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Motivating context

* Factors affecting fish population dynamics are complex

O

Biotic, abiotic considerations: ecological, environmental, climatic,

anthropogenic

=  Food web: bottom-up, top-down forcing
=  Water quality, ecosystem conditions
. Recruitment

= Pollution, eutrophication, invasive species,
overexploitation, physical alterations

Sea surface temperature ("C)
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Richards et al. 2012

Understanding relative impacts remains a primary

scientific objective

= Field studies, statistical analyses, process-oriented models

= Multidimensional, diverse approach needed

= Informed policy development



Statistical Approaches

* Inferences regarding roles of biotic, abiotic variables

4 T T T T T LI | T T 1 1 4

O Considerable focus on Delta flows, X,
location

= Significance based on relationships with 1A BayShimp - "B: Stary Flounder = o 1

annual fish abundance indices (Jassby et al. - C: Packc hering Survival { |0 Ametican Shad
1995; Kimmerer 2002; Sommer et al. 2007; MacNally et al.
2010)

= Important contributions, but information
is not fully utilized

= FMWT: ~400 observations (tows)
become 1 observation (index), each
year

Log Abundance or Survival

= 45 data points vs. 15,273 data points

o L L 50 60 70 80 90 50 60 70 80 90
= Limited investigations using ‘raw’ fish High flow X, (km) Low flow

abundance data (Feyrer etal. 2007, exception) Kimmerer 2002



Study Objectives

Investigate roles of biotic, abiotic variables on fish abundance
using ‘raw’ FMWT data

* Focal species: delta smelt, longfin smelt, age-0 striped bass,
threadfin shad

O Obj. 1 (data from1967 — 2012):

= Evaluate temporal, spatial, environmental covariates on tow-by-tow basis

= Standardized indices of abundance (N /tow), measures of precision

O Obj. 2 (data from 1976 — 2010):

= Modify modeling framework (Obj. 1) to investigate various covariates
annualized across spatial domain of Delta



Analytical Methods

* Obj 1: Standardized indices

O Count data: negbin & zero-inflated negbin generalized linear models

= (Covariates: Year, Month, Area, Secchi (Temp/Month, Sal/Area collinear)
= Omit levels of categorical factors < 5% of total catch
= Model selection

= Bootstrapped SEs for indices

O What are zero-inflated data?
= Negbin distribution - zero values ok, but can have too many

= Leads to ‘false zeros’

w+(1-w)f(0) y=0

Pl =y)= {(1—w) f(y) otherwise



True vs. false zeros

You thought | was a
crocodile. You didn't see me! |
was just under the

water.
| am not here, but
the habitat is good!

0 hippos

| am not here, because
the habitat is not good!

Co
Un
tﬂrﬂce Here we are!
Ss

Hurdle models: get past the hurdle of @@ —* >0 hippos

obtaining a zero observation
Zuur et al. 2009



Evidence of zero inflation

Statistical evidence of zero-
inflation

O Time-series mean proportion
positive

O Truncate FMWT data by decade
(<1970, 1980,...2010); model selection

Delta smelt: 0.28
Longfin smelt: 0.50
Age-0 striped bass: 0.52
Threadfin shad: 0.47

Delta smelt (all decades)
Longfin smelt (> 1970)

Age-0 striped bass (all decades)
Threadfin shad (all decades)
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Standardized i

Objective 1

All species: Y~Year+Month+Area+Secchi

Indices do not differ greatly from CDFW

O
O
O Variable catches monthly
O Variable catches spatially
O

Generally good precision

Modeling results can aid
understanding species associated
system/environmental conditions
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Analytical Methods

* Obj 2: Evaluation of annualized covariates

O From ‘best fitting’ zero-inflated negbin model for each species

= Replace YEAR factor with annualized measures of abiotic and biotic variables
=  Flow
= Zooplankton, chl-a
= water quality metrics

= Model selection

= Bootstrapped Cls for precision of estimated counts, false zero probabilities

O ldentify which variable(s) have most empirical support in
explaining FMWT survey data

m 26 different variables considered



Annualized covariates

10000
7525

5050

O Flow variables*
= DAYFLOW
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"
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Annualized covariates

O Plankton

DWR zooplankton monitoring
program

Monthly sampling, ~20 locations
Lognormal GLM supported for each
group

log(Y)~Year+Survey+Area+Secchi

VIF for collinearity; model selection

Back transformed, bias corrected
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Annualized covariates

O Water quality

DWR discrete water quality
monitoring program

Bimonthly (rainy), monthly sampling
(dry), ~19 locations

Gaussian GLM supported for temp
Lognormal GLM supported for TSS,
turbidity

log(Y)~Year+Survey+Area+Secchi

VIF for collinearity; model selection

Back transformed, bias corrected
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Annual covariate model selection

Species Supported var Best flow var
(AAIC = 0) (AAIC value)

e Strong empirical

evi dence fOI' TSS Delta smelt TSS Unimpaired Inflow, Jan-Jun

(AAIC=55.5)

Historical Outflow, Jan-Jun

e T.shad response TSS (AAIC=231.0)

_ Longfin smelt
to chl-a, mysids

Historical Inflow, Jan-Jun
(AAIC=232.6)

Historical Inflow, Mar-May

 No support for Age-0 striped bass S (AAIC=295.1)
any flow Historical Outflow, Jan-Jun
Variable (AAIC=295.9)

- Historical Outflow, Jan-Jun
'AAI?' - Threadfin shad chl-a (AAIC=101.1)
IMphes no (Mysids AAIC=1.1) o
emplrlcal Unlmpalreci Ou;:ﬂow, Jan-Jun,

yriag
support (AAIC=101.3)

Unimpaired Inflow, Jan-Jun, 1

yr lag
(AAIC=101.3)




Raw data
summaries

* Potential Interpretations

O ‘Best’ annualized covariate

Potential for increase
catch with increase TSS

‘Optimal’ TSS

Decrease T. Shad catch
with increase chl-a?

O ‘Best flow variable

No single flow measure

Catch magnitude similar
across flows (D. smelt,
Age-0 SB)
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Model predictions

Delta smelt Delta smelt
¢ . =
* ‘Best’ fitting models ) .
R Nkl :
O Delta smelt T 3
10 1 2 3
] Equivoca] trend in counts Standardized TSS Standardized TSS
] Longfin smelt Longfin smelt
. StI‘OIlg response in pzZero g 9
/
. 8 ! 2
O Longfin smelt L
° T ] T T % = T
= Increasing counts at high TSS R ’
= Standardized TSS g Standardized TSS
u StI‘OI’lg response In pZero 5 Age=0 striped bass E Age-0 striped bass
g AR
O Age-0 striped bass ¢ 21N
. . e I I I I I g I '“I.I == I I I
®= Gradual increase in counts G40 1 2 s 40 1 2 3
. Standardized TSS Standardized TSS
" Strong response in pzero
Threadfin shad Threadfin shad

200

O Threadfin shad

100

= Decreasing counts with chl-a

0

= Weak response in pzero

Standardized chl-a Standardized chl-a



Fundamental relationship

* Hypotheses for role of TSS

_ o Standardized TSS
O Top-down predation
O Bottom-up control (explain 19787?) o
8
0 Changes in survey catchability? T /\
= FMWT survey design: stratified fixed- o A r\_/\
station \] V\/\/\/ W
o Recall fundamental assumption 19|75 19|8l] 19|85 19|90 19|95 20|DD 20‘05 20|10

CPUE, = gN, versus? CPUE, = q,N

16



Final Remarks

e Summary .
0 Zero-inflated FMWT survey data O
O Month, Area, Secchi significant in 0

developing indices

= Relatively good precision

O Relative role of annualized flow,
plankton, water quality covariates

= No empirical support for flow (16
vars)

= Strong effect of false zero with 0O

TSS

Recommendations

Mine the datal

Always be skeptical of
indices
= (Challenge constant
g assumption

= Flume studies

= Hypothesis
driven field
studies

Be careful of creating
flow for the sake of flow

17
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