as well as helping to co=-ordinate research, consoli

"W"“

date existing knowledge

into a single unit and identifv research needs. However, their complexity,

] their tenc

the research required to construct them an
(Jgrgensen, 1983b) rertricts their availability fon
yield in developing and under-developed countries.
is a need to manage existing fisheries and to devel«
maximum use of the available resources, In suc!

magnitude estimates are generally more important

1978). The multi-spec.es model, currently in a crud
designed a a first step in compromising betweer
minimum data requirements, The approach adopted wat
the refinements neceesal to improve the model
empirically., The improvements to the model most urge
(a) #« validate relationship between fish yield an

lency to lack generality
use in predicting fist
In such countries there
p new fisheries to make
ases, rapid, order of
than precision (Ryder,

e, unvalidated form, is

optimal complexity and
largely empirical and
couid also be derived

1tly required are:

i some relatively easily

obtained predictor or predictors for southern African impoundments.

Potential predictore are the morphoedaphic 1index, phosphorus ot
primarv production. At present estimates of fish yield are the least
ymm of these parameters, particularly in South Africa.

(b) relationship: including temperature, turbidity, latitude and water
quality (e.g. pH, ammonia, dissolved oxygen, algal assemblages) which
will pernit prediction of at least approximate fish species community
composition,

(c) the response of different fish spec’es to exploitation and the response
of ther fish species in the system to explolitation of one or more
populations, These relationships will undoubtably be the most

difficult to describe

I' muiti-species model has wveed the OECD (1982) relationships and the
( y (1977a) relationship to predict yield. These were validated for

predict ing fish yield 1in }Martbeespoort Dam und
(Section 7.4.2) but not for other water-bhodies and
predictions would be invalid 1f the phosphorus concent

Dam was reduced to 100 ug.f * (Section 7.5.2). There!

er current conditions
it is likely that the
ration of Hartbeespoort

ore, these relationships

need to be val'fdated, improved or replaced in the multi-species model.
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Attempts to solve the many problems associated with multi-species modelling

may lead towards increasing complexity., However, in attempting to improve the

multi-species model or to build a similar general model, it is necessary to

set the objectives, the levels of precision and generality required, and to

!
use the minimum complexity necessary to achieve these objectives, Unneces-
: sary complexity may only serve to increase potential error by increasing the
number of incompletely or poorly described relationships 1in the mode!

(Reckhow & Chapra, 1983),
In conclusion, the study leading to the construction of the single-species
models has significantly increased the available knowledge on the nature of
the Hartbeespoort Dam fish community and factors controlling its surplus
production. Much of this knowledge will ! ipplicable to other svstems. The
mode's themselves provide useful tools, even in their present {incomplete
forms, to assist in management of the fisherv. The single-species models
’ predicted a mean total yvield of 285 kg.ha ‘.vr * from Hartbeespoort Dam under
current conditions and showed that the fish community, particularly
. earpio, was being over-exploited. Yields from other African water bodies
ranged from 4 to 500 ?g.hd_i.vx-:. with vields {rom only 2 of the 32
localities recorded exceeding the predicted viel from Hartbeespoort Dam
) (Frye Iles, 1972). The hypertrophic status ! Hartbeespoort Dam was
primarily responsible for the high yield and also influenced the species
composition of the fish community during the period of study. However, a
' reduction of the lake phosphorus concentration to less than 100 vg. P would
be necessary to induce substantial changes in the vield and the species
composition of the community. In contrast, the potential vield of the system
' was + to changes in the volume of the lake and the winter tempera-
tures, The shared food items {in the diet of juveniles of the three major
species indicated competition for resources, and thus changes in the standing
stock of one of these species, would generate a response in the stocks and
L hence ld of the remaining species. Therefore, this study demonstrated the
need to consider the nature of the fish populations, their {interrelationships
and their interaction with the environment, in the comprchensive management
of an intensive fishery. The expansion and validation of the multi-species
model for southern African freshwaters would provide a tool to facilitate
management for optimal yield and the development of fisheries in this region,

i
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Att2mpts to solve the many problems assocfated with multi-species modelling
may lead towards increasing complexity. However, in attem»rting to improve the
multi-species model or to build a similar genera! model, it is necessary to
set the objectives, the levels of precision and generality required, and to
use the minimum complexity necessary to achieve these objectives, Unneces-
gary complexity mav only serve to increase potential error by increasing the

number of {incompletely or poorly described relationehips i{in the model

(Reckhow & Chapre, '983),

In conclusion, the scudy leading to the construction of the single-species
models has significantly {ncreased the available knowledge on the nature of
the Hartbeespoort Dam fish community and factors controlling {t. surplus
production, Much of this knowledge will be applicable to other svstems. The
models themselves provide useful tools, even in their present {ncomplete
forms, to assist Iin management of the f{i{shery, The single-species models
predicted a mean total vield of 285 kg.ha .vr ¢ from Hartbeespoort Dam under

current conditions and showed that the tish community, particularly

« carpto, was being over-exploite!, Yields from other African water bodies
ranged from 4 to 5 }‘.Ld—'.YY-‘. with vields :{rom only ¢ of the 32
localities recorded ex.eeding the predicted viel from Hartbeespocort Dam
(Fryer L 1les, 1%72). The hypertrophic status ot Hartbeespoort Dam was

primarily responsible for the high vield and also iInfluenced the species
composition of the fish community during the period of study. However, a

reduction of the lake phosphorus concentration to I than 100 ug. P~ ' would
be necessary to induce substantial changes {in the vield and the species
composition of the community, In contrast, the potential! vield of the system
was to changes in the volume of the lake and the winter tempera-
tures, The shared food {items {n the diet of juveniles of the three major
species indicated competition for resources, and thus changes in the standing
stock of one of these species, would generate a response in the stocks and
hence ld of the remaining species. Therefore, this study demonstrated the
need to consider the nature of the fish populations, their interrelationships
and their interaction with the environment, in the comprechensive management
of an intensive fishery., The expansion and valfdation of the multi-species

model for southern Afrifcan freshwaters would provide a tool to facilitate

management for optimal yleld and the deva.opment of fisheries in this region,
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) N,M Number f ' 19 ¢ and sex.
™ irget vield from « mercial fishing (t),
FMUE ual commercial target as proportion of
k : t{or eptible t rcial fishery.
HM Monthl ensity dependent sury 1l of O+ rish.
i ¥ M tal ma r (4 ige clas & < &
L OOF ISH (N No, of O+ fish in month class (N), N = 1,12,
OF 1SHT Total number of O+ fish,
OOMASS (N) al mass ) of O+ fish in month class
(N).
OOMASST Individual mass (g) of 4+ fish in month class
()
PRINT Output format instruction, 1 = full, 2 = summary,.
RECRT Total number of eggs produced per month,

g

7 N

o






PROGRAM ORCMODCTEMF, SLENG,UIT, TAFEL=TEMF, TAPEZ2=5LENG, TAFE4=LUIT)
C INITIAL VALLUES, MASS IS IN kG, THE YEAR RUNS FROM OCT TU SEPT

DIMENSION QOFISH(12),00BIMM(12),00MASS(12),TO(12),FISNO(SE,2)

1., STDLEN(12),SLM(&,2)+ WMAS(6,2),BIOM(S) . SLENG(4,6),CATCH(S)

2yACCTH(&6,2) . FEC (&) GRINC (4, 2)

INTEGER IR, KsNR
DOUBLE FRECISION DSEED
C R R R R R

ANCGMORT=50,0
LR R R
DSEED = 1235467.0lI
DO 220 Y=1,10
DO 8 Kk=1,12
DOF ISMH KK ) =1 BIOM(KK)=Q0MASZS (KK ) =0
R CONTINLIE
DOMASST=0
OQOBIOMT=0
RECRT=0
C S EuEe
FMORT=0
| LR R R
BIOMC=31%
C BB ouDes
FRINT=2
C gHEpeor
READ (2, 14,END=199%) ((SLENG(I»J)vJ=1sH)sI=1:6)
14 FORMAT (&F10,0)
199% CUNT INLIE
DO 17 II=1.,4
SLMCIIL1)=SLENG(II+1)
SILM(ILI,2)=CLENG(I],3)
WMAS(II»1)=SLENG(ITIL2)
WMAS(I1,2)=SLENG(II,4)
FISNOCII, 1)=SLENGC(II.S)
FISNOCILI2)=5LENG(II &)
17 CONTINLIE
WRITE (&, ?)
Y FORMAT ( ORCMOD, MODIEL T PREDICT GROWTH AN
2,7 FRODUCTION OF ORECOCHROMISS MOSSAMBICULS IN HARTBEESFOORT DAM //
IDEL RUNS FROM OCT TO SEFT. DATA CLITHUT FER MUONTH /)
b TECA,10)
10 FIURMAT (7 COMMERCTIAL FISHING MORTALTITY, FMORT, AND ANGL ING
4, "MORTALITY,.ANOGMORT, TONNE & ReMOVED FER ANNLIM )
WRITE (A, 11)FMORT,, ANGMURT
11 CORMAT(3IX+FS.1+3X+FS.1)
WRITE (&, 12)
12 FIORMAT (~ FISHING SGEAR LESED [ CoOMMERC TAL
1, "GILL-NETTING WITH 1152MM & LARLER NETZ] /)
WRITE(A,12)
12 FORMAT (7 MN=MASZS OF NTH ALGE CLASS REMAINING [TONNEZ] /7))

— A—‘,-/\ n |
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OO

PO 200 ZI=}1.,20
\

TBIOMC=0
DO 20 SS ='1,12
ODOMASS (S5) =0

STOLEN(SS)=0

20 CONTINLIE
QOMASST=0
YIELD=0

IF (PRINT.EDQ,.1) THEN

Nr"ITti-f-‘ 14)

14 FORMAT ( MUNTH
4, MS M&”)
ENDITF
BIOMANG = THE BIOMA

TO ANGLING (1+ FISH At O
BITMCF I=RIOMANG=0

DO 25 A=1,46

BICOMANG=BIOMANG+ ( (F 1

1 WMAS (A, 2

25 CONT INLE

))/1.0EA

E(Il‘_l”tl’" X = THE BI1OMA

SUSCEPTIEBLE
pn 30 B=4, 46

TO A GILL

BIOMCF I=BICMCF I+ ( (F

O CONT INLIE

IF (BIOMANG,
AMOKR TR )
ELSE
AMOR T R=AP
ENDIF

2 WMAS (R 2)))/1.0E4

LE. Q) THEN

MORT /B ITMANDG

IF (AMORTR.GT. 1) AMORT
IF (BIOMCFI.LE.0) THE'

FMORTR=0
ELSE

FMORTR=FMORT /EBICMCE

ENDIF

IF (FMORTR.GT. 1) FMORT

DO 33 G=1,4
IF (G.EN,
IF (G.iaT,
ATCH L)
33 I INLIE

1) l{]f‘vu!
1) CATRAT
CATRAT=(F 1

D 100 I=1,12
£,

oGO 24 11=1,

GRINC(II+1)=(12.68
GRINC(II Z2)=(12.40

34 CONT INLIE

OOINC=12,AR/12
READC1, 1%, END=7799) DATE. T

Y9 ¢

MO M1 M2

OF THE POFPULATION WHICH
NER)

[SNOA, 1) «WMA (A 1))+ (F1

13 '."i 3 113 n]["c Ve LM

NFET FILZH Yy (22+ F1 AN

JSND(E, 1) «WMAS(EB, 1))+ (F1]

=1

[

=)

AMORTR

MU TR4FMORTR

NG, 1D)4F TSNO(G, 22))

O,.344LMCITI1))212

0,940«SLMCTIIV2)) 742
MESDATEFA, DATKREN vl

I «

NJOC(A, 2

M4 *

B,2)#
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OO0 0

OO

0O

oYM

IF (DATREC.GE.1.AND.DATREC.LE.S) BREELF

IF (DATREC.ED.&) BREEDF=0, 2%
RECRI=FEC(1)#BREEDLF #F [SNOCL,2)

THE SAME FROCEDURE IS REFEATED FOR

THE SECOND YEAR CLASS

SLM(2+:1)=SLM(2, 1)+ (GRINC(2,1)#TEMEF
WMAS (2, 1)=SLMAS(SLM{Z2,1))
SLM(2:2)=SLM(2:2)+(GRINC(2,2)#TEMI
WMAZ (2. 2) LMASI(SLM(2:2))
FEC(2)=40.5# (WMAS(2,.2)#40,463)
RECRZ2=FEC(2)#BREEDF «F JSNO(2,2)

THE THIRD YEAR CLASS

SLM(3+1)=SLM(I3+1)+(GRINC(3,1)%TEM}
WMAS (3,1 )=SLMAS(SLM(3,1))
SLM(3:,2)=SLM(I3,2)+(ORINC(3: 2 TEM/
WMAS (34, 2)=SLMAS(SLM(3,2))
FEC(3)=40,5# (WMAS(3,2)#el 4&3)
RECRZ=FEC(3)#BREEDF*F ISNO(3, )

IF (RECR3.LT.0) RECK3=0

T*‘F F O TH 'V'LH&'\ N

SLM(E, 1)=5LM(4, 1)+ (ORINC(4,1)«TEMFF

WMAS (4,1 )=SLMAS(SIL.M(8,1))
SLM(F,2)=SIM(4,2)+(ORINC(4,2)#TEMS
WMAS (4, 2) LMAS(SLM(4.2))
FEC(4)=40,5%# (WMAS(4,2)%a), A7)
RECRA=FEC(4)wHREELF#F [SNO(4, 2)

IF (RECR4.LT,0) RECKRA=0

THE FIFTH YEAR CLAS!

SLM(S, 1)=51LM(S, 1)+ (ORINC(S, 1)«TEM}
WMAS(S,. 1 )=SLMAZ(SLM(S, 1))

SLM(S, 2)=5L.M(5, 2)+(CRINC(S,2)*TEMS
\ (S,2)=SLMASI(SLM(S, 2))

} S$)=40,5% (WMAZ(S,2)4¢%0,673)
RECRS=FEC(S) s BREEDNF oF ISNOCS, 2)

IF (RECRS.LT.0) RELRS=0

THE SIXTH YEAR CLASS

SLM(L, 1)=SLM(AL L)+ (ORINC (&, 1) TEME
WMAS (4L, 1) =S3LMAS(SLM(&, 1))
SLM(E,y2)=SLMUEV2)+(ORINC Civy 2) % TEMF
WMAZ(&,2)=5LMAS(SLM(&, 2))
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/
FEC(&)=40, 5% (WMAS (&, 2) 880, 63)
RECR&G=FEC (&) #BREEDF #F ISNUL (6, 2)
IF (RECR6.LT.0) RECRG=0
C
C THE O+ YEAR CLASS
c

RECRT=RECRI+RECR24RECRZ+RECRA+RECROS+RECRA
L=DATREI
QOF ISH(L)=RECRT
QOBRICOMT=0
QOFISHT=0
DO 70 J=1.l
STDLENC D =STUOLEN(D) + (COINC*TEMEEFA)
OOMASS(JU)=0. 0238 (STOLEN(J) #83,12)
DENS=RBIOMC/(192,.23*V0L)
HMORTO=1/(1+(DENL/2.440) #a, )
IF (STDLEN(U) .GT,.10,0) HMUORT (1-XSLIRV1S)
IF (MMORTO.LT.O) HMORTO=0
QOFISH ! N =(00FISH( ) # (1. 0-XMORTO) #HMORTO)
OOF ISKMT=00F [SHT+0QO0OF IaH (W)
NOBIOMT=00BIOMT + (Q0OF [SH( D #00MALS () )
70 CONTINLUE
OGMASST=00MASS( 2)
QOBIOMT=C00RBRIOMT /1. OE4&
BIOMC=00RTOMT
DO 4% D= , ¢
BICMDD)=((FISNO(D, 1) 4WMAS(D, 1))+ (FISNO(D, 2)#WMALID.2)))
- /1.0E64
BIOMC=BICOMC+RIOM(D)
45 CONTINLUE
IF (FRINT.EQ. 1, THEN
WRITE (4L, 70) UATEDOBIOMT,BIOM( 1), BIOM(2Z) , BIOMOZ) , BIOM(4)
LBIOM(S) ,BIOM(SL)
90 FORMAT(2X,8(F2.0))
ENDIIF
TBIOMC =TE MO+ ETOMC
100 CONT IN!IE
REWIND 1
THIOMC=THRICOMC /12.0
‘ e (&,91) TERIOM

91 | MAT (“TOTAL BIOMASS sFE.2)
WRITE (&,92) YIELD,MOR]
92 FOURMAT (7 AMNMLIAL YIELD +FA. 2 WINTER MORT. 75 12)

DO 115 Ewé, 2+~
DD 120 F=1,2
SLMIE F)=SLM(E~-1+F)
WMAS(EsF)=WMAS(E-1.F)
FISNOCEWF)=FISNUCE-Y+F)
120 CONT INLIE
115 CONT INLIE



- . - . = ¢

. g
*}v“\"* v ‘/

FISNDO(1:1)=FISNO(1:2)=00F ISHT /2
DO 1285 LL=1,12 ‘
IF (DOFISH(LL).GT.0) THEN
WMAS (L, 1)=WMAS (], 2)=00MA {LL.+1)
SLMil, 1) LM(1,2) TDLENC(LL+1)
coTo 12
ENDIF
125 CONTINI
1268 CONT INLIE
DO 13 MM 1.2

Ok | MMM )

2U0 CONT I NLIE

REWIND 1

REWIN -

HANLMIOE i ' v !

K: : | | & ] ) N A9 |
10 FORMAT ( ANGM I AL )
“ CONT ;Pq

END

FUNCTION LMA ( Tl )

LMa = 1 & 8o )
RE TLIRN
END

ENDU OF FILE
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110

12
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FLAG=1
DO 200 K=1,12

READ (3,50,END=39%) WAITLEV
FORMAT (F10.0)
CONT INUE
IF (PRINT.EQ.1) THEN
WRITE (&,11) MONTH
FORMAT (//° MON T H 2. 52 )
WRITE (&,1%5)
FORMAT (“BIUMASS OF AGE CLA ES O 7O 9 (TONNES) )
ENDIF
CLANG = O
DO 110 N=1,10
SLNOS (N, 2)=SLNOS(N, 2)+F INLR(N
SLNOS(N:3)=SLNOZ (N, 43) +[1] v (N
TMASS(N,1) = 0,037« LN N s 2. %4 )
TMASS(N+2) = 0,.0378 (SN o . 74)
CONT INLIE
IF (TMASS(1,1).GE,1S0 THEN
A =1
ELSE
A = 2
FMORT(]1)="
ENDIF
DO 12 L=A,10
ANGSEL (L)=((SLN (Ly 1) aTMé L« X)) NOS (L, ) «TMASS (L
/1.0E6
CLANG=CLANG+ANLCEL (L)
CONT INLIE
Do 13 M= 4,10
FMORT(M)=(((CATCH/L12)8ANGSEL (M LANG) # 1, OEA) Z((TMASZ(M
+TMASS (M, 2))/72)
13 CONTINLE
DENS=TBIIM/ (192. 88 (WATLEV/100))
THE O+ SLURVIVAL RATE IS5 COMPUTED ACCORDING T THE FPOSITION
TERIOM ON THE STOCK:O+ SURY CLRVE o THE HAF'E i THIS CLIKVE

DEFENDS ON THRESH AND COME,

IF (BEMONTH.GE. 1.AND, BEMONTH.LE. 2) THEN
SURY = 1/70C1+(DENZTHERE
SUNOS (L, 1)=SLNOS (L, 1) (10#8 (ALDGLOCSIIRY ) /22))

MYsu LIMMF)

IF (BMONTH.GT, 2. AN, TMA (1510 LT, 1S0) THEN
LNOS (L, 1)) SLNOS (L, 1) H4 fey

ENDIIF

SINDS(1,3) = SLNOS(L,1)

MORTALITY 1S DEUDUCTED. FISHING MORTALITY IS FIRST
AND TH N NATURAL MORTALITY AT A i
1+ AND QOLDER FI1%H.

THE YIELD PER AGE CLAZS FER EX I o COME LTl
TEIOM=0,0

Da 112 J = A, 10

CIF

-

e N
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C
112
111
3
130
140
b
140
150
1
C
&
L 120
?
J
|
|
|
!
|
|
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IF (FMORT(J).GE. (SLNOS(J, 1)+SLNOS(J,»3))) FMORT(J) =

(SULNOS(Jy 1) +SLNOS (U, 2) )
SLNOS(Jy1)=SLNOS(J»1)-(FMORT (J)/2)
SLNOS(J,3)=SLNQS(J, 3)=(FMORT(J) /2)
TYIELD=TYIELD+(FMORT(J)#(TMASS(. I, 1)+TMASS(J,2))

3)/2.0E06

1

N

NATURAL MORTALITY

ADMORT=ADMORT+ ( (SLNOS( U, 1) #TMASS(J, 1))+ (SLNOS (), 3)#TMASS (U, 2) )

#(1-ASLIRV))

ALMORT=A[LMORT /1 .0E0QSL

SLNOS(Jy 1 )=SLNOS(J, 1) #(ASURV)
SLNQS(J, 3)=SLNLS(Jy3) # (AZLIRV)
CONT INLIE

DO 111 II=1,10

BINMS(II)=(SLNIS(1I-1)#TMASS(II, 1))+ (SLNOS(II.3)*TMASS(II,2))

BIOMS(II)=BIOMS(IT)/1.0EQ6
TRIOM=TEBIOM+BIOMS(II)

CONT INLE

IF (FRINT.EQ.1) THEN

WRITE (6,130) (SLNOS(I,2),1I=1,10)
FORMAT (1X,10(1X,Fé&.2))

WRITE (4,140) TBICM

FORMAT (/7 TOTAL BIOMASS = “,F10.2)
ENDIF

IF (MONTH.ERQ. 10) THEN

DO 150 I=1,4

0D 160 J=9,1,-1
SLNUOS(J+1,y 1)=3LNOS(Jy )
CONT INILIE
SLNOS(L, 1) = O

CONT INLIE

ENDIIF

STIM=WATLEV-PREWAT

RECRUITMENT TO THE O+ CLASS IS COMFUTED FROM THE SUM OF THE
PRODUCTS OF MEAN FECUNDITY AND NUMBER OF FEMALES FOE EACH

AGE CLASS
IF (STIM.GE.S.AND.FLAG.ER. 1) THEN
DO 180 LL=Z2

<310
SLNOS(1,1)=SLNOS (1, 1)+ (SLNOSI(LL+1)Y# (0,454 (SLNOS(LL,2)

#%#3.58)))n0. 5
LNOS(L1,3)=5LNOS(1,1)
CUINT INLIE
SLNOS(C1,2)=5LN0OS(1,4)=0,0
FLAG=2
BMONTH=0O
IF (MONTH.GE.10) Z=10-(MONTH=-12)
IF (MONTH.LT.10) Z=10-MUNTH
FINCR(1)=27.8/1
DINCR(Y))=27.6/2

ENDIIF

——— | P A B
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DINCR(J) = (18.39-(SLNOS(J,43)%#0,.19))/12.0
IF (DINCR(UI).LE.Q) DINCR(J)=0
10 CONTINUE
FLAG=1
DO 200 K=1,12
READ (3,S0,END=399) DAMLEV
SO0 FORMAT (F10.0)
379 CONT INLE
IF (PRINT.EQ. 1) THEN
WRITE (&,11) YMNTH
11 FORMAT (// MON'H = “,F4.1)
WRITE (6,15)
15 FORMAT (“BI1OMASS OF AGE CLASSES O TO 9 (TONNES) 7)
ENDIF
kX THE O+ SLIRVIVAL RATE IS COMPUTED ACCORDING TO THE FPOSITION
C TERIOM ON THE STUCK: QO+ SURV CUKVE ., THE SHAFE OF THIS CURVE
& DEFENDS ON THRESH AND COME,

DENS=TRIOM/ (122. 8« (DAMLEV/100,0))
IF (BMONTH.GE. 1. ANDO. BMONTH.LE. 3) THEN
SURY = 1.0/ (1+(DENS/THRESH) #&(COIMP)
SLNOS(1,1)=SLNOS(1,1)# (108 (ALOUGIO(SURY)/3.0))
ELSE
SULNOS (14, 1)=SLNDS(14+1)#0,972
ENDIF
SLNOS(1,3) = SLNOS(1.,1)
DO 110 N=1,10
SLNDS (N, 2)=5LNOS(N, 2)+F INCR(N)
SUNCOSIN, 4)=SLNOSIN, §)+DINCRIN)
TMASS (N, 1) = Q,01S#(SLNOS(N, 2 )42, 94)
TMASS (N, 2) = 0. 0154 (SLNOS(N,8) w2, 94)
110 CONTINLIE
MORTALITY 1S DEDUCTED. FISHING MORTALITY IS FIRST REMOVED
AND THEN NATURAL MORTALITY AT A CONSTANT RATE OF 0,07 FOR
1+ AND OLDER FISH.
ANGTOT=0,0
DO 25 I=1.10
ANGSEL (TI41) = 3,250 (TMASS(I,1)#aul,.01)
ANGSEL(IV2) = 3.35«(TMASS (I, 2)##1,01)
ANGSEL (1, 1)=ANGSEL (1, 2)=ANGSEL (2, 1)=ANLSEL (2+,2)=0
yTTOT=ANGTOT+ANGCEL (I 1) +ANGSEL (T, 2)
CRTC(IV1))=FMOKT (], 2)=0
25 CONT I NLIE
I THE YIELD PER AGE CLASS PER SEX IS COMFUTEDND
r“;’ 20 L"'l“v;'l’l
YIELD(L 1)=(CATCH® (ANGEEL (L 1) ZANGTOTIYI/Z12.0
YIELDC(L2)=(CATCHRe(ANGSEL (L 2) ZANGTOT) ) Z12.0
DO CONT INLIE
TERIOM=0, 0
oD 112 J = 10,2.~1
FMORT (Jy 1)=FMORT (Js 1 )Y+YIELTI(J L) ZCTMASS(Jy 1) 71 OEDS)

OO0

CIF

——



0

k%)

L |

FMORT (Js2)=FMORT (Jy 2)+YIELD(U, 2) /7 (TMASS(Jy2) 71 . 0EQ4L)
IF (FMORT(Jy1).CGT.SLNOS(U,1)) THEN
FMORT (=1 1)=FMORT (J=1, 1)+ (FMORT (Jy» 1)-SLNOS(Jy 1))
1 #(TMASS(JU+ 1) /TMASS(U-1,1))
FMORT(Jy 1)=SLNOS( U, 1)
ELSEIF (FMORT(J,2).GT.SLNOS(U,3)) THEN
FMORT(J=1:s2)=FMORT (J=1:2)+(FMORT (Jy 2)=-SLNOS(J+3))
2 #(TMASS(JU+2)/TMASS(J-1,2) )
FMORT(J»2)=SLNOS(J, 3)
ENDIF
SLNOS(Jy 1)=SLNOS(Js 1)-FMORT(Jy 1)
SULNOS (U, 3)=S5LNOS(U, 2)-FMORT (Jy 2)
TYIELD=TYIELD+((FMORT(J, 1) #TMA (Jy TIIH(FMORT (I 2)#TMASS (U,
3) Y L. DEQS
NATURAL MORTALITY
ADMORT=ADMORT+ ( (SLNNS(J, 1) #TMA le 1))+ (SLNOS (U, 3)#TMASS(Jy
1#(1-ASURV))
SLNOS(J, 1) =SLNOS(J, 1) # (ASLIRY)
SLNOS(Jy3)=SLNOS(J, 3)# {ASURY)
112 CONTINLIE
ADMORT=ADMORT /1. OEOQA
DO 111 II=1,10
BIOMS(III=(SLNOS(II,)#TMASS(IIZ 1))+ (SLNOS(IIZ3)*TMASS(II,2
BIOMS(II)=RIOMS(II)/1.0E06L
TEBIOM=TRIOM+HIOMS(I1)
111 CONTINLUE
IF (PRINT.EQ.1) THEN
WRITE (6,130) (BIOMZ (1
130 FORMAT (I1X.1001X,FA,2)
WRITE (4,140) THIOM
140 FORMAT (/~7 TOTAL BIOMASS = *,F10.2)
ENDIF
IF (YMNTH.EQ.10,0) THEN
DO 150 I=1,4
0D 140 J=9,1,-1
SLNOS(JI+1,1)=SLNOS(J, 1)
140 CONT INLIE
SLNOS(1,1) = 0O
150 NTINLUE

)
)

IF

[IM=DAMLEV-FREWAT
RECKUTTMENT T THE O+ CLASS IS COMFLUTED FROM THE SIIM OF THE
FRODUICTS OF MEAN FELLINDITY AND NUMIER QF FEMALES FOR EACH
ALE CLASS

IF (STIM.GE.S.AND.FLAGL,EN.1) THEN

DO 1€0 LL=2,10

SLNDZC(Ls 1)=SUINOS (L 1)+ (SLNDOS(LL 1) #C (0O, $17#SLNOSILL, 2)
2 #8323, 20))#0, %)

':-LN'I‘.(I"*)".')l,Nll'-(l-l)
120 CONT INLIE
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FRINT "MUILTI, A MODEL 10 FREDICT YIELD OF DIFFERENT"™
FRINT "SPECIE: IN A IWITHERN AFRILCAN LOHVELD INPFPULUINDOMENT "
DIM W(S)

LET Q1=0

LET 02=0

LET ODa=(

PRINT "ENTER TOTAL FHOSEHLUI NCENTRATION U/L"

INFPUT P

PRINT "ENTER SLURFACE AREA OF LAFE HA"

INFLIT H

LET Y=26.0# (10 ((LOT(P)=LGT(1.S5))/0.82))#%0, &0

LET Y=(1#s e O+ (2, 08LGT(Y)) ) )8 (He1 , 0E04)%#10,.0

LET ¥=Y/1,0l

LET Ple72,71+0, &

IF P S THEN ‘

LERPEEY SO )

NOTO <00

FPRINT "1 THERE A F Y 15H IN THE YSTEM?"

FPRINT Yt 1, N «

INFUT VY1

IF Y1=2 THEN 200

LET $4=0,0¢

FRINT "D YOU WISH TO REMOVE Of MI Y=1xN=sg"
INPUT Y1

IF Yi=1 THEN |

PRINT "D THE WATE EMFE K¢ } FalL E OW 14 DEG Y=1,.N=2"
INFUT Yz

IF Y2=1 T N JW0

LET 1=0,

LOTO 210

LET 1=0, "

LET Fi=]

GOTO $10

S1=0,.0

FRINT "D0O Youl WISH T0O REMOVE CYFPRINLS? y=1,N=2"

INFLT Y3

IF Y 1 THEN LET .

| S < THEN LET 14

PRI "OO YOI WISH TO R { AT Y=1,N=2"

It 4

I 1 THEN LET S$3=0.0

1f IF WINTER MORTALITY O IR THE ANNUAL YIELD OF OREDCHROMIS
REM I RANDICIM AND THE PRUOGRAM CALL THE RANDILH FLUNCTION

Myt # — p O e

it im

o S



e il ———

447
450
440
470
450
470
S00

&00

1000
1010
1020
l(‘n.‘l.')
1100
1105
1107
1110
1120
11320
3150
1140
1170
1120
1190
1200
Loy
1510
1530
ENIDI

IF Fi=1

GOTO &00
FOR I=1 TQ S

LET W(ID)=INT (4&#RND(
NEXT 1

LET D1=0

GOTO 1000

FOR I=1

IF Fi=1

eV UGl =S
LET C2=S2+(S1-C}
LET C3=53+(S1
FRINT
PRINT ™ T
PRINT

PRINT "URE!

THEN 4640

TO 20
THEN 1100
1

FOR K=l T 'S
LET Di=Di+W(K)
£

) L0000

s 1 10 5 S

Di=(W(1)2Q,S)+W(2)+UH(3)+(W(])HO,. S)+(W(S)®0, %)

LET Ci=(S1+((51/2.75)
IF C1<0.0 THEN LET Ci-=
FOR L=%S TO 2 STEP 1
LET W(L)=W(L~1)
rl
WOL)=INT(4aRNII(-1
)
FUR M=1 T &%
1=D1+W(M)
NEXT 1
oOTO 430
FRINT "THE PH OF THE
FRINT "BUT THE COTHER
END
OF FILE

)

e ow

)+ 1)

0,0

WO TE R

L

[F

)

I

([l #

ARNVE

Wi

'
|

1/79.7%)
11.0., CLARIAS MAY
FROBARLY DIE QT "

SURVI VE™



-

-




Author Cochrane KL
Name of thesis The Population dynamics and sustainable yield of the major fish species in Hartbeespoort dam 1985

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



