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Executive Summary

In early 2005 it became necessary for the Department of Fish and Game (Department),
the Trustee Agency for the fall-run Chinook salmon populations in the San Joaquin
River (SJR), to provide comments to the State Water Resources Control Board
(SWRCB) regarding the adequacy of the Board’s Spring SJR at Vernalis flow objectives
as identified in the SWRCB’s 1995 San Francisco Bay/Sacramento-San Joaquin Delta
Estuary Water Quality Control Plan (1995 WQCP).

In responding to the SWRCB’s request for comments on the 1995 WQCP, the
Department evaluated the 1995 WQCP by asking four key questions: 1) What is the
current status of the SJR fall-run Chinook salmon population?; 2) What level of
protection is being afforded salmon smolts out-migrating from the SJR into the South
Delta?; 3) What is the status of the Vernalis Adaptive Management Plan (VAMP)
experiment?; and 4) What influence does spring flow have on fall-run Chinook salmon
production in the SJR?

In March 2005 the Department provided comments to the SWRCB in essence stating
the 1995 WQCP SJR spring Vernalis flow objectives were not adequate for the long-
term protection of fall-run Chinook salmon beneficial uses in the SJR because: 1) the
SJR salmon population trend continues to be below the 1967-1991 historic average upon
which the narrative Doubling Goal was established; 2) salmon smolts are not afforded
the level of protection as envisioned by the 1995 WQCP; 3) the VAMP experiment is
not working because it has not been implemented as designed; and 4) spring outflow is
the primary factor controlling fall-run Chinook salmon populations in the SJR. In
summary, the reason for the 1995 WQCP Vernalis flow objective inadequacy is in large
part due to: 1) the diminished magnitude of the Vernalis flow objective; 2) the
narrowness of the pulse flow protection window; 3) the infrequent occurrence of
elevated flow objective levels; and 4) the frequent occurrence of reduced flow objective
levels. As a result of these concerns, the Department asked the SWRCB to conduct a
peer review process of VAMP. The SWRCB declined the Department’s
recommendation and instead challenged the Department to submit to the SWRCB its
Vernalis flow recommendations.

The Department evaluated various parameters that have been identified as influencing
abundance of escapement of fall-run Chinook salmon into the SJR, such as ocean
harvest, Delta exports and survival, abundance of spawners, and spring flow magnitude,
duration and frequency. The Department found that the non-flow parameters have little,
or no, relationship to fall-run Chinook salmon population abundance in the SJR and that
spring flow magnitude, duration, and frequency all had significant influence upon SJR
fall-run Chinook salmon abundance in the SJR. The Department used the significant
relationship between Vernalis spring flow volume, duration, frequency, and SJR fall-run
Chinook salmon abundance to construct a simple regression-based spreadsheet SJR fall-
run Chinook salmon population abundance prediction model. The Department then
used this model to determine the Vernalis spring flow objectives that could: 1)
accomplish the 1995 WQCP Narrative Doubling Goal for fall-run Chinook salmon in



the SJR; 2) improve the escaping salmon replacement ratio; and 3) accomplish
objectives 1) and 2) at the lowest water demand.

In June 2005, the Department submitted to the SWRCB a letter detailing the
Department’s Vernalis San Joaquin River fall-run Chinook Salmon Population Model
(Model) and its Vernalis flow objective recommendations. In this letter the Department
recommended, with the caveat that peer review should occur prior to implementation,
that Vernalis flow levels should be tied to SJR water year types, and include the
following Vernalis flow magnitude and durations: 1) Wet = 20,000 cfs and 90 day
window; 2) Above Normal = 15,000 cfs and 75 day window; 3) Below Normal = 10,000
cfs and 60 day window; 4) Dry = 7,000 and 45 day window; and 5) Critical = 5,000 and
30 day window. The Model suggests that these Vernalis flow objectives would
accomplish the Narrative Doubling Goal, improve the fall-run Chinook salmon
replacement ratio, and would, as compared to other possible flow objective windows
that could accomplish attainment of the Narrative Doubling Goal, result in the lowest
water demand. Implementation of any flow recommendations should be accompanied
by comprehensive monitoring to ascertain the reliability of the flow-related production
increases suggested by this Model.

Recognizing that water in the SJR is a precious commodity and that artificial
propagation of fall-run Chinook salmon may be an effective management tool, if
operated under narrow guidelines to reduce genetic and large scale ecological level
impacts, the Department has added to the Model a feature that allows for hatchery
production of fall-run Chinook salmon to augment wild production in the SJR. Model
scenarios using hatchery production suggest that the Narrative Doubling Goal and
enhanced replacement ratio can occur at substantially less water cost than that indicated
for scenarios that did not have hatchery augmentation. Before additional hatcheries are
actually constructed and operable, it would be prudent to 1) develop hatchery
management plans to avoid genetic (i.e. phenotypic) degradation of SJR fall-run
Chinook salmon and 2) prove in advance of, or concurrent with, hatchery development
that hatchery production is greater than wild production.

This report provides a description of the process the Department used to develop, and
apply, its Model in the formulation of spring Vernalis flow objectives that were
submitted to the SWRCB. Upon completion of this report, the Department will seek
formal peer review of its Model and results.
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Introduction

In early 2005 the California State Water Resources Control Board (SWRCB) held
public workshops as part of its Triennial Review process, to evaluate the effectiveness
of water quality objectives contained in the 1995 San Francisco Bay/Sacramento-San
Joaquin Delta Estuary Water Quality Control Plan (1995 WQCP). The SWRCB
solicited comments to amend several 1995 Plan areas including: 1) Delta Outflow
Objectives; 2) River Flow Objectives: San Joaquin River at Airport Way Bridge,
Vernalis: February - April 14 and May 16 - June; 3) Export Limit Objectives; 4) San
Joaquin River at Airport Way Bridge, Vernalis: 31 Day Pulse Flow Objectives for April
15-May 15; and 5) Narrative Salmon Protection Objective. This report focuses on
spring flow at Vernalis and its importance to fall-run Chinook salmon production in the
San Joaquin River.

The SWRCB’s Triennial Review of the 1995 WQCP created the need for the
Department to evaluate Vernalis Adaptive Management Plan’s (VAMP) effectiveness in
assuring adequate protection for salmon beneficial uses in the SJIR. In responding to the
SWRCB?’s request for comments on the 1995 WQCP, the Department evaluated the
1995 WQCP by asking four key questions: 1) What is the current status of the SJR fall-
run Chinook salmon population?; 2) What level of protection is being afforded salmon
smolts out-migrating from the SJR into the South Delta?; 3) What is the status of the
VAMP experiment?; and 4) What influence does spring flow have upon fall-run
Chinook salmon production in the SJR?

Upon reviewing relevant information to answer these questions, the Department
concluded, and presented information to the SWRCB, that the current Vernalis flow
objectives contained within the 1995 Plan are inadequate to provide long-term salmon
beneficial use protection in the San Joaquin River basin (CDFG March 2005). In
response to Question #1 (e.g., salmon population status), SJR fall-run Chinook salmon
escapement population continues to be well below the 1967-1991 historic average upon
which the narrative Doubling Goal was established. Figure 1 shows the 1967 to 1991
SJR escapement average is 18,211,* and the 1992 to 2004 SJR escapement average is
14,190. These escapement trends demonstrate that the SJR salmon escapement
population has not made substantive improvement towards accomplishment of the 1995
WQCP Narrative Doubling Goal of 36,000 escaping salmon into the SJR, rather the
escapement trend is declining. The declining trend continues the 1995 WQCP, VAMP,
and millions of dollars of physical habitat restoration in the SJR east-side tributaries not
withstanding®. In response to Question #2 (e.g., window of protection for smolt out-
migration), overlaying a typical VAMP 31 day window of protection over a composite
juvenile salmon out-migration pattern for the years 1988 through 2004 (Figure 2°)
reveals that approximately 50% of juvenile salmon are receiving protection under

* Escapement data source is CDFG’s Grand Tab (e.g. version June 2005).

®> The SJR 2005 annual escapement estimate may not exceed 5,000 which continues the declining trend.
® Figure 2 is based upon an updated Mossdale Smolt outmigration estimate by Ken Johnson (2005) and
includes all years from 1988 through 2005.



VAMP, rather then the 75% that was envisioned when the 1995 WQCP, and the
SIRA/VAMP’, were promulgated and implemented.

In response to Question #3 (e.g., status of VAMP experiment), the VAMP experiment is
near the half-way point in terms of completion (e.g., 5 of 12 years completed®). At this
approximate half-way point in VAMP, flow studies have occurred in the following
Vernalis flow objective levels: 3200 cfs (3 tests), 4450 (1 test); 5700 (O tests); and 7000
(O tests). One non-VAMP flow level study has occurred at 6100 cfs and is considered
an “official” VAMP study test. The VAMP study, as identified in Appendix B of the
SJRA, stipulated that VAMP studies were to occur at the extreme Vernalis Spring flow
objective levels first to remove, to the extent possible, statistical uncertainty. However,
to date, three VAMP studies have occurred at the bottom end of the flow range (e.g.,
3200 cfs) while no studies have occurred at the upper flow range level (e.g., 7000).
Lack of tests in the upper flow range levels has resulted in continued statistical
uncertainty. The primary purpose of the VAMP study is to remove uncertainty in the
relationship, at mid-level flow ranges, between smolt survival and Delta inflow and
Delta export. With only six years now remaining in VAMP, special attention must be
given to evaluating smolt survival, in combination with Delta Export, at the upper flow
range level.

In response to Question #4 (e.g., Delta inflow and salmon production), the Department
concluded that SJR adult salmon production® as a function of daily average flow at
Vernalis for the March 15" through June 15" time frame (Figure 3) suggests that
salmon production is strongly correlated (e.g., directly connected) with spring flow level
at Vernalis'®.

The Department also asserted that the principle determinant of salmon production, and
therefore the focus of salmon management, in the SJR is the smolt rather than fry stage
because: 1) Fry contribution to escapement is unknown; 2) Even though fry migrate in
large numbers in wet years, and wet are years linked to tremendous adult escapements,

" The SJRA is a negotiated settlement agreement between SJR water suppliers, water purveyors, and both
State and Federal Fishery Agencies that calls for specific spring South Delta (e.g. SIR at Vernalis) river
flows and Delta export pumping rates. The San Joaquin River Group Authority provides the flows
necessary to attain the Vernalis flow objectives. State and Federal agencies ensure that Delta exports
rates are met. The Vernalis Adaptive Management Plan (e.g. VAMP) is a scientific study that evaluates
the effects of Delta inflow, and outflow, upon fall-run Chinook salmon smolt survival.

8 At the time the SWRCB conducted its 1995 WQCP Workshops in 2005 five VAMP studies had been
completed. At the time of this report six VAMP studies have how been completed and this past spring’s
study occurred out-side the VAMP flow evaluation level (e.g., flows at Vernalis exceeded 7,000 cfs).

® The term “adult salmon” used here includes both grilse (age 2) and adult (age 3) salmon.

19'3JR salmon cohort data was supplied by Dr. Carl Mesick (Carl Mesick Consultants). The “ratio
method” Dr. Mesick used to reconstruct brood year production cohorts is provided in the U.S. Fish and
Wildlife Service Report entitled “Relationships Between Fall-Run Chinook Salmon Recruitment to the
San Joaquin River tributaries and Streamflow, Delta Exports, the Head of the Old River Barrier, and
Tributary Restoration Projects From 1972 to 2002.” This report is a provincial draft and therefore not
citable. However, Dr. Mesick has given his permission to cite it here as this report is part of a Public
Records Act Request served upon the Department by the San Joaquin River Group.

10



wet years also produce tremendous smolt abundance; 3) Low dissolved oxygen is
problematic in the SJR at the Stockton Deep Water Ship Channel (SDWSH) in some
years during Jan/Feb time frame when fry out-migrate reducing the likelihood that fry
contribute substantially to escapement; 4) smolts from all years return as in-river
escaping adults™; and 5) there is a strong correlation between smolt production and
adult cohort production™ (Figure 3). Regarding management actions for fry, the
Department stated to the SWRCB (CDFG 2005a) that it would support VAMP-like
experiments to provide for the protection of fry, in combination with ascertaining fry
contribution to escapement, if flow (e.g., Vernalis Flow Objectives) for fry protection
was provided in addition to, rather than at the expense of, WQCP objectives established
for smolt beneficial use protection.

Additional published information reviewed by the Department since commenting to the
SWRCB in March 2005 suggests that juvenile salmon from the Central Valley may
derive less benefit from estuarine residence than do more northerly populations (e.g.,
reference to Columbia and Klamath River Estuaries) (MacFarlane et. al 2002). The
authors determined that juvenile salmon in the San Francisco Estuary grew little while
in the estuary but gained weight rapidly in the ocean. These findings suggest that the
Delta may not be a productive rearing ground for juvenile salmon and that getting them
through the Delta and into the ocean may be the more prudent (e.g. beneficial)
management action. This could require, to the extent possible, cessation of late
winter/early spring “freshets” in east-side SJR salmon producing tributaries to prevent
fry emigration and foster in-tributary fry to smolt transformation coupled with
management actions (e.g. such as elevated spring flow) that foster shorter migration
time periods into, and thru, the Delta.

The Department also submitted information to the SWRCB that elevated water
temperature, as can occur in late spring during relatively low Vernalis flow levels, is of
concern to the Department given the linkage between elevated water temperature and
potential juvenile salmon mortality. Low spring time Vernalis flow levels are more
susceptible to reaching water temperature ranges lethal to juvenile salmon than higher
Vernalis flow levels (Figures 4 and 5). Elevated water temperature can result in
substantial smolt mortality (Figure 6), as evidenced by the relationship between mean
weekly water temperature and weekly salmon smolt mortality rate (Deas 2004)*°.
Spring flows in the three principal east-side tributaries (e.g., Stanislaus, Tuolumne, and

1 Based on recovery of adult salmon that were coded-wire-tagged as smolts in the SJR.

12 There are two metrics used to measure adult abundance, one is escapement the other is cohort.
Escapement is the number of salmon returning to a river to spawn in one year. It is a single “slice-in-
time” measure of adult production that occurred over five successive brood production years and is
comprised of salmon aged from one to five years. Cohort is the number of salmon that return to spawn
that originated from a single brood production year. Cohort is also comprised of salmon aged from one to
five years, but differs from escapement in that all of the salmon are produced in a single year whereas
escapement includes salmon produced over multiple years.

3 The data used to develop the relationship between mean weekly water temperature and weekly
mortality rate for Chinook salmon smolts originated in “Baker, P.F., T.P. Speed, and F.K. Ligon. 1995.
Estimating the influence of temperature on the survival of Chinook salmon smolts migrating through the
Sacramento-San Joaquin River Delta of California. Can. J. Fish. Aquat. Sci. 52:855-863.”
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Merced Rivers) are directly associated (e.g., strongly correlated) with spring flow levels
at Vernalis. Figure 7 reveals that combined spring flows in the east-side tributaries are
strongly correlated with VVernalis flow levels (r-squared value of 0.97). The strong
regression correlation relationship between spring flow at Vernalis as a function of SJR
Water Year Type Index** as depicted in Figure 8 (r-squared value of 0.89) suggests that
the SJR is a system that is operated on a consistent, repetitive, and uniform pattern.
Figure 9 shows the relationship between spring flow at Vernalis as a function of SJR
Water Year Type Index for pre-VAMP (e.g. 1967 to 1999) and post-VAMP (e.g. 2000
to 2004) time periods. It is presently unknown if there is a statistical difference between
the two time period regression relationships. There is also a strong correlation
relationship between individual SJR east-side tributary spring flow magnitude and SJR
Water Year Type Index as depicted in Figures 10 (e.g. Stanislaus River), 11 (e.g.
Tuolumne River), and 12 (e.g. Merced River).

Water temperature in the east-side tributaries during the spring is also of concern to the
Department. Water temperatures in the Stanislaus (Figure 13), Tuolumne (Figure 14),
and Merced rivers (Figure 15) during the late spring time period, depending upon flow
and ambient air temperatures, can change 15 degrees from the upper spawning habitat
reaches to their confluence with the SJR. From these graphs it is evident that higher
flow levels can substantially reduce the amount of thermal warming, as water moves
downstream, as compared to lower flow levels. Low flow levels in the east-side
tributaries have the potential to contribute to substantial (e.g., 50%) water temperature
related mortality when overlaying weekly temperature mortality (Figure 6) upon east-
side tributary water temperature (Figures 13 thru 15)*. Juvenile smolt survival versus
water temperature in the Tuolumne River (Figure 16), per salmon smolt survival versus
flow and water temperature studies, also suggest that as water temperature warms smolt

1 per the California Department of Water Resources’ California Data Exchange Center (CDEC 2005)
SJR Water Year Type refers to the official water category designation used to differentiate wetter and
drier water years based upon San Joaquin River Runoff and is the sum of Stanislaus River inflow to New
Melones Lake, Tuolumne River inflow to New Don Pedro Reservoir, Merced River inflow to Lake
McClure, and San Joaquin River inflow to Millerton Lake (in maf). The SJR Water Year Type formula
is:
San Joaquin Valley Water Year Index = 0.6 * Current Apr-Jul Runoff Forecast (in maf) + 0.2 * Current
Oct-Mar Runoff in (maf) + 0.2 * Previous Water Year's Index (Note: if the Previous Water Year's Index
exceeds 4.5, then 4.5 is used). This index, originally specified in the 1995 SWRCB Water Quality
Control Plan, is used to determine the San Joaquin Valley water year type as implemented in SWRCB D-
1641. Year types are set by first of month forecasts beginning in February. Final determination for San
Joaquin River flow objectives is based on the May 1 75% exceedence forecast.
San Joaquin Valley Water Year Hydrologic Classification:

Year Type: Water Year Index:

Wet Equal to or greater than 3.8

Above Normal Greater than 3.1, and less than 3.8

Below Normal Greater than 2.5, and equal to or less than 3.1

Dry Greater than 2.1, and equal to or less than 2.5

Critical Equal to or less than 2.1
1> The overall mortality that would result attributable to warm water temperatures would depend upon the
magnitude, and duration, of elevated water temperature and the fraction of total out-migrating juvenile
salmon exposed to the elevated water temperatures.

12



survival drops substantially (e.g. 60-80% survival at 52°F compared to 30% survival at
67°F).

The Department suggested to the SWRCB that it was timely, given the approximate
mid-point VAMP time frame, to have the SWRCB convene a peer review process to
assess the adequacy of VAMP to accomplish its intended objectives which are: 1)
progress towards achievement of the Narrative Doubling Goal; 2) define cumulatively
or separately how flow, exports, and/or barriers affect salmon survival; and 3) provide
an equivalent level of protection to the 1995 WQCP. The SWRCB advised the
Department that is was not interested in convening a peer review process and wanted the
Department to provide them with its Vernalis flow objective recommendation.

In response to this SWRCB request, the Department developed a simple spreadsheet
flow-based SJR Fall-run Chinook Salmon Population Prediction Model (Model). The
Department submitted its preliminary Vernalis flow objective recommendations to the
SWRCB in June 2005 (CDFG June 2005). This paper describes the process the
Department used in developing and applying its model, and the refinements made to the
Model since June 2005. The model described herein differs slightly from the one
described in CDFG June 2005. The current version of the Department’s Model: 1) uses
data sets that were derived entirely from SJR salmon monitoring studies; 2) limits flow
dependent predictions to the range contained within data sets used to develop the
Model®; 3) uses salmon smolt out-migration patterns that are water year type specific;
4) allows for use of Head of Old River Barrier (HORB) or non-HORB smolt survival
versus flow relationships; and 5) allows confidence intervals (95%) to be calculated.
Model refinements did not produce model results that warranted changing the
Department’s preliminary Vernalis Flow Objective recommendation to the SWRCB in
June 2005.

Methods

The Department evaluated several variables that have been hypothesized as being
“cause and effect” related to production of fall-run Chinook salmon in the SJR. These
variables include: 1) Delta Exports; 2) Ocean Harvest; 3) Adult spawner density; and 4)
Spring Flow. The time period for fall-run Chinook escapement tracking (e.g., Model
simulation) is from 1967 through 2000. This time period was chosen because it
includes the 1967-1991 time period used to develop the Narrative Doubling Goal
Obijective in the 1995 WQCP and includes the most recent years for which SIR
escapements can be reconstructed””.

18 The Model predicts outside the regression relationship data set for escapement and cohort variables
(e.g. when escapement estimates are above 39,447, when Chipps smolt estimates are above 1,058,351,
and when SJR cohort estimates are above 48,491). Flow dependent estimates are within the maximum
flow data set values used for Mossdale smolt abundance, and Delta survival, predictions.

7 SJR salmon escapements are typically comprised of individuals from five reproductive year classes.
Technically speaking the latest brood year for which a “full” escapement can be reconstructed is 1999 as
five year old salmon returning to spawn that originated in Brood Year (BY) 1999 (e.g., egg deposition
year) would return to spawn in 2004 (last year’s escapement). However since annual escapements have a
low percentage of five year old salmon reconstruction through BY 2000 has been included.

13



Delta Exports
It has long been surmised, due to salvage of many juvenile salmon at both the State and

Federal Delta export facilities in the spring months, that entrainment of juvenile salmon
at the export facilities in the spring months has impacted fall-run Chinook salmon
populations in the SJR. A statistically significant regression correlation relationship
exists between the ratio of Delta exports and Delta inflow, from the SJR in April-June,
and in-river escapement of fall-run salmon two and one-half years later (Figure 17). If
the measurement metric of production cohort is used, instead of escapement 2.5 years
later, the curvilinear regression correlation relationship improves (r-square value rises
from 0.44 to 0.58) (Figure 18). This seems to suggest that both flow and exports are
influencing salmon production in the SJR basin. However, in every instance where
salmon production was high, Vernalis flows are in excess of 10,000 cfs. Conversely
when salmon production was low, Vernalis flow levels are less than 2,000 cfs (Figure
18). The question becomes is it the flow, or the exports?

In an attempt to answer this question, the Department took a closer look at smolt
survival data that has been collected in recent years (data from P. Brandes USFWS).
Smolt survival data collected during VAMP shows that juvenile survival increases as
exports increase (Figure 19). In addition smolt survival as a function of the export to
Vernalis flow ratio'® has a low correlation (Figure 20)*, indicating that Delta export
level, relative to Delta inflow level, does not influence juvenile salmon survival on a
regular, normal, or repetitive pattern. When exports are combined with Vernalis flow in
a multiple regression against juvenile survival (both with the Head of Old River Barrier
in or out), a strong positive regression occurs (as both exports and Vernalis flow
increase, juvenile salmon survival increases (Figures 21 and 22)). For both cases, with
either the HORB in or out, export level has a slightly stronger positive influence upon
survival than does inflow level. What is surprising about this occurrence is not that
export level influences survival, but that there is a positive, rather than a negative,
response in juvenile survival as export level increases. It is noted that due to VAMP,
when exports are up, Vernalis flows are increased with export level tied to Vernalis
Flow level. This is a noteworthy Delta system operational change, as prior to VAMP
there was no correlation between South Delta spring inflow level (e.g. Vernalis flow)
and spring Delta export level (unpublished data). Here again, the variable that seems to
be controlling salmon production (e.g. survival) is spring Delta inflow not spring Delta
export.

18 Defined as Delta export level divided by Vernalis flow level.

9 The low correlation depicted in Figure 20 should not be confused with higher correlations depicted in
Figures 17 and 18, as Figures 17 and 18 use adult salmon as the evaluation metric while Figure 20 uses
juvenile salmon as the evaluation metric. It is unknown why Delta export to Delta inflow ratio has an
apparently different influence upon salmon production when viewed from a juvenile salmon perspective
as compared to an adult salmon perspective. The juvenile salmon relationship includes a smaller data set,
and covers a narrower portion of the overall Delta export to Delta inflow ratio range, than does the adult
salmon relationship. Perhaps the fact the Delta flow level alone has a positive correlation influence upon
both juvenile and adult production indicates that flow level is the controlling influence upon SJR salmon
production.
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When Delta exports are subtracted from Vernalis flow levels (Figure 23) and
escapement is regressed against this difference, a statistically significant regression
correlation results. There is no correlation between exports and adult salmon
escapement in the Tuolumne River two and one-half years later (Figure 24). When
spring Vernalis flow and spring Delta exports are regressed against salmon escapement
two and one-half years later, no improvement in the flow to salmon escapement
correlation occurs (VAMP 2005), suggesting that spring flow level, not exports, is the
variable limiting salmon production in the South Delta.

To summarize the relationship between exports, flow, and SJR salmon production the
primary relationship suggesting that exports influence SJR salmon production is that
when the ratio of exports to Vernalis flow decreases both escapement and cohort
production increases. The relationships that suggest that flow, not export, is the primary
factor influencing SJR salmon production are: 1) when the ratio of spring exports to
spring Vernalis flow decreases, Vernalis flow greatly increases and SJR salmon
production greatly increases; 2) when the ratio of spring exports to spring Vernalis flow
increases, Vernalis flow greatly decreases and SJR salmon production substantially
decreases; 3) juvenile salmon survival increases when spring Vernalis flow increases; 4)
spring export to spring Vernalis flow ratio has little influence upon juvenile salmon
survival; and 5) as the difference between spring Vernalis flow level and spring export
flow level increases, escapement increases.

In conclusion, while the influence of Delta export upon SJR salmon production is not
totally clear, overall it appears that Delta exports are not having the negative influence
upon SJR salmon production they were once thought to have. Rather it appears that
Delta inflow (e.g. Vernalis flow level) is the variable influencing SJR salmon
production, and that increasing flow level into the Delta during the spring months results
in substantially increased salmon production..

Ocean Harvest

It has also long been postulated that ocean harvest is a controlling influence upon long-
term in-river salmon escapement population trends in the SJR. However, comparing the
Central Valley Harvest®® Index to Sacramento and San Joaquin River salmon
escapements (Figures 25) suggests that ocean harvest is not a variable influencing the
long-term trend in SJR salmon escapement. Unlike in the Sacramento River basin, no
noticeable increase in SJR salmon escapement occurred when substantial changes in
ocean sport and commercial fish regulations restricted ocean harvest in recent years.
Additionally, regressing the Central Valley Harvest Index against annual SJR
escapement produces a weak, but statistically significant, regression correlation (Figure
26). The relationships depicted in Figure 25 and 26 suggest that factors other than
ocean harvest, such as in-Delta or in-river conditions, are controlling the long-term SJR
salmon escapement trend. With Delta condition influence upon long term SJR
escapement trend being determined by Delta inflow, which in turn is largely controlled

% The Central Value Harvest Index is the ratio of Central Valley produced salmon harvested in ocean
sport and commercial salmon fisheries to Central Valley in-river salmon escapement.
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by east-side SJR tributary flow?, the focus shifts to in-river, specifically in east-side
SJR tributary, conditions.

In-river Adult Salmon Density

It has long been surmised that elevated abundance of spawners in the tributaries results
in density dependent mortality. Figure 27 shows some potential types of spawner
recruit in response to increased spawner abundance. A Ricker type density dependent
mortality relationship has been assumed to govern SJR salmon populations. The
assumption is that when female salmon abundance increases to a certain level,
production begins to decline because density dependent mortality occurs due to
spawning superimposition (e.g., one female salmon digging up the eggs previously
deposited by another female salmon). Upon closer evaluation of spawner abundance
and both subsequent juvenile and adult salmon abundance data, a different picture
emerges. Irrigation district personnel have conducted seining surveys for salmon fry for
approximately 20 years in the Tuolumne River. Recently, a report summarizing the
results of this data collection was prepared and submitted to the Federal Energy
Regulatory Commission (TID/MID 2005). The fry seining surveys revealed that fry
density increased with increasing spawner abundance rather than decreasing which
would have been expected if spawner abundance was at the level where density
dependent mortality governs salmon abundance in the Tuolumne River (Figure 28).
Additionally, when spawner abundance is regressed with average spring Tuolumne
River flow (e.g., as measured at Modesto) against adult salmon cohort production, a
strong regression correlation occurs (Table 1). This same strong correlation relationship
between salmon abundance and spring outflow magnitude also occurs when SJR female
abundance and Vernalis flow magnitude is regressed against subsequent salmon cohort
production (Table 2). Both the increased fry density with increased spawner density,
and increased cohort abundance with increased spawner abundance are contrary with
the density dependent hypothesis?’. Habitat for spawning does not appear to be limiting
production at the spawner abundance levels observed in recent decades. That spring
flow, when combined with fall escapement abundance, results in a strong regression
correlation with subsequent adult returns suggests that spring outflow from the
tributaries is the factor controlling salmon abundance in the east-side salmon producing
tributaries.

Spring Flow
Spring flow has long been hypothesized to be the primary factor controlling salmon

production in the SJR basin. Regression correlations between spring tributary flow and
east-side tributary salmon escapements two and one-half years later have been used as a
foundation to support this hypothesis (Loudermilk 1997). The use of multi-age spawner
escapement data has confounded regression correlations. Recently, both Dr. Mesick,
and the Tuolumne River irrigation districts have produced production (e.g., brood year)

2! That SJR flow at Vernalis is largely controlled by SJR east-side tributary flow is documented later in
this report and justified by regression relationships depicted in Figures 43 thru 46.
22 |t is currently unknown what escapement level, if any, would result in density dependent mortality.
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cohorts for the Tuolumne River?®. When previous year Tuolumne River fall escapement
and current year Tuolumne River spring outflow are regressed against either Dr.
Mesick’s cohort or the Tuolumne River Irrigation District cohort, a strong statistically
significant correlation results (r-square of 0.74 or greater)®*. Combining adult
production cohorts for the SJR east-side tributaries and regressing this data against
average April and May spring flow at Vernalis resulted in a strong statistically
significant correlation (Figure 3). When Vernalis spring flow magnitude and duration
ratio is regressed against smolt production at Mossdale, a statistically significant
relationship results (Figure 29). This suggests that the combination of spring Vernalis
flow magnitude, and duration, strongly influence salmon production in the SJR. If the
length of the smolt protection window (e.g., number of days) is regressed with average
flow against smolt out-migration abundance, a strong correlation results (Table 3). As
reported above, the SJR flow at Vernalis is strongly correlated with SJR Water Year
Type Index, and SJR salmon cohort abundance is strongly correlated with spring
Vernalis flow magnitude and duration. Thus it is not a surprise that there is a strong
correlation between SJR cohort abundance and SJR Water Year Type Index (Figure 30).
These findings support the statements regarding the linkage between spring Vernalis
flow magnitude, duration, and frequency and SJR salmon escapement abundance, in the
Department’s comments to the SWRCB in March 2005.

These findings that spring Vernalis flow magnitude, duration, and frequency are
strongly associated with SJR salmon abundance, in combination with the lack of
substantial cause and effect relationships between either Delta exports, ocean harvest,
and/or density dependence related to spawner abundance, indicate that is it appropriate
to develop a conceptual SJR salmon population prediction model that includes spring
Vernalis flow magnitude, duration, and frequency, and excludes ocean harvest, Delta
exports, and in-river spawner abundance (e.g., referencing density dependent mortality).

Model Development

Conceptual Model

The Model predicts salmon escapement abundance by: 1) predicting how many salmon
smolts will arrive at Mossdale as a function of prior year escapement and current year
Vernalis spring outflow (e.g., daily average flow from March 15" thru June 15™): 2)
apportioning seasonal smolt abundance at Mossdale on a daily percent of total basis
using water year type index specific smolt out-migration patterns; 3) predicting how
many salmon smolts will survive from Mossdale to Chipps Island using either a HORB-
in or a HORB-out smolt survival relationship; 4) predicting how many adult salmon will
return to the SJR from the number of salmon smolts arriving at Chipps Island; and 5)
predicting how many salmon return to spawn as one, two, three, four, and five year old

2% Dr. Mesick also produced production brood year cohorts for the Stanislaus and Merced Rivers.

* Regression correlations between spawner abundance, spring outflow, and cohort abundance for the
Tuolumne River using cohorts derived by the Department (e.g. via Dr. Mesick’s ratio method) or by the
Turlock and Modesto Irrigation Districts are documented in the Department’s Letter to the Federal Energy
Regulatory Commission dated 11-22-05.
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salmon. Figure 31 depicts the conceptual model showing the process used in the model
to numerically track salmon life history as a function of Vernalis flow.

Mossdale Smolt Production

The first estimation parameter the model predicts is the total number of smolts that will
arrive at Mossdale as a function of number of SJR salmon escaping into east-side SJR
tributaries in the previous fall-run escapement coupled with current year spring Vernalis
Spring out-flow. Table 4 shows the data set used to develop the multi-regression linear
relationship between combined SJR east-side tributary escapement, Vernalis flow, and
smolt abundance at Mossdale. The year 1989 was not used due to being an out-lier
value whose Mossdale smolt abundance estimate was not consistent with other years.
Why the 1989 smolt abundance estimate is high relative to other years is currently
unknown. Removing the 1989 smolt abundance estimate provides a multi-linear
regression correlation relationship with an r-squared value of 0.89 (p<0.001). This
strong correlation suggests that a strong relationship between the combination of fall
escapement and spring outflow, and smolt abundance exists. It should be noted that the
relationship between smolt abundance at Mossdale and Vernalis flow alone, for the
years 1988 through 2004 (with 1989 removed) produces a linear relationship with an r-
squared value of 0.88 which is significant at the .001 level (Figure 32). Between the
two variables (e.g. previous fall escapement and current spring outflow), spring outflow
has greater than twice the influence upon smolt abundance prediction than does
escapement abundance. Spring Vernalis flow has a powerful influence upon smolt
production in the SJR.

SJR Smolt Out-migration

Once the annual total number of smolts estimated to pass Mossdale is calculated, the
annual smolt migration is apportioned across a 93 day time period from March 15
through June 15 using the water year type cumulative exceedence smolt out-migration
pattern observed historically for each water year type (Figure 33)*. Only three
cumulative exceedence relationships are used in the model (wet, composite, and dry), as
wetter year types (Wet and Above Normal) had similar cumulative exceedences as did
the drier year types (Dry and Critical). The composite cumulative exceedence is used
for the Below Normal water year type. Wetter water year types have a lower slope than
do drier water year types. This suggests that spring flow volume in the east-side
tributaries and at Vernalis influences not only how many salmon smolts will emigrate
from the SJR but determines the migration pattern as well. In wetter water year types,
with higher spring flow levels, more smolts tend to leave the SJR later in the year (e.g.,
well into June). The number of smolts out-migrating from the SJR in wetter water year
types is also higher than in drier water year types. This may be due to higher flow
levels providing a bigger buffer against increasing water temperature as air temperature
rises than lower flow levels (Figures 13 thru 15). It may also mean that habitat
conditions in the east-side tributaries present in elevated flows (e.g. prolonged flood

% The composite exceedence relationship depicted in Figure 33 is slightly different than that depicted in

Figure 2. This is due to 1989 and 1995 being removed from the relationship depicted in Figure 33. 1989
was removed for being a data outlier, 1995 was removed because the Mossdale Trawl began late (e.g. as

compared to other years).

18



plain inundation), is an important factor in determining smolt abundance. In drier water
year types when lower spring flow levels occur smolt abundance and out-migration time
period are curtailed due to lower spring flow magnitude and duration. Water
temperatures also reach intolerable levels earlier in the spring due to lower spring flow
levels.

Delta Survival

Once the annual smolt abundance is apportioned on a daily basis in each year (e.g., 1967
through 2000), using either a HORB-in or HORB-out, a Delta smolt survival
relationship (Figure 34) is applied®. At present, the Model does not have the actual
dates of HORB-in “hard wired” in its smolt survival calculation sequence (see Table 5
for HORB-in dates between 1967 and 2000). Therefore the historical model run
operates all years from 1967 to 2000 without a HORB?'. The Model allows the user to
choose which survival relationship is used (e.g., HORB-in or HORB-out) and what
dates within the year the HORB will operate”®. Once chosen, the HORB-in relationship
is applied to all years. The number of smolts arriving at Mossdale, combined with
Vernalis flow level, determine the number of smolts reaching Chipps Island each day.
The number of smolts reaching Chipps Island on a daily basis is used to estimate the
number of smolts surviving migration through the Delta, continuing to the ocean, and
returning to the SJR as escaping adults.

Cohort Abundance

Cohort abundance is determined from a regression relationship between the annual
calculated number of smolts arriving at Chipps and the estimated production year cohort
(data for years 1988 through 2000 with 1989 being removed for reasons described
above). A HORB-in relationship was used for the year 2000%°. Figure 36 shows the
regression relationship between smolts at Chipps Island and eventual cohort

% There are several Delta smolt survival relationships in existence. The reader is referred to VAMP
annual reports for a full explanation of the various smolt survival relationships. The smolt survival
estimates used in the model and referred herein are “absolute survival” survival estimates and are based
on marked hatchery smolts released at Durham Ferry and/or Mossdale, and Jersey Point and recovered at
Chipps Island. It should be noted that Delta smolt survival can also be measured by recovery of marked
fish caught in ocean fisheries. Survival rates estimated from ocean re-captures have substantially greater
survival rate percentages than those based upon Delta, or Chipps Island, recoveries (compare Figures 34
and 35). In both cases, a statistically significant relationship between Vernalis flow level and subsequent
smolt survival exists (VAMP 2005). Use of ocean fishery recovery-based Delta smolt survival
relationship in the Model would decrease the Vernalis spring flow water volume needed to accomplish the
Narrative Doubling Goal because at any given flow a higher rate of Delta survival would result in more
smolts surviving to Chipps Island and an increase in the estimated number of salmon returning to spawn
several years later.

27 It is not believed that the Model’s inability to have a operational HORB for historical base model runs
substantially changes the overall results with use of a time period base average escapement as the metric
for comparative evaluation of escapement trend between 1967 and 2000, since only a few years had an
operable HORB during this time frame (e.g. 1992, 1994, 1996, 1997 and 2000).

%8 This is a new Model feature and may alter slightly Model results from those reported herein.

2 A full accounting of years, and specific dates within years (Table 5), was not obtained until after the
model was developed and applied. Applying HORB-in survival relationship, which has higher smolt
survival than HORB-out, for all dates between 1988 and 2000 could change the regression correlation and
model projections.
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production®. The correlation for the relationship between estimated number of smolts
surviving to Chipps and subsequent return of adults to in-river escapement is moderate
with a statistically significant (p<0.001) r-square value of 0.51*!. With positive
regression correlations: 1) between Vernalis spring flow and Mossdale smolt
abundance; 2) between Vernalis spring flow and Delta smolt survival; and 3) between
Delta smolt survival abundance (e.g. at Chipps) and cohort production; it appeared
possible to link SJIR salmon escapement production on an inter-annual basis, for the
years 1967 though 2000, as a function of spring Vernalis flow magnitude, duration, and
frequency once a method for reconstructing escapements, on annual basis, was
developed.

Escapement Reconstruction

The advent of marking methods (e.g., coded wire tagging of juvenile salmon) and other
aging techniques (e.g., scales/otoliths) has allowed differentiation of age composition in
multi-year age class escapements to occur. Once cohort brood year production
estimates are calculated, correlation of these estimates with environmental variables,
such as flow, can occur. Development of the model described herein has used two
methods to estimate escapement age class structure. These methods are: 1) the use of a
composite average for each age class of coded wire tag recoveries from Central Valley
salmon for the years 1974 through 1994; and 2) the use of a composite average of
results from a preliminary reading of scales obtained from SJR escaping salmon for the
years 1981 through 2000 (Table 6). A comparison of regression relationships between
Vernalis spring flow and cohort production for each of the two cohort reconstruction
methods is provided in Figure 37. Both cohort reconstruction methods produced very
strong correlations (e.g. R-square correlations greater than 0.90). This indicates that
either method could be used to predict SJR cohort production. The model described
herein uses the SJR salmon escapement scale reading method as the basis for SIJR cohort
prediction and escapement reconstruction.

Once the brood year production cohort is predicted, cohort abundance needs to be
distributed across several age classes to that escapement estimation can occur.
Escapement age composition, comprised of age one though age five year classes, varies
annually. The Model’s use of averages to calculate each age class means that percent
age composition for each cohort does not change from one year to the next. However,
the age composition of each annual escapement does®’. Age composition percentage is

%0 The cohort numbers used in this model do not match those described in Mesick 2005. The reason for
this is that data included in an earlier version of Dr. Mesick’s work was used to develop the regression
relationships described herein. Due to time constraints, updating the regressions and the Model using Dr.
Mesick’s latest cohort reconstruction values has not yet occurred.

*! In CDFG’s June 2005 Letter to the SWRCB this regression correlation r-square value was identified as
0.61. This was due to the SJR cohort being derived from Central Valley-wide coded wire tag return data.
Use of only the SJR origin salmon age data to develop SJR cohorts resulted in a lower correlation value.
Figure 37 compares SJR Scale derived age cohorts and Central Valley coded wire tag return derived
production cohorts and flow, and shows that with either method there is a strong correlation.

%2 Recent analysis suggests that within-year escapement year class percentages can be estimated using
either Dr. Mesick’s “ratio” method or by regression (wherein percent female escapement is combined
with average spring flow volume magnitude and regressed against two year old salmon abundance, thence
two old salmon abundance is regressed against three year old salmon abundance, thence three year old
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applied directly to the cohort. An example of cohort reconstruction is provided in
Table 7. It is noted that age composition is applied directly to cohort number, then
annual escapement abundance is reconstructed for each year by summing the abundance
of the age one thru age five year classes that contribute to it.**

Hatchery Augmentation

Hatchery production, as a mitigation tool, to replace wild production is a common
management practice in the Pacific Northwest**. Due to genetic health concerns,
hatchery operating protocols have been developed to reduce catastrophic effects®. If
additional production were desired through hatchery augmentation, then predicting
increased hatchery origin production requires subjecting hatchery origin juvenile salmon
to the same flow related environmental variables, such as water temperature exposure,
that wild spawned salmon experience. It is currently unknown how hatchery
augmentation influences escapement in the SJR, as not all Merced River Hatchery
(MRH) production is permanently marked upon release for later recovery and analysis*®.
In recent years, MRH production has comprised between 17% and 41% of annual
Merced River escapement (Johnson 2004). It is hypothesized that because hatchery
origin juvenile salmon have a higher condition factor (e.g., lipid con