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Introduction
Previous work by the principal investi-

gator showed that five to eight environ-
mental factors significantly accounted for
about 70 to 85 percent of the menhaden
catch/effort data. These factors were tide
range, sea level, air and water tempera-
ture, salinity, rainfall, wind speed and
direction, and interactions among them.
Predictor equations for menhaden harvest
based on these environmental factors showed
reasonable agreement 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 Nay points, etc.! made ex-
tensive extr,spolations 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.

Qbjectives
The objectives of this work were as

f oil owe:

l. To identify those environment-'1 factors
that are significantly related to
menhaden harvest and, given sufficient
data availability, 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.



Materiais and Methods
Environmental Data

Data on air temperature, water temper-
ature, rainfall, tides, and wind speed snd
direction for =oastal Louisiana were col-
lected from various federal government
sources for thi 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, Federa! Building, Asheville, N.C.
28801. Air temperatures were taken at some
68 stations in coastal Louisiana; each
statio~ usually nnde 200 observations per
week. Rainfall data were taken at some 68
stations in coastal Louisiana; each station
usually made dail . observations and an
average of 30 observations per week. Wind
speeds and directions were taken at New
Orleans, Baton Rouge, and Lake Charles;
usually data were collected every three
hours in terms of one speed observation
expressed in te ms of knots and one dir-
ection observation expressed in terms of 16
possible compass 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 recorded daily about 8 miles
offshore of Grand Isle, La.; daily inshore
observations wele obtained from publica-
tions of the United States Coast and Geo-
detic Survey ano on an hourly basis from
the Louisiana Wi 1dlife 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. Chapot~n, Leader, Mendaden Re-
sources Assessmeat Task, Atlantic 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
Louisiana by weeks and by months. Effort
data correspondi«g to the catch data were
also obtained in terms of vessel weeks.
They were combined into one total value for
Louisiana by weeks and by months. The
proprietary aspects of these data were
maintained.

Analytical Techniitws
All environmental 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
basis 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, etc.!, factor analysis,
stepwise multiple regression  and others!,
and correlations. Cross 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
variab1e and all the others  environmental
data plus effort and yearly effects! were
considered independent variables. An
interaction between 2 variabIes is defined
as their product; air temperature times  x!
wind speed means the interaction between
air temperature and wind speed.



Resuats
Environmental Data

Air tern!!eratures, water temperatures,
rainfall, a»d tide data for coastal Louis-
iana, 1950 i:hrough 1971, are summarized in
figures 1 tiirough 4. Wind speed and di-
rection fre<iuencieS for the Sa ne periOd for
New Orleans. Baton Rouge, and Lake Charles,
La., are sugimarized in tables 1 through 3.

Air temlie cature and water temperature
data for co;istal Louisiana indicate a
general tretid that is comparable to a sine
curve  figu! e. 1 and 2!. The winds of
coastal Lou! siana can be characterized as a
predominantly easterly system, as the wind
blows out of the east ioore than 50 percent
of the time  tables 1 through 3!, with
winter wind. Riainly out of the north and
summer wind mainly out of the south.
Figures 13 through 15 show a progressive
increase in minimum tide range, incan tide
range, and iraxiioum tide range, respec-
tively, especially after 1962  year 413!.
No similar trends, increases or decreases,
are evident ill the data on air te Rpera-
tures, water temperatures, rainfall, and
wind speeds Rnd directions  figures 1
through 3 an3 figures 8 through 12 and
tables 1 thr augh 3!.

Menhaden Catch Effort Data
Menhaden catch data for Louisiana fro R

1950 to 1971 are illustrated in figure 5.
The general :rend of the data is one of
increase, es»ecially after 1958  year t79 on
figure 5!. ..ffort data for Louisiana
menhaden catch are illustrated in figure 6;
these data a.iso show a general increase
starting in i he late 1950s and early 1960s.
The catch/ef! ort ratios are plotted in
figure 7; th '.se data reflect the same trend
of increase is illustrated in figures 5 and
6 for catch ;;nil effort separately.

Factor Analysis
Factor analysis was used to "screen"

the environihental and menhaden catch and
effort data in order to determine how the
environmental data could best be manip-
ulated for th multiple regressions. Table
4 gives the r !tated factor matrix and
cumulative pe centages of eigen values for
a 22-variable model using weekly data. The
acronyms of t,ie environlgental variables are
defined in ta il 20. Six factors are
iilentified as important and they account
'or 7' percen nf the data, Fach of these

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

Fsciur and
X Value Variables Cxsrscterixatiun

dl � 30.6X Amin
X2O
max wt
ain wt
A wt

mean air temperature
 maximum sir temperature!2

~ maximum water temperature air snd water
minimum water temperature t rapsrstures

v mean war.er temperature

F2 � 14,8X cate'b - menhaden harvest
�5,4X!s effnrt menhaden vesse! week

max wt ~ maximum water temperature
min wt minimum water temperature w ctsc tuapsrsi ares
A wt mean water temperature

F3 � 8.6X gmsx maximum rain all
�4.OX!* Rain = min sass rainfall r i a s! i

g4 - 6. 7X iiuig minimus tide range
�0,7X!* ATR mean tide range t ide

5 VX �08P wind speed at Rew Orleans
�6,6X!* BRSP wind speed at Batnn Rouge wind speed

LCBP ~ «ind speed st Lake Charles

t6 - 5.6X ! PR maxisnas tide range tide
�2,2X!s

~~ I! " 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 is
only slightly increased to 73 percent. The
six important factors can be characterized
as follows; �! air and water tempera-
tures; �! yearly and tidal effects; �!
wind speed; �! rainfall; �! wird direc-
tion and tide range; and �! wine direction
 see table 5!.

A complex environ Rental rgodg 1 was
constructed by using the same variables
listed in tables 5 and 6 and else by lag-
ging them by 12 months  these arg indicated
by the prefix L!. Additional variables
were added as defined on table 2 !.



Factor and
2 Value Variables Charscterlration

»I � 30.72 L max vt
'un>tnucd

L mfn vt

Ie> >nax

IA >>can

XZO
LX2 >

X21
LX21

1? � 19.52 I yr
�0.72!» X100

year effects
nu an air temperature
I ~ ceractinf with month
X! 00 lagged 12 months
w> nd d>reccion New Orleans
1> terse ting with month
v> nd speed Nev Orleans
Ir,>erecting with month
X .6 lagged 12 months
wind speed Lake Charles
ir tcrar t ing with month
X >S lagped 12 months
minimum air temperature
Interact.lng with month
X96 lapged 12 months

I>X100
X46

effects of
wind interacting.
with sir
temperaturesLX 36

X!B

> J�>3
X'96

IX96

9 42 NOSP
�9.6Z!* BRSP

LCSP
X27

v>nd speed Nev Orleans
vu>d speed Baton Roupe
wind speed Lake Charles
 NOSP x maximum sir
temperature!
 NORP x min  mum air
temperature!

vied speed Inter-
acting with air
temperatureX26

f4 � 4,42 I.RRDR
 I,I.OX!e

I.X 59

wind direction Baton
Rouge lagged 12 >nonths
 BRDR x >nin>mum air
temperature! Ispged
 BRDR x mean air
temperature! lagped

wind d iree t ton
Interarting vi>.h
al>' temperature>,X60

3.32 l>ION
�7 !Z!*

i>E � 3, 32 I.NOSP
  70, 6X! 4

>.X2 7

monthly effects time efferte

wind speed Nev Orleans
lagged
 NOSP x maximum sir
temperature!

wind eFfects
la pged

vind d>rection New Orleans
l~gg~d
 Nt>DR x minimum tide
range!
 N>>DR x monthly effects!

I.NO DR
�>,k,!e

I. X44 lagged time
effects nnd tide

LX4 >

7. BZ BRDR
�4.42!*

vied direction Baton Rouge vtnd

2. 57. M INR
�9 Il!e X44

mi>  mum t >i>e ranRe
 N >DR x mtn>>num tide
carpe!

c. ide

P>D � 2.52 RMAX
�> . F X! e RMEAN

maximum ra>nfall
me n re>nfnll rainfall

FII - 2.12 MTR
  4 t. 72 ! <

manimnm tide range tide

SI ' � l. BZ I. ,'DR
 e5. 57!» windv» d> direct ton I.akc

Ch. rI es

>11 � I.RX cst eff
�7. IZ!e

menhaden catch eFfort
rat in cacch/effort

S14 � 1,72 SAIIDJF
 B9.0X!e

sum minimum air temper-
atures for December,
Januaty snd February

min eir tempera-
tures in wint e>

« X! cumulative percentape

The resul"s for factor analysis of this
complex model are given in table 6. Four-
teen factors;lccount for about 89 percent
of the data.

maximum va t e r t empe ra-
ture lapRed 12 months
minimum warer tempera-
ture lagged 12 months
m'>ximum air temperature a>r snd eater
lagged 12 months temperaturts
mean sir temperature
I >gged 12 months
 n>axlmum air temperature

 n>sxfmum ait' temperature!
lagged 12 months
 >ninimum air temperacure 

 »lnimum alt' temperature

1.>gged 12 months

Multiple Regressions
A variety of models were devised and

tested using multiple regression, A step-
wise search technique for maximizing the
coefficient of deterlnination  R2! was used
in all cases in order to avoid creating
high R2 value by loading variables into the
model. In other words, this means that the
technique searches a gong the variables and
selects only those that rgaximize R2; it
does not include those that are statis-
tically uni Dportant, but which would also
add to the R2 value  see Barr and Good-
night, 1972!, The results of these re-
gressions are given in tables 7 through 18,

Tables 7 and 8 give the analysis of
variance table, regression coefficients,
anc  statistics for fitting an 11- and 6-
variable model, respectively. The 11-
variable model signif3 cant Iv accounts for
about 73 percent of the data; the variables
are effort, X96  minimum air remperdture
interacting with month!, X36  wind -peed at
New Orleans x month!, X78  wind speed at
Lake Charles x month!, X2l  minimum air
ternperature2!, X90  IDaxilBum air telnperature
x minimum water temperature!, X94  minimum
air temperature x mean water temperature!,
X46  wind direction at New Orleans x
month!, and X44  wind direction at 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,
X60  wind direction at Baton Rouge x rpean
air temperature!, X59  wind direction at
Baton Rouge x rginimurg air telnperature! and
X28  wind speed at New Orleans x minimum
air telnperature!.

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 19�



through 1971, but 124 variables were
screened. The models with the highest R
values from table 10 and surrnnarized below:

R2 per Model

19
Variab].es*

124
Variables*

84,9
66. 8
71. 8
77,4
72.2

April
May
June
July
August
September
October

93. 6
81. 6
77. 9
89. 0
97. 7
99. 5
65. 7

rrNumber of variables screened

These models should be treated cautiously
since the ~umber of observations �0 or
less! is s;nail because the data were ex-
pressed on a yearly basis.

Table 11 presents an 8-variable model
screened f .om 84 variables using monthly
data. The coefficient of determination
 R ! is 86.2 percent. Significant varia-2

bles are e.fort, LX96  minimum air tem-
perature x month but lagged 12 months!, X46
 wind direI tion at New Orleans x month!,
LX59  wind direction at Baton Rouge x
minimum ai: temperature but lagged 12
months!, N rDR  wind direction at New
Orleans!, rPKAN  mean air temperature!, X96
 minimum a..r temperature x month!, and MAX
WT  maximunr water temperature!.

Table 12 presents a 4-variable model
screened from 11 variables using monthly
data; the I 2 is 75. 8 percent. Significant
variables are effort, year effects, BRDR
 wind dire  tion at Baton Rouge!, and X59
 wind direction at Baton Rouge x minimum
air tempern.ture.

Table 13 presents a 4-variable model
screened from 11 variables using weekly
data; the R2 value is 71 percent. Sig-
nificant variables are effort, X86  wind
direction at Lake Charles x minirnurn 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 R2 is 54.7 percent. Bffort and
yearly effects were not included in the 9
variables. Significant variablr.s are X59
 wind direction at Baton Rouge x minimum
air temperature!, BRDR  wind di-ection at
Baton Rouge!, X86  wind direction at Lake
Charles x minimum tide range!, X89  maximum
air temperature x maximum water tempera-
ture!, X32  wind speed at New Orleans x
mean. water temperature!, ATR  m an tide
range!, X112  maximum rainfall c mean tide
range!, and X29  wind speed at Sew Orleans
x mean air temperature!.

Table 15 presents a 4-variable model
from monthly data; the R2 is 78.8 percent.
The significant variables are effort,
yearly effects, BRDR  wind dire=tion at
Baton Rouge!, and X59  wind dir ction 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 R2 value is 77.2
percent. The variables are effort and SAM
 sum of minimum air temperatures during
December, January, and Pebruar! !. Pre-
dicted catch values from this model are
compared with observed values.

Table 17 presents a 3-variable model
from the yearly data of table l6; the 87
value is 80.0 percent. Predicted menhaden
catch values are calculated from this model
and compared with observed values.

Cross-Correlations
Table 18 presents cross-cr rrelat ions

calculated between menhaden cat ch and
environmental data for each month from time
0  i.e,, the same month! to 24 months
before the catch. Sixteen envi ronmental
variables are used. Significant corre-
lations at p = 0.05 are 0.138 rrnd at p
0.01 are 0.181 for more than 200 obser-
vations.



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 I, II, 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 cime periods, i.e., spring to
early summer, winter, the previous spring
«nd summer, and the previous winter, Other
significant variables are wind direction
aud speed at Lake Charles and Baton Rouge,
maximum rainfa11, and mean tide range � a
total of seven significant variables.

Sine-Curve Models
Menhaden catch data were fitted to a

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

y = EBI + EB2 sin  B3t + B4!
where Mean
y = catch and E is effort = Mean effort
t = time and Bl, B2, B3, and B4 are

coefficients for the sine curve

The results of this fit is given in figure
18; the R2 value  coefficient of determin-
ation! is approximately 76 percent. The
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 = EBI + EB2 sin  83t + B4! + EB5L x 96
+ EB6L x 59 + EB6L x 59 + EB7 LL
x 100 + EB8 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 R2 value is approximately 89
percent. The results may be visually
compared with observed data on figure 19.

Discussion
Effort andTime 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  R2 ~70/!; this fact is not
surprising and indeed Chaptoton's predic-
tive scheme �975! is based primarily on
the relationship of effort to catch,
present analyses show that the addition of
a time variable can increase the R 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 R2 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 variables that potentially are
related to  or might affect! menhaden
catch. In addition, some of these varia-
bles were expressed as a Iag effect  their
effect being made prior 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 ll illustrates the
results of using some of these partitioned
variables. A R2 value of 86 percent is one
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 ti.me period of the menhaden
catch, are all significantly related to the



harvest. The variables are effort, LX96
 minimum air 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!, ANEAN  mean air
temperature!, X96  minimum air temperature
interacting with month but not lagged!, and
NAX 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 biologically
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 rettuired consid-
erable effort and talent by our programming
and analysis staff. This aspect should be
pursued in future work of this sort.

harvest. Note that figure 16 shows that
the maximum tide range occurred during June
of the previous year. Figure 16 also
indicates the passibility of at least four
important time periods during the life
history of the menhaden. The fit st time
period is the spring and early summer
period before harvest. The second period
is the winter before harvest; thi.s is the
period of spawning offshore and migration
to the estuaries  see figure 17!. The
third period is the prior spring and summer
 Harch through July and/or August!; this is
the period when Ao stock resides in the
estuaries  see figure 17!. The fourth
period is the winter before when most of
the harvested stock is spawned  i'igure 17!.
This approach, I believe, illustrates how
realistic monthly models could b~ con-
structed for prediction and for additional
understanding of the menhaden lii'e cycle.

Cross-Correlations
These analyses suggest that the effect

af 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 above 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, is 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 ta menhaden harvest. For
example, April harvest is significantly
related to max.imum tide range 10 months
prior to the harvest. May catch is
significantly related ta maximum tide range
11 months 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 priar to the



Conclusions
Effort and yearly effects account for
most 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-
rnental factors that vary significantly
from one year to another.

When effort and yearly effects are
removed from the analysis  rnixed-
mode analysis! the coefficient of
determination  R2! 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 sir temperature or
rainfall or tide range. Thus, it is
possible co construct several signifi-
cant predi.ctor models.

Partitioning of the environmental data
 such as is illustrated in tables 1, 2,
and 3! usually increases the R2 value
and thus improves the overall predic-
tion capability of a model. This
technique makes it possible to con-
strue t predictor models that are more
realistic from a biological viewpoint.
IC also eliminates some of the proble~
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
expressed only as means. This approach
could yield information in regard to
critical times in the life history of
Ctre menhaden as illustrated in figure
16 and table 19.

5. 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.

6. 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.

7, 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 !uveniles are residing in the
estuaries. This technique could pro-
vide an indirect measure of the effects
of past environs on the fish populations.

Lag effects or environmental conditions
prior to harvest can be readily incor-
porated into predictor models. Varia-
bles 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,



Recommendations
Because major effort  labor and money!

was expended procuring and preparing the
environmental da.ta and because the poten-
tial worth of these data is only now being
realized, it is recommended that research
be continued on these data. Work should be
continued for an additional year or two.
Approximately one-half of the present
financial support would be adequate.

Specific ob]ectives of continued re-
search should be �! to disaggregate the
data into geographic sections; �! to
relate the envt.ronmental variables to the

distribution and abundance of !uvenile
menhaden; and �! to partition the envir-
onmental data in more detail so as to more
adequately account for the effects and
times of interactions. In particular, air
temperature should be partitioned and
related to wind data of tables 1, 2, and 3
so that critical air temperatures, wind
directions, and wind speeds can be iso-
lated in terms of specific tish periods.

Air and water temperatures in coastal
Louisiana are closely related  correlation
coefficient >0.9!, and because air temper-
atures are monitored in more locations and
more often than water, the former could
be used as our index for monitoring and
predicting changes in menhaden harvest.
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Table 19

Cross-correlation Coefficients between Harvest and Indicated
Environmental Variables  month of harvest!

Si nificant parameterM~onths haM~onths ta at tttcant parameter

10
ll
20
23
24

M Tide Range
M Tide Range
Lake Charles Wind Direction
Lake Charles Wind Speed
M Tide Range

Apr il

1
10
ll
12
13
24

18
19

8
14
16

Sept.

19
20

2 5
12
13
17

Lake Charles Wind Direction
Tide Range
M Tide Range
M Tide Range
Tide Range

June

M Tide Range
Baton Rouge Wind Direction
M Tide Range

5
Oct, 11

18

July 0 9
Nov.

20

Rain Max
New Orleans Wind Direction
Rain Max
Rain Mean

Note: Cross-correlation coefficients between Louisiana menhaden catch and indicated
environmental variable. Significant level is p 0.01. Coefficients done by individual
month of harvest.
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0 1

2 3 6
13
14
15
17
18

M T id e Rang e
Rain Max
M Tide Range
N Tide Range
M Tide Range
Lake Charles Wind Speed

Rain Max
M Tide Range
M Tide Range
M T id e Ra ng e
Tide Range
M Tide Range
M Tide Range
M Tide Range
Baton Rouge Wind Speed
Tide Range

1

2 3 6 7
12

Aug ~

15
16

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 T id e Range
M Tide Range
Baton Rouge Wind Speed
Tide Range
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CONVERSION FACTORS
LEHGTH

2,54 centimeters
25.40 millimeters
0.30 meter
0.91 meter
1.83 meters
6.00 feet
0.17 fathom
1.61 kilometers
1609.34 meters
5280 feet

1 foot2
1 yard2
1 mile2
1 acre

0,09 meter2
0.84 meter2
2.59 kilometers
0.40 hectare

10.76 feet2
1.20 yards
0.39 mile2
2.47 acres

VOLUME AND CAPACITY
1 foot 3 0.03 meter3 1 meter>

1 meter3

VELOCITY

1 foot/second
1 foot/second
1 foot3/second
I mile/hour
1 mile/hour

0.68 mile/hour
1,10 kilometers/hour
0.03 meter3/second
1.47 feet/second
0.45 meter/second

TEMPERATURE

'Fahrenheit ~ 9/5  'C + 32! 'Centigrade 5/9  'F � 32!

1 inch
1 inch
I foot
1 yard
I fathom
1 fathom
I foot
1 mile
1 mile
1 mile

1 centimeter
1 millimeter
1 meter
I meter
1 meter
1 meter
1 meter
1 kilometer
1 kilometer
1 kilometer

AREA

1 meter
1 meter2
I kilometer2
1 hectare

1 meter/second
I meter/second
1 meter3/second
1 kilometer/hour ~
1 kilometer/hour

0,40 inch
0,04 inch
3.28 feet
1.09 yards
0.55 fathom
39.37 inches
100 centimeters
0.62 mile
1000 meters
3280.84 feet

35,31 feet3
264,17 gallons  US!

3.60 kilometers/hour
2 . 2 4 miles/hour
35,31 feet /second
0,91 foot/second
0.28 meter/second




