


result of natural mortality and emigration until no shrimp remain.

A. Mortality

The simplest case to be considered for natural mortality is
that the rate of decrease in numbers of shrimp is proportional
to the number present at that time; i.e.

dN
- = - MN (p-1)

where M is a constant from tp onward through time. From time tp
until the start of the inland season, the number present at any
time, t, is

N
) t .%L = -M St at

Ny = Ne, e M(t-tp) - | (D-2)

The number available to the fishery is

Nt" t!
[ P i% =-M /P dt
tp=_R tp
or
Nt' = Re M(tp tp) = R (D—B)
P .

Both natural and fishery mortality are considered from
opening of the season, tﬁ, to close of season, tj, and in the
simplest case, are constants over that period and independent
of each other. Assuming, that the rate of decrease is again

proportional to the number present

AN - (r+ MmN (D-4)
dt
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and integrating over the limits
N 2
SOAN - p) ST de
Ntﬂ N t!
P

results in the number remaining at the end of season

b e (FD) 't}‘-l':p)

Voo N, (D-5)
or any time during the season:
N, =N, o D (e e
p .

After time t), the decrease in numbers is the result of
natural mdrtality and emigration and the rate likewise assumed
proportional to the number present:

dN . - (M+E)N ‘ | (D-7)
dt

where E is the emigration coefficient.

Equation (D-7) when integrated over the limits

N
S tF %’l = -+E) SEF ae _ (D-8)
N, . ) |
gives
Nt =N e"(M""E) (tF—t)\) ’ (D—9)
F £

This model shows that theoretically the number remaininé will never
equal zero but approaches zero as ty increases. |
B. Growth rate

The von Bertalanffy growth form is assumed which gives the

individual weight at time, t,
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W= W, [1 - e k(E7te))3 (D-10)
and similarly the length;
lg =L [1 - e “k(t=to)] (D-11)
See Appendix C for derivation of equations (D-10) and (D-11).
C. Total weight
Expanding the cubic term in equation (D-10) results in
3
W, =W, I, e “k(t-to) (D-12)
n-o
where
Q0 = +1
Q =-3
Qy = +3
93 = -1

The total weight at any time, t, during the pefiod from
recruitment (tp) to the season opening (tp') is then the product
of equations (D—2).and (D-12):

N, = [N, e M(E=tP)] g 5 g -nk(t-to); (D-13)
where tp <t< tp'.
The total weight available at the opening of the season is

: 3
' Wy = [Re “B(tR=tP)] [y 3 g e ~Mk(t-to)] (D-14)
n=o

th

The total weight at any time during the shrimp season is the

product of equations (D-6) and (D-12):

e —(FH) (t-tp'), W, 3 Qe ~nk(t-to) (D-15)
n=o0

NW

= [Ne

pl
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t <t <y,
where p' b
D. Yield
The yield in weight for any time during the shrimp season is

given by integrating the equation

Yuw t¥ .
S aw - té" F N W, (D-16)

over the specified limits. Substituting for total weight from
equation (D-15), the yield is

| s
Yw = BN, We(FMtyr 5 g enkto & o —(Ftmk)t g¢
" n=o0 - tp!

or 3 Ql:le —nk(tf)"tg) [l_e —(F+M+nk) (t"tp')] (D‘l?)

Yw = FN_ W T T (FMink)
P n=o

The total yield is the integral over the time period

A=ty - tp

or

. 3 ,
th = FNt 'ww z Qne -nk(tp'—tg) [l_e-(F-l-M‘*'nk)}\]
P

n=o (FM+nk)

(D-18)

An expression for yield in numbers can be similarly derived.

A computer code for the Beverton and Holt fisheries yiéld
model and some typical results are provided at the end of this
appendix. The plots show the sensitivity of the yield to varia-

tions in season opening date and time of recruitment.



177

LITERATURE CITED
Beverton, R. J. H. and S. J. Holt. 1957. On the dynamicslof
exploited fish populations. Ministry of Agriculture, Fish-
eries and Food (Great Britain), Fishery Investigations,
Series 2, Vol. 19, 533 pp.
Ford, T. B. and L. S. St. Amant. 1971. Management guidelinés

for predicting brown shrimp, Penaeus aztecus, production

in Louisiana. Proc. Gulf Carib. Fish. Inst., 23 Ann. Sess.,

pp. 149-161.



LUMPED nNODZL WITH K SUBAREAS
DIMENSION YN{(51)
DIVMENSICGN TUSZ)e XNT(SL) o TW(SL)e YW(52)
DIMENSION TXNT(S35s17)TTW(DST 41:)
DIMENSION TYN(SC 1L )2 TYN(S.,1()
DIMENSION TNO(SZ) s TNOPCR(S:) +TOTWY (S )
DIMENSION TOTWAR(S _)sTOTYW(SH) e TOTYWR(S5™) s TOTYN(ST)
DIMENSION TOTYNR{(ST)
READ( S 104 ) IFIN
NCASE =1
.G3 TO 1
NCASE=NCASZS +1
READ(Se127) K
1Y FORMAT(ID)
TCR=C ,¢
DU 1% J=1,4K
wWRITZE (6029 ) <oJ
297 FIRIMAT( 1Y 41 3X o #¥kXLUMPED MODEL WITH® . 1X312:s1Xs* SUCAREASR%X %S,/ 88X,
1 INPJT DATA FIR SUBAREA',1X,12+7)
CAL_. SAPEA(Tes XNT s TWw +YWsYNsNsCRSA)
TCR=TCR+CSA
D3 12 I=1eN
TNO(I )= » 7
TOTWAT(I)=C57
TATYW ()= &
TOTYN(I)=" 0
TXNT(I+J)=XNT(1I)
TTW (Il o )=TW(I)
TYW(I.J)=YW(TI)}
TYN(L.J)=YN(T)
1Y CONTINUC
wRITE(6.,24 )K
247 FIRMAT(141415Xe "%*%LUMPED MODEL WITH®s1Xel2:1Xs? SUBAREASH%k%,//
1SX s *SUMNMATICN OVER SUBAREAS®*/3Xs*TIME(WK) * 33X+ * NUMBER® ¢ 3X 9 "NUMBER?
2¢3Xe *TOTAL * 43X, *TOT>» WTo " e2Xe " YIELD IN® 22X»*YIZELD PER®32Xe*'YIELD®
34X 'YIELD IN'9 /24X s 'PER 44Xe *WT3(GM) * 35X "PER® 45SXs* GRAMS *4 48X,

- O

8LT



G'CAPTURED® 93 Xe "IN NO: *93Xs*NOs PFR® /22X CAPTURED* +12Xe* CAPTURED?*
S5e12X e "RECIUIT P 413X o *CAPTURED 2 /23X o *RECRUIT " 412X +*RECRUIT®* 4 32X
O'RECRUIT s //)

DO 32 [=1.H

DU 22 J=1.K

TNOCI)=TND(I)+TXNT(I.J)

TOTRT(I)=TCTIWT(I)+TTw(I,J)

TOTYW(ID)=TOTYW(I)+TYW(I»J)

TUTYN(I)=TOTYN(I )+ TYN(1,J)

2% CONTINUF

TNODCR(I)Y=TNO(I)/TCR

TUTWPR(I)=TIOTWT(1)/TCR

TOTYWR(I)=TATYW(I ) /TCR

TOTYNR(I)=TOTYN(1)/TCR

WRITZE(64257) T(I)s TNO(I)+TNOPCR(I)+TOTWT(I)+sTOTWPR(I)TOTYW(I),
LTOTYWR( L) s TOTYN(I)e TOTYNR(I)

26 FURMAT({2XsFE,2+3(2Xe=8>53))
3> CONTINUFA

IF(NCASZoLT:=-IFIN) GO TO 6

CALL EXIT

END

6LT
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SUBROUTINE SARZSA(T o XNTeTWeYWs YNSNL,CR)
LUMPED PAIAMETER MODEL FOR SHRIMP POPULATION DYNAMICS
DIMENSION TUSL) s XNT(SL)eWT(55) +TW(S: ) YW(SL)
DIMENSICN YN(56),0MEGA(4)
DIMENSIGN XNPCR(S5D) +TWPCR(5™ )+ YWPCR(S. ) s YNPCR(57)
INITIALIZE COUNTER FJR CASES TO BE RUN
R= AD NUMBER OF CZASES
RZAD IN DATA
TP=TIME OF ITCRJIITMENT
TPP=TIMF. SEASON OPENS
TL=TIME SEASON ZLOSES
TE=TIME EMIGRATION COMPLZTED
DELT=TIME INCREMINT
F= FISHING MORTALITY COEFFICIENT
XM= NATURAL MORTALITY COEFFICIENT
== ZMIGRATION COEFFICIENT
XHNTP= NUMBSR 0OF RECRUITS(0OR CAPTURED RECRUITS)
wINT= CONSTANT FOR VIN BZRTALANFFY®S ZQUATION
XK= CONSTANT FOR VON BERTALANFFY®S EQUATION
TO= CONSTANT SOR VON BERTALANFFY®*S SQUATION
1 READ(Ss11D) TPeTPPsTLsTF4DELTeF e XM 3E oXNTP s WINT o XK o TO
11 FORMAT(E12:3) '
CR=XNTP
WRITE IMPUT DATA AND CUTPUT LABELS
WRITE(6+20.) TPeTPP s TL s TE s DELT s F e XM o ¢ XNTP L WINT s XK ,»TO
227 FORMAT(1CXe *TIME RECRUITED(WK)=*,51263s/10X, ' _
1 *SEASON OPENING(WK=?43512535/12Xs*'SEASON CLOSE DATE(WK)=?4E1253+/
21CXe 'TIME EMIGRATICON ENDS(WK)=?4,E1253+/10Xs?*TIME INCREMENT(WK)="¢,
3C1253+/10Xs*FISHING MORTALITY® E1253,/715Xs *NATURAL MORTALITY=",
4E1253+/1CXs *EMIGRATION COEF =%,F1263+71CXs *"NUM3ER RECRUITED ="',
S21263+s7/12Xs 'COEFFICIENTS FOR® /1" X, 'VON BERTALANFFY?,/16X,
6'GROWTH EQUATION® 4 /12X *W INFINITY =9,5120307/12Xs%< ='39XsE1203e/
712Xs*TSUB ZSRO = #,£1253) ’
WRITS(6.211)
212 FIRMAT( 1H1+3Xe® TIME(WK) * 43X s *NUMEER ? 4 3X s *NUMBER Y 42X » *INDIVIDUALS,
13Xs "TOTA_* 33X ' TOTo WT3 42X * YIELD IN' 32X+ YIELD PER? 42X»* YIELD®,

08T



26Xe YYLIELD IN®4/24Xe 'PER® 35X s *WE IGHT(GM) * 33X WTo(GM) ¢ ,3X 9P ,7X,
39GRAMS ! ,3X 3 "CAPTURED * 93X s ' IN NOu '+4X s ?'NO> PER?Y /22X 4 *CAPTURED?,
422X s *CAPTUREDY 312X 3 "RECRUIT 412X s *CAPTURED ' /723X o "RECRUIT ¢ 423X,
5'RECRUITY; 33X+ 'RECRUIT? 4/ /)

INITIALIZE PRINT AND TIME COUNTERPS , BEGIN

=1

TIME=TP

) 10 S

TIME=T[&E + DILT

I=1+1

WTCI)=WINT®E( 15 5=SXP(=XKE{TIMT=T0)) ) *%3

XNTCI)=XNTPREXP (=XMX(TIME=TP) )

Tw(I)=XNT(I)HWT(I)

Ya(l)=2.2

YN(I)=

“XNPCR(1)=ANT(I)/CR

TWPCR(I)=Tw(I)/CR

YWPCR(I)=YW(I)/Cik

YNPCR(II=YN(T)/CR

T(I)=TI~ME

IF(TIME-_T>TPP) GO TO 2

TIME=TPP

ANTOII=XNTPXEXP(=XMx(TIMZ=TPr))

Gl TO 1

TIME=TIME +DELT

1=1+1 - _

WTLIV=WINTR( 1, 2-SXP{(=XKE(TIMZ=T0O) }) x%3

XNT(1 )—XNTPP*EXP(-(F+XM)*(TIM:-TPP))

TelI)=XRT(I)HWT(I)

OMEGAO=1, >

OMEGA(1)=-3-"

OMEGA(2)=3,

OMEGA(3)=-1,%¢

SUM=OMEGAD ¥ (121 -EXP (= (F+XM):X(TIME=TPP) ) )/ (F+XM)

DO S J=1.3

SUM=SUM+( OMEGA(J) X¥EXP(=J %k XK% (TPP=TO) )/ (F+XM+ J%XK) )%( 12 ~EXP

18T



6%

15

L(~(F+XM4JE XK )£ (TIME=-TPP)))
Ya(l)=F*XNTPP*WINT*SUM
YN(I)=F%XNTOP%R( 1, 3=EXP(=(F+XM)*(TIME=TPP) ) )/ (F+XM)
XNPCR(I)=XNT{I)/CR
TWPC(I)I=TW(I)/CR
YaPCR(ID)=YW(I)/CR
YNPCR{I)=YN(I)/CR
T(I)=TIMS
IF(TIME-LT>T_) GG TD 3
TIMS=TL
XNTL=XNTPP*Z XP (= (F+XM) % (TIME~-TPP))

SUM=IMEGAD*( 1;=EXP (= (F+XM)X{TIME-TPP) ) I/(F+XM)
20 6+ J=1,3

SUM=SUM+ ({OMEGA(J I *EXP(=JXKX*(TPP-TO) )/ (F+XM+JXXK ) )% (1o > =-EXP
1{=(F+XM+J%XXK)%®(TIME-TPP)))
YNTL=FXNTPP*(1s. =X (=(F+XM)EX(TIME=-TPP))I/Z(F+XM)
YaTL=F%XXNTPP%xw INTXRSUM

GO TO 15

TIME = TIMZ + DELT

I1=1+1

WTLII=WINT®# (1o o —EXP(=XK®(TIME=TO) ) ) *%3
XNT(I )=XNTLEEXD(=( XM+E) = (TIME=-TL))
TWlL)=XNTCI)%wT ()

Yo (I)=YwTL

YN(I)=YNTL

XNPCRUII=XNT(I)/ZCR

TWPCR(I)=Tw(I)/CR

YwPCR(II=Y®w(I)/ZR

YNPCR(I)=YN(I) /TR

T(I)=TIME

IF(TIME:LT,TF) 35U TO &

XNTF=XNT(I=-1) -
N=I~-1

A PLOT SU3ROUTINZ MAY BE ADDED HERE WITH N
NUMHBER OF POINTS(E0Gs T(I) VS YW(I))

DU 7 I=1,N

81
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~
(84

WRITE(6.22-) TUI) e XNTCI) s XNPCRET) «WTLI)sTW(I)sTWPTRITI-YWIT)»
IYWPCR (T )s YN(I) sYNPCR(I) ‘

FORMAT( ZXsFB352+9(2XsT853))

CONT INUC

RLTURN

END

€81
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Figure D-1. Yield in number and weight for

1966 LWFC data using lumped model.



N NUMGQERS -0—O—0O0—
iR
3 3

8

—-o—o—o— YigL O

o
o]
NoMinAL C(Ast (N
20TH \Wowk Week
Ju
Openng Date ,

o
I

o © ——
-10% N
- }o—-——n—— -~ -
N
I S
Q"0 <

- —-,gn— --a— —-g

+10%, N

1)

TWME TN WOR% WEERS

40

IN WEICHTEg-B--T--0--T---

= o o D RS T AR T\

185



186

Figure D-2. Yield in number and weight for 1966

using lumped model and LWFC data.
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APPENDIX E
NUMERICAL SOLUTION TECHNIQUES
Implicit Scheme

Consider the partial differential equation

Wed (wy=B-dD -
5 g (W B D (E-1)

where

¥

(L,t)

B = B(L,t)

D

D(L,t)

This equation can be expanded to yield

Wy Ny Nopop E-2
ot VBL WBL ) ¢ )

Constructing a guide in the (L,t) plane as shown in figure (E-1),

the following finite difference approximations can be made

_aly_ = \yi’j "",19j-1 + 0 t
ot i,]j At (A )
Y = Yitl,j -V¥i-1,4 4 12
3L | 1,3 2AL Q™
ﬁ\_f_ = Vitl,q - ¥i-1, 1 + ALZ
3L | 1,5  2AL Qw?)

The difference equation resulting from the substitution of the

approximations into equation (E-2) is:

[‘Pi,Aj-;‘l’izj—l] + v1,j[%+1ﬁ;\?g-1, j] ¥y v1+1§g£v1-1,j]

= Bi,) - Di,} (E-3)



.,

———

Figure E-1. Grid for implicit numerical scheme.
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TIME, t

I+
m-g's VL;S wif\")j
3 4 4 +
, "P‘.‘:l"
J= ' g
2
]
0 N
o l L"“ L L.“ ...... e\

LENGTH ,L
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or

Wi 30— Wi,4 1 4 WiHl,§=Vi-1,1 wvi
1-1,31- Fod1 + “’i-i{m; + MLl ]+ \yi+1,j[5.A.£i]

= Bi,j - pi,j + laj-1
At (E-4)

With the boundary conditions Yo,j = 0 and Yo,n = Of the set of

‘equations from (E-4) can be written in matrix form.

) 1 I~ A -
(81 b1 Wl [ Ry
i Cn-1 an_l. L‘yn‘l_ ] Rn"l_
where
_1, (viHvi-1)
a3 = At 2AL
Vi
by = 2L
S
¢i < 2AL
(Yp)i
Ri=Bi'.'Di+At

The subscript i is omitted because only that value of Y

at the previous time, ¥_, is needed for a solution at the present

P
time.

The coefficient matrix is tridiagonal in form and thus
the set of eqﬁations is readily solved with the Thomas algorithm
(see von Rosenberg, 1969, for example).
Explicit Scﬂeme

Starting with equation (E~2) and referring to figure E-2, .

* Note that a pseudo boundary condition implying ¥ =0

The value of n is selected large enough so that $;wn 0.
?
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Figure E-2. Grid for explicit numerical f:echnique.
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the following approximations can be made around the grid point,

i-1/2, § - 1/2:

__'c)_:}'_ ~ 1/2 [“Pi j-‘yj j_] -+ ‘yi-l,j";“yi"l,j"ll
ot At At

v
oL

nr

1/2 [?i,jAWi-l;j 4+ ¥i,§-1-¥i-1,4-1
AL AL

CaVL o~ 1/2 [VLi,37VLi-1,i + Vii,§-1"VLi-1,4-1]

= e—

oL AL AL

Four point averages are used to approximate V., ¥, B, and D at

the same grid point, i.e.

A PITR PRI FICTE R ¥
Y= 1/4 [¥yg + ¥y, 51 + Y15 + Yyg, 4-1]
B~ 1/4 [By §+ By 4.1 +Byg,5+Bi1,5-1]

o
n

1/4 [Dg 3+ Dy g1 + Dy_q,§ + Di-1,j3-1]

-1,3-11

Substituting the approximations into equation (E-2) and

solving for Wi,j gives:
. - 2AL _
¥i,9 = Wa,3-1 155 - (g, 5-0))
+ ¥y1,30- %%£ + (VLi-1,3 + Vi-1,3-1)]

.. [20L
+¥i1,5-1 U+ Ongen,y + VLgog, 50!

+ AL (B-D )} * {%%_E+ (Vg5 vti’j_l)}

where B = By 4+ By 41 +By1,5 t Bi1,5-1

and D

Dy, + Di,5-1 + Di-1,5 + Di-1,3-1
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Since all terms on the right side of the equation are
specified by the initial condition, boundary condition, and input
parameters, the equation can be solved explicity for wi,j at

all points within the grid.
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APPENDIX F

COMPUTER PROGRAM FOR LENGTH-DISTRIBUTION



READ DATA
NcAsE, TO,DELT,

DELL, TM, SLM

4

N= 9LM /DeLL
M= TM/ PELT
-3 N~

Tz w-1\

XPX:= 3.4\ §q
TIME 0.0
PsIg=0a0
SLY = 6.0

WRITE DATA
TM, LM,

DELT, BELL

CAw
TARLE

WRYTE DA
A

cALL
NONLIN

RiYE DATAR '
KPP

CAWL
LOGNOR

ATE DATR
AMERN
¥aR

CALL
SKEWN

WRITE OATA
| AMeaN o e |
VAR SLPHAY

®

198



CAlv
LENT

CALL
GRAPH

T =\u0 .
TIME s DELT
o)z P51

VLA : VIV

® ©

CaL
VAR

!

CALL
GROWTH

CALL
DEATH

199



7 %

Numeeicar

SolLuTion

TECHN \QoY

CALL
S\MP

PST (XY= X N(T)

WRIATE RESULTS
TIME, SL, VLP VL
BRI, DETH, PSL
SFREQ

CAaLL
LENIN

200
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CALL
CRAPH

'\“:‘T—} \.O

TIME =TIME + DELT
BRWHAT)= BATHE)
DETHA() = DET(T)
VLR@) = w(x)

[
PLOTTER
DUMP

TCASE =TCnASE+ A

l

( Eno )




¥R NaNaXa s EaNaRs NaNaNaNa K

2N aRaNaNa¥Na) ]

(9]

EXPLICIT CENTERED D IFFERENCE
D IMENSICN SFN(50)+ XSL(S50)
DIMENSION VL(500)sFSI(S00) +BRTH(S0J) +DETH(50G)
DIMENSION SL(SGO)
DIMENSION XN(530),VLP(5QQ)
D IMENSIGON BRTHP{SGC ) e DETHP(SGG)
DIMENSION P(S00)sSFREQ(500)
DIMENSION A(1C)e XP(23)
DIMENSION BFREQ(EDO0)+DFRECG(S0I)
DIMENSICN YOBS(5C) -
*% VL = GROWTH RATE AS FUNCTION OF LENGTH *#*
x% PST = SHRIMP NUMBER DISTRIBUTICN **
*%x BRTF = RECRUITMENT RATE AS FUNCTION OF LENGTH **
*%¥ DETH = CEATH RATE AS FUNCTION OF LENGTH - COMBINED NATURAL, FISHING, AND
EMIGRATION *x
% SL = SHFRIMP LENGTH *=% A
¥k XN = SHFRIMP NUMBER DISTRIBUTION RESULTING FROM DIFFERENCE SOLUT ION **%
*% VLP = SHRIMP GROWTH RATE AT THE PRECEEDING TIME STEP **
*3% BRTHP = RECRUITMENT RATE AT PRECEEDING TIME STEP *x*
*% CETHP = DEATH RATE AT PRECEEDING TIME STEP **%
*% P= SHRIMP NUMBER DISTRIBUTION AT PRECEECING TIME STEP *x*
*%¥ SFREQ = SHRIMP LENGTH - FREQUENCY DISTRIBUTION *x%
*% AVCCEFFICIENTS OF PCLYNOMIAL CURVE FIT IF TABLE IMPUT OF INITIAL
DISTRIBUTION IS USED *%
*% SET COUNTER INDEX FOR NUMBER OF CASES TC BE RUN #*x*
ICASE = 1
% NCASE = TOTAL NUMBER OF CASES TG BE RUN *=*
READ(S,102) NCASE . .
*k READ IDENTIFICATION CODE FOR TYPE OF INITIAL IMPUT *%
*k%kx D = 1 TABLS INPUT AND POLYNOMIAL CURVE FIT #*%x
%% ID = 2 NORMAL DISTRIBUTION FROM SUBROUTINE NCRM, WITH MEAN AND
VARIANCE READ IN *xx%xx
*%kk ID = 3 LOGNORMAL INITAAL DISTRIBUTION FRCM SUBROUTINE LOGNOR WITH.
SHAPE ANC SCALE PARANETERS READ IN #*x%%x
1 READ(S,193) 1ID _ ‘
**%* READ 'IN DELT = TIME INCREMENTs DELL = LENGTH INCREMENTs TM = MAX IMUM TIME,

(A4



AND SLM = MAXIMUM LENGTH
READ (59100) DEL TsDELLsTMsSLM:

102 FORMAT (I5)

1903 FORMAT(1S)

125 FORMAT(4E1245)

*% PREL IMINARY CALCULATIONS *%

CALCZ (1) N= NUMBER OF SEGMENTS
N=SLM/DELL
(2) M= NUMBER OF TIME SEGMENTS
M=TM/DELT .
(3) K= INDEX TO BE USED IN MATRIX ELEMENTS
K=N-1
(4) J= INDEX TO BE USED IN MATRIX ELEMENTS
J=K=-1
DEFINITIONG PlI= 3.14159
XPI=3414159
*xkkkk INITALIZATIONS %%%
TIME=Qe{
PSIO=0e &t
SL.0=060
OUTPUTO PROGRAM IDENTIFICATICN
WRITE(6+203)
OUTPUTC TM.SLM,DELT.DELL
WRITE (64205) TMsSLMsDELTSDELL

203 FORMAT (1H1,45X, "*%%xSHRIMP POPULATION NODEL%*%%%/50X,
1'% *AIRPLANE LAKE*%?%,/38Xs *(VARIABLE GRCWTHs BIRTH®,
2% & DEATH RATES)*)

205 FORMAT(25X ¢ "MAX TIME(WK)I= ®31XeE1203+725Xs " MAX",
11Xs '"LENGTH(MM) =% 4E1203+/725Xs *DELTA T(WK)= ?,2X,
2E1203+/25Xs *DELTA L(NN)= *,2X4E12¢3477)

LOGICC CHECK INDEX ID FOR TYPE OF INITIAL DISTRIBUTION
SUBROUTINE TO BE USEDe

IF(1DeEQel) GO TO 10

IF (IDsECe2) GO TO 11

IF (IDeEQe3) GO TO 12

IF(IDeEQe4) GO TO 13
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10 CALL TABLE(DELLsNesSLPSISIP 2AsIN)
WRITE(6,208) ‘
WRITE(E:s20C) (A(1),1I=1.,1P)
GO TO &6
11 CALL NONL IN(DELLsPSIsSL sN+sXP1+sNPsXFsIN)
WRITE(6+201) (XP(I) +I=1.NP)
GO TD S¢
12 CALL LOGNOR(XPIoINaDELL.AMEANiVAR,PSI-N’SL)
WRITE(6,202) ANEAN,SVAR
GO TO 96
13 CALL SKEWN(XPISINIDELLsAMEAN VARJALPHAFST » NsSL)
WRITE(6»2409) AMEANsVARSALPHA
209 FORMAT(ZSX ¢ *SKEWED NORMAL DISTRIBUTION®/73CXs* NTAN=?,
l1E12032/730Xe* VARIANCE='3E 123+ /730X s ALPHA=® 32X 9E1293)
G99 CONTINUE
200 FORMAT({ 40X .F1245).
208 FORMAT(35X,' TABULAR READ AND PCLYNCMIAL CURVE FIT?,
1/7/738X + *COEFFICIENTS IN ASCENCING ORDER?'/)
231 FORMAT(35Xe *NONL INEAR CURVE FIT MODEL®* /35X
1'*SUM OF TwWO SKEWED NORMALS'0/45x"pARAMETERS'0/48X0
2%CCEFe OF SKEWNESS—MODE 1="41XsE1203+/+48Xs
3'1/STANDARD DEVIATION-MODEI"ch,E12c3-/48X.
4'MEAN-MODE 1=7,15XesE1203¢748Xs
S'COEF 9 CF SKEWNESS—-NMODE 2='"4E12¢3+748X,
6'1/STANDARD DEVIATICN-MODE2="%4+E12¢ 3,748X,
T*MEAN-MODE 2="315X+E123:/788X%X+*RATIO OF AREAS-~-MODEl=t¢
83E12e347/)
292 FORMAT( 25X+ °L0OG NORMAL DISTRIBUTION®*/30X*ALPHA=",
1E1293+/730X+*BETAS'5E1203)
OUTPUTO INITIAL DISTRIBUTION
WRITE(6,206)SL.G,PS 10
CALL SIMP({(PSIOPSIDELLsN+SUMS,SFREQ)
DO 8 I=2+s1INs2
WRITE(6+204) SL(I)sPSI(I)+sSFREQ(T)
8 CONTINUE
WRITE(6+21C) SUMS

%0¢



CALL LEANT(DELL sNsPSI+SFNXSL »KK+sSUNS,YCES)
CALL GRAPH(XSLsSFN KK TIME s SUNS,Y(CBS)
206 FORMAT(//25Xs **%kSHRIMP DISTRIBUTIONX*¢/25Xe *LENGTH®
1411X s 'COUNT 312X s*FREQUENCY "/ 319X sE12e35XeE1263)
204 FORMAT( 19XsE1203:2(5X+sE1283))
210 FORMAT(44X+*TOTAL SHRIMP = ®,E1203)
T=1e0
BRTHO =0 00
BRTHPO=Le0
DETHO=CoC
DETHPO=0e 9
TIME=DELT
DO 4 I=1,K
P(1)=PSI(])
BRTHP (I)=0e0C
DETHP (1)=0eC
4 VLP(1)=10e24
C % START MAIN PROGRAM *xx
2 CONTINUE
CALL BIRTH(TIME+P o XPI+Ke+BRTH)
CALL GROWTH (TIMEsNsVLeSLsTEMP)
CALL CEATH (DETHeTIME sNesSLPSIs TEMF)
XN(1)=(PSI{1)*(( 2 C*¥DELL/DELT)-VL(1)-VLP(1))+CELL*
1((BRTH(1)+BRTHP(1) +BRTHO+BRTHFO) ~(DETH(1)+CETHP(1) +
2DETHO +DETHPO) ) ) /({2 C*DELL/DELT)I+VL{1)+VLP(1))
XNI{N) =.0.¢C
DO 14 [=2+K
XN(I)=(PSI{I=1)%((2e0*DELL/DELTY)+VL{I-1)4+VLP(I-1))+
1PSI(I)I®R(( 2 0*%DELL/DELT)=VL(I)=VLP(I))+XN(I-1)%* '
2(( =20 %CELL/DELT)+VL(I-1)+VLP{I-1) )+DELL*((BRTH(I)+
3BRTHP (1) +BRTH(I-1)+BRTHP(I-1))—(DETH{I)+DETHP(I)+
QDETH(I-l)+DETHP(I-1))))/((200*DEHL/DELT)+VL(I,+
SVLP(I)) '
IF(ABS{XN(1I))eGTyleCE~-20) GO TO 14
XN(I)= Qo0
14 CONTINLUE
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CALL SINP(PSIO+XNDELLINsSUMS,SFREQ)
DD SO I=1eN

€0 PSI(I)=XN(I)
IF((240%T~TIME )aGTed20) GO TO 3
WRITE(€+,207) TIME
WRITE(6+212)
DO 51 1=2:K.2
WRITE(6+213) SL(I) +VLP(I)sVL(I) BRTH(I).DETH(I)»
APSI(I)s SFREQ(I)SSL (1)

€1 CONTINUE
WRITE(6+213) SUMS
CALL SIMP(BRTHO+BRTHDELLsNes TBRTHBFREQ)
CALL QINP(DETHO’DETH’DELLoh'TDETHoDFREQ)
WRITE(6+211) TBRTH,TDETH ‘

211 FORMAT( 44X *TOTAL BIRTH =9,E12¢3+744X,*TOTAL DEATH =%,51203)

207 FOCRMAT(1H1 «S5Xs *TIME(WKS)="?,E12¢ 3)

212 FORMAT(3Xs *LENGTH? 310X *GRONWTHFE* 310X, *GROWTH® 312X, ’
1'BIRTH® s 10X+ *DEATH* 410Xy *COUNT? ,1C X5 *SPFREQ® 310X,
2*LENGTH*)

213 FORMAT(IX’EIZQ3O(7(4XQEIZQ3)))

CALL LENIN(PSI +SFN o XSL+sKKeSUMS,YOBS)
CALL GRAPH({XSL ¢+SFNoKKesTIME s SUMS,YOBS)
T=T+160
3 TIME=TIME+DELT
DO S I=1eK
BRTHP (I )=BRTH(I)
DETHP(I )=DETH(I)
VLP(I)=vL(1I)
S CONTINLUE
IF(TINMELTeTM) GO TO 2
CONTINUE
IF(ICASEeEQeNCASE) GO TO 9
ICASE= ICASE + 1
GO TO 1
9 CONTINUE
CALL PLOT(0e0+00C+599)
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sTCP
END
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SUBROLTINE LENT(DELTXsNs Yo XFREGsXSLsKKs TAREA+YOBS)
D IMENSION YOBS(SG).DIFF(50) +sDIFSQ(S%C)
DIMENSION Y{(S00).XSL(50) XFREQ(5%)
READ(S5,10G) SLINT

180 FORMAT(E12e3)

ENTRY LENIN(Y(XFREQ,XSL sKK ¢+ TARE A, YCES)
WRITE(6,20C) SLINT

200 FORMAT(1X+*LENGTH INTERVAL CHANGE OPTION SELECTED'/
110X9*NEW DELTA L =%,E12¢35 *MILLIMETERS?)
K=SL INT/DELTX
JJ=K
J=1

9 AREA=CeC
DO 10 1=JeJJ
AREA=Y(I)*DELTX + AREA
10 CONTINUE
IF (AREAeGEeDe®) GO TO 11
AREA= Qo0
11 CONTINUE
KK =JJ /K
XFREQ (KK )=AREA /TAREA
XSLIKK)=SLINT*(KK=Ce5 )
J=JJ+1
JJI=JJ 4K
IF( JeGTeN) GO TO 12
GO TO S
12 WRITE(6+201)

201 FORMAT(14Xs*I®s4Xs ‘LENGTH(NN) *42X 4°Y OBSERVED® s2X
1Y CALCULATED '54X+DIFF ' 36X+*DIFF SQe*)’
SSDIF =050
READ(S+110) (YOBS(I)s I=1sKK)

116 FORMAT(EE1205)

DO 15 I=1.,KK
"DIFF(I)=YOBS(1)-XFREQ(I)
DIFSQ(I)=DIFF(I)*DIFF(1)
SSDIF=SSDIF + DIFSQ(1)
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210

1€

220

WRITE{6+210) I+sXSL(I)YOBS(I)+XFREG(I)+DIFF(1),DIFSQ(1)
FORMAT(1CXs IS+5E12e3)

CONTINUE )

WRITE(6+220) SSDIF

FORMAT({1Xs *SUM SQUARE DIFFERENCES =1,E12:3)
RE TURN

END
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SUEROUTINE SIMP (YO, YsDELTX NsAREASFREQG)
DIMENSION Y{(500).,FREQ(5CY) )
K=N-1

J=K=-1

SUMEV=Cc0

SUNM0OD=0,50

Y(N)=0e9

DO 4 I=2.J+2

SUMEV=SUMEV+Y(1I)

DO S I=14Ke2

SUMOD=SUMOD+Y(1)
AREA‘(DELTX/3.O)*(Y0*400*SUMOD+20O*SUNEV+Y(N))
IF (AREA.EQ.C.G) AREA-IQGE-ZO

DO 6 I=1sN

FREQ(I)= lOOcq*(Y(I)*D=LTX)IAREA
CONTINUE

RETURN
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SUBROUTINE GROWTH(T sN+VeS»sTENP)

DIMENSION V(I(SCC) «£(500)

XILM=1E€E4,0

XLO = 2060

XK = Lof:625

IF(TeaGT=266€C) GO TO 1

IF (TeGTel6eG) GO TO 2

TEVMP= 0o8333%T+184333

GO TO 32

TEMP=30+0

GO 70 3

TEMP==0c8%T+50e8 .

CONT INUE , ' : e .
IF (TEMP.GT.II.O) GO -¥0- & : : : e K

DO 5 I=1eN"
V(1)=Ces-

CONTINUE

GaO TO 7

DO 6 I=1seN

VII) = (XLM - XLC) % XK * EXP{(—XK%T)
CONT INUE

CONT INUE

RETURN

END
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SUEROUTINE BIRTH{TIME P +XPI+KeBRTH)
DIMENSION P(500) .BRTH(500)
BIRTH FLNCTION =--- POSITIVE SIDE OF A SINE FUNCTION
IF (TIMEelLEs 4e0) GO TO 2C00
GO TO 39
2000 AMP=EXP (04855*TIME) =130
2001 XSIN=1eS7*SIN(-XPIXTINE)
IF (XSINeGEaOe0) GO TC &2
3g XS IN=QeC '
49 CONT INUE
7 DO 20 I=1.K
BRTH (I)= XSIN*P(I)
20 CONTINUE
RETURN
END
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22

SUBROUTINE DEATH(DED+TeNeSL oPSILTENMP)
DINENSION DED(S0CT)+SL(S5080) +PSI(5¢C0)
XM=0¢ 141

F=Qe0

E=Qe177

CEL=5Je

CCL=5Q0e 0

SO0D=Se0

00 22 I=1.N

IF(SL(I }eLTeCELOoANCeTeLT>SOD)Y GO TC 2%
IF(SL{(1)eGEeCELoANCe T5L.Te SOD) GC TO 18
IF(SL(I)elLToCCL) GO TO 18
DED(1)=1e0-EXP(~={(XNIF+E)%T)

GO TO 21

DEC(I )=1e0-EXP(~( XM+E)%*T)

GO 10 21 .
DED(1)=140-EXP(=XM%T)

DED( I )=CED(I)*PSI(1)

CONTINUE

RETURN

END

£1e



SUBROUTINE NONLIN(DELLsF sSL oN¢XPI NPy XPsIFIN)
DIMENSICON SL(500)+F(SC0) sXP(20) _
DIMENSION X23(503) +X56(S00),E23(500) +E£56(500)
READ(S5100) SSLsSLL NP '
SSL=STARTING SHRIMP LENGTH, SLL=LAST SHRIMF LENGTH
NP=NUMBER OF PARAMETERS
182 FORMAT(2F124Ces1XsI5)
READ P ARAMETERS
READ(5,110) (XP(I)eI=1sNP)
110 FORMAT(E1245)
DO 10 I=1.N
SL(I)=I*DELL
F(I)= 0s-0
10 CONTINUE
1S=SSL/DELL
IB=IS+1
IL=SLL/DELL
IF IN=IL-1
CONST=100/SQRT(2¢0%XP1)
DO 20 I=IBsIFIN
NONL INEAR MODEL
X23(1)=XP{2)*(SL(I}-XP(3))
XS6(1)=XP{S)*(SLII)-XP(6))
E23(1)==0+5%X23(1)%X23(1)
ES6(I)=—0eS*XSE(1)*X56(I)
IF(ABS(E23(1))aGTa2CaC) E23(1)=-29>¢C
IF(ABS(ES6(1))aGTe2Ce0) "ES56(1)==2000
FOI)=XP(7)%XP(2)%CONST*(1¢0-0eS*XP(1)*(X23(1)-0s33333
1%x(X23(I1)**3)))XEXP(E23(1))+ ({1 0-XP(7))%*XP(S5) *CONST))
2%( 190-0o5%XP(4)%(XS56(1)~0e 33333 *%(XS56(I)*%3)))*
IEXP(ES6(I))
IF(F({1)oGEeCeO) GO TO 29
F(I)=0el
20 CONTINUE
RETURN
END
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10

20

SUBROUTINE TABLE(DELLsNsSLePSIsIP sAsIL)

DIMENSICON A(10)+SL(S08),PSI(S500)
READ( 55 101) SSLsSLL.IPD

IP =IPD +1}

READ(S,102) (ACI)s I=1.1IP )
FORMAT(ZF12e03s1X+15)
FORMAT(F12e E)

DO 9 I=14N

SL(I)=I*DELL

PSI(I)=Ce0

CONTINUE

IS = SSL/DELL

IB = IS + 1

IL = SLL 7/ BELL

IFIN = IL ="

DO 20 I=1B, IFIN

SUM =06l

DO 10 J=2,1P

SUM = A(J)*(SL(I) *%x (J=1)) + SUM
CONTINUE -
PSI(I)=A(1)+ SUM

IF (PSI(1)eGEedel) GO TC 20
PSI(I)=0e0 ‘

CONTINUE

RETURN

END
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SUBROUTINE LOGNOR(XPIsNN>DELLsALPHASV +FREGQsNsXN)
DIMENSION FREQ(SGQ)+XN(S00) s XLOG(S00) +A (500)
DIMENSION ANUME(SQC) +E (500)+DEN(SB0) sC(5G0)
READ(Ss110) ALPHA,V -

FORMAT( 2E126 4)

READ(S5+100) NN

FORMAT(IS)

ENTRY LNOR(ALPHA sV FREQ)

BETA=SQRT(V)

DO 7 I=1eN

XN(I)=1*DELL

FREQ( 1)=040

CONTINUE

DO 10 I=1,NN

XLOG (1) =ALOG( XN(I))

Al I1)=XLOG{I)-ALPHA

ANUME (I )=ACI)*A(1)

ADENE=260%2V

E(I)==(ANUME( I )Z/ADENE)

IF(ABS(E(I))eGTe (S00)) GO TC 10

DEN{ 1 )=BETA* SCRT(20C0*XPI )*XN(1)
C(1)=100s0/DEN(1) ‘
FREQ(I)=C(I)*XEXP(E(1))

CONT INUE

RETURN

END
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119

10

12

SUBROUTINE SKEWN( XPI yNN¢DELLsANUXeVALPHASFREQs NoSL )
DIMENSION FREQ(S5C0) +SL(500 )+ ANUN(SDD)E(S5C0)A(500)
DIMENSION COEF({(S00)

READ(Se 100) AMUX,e Vs ALPHA

FORMAT(ZE12¢3)

READ(S+s110) NN

FORMAT(15)

DO 10 I=1,.N

SL(I)=I*DELL

FREQ( I1)=0e0

CONTINUE

SIGMA=SQRT(V)

DO 12 1=1.NN

ANUM({ I)=(SL{1)~AMUX) *x%2

E(1)==ANUM(I)/(2,0%V)

IF(ABS(E{(1))eGTeS50eC) GO TO 12
A(ID)=(ALPHAZ20)%( ( (SLUI)<AMUX)I/SIGMA) - ({ANUNCI )%
1(SL(I)=AMUX)) /(3. C*kSIGMA%*3)))
COEF(1)=(1e0-A(1))/(SIGMAXSCRT (260 *XPI))

FREQ( I )=COEF(I)%EXP(E(]1)) ‘

CONT INUE

RETURN

END .
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SUBROUTINE GRAPHI(X sYsNesT+sSUMS,,YOBS)

D IMENSICN YOBS(502)

DIMENSION BUF(60GQ0)+X(502).,Y(582)

DIMENSION AB(6)s0ORD(3)»HEAD(6)sTITLELI(3)TITLE2(S)

DATA

AB/Z/AHLENG s4HTH [+4HN MI +AHLLIMJAHETERs4HS &)

10RD/4H FRE+4HQUENS4HCY /+HEAD/4HSHRI s4HMP L,4HENGT »
24HH FR,AHEQUE4HNCY /

DATA
DATA
CALL
CALL
CALL

TITLE1/74HTIME 4 4H= WsAaHEEKS/
TITLE2/4HTOTA4HL SH.4HRIMP,4H= /7
PLOTS(BUF +690C)

FACTOR(Qe890)

PLOT(Co9Cas—3)

X{N+1)=0e0
X(N+2)=1Ce D
Y{N+1)=0Ce9
Y(N+2)=0e2¢C

CALL
CALL
CALL
CALL
CALL
CALL
CALL
DO 8

AXIS(GCe0+000+0RDe+123290 9+ GCaDes Y{N+1) oY (N+2))
AXIS(GCe0:000sABs—=241+1290s CoCeX(N+1) +X(N+2))
LINE(XsYoNs 19—-1,67)

SYMBOL( 1Ce5+0¢S+0514,TITLEL1,000»12)
NUMBER(1102+00590018+¢T 900l +~1)

SYMBOL (100591e¢C90014+TITLE2,090516)

NUMBER (126595 19C+0914,SUNS;30e0s~1)

- I=1sN

Y(1)= YOBS(1)
CONTINUE

CALL
CALL

LINE(XsYsNs 19—1,86)
PLOT(0eC9=2034-3)

RETURN

END

8T¢



1
2

Qo025

1340

0e 16624

013315

36061274

-0e10925

0e 22094
€1¢08332
0757519
Se0

QeC
018805
00583
Q0729
Oe0
005345
207483
2009097
Oe0
005852
011896
oQ1272
000
00558
006685
06127

000385
010583
«072322

000
007323
e11616

0025
7500

Ce O

019388
200146
eC0146
Cs 0

e 11565
04665
« (0097
020

e Q7506
oD8079
o 0827
0s0

020558
006834
e4881

e00771
010212
05973

00253
008333
°07071

1251

Ga 0
¢ 14869
201312

Ce0
e 187Sé€
203499
Co¥
Qo0
211069
c 09033

200254

Cs 0

002371
21046
001255

001541
009056
804624

e01010
12374
003788

1200

oCN729
e 13557

02146
000097
e 14577
e 01944
L P
OeC
007316
e L5407
Ded
GeN
005439
el2413
001255

031927
0068478
V1541

a21515
sl1616
201515

«03061
+12099
200146

002915
913508
001652
D00
¢«00445
13041
03053
JeD
Oo®
11018
s11018
200558

0790
010405
020

203030
ell616
+D0508

Ral0787
2024815
00583

e0A4082
209329
00292
QaC

202G 36
311196
e01718
Oev

200139
006834
e 10879
e 0L SES8
00193
206166
011946
200193

204798
13384
Bo

617



Ced

o00415S
e 02078
e15353

8.0

01245
82075
el6183

OeC

eCG4a15
¢ 06639
2G7884

De?

«01245
e038714
o 06224

Oe 0

02075
209129
203320

eu0415
301660
el2863

20166¢C

0ce



221

VITA

Charles Wendell Billups was born November 8, 1940 at Chelyan,
West Virginia. He attended public schools at Milton, West Virginia
and graduated from Milton High School in May, 1958. He received the
Bachelor of Science degree in Physics from Marshall University
(May, 1962).

Following temporary employment as a junio; high mathematics
instructor (Ausust, 1962-January, 1963), he served as an aerospace
engineer with the National Aeronautics éhévgpace Administration
at the Marshall Space Flight Center, Huntsville, Alabama. During
that period, February, 1963 to September, 1969, he was enrolled
‘in the Masfer's program at the Huntsville Center of the University
of Alaﬁama where he completed coﬁrse'work in the Department of
Biology. Sinée September, 1969, he has held a graduate assistant-
ship at Louisiana State University and is now a céndidate for the

Doctor of Philosophy degree in the Department of Marine Science.



