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Abstract

Acknowledgments

The relationship between selected
environmental factors of cocastal Louisiana
te Loulsiana menhaden harvest and effort
was studied by analyzing the factors
separately, by factor analysis, by multiple
regression, and by cross correlations. The
environmental factors were air tempera-
tures, water vemperatures, rainfall data,
tide data, and wipd speeds and directions
applicable to coastal Louisiana from 1950
through 1971; these data were reduced to
weekly and morthly statisticas. The men-
haden catch and effort data were for the
Louisiana harvest during 1950 through 1971
expressed as weekly and monthly totals.

' Only tide range data showed signifi-
cant changes during the last 20 years,
namely an increase of mean tide range,
which 1is probably related to the rise in
sea level noted by other Louisiana re-
searchers. Factor analysis and multiple
"regressions both indicate that the same
general type of data have a signiflicant
_relationship to menhaden harvest, namely
effort, time effects, water or air temp-
erature, and some interactions among them.
Significant relationships still exist
between menhaden catch and selected en-
vironmental data when the effects of effort
and time are removed; however, time effects
are probably masking important environ-
mental effects. A variety of variables can
be used to produce a significant predictive
relationship; examples are effort; minimum
air temperature interacting with month,
both not lagged and lagpged for 12 monthsi
wind direction at New Orleans interacting
with month; wind direction at Baton Rouge
interacting with minimum air temperature
and lagged for 12 months; wind direction at
New Orleans; mean alr temperature; and
maximum water temperature. The resulting
coefficient of Jetermination {(R2) is 86
percent and is significant at p <0.0001.
The harvest data were fitted to an sine
curve adding the significant environmental
variables, and the coefficlent of deter-
mination (R2) is 89 percent,
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introduction

Objectives

Previous work by the principal investi-
gator showed that five to elight environ-
mental factors significantly accounted for
about 70 to 85 percent of the menhaden
cateh/effort data. These factors were tide
range, sea level, alr and water tempera-
ture, salinity, rainfall, wind speed and
direction, aad interactions amomg them.
Predictor equations for menhaden harvest
based on these environmental factors showed
reasonable azreement with observations;
however, there were only about 64 monthly
observations (8 years x 8 months), and
partitioning for monthly effects (i.e., 8
April points, 8 May points, etc.) made ex-
tensive extrapolations a tenuous procedure.
As a result, it was proposed that all
available da:a, over 20 years on at least a
weekly basis, should be similarly brought
to analysis.

The objectives of this work were as
follows: '

1. To identify those environment-l factors .
that are significantly related to
menhaden harvest and, given sufficlent
data avallability, to determine how
these factors affect juvenile distri-
bution and abundance.

2. To measure the extent of each of these
factors on a yearly, seasonal.
monthly, and geographical basis giving
particular attention to short--lived
environmental effects such as warm air
and water temperatures during winter.

3. To develop and test predictor equations
for menhaden harvest and possibly for
juvenile distribution and abundance.



Materials and Methods

Environmental Data

Data on air temperature, water temper-
ature, rainfall, tides, and wind speed and
direction for :oastal Louisiana were col-
lected from vacicus federal government
sources for the years 1950 through 1971.

Data on air temperature, rainfall, and
wind speed and direction were purchased for
the years 1950 through 1971 from the Envir-
onmental Data Service, National Climatic
Center, Federal Building, Asheville, N.C.
28801. Air temperatures were taken at some
68 stations in coastal Louisiana; each
station ysually made 200 observations per
week. Rainfall data were taken at some 68
stations in coastal Louisiana; each station
usually made daily observations and an
average of 30 observations per week. Wind
speeds and directlons were taken at New
Orleans, Baton Rouge, and Lake Charles:
usnally data were collected every three
hours in terms of one speed observation
expressed in te-ms of knots and one dir-
ecticn observation expressed in terms of 16
possible compas:s divisions. Water tempera-
tures and tide data were purchased from the
National Oceanic and Atmospheric Adminis-
tration in Rockville, MD. 20852. Tempera-
ture data were 1ecorded daily about 8 miles
offshore of Grard Isle, La,; daily inshore
observations were obtained from publica-
tions of the United States Coast and Ceo-
detic Survey ano on an hourly basgsis from
the Louis{ana Wildlife and Fisheries Com-
mission. Tide data were recorded at three
locations along the Louisiana coast.

Menhaden Harvest and Effort Data

Data on menhaden harvest and effort for
Louisiana were obtained by courtesy of
Robert B. Chapoton, Leader, Mendaden Re-
sources Assessmeat Task, Atlantiec Estuarine
Fisheries Center, National Marine Fisheries
Service, Beaufor:, N.C. 28516, Menhaden
harvest data were expressed on a weekly
basis for three :oastal regions of Louis-
iana from 1950 through 1971; these data
were combined in:o one total value for
Loutsiana by weels and by months. Effort
data correspondiug to the catch data were
also obtained in terms of vessel weeks.
They were combined into one total value for
Louvisiana by weeks and by months. The
proprietary aspects of these data were
maintained.

Analytical Tachniques

All envirommental data were screened
and checked by means of computer printouts;
they were reduced to various statistics
including minimums, means, maximums,
ranges, frequencies, and/or vectors on the
bagls of weekly and monthly sets in order
to match the menhaden catch and effort
data,

Statistical treatment was done by means
of the Statistical Analysis System (Barr
and Goodnight, 1972), which includes gener-
al statistics (means, standard deviations,
confidence limits, ete.), factor analysis,
stepwise multiple regression (and cothers),
and correlaticns. C(ross correlations were
computed by means of the subroutine “cross”
(available at the LSU Computer Center),
whereby cross covariances are computed for
two series of data; and one series can lead
or lag the other series in time. These

‘covariances were normalized to correlation

values. The sine curve function was de-
vised by L. Gulick and R. Hebert, research
associates of the Center for Wetland Re-
sources. .

The initial group of environmental
variables used in the analysis is given in
table 20. A variety of models were devised
for testing as selected from the 120 vari-
ables listed on table 20. The structure of
each model was basically the same, namely,
the menhaden harvest was the dependent
variable and all the others (environmental

-data plus effort and yearly effects) were

considered independent variables. An
interaction between 2 variables is defined
as their product; air temperature times (x)
wind speed means the interaction between
air temperature and wind speed.



Results

Environmental Data

Air tremperatures, water temperatures,
rainfall, and tide data for coastal Louls-
iana, 1950 through 1971, are summarized in
figures 1 through 4. Wind speed and di-
recticn frequencies for the same period for
New Orleans. Baton Rouge, and Lake Charles,
La., are summarized in tables 1 through 3.

Aly temperature and water temperature
data for constal Louisiana indicate a
general trend that is comparable to a sine
curve {(figures 1 and 2). The winds of
coastal Louisiana can be characterized as a
predominantly easterly system, as the wind
blows ocut of the east more than 50 percent
of the time (tables 1 through 3), with
winter winds mainly out of the north and
summer winds mainly out of the south.
Figures 13 through 15 show a progressive
increase in minimum tide range, mean tide
range, and maximum tide range, respec-
tively, especially after 1962 (year #13).
No similar trends, increases or decreases,
are evident in the data on air tempera-
tures, water temperatures, rainfall, and
wind speeds and directions (figures 1
through 3 and figures 8 through 12 and
tables 1 through 3).

Menhaden Catch Effort Data

Menhaden catch data for Louisiana from
1950 to 1971 are illustrated in figure 5.
The general :rend of the data 1s one of
increase, especially after 1958 (year #9 on
figure 5). iffort data for Louisiana
menhaden catch are illustrated In figure 6;
these data also show a general increase
starting in rhe late 1950s and early 1960s.
The catch/effort ratios are plotted in
figure 7; these data reflect the same trend
of increase as illustrated in figures 5 and
6 for catch and effort separately.

Factor Analysis

Factor analysis was used to "screen"
the environmeutal and menhaden catch and
effort data in order to determine how the
environmental data could best be manip-
ulated for tha multiple regressions. Table
4 gives the rorrated factor matrix and
cumulatrive pe-centages of eigen values for
a 22-variable model using weekly data. The
acronyms of the environmental variables are
defined in tanhle 20. Six factors are
identified as important and they account
for 72 percen. of the data. Fach of these

factors can be identified with tha follow-
ing groups of environmental data ind
characterized as indicated below:

Factor and

% Value Variables

Characterization

#1 - 30.62 Amin = mean air temperature
X20 = {maximum air Ctemperature)
max wt * maximum water temperature air and water
min wt = minimum water temperature Lomperatures
A wt = Mmean water temperature

#2 - 14.8% catch = menhaden harvest
£45,4%)* effort = menhaden vessel week

max Wt * maximym water temperalbure
min wt = minimum water remperature witer temperalures

A Wt = mean water tempetature

#3 - B.6% Rmax * maximum rainfall

{54.0%3* Rmin = winimum rainfall riinfall
#: - 6,77 MinR = minimum tide range
{(60.72)*% ATR = mean tide range tide

5 - 5.9% RKOSP = wind speed at New Orleans
(66 .63}*% BRSP = wind apeed at Baton Rouge wind speed
LCSP = wind speed at Lake Charles

# - 5.6 MIR
(72.2%)*

=paximum tide range tide

#(8) » cumulative percentage

Monthly data were similarly analyzed
and the results are given in table 5.
Yearly and monthly effects were added and
the effects of time (IS in table 4) and X20
maximum air temperature were deleted. The
cumulative percentage of eigen values 1s
only slightly increased to 73 percent. The
six important factors can be characterized
as follows: (1) air and water tempera-
tures; (2) yearly and tidal effects; {3)
wind speed; (4) rainfall; (5) wird direc-
tion and tide ramge; and (6) winc direction
(see table 5).

A complex environmental model was
constructed by using the same variables
listed in tables 5 and 6 and alsc by lag-
ging them by 12 months (these are indicated
by the prefix L). Additional variables
were added as defined on table 20.



The resul-s for factor analysis of this

complex model are given in table 6.

Four-

teen factors account for about 89 percent

of the data.

Factor and
_ % Value

¥arjahies

Characterizacion

#l - 30.7% L max wt
vont inued
L min wt
T4 max

LA mcan

Xz20
LX2n
X1
LX21

#2 - 19.52
(50, 27%)*

1 yr
X100

1.X100
Xub

Nin

LX 36
Xig

1.X78
96

1X96

LR B ¥ 1
(5%.6%)*

NOSP
BRSF
LCSP
x27

X28

i — 4,427
(hh_NZ)*

LBRIR

1.X59

LX60

#5 - 31.3%
(67,30

6 - 2,3%
(70, 6%y %

[MON
LNOSP

1.X27

#7
(71, 87)%

1.NODR
L¥44
LX4h

L BRDR

(Tb.BE)*

MINR
X44

- 2,50

(79.1%)*

RMAK
RMEAN

#10 -"2.5%
(B].REZY*

#11 - 2.1% 2
(83, 7%)%
#12 - L.8% LUDR

(8h.52)%

#1Y - 1.8%
(47, 1%)»

cat eft

#li - 1.7% SAMDJF
(89,01

maximum warer tempera-
ture lagged 12 months
minimum water rempera-
ture lagged 12 months
maximum air temperarure
lagged 12 months

mean air temperature
lagged 12 monchs

(maximum alr temperature)?
{naxinum air temperature)?

lagged 12 months

air and water
temperaturcs

{uinimum air temperature )2

(ninimur air temperature)?

lugged 12 months

year effects
ot AN air temperature
interacting with month

= X]00 lagged 12 months

H I ) i

k]

wind direcrion New Orleans

itteracting with month
Wwind speed New 0rleans
Irteracting with month
X.6 lagged 12 months
wind spoed lake Charles
irteracting with month
X?8 lagped 12 months
minimum air temperature
Interacting with month
X56 lagged 12 months

wind speed New Orleans
wind speed Baton Rouga
wind speed Lake Charlaes
(NOSP x maximum air
temperature)

{RDSP x minimum air
temperature}

wind direction Baron
Rouge lagged 12 manchs
{BRDR x minimum air
tempernture) lagged
(BRDR x mean air
temperature} lagged

- moathly effects

wiad speed New Orleans
lagged

(NOSP x maximum air
temperature)

wind direction New Orleans

lagged

(NUDR x minimum tide
range)

(NODR x monthly offects)

wind direction Baton Rouge

minfmum Eide range
{NODR x minimum tide
Tange)

marimum rainfall
mean rafntall

maximmm tide range
wird direction lLake
Cluirles

menhadan catch affert
ratin

sulm minimum air temper-
atures for December,
January and February

*(%} = cumulative percentage

4

time effects of
vind interacting
with air
temperatures

wind speed Inter-
acting with air
temperature

wind direetion
{interarting with

alr temperature

time effects

wind effects
lagged

lagged time
effects and ride

wind

tide

ralnfall

tide

wind

cateh/uffort

min alr tempera-
tures in winter

Multiple Regressions

A variety of models were devised and
tested using multiple regression. A step—
wise search technique for maximizing the
coefficient of determination (R?) was used
in all cases in order to avoid creating a
high R? value by loading variables into the
model. In other words, this means that the
technique searches among the variables and
selects only those that maximize R2; it
does not include those that are sratis-
tically unimportant, but which would also
add to the RZ value (see Barr and Cood-
night, 1972)., The results of these re-
gressions are given in tables 7 through 18,

Tables 7 and & give the analysis of
variance table, regression coefficients,
and statistics for fitting an 11- and 6-
variable model, respectively. The 11-
varilable medel significantly accounts for
about 73 percent of the data; the variables
are effort, X96 (minimum air remperature
interacting with month), X36 (wind speed at
New Orleans x month), X78 (wind speed at
Lake Charles x month), X21 (minimum air
temperaturel), X90 (maximum air temperature
X minimum water temperature), X94 (minimum
air temperature x mean water temperature),
X46 (wind direction at New Orleans x
month), and X44 (wind direction ar New
Orleans x minimum tide range). The data
used were weekly observations.

The b-variable model (table 8) is
based on monthly data and significantly
accounts for about 81 percent of the data,
The variables are effort, yearly effects,
K60 (wind direction at Raton Rouge x mean
air temperature), X59 (wind direction at
Baton Rouge x minimum air temperature) and
X28 (wind speed at New Orleans x minimum
alr temperature).

Table 9 gives the best possible model
for individual months, April through
August, for 1950 through 1971, but only 19
variables were screened. Table 10 gives
the best possible model for individual
months, April through August, for 1950



through 1¢71, but 124 variables were
screened. The models with the highest RrZ
values from table 10 and summarized below:

RZ per Model

19 124
Variables* Varlables*
April 84.9 93.6
May 66.8 81.6
June 71.8 77.9
July 77.4 89.0
August 72.2 97.7
September - 9g9.5
October — 65.7

*Number of variables screened

These models should be treated cautiously
since the umber of observations (20 or
less) 1s smnall because the data were ex-
pressed on a yearly basis.

Table 11 presents an 8-variable medel
screened f:om 84 variables using monthly
data. The coefficient of determination
(R2) is 86.2 percent. Significant varia-
bles are e fort, LX96 (minimum air tem~
perature x month but lagged 12 months), X46
{(wind direction at New Orleans x month),
LX59 (wind direction at Baton Rouge x
minimum ai: temperature but lagged 12
months), NUDR (wind direction at New
Orleans), :MEAN (mean air temperature), X96
{minimum a.r temperature x month), and MAX
WT {maximun water temperature).

Table 12 presents a 4-variable model
screened from 11 variables using monthly
data; the L2 is 75.8 percent. Significant
variables are effort, year effects, BRDR
{(wind direction at Baton Rouge), and X59
(wind directien at Baton Rouge x minimum
air temper:ture.

Table 13 presents a 4-variable model
screened from 11 variables using weekly
data; the RZ value 1s 71 percent. Sig-
nificant variables are effort, X86 (wind
direction at Lake Charles x minimum tide
range), X32 (wind speed at New Orleans x
mean water temperature)}, and ATR (mean tide
range).

Table 14 presents an 8-variable model
screened from 9 variables using monthly
data; the RZ is 54.7 percent. Effort and
yearly effects were mot included in the 9
variables. Significant variables are X59
(wind direction at Baton Rouge 1 minimum
air temperature), BRDR (wind di-ection at
Baton Rouge), X86 (wind direction at Lake
Charles x minimum tide range), {89 (maximum
air temperature x maximum water tempera-
ture), X32 (wind speed at New Orleans x
mean water temperature), ATR (me2an tide
range), X112 (maximum rainfall x mean tide
range), and X29 (wind speed at Vew Orleans
X mean air temperature).

Table 15 presents a 4-variable model
from monthly data; the R? is 78.8 percent.
The significant variables are effort,
yearly effects, BRDR (wind dire:tion at
Baton Rouge), and X539 (wind dirsction at
Baton Rouge X minimum air temperature).
Predicted catches calculated by this model
are compared with observed values (see
table 15},

Table 16 presents a 2-variable model
from yearly data; the RZ value is 77.2
percent. The variables are effort and SAM
{sum of minimum air temperatures during
December, January, and February). Pre-
dicted catch values from this model are
compared with observed values.

Table 17 presents a 3-variahble model
from the yearly data of table ]6; the r?
value is 80.0 percent. Predicted menhaden
catch values are calculated from this model
and compared with observed values.

Crossa-Correlations

Table 18 presents cross-correlations
calculated between menhaden catch and
environmental data for each month from time
0 (i.e., the same month) to 24 months
before the catch. Sixteen environmental
variables are used. Significant corre-
lations at p = 0.05 are 0.138 and at p =
0.01 are (.181 for more than 200 chser-
vations.



Discussion

Table 19 also presents cross-corre-
lations calculated as follows: April
menhaden catch is related to each month
from 0 month to 24 months prior to the
catch. Those parameters having a sig-
nificant correlation with menhaden catch
for each month are listed according to the
particular lag month. For example, the May
menhaden catch is significantly related to
maximum tide range when maximum tide range
is considered 1, 11, 12, and 13 months
prior to the catch. The times of these
significant correlations were plotted onto
figure 16 in order to see if environmental
parameters were operative in some way
during the same time period. The circled
months on figure 16 indicate time periods
when important environmental variables were
most significant; there appear to be four
important time periods, i.e,, spring to
early summer, winter, the previous spring
and summer, and the previous winter. Other
significant variables are wind direction
and speed at Lake Charles and Baton Rouge,
maximum rainfall, and mean tide range--a
total of seven significant variables.

Sine-Curve Models
Menhaden catech data were fitted to a

modified sine curve with effort and time
effects being incorporated. The expression
used is as follows:

y = EBl + EB2 sin (B3t + BA)

where

y = catch and E is effort =

Mean

£ = time and B1, By, B3, and B, are

coefficients for the sine curve
given in figure

value (coefficient of determin-
The

The results of this fit is
18; the R2
ation) is approximately 76 percent.
results may be visually compared with
observed data on figure 21.

The coefficients of signficant envir-
onmental variables were added to the above
expression; these variables are .

y = EBy + EBy sin (Bst + B;) + EBgL x 96
+ EBgl. x 59 + EBgL x 59 + EB7 LL
x 100 + EBg Amean

as defined above and on table 20 where L =
12 months lag and LL = 18 months lag.

The results of this fit are given in
figure 22; the RZ value is approximately 89
percent. The results may be visually
compared with observed data on figure 19,

Mean effort

Effort and Time Effects

Models devised to account for menhaden
harvest data were somewhat different from
Previous attempts. Regressions were set up
whereby menhaden catch was a function of
the environmental variables of table 20 and
of effort and time effects. This approach
usually resulted in effort and time effects
having the most significant relationship to
menhaden catch (R? 270%); this fact is not
surprising and indeed Chaptoton's predic-
tive scheme (1975) is based primarily on
the relationship of effort to catch.
Present analyses show that the addition of
a time variable can increase the RZ value
and thus make a better prediction possible;
this time variable probably masks important
environmental factors. The analyses also
show that partitioning of time effects,
such as by years and by months in each
year, also increases the RZ value and
predictive capacity of the model.

Important Environmental Variables and Predictor

Environmental data of present analyses
were reduced to some 17 variables; with
month effects and effort added, the total
was 19 variables (table 20). These varia-
bles were then partitioned into potential
squared functions and interactions as
indicated in table 20; this increased the
list to 120 varijables that potentially are
related to (or might affect) menhaden
catch. In addition, some of these varia-
bles were expressed as a lag effect (their
effect being made prier to the catch). The
time lags used were 12 and 18 months.

These dates are somewhat of a compromise
because all possible lagged months could
not be tested in one computer run since the
capacity of the program and the computer
was overloaded,

These results are given in tables 4
through 17. Table 11 illustrates the
results of using some of these partitioued
variables. A RZ value of B6 percent is ome
of the highest obtained for monthly data.
This model indicates that effort plus five
environmental variables, from the same time
period as the menhaden catch, plus two
environmental variables lagged 12 months
prior to the time period of the menhaden
catch, are all significantly related to the



harvest. The variables are effort, LX96
(minimum aic temperature interacting with
month; and lagged for 12 months), X46 (wind
direction at New Orleans interacting with
month), LX59 (wind direction at Baton Rouge
interacting with minimum air temperature,
and lagged for 12 months), NODR (wind
direction at New Orleans), AMEAN (mean air
temperature), X96 (minimum air temperature
interacting with month but not lagged), and
MAX WT {(maximum water temperature). Other
variables, however, also provided a good
estimate of the data, but I am confident
that a more systematic approach could now
determine which variables are bioclogically
more realistic to use in the predictor
model. In particular, I believe the wind
effects could be more effectively parti-
tioned in terms of a specific direction and
speed. There was not sufficient time to do
this analysis, but the data are now in the
proper form to do so; preparing these data
for this type of analysis required consid-
erable effort and talent by our programming
and analysiy staff. This aspect should be
pursued in future work of this sort.

Cross-Correlations

These analyses suggest that the effect
of an environmental variable during a
particular month is more important than at
other times. For example, field workers
have long believed that a warm wind blowing
out of the southeast for 2 weeks during
January or February and causing water
temperatures to rise abave 60°F probably,
in a significant way, improves the well-
being of estuarine fishes such as menhaden.
This effect should be reflected in some way
at the time of harvest, such as by produc—
ing larger and/or more fish. This, of
course, 1s speculation; but consider the
data of table 19 plotted onto figure 16.
This plot indicates the month that a parti-
cular environmental variable was signifi-
cantly related to menhaden harvest. For
example, April harvest is gignificantly
related to maximum tide range 10 months
prior to the harvest. May catch is
significantly related to maximum tide range
11 meonths prior to the harvest. June catch
is significantly related to maximum tide
range 12 months prior to the harvest. July
catch is significantly related to maximum
tide range 13 months prior to the harvest.
August catch is significantly related to
maximum tide range 14 months prior to the

harvest. Note that figure 16 shows that
the maximum tide range occcurred during June
of the previous year. Figure 16 also
indicates the possibility of at least four
important time periods during the life
history of the menhaden. The first time
period is the spring and early summer
period before harvest. The secord period
is the winter before harvest; this is the
period of spawning offshore and migration
to the estuaries (see figure 17). The
third period is the prior spring and summer
(March through July and/or August}; this is
the period when Ac stock resides in the
estuaries (see figure 17). The fourth
period is the winter before when most of
the harvested stock is spawned (iigure 17).
This approach, I believe, illustrates how
realistic menthly models could be con-
structed for prediction and for additional
understanding of the menhaden life cycle.



Conclusions

1.

Effort and yearly effects account for
mest of the data variation of Louisiana
menhaden harvest. Effort accounts for
approximately 70 percent of the data,
and yearly effects account for approxi-
mately 5 to 10 percent. Yearly effects
are probably masking certain environ-
mental factors that vary significantly
from one year to another.

When effort and yearly effects are
removed from the analysis {(mixed-

mode analysis) the coefficient of
determination (RZ) is reduced to about
55 percent. However, quite a few
environmental variables have the same
effect on the R2. Most of these vari-
ables are interactions between wind and
water temperature or air temperature or
rainfall or tide range. Thus, it is
possible to construct several signifi-
cant predictor models.

Partitioning of the environmental data
(such as is illustrated in tables 1, 2,
and 3} usually increases the RZ value
and thus improves the overall predic-
tion capability of a model. This
technique makes it possible to con-
struct predictor models that are more
realistic from a biological viewpoint.
Tt also eliminates some of the problem
of expressing (and using) data in the
form of means or other measures of
control tendency; a great deal of
information is lost when data are
cxpressed only as means. This approach
could yield information in regard to
critical times in the life history of
the menhaden as illustrated in figure
16 and table 19.

lLag effects or environmmental conditioms
prior to harvest can be readily incor-
porated into predictor models. Varia-
hles that are lagged and significantly
related to menhaden harvest are the
minimum air temperatures and wind
direction interacting with minimum air
temperature; the critical time periods
for the operation of these variables
are still not identified.

Predictor equations based on effort and
time significant account for 70 percent
of the data. If selected environmental
variables (such as minimum air tempera-
ture, maximum water temperature, and
wind direction) are added to these
equations then the R2 is improved to 86
percent.

Significant change in the tide range
has occurred along the Louisiana

coast during the last 20 years; in
particular the tide range has increased.
These changes show a significant rela-
tionship to menhaden harvest, which is
suggestive that there have been in-
creases of potential fish habitats in
coastal Louisiana.

Some cross-correlations produced by
lagging each environmental variable
with catch of a particular month are
highly significant. These data suggest
important environmental occurrences
during the life history of the men-
haden. For example, maximum tide range
has an important effect on menhaden
during the months of May and June when
the juveniles are residing in the
estuaries. This technique could pro-
vide an indirect measure of the effects
of past environs on the fish populations.
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Factor Analysis Results of 22 Variables {(Weekly)
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CUBULATIVE PERCENTAGE OF EIGENVALUOES

0,45353 0.53991 0.60729 0.66612 0.72210

0.30628
EIGEN VALUES

oM™

Results of factor analysis of 22 variables on a weekly basis (environmental and catch/effort

Note

Variables defined in table 20
Circled numbers indicate those types of variables that exert the same effect

data) involved in Louisiana menhaden harvest for 1950 through 1971.

(15

-
b

time effects).

there are six important types of variables (see text).



Table 5

Factor Analysis Results of 22 Variables (Monthly)
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COMULATIVE PERCENTAGE CF EIGENVALUES

0-45829 . 0.555%4 0.619123 0.67653 C.730%3

0.32335

EIGEN VALUES
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Variables defined in table 20

dicate those types of variables that exert the same effect

Louisiana menhaden harvest for 1950 through 1971.
there are six important types of variables (see text).
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data) involved
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Circled numbers

times effects).



Table 6

Factor Analysis Results of 120 Variables (Weekly)
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Table 7

ing R? Value (120 Variables, weekly)
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Stepwise Regression Results for Max
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Tabla 10 (continued)

124 Variables)

R2 Value (Month bf September, 1950-71:

imizing

Stepwise Regression Results Max
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g RZ2 value for all environmental data and Lou

181ana

imizin

Results of stepwise regression for max

Note

One hundred and twenty four

the month of September, 1950 through 1971.

menhaden harvest during

the higher RZ value.

ilve

Final model is the "best" 9-variables which g

variables were screened.
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ing RZ Value (B4 Variables; monthly)
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Table 14

Stepwise Regression Results Maximizing RZ Value (9 Variables, monthly; 8 variable model)
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Table 15

Stepwise Regression Results Maximizing R? Value (9 Variables, monthly; 4 variable model)
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Table 15 (continued)

Stepwise Regression Results Maximizing RZ Value (9 Variables, monthly; 4 wvariables model)
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Table 15 (continued)

Stepwise Regression Results Maximizing RZ Value (9 Variables, monthly; 4 variable model)
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Table 15 {(continued)

RZ Value (9 Variables, monthly; & Variables model)

imizing

Stepwise Regression Results Max
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Table 15 (continued)

Stepwise Regression Results Maximizing RZ Value (% Variables, monthly; 4 Variable model)
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Table 15 (continued)

Stepwise Regression Results Maximizing 2 Value (9 Variables, monthly; 4 Variable model)
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Table 15 (continued)

Stepwise Regression Results Maximizing 32 Value (9 Variables, monthly: 4 Variable wmodel)
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Table 16

Stepwise Regression Results Maximizing R2 Value (9 Variables, yvearly; 2 variable model)
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Table 17

Stepwise Regression Results Using R2 Value (yearly; 3 variable model)
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Table 19

Cross-correlation Coefficients between Harvest and Indicated

Environmental Variables (month of harvest)

Months Lag

Significant Parameter

10
11
April 20
23
24

1
10
11
12
13
24

May

June 12

July

Note:

environmental variable.
month of harvest.

M Tide Range
M Tide Range
Lake Charles
Lake Charles
M Tide Range

M Tide Range
Rain Max

M Tide Range
M Tide Range
M Tide Range
Lake Charles

Lake Charles
Tide Range
M Tide Range
M Tide Range
Tide Range

Rain Max

M Tide Range
M Tide Range
M Tide Range
Tide Range
M Tide Range
M Tide Range
M Tide Range

Wind Direction
Wind Speed

Wind Speed

Wind Direction

Baton Rouge Wind Speed

Tide Range

48

Months Lag

Aug.

Sept.

Oct.,

Nov.

Significant Parameter

Rain Max

M Tide Range

M Tide Range

Baton Rouge Wind Speed

Tide Range

Tide Range

M Tide Range

M Tide Range

M Tide Range and Lake
Charles Wind Direction

Baton Rouge Wind Speed

Tide Range

Tide Range

Rain Max

M Tide Range

M Tide Range

Baton Rouge Wind Speed
Tide Range

M Tide Range
Baton Rouge Wind Direction
M Tide Range

Rain Max
New Orleans Wind Direction
Rain Max
Rain Mean

Cross—correlation coefficients between Louisiana menhaden catch and indicated

Significant level is p 20.01. Coefficients done by individual
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Fig. 16. Diagram to illustrate effects of selected envirommental variables
0 to 24 months prior to month of menhaden harvest.
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Fig. 17. Diagram of a proposed life cycle of Louisiana menhaden.
Harvest percentages derived from Chapoton (1975).

66



(932 ‘¢y ‘T4 ‘TI4) sIeak uy aTeds TejuozTIoy puw
(8u03 JTAIBW ¢*) = ITUN YSYJ pIBpUBR]S T) S3IFun Ysfj pilepuels Uy ST oeEds Te9T1318) "2AIND BULS B UOC paseq

SeNTeA PIIVEPIId -+T/6T 03 QCHT ‘Ud3IEd Uspeyusm BUBTSTNOT PIAIasqo snsiaa pai1oIpaad jo wealerq -g1 "914

HOLYD QILMWHOD=E "HOAVI=Y

w 1z or L1] c__ m__ ..__ () u ___ j_ m 9 ﬂ 11 r [ T |

1] il L
1 1 ( 1 | [
o0reLt _8.3._” o0isT 00O s.ﬁn B._Rn _ Sﬁ_ﬂ __HM-H ﬂw“*_ S.ml_ 3.“"_4_ Bwno; 00051 _ 8.u¥_ 8..1. 8.1.._ B._e“_ 8._8._ 8._3 _ 3._3 s_ﬁen s.-s 008 3.9.— 00'0E oot ro_

o0 o0 @D OOC OO v 0% ogor  001-°
SHANOITTIW
67




-A-UU@ mm

‘T# ‘T#) siea£ ul ITEOS [BIUOZIIOY puE (Suol JTi138W ¢ = JTUN YSTJ PIBPURIS TI) Satun ysfj piepueis c._qw_
ST 9TE26 TBOTII3A "SITQETIBA [EJUSWUCITAUD PIJDI[3S JO SIUITITII200 Aq paTITPOW BAIND SUFS B UO Paseq
SONTEA PS30TPald  "TL6T 03 0G6T ‘YOIBD USPBRYUSH BURTSTNOT PIAISEQO SNSIIA pa3orpead jyo weaderq 6T "B14

HILYD QILNdWNGD=# "HOLY eV

ot 1] 11 L4 L] 1] & £ 13

n I ; ! o 2 9 1 . 0 T ] _ ' ’ v £ 1 _

wpt |oopsr ogpst  ooper  oopr  eopw | oopiz | oopm el ool oopit  ooom| oogsi [oopri  ogper oot ool cool| 0o | oooe Wo. oy oo o] ooor | oot por o

8

e

| &

z

| &

]

| &

s

‘.4.-44.‘\ _.allM..ii‘..I..r,.l .‘1 - 7 : 1__ - 1 - ; e T oI r wium
RYBYEY IR AR AR N .

| o L i ! | ™ d.. H < K °

i \ A A A Y I &

oy ;o

3

B

e

SHINCITIW

-]



A ") NN ) S Y B M S 1wl T2l 1T aal T el T a8l T 20
CENTIMETERS
INCHES
I ] 3 4 5 8| 7) 8
b 4b b el ol 2T 1T 18l el 201 221 24T 287 28T 36
METERS
FEET
10} 20 30, 40, 50, &0y 70 80, 20
20! 40l 60l aol 1001 1201 140! 1601 180!
KILOMETERS ‘
MILES
10 20y 30 40y 30 60; 70 80 20 100, 1 120
i 2! 3l 4
FATHOMS
FEET
2| A [ 8] 10 12| 14§ 16| 18] 20; 22 24
—60! —40' —20! ol 20 401 60! gol 1007
DEGREES CENTIGRADE
DEGREES FAHRENHEIT
—80 L =49 L9 |40 | 80 1 120 | 160 | 200
CONVERSION FACTORS
LENGTH
1 inch = 2.54 centimeters 1 centimeter = 0.40 inch
1 inch = 25.40 millimeters 1l millimeter = (.04 inch
1 foot = 0.30 meter 1l meter = 131.28 feet
1 yard = 0.9]1 meter 1 meter = 1.09 yards
1 fathom = 1.8) meters 1 meter = 0.55 fathom
1 fathom = 6.00 feet 1 meter = 39,37 inches
1 foot = 0.17 fathonm 1 meter = 100 centimeters
1 mile = 1.61 kilometers 1 kilometer = 0.62 mile
I mile = 1609.34 meters 1 kilometrer = 1000 meters
l mile = 5280 feet 1 kilometer = 3280.84 feet
AREA
1 footl = 0.09 meter? 1 meter? = 10.76 feetl
1 yard? = 0.84 meter? 1 meter = 1.20 ),ram:lss2
1 mile? = 2.59 kilometers? 1 kilometer? - 0.39 mile2
1 acre = 0.40 hectare 1 hectare = 2.4} acres
VOLUME AND CAPACITY
1 foot?d = 0.03 meter3 1 meterd = 35,31 feet3
1 meter?d = 264,17 gallons (US)
VELOCITY
1 foor/second = 0,68 mile/hour 1 meter/second = 3,60 kilomaters/hour
1 foot/second = 1,10 kilometers/hour 1 meter/second = 2.24 miles/hour
1 foot3/second = (.03 meter?/second 1 meter3/second = 35.31 feet3d/second
1 mile/hour = 1.47 feet/second 1 kilometer/hour = 0.91 foot/second
1 mile/hour = 0.45 meter/second 1 kilometer/hour = 0.28 merer/second
TEMPERATURE
°Fahrenheit = 9/5 (°C + 32) *Centigrade = 5/9 (°F - 32)






