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Executive Summary

The 2012 Coastal Master Plan utilized Habitat Suitability Indices (HSIs) to evaluate potential

project effects on fish and shellfish  species. Even though HSIs quantify habitat condition, which
may not directly correlate to species abundance, they remain a practical and tractable way to
assess changes in habitat quality from various restoration actions. As part of the legislatively
manda ted five year update to the 2012 plan, the fish and shellfish habitat suitability indices were
revised using existing field data, where available, to develop statistical models that relate fish

and shellfish abundance to key environmental variables. The outcome of the analysis resulted in
improved, or in some cases entirely new , suitability indices containing both data -derived and
theoretically -derived relationships. This report describes the d evel opment of the habitat
suitability indices for juvenile and adult bay anchovy, Anchoa mitchilli , for use in the 2017
Coastal Master Plan modeling effort.
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1.0 Species Profile

Bay anchovy range from Maine to Tampico, Mexico and likely constitute the greatest biomass of

any fish in the estuarine waters of both the southeastern United States and the Gulf of Mexico
(Morton, 1989 ; Pattillo et al., 1997). All life stages of bay ancho vy are abundant across the
Louisiana coastline (Pattillo et al., 1997).  Their numbers dominate the coastal trawl and seine
samples collected by the Louisiana Department of Wildlife and Fisheries (LDWF) fisheries -
independent monitoring program (LDWF, unpubl ished data), and larval bay anchovy are one of

the dominant ichthyoplankton of the in shore waters during the summer months (Raynie & Shaw,
1994).

Because of their high biomass and importance within estuarine food webs, bay anchovy are
often used as an ind icator species of estuarine health. ~ Bay anchovy are a schooling species that
prey exclusively upon zooplankton and are a dominant prey item for many predatory fish

species such as red drum, spotted seatrout, A tlantic croaker, gar, southern flounder and blue
catfish (Hildebrand, 1943; Shipp, 1986). Their abundance in coastal estuaries appears to be
primarily influenced by their zooplankton food supply (Houde & Zastrow, 1991 ; Peebles et al. ,

1996, 2007; Reid, 1955; Rose et al., 1999), and likely accounts f or why they prefer bay habitats
(Hoese, 1965; Houde & Zastrow, 1991; Rubec et al., 2001). Large schools form during the day in
protected areas close to  shore to minimize predation risk, and smaller schools form to feed at
night (Daly, 1970; Hoese & Moore, 1977).

Figure 1 is the life cycle for the bay anchovy with the life stage size, duration, and associated
movements or habitats.  Yolk-sac larvae and feeding larvae are separated in the life cycle
diagram, but are combined as a single larval stage for further description in this report. Juvenile
bay anchovy grow very quickly and are reproductively mature within about 2.5 months (Houde

& Zastrow, 1991; Ward & Armstrong, 19 80).

Spawning takes place in the estuaries and in waters with depths less than 20 m (Jones et al.,
1978; Ward & Armstrong, 1980). Larvae will migrate to shallower and less saline reaches of the
estuaries and into river mouths ( Peebles, 2002; Raynie & Shaw, 1994), while juveniles and adults
form large schools that move into river s, throughout the estuaries, and into shallow coastal
waters ( Figure 1).

Bay anchovy e xploit a wide variety of habitats including bays and bayous, muddy coves, grassy
areas, along beaches, rivers and their mouths, and both shallow and deeper waters off shore,
but prefer bays and estuaries in the  northern Gulf of Mexico (Pattillo et al., 1997 and references
therein). They are particularly abundant in large bays, around shallow bay margins, islands, tidal
passes, canals, and sheltered coves (Pattillo et al., 1997). Life history reports and species

accounts regard bay anchovy as a true euryhalin e and eurythermal species tolerant of a wide
range of salinities and temperatures (Houde & Zastrow, 1991; Pattillo et al., 1997) . Although bay
anchovy can tolerate a wide range of salinities and temperature, their optimum range is

considerably narrower, as indicated in Table 1.
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Bay Anchovy Life Cycle

Size: 0.84-1.11 mm diameter®
Duration: 24 hours?

Size: 34-45 mm TL at maturity
Duration: Maximum lifespan of
about 3 years®
Movement/Habitat: Spawning in
more saline waters; Form larger
schools in day for protection with
smaller schools at night to feed;
Move into deeper waters of bays
in winter and shallower
waters in summer®
Spawning from

March to October®2 in
more saline, deeper waters
of bays, tidal passes and around
barrier islands®2"

Size: 1.8-2.7mm TL at hatch
Duration: 15-18 hours®®<

Yolk-sac
Larvae

Size: 2.9-15.5 mm SL=cd
Duration: 23 days
Movement/Habitat: Migrate
into shallower, lower salinity
nursery areas"!

Size: 18 mm = 34-45 mm TL®
Duration: 75 days®®
Movement/Habitat: Form larger
schools in day for protection in shallow
waters, with smaller schools at night
for feeding

Figure 1. Bay Anchovy Life Cycle Diagram (2 Morton , 1989; P Houde , 1978; ¢ Ward & Armstrong ,
1980; d Pattillo et al., 1997; e Houde & Zastrow, 1991; fWagner , 1973; 9 Sabins & Truesdale, 1974;
hPerry & Boyles, 1977;'Raynie & Shaw, 1994;iJones et al. , 1978).

The spatial and temporal distribution of bay anchovy life stages within the estuary is summarized

by a space -time plot ( Figure 2). The space -time plot indicates the relative abundance of each

life stage throughout the year in each region: upper, mid, and lower estuary, and inner and
outer shelf . The regions of the estuary are characterized by similar habitats and environmental
conditions ( Table 1). Generally, the upper estuary is primarily comprised of shallow creeks and
ponds with the greatest freshwater input, lowe st average salinities, and dense st fresh and
intermediate marsh and submerged aquatic  vegetation . The mid estuary is comprised of more
fragmented intermediate and brack ish marsh vegetation with salinities usually between 5 and 20
ppt. The lower estuary is comprised mainly of open water habitats with very little marsh, deeper
channels and canals and barrier islands with salinities generally above 20 ppt. The inner and
out er shelf regions are defined as the open marine water s divided by the 20 -meter isobath.
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Bay Anchovy HSI

Eggs

Estuary

Upper

Mid

Lower

Shelf

Inner

Quter '

Larvae

Estuary

Upper

Mid

Lower

Shelf

Inner

Quter :

Juveniles

Estuary

Upper

Mid

Lower

Shelf

Inner

Quter

Adults

Estuary

Upper

Mid

Lower

Shelf

Inner

Quter '

Spawning

Figure 2: Space -Time Plot by Life Stage for Bay Anchovy Showing Relative Abundance in the
Upper , Mid, and Lower R egion of the Estuary and the | nner and Outer Shelf Regions by Month.

White cells indicate the life stage is not present, light grey cells indicate the life stage is at
moderate abundance, dark grey cells indicate abundant, and black indicates highly abundant.
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Table 1: Habitat Requirements for Bay Anchovy Life Stages . Pattillo et al. (1997) was the primary
source used to construct the table and the reader should refer to references therein.

Salinity Temperature
Life Stage: (ppt) (°C) Depth Preferred Turbidity DO
Process Optimum Optimum (m) Substrate (m) (mg/L)
(Range) (Range)

Egg 30-37 22-32 - - - O 3.5
reduces
survival

Larvae 3-7 22-32 - - - O 3.5
(0-80) (5-40) reduces
survival
Juvenile 3-10 (5-40) Can use Attracted 1.5-12
(0-80) shallow Shallow to higher O 3 1
marsh non - turbidity; productivity
edge vegetated Found in
and tidal 0.5-0.7
creeks
1-25
Adults:
Foraging 6-15 8-32 1-2.5 Shallow Attracted 1.5-12
(0-80) (0.5-20) non - to higher O 3 i
vegetated turbidity; productivity
Found in
0.5-0.7
Spawning 30-37 020 <20 Barrier
islands,
tidal
passes

2.0 Approach

The statistical analyses used the data collected by the Louisiana Department of Wildlife and

Fi sheri es 0 -térin Bidhérig¢s-Independent Monitoring program conducted for coastal
marine fish and shellfish species. The program employs a variety of gear types intended to target
particular groups of fish and shellfish ; although all species caught, regardless if they are

targeted, are recorded in the database. Due to the variab le catch efficiency of the gear types,
catch per unit effort (CPUE) for key species was estimated as total catch per sample event for
each gear type separatel y. The LDWFgears that caught consistent and relatively high

abundances of the species of interest over time were used for the statistical analysis.

Data fromt he 50 ft seine and the 16 fttrawl were evaluated for statistical relationships among

the associated environmental data and bay anchovy CPUE.The 50 ft seines have historically
been sampled once ortwice per month at fixed stations within each coastal basin by LDWF to
provide abundance indices and size distributions of the small fishes and invertebrates using the

shallow shoreline habitats of the estuaries (LDWF , 2002). The seine is 6 ft in d epth and has a 6 ft by
6 ft bag in the middle of the net and a mesh size of 1/4 in bar. The seines consistently sample

high n umbers of juvenile (i.e., young -of-year; YOY) bay anchov y. The 16 ft trawls have historically
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been sampled bi -weekly during Novembe r through February and weekly from March through

October at fixed stations to provide abundance indices and size distributions for penaeid

shrimps, crabs and finfish inthelargerin shorebays and Loui si anao&Thebodyofri tori al
the trawl is co nstructed of 3/4 in bar mesh No. 9 nylon mesh while the tail is constructed of 1/4 in

bar mesh knotted 35 Ib tensile strength nylon and is 54 -60 in long (LDWF, 2002). The 16 ft trawl s

also consistently collect high numbers of bay anchovy

LDWF also measures temperature, conductivity, salinity, turbidity, dissolved oxygen (DO) and
station depth in concurrence with the biological (catch) samples. Conductivity and salinity were
highly correlated, so for this analysis only salinity was used. Station dept h was not used in the
analysis as it characterizes the station and is not measured to serve as an independent variable
for CPUE. DO has only been measured consistently since 2010, so DO was not included in the
analyses since the minimal sample size greatly  limits the ability to statistically test for significant
species -environment relationships.  Turbidity measurements collected with the trawl samples
were not used because the trawling method disturbs the sediment and thus greatly affects

turbidity and spec ies catchability. For the analyses, the associated turbidity, salinity, and
temperature measurements were evaluated with the juvenile CPUE from the seine station
samples , whereas salinity and temperature measurements were evaluated with the adult CPUE
from the 16 ft trawl station samples. Salinity and temperature are measured at the top and
bottom of the water column and an average of their measurements was used for the analyses.
Examination of the top and bottom measurements usually showed no or little dif ference
between the two, and often only top or bottom salinity was collected such that the mean value

was the result from the single measurement.

Other important variables such as  prey concentration (using chlorophyll concentration as a

proxy) and vegetated/non -vegetated habitat  are not available from the LDWFdatasets .
However, a cursory examination of the catch and length data from the seines and trawls was

made to support the premise that smaller juveniles would be caught near the shallow vegetat ed
habitats (Baltz & Jones, 2003). Thus, the statistical analysis presented here focused on the water
quality data collected by LDWF , and then theoretical , literature -based relationships for prey
concentration and  wetland vegetation were incorporated

Length distributions of the species were plotted by each gear type to determine if the catch

was comprised of primarily juveniles, adults , or a combination of the life stages. Mean monthly
CPUE by year was also estimated and then plotted for the species in each gear to determine
which months had the highest consistent catch over time and which months had variable and

low or no catch over time.  These plots allowed us to subset the data by the months of highest
species catch in order to reduce the amount of ze roes in the dataset . In this way, the analysis
was not focused on describing environmental effects on species catch when the species

typically are not in the estuaries or else at very low numbers.

2.1 Seines

The length distribution of bay anchovy caughti  nthe 50 ft seine samples ( Figure 3) showed
approximately 74% of the catch were juveniles between 15 -45.5 mm total length ( TD with the
remaining catch being adults la  rger than 45.5 mm TL (Houde & Zastrow, 1991). The estimated
CPUE from the 50 ft seine samples along the shallow shorelines and marsh edge habitat is
therefore primarily representative of juvenile bay anchovy.

The plot of mean CPUE by month for each year indicated bay anchovy were caught in the 50 ft
seines year -round ( Figure 4). Therefore , the seine data for all months within a year and over all
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relationships.

The seine da ta collected over all available years of record (1986
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-environment

coastline were evaluated to determine if the averaged salinity, averaged water temperature,
Day of year and its squ ared term
were also included in the model to help account for any seasonal variation in bay anchovy
CPUE within the estuaries.

and/or turbidity data

were related to the bay anchovy CPUE.

-2013) across the Louisiana

CUM. CUM.

Length (mm TL) FREQ. FREQ. PCT. PCT.
165 15 15 0.02 0.02
205 238 253 029 0.30
255 1646 1899 198 228
305 7399 9298 890 1118
365 17318 26616 2083 3201
405 19691 46307 2368 5569
455 15304 61611 18.41 7410
505 9950 71561 197 8607
555 5819 77380 700 9307
60.5 3108 80488 374 9680
65.5 1582 82070 190 8871
705 674 82744 0.81 99.52
7558 2712 83016 033 9984
805 9% 83112 012 9996
85.5 28 83140 003 9999
905 4 83144 0.00  100.00
955 2 83146 000 100.00

L L B e L T L L
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000

FREQUENCY

Figure 3: Length -Fequency Distribution of Bay Anchovy Caughtinthe 50 F oot Seine Samples for

Louisiana.
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Mean CPUE

350

Figure 4. Mean CPUE of Bay Anchovy by Month for Each Year in the 50 Foot Seine Samples.

2.2 16 Foot Trawls

The length distribution of bay anchovy caught in the 16 ft trawl samples showed that the catch
wascomprised of appr oxi ma43enin¥L)ahd60% pdults € Figure B)sTheg O
estimate d CPUE from the 16 ft trawl samples taken in the deeper open waters of th e bays and
estuaries is therefore assumed to be primarily representative of adult bay anchovy.

The plot of mean CPUE by month for each year showed bay anchovy were caught in the 16 ft
trawls year -round ( Figure 6). Therefore , the trawl data for all months within a year and over all
available years were used for the statistical evaluation of the bay anchovy CPUE -environment
relationships.

The trawl data collected over all available years of record (1966 -2013) across the Louisiana
coastline were evaluated to determine if the averaged salinity and averaged water

temperature were related to the bay anchovy CPUE. Day of year and its squared ter m were also
included in the model to help account for any seasonal variation in bay anchovy CPUE within

the estuaries.
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cum. CUM.
Length (mm TL) FREQ. FREQ. PCT. PCT.
3 7 7 0.00 0.00
12 251 258 0.01 0.01
23 13531 13789 071 073
EE] 197503 211382 1029 1112
43 515107 726489 2710 3821
53 609585 1336074 32,06 7028
63 377307 1713381 19.85 90.13
73 145162 1358543 764 97.76
82 38417 1396960 202 99.73
93 3362 1900323 018 99.96
103 360 19006683 0.02 99.98
113 127 1900810 0.01 9999
123 56 1900866 0.00 99.99
133 43 1900009 0.00 99.99
143 183 1901092 001 100.00
T T T T T T T
0 100000 200000 300000 400000 500000 600000 700000

FREQUENCY

Figure 5: Length-Fequency Distribution of Bay Anchovy Caughtinthe 16 Foot Trawl Samples for
Louisiana.

Mean CRUE

Figure 6: Mean CPUE of Bay Anchovy by Month for Each Year in the 16 Foot Trawl Samples.
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2.3 Statistical Analysis

The statistical approach was developed to predict mean CPUE in response to environmental
variables for multiple species of interest and was designed for systematic application across the
coast. The methods described in detail below rely on the use of polynomial regressions and
commonly used Statistical Analysis Software (SAS procedures that can be consistently and
efficiently applied to fishery -independent count data for species with different life histories and
environmental tolerances.  As a result, the same statistical approach was used for each of the

fish and shellfish species that are being modeled with HSIs in the 2017 Coastal Maste

r Plan.

The species CPUE data were transformed using In(CPUE+1). Given that the sampling is
standardized and CPUE represent discrete values (total catch per sample event), In(CPUE+1)
transformation w as appropriate for the analysis.  Distributions that are reasonably symmetric

often give satisfactory results in parametric analyses, due in part to the effectiveness of the
Central Limit Theorem and in part to the robustness of regression analysis. Neverthele
expedient to approxim  ate normality as closely as possible prior to conducting statistical

ss, itis

analyses. The negative binomial distribution is common for discrete distributions for samples
consisting of counts of organisms when the variance is greater than the mean . In these cases,
the natural logarithmic transformation is advantageous in de -emphasizing large values in the
upper tail of the distribution.  As a result, the data were natural log  -transformed for the analysis.

The transformation worked generally well in meeting the assum ptions of the regressio

n analysis.

Predictive models can often be improved by fitting some curvature to the variables by including
polynomial terms. This allows the rate of a linear trend to diminish as the variable increases or
decreases. Scientists have previously described relationships of estuarine species to factors like

salinity and temperature as nonlinear , and it can be expected that the bay anchovy

respond

nonlinearly to environmental variables as well (i.e., they have optimal values for biological

processes ; Rubec et al. , 2001). Thus polynomial regression was chosen for the analyses.
consideration in modeling the abundance of biota is the consistency of the effect of
variables across the level of other variables. The effect of temperature, for example, ma

Another
individual
y not be

consistent across all levels of salinity. These changes can be modeled by considering interaction

terms among the independent vari ables in the polynomial regression equation

Given the large number of potential variables and their interactions , itis prudent to u

Se an

objective approach , such as stepwise procedures (Murtaugh, 2009), to select the variables for

inclusion in the development of the model. The SAS programming language has a rela
procedure called PROC GLMSelect, which is capable of performing stepwise selection whe
each step all variables are rechecked for significance and may be removed if no longer

tively new
re at

significant. However, there are a number of limitations to PROC GLMSelect. GLMSelect is
intended primarily for parametric analysis where the assumption of a normal distribution is made.
It does not differentially handle random variables , SO modern statistic al techniques involving
random components, non -homogeneous variance and covariance structure cannot be used

with this technique. As a result, PROC GLMSelect was

used

key variables (linear, polynomia [, and interactions) , while the SAS procedure PROC MIXED was

used to calculate parameter estimates and ultimately develop the model. PROC M
intended primarily for parametric analyses, and can be used for regression analysis.
capable of fitting analyses w ith non -homogenous variances and other covariance struct

IXED is
Although itis
ures,

the ultimate goal of the analysis was to predict mean CPUE, not hypothesis testing or for placing
confidence intervals  on the model estimates . The statistical significance levels for the resulti ng
parameters were used to evaluate whether the parameters of the polynomial regression model

adequately described the predicted mean (p<0. 05).
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3.0 Results

3.1 Seines

The regression analyses for the seines were initially run with salinity, temperature and tur bidity as
independent variables, but the range in turbidity values turned out to be very small with nearly

all secchi depth measurements at the sampling stations being less than 2 ft. Including turbidity
(secchi depth in feet)  within the polynomial regression  equation caused much more flipping

(i.e., quickly changing direction) within the function and unrealistic predicted CPUE values.
Therefore, turbidity was dropped as an independent variable and the statistical analysis of th e
seines was re -run with temperature, salinity, and day

The resulting polynomial regression model from the seine analysis describes juvenile bay anchovy
CPUE (natural log transformed) in terms of all significant effects from salinity and temperature,
the squared terms and the interactions, and day of year ( Equation 1 ; Table 2). Surface response

plots are used to visually depict the relationships for the two interactin g independent variables
(x,y) and CPUE (z) with the day variable set to its mean value  (Figure 7). The scatter plot overlaid
on the surface response shows the LDWFdata used to develop the polynomial regression.

The surface response plot ( Figure 7) shows that juvenile bay anchovy abundance [In(CPUE+1)] is
a peak function of temperature . Bay anchovy catch in the seines increases from low
temperature sbetween 5 and 10 °C to peak from about 20°C through 3  0°C and then decrease
again at higher temperatures. There is no relationship between juvenile bay anchovy CPUE and
salinity (Figure 7, Table 2). These results generally agree with the life history information ( Figure 1
and Table 1) for the seasonal timing and wide  -scale distribution of anchovy throughout the

estuary. The surface response equation ( Figure 7) is truncated t o predict zero catch when
temperature sfall below 5 -10°C because there were no catch data for juvenile bay anchovy
below these temperatures
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Table 2: List of Selected Effects with Parameter Dstimates and their L evel of Sgnificance for the
Resulting Polyno mial Regression in Equation 1 . Interactions between variables are denoted by *.

Selected Effects Parameter Estimate 1  p value
Intercept -2.6496 <.0001
Day 0.8946 <.0001
Day 2 -0.1896 <.0001
Salinity -0.00678 0.2793
Temperature 0.4324 <.0001
Salinity? -0.0003 0.7296

1 Significant figures may vary among parameters due to rounding or accuracy of higher order
terms.
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Selected Effects Parameter Estimate 1  p value
Salinity2*Temperature 2 0.000008 <.0001
Temperature*Salinity 2 -0.00023 0.0032
Temperature 2 - 0.00331 <.0001
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Figure 7: Surface Plot for the Polynomial Regressionin Equation 1 over the Range of Salinity and
Temperature Values and using a Mean Day of June 29 in the Equation. The scatter plot of salinity,
temperature and bay anchovy CPUE data from the 50 ft seine station samples are overlaid on
the plot.

3.2 16 Foot Trawls

The resulting polynomial regression model ( Equation 2 ) from the trawl analysis describes adult
bay anchovy (natural log transformed) in terms of all significant effects from salinity and
temperature, the squared terms and the interactions, and day of year . Table 3 lists the selected
effects with the parameter estimates and their resulting level of significance for the polynomial
regression. The surface response plot demonstrates the relationships for the two interacting
independent variables (x,y) and CPUE (z) with the day variable set to its mean value ( Figure 8).
The scatter plot overlaid on the surface response shows the LDWF 16 ft trawl data used to
develop the polynomial regression.

The surface response plot ( Figure 8) shows that bay anchovy CPUE [In(CPUE+1)]is a gradually

peaking function of both temperature and salinity. Bay anchovy catch in the trawls increases
from low and high temperature  sto gradually peak around 20°C for most salinities.  Likewise, bay
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anchovy catch in the trawls increases from low and high salinities to peak around 18 -22 ppt over
most temperatures. An increase in CPUE occurs at the extreme salinity and temperature
combinations and is a n artifact of the polynomial regression. There are few observed salinities
and temperatures at the extremes and the model does not accurately predict beyond the

available data
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Table 3: List of Selected HEfects with Parameter Estimates and their L evel of Significance for the
Resulting Polynomial Regressionin Equation 2 . Interactions between variables are denoted by *.

Selected Effects Parameter Estimate p value
Intercept 4.3195 <.0001
Salinity -0.363 <.0001
Temperature -0.3057 <.0001
Salinity? 0.01084 <.0001
Temperature 2 8.72E-03 <.0001
Salinity*Temperature 0.0633 <.0001
Salinity?*Temperature 2 4.5-05 <.0001
Salinity*Temperature 2 -1.62E-03 <.0001
Salinity?*Temperature -1.83E-03 <.0001
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Figure 8: Plot for the Polynomial Regression in Equation 2 over the Range of Salinity and
Temperature Values and using a M ean Day of June 29 ( Day 180) in the Equation. The scatter plot

of salinity, temperature and  bay anchovy CPUE data from the 16-foot trawl station samples are
overlaid on the plot.

4.0 Habitat Suitability Index Model  for Juvenile Bay
Anchovy

Although the polynomial regression function in  Equation 1 appear scomplex, the regression
mode | issimply describing the relationship among juvenile anchovy catch in the seines and the
salinity and temperature taken with the samples. In order to use the polynomial regression
(Equation 1 ) within the juvenile anchovy HSImodel , the equation was standardizedtoa O -1
scale. Standardization of the equat ion was performed by first back -transforming the predicted
CPUE [In(CPUE+1)] to untransformed CPUE values. The predicted untransformed CPUE values
were then standardized by t he maximum predicted  (untransformed) CPUE value from the
response function. Maximum CPUE was calculated by running the polynomial model through

salinity and temperature combinations that fall within plausible ranges.

A predicted maximum juvenile anchovy In(CPUEH]) value of 3.43 was generated from the  seine
polynomial regression at a temperature of 2 3°C and salinity of 0 ppt. Recall the anchovy CPUE
did not show a significant relationship with salinity in the seines, so the maximum at O ppt is not
surprising. The back -transformed CPUE value ( 30.14) was used to standardize the other predicted
untransformed CPUE values from the regression.  The resulting standardized wa ter quality
suitability index was combined with standardized (0  -1) indices for emergent veget ation and
plankton prey concentration (as indicated by Chl orophyll a concentration) to produce the
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juvenile bay anchovy HSI model. All three components of the model are equally weighted and
the geometric mean is used as all variables are considered essential to juvenile bay anchovy:
HSI = (SI+ Sk« Sk)Y/3
Where:
Sk & Suitability index for juvenile anchovy in relation to salinity and temperature (V= 1)

Sk & Suitability index for juvenile anchovy in relation to the p ercent of cell that is emergent
vegetation (V 2)

Sk & Suitability index for juvenile anchovy in relation to Chlorophyll a concentration in the cell
(Va)

4.1 Applicability of the Model

This model is applicable for calculating the habitat suitability index for YOY juvenile bay anchovy
(median size about 40 mm TLfrom Figure 3) year -round in coastal Louisiana marsh edge and
shallow shoreline habitats of the estuaries .

4.2 Response and Input Variable s

V1: Salinity and temperature  throughout the year
Calculate monthly averages of sali  nity (ppt) and temperature (°C) throughout the year
d) A~ ~
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The resulting suitability index ( Sk) should then be calculated as:

O Q P
o1

which includes the steps for back  -transforming the predicted CPUE  from Equation 1 and
standardizing by the maximum predicted  (untransformed ) CPUE value equalto 30.14. The
surface response for Sk is demonstrated in  Figure 9.
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Figure 9: Surface Plot Demonstrating the Predicted Suitability | ndex (0 -1) for Juvenile Bay

Anchovy in Relation to Salinity and Temperature and Resulting from the Back - Transformation and
Sandardization of the  Polynomial Regression in Equation 1 .

Rationale

. Salinity and temperature are important abiotic factors that

can influence the spatial

and te mporal distribution of juvenile  bay anchovy in the estuaries within a year . The suitability
index for juvenile anchovy resulted from the polynomial regression model that described the fit
to the observed seine catch data in relation to the salinity and temperature measurements

taken concurrent with

temperature ranges and optimums that agree well with the range sand optimums previously

described

Limitations: T h e

in the literature for juvenile bay anchovy (Table 1).

mean day from the analysis (June29) 2Hol di ng 6day?d

contributing to the within
vary within and among years.

v ar i ab IEguatibndlahagibeen replaced by a constant value equal to the

constant prevents
- or among -year variation, so that only salinity and temperature can

Further, the optimal salinities and temperatures should not be

interpreted as optimums for specific biological processes, such as growth or reproduction.
Instead, the optimums represent the conditions in which  the juvenile bay anchovy  most

commonly occur, as

movements, and other factors

dictated by physiological tolerances, prey availability, mortality, seasonal

V2: Percent of cell thatis covered by land, includin g all types of emergent vegetation

V2is the percent of
vegetation of all types)

2 Day of the year is scaled between 1 and 3.65 (i.e., 365/100) because

power terms get

the (500 x 500 m) cell that is covered by land (i.e., emergent wetland
. The equation for Sk is plotted in Figure 10. The index is calculated as:

the coefficients for higher

exceedingly small and often do not have many significant digits. For example,

a coefficient of 0.00004 may actually be 0.0000351 and that can make a big difference when
multiplied by 365 raised to the power of 2. By using a smaller value, decimal precision is

improved.
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Sb=0.028*V2+ 0.3 forV2< 25
1.0 for 250 2080
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Figure 10: The Suitability Index for Juvenile Bay Anchovy in Relation to the Percent Emergent
Vegetation (PercentLand =V2).

Rationale : The percent of wetland or total vegetated area within the cell is directly proportional

to the mar sh Heanbdartying Gapacity fontlge juvenile anchovy. This relationship was
initially defined by Minello and Rozas (2002) for juvenile brown shrimp, white shrimp , and blue
crab and subsequently incorporated into HSk for the brown shrimp, white shrimp , and juvenile
spotted s eatrout in the 2012 Coastal Master Plan (CPRA, 2012) to represent the se species
dependence upon  shallow marsh habitats for feeding and growth (Baltz & Jones, 2003). Shallow
marsh edge habitat and shallow tidal marsh creeks and channels are also important h abitat to
juvenile bay anchovy in their first year of life, providing prey and increased cover from predat ors.
Thus, the optimum percent wetland Sl for juvenile anchovy was set similar to that of the 2012

Coastal Master Plan HSIS(CPRA, 2012) at 25-80%. The Sl for 0% land (or 100% open water) was set
at 0.3 to reflect the lower protection from predation afforded by open water.

Limitations : The model does not quantify specific habitats such as submerged aquatic
vegetation or marsh edge, and instead identi  fies the general landscape configuration
(land:water) where optimum levels of these habitats are expected to occur

Vs: Chlorophyll a concentration in cell

Vsis the concentration of  Chl a (pg/l) for the 500 X 500 m cell.  The suitability index describe s

juvenile bay anchovy feeding in response to Chl a concentration , as described by Lynch (2007;
Figure 11).
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nN

0 50 100 150 200

Initial Chl a Concentration (ug I-1)

Figure 11: Holling Type Ill Functional Response (Holling , 1959) Ft to Data Describing J uvenile Gulf
Menhaden | ngestion Rate by Chla Concentration (taken from  Lynch, 2007).

The resulting suitability index ( Sk) demonstrated in  Figure 12 is standardized by simply dividing the
predicted ingestion rates from  Lynch (2007 ) by the maximum predicted ingestion rate of 3.82 ug
fish-l min-1(Figure 11).
e 8
O @
o ¢

Figure 12: The Resulting Suitability Index (Sk) for Juvenile Bay Anchovy in Relationto Chlorophyll
a Concentration ina 500 X 500 m Cell.

Rationale : The Type Ill (sigmoidal) feeding response function was found to be the best fit for
menhaden ingestion rate data when compared to Holling Type | (linear) and Type Il
(asymptotic) feeding functions (Lynch, 2007). The sigmoidal response is often used to describe
fish feeding in response to plankton prey concentration because ingestion rates are low at low
plankton concentrations and rates increase with increases in prey but also as fish swimming
speed increases (Durbin et al. , 1981; Luo et al. , 2001; Lynch, 2007). Although the feeding
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