drought
conditions that further reduce the quality, availability, and accessibility of essential
habitat features. For example, reduced river flows tend to restrict connectivity to
important rearing habitats but also cause juvenile salmon to migrate more slowly and
increase exposure to predators. In contrast, wet years provide flow pulses that increase
turbidity (reducing predation risk) and inundating floodplains and riparian vegetation
that provide cover and growth benefits to juvenile salmon.
Below-average precipitation from 2012-2015 combined with record high surface air
temperatures in 2014-2015 produced historic extremes of low flows and high
temperatures in many Central Valley watersheds (Herbold et al. 2018). Tagging studies
conducted during and since the drought demonstrate that survival of juvenile salmon in
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the Sacramento River is better in wet years, and reduced in drought conditions (Michel
et al. 2015; Cordoleani et al. 2017).
2.4.6

Ocean conditions

Survival of salmon varies greatly among years depending on ocean habitat conditions
and food web productivity. Upwelling of cooler, nutrient-rich waters along the
California coast provide conditions for rapid growth and survival of juvenile salmon
(Wells et al. 2012). In contrast, warmer-than-average waters along the California coast
reduce food production, and also unfavorably shift the distribution and diets of salmon
predators (Herbold et al. 2018). Areas of the ocean used by California Chinook salmon
experienced record high surface water temperatures from 2014 through 2016 (Jacox
et al. 2016). Herbold et al. (2018) report that extraordinarily warm ocean conditions in
2014 and 2015 “presented salmon with a combination of physiological stress and
reduce food availability.”

2.5

Chinook Salmon Monitoring

Winter run and spring run Chinook salmon are monitored at only a few locations and life
stages in freshwater. Chinook salmon die after spawning which makes it possible to
estimate the total run size by conducting a carcass mark-recapture survey. On the
Sacramento River, mark-recapture of dead salmon (a carcass survey) provides the basis
for annual estimates of spawning female numbers. Mark-recapture is a method where
captured fish are tagged, and then are released back into the environment. The rate at
which marked fish are recaptured provides a basis for estimating the probability of
finding unmarked fish, and therefore of estimating the total number of fish actually
present.
The carcass survey is not a direct count. Rather, it is an estimate based on the number of
carcasses observed and marked relative to the number of unmarked carcasses in
subsequent surveys. The distribution of spawning efforts in the river is inferred from
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the locations where female carcasses are recovered, but also from the location of redds
estimated from CDFW helicopter surveys. Aerial surveys cannot effectively observe
redds in deeper waters. Since deep water redds are common for Sacramento River
winter run Chinook, spawning distribution is best indicated by the reaches where
salmon carcasses are recovered.
Abundance of spring run spawners is estimated with carcass surveys in the Sacramento
River, however genetic samples are not routinely collected or analyzed. Since spring run
Chinook spawning overlaps with fall run Chinook spawning, the actual numbers of
spring run Chinook spawning in the Sacramento River is unknown (CDFW 2016). No
monitoring specifically targets spring run spawners in the main stem Sacramento River
such that true spring run Chinook can be distinguished and enumerated separately from
fall run Chinook. No direct monitoring of eggs, alevins, or rearing fry is performed for
either winter or spring run Chinook.
Migrating fry, pre-smolts, and smolts are monitored by USFWS using rotary screw traps
at the RBDD located approximately 60 miles downstream of Keswick Dam. Rotary
screw traps are a standard fisheries monitoring device that can be effective in
temporarily capturing a small fraction of downstream migrating juvenile salmon. All
winter run juveniles must pass through the segment of the river where the traps are
located, but only a small fraction can be captured. Often, the traps are not operating and
no fish are captured. The abundance of fish passing RBDD is estimated by performing
trials to estimate capture probability and then extrapolating the number observed to the
total number passing the traps (both observed and unobserved) and also extrapolating
for when no sampling occurred.
Multiple runs of Chinook salmon are captured at the traps at RBDD. To estimate which
individuals are winter run versus spring run, fall run or late fall run, the length of each
individual fish on a given date is used to classify the run. This is known as the “lengthat-date (LAD) criteria” which was developed based on typical spawn timing and growth
rates of the four Chinook runs. Further, the number of winter run and spring run pre-22EXHIBIT B
Page 29 of 81

Case 1:20-cv-00431-DAD-EPG Document 333 Filed 01/10/22 Page 77 of 178

smolts and smolts captured are converted to “fry equivalents” by assuming each presmolt or smolt is equivalent to 1.7 fry. This correction is made because not all fry
survive to become pre-smolts or smolts. Thus, counting pre-smolts and smolts directly
as fry, would underestimate the number of fry likely to have been present.

2.5.1

Juvenile production index (JPI)

USFWS uses catch of likely winter run Chinook juveniles at RBDD rotary screw traps to
estimate a juvenile production index (JPI). The JPI expands daily catch at the RBDD
rotary screw traps to account for efficiency of the traps (the proportion of fish passing
the traps that are expected to be captured) and for periods of time (hours, days, or
weeks) when no trapping occurred. Juvenile salmon larger than fry (>45mm fork
length) are converted to “fry equivalents” at 1.7:1, such that each fish larger than a fry is
considered to equal 1.7 fry. This methodology standardizes all estimated production to
fry. The JPI was developed to provide a measure of winter run juvenile year-class
strength and to provide a backup (or verification) of carcass survey-based spawner
estimates (C.D. Martin et al. 2001)1.
2.5.2

Egg-to-fry survival

USFWS also provides an annual estimate of egg-to-fry survival calculated as:
JPI
[(Census ∗ sex ratio) − prespawn mortality] ∗ average hatchery fecundity
where “Census” is the carcass survey-based estimate of winter run spawning abundance,
“sex ratio” is the estimated proportion of females in the spawning population,
“prespawn mortality” is the estimated proportion of females that died prior to
spawning, and where “average hatchery fecundity” is the estimated number of eggs
deposited by each female spawner.

1

Please note that C.D. Martin et al. 2001 is a different author and different paper than Martin et al. 2016.
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2.5.3

What is “normal” egg-to-fry survival?

Published field methods used to estimate egg-to-fry survival involve the capture of fry as
they emerge from the gravel (called “redd capping”), or use of incubation chambers
where a known number of eggs are buried in redd gravels (Figure 7). These methods
indicate typical egg-to-fry survival rates range from 60% (Fast et al. 1991) to 80%
(Stark et al. 2018). This method provides a scientifically reliable and accepted
estimation of true egg-to-fry survival.
A very general (and much less reliable) approach to characterizing egg-to-fry survival
requires only estimates of spawning adults and estimated juvenile outmigrants. With
the exception of Martin et al. (2016), investigators have recognized this approach is only
appropriate for describing coarse patterns, and not for distinguishing among likely
contributing factors (e.g., parental effects, temperature, dissolved oxygen,
sedimentation, etc.). However, by the general method, egg-to-fry survival has been
estimated to range between 4.5% and 21.5% (e.g., Bradford 1995; Green and Beechie
2005; Zimmerman et al. 2015). Estimates of annual Sacramento River winter run
Chinook egg-to-fry survival using this approach have yielded estimates ranging from
4.5% to 49% (Voss and Poytress 2017). Thus, the lower values observed in 2014 and
2015 for winter run Chinook salmon are consistent with lower values observed in other
systems, while the higher values observed for Sacramento River winter run are greater
than has generally been observed. As in other systems using this methodology, the
precision of these estimates is poor, and the causes for observed variation in observed
egg-to-fry survival are difficult to discern.
It is important to note that the period of time where any estimates of winter run
Chinook egg-to-fry survival are available is somewhat limited. The 2013 to 2015
drought appears to represent the most stressful river conditions since related
monitoring began in 2001. Estimates beginning with the early 1990s are not available,
but if they were, would likely indicate other years with low estimated egg-to-fry
survival.
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2.5.4

Egg mortality models

At least three different mathematical models for estimating temperature-related egg
mortality are available. These models rely upon extensive laboratory research to
estimate egg maturity timing (i.e., when will eggs hatch) and to estimate how much
temperature-related mortality is likely to have occurred based on observed
temperatures. Unlike the USFWS egg-to-fry survival estimate, or the closely related
analysis of Martin et al. (2016), these models are based upon experiments conducted
under carefully controlled conditions, and are not dependent upon uncertainties
associated with estimated spawner abundance, sex ratio, pre-spawn mortality, and fryequivalents arriving at RBDD.
1. Zeug et al. (2012) Model
The Zeug et al. (2012) Chinook egg-temperature model was used as part of a
larger life cycle simulation model the authors (including Bradley Cavallo)
developed and published for Sacramento River winter run Chinook. The early
development life stage was modeled based on the effect of water temperature on
egg maturation timing and mortality. This model is one of the tools now used in
USBR’s Sacramento Prediction and Assessment of Salmon through Ecological
Data and Modeling for In-Season Management (SacPAS). The model used utilizes
data from Beacham and Murray (1989), Murray and McPhail (1988), and USFWS
(1999). The model applies a daily mortality to incubating eggs and alevins with
an exponential relationship between predicted daily mortality and water
temperature.
𝐸𝑔𝑔 𝑎𝑛𝑑 𝐴𝑙𝑒𝑣𝑖𝑛 𝐷𝑎𝑖𝑙𝑦 𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 = 1.38 𝑥 10−15 𝑒 (0.503𝑥𝑇𝑒𝑚𝑝)
This function reflects the reality that temperature-related egg mortality increases
non-linearly and accumulates over the days that eggs are exposed to a given
water temperature (Figure 6). That is, slightly elevated temperatures (56°F to
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and USFWS (1999), Zeug et al. (2012) constructed a relationship between egg maturation time and water
temperature: 58°F) over a long period of time will cause considerably less mortality than a
change to 61°F (USFWS 1999).
Daily egg and alevin maturation rate = 0.00058 x Temperature – 0.018

After being deposited in the river gravels, a cohort of eggs in each redd (nest) accumulates a percentage of
2. Bedore et al. (2015) Model
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WaterFix (proposed twin-tunnels project through the Delta) (ICF International
2016).
2.5.5

Martin et al. (2016)

Martin et al. is not an egg mortality model like those described in section 2.5.4 or the
sources cited therein. In fact, I am aware of no example from the scientific literature
where comparable methods have been used to estimate and account for temperaturerelated effects on salmon egg mortality. Rather than relying upon controlled
experiments as is standard practice, Martin et al. (2016) conducted a statistical analysis
relating modeled surface water temperatures to estimates of egg-to-fry survival (based
in turn upon estimated adult abundance and juvenile abundance estimates). Based on
the superior fit of their modeled temperature mortality, Martin et al. concluded
temperature tolerance in the field is lower than estimates derived from lab studies, and
thus essentially, that lab derived models are not reliable. Martin et al. hypothesized
dissolved oxygen transfer to be the mechanism by which thermal tolerance is
determined in the field, and further, that this low dissolved oxygen accounted for the
poor fit of a model parameterized from laboratory data. My opinions regarding the
reliability of the Martin et al. model (2016) are set forth in section 3.2 of this report.
2.5.6

Genetic data

DNA samples collected from adult and juvenile Chinook salmon can be used to test and
correct LAD race assignments and also provide a genetic-based heritable tag that can be
used to generate precise independent estimates of total spawning escapement (i.e., how
many salmon arrived at the spawning grounds), effective population size (how many
salmon are contributing to genetic diversity of the population), and estimates of
successful spawners (i.e., how many adult salmon spawners successfully produced
juveniles arriving at RBDD). These data were not being collected during 2014-2015, but
genetic data collected since then provides insights into characteristics of the winter run
Chinook population and highlights uncertainties about the reliability of data provided by
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carcass surveys and juvenile catch at RBDD used to estimate the JPI and egg-to-fry
survival.
3.

Opinions

The following opinions are based on my education, training, and experience as a
fisheries biologist, including my extensive experience conducting Central Valley Chinook
salmon monitoring programs and analyzing resulting data, as detailed in section 1. My
opinions address the following matters regarding winter run Chinook salmon and spring
run Chinook salmon in the Sacramento River upstream of RBDD during calendar years
2014 and 2015: (1) Suitability of data for assessing magnitude and sources of mortality,
(2) Reliability of analysis provided by Martin et al. (2016), (3) Other factors potentially
contributing to estimated mortality, (4) Effects on spring run Chinook viability, and
(5) Effects on winter run Chinook viability.

3.1

Available data is inadequate to support precise conclusions about the
magnitude or sources of mortality for winter run Chinook salmon in the
Sacramento River in 2014 and 2015

Egg-to-fry survival of salmonid embryos has been a topic of considerable research, and
is associated with a well-understood, accepted methodology (Rubin 1995; Dumas and
Marty 2006; Roni et al. 2015). Appropriate methods for estimating egg-to-fry survival
were discussed in section 2 of this report. Appropriate methods include burial of a
known number of eggs in incubation containers so fry produced can be captured and
counted as they emerge from the gravel. Figure 7 depicts accepted approaches for
estimating egg-to-fry survival in the field, while Figure 8 depicts the approach relied
upon by USFWS and Martin et al. (2016). The response variable referred to by Plaintiffs
as “egg-to-fry survival” in fact includes additional sources of mortality which are
unaccounted for. Therefore, estimates of “egg-to-fry survival” provided by USFWS and
by the Martin et al. model are inappropriate for distinguishing temperature-related egg
mortality and other causes of mortality that may have occurred in 2014 and 2015.
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Figure 7. Accepted methodology for estimating egg-to-fry survival in the field. (A) Place known number of fertilized eggs
(embryos) into incubation containers, (B) Bury containers within spawning substrate record temperatures and other
physical conditions at each container, and (C) After allow appropriate time for incubation, remove containers, count
surviving alevins. C divided by A provides an estimate of egg-to-fry survival for each container.

The data relied upon by USFWS and Martin et al. to estimate “egg-to-fry survival”
includes four distinct life stages that could all have an effect on the response variable,
including: (1) number of spawning females, (2) eggs per spawning female, (3) number of
fry, and (4) number of post-fry juveniles (Figure 8). In contrast, appropriate methods
for assessing temperature effects on “egg-to-fry survival” involve placing a known
number of embryos into the substrate and then obtaining a direct count of how many fry
subsequently emerge from that substrate (Figure 7; Johnson et al. 2012).
Isolating the effect of temperature (or any other variable) on the egg stage requires
laboratory study or controlled field observation of egg incubation success (e.g., Rubin
1995; Dumars and Marty 2006; Roni et al. 2015). The use of relatively coarse
observations from field monitoring programs to assess causes of “egg-to-fry survival”
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would likely require more observations than are currently available, and also require a
careful statistical accounting for estimated uncertainties, and for all the factors
potentially influencing observed survival. This analysis has not been done, and in fact,
there are serious deficiencies and uncertainties with each of the four components used
by USFWS and Martin et al. (2016) to estimate “egg-to-fry survival” for winter run
Chinook. Significantly, the January 2018 Independent Review Panel (IRP) Report for the
2017 Long-term Operations Biological Opinions (LOBO) Biennial Science Review
identified similar reservations about the reliability of the new Martin temperature egg
survival analysis (Gore et al. 2018).

3.1.1

Number of spawning females

Mark-recapture of dead salmon (carcass surveys) provides the basis for annual
estimates of spawning female numbers. Mark-recapture is a method where captured
fish are tagged, and then are released back into the environment. The rate at which
marked fish are recaptured provides a basis for estimating the probability of finding
unmarked fish, and therefore for estimating the total number of fish actually present.
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Figure 8. Methodology relied upon by Martin et al. for estimating winter run Chinook egg-to-fry survival in the
Sacramento River. (A) Estimate number of female spawners from carcass surveys, estimate spawning locations from
redd surveys, (B) Estimate average number of eggs expected per female, estimate temperature at spawning location,
their spawning locations, (C) Estimate number of fry arriving 60 miles downstream of the primary spawning area,
(D) Estimate number of pre-smolts/smolts arriving 60 miles downstream of the spawning area, convert presmolts/smolts to fry equivalents. C + D divided by A X B provides an estimate of average egg-to-fry survival for all
spawning winter run Chinook. See text in section 3.1 for a description of additional assumptions associated with these
steps.

Carcass surveys are difficult to conduct in large rivers (like the Sacramento), where
depth and turbidity can prevent surveyors from finding dead fish. A key assumption of
the carcass mark-recapture methodology is that tagged salmon are equally likely to be
recovered as untagged salmon. If this assumption does not hold true, it can introduce
substantial bias into resulting estimates of female abundance. In fact, available
information indicates turbidity often obstructs effective carcass surveys.
One source of information about adult winter run Chinook that is independent of the
carcass survey methodology is adult trapping that occurs at Keswick Dam. The Keswick
Dam Fish Trap (KDFT) is operated to collect fish for use in the LSNFH conservation
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hatchery program for winter run Chinook. Some fish captured at KDFT are tagged and
released back into the river. Available data indicate fish tagged and released at KDFT
are observed in the carcass survey “far less frequently than would be expected given the
numbers of tagged fish released and recent estimates of winter run Chinook salmon
abundance.” NMFS (2017b). There are two possible explanations for this observed
pattern: (1) mortality of adult winter run Chinook captured at the KDFT is much higher
than for fish not captured there, or (2) salmon carcasses found in the carcass survey are
not representative of the population at large, thus the carcass survey provides a biased
estimate of the actual spawning population.
Multiple USFWS reports acknowledge technical difficulties and significant problems
with carcass surveys which “can have large net effects” on the estimated number of
female spawners (Vogel 2017). Unfortunately, the occurrence and the direction of bias
in carcass survey-based population estimates likely changes from year-to-year
depending on river conditions and survey crew methods, and no simple correction or
“fix” is available. Independent methods for more precisely estimating spawner
abundance are available, but have not been implemented (but see section 2.5.6).

3.1.2

Eggs per female (fecundity)

Fecundity (average eggs produced per female) multiplied by the estimated number of
female spawners is used to estimate total number of eggs available to produce fry.
Larger fish tend to produce more eggs than smaller fish. Until 2016, an average
fecundity was estimated based upon sampling winter run Chinook spawned at the
LSNFH. However, discrepancies between the size of LSNFH females and the size of
females encountered during the carcass survey led the USFWS to propose a new
methodology (USFWS 2017). This new methodology resulted in a 19% increase in
estimated eggs for 2016 and a 16% decrease in 2017. Whether such corrections will be
made for 2014 and 2015 is unknown, but the relatively large changes resulting from this
new methodology demonstrate imprecision associated with use of an average fecundity
to characterize total egg production.
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3.1.3

Reproductive success among females

The USFWS and Martin et al. methods for estimating “egg-to-fry” survival of winter run
Chinook implicitly assume all female salmon estimated to be on the spawning grounds
are equally likely to produce viable offspring that can be observed at RBDD. In other
words, “egg-to-fry survival” represents an average survival rate calculated by pooling all
female spawners and all resulting fry produced (see section 2). However, if many female
salmon observed on the spawning grounds do not actually produce any viable offspring,
this would introduce substantial negative bias into “egg-to-fry survival” as estimated by
USFWS and Martin et al. In fact, studies show that even under favorable environmental
conditions, more than 60% of spawners will produce zero juvenile offspring (Figure 9;
Ford et al. 2006). Where it has been evaluated, this pattern of low reproductive success
occurs commonly among spawning salmon, and appears to be driven by parental effects,
not by problems with environmental conditions in the spawning habitat (Johnson et al.
2012).
Genetic analysis of the 2016 Brood Year indicates a similar pattern of low reproductive
success is occurring for Sacramento River winter run Chinook salmon. As might be
expected, the fact that many adult winter run Chinook observed on the spawning
grounds produce zero viable offspring (regardless of environmental conditions) has
profound consequences for estimates of egg-to-fry survival utilizing the method of
USFWS and Martin et al.
Though carcass surveys estimated approximately 1,409 winter run spawners in 2016,
genetic analysis indicate only 150 to a maximum of 450 spawners successfully produced
juveniles that arrived at RBDD in 2016 (Blankenship 2018). For winter run Chinook
Brood Year 2016, assuming all females would produce viable offspring yields an
estimated egg-to-fry survival of 24%, whereas using the maximum number of fish we
now know to have successfully reproduced (as indicated by genetic analysis, the
minimum JPI estimate provided by USFWS (429,876 fry equivalents) yields an egg-to-fry
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survival estimate of 59%, a 2.5X increase in estimated survival. Though this is a very
large and consequential change in estimated survival, it is a conservative estimate that
only accounts for a single source of uncertainty. Unfortunately comparable genetic data
is not available for 2014 and 2015, but it is very likely that egg-to-fry survival estimated
from successful spawners (rather than from all spawners as done by USFWS and Martin
et al.) would indicate a substantially higher egg-to-fry survival of winter run Chinook
occurred in 2014 and 2015 than was estimated.

3.1.4

Fry

Egg-to-fry survival is calculated by dividing the estimated number of fry produced each
year by the estimated total spawned eggs in that same year. Trapping juvenile salmon at
the RBDD provides the annual fry production estimate. The RBDD outmigrant trapping
program was developed to provide a JPI. A report prepared by Craig D. Martin and two
others (C.D. Martin et al. 2001) summarized the JPI as follows:
The JPI was found to be useful for evaluating year-class strengths in winterrun production and for supportive evidence of adult escapement. Given the
inherent variability associated with estimating populations of adults and
juveniles in large river systems, independent surveys are needed to provide
supportive evidence of the success or failure of winter-run restoration
actions.
Thus, C.D. Martin et al. (2001) viewed the JPI as a check on the accuracy of spawning
escapement surveys, and vice versa. The idea that these two estimates are each
sufficiently accurate and robust to allow both to be used to generate precise estimates of
egg-to-fry survival is not an application considered or recommended by C.D. Martin et al.
(2001).
My review identified four problem categories specific to the the RBDD fry production
estimate. These problems collectively suggest the JPI is appropriate only as a very
coarse index of relative abundance and year-class strength, and is not a reliable measure
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of survival from temperature effects on a specific life stage of winter run Chinook
salmon.
3.1.4.1 RBDD outmigrant trapping in 2014 and 2015 did not follow an appropriate
sampling design
In his review of the procedure for estimating abundance of juvenile Chinook salmon
passing the RBDD, Dr. Skalski (Skalski 2000) stated the following:
The document [the study plan provided to Dr. Skalski for review] does not
address the specific approach used to select n of N days within a month.
However, a probabilistic sample must be drawn if unbiased estimates are
desired. It will be assumed a simple random sample (SRS) of days within a
month were selected. However, if this assumption is not correct, or if
sampling was also portioned within the day, other variance estimators are
necessary and must be pursued. (Emphasis added.)
My review of RBDD outmigrant sampling for 2014 and 2015 indicates this standard has
not been upheld. That is, the days sampled during a month (n) do not represent a
random sample of all available days (N). Rather, sampling appears to be biased against
days where flow and turbidity are elevated (Figure 10 and Figure 11). In the report on
the 2014 winter run trapping season, Poytress (2016) discussed variations in effort as
follows:
The reasons varied, but the most significant impediment to sampling at full
effort during the primary migration period was due to lack of adequate
numbers of field staff to sample 7 days per week. Moreover, in 2013 and
more so in 2014, very high levels of aquatic vegetation/debris accumulated
in the traps beginning in August as compared to 2011 and 2012.
About the 2015 trapping season, Voss and Poytress (2017) acknowledged as follows:
Decreased sampling effort was a product of winter storm activity resulting
in high flows and debris loads from January through March 2016.
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Since samples collected during the winter run migration period in both years did not
constitute a simple random sample of available days, a reliable, unbiased estimate of
emigration during this time period is unavailable. Sampling that is biased against
periods of elevated flow or turbidity is especially significant and problematic because
downstream migration of juvenile salmon is well known to be associated with such
events (e.g., C.D. Martin et al. 2001; Vogel 2017; Zeug et al. 2014). In other words, this
kind of sampling bias is likely resulting in a strong negative bias of fry abundance
estimates (i.e., fry abundance is underestimated).

Figure 9. Genetic analysis from Ford et al. (2006) illustrating skewed distribution of spawning success. Methodology of
Martin et al. assumes spawning success can be expressed as a population-wide average. Genetic data indicates ~70% of
spawning adults produce no viable offspring – instead a small fraction of the spawning population exhibits
disproportionally high reproductive success. Genetic data available for Brood Year 2016 suggest a similar pattern for
Sacramento River winter run Chinook, casting doubt on the population-wide egg-to-fry survival calculation relied upon
by Martin et al.

-36EXHIBIT B
Page 43 of 81

Case 1:20-cv-00431-DAD-EPG Document 333 Filed 01/10/22 Page 91 of 178

Figure 10. Daily numbers of Brood Year 2014 winter run Chinook captured at the RBDD fish traps (green vertical bars)
from July 1 – December 31, 2014, showing periods when the traps were not in operation (open circles) and turbidity
(open triangles). Fish trapping did not follow specified sampling design in December, which may have led to an
underestimate of JPI from this time period. Figure from Vogel (2017).

USFWS conducted sampling in 2005 to evaluate passage during storm events (Poytress
et al. 2014). In their report, they describe the collection of large numbers of Chinook
salmon during the study as follows:
During this storm event, sampling was conducted following the peak of river
discharge as river stage decreased, but while turbidity continued to peak
(Figure 27a). The planned 24-hour sample had to be cut short due to the
huge influx of fry and smolt passage that occurred during the turbidity
increase (i.e., from 10’s to 1,000’s per hour) and the need to reduce the
potential impact to listed winter Chinook.
USFWS (2018) describes the process of estimating juvenile Chinook passage on days
when sampling does not occur:
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When days or weeks were unable to be sampled, mean daily passage
estimates were imputed for missed days based on weekly or monthly
interpolated mean daily estimates. (Emphasis added.)
This approach is not consistent with the recommendation of Skalski (2000) that
unsampled days must represent a random sample among all the available days. In 2014,
a total of 34% of the winter run passage estimate was accounted for by interpolation of
missed sampling days (Poytress 2016). For the 2015 Brood Year, Voss and Poytress
(2017) minimize the importance of missed samples by pointing to the majority of catch
occurring prior to January 2016 and to the low numbers representing the period of time
when interpolation was most heavily relied upon:
By the middle of January 2016, 95.0% of the total annual passage estimate
for BY2015 winter Chinook was collected . . . . Overall, interpolation for
missed days of sampling accounted for a mere 4.3% of the total BY2015
estimate of 338,901 winter Chinook passing RBDD.
However, low estimated catch resulting from a negatively biased sampling effort does
not excuse or correct for the lack of an appropriate sampling regime during conditions
when winter run Chinook smolts would most likely be migrating.
3.1.4.2 Unreliable method for converting smolts to fry
USFWS converts estimated numbers of larger sized winter run Chinook juveniles
captured at RBDD (pre-smolt and smolts) to “fry equivalents” where “fry” are fish less
than 46mm in fork length (FL). A fixed conversion rate of 1.7 to 1 is used to expand the
estimated numbers of salmon larger than 46mm FL to how many fry they would
represent if they had emigrated as fry. This expansion is an attempt to adjust for
mortality that will have occurred upstream of RBDD as a result of fry staying there long
enough to become pre-smolts or smolts. In other words, a smolt observed at RBDD is
assumed to be worth (or equivalent to) 1.7 fry. However, this adjustment is not based
on estimated or observed fry to pre-smolt/smolt survival in the reach upstream of
RBDD. Rather, it appears to be based upon differential returns of adult fall run Chinook
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salmon from hatchery releases of “fingerlings”(~90mm FL) and “yearlings”
(>110mm FL) conducted between 1959 and 1972 (Vogel 2017). In my opinion, this data
provides an inappropriate basis for converting natural origin winter run Chinook smolts
to fry. Though it is correct that some number of fry greater than 1 are needed to
produce each fish larger than 46mm FL reaching RBDD, this value is certainly not fixed
from year to year. Rather, the true value undoubtedly varies by year and with the actual
size of fish. Concerns about the reliability of the fry-equivalent conversion have been
recognized by both USFWS (Poytress et al. 2014) and by CDFW (Kratville 2016).
The fry conversion problem is significant because it is poorly supported and may result
in negatively biased estimates of fry production if more than 1.7 fry are required to
produce a single smolt-sized winter run Chinook (as might have been the case in 2014
and 2015). The potential bias introduced by the fry conversion could be particularly
severe for 2014 and 2015 because: (1) low flows and low abundance in those years
likely encouraged extended rearing upstream of RBDD, and (2) outmigrant trapping in
both of those years did not follow an appropriate sampling design during the time and
environmental conditions (high, turbid flows) when most smolt-sized fish would be
emigrating past RBDD.
3.1.4.3 Length-at-age can misclassify winter run Chinook as non-winter run
Until recently, USFWS has not regularly conducted genetic analyses of juvenile Chinook
salmon captured at RBDD outmigrant trapping. Instead, USFWS has relied upon LAD to
identify the race of juvenile Chinook salmon. The lad classification is based upon
differences in spawn timing among spring, winter, fall and late-fall run Chinook, such
that juveniles observed on a given date can be assigned to their race based on their total
length at the date of observation. This approach is known to be problematic because
spawn timing overlaps for some races and because growth rates are highly variable
among individuals. Similar to the assessment of LAD in other Central Valley monitoring
programs, recent genetic analyses indicate LAD is not sufficiently reliable for identifying
winter run Chinook at RBDD. This new finding led to a correction that added 25% more
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winter run Chinook fry to the 2017 RBDD production estimate (USFWS 2017). USFWS
indicated this adjustment was needed in 2017 because of unusually late winter run
Chinook salmon spawning. However, CDFW data on fresh females observed during their
carcass survey indicates spawning was similarly late in 2014 and 2015 as was observed
in 2017 (Figure 12).

Figure 11. Mean Sacramento River discharge at Bend Bridge (solid line) and trapping effort potentially affecting juvenile
production estimates for the 2015 winter run Chinook Brood Year. Blue bars indicate consecutive days of no sampling at
RBDD outmigrant traps, grey bars indicate one day of missed sampling. As with the 2014 Brood Year, trapping did not
follow specified sampling design during the time period when most pre-smolt and smolts would likely have been
emigrating (during the high flows).

Unfortunately, genetic data on juvenile Chinook were not collected in 2014 and 2015.
However, Voss and Poytress (2017) indicates problems with misidentification are
magnified during low abundance years and/or when spawning occurs late, both of
which occurred in 2014 and 2015 (Figure 12). Thus, it is reasonable to conclude that
misidentification of winter run Chinook along with other factors described above could
have contributed to a substantial under-estimate of winter run Chinook juvenile
production in 2014 and 2015, similar to what occurred in 2017.
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3.1.4.4 Uncertain trap efficiencies for winter run Chinook smolts
Several investigators have noted that more winter run Chinook juveniles will tend to
rear upstream of RBDD in years with low flow conditions (C.D. Martin et al. 2001; Israel
et al. 2015; Vogel 2017). This behavior could be an evolutionary response (i.e., survival
is better for fish that rear upstream in low flow years), or could occur simply because
fry-sized fish get displaced downstream by high flows. Regardless of the cause, juvenile
winter run Chinook rearing in the upper Sacramento River will then migrate past RBDD
as pre-smolts or smolts in December or later. Such conditions appear to have occurred
in 2014 and 2015. Indeed, USFWS reported that 38% and 43% of winter run Chinook
emigrated as pre-smolts or smolts in 2014 and 2015, respectively.
As indicated previously, there is considerable uncertainty about these estimates because
the recommended sampling design has not been followed during periods of high flows
when winter run Chinook smolts are most likely to be emigrating. An additional
element of uncertainty is introduced by efficiency of outmigrant traps operated at RBDD
in capturing smolt-sized fish. As described in section 2, “trap efficiency” estimates are
used to expand observed catch to an estimate of total juvenile winter run Chinook
production. Efficiency is currently modeled as a function of the proportion of discharge
sampled (Poytress et al. 2014), but fish size is not explicitly accounted for. Since salmon
larger than fry are stronger swimmers, it is expected they would be more capable of
avoiding capture at the RBDD traps. In fact, studies elsewhere clearly show this
tendency and efficiency estimates typically account for fish size in some way (Zeug et al.
2014). The RBDD trap efficiency model assumes fish size does not affect capture
probability, yet this is primarily based on trials of fry-sized fall run Chinook salmon.
Poytress et al. (2014) explains the USFWS rationale for this as follows:
Fry size-class fish are the predominant size-class sampled at RBDD (i.e., fall
and winter Chinook) thereby making them the best representatives for use
in mark-recapture trials.
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Despite this assertion, large proportions of winter run Chinook migrate as pre-smolts or
smolts in some years; particularly low flow years such as 2014 and 2015 as described
above. Based on evidence from other systems (Zeug et al. 2014) and improved
swimming performance at larger sizes, trap efficiency for winter run Chinook smolts is
very likely lower than trap efficiency estimates for fry-sized fish. Like the other sources
of uncertainty described previously, uncertainty in trap efficiency for winter run
Chinook smolts (particularly during high flow events) also has the potential to
negatively bias estimates of egg-to-fry survival.

3.1.5

Empirical observations suggest RBDD trapping provides production estimates with
poor precision

Using methods identical to those applied to generate egg-to-fry survival of winter run
Chinook, Poytress et al. (2014) reports a 12-year average egg-to-fry survival rate for
late-fall Chinook of just 3% (less than for winter run Chinook in 2014 and 2015). If the
method of estimating egg-to-fry survival is appropriate and reliable for winter run
Chinook, it should function reasonably well for other salmon races, including late-fall
Chinook. That is, it should provide egg-to-fry survival estimates that are consistent with
what have been observed in other systems using similar methods under comparable
environmental conditions. The fact that late-fall Chinook egg-to-fry survival estimates
are consistently very low (lower than “normal” rates, see section 2.5.3) seems to affirm
the vulnerability of the methodology to one or more of the problems identified
previously in this report.
Reconstruction of the 2016 Brood Year from genetic analysis indicates approximately
150 to 450 adult winter run Chinook spawned successfully in 2016 (Blankenship 2018).
The mean juvenile production index for the 2016 Brood Year was estimated at
approximately 613,675 winter run Chinook (Poytress 2018). An egg-to-fry survival rate
ranging between 59% and 84% would be needed to achieve this level of juvenile
production given that a minimum of 150 and a maximum of 450 adult winter run
Chinook appeared to have spawned successfully in 2016 (Blankenship 2018). Given that
-42EXHIBIT B
Page 49 of 81

Case 1:20-cv-00431-DAD-EPG Document 333 Filed 01/10/22 Page 97 of 178

these estimated survival values are higher, and highly variable, relative to those
estimated by USFWS using traditional methods (section 2.5.2) they seem to affirm the
vulnerability of the USFWS and Martin et al. methodology problems identified
previously in this report.

3.1.6

Summary of problems with estimating egg-to-fry survival with current monitoring

Estimates of egg-to-fry winter run mortality of >95% are based upon estimates of female
spawners, fecundity, and fry production that are highly uncertain and in many cases
where required assumptions appear to have been violated. Thus, confidence intervals
reported for the winter run JPI (e.g., Voss and Poytress 2017, Table 7) do not fully
represent the true uncertainty associated with estimating egg-to-fry survival by these
methods. With this uncertainty, it is not possible to generate scientifically supported
conclusions about the magnitude and causes of apparent mortality in 2014 and 2015.
The January 2018 Independent Review Panel (IRP) Report for the LOBO Biennial
Science Review indicates similar reservations about the reliability of the new Martin et
al. temperature egg survival analysis (Gore et al. 2018). The IRP is composed of six
independent scientists representing four universities, one federal agency, and one
private consultant. The IRP is assembled by the Delta Science program to provide
objective feedback to USBR, NMFS, and USFWS on science related to regulatory actions.
The intent of the IRP findings is to inform rapid decision making on water project
operations and potential effects on species protected under the federal ESA.
The Martin model findings contradict many other studies (Healey 1979 [as cited in EPA
(2001)]; Murray and McPhail 1988; USFWS 1999; Geist et al. 2006). Even the model
authors (Martin et al. 2016) and NMFS staff (Swart 2016) have acknowledged
temperature may not be the only operative factor to consider in understanding egg-tofry mortality.

-43EXHIBIT B
Page 50 of 81

Case 1:20-cv-00431-DAD-EPG Document 333 Filed 01/10/22 Page 98 of 178

3.2

The Martin et al. 2016 temperature dependent mortality model is not a
reliable tool to measure egg-to-fry mortality for winter run Chinook

Available monitoring information is problematic for making specific conclusions about
the magnitude and causes of winter run Chinook mortality in 2014 and 2015. Yet,
Martin et al. (2016) utilize this data to conduct a statistical analysis where they conclude
that temperature tolerance in the field must have been lower than estimates derived
from lab studies. Below, I describe in more detail each of the major inadequacies of the
Martin et al. approach.
3.2.1

The Martin model cannot reliably distinguish temperature effects on egg incubation
from other sources of mortality in the system

Martin et al. attempted to isolate winter run Chinook mortality at the egg stage from a
variable that combines effects and uncertainties from life stages both before and after
egg incubation (see Figure 8). Further, Martin et al. treat these uncertainties (e.g.,
predation, disease, and poor physical rearing habitats, etc.) as constant among years and
assume temperature effects on eggs are the only effect that varies among years.
Stressors on other life stages are well known to be variable among years and this should
be acknowledged and accounted for statistically. For example, as described above in
section 2.4, water temperature is an important factor influencing salmonid populations
and there are many studies detailing the effect of this variable at every life stage.
However, Martin et al. make the explicit assumption that temperature does not affect fry
mortality because fry have a greater tolerance (referencing a lab study), but they neither
acknowledge nor address assumptions about temperature effects on other life stages.
The resulting analysis thus attributes all water-temperature effects to the egg stage
without addressing the effects of water temperature at other life stages.
This shortcoming is addressed specifically by the IRP in 2018 as follows:
Generally, the temperature-dependence in the Martin model assumes that
other sources of mortality in the system are understood. This is a difficult
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assumption to accept given all of the other attributes of this novel
ecosystem.
The components of survival across two very different life stages, egg and
fry, would appear to be confounded. The research upon which the model
is based (Martin et al. 2017), correctly assumes that thermal tolerance of
fry is higher for fry than for embryos. However, the assumption that fry
mortality is temperature-independent, at the experienced temperatures, is
also simplistic and ignores bioenergetics constraints on juveniles near
temperature thresholds (Myrvold and Kennedy 2015), as well as
carryover effects of high temperature experienced throughout alevin and
fry stages.
Components and resulting uncertainties in survival for specific life stages both before
and after egg incubation are addressed in turn below.
3.2.1.1 Uncertainties regarding adult spawning success
Independent of environmental effects, egg viability varies widely among parents
(Pankhurst and King 2003; Burt et al. 2011). Thus, even if a redd is constructed, poor
survival may be inevitable regardless of egg incubation conditions. Rubin (1995)
reported significant differences between batches of Atlantic salmon (Salmo salar) eggs
used as controls in a field experiment and suggested that it was essential to account for
female source when evaluating egg survival. Roni et al. (2015) reported a strong
influence of parents and stream reach on egg incubation success.
Low river flows can also be harmful to survival of adult Chinook salmon (Lynch and
Risley 2003). Adults have higher temperature tolerances than eggs (Figure 5).
However; the extremely low flows, independent of water temperatures that occurred
during the two drought years (Figure 13), could have affected observed outcomes of
salmon spawning success and therefore fry production. Voss and Poytress (2017)
report as follows:
In 2015, sub-optimal high water temperatures during upstream adult
migration and prior to spawning led to increased pathogen prevalence in
winter Chinook adult broodstock held at Livingston Stone National Fish
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Hatchery. This increased prevalence was determined to have contributed to
much higher pre-spawn mortality rates than previous years (Voss and True
2015).
Thus, though water temperatures during the pre-spawning period were within the
recommended range (see Figure 5), in combination with low flow, the drought
conditions were sufficient to cause “much higher” pre-spawning mortality. Martin et al.
do not account for parental effects and sub-lethal stress among adults as potential
factors contributing to the number of fry observed at RBDD.

Figure 12. Weekly fresh winter run Chinook females encountered during CDFW carcass surveys in 2014-2017. Data
indicates the temporal distribution of spawning effort in 2017 (when a substantial correction for length-at-date race
classification was applied) did not appreciably differ from 2014-2015 observations. Data source:
WR_INTERNET_CARCASS-REDDS_counts_as_of_9-07-18.xls.

3.2.1.2 Uncertainties regarding fry survival
Although Chinook salmon fry are certainly more tolerant of temperature than eggs
(Figure 5), they also have more complex interactions with their environment, and these
interactions have known relationships with temperature at ranges well below the
thermal maxima of Chinook salmon fry. One of the major differences between eggs and
fry is exogenous vs. endogenous feeding. Endogenous feeding describes the period of
time when fry rely upon their yolk sac, where exogenous feeding is when fry are
dependent upon invertebrate food items. Juvenile Chinook salmon metabolism
increases with temperature requiring greater food resources to meet metabolic costs
and still put on somatic growth (Jobling 1995). Lab studies typically feed fish to
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satiation, however, there are important interactions between ration and temperature.
Brett (1982) found that fish fed at levels observed in field studies (60% of maximum
ration) displayed impaired growth at lower temperatures relative to fish fed to satiation
and reared at higher temperatures. This suggests that if appropriate food resources are
not available, growth and survival may be impacted at temperatures that are regularly
observed in the study area. Additionally, Myrick and Cech (2004) discussed a study of
American River Chinook salmon growth by Rich (1987) that found reduced growth at
temperatures >15.3°C (59.5°F) and hypothesized it was due to the use of American River
surface water that may have exposed fish to fluxes in dissolved oxygen and potential
pathogens. Martin et al. do not consider these effects of temperature on fry.
3.2.1.3 Uncertainties due to predation
Even at temperatures targeted and considered adequate for the temperature
management season, there are indirect effects of temperature based on predation risk
which Martin et al. do not account for. McCullough (1999) suggested that increased
metabolic costs resulting from higher temperatures may force fish to feed in
increasingly risky environments. Petersen and Kitchell (2001) reported increased
predation risk for Chinook salmon fry at elevated yet sub-lethal temperatures. This was
particularly relevant for predation by northern pikeminnow (Ptychocheilus oregonensis)
because their temperature optimum is higher than that for Chinook salmon. Winter run
Chinook salmon are preyed on by a similar species; Sacramento pikeminnow
(Ptychocheilus grandis) in the rearing area and may experience similar dynamics. In the
Central Valley, Marine and Cech (2004) reported that Chinook salmon reared at 17-20°C
(62.6-68°F) experienced greater predation risk than fish reared at 13-16°C (55.460.8°F). Water temperatures were frequently within this range at the RBDD in 2014 and
2015 when the Martin et al. model predicted the lowest survival (Figure 15).
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Figure 13. Daily average Sacramento River flows at Keswick in 2014 (red) and 2015 (blue) and other years since 2000
(grey lines). River flows in 2014 and 2015 were exceptionally low during spawning, egg incubation, and early rearing.
Low flows would tend to deter early fry emigration, and also exacerbate fry rearing mortality.

Martin et al. also did not account for effects of predation because of spatial and temporal
scales. Martin et al. assume that the short time between predicted emergence and
passage at Red Bluff support temperature independence, yet distance is as important as
time of exposure in determining survival probabilities (Anderson et al. 2005). Two of
the efficiency trials performed in 2014 could not be used when a group of hatchery
steelhead (O. mykiss) were observed feeding in the area where trial Chinook salmon fry
were released and recapture results suggested high predation was likely (Poytress
2016). This suggests predation can have substantial effects over short spatial and
temporal scales. Additionally, in 2014 and 2015, a relatively large proportion of winter
run juveniles migrated as pre-smolts or smolts (38% and 43%, respectively), indicating
that significant numbers of fish reared for weeks or months prior to capture at RBDD.
Unusually low river flows could also have contributed to elevated losses to predation in
2014 and 2015 (Figure 13), particularly for juvenile winter run attempting to rear
upstream of RBDD.

-48EXHIBIT B
Page 55 of 81

Case 1:20-cv-00431-DAD-EPG Document 333 Filed 01/10/22 Page 103 of 178

Several studies have linked survival during migration with temperature and river flow
(Kjelson et al. 1982; Newman and Rice 2002; Newman 2008; Zeug and Cavallo 2013;
Michel et al 2015). The mechanism of mortality in these studies is not specified but the
factors discussed above are all likely to contribute, which Martin et al. did not
adequately acknowledge. Together, these data strongly suggest that temperatures and
low flows observed in the rearing area during 2014 and 2015 have the potential to affect
fry survival during their 90 km migration between the spawning grounds and the RBDD
traps, and thus likely contributed to estimated egg-to-fry survival in those years.
3.2.1.4 Uncertainties due to disease
Martin et al. did not consider the effects of disease on other life stages. Pathogens that
potentially affected juvenile winter run Chinook were studied in 2015. Foott (2016)
identified a zone upstream of RBDD to Balls Ferry that was highly infective (Ceratonova
Shasta) to experimental hatchery late-fall Chinook. Foott (2016) acknowledged that
prevalence of the disease was exacerbated by drought conditions and could have
impaired survival of winter run Chinook fry. Disease has been observed to have strong
effects on juvenile Chinook salmon survival in the Klamath River system, particularly
under conditions of elevated water temperatures (Ray et al. 2012).
3.2.1.5 The IRP effectively summarized weaknesses in Martin et al. (2016)
The IRP 2017 report recognized that survival between emergence and capture is likely
to be complex and the simple relationships assumed by Martin et al. reduced confidence
in model results. The IRP (2017) specifically recommended addressing this issue as
follows:
Separating pre-hatch and post hatch survival. Future research could
address this, but it could be a significant undertaking that introduces more
uncertainty into the model. However, as it stands, the results and their
application hinge upon the confidence with which embryonic mortality is
assigned, particularly when it is recognized that survival from redd
locations (embryos) to Balls Ferry (fry) is likely complicated.
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3.2.2. Egg mortality models based on accepted methods conflict with Martin et al.’s
conclusions
Martin et al. (2016) fit field and laboratory parameterized statistical models that
included surface temperature and spawner abundance to estimates of winter run
Chinook “egg-to-fry” survival and concluded, based on the superior fit of the field
parametrized model, that temperature tolerance in the field is lower than estimates
derived from lab studies. What Martin et al. fails to consider is that the purpose of
performing a laboratory study is to isolate the effect of a single variable (in this case
temperature) from the myriad factors that affect egg survival in the field. It is unclear
why Martin et al. would expect that lab-based models would predict survival in the field
where many other, unaccounted for variables are operating.
What lab-based studies can do very well is predict the amount of egg and alevin
mortality that can be reasonably attributable to water temperature effects. To assess
lab-based model predictions, Vogel (2017) ran three different egg mortality models (see
section 2.5.4) to represent expected effects of thermal conditions observed in 2014 and
2015. Vogel’s application of these published, and widely accepted temperature models
based upon best available laboratory studies specific for winter run Chinook salmon
(e.g., USFWS 1999) indicated temperature-related egg mortality did occur in 2014 and
2015, but was much less than the analysis of Martin et al. indicated (Figure 14).
Each of the temperature-egg mortality models used by Vogel (2017) takes into account
the incubation period which is a function of when female salmon spawned and how
much time is required before their eggs hatch. Time to hatching is temperaturedependent such that warmer temperature will shorten the incubation period. Of course,
spawning does not occur all at once, but is instead spread out over two months
(Figure 12). By aligning the weekly distributions of observed spawners with water
temperatures where most spawning occurred (between Keswick Dam and the
Highway 44 Bridge), we created plots of the cumulative proportion of eggs hatched and
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Figures 6 and 7 show results of these analyses. Based solely on the effects of water temperature, the overall
probability of survival from time of egg deposition to fry emergence in 2014 was 80.8%; in 2015, the overall
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equations, if water temperature during the time of egg incubation was a constant 56 F in 2014 and 2015,
overall probability of survival from time of egg deposition to fry emergence would have been 83.5%,
suggesting the effects of water temperature exceedances above 56oF in 2014 resulted in 2.7% mortality that
water temperature by day. Water temperatures representing the reach where most
year (substantially different than the assumed 95% mortality) and 2.0% mortality in 2015.
spawning occurred were provided by Mike Deas.
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EXHIBIT B
Bedore et al. (2015) assumed that alevins would emerge as fry after 1649 TUs had accumulated.
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For 2015, water temperatures where and when most eggs were incubating were
between 56°F to 57°F throughout the incubation period (Figure 17). Temperaturerelated mortality expected from water temperatures in this range are shown in the
lower panel of Figure 14.
If temperature during egg incubation was the primary driver of survival to Red Bluff,
then these two years (with very different thermal regimes) might be expected to have
yielded greater differences in estimated egg-to-fry survival than was actually observed.
The application of standard egg mortality models described above suggests
temperature-related egg mortality alone provides an inadequate explanation for
reduced production of winter run Chinook fry observed at RBDD in 2014 or 2015.

Figure 15. Mean daily water temperature at RBDD in 2014 and 2015. Rich (1987) reported reduced growth at above
15.3°C (59.5°F) and Marine and Cech (2004) reported increased predation risk at temperatures above 17°C (62.6°F).
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3.2.3

Martin et al. points to dissolved oxygen limitation as the cause of egg mortality, but
that is only a hypothesis with no supporting data

The apparent discrepancy between estimated fry production at RBDD and egg
incubation, water temperatures, and standard egg mortality model predictions led
Martin et al. (2016) to conclude that previous models of egg temperature tolerance were
incorrect. They hypothesized that flow through the gravel is not high enough to
facilitate dissolved oxygen (D.O.) delivery sufficient to meet egg metabolic needs when
temperatures are greater than 53.6°F. However, they did not collect data on D.O. or
intergravel flow in the Sacramento River. They also did not account for other untested
assumptions about their approach to isolating water temperatures from other effects as
described previously. Thus, the mechanism of egg mortality proposed by Martin et al. to
support their conclusions remains entirely hypothetical for the Sacramento River.
Significantly, the IRP (2018) leveled similar criticism in their evaluation of the Martin
et al. 2016 model as follows:
The predictions of the oxygen diffusion model should be tested under field
conditions because of the model’s apparent sensitivity to extremely small
changes in flow velocity. Eggs within a redd likely experience flow
conditions that are spatially variable and temporally dynamic. The idea
that a difference of <0.1 cm/sec (Martin et al. 2017) drives a 3-degree shift
in critical temperatures would be strengthened by some empirical support
for in situ redd conditions as well as oxygen depletion envelopes.
It is clear that D.O. is important for egg survival; however, what determines D.O.
concentration in the field is more complicated than the simple relationship proposed by
Martin et al. Greig et al. (2005) examined the effect of multiple factors on D.O.
concentration in spawning gravel along with salmonid egg survival. They reported that
D.O. was reduced when fine sediment (silt and sand) reduced intergravel flow or when
oxygen consuming materials (contaminants) accumulated in the redd. Further impacts
occurred when fine sediments covered eggs, restricting oxygen exchange. When fine
sediments are present in sufficient concentrations, increasing water velocity has little
effect on increasing D.O. transfer to eggs (Lapointe et al. 2004). Malcolm et al. (2005)
studied the importance of groundwater on spawning gravel water quality and egg
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survival, and found that long residence times of water during periods of increased
ground water influence resulted in low D.O. concentrations and lower egg survival. In
all of these studies, temperature remained within an optimum range for the species
suggesting that D.O.-related mortality can operate independently of temperature.

Figure 16. Estimated percentage of winter run Chinook salmon eggs hatched for the 2014 Brood Year relative to average
daily water temperatures where most spawning occurred. See section 3.2.2 for description of methodology. Data
indicates approximately 50% of eggs should have already hatched by the time water temperatures began to increase.
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Figure 17. Estimated percentage of winter run Chinook salmon eggs hatched for the 2015 Brood Year relative to average
daily water temperatures where most spawning occurred. See section 3.2.2 for a description of methodology. Average
daily water temperatures stayed near 58°F throughout the egg incubation season.

A different hypothesis, seemingly more consistent with all available evidence, is that egg
temperature tolerances derived from laboratory studies are essentially correct, but that
factors such as adult pre-spawning mortality, poor reproductive success due to parental
effects, low river flows, fry predation mortality, fry bio-energetic stress, poor physical
spawning and rearing habitat, and disease caused the observed JPI reductions in 2014
and 2015. These factors and other habitat conditions observed in 2014 and 2015 are
described further in section 3.3 below. More studies will be necessary to determine
which of these hypotheses are correct and which management actions can most
effectively contribute to continued viability of winter run Chinook.
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3.3

For the winter run Chinook mortality that did occur in 2014 and 2015,
additional plausible contributing factors include predation, disease, and
poor physical spawning and rearing habitats caused by four years of
drought and very low flows

Despite deficiencies, available data does likely indicate reduced production of juvenile
winter run Chinook salmon in 2014 and 2015, though observations were still within the
bounds of egg-to-fry survival estimated by comparable methods in other systems (see
section 2.5.3). Martin et al. and others have focused on water temperature as the sole
causative factor for mortality of winter run Chinook that occurred in 2014 and 2015.
Biological and other physical habitat conditions in the river have largely been ignored. A
similar concern was raised by the IRP report for the 2015 Long-Term Operations
Biological Opinions (2015 LOBO) (Anderson et al. 2015):
Shifting from a physical monitoring perspective to a biological one, the
Panel had a general concern about the way “habitat” is apparently
perceived in linking the biological requirements of salmon with water
operations. A recurring theme through the reports and presentations was
the description of “available habitat” as the number of river miles
maintained at a given target temperature. However, the ecological term
“habitat” is the place where a species normally lives (e.g., see Calow 1998).
Habitat is defined as the sum total of physical and chemical characteristics
that allow a species – or life-stage – to survive, grow and reproduce in an
area. Secondarily, this also includes intra- and inter-specific interactions
which further restrict access to certain “preferred” physical and chemical
conditions. Temperature is only one component of habitat quality, and
thus cannot be used alone as a surrogate for all habitat conditions
essential for a species’ survival and persistence.
This underscores the need to understand the biology of the fish, the
distribution of sizes within the population, as well as the physical size of
the substrate material in order to assess available spawning habitat. The
suitability of the gravel environment for hatching embryos and successful
emergence of fry depends upon both sufficient water velocity to clean
redds of sediment and sufficient levels of dissolved oxygen to support
developing embryos. The embryo optima are, in essence, chosen by
spawning adults. Thus, careful records of adult preferences for
combinations of velocity and depth may be a better index of habitat
suitability/quality/ distribution than wetted area or temperature alone.
There should be a more analytical means of describing the extent or
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location of “habitat” for salmonids in river reaches immediately below
Shasta.
The set of redd conditions described as physical and biological conditions
suggests that management of cold water should be focused upon the
location of the fish rather than extending the temperature compensation
to a point where no redds have been located. In other words, let the fish
utilization describe the conditions to be optimized. Anderson et al.
(2015).
In assessing factors contributing to lower-than-expected JPI for winter run Chinook in
2013, Israel et al. (2015) hypothesized predation, disease, limited Chinook prey items,
and prolonged rearing of winter run Chinook upstream of RBDD could have led to
increased mortality. Similar factors appear to have been at work in 2014-2015.
3.3.1

Predation

The upper Sacramento River is an extremely popular and prolific rainbow trout fishery.
Long-term water temperature management primarily intended to benefit winter run
Chinook egg incubation seems to have also enhanced the resident rainbow trout
population (Poytress et al. 2014). Besides trout, other predatory fish in the area include
Sacramento pikeminnow and striped bass. Permanently raising the RBDD gates (since
2012) has allowed striped bass to migrate into reaches upstream of the dam into winter
run Chinook nursery areas (Vogel 2017).
Predation rates have not been quantified in the area, but the upper Sacramento River
does not appear to have good refugia for young salmon from predatory fish (e.g., large
and small woody debris and other in-channel features). The very low summer and fall
flows present during 2014 and 2015 could have made winter run Chinook more
vulnerable to predation. And of course, warming downstream of the temperature
compliance point was likely greater in 2014-2015 because of low flows and unusually
higher air temperatures. As described previously, warmer water temperatures increase
the activity and bioenergetics demands of predatory fishes.
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The elevated predation risk for winter run Chinook in 2014 has been recognized by
fisheries agencies (NMFS 2016c). Israel et al. (2015) suggested that winter run Chinook
may have suffered increased predation during 2014 due to clear water (i.e., low
turbidity) resulting from a lack of precipitation events. Similar conditions of low flow
and clear water were present in 2015.
3.3.2

Disease

Pathogens potentially affecting juvenile winter run Chinook were studied in 2015. Foott
(2016) identified a zone upstream of RBDD to Balls Ferry that was highly infective
(Ceratonova Shasta) to experimental hatchery late-fall Chinook. Foott (2016)
acknowledged prevalence of the disease was exacerbated by drought conditions and
could have impaired survival of winter run Chinook fry. Disease has been observed to
have strong effects on juvenile Chinook salmon survival in the Klamath River system,
particularly under conditions of elevated water temperatures (Ray et al. 2012).
3.3.3

Spawning habitat quality and quantity

Multi-year droughts can lead to a lack of river flow events of sufficient magnitude to
redistribute spawning gravels and remove accumulated fine sediments. Prior to 2014
and 2015, the most recent high flow event sufficient to flush and redistribute spawning
substrates occurred in the spring of 2011 (Figure 18). Though comprehensive data on
the quality of available spawning gravels in 2014-2015 are lacking, Vogel (2017) reports
on underwater video surveys he conducted in the summer of 2015. These video surveys
documented considerable fine sediments and aquatic vegetation had accumulated in
areas that might otherwise provide good spawning habitat for winter run Chinook
salmon. If spawning gravels had accumulated sediments due to a lack of flushing flows,
this certainly could have contributed to reduced spawning success or reduced egg-to-fry
survival in 2014 and 2015.
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Figure 18. Keswick Dam average daily releases (cfs) from January 1, 2011 through December 31, 2015. Source: Vogel
Figure 43. Keswick Dam average daily releases (cfs) from January 1, 2011 through December 31, 2015.
(2017).

In March of 2016, Keswick Dam released over 20,000 cfs during a four-day period (Figure 44). A recent
3.3.4 replenishment
Extended juvenile
rearing
of RBDD
spawning gravel
project
locatedupstream
at the Market
Street Bridge just downstream of ACID Dam
documented that those flows mobilized some of the loose gravels placed at the site prior to the increased
flows. Because these recent high flows that may have affected the habitats observed in 2015, another survey
noted previously,
Israel
et al. was
(2015)
hypothesized
juvenile
rearing
in the reachAsupstream
of Diestelhorst
Bridge
conducted
in 2016 prolonged
to assess how
the habitats
may have
changed.
upstream of RBDD could have contributed to higher-than-usual mortality for winter run
Brood Year 2013. A similar circumstance may have occurred for winter run Brood Years
2014 and 2015. Because much of winter run Chinook rearing habitat upstream of RBDD
lack predator refugia, fry exhibiting extended rearing in the upper river could lead to
more severe predation rates. The rearing habitat quality for young winter run Chinook
in the reach upstream of RBDD appears to be of poor quality (Vogel 2017). The riverbed
and channel margins lack much of the structural habitat complexity considered
favorable for rearing. NMFS has identified the lack of suitable rearing habitat in the
Sacramento River as an “important threat” to winter run Chinook (NMFS 2016c).
Figure 44. Average daily flows (cfs) downstream of Keswick Dam, January 1, 2011 – August 31, 2016.

Comparisons were made of the specific locations of salmon redds during the 2015 and 2016 surveys and one
section of the surveyed reach is provided in Figure 45. It appears that numerous new redds were constructed
after the 2015 surveys. Also, some redds observed in 2015 were not observed in 2016. Although coverage
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3.4

Sacramento River temperature-related egg mortality of spring run Chinook
salmon in 2014 and 2015 did not appreciably reduce the population
viability for Central Valley spring run Chinook salmon

Williams et al. (2016) concluded that the viability of the Central Valley spring run
Chinook ESU had improved since the 2010 status review. However, recent spawning
escapement estimates indicate a substantial abundance decline in 2017 (Figure 19). The
abundance decline occurs in tributaries to the Sacramento River and is most likely a
consequence of severe drought and warm conditions prevalent across the freshwater
and ocean range spring run Chinook in 2014-2015 (Herbold et al. 2018).

Figure 19. Total spring run Chinook spawning abundance across all Central Valley tributaries 1990-2018 (Source:
CDFW Grand Tab). Exceptionally low abundance in 2017 has been attributed to drought conditions, but cannot
reasonably be attributed to the temperature of waters released from Keswick Dam.

The status of the Central Valley spring run Chinook ESU is primarily determined by
independent populations of Central Valley spring run in Deer, Mill, and Butte Creeks
(NMFS 2016b). Other tributaries that support spring run salmon to a lesser degree are
the Yuba River, Clear Creek, Battle Creek, Antelope Creek, Big Chico Creek, Beegum
Creek, and Cottonwood Creek.
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The Sacramento River main stem population of spring run Chinook is not considered to
contribute to viability of the ESU. Lindley et al. (2004) identified Sacramento River
spring run Chinook as not being representative of the historical Central Valley spring
run Chinook ESU (unlike Butte, Deer, and Mill Creeks). Very few spring run Chinook are
present in the Sacramento River, and few have been observed spawning in the main
stem Sacramento River since the early 1990s (Grandtab 2017; NMFS 2016b).
Furthermore, spawning of natural origin spring run natal to the Sacramento River is
considered by CDFW to have largely been eliminated through competition and
hybridization with fall run salmon (CDFW 2016). Because of past and ongoing
introgression between fall run Chinook and spring run Chinook in the main stem
Sacramento River, any spring run Chinook that may have spawned in 2014 or 2015
could not have contributed to viability of the ESU regardless of water temperatures.
There is no basis for Sacramento River temperature-related egg mortality of spring run
in 2014 and 2015, if any, to have appreciably diminished population viability for the
Central Valley spring run Chinook ESU.

3.5

The population of Sacramento River winter run Chinook remains viable,
regardless of temperature-related egg mortality that may have occurred in
2014 and 2015

A framework for assessing the viability of the Sacramento River winter run Chinook
salmon population is provided by Lindley et al. (2007). Criteria for assessing population
extinction risk were developed by the Central Valley Technical Recovery Team (Lindley
et al. 2007).
An individual population that meets the low extinction risk criteria summarized in
Figure 20 is considered to be viable (NMFS 2014). These four viable salmonid
population parameters were developed from McElhany et al. (2000) into assessments of
population viability and include population size, population decline, catastrophic rate
and effect, and hatchery influence.
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For an individual population to be considered at low risk of extinction (i.e., defined as
<5% chance of extinction within 100 years) the population viability assessment must
demonstrate “low” risk level for all of the following criteria:


Population size (size of the spawning population combined over the previous
three years)



Population decline (change in population growth rate)



Catastrophic decline (catastrophic abundance declines occurring within the past
10 years)



Hatchery influence (abundance of hatchery produced fish on the spawning
grounds)

The most recent five-year status review (NMFS 2016a) considered data available
through 2015. It concluded that extinction risk for winter run Chinook was low for
“Population size” and for “Catastrophic decline,” and a moderate extinction risk for
“Population decline” and “Hatchery influence.” Since overall risk to the population is
determined by the highest risk score, winter run Chinook continued to be at moderate
risk overall in the 2016 review.
From the 2014 Brood Year, most adults should have returned in 2017 as three-year old
fish. The 2017 winter run Chinook in-river spawning population was estimated at 795
with 180 additional fish being taken in at LSNFH, for a total return of 975 (CDFW
GrandTab 2018). Preliminary returns for the 2018 winter run Chinook adult population
are estimated at 2,451 in-river spawners with 180 additional fish taken in at LSNFH, for
a total return of 2,631 (Bill Poytress email dated Oct. 2, 2018).
The “Population size” criteria is based upon the sum of the last three years estimated
spawning abundance or estimates of effective population based upon genetic analyses.
Since genetic effective population size estimates (Ne) are not available for the three most
recent years, we must rely upon CDFW generated spawning escapement estimates.
Using preliminary numbers available through the 2018 spawning season, the
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“Population size” criteria for Sacramento River winter run Chinook continues to satisfy
the low risk standard of >2,500 (Figure 21). The “Population decline” criteria is
assessed by calculating the slope in log-transformed estimated run sizes for the previous
ten years. Using data through 2018, the “Population decline” is -0.033, statistically
indistinguishable from zero and an improvement over the value reported in the 2016
NMFS status review (-0.15). The “Catastrophic decline” is based upon the largest yearto-year decline in total population size (N) over the most recent 10 such ratios. Using
data through 2018, the catastrophic decline criteria should remain unchanged at “low.”
The criteria for extinction risk due to hatchery influence is likely to remain at the
moderate level, or possibly increase to high as a result of recent, large increases in
winter run Chinook hatchery production. A high proportion of hatchery on the
spawning grounds is considered a risk because it can indicate a tendency for the
population to be domesticated, exhibit less life history diversity, and be less capable of
spawning and surviving in the natural environment.

Figure 20. NMFS criteria for assessing extinction risk (from Lindley et al. 2007).
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Since overall risk to the population is determined by the highest risk score, overall
winter run Chinook extinction risk will likely be determined by the “hatchery influence”
criteria; all other criteria should be considered “low” risk.

Figure 21. Winter run Chinook population size for assessing extinction risk data (each year is a total from the previous
three years spawning escapement).

4.
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1
2

I, Bradley Cavallo, declare that the following facts are true and correct and/or are based on
my expert opinions:

3

1.

4

behalf of the Intervenor-Defendants Sacramento River Settlement Contractor parties and Tehama-

5

Colusa Canal Authority in the above-referenced action.

6
7

2.

SOMACH SIMMONS & D UNN
A Proffesional Corporation

9

My qualifications to render opinions in this matter are set forth in my curriculum

vitae attached hereto as Exhibit A and incorporated herein by this reference.

8

DOWNEY BRAND LLP

I have been retained as an expert to provide expert opinions and testimony on

3.

I have reviewed and evaluated Plaintiffs’ Motion for Preliminary Injunction and

supporting information filed in this matter, the reporter’s transcript of the May 7, 2020 hearing on

10

Plaintiffs’ motion, and this Court’s orders issued after the hearing. The following are my

11

opinions and responses to certain aspects of Plaintiffs’ motion related to temperature management

12

on the Sacramento River, and questions posed by the Court in its post-hearing orders.1

13

1.

14
15

Temperature-related mortality remains very low until water temperatures exceed
56oF, egg mortality above 56oF depends on the magnitude and duration of exposure.
4.

The relationship between water temperature and Chinook salmon egg mortality has

16

been the focus of multiple research efforts (Beacham and Murray 1990; USFWS 1999; Geist et al.

17

2006; Martin et al. 2017; Del Rio et al. 2019). Laboratory studies are commonly used because

18

temperatures can be experimentally altered while other factors potentially influencing egg

19

survival are controlled (e.g., gravel quality, intergravel flow rate, predation, dissolved oxygen,

20

disease, etc.). Since thermal tolerances can vary among regions (Poletto et al. 2017; Munoz et al.

21

2014), studies utilizing local stocks are preferable to studies conducted on salmon from other

22

regions.2

23

5.

A rigorous accounting of temperature-related egg mortality (differentiating from

24

other mortality sources and applicable to a variety of temperature conditions likely to occur in the

25

field) would require a very intensive laboratory study. The study which is closest to meeting this

26
1

27

Attached hereto as Exhibit B is a References list that includes citations for the scientific literature cited in this
declaration to support my opinions.
2

28

Dr. Rosenfield indicated he was not aware of scientific research showing differences in temperature tolerance by
region or among different salmonid species. ECF No. 82, at 100, n.29; May 7, 2020 Hearing Tr. at 166:22-24.
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1

standard was conducted by the U.S. Fish and Wildlife Service (USFWS 1999). The USFWS

2

study specifically addressed winter-run egg thermal tolerance using two different types of

3

temperature exposure: one evaluated egg survival with constant temperatures ranging between 50

4

and 62oF), and the other evaluated egg survival with variable water temperature beginning at 56oF

5

and warming to 60 or 62oF. The two types of water temperature conditions evaluated by USFWS

6

(1999) are shown in Figure 1.

SOMACH SIMMONS & D UNN
A Proffesional Corporation

7

6.

For the variable water temperature experiments, USFWS (1999) considered the

8

constant 56oF as their control for evaluating effects of temperatures beginning at 56oF and

9

warming later during the incubation period. The specific rationale provided by USFWS (1999)

10
11
12
13
14
15
16
17

was as follows:
Incubation Unit 56 (56F) served as control since previous research indicated
Chinook salmon mortality did not increase significantly in the range of 55-57.5 F
(Combs and Burrows 1957; Healy 1979), but began to increase at higher
temperatures (Seymour 1956).
7.

As to Sacramento River water temperatures for winter-run Chinook salmon,

USFWS (1999) states:
Summer water temperatures on the Sacramento River below Keswick Dam have
frequently exceeded 60F probably contributing to the decline of winter-run Chinook
salmon (Slater 1963, Hallock and Fisher 1985).

DOWNEY BRAND LLP

18
19

8.

Thus, USFWS (1999) sought to explore the consequences of water temperatures

20

increasing beyond 56oF in two different ways: with temperatures remaining constant throughout

21

the experiment, and with temperatures starting at the Sacramento River temperature management

22

target (56oF) and then warming to either 60 or 62oF (Figure 1).

23

9.

For the constant temperature treatments, total mortality through the pre-emergent

24

alevin life stage was 17% at 56oF, 26% at 58oF, 78% at 60oF, and 93% at 62oF, respectively.

25

Though the average survival decreased somewhat between constant temperatures of 56 and 58oF,

26

USFWS concluded that there was no significant difference in survival between those two

27

treatments. Though USFWS (1999) did not attempt to quantify a temperature-specific effect,

28
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1

differences they observed could be interpreted as 9% increase in temperature-related mortality for

2

rearing at 56oF vs. 58oF.

3
4
5
6
7
8
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9
10
11
12
13
14
15
16
17
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18
19
20
21
22
23
24

Figure 1. Temperature regimes used by USFWS (1999) to evaluate temperature-related egg mortality for
winter-run Chinook salmon. The upper panel (A) depicts the constant temperature conditions, while the
lower panel (B) depicts the variable temperature conditions. Source: USFWS (1999).

10.

For the first of the variable temperature experiments, temperatures began at 56oF

25

and warmed to 60oF and produced total mortality through the pre-emergent alevin life stage of

26

between 21% and 33%. Again, USFWS (1999) compared this outcome to the results for

27

temperatures held constant at 56oF, and concluded no significant difference (Figure 2). Though

28
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1

not specifically reported by USFWS (1999), the observed difference in survival could be

2

interpreted as an increase in temperature-related mortality ranging from 6% to 16%.

SOMACH SIMMONS & D UNN
A Proffesional Corporation

3

11.

For the second of the variable temperature experiments, temperatures that began at

4

56oF and warmed to 62oF produced total mortality through the pre-emergent alevin life stage of

5

between 27% and 66%. USFWS (1999) determined this change in survival was statistically

6

significant (Figure 2). As with the other experiments, the mortality difference between the

7

control (constant temperature of 56oF) and the treatment (warming from 56oF to 62oF) could

8

reasonably be interpreted as the increase in temperature-dependent morality (10% to 49%)

9

associated with this thermal regime.

10

12.

It is critical to recognize that water temperatures proposed by Reclamation for this

11

year are considerably colder than those studied by USFWS (1999). The USFWS study illustrates

12

findings of temperature-dependent mortality that differ sharply from findings of Martin et al.

13

Even so, with Reclamation’s proposed operations, average water temperatures greater than 56oF

14

would occur only in Tier 4 years.

15
16
17

DOWNEY BRAND LLP

18
19
20
21
22
23
24
25
26
27

Figure 2. Results from the variable temperature incubation experiments conducted by USFWS (1999). The
column “M” indicates total observed mortality rate of winter-run Chinook eggs in each experimental unit.
The solid vertical line visible on the left side of the table indicates no statistically significant change in total
egg mortality was observed for 56 vs. warming from 56 to 60°F. The broken vertical line visible on the right
side of the table indicates a statistically significant change in mortality was observed for 56 vs. warming from
56 to 62°F. Specific temperature regimes evaluated in these experiments are shown in Figure 1. Source:
USFWS (1999).

28
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1

Though studies of temperature effects on salmon are most often conducted in the

2

laboratory, methods for estimating salmon embryo survival in the field has been a topic of

3

considerable research, and are associated with a well-understood, accepted methodology. (Rubin

4

1995; Dumas and Marty 2006; Roni et al. 2015.) Appropriate methods include burial of a known

5

number of eggs in incubation containers so fry produced can be captured and counted as they

6

emerge from the gravel. Rather than relying upon laboratory or field experiments, Martin et al.

7

(2017) instead conducted a statistical analysis relating modeled surface water temperatures to

8

estimates of egg-to-fry survival (based in turn upon estimated adult abundance and estimated

9

juvenile abundance from a location 50 miles downstream of the spawning area). I am aware of no

10

example from the scientific literature where comparable methods have been used to estimate and

11

account for temperature-related effects on salmon egg mortality. Nevertheless, based on the

12

superior fit of their modeled temperature mortality, Martin et al. identified a critical thermal

13

maximum (53.6oF) for winter-run Chinook eggs (lower than laboratory studies). Martin et al.

14

hypothesized dissolved oxygen transfer to be the mechanism by which thermal tolerance is

15

determined in the field, and concluded that low dissolved oxygen accounted for the poor fit of a

16

model parameterized from laboratory data.

17

DOWNEY BRAND LLP

13.

14.

As discussed in section 2, I believe Plaintiffs’ application and interpretation of the

18

Martin model is inappropriate and insufficiently accounts for the model’s uncertainties and

19

limitations. Furthermore, Dr. Rosenfield’s testimony suggests he is not familiar with the

20

uncertainties and limitations of the Martin model, and is also not familiar with scientific literature

21

demonstrating distinct temperature tolerances for Central Valley salmonids (e.g., USFWS 1999;

22

Poletto et al. 2017; Munoz et al. 2014; Del Rio et al. 2019). See May 7, 2020 Hearing Tr.

23

at 168-70.

24

15.

A recent laboratory study performed by UC Davis affirms findings from USFWS

25

(1999) and suggests dissolved oxygen limitation is an unlikely explanation for patterns observed

26

by Martin et al., Del Rio et al. (2019) evaluated embryo hatching success at two water

27

temperatures (50oF and 57.3oF) and two dissolved oxygen levels (10 and 6 mg/l). The authors

28

confirmed that “warm temperature alone minimally reduced hatching,” which is consistent with
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prior studies having found tolerance up to 60.8oF (16oC) (Del Rio et al. at 16). What the new

2

study makes clear is that hatching success under low dissolved oxygen conditions was reduced at

3

both water temperatures tested (50oF and 57.3oF). Importantly, mortality at 57.3oF was not

4

substantially increased under conditions involving normal levels of dissolved oxygen. Therefore,

5

this new study confirms that water temperature of 56oF (or even somewhat warmer) does not lead

6

to substantial increases in temperature-related mortality. Del Rio et al. (2019) also shows that

7

with normal dissolved oxygen levels, there was no significant difference between hatching

8

success at 50oF and 57.3oF. This finding suggests that if dissolved oxygen were limiting in the

9

Sacramento River (as was suggested by Martin et al.), then it would adversely influence winter-

10
11

run egg survival in every year, not just in years with temperatures approaching 56oF.
16.

One thing that both the Martin et al. model and laboratory-based egg mortality

12

models have in common is that the values identified as thermal thresholds are where mortality

13

begins to increase with temperature. Egg survival decreases with increasing temperature past

14

those specific values but none of the available egg mortality models indicate that any reasonably

15

expected temperature exceedance would result in total mortality. This is illustrated in Figure 3,

16

which shows the relationship between temperature and daily egg survival from the Zeug et al.

17

(2012) winter-run Chinook salmon model. The USFWS (1999) study showed winter-run

18

Chinook salmon cumulative egg mortality remains low (17%) with water temperatures at 56oF,

19

and increases to 21%-33% when temperatures are increased from 56oF to 60oF during incubation,

20

and further increases to 27%-66% when temperatures are increased from 56oF to 62oF (USFWS

21

1999). Thus, increases in temperature past a threshold will increase mortality, but the magnitude

22

will depend on how much temperature increases above the threshold and how long that exposure

23

lasts. Figure 4 shows a chart from Vogel and Marine (1991) that summarizes thermal tolerances

24

of Chinook salmon life stages and the gradients between optimal values and total mortality.

25

17.

Chinook salmon have adapted to the variable thermal regime of California’s

26

Mediterranean Climate which is characterized by drought and flood cycles leading to fluctuating

27

thermal conditions among years. In contrast to Dr. Rosenfield’s claims, the persistence of

28

Chinook salmon in Central Valley rivers despite sometimes challenging thermal conditions (see
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1

section 3) demonstrates these fish are more adaptable and tolerant than he assumes. If Chinook

2

salmon could not tolerate slight deviations from a specific temperature threshold, they would have

3

been extirpated from Central Valley rivers long ago.

4

Daily temperature-dependent mortality

6
7
8

SOMACH SIMMONS & D UNN
A Proffesional Corporation

9
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Daily mortality %
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Figure 3. Relationship between water temperature and daily mortality rate of Chinook salmon eggs from the
Zeug et al. (2012) model.

14
15
16
17
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18
19
20
21
22
23
24
25

Figure 4. Gradients in thermal tolerance for three Chinook salmon life stages from Vogel and Marine (1991)
depicting the lack of rigid boundaries between optimal and lethal temperatures.

26
27
28
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2
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3

2.

Prediction of future temperature-dependent mortality is highly uncertain, and the
estimated mortality of 28% is unlikely to occur in 2020.
18.

Models that quantitatively link environmental conditions (e.g., water temperature)

4

to ecological outcomes (e.g., egg-to-fry survival) are useful for evaluating potential effects from

5

alternative water project operations. Comparing outcomes from such models provides decision

6

makers with information about changes in the direction and magnitude of potential ecological

7

effects. However, using these models to make predictions about exactly what outcomes will

8

occur in the future is much more difficult due to uncertainty in the data underlying the models and

9

assumptions and/or simplifications necessary to make predictions.

10

19.

As mentioned above, the model developed by Martin et al. (2017) has been used to

11

estimate potential temperature effects on winter-run Chinook salmon egg mortality and total egg-

12

to-fry survival between egg deposition and juvenile passage at Red Bluff Diversion Dam. As an

13

example of the difficulty in predicting future outcomes, Martin et al. used data obtained between

14

years 1996 and 2015 to develop their model. Four years of data have now been collected by

15

USFWS that can be used to evaluate the ability of the Martin et al. (2017) model to predict future

16

egg-to-fry survival outcomes. I used the Martin et al. model implemented in SacPAS to predict

17

egg-to-fry survival for 2016, 2017, 2018, and 2019. These data indicate discrepancies of 7.9%-

18

12.5% between the survival predictions of Martin et al. and independent survival estimates

19

provided by USFWS monitoring of winter-run Chinook fry abundance at Red Bluff Diversion

20

Dam (Table 1).

21

20.

In addition to uncertainty in future predictions, sources of uncertainty in the

22

underlying data can be incorporated as confidence intervals around estimates of temperature-

23

dependent egg mortality. This uncertainty is reported in the Martin et al. publication (Figure 5),

24

but the existence and implications of these large confidence intervals has not been acknowledged.

25

Providing very precise estimates of temperature-dependent mortality (28%) without including

26

appropriate confidence intervals (e.g., 28%, CI: 10%-60%) has led to misplaced confidence in the

27

biological significance of observed differences. Uncertainty inherent with the Martin et al.

28

modeling approach, and the failure to explicitly incorporate uncertainty (i.e., confidence
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1

intervals), means that predictions of future temperature-dependent mortality should be interpreted

2

with extreme caution.

3
4

Table 1. Estimates of egg-to-fry survival from the USFWS and estimates of the Martin et al. (2017) model for
four years that were not used to construct the Martin model.

5

Year
2016
2017
2018
2019

6
7

DOWNEY BRAND LLP
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8
9

///

10

///

11

///

12

///

13

///

14

///

15

///

16

///

17

///

18

///

19

///

20

///

21

///

22

///

23

///

24

///

25

///

26

///

27

///

28

///

USFWS
survival
23.7%
48.7%
26.3%
18.0%

Martin model
survival
36.2%
36.3%
34.2%
30.0%

Discrepancy
+12.5%
-12.4%
+7.9%
+12%
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18
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24

Figure 5. Temperature-dependent mortality estimates, and 95% confidence intervals generated by the Martin
model appear in panel (f) of Figure 2 (within red box) from Martin et al. (2017). The error bars represent
confidence intervals (CI), the range of values that have a 95% probability of containing the true estimate. The
length of the bars indicate how precise the estimate is. Note that bars are largest (i.e., poor confidence) for
years with intermediate levels of temperature dependent mortality (10 to 40%), the range of conditions
expected for this year.

25
26

21.

In the 2019 Biological Assessment (and in the 2020 Temperature Management

27

Plan), Reclamation uses the Martin model to compare potential temperature effects among

28

different operational scenarios. The Martin model relies on the specific location of winter-run
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1

redds in the river and timing of egg deposition in each year to estimate temperature exposure. In

2

order to use the Martin et al. model to make comparisons between scenarios for years when redd

3

locations and timing is unknown (for example in 2020), Reclamation assumes an average spatial

4

and temporal distribution of redds. This assumed distribution introduces additional uncertainty in

5

estimates produced by the Martin model because redd distribution and timing can vary

6

significantly among years; likely because Chinook salmon modify redd construction based on

7

year-specific conditions. To illustrate this effect, I estimated temperature-dependent mortality

8

with the Martin model implemented in SacPAS for all dry years using two redd distributions:

9

(1) the observed redd distribution for each year based on field surveys, and (2) the average

10

distribution of redds utilized by Reclamation (Figure 6). This exercise revealed that the average

11

redd distribution assumed by Reclamation, rather than actual redd observations, resulted in

12

substantially higher estimates of temperature-dependent egg mortality in every dry year (up to

13

12.6%; Figure 6). Additionally, I plotted on Figure 6 the temperature-dependent egg mortality

14

estimates that appear in the NMFS 2017 draft amendment. These estimates used observed redds

15

but employed an earlier version of the model (Martin et al. 2016) rather than the final version that

16

appeared in the peer reviewed publication (Martin et al. 2017). The NMFS 2017 draft

17

amendment application of the Martin model produced another conflicting estimate of egg

18

mortality. Combined, these findings suggest that the issue raised by Plaintiffs (that 28%

19

temperature-dependent mortality is excessive) may be an artifact of Reclamation’s comparative

20

modeling approach and the use of different model versions. None of these approaches can be

21

expected to accurately and precisely predict temperature-dependent mortality likely to occur in

22

2020.

23

22.

The use of an average spatial and temporal distribution of redds also affects

24

comparisons of egg mortality between historical and future conditions. The NMFS (2017) draft

25

amendment to the 2009 BiOp (NMFS (2017) draft amendment) estimated egg mortality using an

26

earlier version of the Martin et al. model using field observations of redd spatial and temporal

27

distributions, whereas Reclamation’s 2020 Temperature Management Plan (2020 TMP) used the

28

average historical distribution. This partially accounts for the lower estimates of egg mortality in
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the 2017 draft amendment (in addition to the different model version). Further, the temperature

2

and hydrologic models used as inputs for the 2020 TMP and the NMFS (2017) draft amendment

3

analysis of temperature-dependent mortality do not appear to be consistent. That is, differences in

4

hydrologic modeling and assumptions for these two analyses do not just solely represent

5

contrasting operational strategies, they also appear to be based on different assumptions about

6

water availability and different methods for estimating water temperatures. These inconsistencies

7

are problematic for interpreting observed differences in Martin model estimates for the TMP and

8

NMFS (2017). Taken together, comparing egg mortality estimates generated for the NMFS

9

(2017) draft amendment and the 2020 TMP is an “apples to oranges” comparison.

10

///

11

///

12

///
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///
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2

19
20
21

Figure 6. Estimates of temperature-dependent egg mortality produced by applying the Martin model to
Sacramento River water temperatures in four dry years. Estimates were made with Martin et al. 2017 based
on observed redd locations and timing for each year (black bars), and the average redd location and timing
assumed by Reclamation for comparison of operational alternatives (white bars). The grey bars are egg
mortality estimates from the 2017 NMFS draft amendment that used an earlier version of the Martin model
(Martin et al. 2016). Differences show that egg distribution and model version strongly affects mortality
estimates. A 28% estimated temperature-dependent mortality for 2020 is likely an artifact of Reclamation’s
assumed egg distribution, and does not indicate better temperature management performance relative to the
2009 BiOp standard.

23.

Additional uncertainty exists in how much estimated temperature-dependent egg

22

mortality contributes to observed egg-to-fry survival values. Martin et al. (2017) only attempts to

23

quantify two sources of mortality; temperature-dependent mortality on eggs and density-

24

dependent mortality as a function of the number of spawning females. However, there are

25

multiple sources of unidentified mortality known to affect egg-to-fry survival. Thus, it is possible

26

to have low temperature-dependent egg mortality while still having low egg-to-fry survival. To

27

demonstrate this, I plotted egg-to-fry survival estimated from USFWS monitoring as a function of

28

temperature-dependent egg mortality estimated by the Martin model for all years within the range
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1

of values estimated for 2020 (Figure 7). This plot demonstrates that observed egg-to-fry survival

2

varies considerably across a range of model-estimated temperature-dependent egg mortality.

3

Even when temperature-dependent mortality is estimated to be zero, egg-to-fry survival can range

4

from ≈15% to nearly 50%. This range in outcomes is a consequence of variation in background

5

mortality (i.e., mortality due to sources other than water temperature) which is not adequately

6

accounted for in the Martin model.

7
8
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A Proffesional Corporation
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18
19
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21
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26

Figure 7. Plot of egg-to-fry survival estimated by USFWS as a function of temperature-dependent egg
mortality estimated using the Martin model. Data are for all years with temperature-dependent egg mortality
less than 35%. Data available to be analyzed with the Martin model includes only a single observation of eggto-fry survival where temperature-dependent mortality ranged between 15% and 35%. This gap in
observations falls within the range of values being considered for operations in 2020, further illustrating the
uncertainty of predicting likely outcomes in this range.

27
28
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3.

Spring-run Chinook

2

24.

3

Reclamation does not provide temperatures of 56oF to Balls Ferry through October of this year.

4

In addition, the Court has asked whether a modified winter-run temperature management regime

5

might impact spring-run Chinook. Section 3.1 provides my opinion on implications for spring-

6

run Chinook from proposed water temperature operations in 2020. In sections 3.2-3.5, I provide a

7

concise summary of relevant scientific information that supports my opinions.

8

3.1

Reclamation’s 2020 temperature management plan will not cause “irreparable
harm” to spring-run Chinook salmon.

SOMACH SIMMONS & D UNN
A Proffesional Corporation

9
10

25.

Scientific information reviewed below supports the following conclusions about

11

potential impacts to the spring-run Chinook evolutionary significant unit (ESU) and to the

12

Sacramento River mainstem population from 2020 water temperature management.

13



Viability of the Central Valley spring-run Chinook ESU is presently determined by the

14

abundance five “Core 1” tributary populations. Because of consistently low abundance

15

and likely extensive interbreeding with fall-run Chinook salmon, the current Sacramento

16

River mainstem population does not meaningful contribute to viability of the ESU.

17

DOWNEY BRAND LLP

The Plaintiffs claim irreparable harm will befall spring-run Chinook salmon if



The mainstem Sacramento River population of spring-run Chinook could potentially

18

contribute to recovery of the ESU in the future, but water management in 2020 will not

19

affect this outcome. Since viable spring-run Chinook salmon populations depend on

20

spatial segregation and geographic isolation from fall-run Chinook (NMFS 2014), the

21

Sacramento River mainstem might support a viable spring-run population in the future

22

only if some form of artificial segregation were provided.

23



Spring-run Chinook do not spawn monolithically in August or September. Rather, spring-

24

run Chinook hold over the summer and spawn in response to the onset of cooling fall

25

water temperatures.

26



Temperature tolerances for incubating Chinook salmon eggs were presented in section 1.

27

This information combined with available temperature modeling data indicates

28

temperatures sufficiently cold for successful spring-run Chinook spawning and egg
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1

incubation should be available in the fall of 2020. In general, evidence strongly suggests

2

Sacramento River temperatures will be similar or better than conditions regularly

3

experienced by other Central Valley spring-run populations (e.g., Deer Creek, Mill Creek,

4

Butte Creek, Clear, Battle Creek, Feather River) and therefore are suitable for successful

5

spring-run Chinook spawning in 2020.

6

26.

The Court inquired about the possibility of “tradeoffs” in managing for winter-run

7

Chinook spawning temperatures at the expense of spring-run Chinook salmon. In my opinion,

8

there is minimal risk to spring-run Chinook salmon from proposed operations. However,

9

managing to a 56oF standard to Balls Ferry through October (as Plaintiffs request) would

10

potentially have adverse impacts on winter-run Chinook salmon if cold water pool were

11

exhausted before winter-run Chinook incubation was completed, or if the onset of cold water

12

management needed to be delayed in order provide for 56oF to Balls Ferry through October.

13

Declaration of Mike Deas ¶¶ 10-12.

14

3.2

15
16

Populations critical to viability and recovery of Central Valley spring-run Chinook
are not adversely affected by 2020 Sacramento River temperature management.
27.

Unlike winter-run, spring-run Chinook salmon are more widely distributed in the

17

Central Valley, occurring in tributaries of both the Sacramento and San Joaquin River basins

18

(NMFS 2019).3 In the Sacramento basin, NMFS considers adult salmon exhibiting spring-run

19

behavior (arriving near spawning areas between April and August) to be part of the ESU. Using

20

this broad standard, NMFS has identified 13 Sacramento basin tributaries where springtime

21

running Chinook salmon are known to occur or can occur (Figure 8). Importantly, these 13

22

designated tributaries differ substantially in their contributions to viability and recovery potential

23

of the spring-run Chinook ESU.

24
25
26
27
28

3

Adult spring-run Chinook salmon are known to occur in San Joaquin tributaries, including the Stanislaus and
Tuolumne Rivers. NMFS has not listed these fish under the ESA because of insufficient information to determine
their specific origin; whether they are straying into the basin or returning to natal streams (NMFS 2016). Identical
uncertainties are applicable to spring-run Chinook observations in the mainstem Sacramento River where
observations are infrequent, and origin of observed fish is unknown.
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Figure 8. Distribution of ESA-listed spring-run Chinook populations in the Central Valley ESU. Red (or pink)
streams indicate where spring-run Chinook is known to occur, or where it may occur. Spring-run Chinook
are also present in San Joaquin Basin tributaries (NMFS 2019), but none of these populations are included
under the current ESA listing. Source: NMFS (2014).

22
23

28.

Deer Creek, Mill Creek, and Butte Creek (tributaries to the Sacramento River) are

24

the only streams currently supporting self-sustaining populations of spring-run Chinook salmon

25

(NMFS 2014). Self-sustaining populations are those that express sufficient productivity and

26

abundance that they are expected to persist without needing to be supplemented from fish

27

originating from other tributaries or from hatchery production. Battle Creek and Clear Creek

28

(also tributaries to the Sacramento River) are now recognized to support relatively consistent
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1

spring-run Chinook populations (NMFS 2016) which are actively contributing to viability of the

2

ESU.

3

29.

4

tributaries based upon their ability (or potential) to support recovery of the ESU (NMFS 2014).

5

“Core 1” tributaries are those that exhibit the known ability (or strong potential) to support a

6

viable population with low extinction risk. Deer Creek, Mill Creek, Butte Creek, Battle Creek,

7

and Clear Creek are the only rivers currently identified as “Core 1” for the spring-run Chinook

8

ESU.4

SOMACH SIMMONS & D UNN
A Proffesional Corporation

9

DOWNEY BRAND LLP

A key element of the recovery strategy for spring-run Chinook is to categorize

30.

NMFS defines “Core 2” tributaries as having a “lower potential to support viable

10

populations, due to lower abundance or amount and quality of habitat” (NMFS 2014). According

11

to the most recent status review (NMFS 2016), “Core 2” tributaries include Antelope Creek, Big

12

Chico Creek, Cottonwood Creek, the Sacramento River mainstem, the Feather River, and the

13

Yuba River (Figure 9). The Feather and Yuba Rivers have consistently abundant adult returns,

14

but are considered to be at high extinction risk because these tributaries are heavily influenced by

15

hatchery-produced salmon originating from the Feather River Hatchery (NMFS 2016). In

16

contrast, abundance of spring-run Chinook in the remaining “Core 2” tributaries is extremely low

17

(often zero). NMFS (2016) does not directly assess the extinction risk or viability of the

18

Sacramento River mainstem or other low abundance “Core 2” populations. However, persistently

19

low abundance and the intermittent occurrence of spring-run Chinook in these tributaries suggests

20

they are included as “Core 2” populations because of their potential to contribute to viability in

21

the future. In my opinion, a more abundant population of spring-run Chinook in the Sacramento

22

River is limited not by water temperatures, but by the lack of spatial separation from more

23

abundant fall-run Chinook salmon (section 3.3).

24

///

25

///

26

///

27

4

28

Rosenfield’s declaration (ECF No. 82 at 95:14-16) states that the Sacramento River mainstem spring-run population
is categorized as “Core 1.” This is incorrect. The most recent status review for the spring-run ESU (NMFS 2016)
clearly defines the Sacramento River mainstem population as “Core 2.”
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3.3

2
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3

Spatial separation from fall-run Chinook is essential to support a viable spring-run
Chinook population. This separation is lacking on the Sacramento River mainstem.
31.

Though spring-run Chinook salmon migrate into rivers early (March-July

4

typically), their spawn timing overlaps with that of fall-run Chinook salmon. Historically, spring-

5

run were able to migrate far enough upstream (taking advantage of higher spring flows) to be

6

isolated from fall-run Chinook during spawning. This natural, spatial-segregation of spring-run

7

from fall-run still occurs on Deer, Mill, and Butte Creeks. In other tributaries (particularly those

8

where access to historic habitats have been cut-off by dams), spring-run and fall-run are often

9

spawning at the same time and at the same locations.5 Where these two runs co-occur, fall-run

10

Chinook disturb spring-run Chinook redds (causing mortality) and the two runs can also

11

interbreed leading to hybridization and loss of unique spring-run genetic and behavioral

12

characteristics (NMFS 2014).

13

///

14

///

15

///

16

///

17

///

18

///

19

///

20

///

21

///

22

///

23

///

24

///

25

5

26
27
28

In addressing a question about the difficulty of distinguishing spring-run from fall-run during spawning,
Dr. Rosenfield testified that “the timing of their spawning is indicative of what run they’re in.” May 7, 2020 Hearing
Tr. at 164:21-22. This is incorrect. Spring-run can begin spawning earlier (if water temperatures are suitable), but on
Central Valley rivers, particularly below dams, it is widely recognized that spawning of spring-run and fall-run
Chinook overlaps to a considerable extent. For example, the NMFS recovery plan (NMFS 2014, at 138) states,
“[s]ignificant hybridization with fall-run has made identification of a spring-run in the mainstem [Sacramento River]
very difficult to determine.”
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Figure 9. Abundance trends for Core 1 (bold) and Core 2 populations of spring-run Chinook salmon. The
Sacramento River mainstem is a Core 2 population where population estimates are not available. Indices of
Sacramento mainstem spring-run Chinook abundance are shown in Figure 3. (Source: NMFS 2016.)

32.

15

In addition to suitable habitat, viable spring-run Chinook salmon populations

16

require spatial segregation and geographic isolation from fall-run Chinook salmon (NMFS 2014).

17

Each of the five “Core 1” tributaries provide this segregation. On Deer, Mill, and Butte Creeks,

18

effective segregation is provided by natural characteristics of those tributaries (absence of dams

19

allows spring-running fish to reach spawning habitats inaccessible to fall-running fish). On Clear

20

Creek and Battle Creek, effective segregation is provided by man-made barriers placed and

21

operated by the USFWS for this specific purpose. In my opinion, the success of spring-run

22

Chinook salmon populations in Clear Creek and Battle Creek would not have been possible

23

without USFWS effectively excluding fall-run Chinook from spring-run Chinook spawning areas.

24

The lack of spatial segregation on the mainstem Sacramento River has been and continues to be a

25

major impediment to viability of this population.

26

///

27

///

28

///
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3.4

Spring-run Chinook spawn timing is highly variable, adaptive to temperature
conditions.
33.

Plaintiffs state that spring-run Chinook salmon begin spawning in late August and

4

continue through September, and therefore argue that cold water temperatures (daily average of

5

53.5oF) must be maintained from the onset of spawning through the period of egg incubation.

6

However, evidence available from “Core 1” spring-run populations in Deer, Mill, and Butte

7

Creeks suggest a different pattern. First, it is critical to recognize that over-summer water

8

temperatures in these tributaries are cool, but not cold. For example, water temperatures in

9

spring-run holding habitat of Butte Creek peaked at 68oF in July, and did not cool to reach 53.5oF

10

until late October (Figure 10). Similar patterns (and also considerable year-to-year variability) are

11

evident for Deer Creek (Figure 11) and Mill Creek (Figure 12). These temperature figures

12

demonstrate that spring-run Chinook attempting to spawn in August, September, and sometimes

13

even in October, would regularly be exposed to temperatures warmer than 53.5oF.

14
15
16
17
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18
19
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21
22
23
24
25
26

Figure 10. Water temperatures in Butte Creek (a “Core 1” spring-run Chinook population). Blue-dashed line
indicates daily average water temperatures from a location considered to be cold-water refuge. Red
horizontal line indicates 53.5oF temperature threshold suggested by Martin et al. Blue rectangles indicates
periods of time where spring-run Chinook spawning during October (or earlier) would be subjected to water
temperatures greater than 53.5oF. Source: https://wildlife.ca.gov/Drought/Projects/Butte-Creek-Spring/2016Update.

27
28
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Figure 11. Water temperatures in Deer Creek (a “Core 1” spring-run Chinook population). Dark, solid line
indicates daily average temperatures, gray areas indicates range of minimum and maximum daily
temperatures. Red horizontal dashed-lines indicate 53.5oF temperature threshold suggested by Martin et al.
In all years, temperatures exceed the 53.5oF standard through at least mid-September. Data collected and
provided by CDFW.
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18

Figure 12. Water temperatures in Mill Creek (a “Core 1” spring-run Chinook population). Dark, solid line
indicates daily average temperatures, gray areas indicates range of minimum and maximum daily
temperatures. Red horizontal dashed lines indicate 53.5oF temperature threshold suggested by Martin et al.
In many years, temperatures exceed the 53.5oF standard through much of October. Data collected and
provided by CDFW.

19
34.

20

In contrast to claims made by Dr. Rosenfield,6 potentially stressful thermal

21

conditions do occur naturally in Central Valley tributaries (including historic spawning habitats).

22

Periodic drought conditions are a characteristic of California’s Mediterranean climate in which

23

Central Valley spring-run evolved. One of the strategies Chinook salmon use to cope with

24

challenging thermal conditions has been studied. Geist et al. specifically evaluated the effect of

25

Chinook salmon initiating spawning between 55.4oF and 62.6oF and then decreasing during

26

incubation. They found no significant difference in egg mortality until temperature exceeded

27

61.7oF. This study is relevant to spring-run in unregulated tributaries as well as to spring-run

28

6

May 7, 2020 Hearing Tr. at 156:16-24, 171:13-25, 172:1-6.
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Chinook potentially spawning on the Sacramento River mainstem. Even if Chinook salmon begin

2

spawning at sub-optimal temperatures, naturally cooling fall weather can still allow for successful

3

egg incubation.
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4

35.

Another important point here is that the timing of spring-run Chinook spawning is

5

not, as Plaintiffs suggest, dictated by the calendar. Spring-run Chinook are capable of holding in

6

rivers for up to eight months before spawning (NMFS 2014). In years when cold temperatures (or

7

sufficiently cooling temperatures) are available in September, they may begin spawning at this

8

time. In drought years with warmer fall temperatures, spawning might be delayed until mid-

9

October or later. Studies conducted by California Department of Fish and Wildlife (CDFW) in

10

Deer Creek and Butte Creek on the timing of fry emergence affirm this temperature-related

11

variation in spawning (CDFW 1998).

12

3.5

13

Very few spring-run Chinook salmon are likely to occur in the Sacramento River
mainstem this year. Those that might occur cannot appreciably contribute to
viability or recovery of the ESU.

14

36.

Trends in the abundance of mainstem Sacramento River spring-run Chinook are

15

depicted in Figure 13. Prior to 2009, direct counts of adult salmon passing the Red Bluff

16

Diversion Dam fish ladder before September provided an index of spring-run Chinook

17

abundance. While useful, these counts were problematic because they likely included early-

18

arriving fall-run Chinook and/or hybrids between spring-run and fall-run Chinook (NMFS 2014).

19

Red Bluff Diversion Dam gate operations changed as a result of the NMFS 2009 BiOp, and direct

20

counts have not been available since that time. Redd surveys conducted by CDFW currently

21

provide the only metric of spring-run abundance in the mainstem Sacramento River. Though

22

these surveys may also include early spawning fall-run, or spring-run strays originating from

23

Feather River Hatchery program, frequently zero ostensible spring-run redds are observed (NMFS

24

2016). The Sacramento River mainstem has consistently had the lowest abundance of spring-run

25

Chinook observed among any of the six “Core 2” populations (Figure 13). As stated previously,

26

it is my opinion that a more abundant, consistent population of spring-run Chinook in the

27

Sacramento River is limited not by water temperatures, but by the lack of spatial separation from

28

more abundant fall-run Chinook salmon (section 3.3).
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Figure 13. Abundance trends for Central Valley spring-run Chinook salmon. Sacramento River mainstem
data highlighted by red rectangle. Prior to 2009, estimates of Sacramento mainstem spring-run Chinook were
provided by direct counts at a fish ladder operating at Red Bluff Diversion Dam. Since 2009, redd surveys
provide the only estimate of abundance. Trends in both data sources suggest very few spring-run Chinook
have occurred in the Sacramento River mainstem since the 1990’s. (Source: NFMS 2016.)

21

37.

Spring-run Chinook salmon mature at either age-3 or age-4. Thus, adults returning

22

to spawn in 2020 would be fish produced by adults spawning in the Sacramento River mainstem

23

in either 2016 (age-4) or 2017 (age-3). CDFW data indicate zero and four, spring-run Chinook

24

may have spawned in 2016 and 2017, respectively (CDFW Grandtab 2019). These data suggest

25

very few spring-run Chinook salmon are likely to occur in the Sacramento River mainstem this

26

year.

27
28

38.

It is possible that CDFW redd surveys are underestimating the abundance of

spring-run in the mainstem Sacramento River. However, in my opinion, if spring-run are being
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“missed” the most likely cause is that they are spawning later (in October) at which time they are

2

indistinguishable from the much more abundant fall-run. Later spawning spring-run Chinook

3

would be less vulnerable to potential temperature effects, but would also not contribute to

4

viability because significant hybridization between spring-run and fall-run is expected to occur

5

(NMFS 2014).

SOMACH SIMMONS & D UNN
A Proffesional Corporation

6

39.

As discussed in section 3.3, the lack of spatial segregation for spring-run Chinook

7

(from more abundant fall-run Chinook) has been and continues to be a major impediment to the

8

viability of spring-run Chinook in mainstem Sacramento River (NMFS 2014). CDFW has

9

indicated they consider Sacramento River mainstem spring-run Chinook to have largely been

10

eliminated through competition and hybridization with fall-run salmon (CDFW 2016). I agree

11

with CDFW’s assessment.

12
13
14

I declare under penalty of perjury under the laws of the United States of America and the
State of California that the foregoing is true and correct.
Executed this 8th day of June 2020, in Auburn, California.

15
16

______________________________________
Bradley Cavallo

17

DOWNEY BRAND LLP
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Principal Scientist

13300 New Airport Rd, Suite 103
Auburn, CA 95602
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Since joining Cramer Fish Sciences in 2006, Brad has led a growing
team of scientists working to help resolve some of the Central Valley’s
 25 years. Professional
most vexing fisheries management challenges. Brad is an experienced
start date: May 1994
project and team leader, a diligent listener, and a resourceful problemsolver with more than 25 years of experience working on California
Education
fish issues. Brad has provided scientific leadership on a variety of
 M.S., Aquatic
Ecology, University
multiagency and stakeholder involved investigations including the 2012
of Montana, Missoula
Steelhead Stipulation Study, Battle Creek Chinook Salmon and
MT. 1997.
Steelhead Population Modeling, Steelhead studies related to the
 B.S., Fisheries
Oroville Facilities FERC Relicensing, State Water Project/Central
Biology, University of
Valley Project ESA Consultations, Feather River Hatchery steelhead
California, Davis, CA.
Management Plan development, and the Nimbus Steelhead Broodstock
1994.
Evaluation project. Brad’s Central Valley salmonid expertise is
demonstrated by numerous related project reports, published papers and scientific presentations.
In the course of his professional career and education, Brad has attained expert knowledge of
regulated rivers, particularly related to the ecology of steelhead and Chinook salmon and the
potential influence of human activities through barriers, diversions, hydroelectric project
operations, habitat modifications and harvest. Brad excels as a team leader, especially with
complex and contentious projects benefitting from the application of innovative methods and
quantitative analysis for assessing fish populations. Brad’s project experience emphasizes linking
physical models (flows, temperatures, diversions) with biological monitoring data to explore the
influence of water project operations and habitat quality on salmon and steelhead populations.
Years of Experience

Brad is currently Vice-President of Cramer Fish Sciences and is a Past-President of the
California-Nevada Chapter of the American Fisheries Society.

Employment History
Principal Scientist. Cramer Fish Sciences, Auburn, CA. 2010-present.
Associate Consultant, Fisheries Scientist. Cramer Fish Sciences, Auburn, CA. 2006-2009.
Senior Environmental Scientist, California Department of Water Resources, Sacramento, CA.
2003-2006.
Environmental Scientist. California Department of Water Resources, Sacramento, CA. 1999-2003.
Fisheries Biologist. California Department of Fish and Game, Stockton, CA. 1998-1999.
Scientific Aid, California Department of Fish and Game, Rancho Cordova, CA. 1997-1998.

Applied Research in Fisheries, Restoration, Ecology, and Aquatic Genetics.
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TECHNICAL MEMORANDUM
Date: 09 January 2022
Prepared by: Dr. Steven Zeug, Dr. Alex Constandache, and Brad Cavallo
To: Biologists and managers relying on the Martin model to inform Sacramento River temperature
management
Subject: Review of methods for fitting parameter estimates of the Martin et.al (2017)
temperature-dependent egg mortality model

Section 1: Summary
The Martin model was developed in the aftermath of the 2013-2015 drought. The model estimates
temperature dependent mortality (TDM) for winter-run Chinook salmon eggs incubating in the
Sacramento River. A peer-reviewed publication, Martin et al. (2017), describes a thermal hazard
model, constructed using data from multiple Chinook Salmon monitoring programs, which
provides the basis for TDM estimates. Egg-to-fry survival is not monitored directly using standard
methods. Thus, the analysis presented in Martin et al. (2017) also fits parameters to estimate nonthermal sources of mortality. The parameters that comprise the Martin model include:
Tc: The temperature above which thermal mortality begins to occur
t: A parameter that controls how fast mortality increases when temperature exceed Tc
K: Carrying capacity of adult females
S0: Maximum background survival rate
Two of the four model parameters (Tc and t) are applied to produce Figure 1 which depicts
predicted TDM as a function of average daily water temperatures (assuming a constant
temperature throughout the incubation period). Figure 1 is the integrated, summary result of the
Martin model that biologists and managers have relied upon in setting temperature criteria for the
Sacramento River. The full Martin model has also been used to predict incremental increases in
TDM associated with variable thermal regime. Estimates of Tc and βT are foundational to the
Martin model in all of its applications. The parameters K and S0 are used to estimate the influence
of causes of mortality other than temperature, though important they are not addressed in this
technical memorandum.
Though independent scientific reviews of the Martin model have raised significant questions
about reliability of data sources and underlying assumptions (e.g. Gore et al. 2018), it appears the
analytical process used to estimate Tc and βT (and the other two parameters) has not been
previously reported or independently evaluated. The Martin model publication (Martin et al.
Fish Biology • Habitat Restoration • Genetics • Biostatistics • Simulation Modeling • Hydrology • Geomorphology
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2017) provides only a brief description of
the analytical procedure used to estimate
these parameters. Programming code
needed to reproduce or evaluate these
analytical procedures was not included with
Martin et al. (2017) publication, or in other
publicly available sources.
On October 5th 2021, a request was made to
the National Marine Fisheries Service
Southwest Fisheries Science Center (NMFS)
to provide the code used to estimate
parameters (Tc, t, S0, K) of the Martin
Figure 1. Estimated TDM using two of the Martin
model and starting values for the fitting
model parameters and assuming all eggs are
procedure. It was unknown if work on the
exposed to a constant daily average temperature
model may have continued after initial
during the entirety of the incubation period. Tc is
publication, thus the code and starting
the point at which temperature-related mortality
values that provided the results described in
begins to occur, and Bt is the daily rate of
Martin et al. 2017 were specifically
mortality that occurs when Tc is exceeded.
requested. The original fitting procedure
described in Martin et al. (2017) uses
frequentist statistical methods, and thus that type of analytical code was expected.
On October 29th we received a response from NMFS. However, the response did not provide the
frequentist code we had requested. Instead, the code and the brief documentation that
accompanied it implemented a Bayesian parameter fitting routine (Markov Chain Monte Carlo)
that estimated two of the parameters (Tc, t) and assumed a fixed value of S0 and K. Bayesian
methods are well suited for this type of parameter fitting and we assumed NMFS had provided the
Bayesian code because it reflected their best, most up-to-date analysis method for estimation of Tc
and t.
Investigation of the Bayesian code provided by the NMFS revealed multiple errors in the
implementation of the Bayesian fitting procedure that impacted the reliability of the results it
produced. We re-implemented the code in a different programing language (STAN) specific to
Bayesian analysis, with the errors corrected, and the fitting results were analyzed. Complete
details of this analysis are provided in Section 3. The findings from this investigation can be
summarized as three major issues. First, correction of mathematical errors resulted in shifts in
parameter estimates for Tc and t . Second, a strong prior on the range of possible t values (0 to
0.3) had a substantial influence on the distribution of parameter values. Third, the model was
found to be unidentifiable. This is a condition under which multiple combinations of parameter
values fit the data equally well. In the case of the Martin model, Tc and t are strongly related; eggs
may die slowly (low t) after exceeding a low critical temperature (low Tc), or they may die
quickly (high t) after exceeding a high critical temperature (high Tc). With the data available, the
Fish Biology • Habitat Restoration • Genetics • Biostatistics • Simulation Modeling • Hydrology • Geomorphology
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fitting procedure is not capable of determining, with a meaningful level of certainty, the true
values of Tc and t.
A brief description of the mathematical errors in NFMS Bayesian code and the finding of model
unidentifiability were shared with NMFS on December 2nd, 2021. A response was received on
December 17th 2021. The SWFSC response acknowledged some errors in the Bayesian code and
indicated a corrected version of the Bayesian analysis code had been generated. However, the
updated code was not provided. Instead, the response provided the original frequentist
implementation of the model fitting described in Martin et al. (2017); the code we had originally
requested on October 5th 2021. Additional communication with NMFS indicated that they were
relying on the original frequentist implementation of the model fitting and not the Bayesian
implementation. Thus, we changed our focus to evaluation of the frequentist methods.
Detailed results from investigation of the frequentist fitting procedures are reported in Section 2.
Similar to the Bayesian methods, the frequentist approach identifies a broad range of parameter
values that are consistent with the data, indicating the model is unidentifiable. Temperature
dependent mortality estimates derived from the Martin model in Figure 1 (and in most other
applications) are presented without a measure of uncertainty. However, the publication indicates
substantial uncertainty in both Tc and t that more accurately reflects the state of knowledge
regarding temperature dependent mortality than point estimates. The 95% confidence interval for
Tc reported in Martin (10.8°C– 13.7°C) includes the previous management target temperature
(13.3°C) which was identified based on a laboratory study of winter run Chinook salmon (USFWS
1999). Thus, the “best fit” value of Tc (12.0°C) identified by Martin et al. (2017) is statistically
indistinguishable from the value derived from the laboratory study. Uncertainty in t reported in
Martin et al (2017) is also substantial with the 95% confidence interval spanning several orders of
magnitude (0.007-4.21). In Section 2, confidence intervals constructed using the joint
probabilities of these two parameters indicate that for a given value of TDM, the actual Tc could
plausibly take on a wide range of values including the previous management target (13.3°C).
These findings suggest there is insufficient evidence to conclude that managing egg incubation
temperature to 12°C will result in lower temperature dependent mortality than managing to
13.3°C.
Section 2: Investigation of the NMFS frequentist parameter fitting of the Martin model
We ran the frequentist code as described in Martin et al. (2017), to reproduce the results reported
in figure 3 therein. The results we obtained produced results, that could not rule out 13.3oC as the
true value of TC over 12.0oC. The results we obtained also showed strong dependence on the initial
guess of parameter values upon which the optimization procedure was started. The estimated
parameter values tended to cluster along a curve, which is an indication that the underlying
mathematical model is non-identifiable (Figure 2, panel B).
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A model is identifiable if its parameters can be inferred with the desired level of precision by
increasing the number of observations. Figure 2 depicts two hypothetical models. The one in the
left column is identifiable, while the one on the right is non-identifiable. The top row shows the
result of fitting the models to a small number of observations, while the bottom row shows the
result after a large number of observations. Bright white regions correspond to combinations of
parameters that fit the data well, while dark regions represent combinations that are inconsistent
with the observed data

Figure 2. Plots depicting the difference between an identifiable model (left column) and an
unidentifiable model (right column) in cases when there are few observations (top row), and in
cases with many observations (bottom row). The Martin model, with the limited field data that is
available, is analogous to panel B. With more observations, the Martin model might shift to panel
D, but would remain unidentifiable.
As the number of observations is increased, the region of allowed parameter values for the
identifiable model shrinks down to a point, which is the ground truth value. By contrast, for the
non-identifiable model, this region shrinks down to a curve, which stretches all the way to infinity
Fish Biology • Habitat Restoration • Genetics • Biostatistics • Simulation Modeling • Hydrology • Geomorphology
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in both directions. Even in the limit of infinitely many observations we would still have a residual
indeterminacy: any two points along this curve will have similar goodness of fit. In other words,
any two points along this curve could be the ground truth. As a result, the confidence intervals
derived from a non-identifiable model tend to be very wide even when we have a large number of
observations.
The distribution of parameter values produced by the Martin model fall along a curve rather than
at a single point indicating the model is unidentifiable. Figure 3 shows the distribution of
parameter values resulting from running the frequentist model code provided by NMFS. The
curve of parameter values displays the characteristic of an unidentifiable model. A similar curve is
apparent in Figure 3 of the original publication (Martin et al. 2017).

Figure 3. Distribution of parameter values for Tc and t generated from 1000 bootstrap
resamples using the frequentist code provided by NMFS. The curve of the distribution is
characteristic of an unidentifiable model.
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Non-identifiability is an intrinsic mathematical property of a model. It may apply to Bayesian or
frequentist models, and is not the result of incorrectly implementing the chosen method. There
are only two cures for non-identifiability: changing the mathematical model, or making strong
prior assumptions about the values of several of its parameters.
Section 3: Assessing the effect of uncertainty on TDM estimates
Martin et al. (2017) reported the 95% confidence interval for Tc to be 10.8 oC to 13.7oC. This
finding does not support rejecting the null hypothesis that the true value is the previous
management target (Tc = 13.3oC). The Martin paper also reports a 95% CI for βT ranging from
0.007oC-1 to 4.21oC-1. This interval is so wide that it renders the result essentially meaningless for
practical purposes. For example, on a day when the temperature exceeds Tc by 1 degree, the daily
mortality would be 0.7%, if βT was at the low end of this interval, and 98.5% at the high end.
TDM estimates produced in Figure 2(f) in Martin et al. (2017) display large-magnitude 95%
confidence intervals in almost all years. However, in its application for informing Sacramento
River management, TDM estimates are often presented as single values without error. In the JPE
letter for the 2021 brood year of winter-run Chinook (CDFW 2021), NMFS agreed to include a
50% confidence interval for their TDM estimate. A 50% confidence interval indicates the
reliability of the range of TDM values reported comes down to coin flip—heads if the true value
falls within the specified range, tales if it does not.
To further demonstrate the effect of uncertainty in the joint probability of Tc and t on estimated
TDM, we plotted the 95% confidence interval for the temperature-TDM relationship presented in
Figure 1. The result suggests that there is so much uncertainty in the relationship that a wide
range of TDM are possible at temperatures between the Tc estimated by Martin et al. (2017) and
the previous management target (12.0°C and 13.3°C, respectively). For example, at 12°C (the Tc
estimated by Martin et al. 2017) the 95% confidence interval for TDM ranges from 0 to ~60%
(Figure 4). At 13°C, the 95% confidence interval for TDM ranges from 0 to ~100% (Figure 4).
Reporting TDM as a single value (as has commonly been done) omits the large amount of
uncertainty in the parameters of the Martin model and gives false confidence in predicted TDM.
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Figure 4. Relationship between temperature and TDM assuming constant temperature through
the incubation period. Produced using the frequentist code provided by the NMFS. The shaded
region is the 95% confidence interval for the joint probability of Tc and t. In contrast to the
characterization of TDM typically relied upon by biologists and managers (e.g. Figure 1), this
figure demonstrates that the Martin model cannot pinpoint critical temperatures, or reliably
estimate TDM within the range of management interest.
The relationship in Figure 4 integrates temperature during the entire migration period that
usually spans more than 8 weeks. Predicted values of TDM resulting from shorter time intervals
are also of interest since they are often reported and interpreted for management purposes.
Figure 5 demonstrates that uncertainty in estimated TDM is also substantial for shorter time
periods (1 day to 30 days). Effects of elevated water temperatures over shorter time periods are
often of management interest, particularly during drought operations. The amount of variation in
estimated TDM over shorter time intervals suggests the Martin model provides little precision
regarding outcomes associated with operational events that can occur during the temperature
management season on the Sacramento River.
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Figure 5. Plot of the relationship between temperature and predicted TDM at time intervals of
1 day (top panel) 7 days (middle panel) and 30 days (bottom panel). The shaded region is the
95% confidence interval for the joint probability of Tc and t.
Section 4: Investigation of the NMFS Bayesian parameter fitting of the Martin model
Our careful review of the code and documentation provided by NMFS found numerous problems
and errors that demonstrate the Martin model cannot yield precise of temperature dependent
mortality for winter-run Chinook eggs. Here, we focus on four major problems we identified in the
Martin model code and analysis.
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1. Bayes theorem is incorrectly implemented

Bayesian statistics generate "posterior distributions" for parameters using Bayes theorem to
update a "prior distribution" using data. This effectively updates prior knowledge about the value
and uncertainty in a parameter using observed data. The formula for a posterior distribution is:
(data|param) (param)
(data)
For increased precision, this is may be implemented on a logarithmic scale in software:
P(param|data) =

log (param|data) =

(data|param) +

(param) −

(data)

The SWFSC code implements a combination of the logarithmic and multiplicative forms which has
no mathematical meaning:
log P(data|param) P(param)
P(param|data) =
P(data)
2. The Metropolis-Hastings accept/reject criterion was incorrectly implemented

The Metropolis-Hastings algorithm provides for iterative testing of parameters to assess whether
proposed values are more likely to be correct than prior values. The accept/reject criterion is the
heart of a properly implemented Metropolis-Hastings algorithm. The SWFSC code unconditionally
accepts the proposed value when it decreases probability (the opposite of what it should do) and
accepts otherwise rejected proposals with a fixed 5% probability.
3. Values of βt are arbitrary constrained below 0.3

βT has a natural lower limit of zero imposed by the requirement that thermal hazard should
increase with temperature. However, βt has no theoretical upper limit and could be much larger
than 0.3. If βt values were actually low, we would expect the inference process (i.e. using available
observations) to constrain the posterior to a finite region of this semi-infinite range. However,
available observations suggest values of βt between 0 and 190.0 are all possible (Figure 3). The
peak in βt relied upon to estimate TDM, is an artifact of arbitrarily squeezing the prior probability
down to the bottom of the βt axis.
4. The model is non-identifiable, parameter fitting results do not support any specific TDM relationship

According to documentation provided by the SWFSC, “best fit” parameter values for Tc (12.06oC)
and βt (0.0237) were identified with their fitting procedure. Even without correcting for the
errors described above, model fitting results do not support any “best fit” parameter values.
Instead, fitting results suggest a variety of combinations of Tc and βt, all of which explain available
observations reasonably well. If the Martin model were identifiable, the probability for values of Tc
and βt would be distributed in a compact area of the parameter space (e.g. Figure 2). Parameter
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estimates generated by the original, uncorrected NMFS code show that the posterior probability
distribution for Tc extends from 10oC to an almost vertical asymptote at 13.5oC, while the
distribution of βt spans more than two orders of magnitude (Figure 6). However, the errors
described previously indicate that Figure 6 should not be used to make inferences about
parameter values.

Figure 6. Parameter estimates for Tc (x-axis) and βt (y-axis) generated by the
original, uncorrected Martin model code. These results indicate a model that is nonidentifiable and cannot yield parameter estimates suitable for estimating TDM.
The peaks in these distributions are an artifact of coding errors described previously—they do not
support selection of “best fit” parameter values. When a model yields parameter estimates that are
non-identifiable, reliable means and confidence intervals cannot be derived from the MetropolisHastings algorithm. More generally, with a non-identifiable model, any summary statistic we
might calculate to measure the central tendency of parameters will be far more influenced by
prior assumptions about parameter range than by the observations. The SWFSC model code for
examples proposes a prior that βt is between 0 and 0.3, but the posterior 95% confidence interval
ranges from 0.001 to 0.276. Thus, the inference process has provided almost no additional
information about the value of βt.
Section 5: Parameter fitting results with code corrections
We corrected errors described above (Topics 1, 2 & 3 in Section 4) and reran the MetropolisHastings algorithm to estimate parameters of the Martin model. We found parameter estimates
were concentrated on a curve that seems to have a horizontal asymptote (where βt = 0) to the left,
and a vertical asymptote to the right at a value of Tc no lower than 14oC (Figure 7). These results
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Figure 7. Parameter estimates for Tc (x-axis) and βT (y-axis) generated by corrected
Martin model code. Though different from the original model code these results are
also consistent with a non-identifiable model and cannot provide meaningful
parameter estimates for estimating TDM.
indicate a “forbidden region” of Tc to the left of the curve where proposals in this area were
rejected with nearly 100% probability. This pattern was absent in the original Martin model fitting
(Figure 6) due largely to the incorrectly implemented Metropolis-Hastings accept/reject criterion
(see Topic 2). With the accept/reject error correct, all the posterior probability previously
misallocated to colder temperatures (in the “forbidden region”) is now compressed near the
asymptotic curve—resulting in higher estimates for Tc. The marginal distribution of βT has a wide,
flat tail that does not thin out significantly over the full range of values. The peak in βT values
visible with the original Martin model fitting (Figure 2) were not an indicator of increased
probability for those values. Rather that result appears to have been an artifact of the 0.3 upper
limit imposed on βT in the original model code (see Topic 3).
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Section 6: Simulated data to assess performance of the Martin model
To further explore performance of the Martin model, we generated synthetic data to approximate
real observations that would occur with “ground truth” values where Tc is 12.0oC and where βt is
0.024—the values for the hazard model parameters claimed as “best fit” in Martin et al (2017).
With minimal noise introduced into the synthetic observations (α = 0.1) the Metropolis-Hastings
algorithm yields tight, unimodal posterior distributions for Tc and βt centered at the “ground
truth” values (Figure 8a). However, at a more realistic noise level (α = 0.47) different chains of the
Metropolis-Hastings algorithm concentrate on different portions of the curve, producing different
posterior distributions and maximum likelihood estimates differing significantly from the “ground
truth” values (Figure 8b).

Figure 8. Parameter estimates for Tc (x-axis) and βT (y-axis) based upon synthetic data with low noise
(A) and moderate noise (B). Cross hair lines indicate values of “ground truth” values from which
synthetic data were generated. Panel A provides an example of an identifiable model that could yield
reliable parameter estimates. Panel B illustrates that even with synthetic data, moderate levels of
noise in observations preclude reliable parameter estimation.
The NMFS responded to these findings indicating that they corrected errors we identified in the
original code, and that, the corrected code produces estimates for the parameters that are similar
to the original values reported in Martin et al. (2017). This response was supported by a plot,
reproduced below as Figure 9, along with its original caption. We did not receive a copy of this
revised code, so we cannot comment on how it was changed. The caption in the provided figure
(Figure 9), however, contains a misleading statement which we need to address.
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The magenta region highlighted in Figure 9 is the region where the probability density exceeds
90% of its peak value. The caption implies that this proves that the true value of the parameters
falls, with very high probability, within the magenta region. That is not accurate because it
conflates probability with probability density.
Our own implementation of the model in Stan, produces a probability density that looks quite
similar (Figure 10). Yet our calculations, based on the outputs from our program, show that the
parameters fall within the magenta region shown in Figure 9 just 6.4% of the time. In other words,
with 93.4% confidence, the parameters fall outside the magenta region shown in Figure 9 (or the
yellow region shown in Figure 10). This result does not support identifying the magenta region of
Figure 9 as the zone of “best fit” parameter estimates.

Figure 9. Plot provided by NMFS with the following caption: “Plot showing the highest density region
(in magenta; density >= 0.9) for the joint PDFs for the Tc and t parameter fit using 1996-2015 (prior
document using 1997-2015 time series) areal red data. The figure illustrates a clear zone of the
parameters.”
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Figure 10. Probability distribution using the Stan reimplementation of the model to reproduce NMFSprovided Figure 9. Parameters fall within the yellow region (shown as magenta in the NMFS Figure
9) just 6.4% of the time. In other words, with 93.4% confidence, the parameters fall outside the
magenta region shown in Figure 9. It is not correct to interpret the yellow region in this figure, or
the magenta region of Figure 9, as evidence for best fit Martin model parameter estimates.
Section 7: Conclusions
This analysis demonstrates that both the original Martin model and the Bayesian equivalent
model produce widely varying estimates of Tc and Bt. Thus, the Martin model is not suitable for
identifying a critical temperature (Tc) or for accurately estimating temperature dependent
mortality when Tc is exceeded. Corrections to coding errors in the Bayesian implementation result
in substantially different results relative to the frequentist model reported in Martin et al. (2017).
In particular an estimate of Tc that is closer to values suggested by laboratory studies that guided
temperature management prior to development of the Martin model (e.g. USFWS 1999). The 95%
confidence interval for Tc estimated using the original Martin model code includes the previous
management target of 13.3 °C. Though it might be tempting to apply the corrected Bayesian
model code to estimate TDM, this is not advisable. Even with corrected code, the Martin model
remains non-identifiable and thus is not appropriate for estimating parameters needed to make
TDM predictions. Furthermore, tests using simulated data where values of Tc and βt were known
demonstrate that noise inherent to currently available field data will inevitably lead to erroneous
parameter estimates for the Martin model and likely for other models relying on the same coarse
estimates of egg deposition, water temperatures and egg-to-fry survival.
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