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Comments on

“Proposal for a revised ITL and expected take for adult Delta Smelt”

Ken Newman, August 21, 2014

Abstract

There are three key points regarding the draft proposal for a revised ITL formula. One
point is a recommendation that the proposal be rewritten so that it is easier to understand the
methodology. In particular I recommend that the proposal (a) first describe the formulation
and fitting of the underlying multiple linear regression model (y = logarithm of scaled salvage,
total salvage divided by the FMWT index, x1=Secchi, and x2=OMR), and then (b) discuss the
application of the fitted model to calculate the ITL. A second key point regards two technical
details of the application of the model: (a) hypothesized OMR values for the historical period
prior to the RPA are used with observed Secchi values for the same time period, but Secchi
values would likely have changed when OMR values changed, and (b) the argument made to
use the 80th percentile of model-based scaled salvage as the ITL could be interpreted as an
argument to use the 20th percentile instead. A third key point, and one which could make the
entire ITL calculation moot, is that the ITL does not provide any measure of population level
effects on Delta Smelt.
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Preface. A draft technical report titled “Proposal for a revised ITL and expected take for
adult Delta Smelt”, dated July 29, 2014, was produced by Metropolitan Water District. The
purpose of this note is to comment on the report, hereafter referred to as the MWD ITL Proposal.
In particular, I

1. summarize the proposed Incidental Take Limit (Level) (ITL) methodology,

2. provide technical analysis of the methodology, and

3. discuss the general issue that the method does not provide any information about popu-
lation level effects on Delta Smelt

A key question relating the third point above, coming from the perspective of the USFWS which
is charged with protecting and restoring a listing species, is “How well would the revised ITL
calculations help protect and restore the Delta Smelt population?”.

The terms Incidental Take Level and Incidental Take Limit appear to be used interchangeably
in the MWD ITL Proposal. Here I will use just the word “Limit”.

1 Proposed ITL Methodology

It took several re-readings of the proposal for me to understand the methodology as the explana-
tion of the regression model fitting step was interspersed with the application of the regression
to calculate a subsequent ITL. I think it is easier to first present the model fitting steps and
then present the application. Below is my summarization of both and I recommend that the
structure of this summarization be adopted in a rewriting of the proposal so that it is easier for
others to understand.

The ultimate product of the MWD ITL Proposal is an ITL multiplier, here denoted γT .
When γT is multiplied against the Fall Midwater Trawl (FMWT) index value for year t∗ it
yields the Incidental Take Limit for year t∗ + 1:

Incidental Take Limitt∗ = γT FMWTt∗−1 (1)

A value of γT equal to 13.97 was calculated and recommended in the MWD ITL Proposal. As
an example application, given that the FMWT index for 2013 was 18, the ITL for 2014 would
have been 13.97 × 18 = 251.

The value, 13.97, of γT is based on a distribution of the Cumulative Salvage Indices (CSI’s).
CSI is “scaled” salvage, the total estimated adult Delta Smelt salvage over a 4 month period (also
called “Cumulative Salvage” and denoted CS) divided by the Fall Midwater Trawl (FMWT)
index. More precisely:

CSIt =
CSt

FMWTt−1

=

∑
j

(
̂SWP t,j + ĈV P t,j

)

FMWTt−1

(2)

where ̂SWP t,j and ĈV P t,j are estimates of the Delta Smelt salvage for day j in the period
from December 1 of year t−1 through March 31 of year t. If both sides of Eq’n 2 are multiplied
by FMWTt−1 the lefthand side equals CSIt × FMWTt−1 and the righthand side equals CSt.
Substituting γT for the term CSIt yields an equation similar to the calculated ITL in Eq’n 1,
thus ITL can be viewed as an estimate of CS, the total salvage for a given year. Note that
given that a constant value of 13.97 is proposed, between year variation in the ITL is purely a
function of between year variation in the FMWT index.

The steps taken to yield γT are summarized below.

Step 1: Modeling CSI. The log of CSI is regressed against Secchi depth (cm) and combined
Old and Middle River flows (cfs) using twenty years of annual measurements:

log10(CSIt) = β0 + β1Secchit + β2OMRt + εt, t = 1993, . . . , 2012 (3)
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To estimate the model parameters, Secchi was calculated using fish survey samples taken
in the Sacramento River during the period January through March of year t (FMWT
surveys for 1993-2001 and SKT surveys for 2002-2012). OMR is the average of daily Old
and Middle River flows for period December 20 through March 31 of water year t. For the
years 1997 and 1998, the two years where OMR had positive values (10,096 and 3,529),
the values of 0 were substituted and this substitution will be commented upon later. The
resulting parameter estimates were:

β̂0 = 1.54191 β̂1 = −0.02892 β̂3 = −0.00012 (4)

Eq’n (3) can be rewritten as

CSt =
[
101.54191−0.02892 Secchit−0.00012 OMRt

]
FMWTt 10εt (5)

≡ γ(Secchit, OMRt) FMWTt 10εt

where γ(Secchit , OMRt) is in essence a ITL multiplier as shown in Eq’n 1.

Step 2: Historical “What If” estimation of CSIt, t=1993,. . .,2012. The model (3) was
used to construct historical “What If” estimates of CSI assuming that the current adult
Delta Smelt “Reasonable and Prudent Alternative” (RPA) management action of “capping
the 14 day average OMR at -5000 cfs” and “capping the 5 day average at -6250 cfs” was
carried out for the years 1993 through 2012. A preliminary step to making such estimates
was to calculate what the hypothetical values of OMR would have been if the RPA had
been in effect all those year, and the results are shown Table 1 of the MWT ITL Proposal
(Predicted RPA OMR). Given those hypothetical OMR values and the historical Secchi
values (not adjusted), Eq’n (3) was used to estimate the CSI values and those results are
shown in Table 1 of the report and labeled Predicted RPA-Compliant CSI.

Step 3: γT = the 80th percentile of the Predicted RPA-Compliant CSI. The value of
γT equal to 13.97 is calculated by assuming that the Predicted RPA-Compliant CSI values
follows a log non-central Student’s t distribution with 19 degrees of freedom, with the log
mean parameter value equal to 1.648 and log standard deviation parameter equal to 1.121,
namely, the average and standard deviation of log10(CSI). The value 13.97 is the 80th

percentile of that distribution. A quite similar value, 13.38, results by assuming that the
distribution is lognormal.

2 Evaluation and Comments on the Methodology

• Logic of Take Multiplier. Ignoring momentarily how γT is specified or calculated, the
logic of using γT on a per year basis to set an Incidental Take Limit is based on the
following defined relationship.

CSIt =
CSt

FMWTt−1

= γt (6)

Thus the cumulative salvage for year t is trivially exactly the product of γt and the FMWT
index from the previous year

CSt = γtFMWTt−1 (7)

Given the FMWT index for a future year t∗ and an estimate of γt∗+1, one could predict
the salvage for year t∗ + 1. A core part of the MWD ITL proposal is the calculation of
such an estimate of γt∗+1.

• Predicting CS in future years. The process of predicting CS (the ITL) is examined
assuming a very simple model first, and then considering the more complex model that
was used in the MWD ITL Proposal.



DRAFT 4

Simple CS model. For a future year, say t∗, given the FMWT index for the previous
year, FMWTt∗−1, one can predict the CS value, CSt∗ , using an estimate of γt∗ . What
then is the best estimate of γt∗? If CSIt is, on average, a scalar multiple of FMWTt−1

with multiplicative environmental variation:

CSt = γFMWTt−1 exp(εt) (8)

where εt ∼ Normal(0,σ2), then CSt is lognormally distributed. The parameter γ can
be estimated quite easily1 and for any given FMWTt∗ value, one can predict CSt∗ with
γ̂FMWTt∗ . Such predicted values will differ from the true CSt∗ due to two sources
of variation, parameter uncertainty (γ̂ is an estimate) and environmental variation (the
exp(εt) multiplier). If one wished to capture the full range of uncertainty about the
CSt∗ value, rather than use a single value, one could make predictions that included
environmental variation reflected in ε and parameter uncertainty, generating randomly
perturbed γ̂ and εt to yield a distribution of CS predictions.

The MWD ITL Proposal CS model. The MWD approach is more complex in
that the model for CS include covariates. Eq’n (5) is shown again here.

CSt =
[
101.54191−0.02892 Secchit−0.00012 OMRt

]
FMWTt 10εt

Ideally prediction of CS for year t∗ would be a function of the values of Secchi and OMR
particular to year t∗, e.g., Secchit∗ and OMRt∗ . Given that combination of covariates,
prediction error in CSt∗ could be quantified by simulating the environmental variation
terms, εt. Practically, however, determination of the covariates in advance cannot be
done, thus one can generate samples from a joint distribution of Secchi and OMR values
along with environmental variation terms, to produce a distribution of predictions of CSt∗

values.

The MWD ITL proposal is similar to the notion of sampling from a distribution of covariate
values except that (a) the distribution of covariates is a combination of hypothesized OMR
values for previous years paired with observed Secchi values and (b) a single value of the
resulting fitted values of CSI is selected, namely the 80th percentile. Both points are
addressed below.

The degree to which Secchi values might be affected by OMR flows could affect the ac-
curacy of predictions of CS (and CSI) based on hypothesized OMR flows. The implicit
assumption made in MWD ITL is that Secchi values would be unaffected. Figure 1 (a)
plots the observed Secchi values against the observed OMR values and includes a scat-
terplot smoother. For negative values of OMR there is evidence for a slightly positive
association between OMR and Secchi with a high degree of variability in the relationship.
Another implicit assumption is that the same linear regression model holds for the combi-
nation of hypothetical OMR and historical Secchi values. If the new artificial combination
of values was in a region of covariate combinations, the covariate “design space”, never
before observed then the model is extrapolating “beyond the range of the data”. Plot
(b) shows how the RPA OMR Compliant values are generally right shifted relative to the
historical OMR values and plot (c) shows the convex hull of Secchi and RPA Compliant
OMR values. The convex hull does overlap somewhat with the historical covariate design

1The sample average of the log of the ratios, the log of CSI’s, is the maximum likelihood estimate of ln(γ) and
the mle for γ is the geometric mean of the CSI’s.

γ̂ =

"

n
Y

i=1

CSt

FMWTt−1

# 1

n
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space but is clearly right shifted. It is difficult to say how this may or may not affect the
accuracy of predictions.

Rather than present a range of ITL multipliers, e.g., the distribution of 20 predicted values,
a single value, the 80th percentile value from a log-Student t distribution (based on the set
of 20 predicted CSI values) was chosen and recommended. An argument was made that
the choice of the 80th percentile is a “highly conservative” value, and the Proposal notes
that the ITL will be exceeded every five years on average. While the statement about the
exceedance rate is true, whether this is “highly conservative” in terms of effect on the Delta
Smelt population is debatable. A somewhat more narrow comment is that the MWD ITL
proposal makes reference to NMFS use of “the 20th percentile of a log-normal distribution

as a properly protective method for estimating marine mammal minimum abundance”
(emphasis added), and notes how that value is used to calculate “Potential Biological
Removal” level for Killer whales and dolphins. The motivation behind the 20th percentile
is presumably to reduce the chance of overharvesting these populations. Assuming similar
reasoning to protect the Delta Smelt population, I am puzzled why the complement of
20%, 80%, is being suggested for Delta Smelt. If in fact Cumulative Salvage was a proxy
for the abundance of the Delta Smelt population (which is debatable and is discussed next
in Section 3), then using the NMFS reasoning, one would use a conservative estimate of
the population size, e.g., the 20th percentile, to determine a “harvestable number”, the
take.

• Minor point: Changing positive OMR values to 0. When modeling one variable,
Y , as a function of another continuous variable, X, it is unusual to change the values of
X over an interval to be a single value. If one thinks that the relationship between Y

and X changes notably over some interval, a more common approach would be to fit a
different model over the interval, e.g., a nonlinear model. A scatterplot of log transformed
CSI against OMR highlighting the original values and changed values of OMR is shown in
Figure 2. Simple linear regressions of CSI based on the original and altered sets of OMR
values differ considerably. I would recommend keeping the OMR values as they are and
fitting a nonlinear model or else restrict inference to negative OMR values and discard the
positive valued OMR observations from the model fitting procedure.

3 Limitations of CSI in terms of population protection

Assessment of any proposed ITL methodology should be made in terms of the effects on the
population dynamics, and sustainability, of the Delta Smelt. Three major concerns about the
effect of the proposed ITL approach on the Delta Smelt population’s heath relate to the dynamic
processes of spatial distribution, entrainment (mortality caused by the export of water), and
salvage. In particular,

1. Cumulative Salvage is an unknown, and highly variable fraction of entrainment.

2. Entrainment is an unknown, and variable fraction of the population, and is affected by the
spatial distribution of the population.

3. The FMWT index is not necessarily an index of the population vulnerable to entrainment,
i.e., it does not account for spatial distribution.

Appendix A provides a more detailed approach to modeling the dynamics of these processes of
spatial distribution, entrainment and salvage and here I will just discuss a few scenarios. The
punchline in what follows is that CSI provides no indication of the loss to the population

due to entrainment.
Four assumptions are made to construct a set of hypothetical models linking salvage to the

population abundance. First assume that cumulative salvage is on average a constant, but
small fraction pS of the entrainment (Et). Next assume that entrainment is a function of the
abundance of the population found within some region r of the total territory occupied by
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Delta Smelt (a region vulnerable to entrainment, where Nr is the abundance in that region)
as well as Secchi and OMR. Then assume that the FMWT index, FMWTt, is on average a
constant fraction, pF , of the entire population. Finally, assume the abundance in the region is a
function of environment conditions for the year, e.g., xt = fall outflows, and the total abundance.
Mathematically, the linkage between the components is the following, with pE and pV being
shorthand notation for proportion entrained and proportion vulnerable to entrainment:

CSt = pSEt exp(ηt) (9)

Et = pENr,t exp(νt) ≡ exp(β0 + β1Secchit + β2OMRt)Nr,t exp(νt) (10)

FMWTt = pF Nt exp(αt) (11)

Nr,t = pV Nt exp(εt) ≡ exp(δ0 + δ1xt)Nt exp(εt) (12)

For the entrainment model, pV ≡ exp(β0 + β1Secchit + β2OMRt) is between 0 and 1, thus
a fraction of the vulnerable population is entrained. The terms ηt, νt, and εt all represent
environmental variation.

Four scenarios were considered (Table 1). The scenarios differ in terms of the fraction
vulnerable (pV ), similar to spatial distribution, and in terms of the proportion of those vulnerable
that are entrained (pE). For Scenarios A and C, pV is 10% and for Scenarios B and D pV is
30%. The proportion entrained, pE is 20% for Scenarios A and B, and 80% for Scenarios C and
D. Values for the other terms are Nt = 1,000,000, pF = 0.001 (which leads to an exaggeratedly
large FMWT index), and pS = 0.005.

The expected CSI values for Scenarios A and B are 0.1 and 0.3, i.e., Scenario B is three
times worse. The fractions entrained under Scenarios A and B, 20,000/1,000,000 = 0.002 and
60,000/1,000,000 = 0.006, have the same relative values as the CSIs. Comparing the expected
CSI values for Scenarios C and D, 0.4 and 1.2, where Scenario D is three times worse than C,
and C and D are both four times worse than A and B, respectively.

The problem is that CSI values say nothing about the absolute impact on the

Delta Smelt population. Estimates of the magnitude of CSI values do allow between year
comparisons of losses 0.1, 0.3, 0.4, and 1.2 for Scenarios A, B, C, and D, respectively. However,
they do not provide measures of even the relative impact on the population, which were in fact
losses of 0.2%, 0.6%, 8%, and 24% of the population, respectively. Thus ITLs which are

based on the distribution of CSI alone, such as the 80th percentile, are of no value

for assessing the population level effects of such take.
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Table 1: Hypothetical Entrainment, Salvage, and CSI values under 4 scenarios where the total
population size is fixed at 1,000,000 but the proportions vulnerable to entrainment (pV ) and the

proportions of those vulnerable lost to entrainment (pE) varies.
Scenario A Scenario B Scenario C Scenario D

N 1,000,000 1,000,000 1,000,000 1,000,000

pF 0.001 0.001 0.001 0.001
FMWT 1,000 1,000 1,000 1,000

pV 0.1 0.3 0.1 0.3

Nr 100,000 300,000 100,000 300,000

pE 0.2 0.2 0.8 0.8
E 20,000 60,000 80,000 240,000

pS 0.005 0.005 0.005 0.005
CS 100 300 400 1200

CSI 0.1 0.3 0.4 1.2

Figure 1: Secchi versus OMR. Plot (a) includes a scatterplot smoother. Plot (b) shows the rela-
tionship between the negative values of historical OMR and RPA Compliant OMR values (shown

as blue triangles). Plot (c) shows the convex hull of the Secchi and negative RPA Compliant values.
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Figure 2: Log transformed CSI versus OMR. The cases with positive OMR values are shown in blue
and the new values when change to OMR=0 are shown in red. The corresponding linear regressions

are shown in blue and red.
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A Simulating Population Dynamics Scenarios

To evaluate the performance of a proposed ITL method, simulations of the population dynamics
for entrainment and salvage may prove useful. Such simulations can be used to show that to
account for the population level effects of a particular absolute amount of take (a) some idea of
the relationship between salvage and total population size is needed, and (b) that relationship
can be highly affected by the spatial distribution of the population. This appendix does not
carry out such simulations but merely presents a framework for doing so.

Assume that we have the following data from the past several years, during the months just
prior to and during spawning, say December through April. A monthly temporal resolution is
chosen and the Delta Smelt territory is spatially partitioned into four regions (Far West, West,
North, and South)2. The subscripts y, m, and r denote water year, month, and region.

1. Abundances by region of adult delta smelt, ny,m,r.

2. Entrainment, ey,m,r .

3. Salvage, sy,m,r .

4. Covariates that link abundances and spatial distribution from one month to the next,
xy,m,r.

5. Covariates that link entrainment to abundance and spatial distribution, wy,m,r.

6. Covariates that link salvage to entrainment, zy,m,r .

Further, we have known mathematical models that do the linking:

Abundance + Spatial Dist’n as a function of past values ny,m,r = f(ny,m−1,r , xy,m,r)(13)

Entrainment as function of Abundance + Spatial Dist’n ey,m,r = g(ny,m,r , wy,m,r) (14)

Salvage as a function of Entrainment sy,m,r = h(ey,m,r , zy,m,r) (15)

Covariates in the abundance and spatial distribution model (eq’n 13) could include entrainment
in the previous month as entrainment is removing fish from the abundance vector. We have
assumed that entrainment is purely a function of current abundance and spatial distribution
(eq’n 14 has no temporal lagging), and likewise salvage is only dependent on current entrainment
(eq’n 15).

Demonstration. To gain some understanding of what entrainment and salvage might look
like, consider the following simple model. We begin with abundances in December in the four
regions and these fish will not move to other regions except for the fraction that get entrained.
Fish from all regions can be entrained, and the probabilities of entrainment from each region
depend only on a monthly OMR measurement. We assume that the survival probability (the
complement of the natural mortality probability) is a constant for all regions, denoted φA, and
follows entrainment. We further assume that, on average, salvage is a constant fraction of
the entrainment, denoted pS . Entrainment, natural mortality, and salvage are all modeled as
Bernoulli processes, i.e., the numbers entrained, surviving (post-entrainment), and salvaged are
binomial random variables. The resulting model:

ey,m,r ∼ binomial

(
ny,m−1,r,

exp(β0,r + β1,rOMRy,m)

1 + exp(β0,r + β1,rOMRy,m)

)
(16)

sy,m,r ∼ binomial (ey,m,r , pS) (17)

ny,m+1,r ∼ binomial ((ny,m,r − ey,m+1,r), φA) (18)

2These are the regions used in the Delta Smelt Life Cycle Model, DSLCM, which correspond roughly to Western
Suisun Bay to Eastern San Pablo Bay, rest of Suisun Bay and Confluence, Sacramento River and adjacent waterways
upstream of Confluence, and San Joaquin River and adjacent waterways upstream of Confluence
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Examples of the functional relationships between entrainment probabilities and OMR for the
regions are shown in Figure 3.

Figure 3: Hypothetical probabilities of entrainment from four regions as a function of OMR.
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