


WOMT find the assessments are not technically sufficient, are not consistent with the analyzed
effects of the Proposed Action and Incidental Take Statements, and/or do not consider a
reasonable operation allowable under the Proposed Action, the Service may elevate the
assessment to the Regional Directors of the Service and Reclamation.

I appreciate your ongoing efforts and those of your staff to coordinate on the operation of the
CVP and SWP. Please let me know if you have concerns with this approach for water year 2020
and beyond, unless and until superseded by an updated memorandum. We look forward to
working with you on potential improvements and refinements over the next year.

Attachment
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DSM TN 47. Predictions of Delta Smelt entrainment mortality for conservation planning

William Smith, 2 March 2020

The objective of this exercise was to predict proportional entrainment mortality of Delta Smelt as a function of Old
and Middle River flow and South Delta Secchi depth.

Methods

Monte Carlo simulations were used to predict expected values of proportionalentrainment mortality u, for early and
late postlarval lifestages s (PL1 and PL2) of Delta Smelt, given a set of Old and Middle River flow (OMR) and South
Delta Secchi depth (Secchi) conditions and Delta Smelt population dynamics parameters from the fitted Life Cycle
Model with Entrainment (LCME, Smith et al. 2019). In each iteration of the Monte Carlo simulation, random values
of parameters y, 8, or and oy, defined below, were drawn from their joint posterior distribution estimated during
fitting of the LCME. This process was iterated 40,000 times, and the distribution of ug calculated from these random
valuesfor a given set of OMR and Secchi values represented both parameterand process uncertainty. Representation
of critical uncertaintiesfacilitated a probabilistic approach to risk assessment.

ug was calculated from instantaneousrates of entrainment mortality F and naturalmortality M

_ Fgr(1—e~(FstMs))
s (Fo+Mg)
Expected values of F depended on environmental conditions and regression parameters y, and expected values of M
depended on expected mean weight W, environmental conditions (mean June-August Outflow), and regression
parameters £. In order to account for uncertainty in F and M, stochastic F and M were simulated from lognormal
distributions

F;~Lognormal ((yo's + 15 *OMR + vy, s xSecchi + y3 s x OMR * Secchi), O'F),

Mpy, ~Lognormal ((8, + B, * Wey.,), o), and
My, ~L0gnormal(([;’0 + By * Wpy, + B3 * Outflow),aM).
where the parameters o and oy were the standard deviation parameters describing process variation.

As thevalue (B, + 5, * Wp1,) did not vary, expected values of My, were calculated from an intercept-only model,
while expected values of Mp;, were calculated asa function of 2002-2015 mean June-August outflow. Sensitivity
analysis using the 2002-2015 minimum June-August outflow indicated that values of ug were insensitive to this
choice. As Mp,, represented a 2-3 month mortality value, while Fp, (andthereforeup,,) represented a single month
atthe beginning of the period beginning in June and ending in August, Mp,, was divided by three when calculating

Uppa-

Both OMR and Secchi disk depthsin the south Delta affect entrainment predictions in LCME. Therefore, two sets of
simulations were performed. One set a fixed value for Secchi depth and allowed OMR to vary across a wide range of
values, and the second set fixed OMR at -6,500ft3 and allowed Secchi to vary across a wide range of values. A target
was defined at u = 0.10, and predictions were compared to this value. A precautionary approach was used to define
risk tolerance, where risk was the probability that the target wasexceeded. A risk tolerance of 25% (risk of exceeding
target = 25%) was defined, so the upper quantiles of the posterior distributions of predicted u (25% of posterior density
> reported value) were reported. This meansthatthere is a 25% chance the target is exceeded atthe OMR and Secchi
conditions specified or a 100% minus 25% = 75% chance a target would not be exceeded under the specified
conditions.
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Results

Delta Smelt Life Cycle Model results are presented in Table 1 and Figure 1 to provide context for the mortality
predictions generated in this Technical Note. During the period of highest entrainment mortality, 1999-2003,
estimates of proportional entrainment mortality (posterior means) across early and late post-larvallife stages (April-
June) ranged 0.08-0.18 (8% to 18%) per year. In subsequent years2004-2015, proportionalentrainment mortality
declined substantially, ranging 0.001-0.03 (0.1% to 3% per year). Most of the cumulative April-June entrainment
mortality appeared to occurin April-May when fish are smaller on average. Average April-May and June OMR
reached minimal (most negative) values during the same 1999-2003 period that entrainment mortality peaked, but
average OMR was generally higher (less negative) subsequentto 2005. South Delta Secchi depthsincreased over the
1995-2015 time period (Fig. 2).

At the lowest levels of Secchi depth, which represent the most turbid water conditions (Fig. 2; 61cm) observed
during 2007-2015, the upper quartile of cumulative April-June proportional entrainment mortality was predicted to
increase from 0.05 to 0.10 (5% to 10%) over an OMR range of approximately -2,450 to -5,500ft3 (Table 2; Fig. 3).
In contrast,at the median 2007-2015 Secchi depth (99cm), the same change in the upperquartile of proportional
entrainment mortality occurred over an OMR range of approximately -5,600 to -9,250ft3. Using a negative OMR
assumption of -6,500ft3 (i.e., lower than the 2007-2015 minimum of -4,664ft3; Fig. 4) the upper quartile of
cumulative April-June proportionalentrainment mortality increased from 0.05t0 0.10 (5% to 10%) at Secchi depths
nearthe 2007-2015 median (Table 3).

Discussion

Target values of proportionalentrainment mortality u representing a sustainable level of entrainment mortality
cannot be defined given current Delta Smelt population dynamics. Defining a sustainable level of entrainment would
require excess production of delta smelt. Collection of datasetsused to fit the Delta Smelt Life Cycle Model only
beganin 1995, afterthe Delta Smelt was listed asa threatened species, in decline, and no longer generated excess
production. The delta smelt population hasdeclined for several reasons; thus, even if it were possible to achieve
entrainment mortality of 0, it would not likely result in population growth.

Flexibility in managing entrainment risk

The value u represents the combination of two competing source of mortality. Importantly, asnaturalmortality
increases, the same number of entrained individuals results in increasingly greater entrainment mortality. A dynamic
strategy to evaluating future entrainment risk could include some consideration of naturalmortality. In yearswhen
high naturalmortality ratesare expected, target u will occur atslightly less negative OMR, while in yearswhen low
naturalmortality is expected, target u will occur atslightly more negative OMR. Unfortunately, the current
configuration of the Delta Smelt Life Cycle Model does notinclude covariatesforearly post-larval naturalmortality,
which could be used to identify high and low mortality conditions.

The Life Cycle Model does include June-August outflow as a covariate for late post-larvalnatural mortality, but
most naturalmortality is expected to occur afterentrainment (June) during this seasonalperiod (June-August).
Historically, only a small fraction of the totalcumulative entrainment mortality hasoccurred in June, and predicted
June u was not sensitive to the value of naturalmortality. In otherwords, consideration of late post-larval (summer)
naturalmortality is unlikely to lead to greater flexibility in defining conservation thresholds for OMR management,
while identification of early post-larvalnaturalmortality covariates could leverage greater flexibility.


https://valueofnaturalmortality.In
https://considerationofnaturalmortality.In
https://from0.05
https://substantially,ranging0.001-0.03
https://June)ranged0.08-0.18
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Table 1. Posterior summaries of proportional entrainment mortality estimated for Delta Smelt post-larvae during
years 1995-2015. Median posterior values are listed, and 95% credible intervals are shown in parentheses. Early
post-larvae represents the April-May time period, late post-larvae represents the June time period, and all post-larvae

represents the cumulative April-June total.

Year | Early post-larvae Late post-larvae All post-larvae

1995 | 0.0032 (0.0005-0.0192) 0.0002 (4.1 -0.0007) 0.0032 (0.0006-0.0185)
1996 | 0.0404 (0.0117-0.1332) 0.0029 (0.001-0.0086) 0.0327 (0.0106-0.104)
1997 | 0.0508 (0.0146-0.1564) 0.004 (0.0016-0.0098) 0.0372 (0.0126-0.1098)
1998 | 0.0022 (0.0003-0.0155) 0.0005 (0.0001-0.0035) 0.0025 (0.0004-0.0149)
1999 | 0.1343 (0.0417-0.4016) 0.0214 (0.0091-0.0501) 0.1304 (0.0475-0.3605)
2000 | 0.1444 (0.0435-0.4412) 0.0074 (0.0028-0.0192) 0.1091 (0.0368-0.3327)
2001 | 0.0884 (0.0285-0.2595) 0.0106 (0.0037-0.0304) 0.0812 (0.0298-0.2245)
2002 | 0.2488 (0.0867-0.6352) 0.0075 (0.0028-0.0201) 0.1838 (0.0676-0.491)
2003 | 0.1655 (0.0517-0.4782) 0.0108 (0.0039-0.0302) 0.1235 (0.0434-0.3557)
2004 | 0.0406 (0.0096-0.1451) 0.006 (0.0025-0.0145) 0.0296 (0.0093-0.0945)
2005 | 0.0091 (0.0024-0.0328) 0.0012 (0.0004-0.0038) 0.0072 (0.0024-0.0235)
2006 | 0.0024 (0.0004-0.0145) 0.0002 (3.7¢3 -0.0007) 0.0013 (0.0003-0.007)
2007 | 0.0129 (0.003-0.0486) 0.0025 (0.001-0.0064) 0.0093 (0.0031-0.0304)
2008 | 0.0186 (0.0045-0.0696) 0.0016 (0.0005-0.0045) 0.0128 (0.0038-0.0448)
2009 | 0.0074 (0.0021-0.0256) 0.001 (0.0004-0.0026) 0.0046 (0.0017-0.0136)
2010 | 0.0038 (0.0008-0.0163) 0.0001 (2.3¢3 -0.0004) 0.0026 (0.0006-0.0109)
2011 | 0.0076 (0.0011-0.0505) 0.0002 (0.0001-0.0009) 0.007 (0.0012-0.0454)
2012 | 0.0301 (0.0087-0.099) 0.0013 (0.0005-0.0033) 0.0185 (0.0063-0.0585)
2013 | 0.0209 (0.0063-0.0655) 0.0002 (0.0001-0.0007) 0.0132 (0.0041-0.0419)
2014 | 0.0061 (0.0013-0.0264) 0.000041 (1.0 -0.0002) | 0.0041 (0.0009-0.0173)
2015 ] 0.0266 (0.0069-0.0979) 0.0001 (3.7¢3 -0.0006) 0.015 (0.004-0.0566)
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Table 2. Upper quantiles of predicted entrainment mortality (1/4 of predictions above reported value, % of
predictions below) at the minimum and median levels of Secchi depth observed during April-June during 2007-
2015, over a range of Old and Middle River flow (OMR). Entrainment mortality for two life stages (PL1, PL2; early
and late post-larval) and the combination of both life stages are presented.

Legend

A = proportion F >=0.1

B = proportion F between 0.05 and 0.1
C = proportion F <=0.05

OMR Early post- Late post- All post-larvae | Early post- Late post- All post-larvae
larvae (Low larval (Low (Low secchi= | larvae (Median | larvae (Median | (Median secchi
secchi =61 secchi =61 61 cm) secchi =99 secchi =99 =99 cm)
cm) cm) cm) cm)

-10,237 | 0.3514 0.008¢ 0.2534 0.1704 0.003¢ 0.1174

-9,899 0.3324 0.008¢ 0.2384 0.1584 0.003¢ 0.1104

-9,560 0.3144 0.007¢ 0.2254 0.1504 0.003¢ 0.1054

-9,221 0.2954 0.006¢ 0.2104 0.1414 0.003¢ 0.0984

-8,883 0.2804 0.006¢ 0.1994 0.1324 0.003¢ 0.0988

-8,544 0.2634 0.005¢ 0.1854 0.1244 0.002¢ 0.0868

-8,206 0.2434 0.005¢ 0.1714 0.116* 0.002¢ 0.081B

-7,867 0.2244 0.005¢ 0.1574 0.1114 0.002¢ 0.076"

-7,529 0.2154 0.004¢ 0.1504 0.1044 0.002¢ 0.072B

-7,190 0.2014 0.004¢ 0.1404 0.0978 0.002¢ 0.0678

-6,852 0.1854 0.004¢ 0.1284 0.0928 0.002¢ 0.0648

-6,513 0.1744 0.003¢ 0.1214 0.086° 0.002¢ 0.0598

-6,174 0.1614 0.003¢ 0.1134 0.081B 0.002¢ 0.0568

-5,836 0.1504 0.003¢ 0.1034 0.076" 0.001¢ 0.052¢

-5,497 0.1384 0.003¢ 0.0978 0.0718 0.001¢ 0.049¢

-5,159 0.1314 0.003¢ 0.0918 0.0688 0.001¢ 0.046¢

-4,820 0.1224 0.002¢ 0.0858 0.0648 0.001¢ 0.044¢

-4,482 0.1134 0.002¢ 0.0788 0.0608 0.001¢ 0.041¢

-4,143 0.1054 0.002¢ 0.072B 0.0578 0.001¢ 0.039¢

-3,805 0.0994 0.002¢ 0.0688 0.053¢ 0.001¢ 0.036¢

-3,466 0.0928 0.002¢ 0.0638 0.050¢ 0.001¢ 0.035¢

-3,128 0.0858 0.002¢ 0.0598 0.048¢ 0.001¢ 0.033¢

-2,789 0.078B 0.002¢ 0.054B 0.045¢ 0.001¢ 0.031¢

-2,450 0.0738 0.001¢ 0.051¢ 0.042¢ 0.001¢ 0.029¢

-2,112 0.0688 0.001¢ 0.047¢ 0.040¢ 0.001¢ 0.027¢

-1,773 0.0658 0.001¢ 0.044¢ 0.037¢ 0.001¢ 0.026¢

-1,435 0.0598 0.001¢ 0.040¢ 0.036¢ 0.001¢ 0.025¢

-1,096 0.0558 0.001¢ 0.038¢ 0.034¢ 0.001¢ 0.023¢

=758 0.051¢ 0.001¢ 0.035¢ 0.032¢ 0.001¢ 0.022¢

-419 0.048¢ 0.001¢ 0.033¢ 0.031¢ 0.001¢ 0.021¢

-81 0.044¢ 0.001¢ 0.031¢ 0.029¢ 0.001¢ 0.020¢

258 0.042¢ 0.001¢ 0.029¢ 0.027¢ 0.001¢ 0.019¢

596 0.039¢ 0.001¢ 0.026 0.026 0.000¢ 0.018¢

935 0.036€ 0.001¢ 0.025¢ 0.025¢ 0.000°¢ 0.017¢

1,274 0.034¢ 0.001¢ 0.023¢ 0.023¢ 0.000°¢ 0.016¢

1,612 0.032¢ 0.001¢ 0.022¢ 0.022¢ 0.000°¢ 0.015¢

1,951 0.030¢ 0.001¢ 0.020¢ 0.021¢ 0.000¢ 0.014¢

2,289 0.027¢ 0.001¢ 0.019¢ 0.020¢ 0.000¢ 0.014¢

2,628 0.026¢ 0.000¢ 0.017¢ 0.019¢ 0.000¢ 0.013¢

2,966 0.024¢ 0.000¢ 0.017¢ 0.018¢ 0.000¢ 0.013¢

3,305 0.022¢ 0.000¢ 0.015¢ 0.017¢ 0.000°¢ 0.012¢

3,643 0.021¢ 0.000¢ 0.014¢ 0.017¢ 0.000¢ 0.011¢

3,982 0.020¢ 0.000¢ 0.014¢ 0.016° 0.000¢ 0.011¢




OMR Early post- Late post- All post-larvae | Early post- Late post- All post-larvae
larvae (Low larval (Low (Low secchi= | larvae (Median | larvae (Median | (Median secchi
secchi =61 secchi =61 61 cm) secchi =99 secchi =99 =99 cm)
cm) cm) cm) cm)

4,321 0.018€ 0.000¢ 0.012¢ 0.015¢ 0.000¢ 0.010¢

4,659 0.017¢ 0.000¢ 0.012¢ 0.014¢ 0.000¢ 0.010¢

4,998 0.016¢ 0.000¢ 0.011¢ 0.014¢ 0.000¢ 0.009¢

5,336 0.015¢ 0.000¢ 0.010¢ 0.013¢ 0.000¢ 0.009¢

5,675 0.014¢ 0.000°¢ 0.009¢ 0.013¢ 0.000¢ 0.009¢

6,013 0.013¢ 0.000¢ 0.009¢ 0.012¢ 0.000¢ 0.008¢

6,352 0.012¢ 0.000¢ 0.008¢ 0.012¢ 0.000¢ 0.008¢
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Table 3. Upper quantiles of predicted entrainment mortality (1/4 of predictions above reported value, % of
predictions below) at a low level of Old and Middle River flow (OMR), over a range of secchi depth. Entrainment
mortality for two life stages (PL1, PL2; early and late post-larval) and the combination of both life stages are
presented.

Legend

A = proportion F >=0.1

B = proportion F between 0.05 and 0.1
C = proportion F <=0.05

South Delta Secchi Early post-larvae (OMR = | Late post-larvac (OMR = | All post-larvae (OMR = -
-65001t%) -65001t%) 65001t>)
35.9 0.8854 0.069¢ 0.7754
37.9 0.8694 0.063¢ 0.7524
39.8 0.8514 0.055¢ 0.7234
41.7 0.8334 0.048¢ 0.700*
43.6 0.8134 0.043¢ 0.6754
45.5 0.786" 0.038¢ 0.644*
47.5 0.7554 0.034¢ 0.610*
49.4 0.7314 0.030¢ 0.5844
51.3 0.6974 0.027¢ 0.5474
53.2 0.664* 0.024¢ 0.5214
55.1 0.6334 0.021¢ 0.4874
57.1 0.5974 0.019¢ 0.4524
59.0 0.5634 0.017¢ 0.4234
60.9 0.5264 0.015€ 0.3934
62.8 0.4934A 0.013¢ 0.3614
64.7 0.4554 0.012€ 0.334A
66.7 0.4214 0.011¢ 0.3084
68.6 0.3874 0.009¢ 0.2814
70.5 0.358%4 0.008° 0.2604
72.4 0.3294 0.008° 0.2364
74.3 0.3034 0.007¢ 0.2154
76.3 0.2764 0.006° 0.1954
78.2 0.2514 0.005¢ 0.1764
80.1 0.2274 0.005¢ 0.1604
82.0 0.2074 0.004¢ 0.1454
83.9 0.1914 0.004¢ 0.1334
85.9 0.170A 0.003¢ 0.1194
87.8 0.1564 0.003¢ 0.1084
89.7 0.1424 0.003¢ 0.098%4
91.6 0.1274 0.002°¢ 0.088"
93.5 0.1154 0.002°¢ 0.079®8
95.5 0.1054 0.002°¢ 0.0738
97.4 0.0948 0.002°¢ 0.0658
99.3 0.0858 0.002°¢ 0.059®8
101.2 0.078" 0.001¢ 0.0538
103.1 0.0708 0.001¢ 0.048¢
105.1 0.0628 0.001¢ 0.043¢
107.0 0.0578 0.001¢ 0.039¢
108.9 0.051¢ 0.001¢ 0.035¢€
110.8 0.047¢ 0.001¢ 0.032¢€




South Delta Secchi Early post-larvae (OMR = | Late post-larvac (OMR = | All post-larvae (OMR = -
-65001t%) -65001t%) 65001t>)
112.7 0.041¢ 0.001¢ 0.029¢
114.7 0.038¢ 0.001¢ 0.026¢
116.6 0.035¢ 0.001¢ 0.024¢
118.5 0.031¢ 0.001¢ 0.021¢
120.4 0.028° 0.001¢ 0.019¢
1223 0.025¢ 0.000¢ 0.017¢
1243 0.023¢ 0.000¢ 0.015¢
126.2 0.020°¢ 0.000°¢ 0.014¢
128.1 0.019¢ 0.000¢ 0.013¢
130.0 0.017¢ 0.000°¢ 0.012€
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Figure 1. Time series of post-larvalproportional entrainment posterior distributions from the fitted Delta Smelt Life

Cycle Model. Early post-larvae represents the April-May time period, late post-larvae represents the June time
period, and all post-larvae represents the cumulative April-June total.
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Figure 2. Time series of post-larvalentrainment variablesused to fit the Delta Smelt Life Cycle Model with
Entrainment.
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Figure 3. Predicted proportionalentrainment mortality atthe minimum (upper panels) and median (lower panels)
levels of secchi depth observed during April-June during 2007-2015. Dotted reference lines show mortality values
0f0.10 and 0.05. The solid black line indicatesthe mediansof predicted proportional entrainment mortality, the dark
gray bandsindicate the interquartile ranges of proportionalentrainment mortality,and the light gray bandsindicate
the 95% credible intervals. The upper edge of the gray bandscorrespond to the upper quantile of predicted
proportionalentrainment mortality that were used to define the limit of exceedance probability.
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Figure 4. Predicted proportionalentrainment mortality at a low level of OMR, across a range of South Delta Secchi
depths. Dotted reference lines show mortality values of 0.10 and 0.05. The solid black line indicates the medians of

predicted proportionalentrainment mortality, the dark gray bandsindicate the interquartile ranges of proportional
entrainment mortality, and the light gray bandsindicate the 95% credible intervals.
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