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as well as helping to co-ordinate research, consolidate existing knowledge 

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

the research required to construct them and their tendency to lack generality 

(Jorgensen, l4F!h) re* 'rifts their availability for use in predicting fist: 

yield in developing, and under-developed countries. Ir. such countries there 

is a need to manap existing fisheries and to develop new fisheries to make 

maximum use of ttie available resources. In such .ases, rapid, order of 

magnitude estimates are generally more important than precision (Ryder, 

197b). The irulti-speci.es model, currently in a crude, unvalldated form, is 

designed ,.s  a first step in compromising between optimal complexity and 

ririnum data requirement? . The approach adopted was largely empirical and 

the refinements necessary to improve the model cou.d also be derived 

empirically. The improvements to tbe model most urgently required are:

(a) .• validated relationship between fish yield and some relatively easily 

obtained predictor or predictors for southern African i m p o u n d m e n t s .  

Potential predictors are the morphoedaphic index, phosphorus ot 

primarv production. At present climates of fish yield are the least 

common of the *• parameters, particularly in South Africa.

(b) relationship! including temperature, turbidity, latitude and water 

quality (e.g. pH, ammonia, di*-solved oxvgen, algal ,-v:sembl ages) which 

will permit prediction of at least approximate fish species community 

compc'it ion.

(c) the response- of different fish spec e? to exploitation and the response 

of other fish spec ies in the system to exploitation of one or more 

populations. These relationships will undoubtably be the most 

difficult to descrI be.

Tulti-spec ies model bar used the 01(H) (IWH.') relationships and the 

by (1977a) relationship to predict vic’d. These were validated for 

predicting fish yield In Partbeespoort I’am under current conditions 

(Section 7,4..') hut rot for other water-bodies and it is likely that the 

prediction: would be invalid if the phosphorus concentration of Hartbecspoort 

Par was reduced to 100 ug.f (Section 7.S..'1). Therefore, these relationships 

need to he vaMdated, improved or replaced in the multi-species model.
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New impoundments nre continually being constructed ln southern Africa and in 

most parts of the world. Ir. developing countrie; urbanisation, industrial 

development and natural climatic changes can alter the* nature of a water 

body. The ability to make optimal use of the fish resources in these coun­

tries would be improved bv the ability to predict the likely fish species 

composition oi new or changing water hodi s. Such relationships could be 

used to identifv potential targe spec ies and hence assess the fishing gear 

requirements, potential market for the cat eh. and viability of tbe fishery. 

They could also be used to assess tbe irp -t of a proposed change, such as 

release of effluent Into a lake, on trie fish ■« source.

Most African freshwater fisheries are multi-species fisheries (e.g. Lake 

Kariba - Marshall « ' ., 198. ; Lake Mcllwalne - Marshall, 19fl?; Lake 

Tanganyika - Coulter, l^Hl and Hartbee poort Dam - this study). Tbe problem 

of managing multi-species fisheries probably the central issue facing 

fisheries science at present (Cushing, W l ) .  The problem of species interac­

tions was addressed in the multi-specie* it del, but at a very simple level by 

assuming exact compensation for change in vleid in one species by the 

remaining species. This incept might be 1 < ~.e to reality in Harthecspoort 

Dan. at present (Section . .IX but i' unlikely to be adequate to describe the 

true situation in a community of species occupying a variety of trophic 

levels. Tbe problem*- < f modelling or predicting such interactions are large. 

Tbe apparent relationship between . and potential competitors,

which was suggested t be one where . ;; - 7 c o u l d  not compete with 

other species, but was able to make use of under-utilised food resources, 

could be described emplricall) (Section fi. 4.1) and this tvpe of relationship 

could be incorporated in the multi-spec1ei model. However, for :h1s, a 

similar relationship would have to be described between '. <7.:rr','pI'rius vield 

and species diversity.

problem of species interactions In vield models could be approached 

ically, as desorlted for . rnue, but the data do not exist, at

least ln southern Africa, for derivation of significant relationships. 

Alternatively It could be approached (tom a theoretical viewpoint considering 

energy transfer t h r u g h  trophic levels (v.y. Kerr, 1Q74), In practice it 

will probably be found tlat a combination of the two approaches is required 

and that theoretical concepts will be modi tied or supplemented by empirical 

Information gained from changes In fish species composition observed ln 

existing 11 slier 1 es ,



Attempts to solve the manv problems associated with mu 11i-spec 1es model ling 

may lead towards Increasing complexity. However, fn 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 

vise the minimum complexity necessary to achieve these objectives. I'nnec.es- 

sarv complexity may only serve to Increase potential error bv Increasing the 

number of incompletely or poorly described relationships In the model 

(Reekhow & Chapra, 1“H }).

In conclusion, the stud; leading to the constru tion of the single-species 

models has significantly incn ased the available knowledge on the nature of 

the Hartbeespoort Dam fish community an' factors controlling its surplus 

production. Vuch of this knowledge will i ipp 1 i able to other systems. The 

mode’s themselves provide useful tools, even in their present incomplete 

:'->rms, to assist in management ol tin- fishery. The slngle-specles models 

predicted a mean total yield or J85 kg.ha ‘.yr * from Hartbeespoort Dam under 

current conditions and showed that the fish community, particularly 

far: ' , waa . elng ver-exj I Itt 1. Y ft m t African water bodies

ranged from 4 to S00 kg.ha ‘.yr ', with yields . m  only of the 32

local'ties recorded exceeding rhe predicted viel from Hartbeespoort Dam 

(Fryt lies, 197?). 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 ot study. However, 

reduction ot the lake phosphorus concentration to V  - than 100 l-g.f ‘ would 

be neceo.sary to induce substantial changes in the yield and the species 

composition of the community. In contrast, the potential vield of the system 

was to changes in the volume ot 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 one of these species, would generate a response in the stocks and 

hence Id of the remaining species. Therefore, this study demonstrated rhe 

need to consider the nature of the fish populations, their Interrelationships 

and their interaction with the environment, in the comprehensive management 

of an intensive fishery. The expansion and validation of the multl-species 

model for southern African freshwaters would provide a tool to facilitate 

management for optimal yield and the development of fisheries in this region.
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APPF.NMX 1 I'lSCPlMlNAN": ANALYSTS

Term* vised In discriminant analysis program (DISCLAK) to determine 

a^e cl nns strength t rom lenj *h frequencies.

All standard length parameter1- -ef or to the transformed SI unless 

otherwise stated. In the tlnal analysis the transformation was 

SI 2 .

Term. Definition

A-:AX Maximum discriminant function.

DIFFL'R Total number of changes in age cla®s classification after 

each iteratlon.

Pt.oPPS Number ot iterations.

PROP Expccted proportion of total In each age group.

SCR No. of spinal rings.

<rx Sex of each fish (1 ■ male. 2 ■ female).

SI. Standard length of each fish.

SLMLAN v*ean SL of age group - unclassified sample (UC).

SIT. Sur of SL of age class (UC) .

UM res of Standard length of age class (UC).

TL Total length of fish.

TMR Mean SL clasfifled samples (CS).

TN No. of fish In age class (CS).

TNUM No. of fish in age clas:. (UC),

TNl’M 1 No. of fish assigned to age clas*; In previous iteration.

TNI No. of fish in age clas* - (UC) + (CS) (TOT).

TOTNUM Total number of fish (UC),

TR Sum of Sl. of agr class (CS).

TRSUM Untransformed sum of Sl of age class (UC).

TRI Sum of SL of age class (TOT'.

TSP Sum of squares of Sl of age class (CS).

TSRI Sum of squares of age class (TOT).

1 SUM (Total number of fish (UC)) - (No. of age classes).

TTSR Total spine radius.

VARK Variance of SI of age class (TOT;.

VARKP Pooled variance for all age classes (TOT),
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C A PROGRAM T0  HALMJLATE THE MEAN AND VARIANCE OF CLARIAS
C LENGTH AT AGI FROM PATA ON CLAR. FROM T H IS  INFORMATION

CLAR IAS OF UNt NOUN 'J>E CmN EC A L I G N E D  TO AGE CLASSES ON 
C THE BASIS OF LENGTH BY DISCRIMINAN T ANALYSIS.

PROGRAM DI l.i L AR (CLAR , '  L AR. S . U I T . TAPE 1=CLAR, TAPE2=
2 C L A R 2 2 ,T A P E 6 * U IT ,O U T P U T )

DIMENSION R ( 1 0 ) , TR< 1 0 ) . 1  K ( 1 < ’ > , TN( 1 0 ) . TMR<1 0 ) . VARR<10)
A,  SUM ( 10)  , TRSUM( 10 ) . SUM - 0 ( 10 ) . TNUM( 1 0 ) , SL.MEAN ( 10)  , PROF ( 1 0 ) , V < 10)
B , T NUMI ( 1 0 ) . T R 1 ( 1 0 ) . T R 1 ( 1 0 ) . T N 1 ( 1 0 )

DL0GPS=0
DO 4 AA=1 . 1 0

R ( AA) - T R( AA) - TSR( A A )= T N ( A A ) -TMR <AA ) -  VARR( A A ) =0 
SUM ( AA ) e-TRSUM (AA ) SUM.-O ( AA ) = TNUM ( A A )  ̂ TNUM1 ( AA ) =0 
F ROF' ( A A ) = 0 .  12 “'

4 CONTINUE
DO 30 I = 1 > ^ 1
READ < 1 . "5. END=SO ) IL . -E X , S' R » T ’ SR . R

5 FORMAT( I X , F 5 . 1 . IX 2 F 4 . 1 , 7 ( 1 X , F 4 . 1 ) , 4 ( 1 X , F 5 . 1 ) )
DO 40 A = 1 . 1 0

I F  ( R ( A ) .  GE. 0 .  AND. SEX . F' . 1 . O ) 7 HLN 
A ) = R ( A > * » : '

T R ( A ) -  T R ( A ) -*- R ( A )
T S R < A ) = T S R < A ) r R ( A ) * * 2  
T N ( A ) = T N ( A ) + 1  

END I F
I F  (TN A ) . L E . O )  THEN 

X X = A - 1 
GO T 0 30  

END IF  
40 CONTINUE 
30 CONTINUE

DO 50 B = l i X X
T M R ( B ) = T R ( B ) / T N ( B )
IF ( T N ( B ) . E O . l )  T N ( B ) = 1 . 0 0 0 1
VARR( B ) = ( T SR( B ) - ( ( T R ( B ) * * 2 ) / T N <B ) )  ) / ( TN( B ) - 1 )

50  CONTINUE
DO 60  C = 1 , XX

UR I TE ( 6 , 7 0 )  T N ( C ) , TMR( C ) . VARR( C )
70 FORMAT ( 3 ( 2  X, F 1 2 . S ) )
60 CONTINUE

T SUM-VARRP-0 
.'O S<> BD l . X X
VARRF =VA! [ . p t ( ( l N ( l l . O  1 ) « VARR ( I B ) )
TSUM-T ; iJM* ( TN( BB ) 1 )

SO CONTINUE
VARRP-*VARFVP/ T SUM 

9 5  CONTINUE
DL OOF S— DL OOF' . +■ 1 
D IFFER = TO TNUM 0 
DO ;,6 D=1 , XX
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SUM ( Ci> =TROUM i D > = Z-L M X ' C D )  = TNUM ( D > -  ' j 
•*'6 CONTINUE

DU 110  1 Z = 1 . 12J ■
READ ( 2» •’7 ,  END 1 1 0 ' T L ,  : EX 

v7  FORMAT < 2X , F ‘ . 1 , ;:X . F 4. 1 )
IF  ( S E X . E 0 . 2 )  '11 TO 110  
SL = ( 1 L * 0 .  :-v.) + 1 . c.a 
SL = SL *  ** 2 
Ei'Ii 93 c r. = 1 . X X

V ( C :  >= : I « ( TMK (' C ) /  VARRF’ ) - ( 0 . '■*•( TMR ( C i ) *  *2  ) /  VARRF ) 
P* AL1 1 ’ ( F'R' 'F ' ( L I  ) )

* 3  CONTINUE 
AM U  V< 1 )
X = 1
DO 100 DL‘ 2 .  XX

IF ( V ( D D > . O T . A M A X ) THEN 
AMAX V ( DD)
X--DD 

EMI:: F
: oo or. i n  ■

SUM X) - 3UM < X ) + SL
;.|JM -■'( x ) = .MJM X ) -*• J L * * 2
$L*SORT ( SL )
TR3UM ( X ) = TR” i IM ( X ) * ZL 
TN ,;M ( Y ) -TNUM( X ) ♦ 1 

11'.' CONTINUE
*. • ■. I ’  E ( . 1 1r ■)

: : • ■ rnA 1 AG! NO. LEM. MEAN LEN.
D O  12"  E E " 1 . * <

TOTNUM = T IT NUM + 1MUM(EE)
IF ( TNijn ■ [ [  ) . LF THEN 

M M E A r .  < EE. ) *  -  1 .
ELSE

SLMEAN( EE>=TRSUM( EE) / TNUM( F* >
END IF  

1 2 ii CONTINUE
DO 1 I:?- 0 0 = 1 .  XX

DIF FER DIF FER ♦•AD .. < ( IN' iM < Oo > -  TNUM1 ( 0 0 )  > )
TN0M1 (GO ) - TNUM(OO)

I '■ C O N T IN U E
W RI > E ( 6 1 1 4 1 )

1 40 F ORMAT ( DI FFER DL OOF '.. )
WF: ITE <6 , 1 t ’i> > DIF F E R,  DLOOF" •

ISO F ORr.AT ( . X * F 6 . 1 . 4 Y , F . 1 )
VARRF -1  UM 0  
DO 160 FI 1 . X X

TR 1 ( F t ) -  TR ( F F ) * I IM ( F F )
TORI ( FF ) - 1 ;.R< F F ) ♦ I (ft i O F F )
TNI (FF ) =TN( F F >♦ I N: Hr I )
T M R ( F F ) ~ T R 1 ( F F ) / I N I  < ’ F )



V "

l : • 

i • 'I

1 <;it! 

END U

VARR (FF ) = ( T IR l i F f  ) - ( ( T R l ( P i  > « « - ) / T N 1< F F ) ) ) / ( T U H F F  ) - l  ) 
VAF: Rf 1 , 'H r  h. * ( T N I (FF 1 1 ) *7mRR < / f l )
T ' iU M -1 ( 7 N 1 ( FF ) -  1 >
WRITE (..., 1*.S) FF , IMJfKFF ) , 1 k',UM ( f  F ) , LMF AM ( F F ) , VARN ( FF 
FORMA T < . f . 0 .  2 X . f  r ,r i . . .

HONTINUE
IF ( DIF F LK . LF . L>. * R. LLOnf . L • '. 1 ‘ ) O'.t 1 O 1 <
VARRf  ̂ v a ; .r ■ / r un  
REWIND 1 
0 0  TO 
END 

F I L E



APi'KNnix 2 . " : vin.n modei (okcmod)

Terms used in >Mu .i

Terr De1 init ion

ACCTH (N,M) Monthly catch (t) by sex and age class computed 

from CATCH and DATFA.

AMORTH Annual angling target yield as proportion of 

population susceptible tn angling (£1+).

ANCMORT Target yield fron angling (t).

BIOM (N) Total mass ot age classes N * 1,6.

BIOMANC. Mass of population sut• eptible to angling ft).

BIOMC Population biomass (t).

BIOMCFi Mass of populatlor susceptible to gill net 

f i shery (£.+), < t).

BREEDF Factor determining proportion of female 

population spawning it a given month.

CATCH ( M Actual catch taken from ace class (N), (t.mth •)

CATRAT Sum ot month Iv commercial and angling target 

yields lor each age class (t).

DATT Month, January * 1 tn ’ f.ber = )2.

DAT FA Factor to determine m«. yield from annual 

total.

DATREC rector ti number 0+ month classes from start of 

breeding season.

DENS Fish density (g.m ’).

FEC (N) f-ggs produced per spawning per female of age 

class (N ).

FTSNO (N , M ) Number oi fish bv ape class and sex.

FMORT Target yield from commercial fishing (tK

FMORTR Annual comr'ercial target vield as proportion of 

, pulation susceptible to commercial fishe’y.

HMORTO Monthly density dependent survival of (>+ j'iph.

OOBIOMT Total mass of 0+ age class (t).

OOFISH(N) No. of (Vf fish in month class (N) , N *= 1,12.

OOF1SHT Total number of 0+ fish.

OOMASS(N) Individual mass (g) of 04 fish in month class 

(N).

OOMASST Individual mass (gl of (*+ fisti in month class 

(2).

PRINT Output format instruction, 1 * full. 2 * summary

RFCRT Total number of eggs produced per month.
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Tern

RF.CRI ,f»

SLENG

SLM (N , M ) 

STDLEN (N)

TEMP 

TEMPFA

VOL

KMAS (N.M) 

XMORTO

XSl'KVI S

YIELD
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De f 1 n 1f i on

Total number of eggs produced per month per ape 

class, 1,6.

Input flli containing numbers and Individual mass 

(g) per age class and sex.

Stand, rd length (cm) of ea-h ape class and sex.

Standard lenptii (cm) ol each MONTH class of 0+ 

fish.

Mean epllimnetlc w.iter temperature (°C)

Factor to regulate monthlv growth accordlnp to 

mean epllimnetlc water temperature.

Volume of dam a* a proportion of full supply 

volume .

Individual mass (g) of each ape class and sex.

Proportion per month of age class suffering 

cold-induced winter mortality,

Monthlv r>:pe ration of natural death for fish In 

age classes 1-ft.

Realised annual yield (t).
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PROGRAM GRCMOD< 7EMP.SLE NG. IJIT . TAPI  1 =TEMP, T APE2»=SLENG, TAF'E6=U IT  )
C I N I T I A L  VALUE '. MASS IS  IN Kb' . ,  THE YEAR RUN'S FROM OCT TCl SEPT

DIMENSION OOF ISH(  1.' ) , GOBI' 'M ( U )  , COMAS'*. < 1 2 )  . TO(  12)  , F ISNO( 6 .  2 )
1 , STDLEN < I 2 ) , SI M < 6* 2 ) * WMAS( 6 . 2 ) , BI GM< 6 ) , SLENG( 6 , 6 ) , CATCH<6)
2 , ACCTH( 6 . 2 ) . F E C ( 6 ) . G R I N C ( 6 . 2 )

INTEGER I R . K . N R
DOUBLE PRECIS ION DSEED 

C * * * * * * *

ANGM0RT=50.0  
C * * * * * * *

DSEED = 12:^567.01  
DO 2 2 0  Y = 1 , 1 0  
DO 3 K K - 1 . 1 2

OOF I H ( l k ) - '  ' B I OM( kk )  0"MA ?. U K )  0
9 CONTINUE  

0 0 MASST=0  
OOBIOMT-O  
RECRT-0  

C * * * * * * * *

FMORT =0  
C * * * * * * * *

B IO M C -3 1 9  
C * * * * * * * *

PR IN T = 2  
C * * * * * * * *

READ ( 2 .  16,  END* 199? ) ( ( SLENO ( I , J ) , J= 1 » 6 > . I = 1 * 6 )
16 FORMAT ( 6 F 1 0 . 0 )

19'-vv r r jNTINUE
DO 17 1 1 * 1 * 6

SL M ( I I . 1 ) * SLENO( I I , 1)
SL.M ( I I , 2 ) *  SLENO < I I . 3 )
WMAS( I I * 1 ) = SLENO( I I . 2 )
WMAS( I I . 2 ) * S L F N 0 (  1 1 , 4 )
F I  SNO( I I . 1 >*SLENi.( I I . 5 )
F I S N O ( I I , 2 ) = S L E N G ( I I  6 )

17 CONTINUE 
WRI T E < 6 .  9 )

9  FORMAT ( ORCMOD. MODEL TO PREDI CT GROWTH AND'
2 . '  PR uD U cU O N  or OREur.HROMIS MOSSAMHI‘ US IN  HARTBEESPOORT DAM / /  

iDEL RUN.  FROM O'. T TO SEPT. DA IA OUTPUT PER MONTH / )  
i L ( 6 ,  11 >)

10 FORMAT ( '  COMMERC IAl F I '.HI N< • MORTALI TY.  FNORT,  AND ANOL.ING 
4 ,  "MORTALI TY, ANC.MOP 1 , TuNNl . Rt 10VL D PER ANNUM )

WRITE ( 6 .  1 1 >FMOf F, ANbMuRT
1 1 . URMAT < HX , F 0 .  1 . 3X , FCl. 1 )

WRITE < 6 ,  12)
12 FORMAT ( '  F IS H IN G  GEAR U f D [ > »«MME Fv I A L y

1,  ' G I L L - N E T T I N G  WITH 11 MM h LARGER Nl ISJ  / )
WRIT E ( 6 ,  13)

13 FORMAT ( ' MN- MASS OF NTH At >f CLASS REMAINING C T O N N E S ] ' / / )



DO 2 0 0  Z = 1 , 2 0  
T B IO M O O  
DO 20  S3 = 1 , 1 2  

OOMASS < S S ) = 0  
STDLEN ( S 3 )  “ 0  

20  CONTINUE 
OOMASST =0
V IE LD =0
I F ( P R I N T . E Q .  1) THF.N 
WRITE < 6 ,  14)

14 FORMAT MONTH MO Ml M2 M3 M4'
4 . *  M5 M 6 ' )

ENDIF
BI  OMAN© = THL BIOMA .' < OF THE F'UF'UL AT ION WHICH I S  SUSCEPTIBLE 
TO ANGLING ( l *  F I S H  A.4D OL DF R )
BIOMCF I = B I l MANo 0 
DO 2 5  A 1 , &

B 1OMANG* BI OMAN' < ♦ ( ( F I  SNO( A. 1 > ♦ UMA'I. ( A, 1 ) ) > < F I NO < A . 2 > •
1 WMAS( A, 2 ) ) ) / 1 . 0E6  

2*5 CONTINUE
BIOMCFI = THE BIOMAJS OF THL Fi.iFULATlON WH K H WOULD BE 
SUSCEPTIBLE TO A G ILL  NFT F I . H E R Y  ( 2+ F I S H  AND OLDER)
DO 30 B = 4 , 6

BIOMCF I = BIOMCF I I < F I .NO ( B . 1 ) WMAS( B, 1 > > ♦ ( F 1\ N O ( B , . > *
2 WMAS( B . 2 )  > > /  1 . 0E6  

30  CONTINUE
IF (B IO M A N G .L E .O )  THEN 

AMORTR=‘J 
ELSE

AMORTR = ANOMi iFr T /  B I OMANG 
ENDIF
IF ( AMORT R. GT . 1)  AMORTR 1 
IF  ( B I O M C F I . L E . 0 )  THEN 

FMORTR- 0  
ELSE

FMORTR FMORT/BIOMCFI  
ENDIF
IF ( F M O R T R . G T . 1> FMORTR 1 
DO 33  G M , 6

IF ( G . E O . l )  CATRAT h MmRTR 
IF  ( G . G T . l )  CATRAT AMORTR+FMORTR 
ATC H ( O ) =C AT RAT • ( F 1 Ni 1(0,  1 ) ♦ F 1 ONO ( O , 2 >>

33 I O I NUE
DU 100 1 = 1 . 1 2  
DO 34 11 = 1.6.

GR INC ( I I , 1 ) ( 1 2 .  6 8 - 0 .  >4 « .LM < I I , 1 ) ) /  12 
GRINC ( I I , 2 )  -- < 1 ?. 4 "  0 .  4 " *  LM< I I , 1') ) /  1 2

3 4  CONTINUE
0 0  I N C * 1 2 . A S / 12
RE AD ( 1,  I  *5, END ‘> 9 9 9  ) DA U  , T f Mf . DA T F A , DA T RE ' V' U
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15 FORMAT ( 2 X . 5 F 1 0 . 0 )
TEMF'F A= ( 0 .  0 0 8 6 *  ( 1 EMP* • 2.  0 7 0  :< > ) /  ( 0 . 0 0  / . *  ( 1 7.  7 5 # * 2 .  0 7 3 3 )  )
TEMF'FA TEMF’F A « ( 1 2 / 1 3 . 8 )
IF ( T E M P . L E . 1 8 )  TEMF'FA 0 

C XMORTO *  JUVF NI LE (0-*-) WINTER MORTALI TY
K *= 4 
NR -  1 
IR « 1 

IF  < DATE . EQ. 7 ) THI N
CALL GOUO ( DSCE D , K . NR, I R )
MORT = IR 

END IF
IF  ( I R . E Q . 1)  XMORTO 0 . 0  
IF  < I R .  EO. 2 > XMOR T 0 0 .  25  
IF ( I R . E 0 . 3 )  XMORTO 0 . 7 5  
IF ( I R . E Q . 4 )  XMORT0 = 1 . 0
OOF ISH *  THf NUMBER OF F I S H  SUF V I ' I NO FROM THL 0  YEAR CLASS. BIOMO 
IS  THE BIOMASS OF T H IS  CLA Oi A INED Ffi M OOf I H#GRWO.
XSURV15 IS  THL NATURAL MORTALI TY RATE FOR ALL F I S H  IN CLASSES 1 - 5  
XSURV15 = l-( 1 0 * * ( A L 0 0 1 0 ( 0 . 5 4 ) / 1 2 )  )
HMORTO I S  THE SURVIVAL OF 0 *  F I S H .  T H I S  SURVIVAL IS  
LI NKED TO THE 0 . MOSS DEN IT  V ( G / M 3 )  AND I S  THUS DENSITY  
DEPENDENT
DATFA IS  A CONVERSION FAl" TOR TO APPLY SEASONAL BI AS TO F IS H IN G  
MORTAL I TV < FMORT)
FEMm l ES OT lOOo ARE CON ILERED TO BE CAPABLE OF BREEDING 
DO 35 C - 1 . 6  

DO 40  D= 1 . 2 
IF «Y I E L D . L T .  <ANGMORT♦FMORT) ) THEN 

ACC TH ( C » D ) c <C AT• H(C > /2 > *D A T F A
IF- ( ACC TH( C,  D) . GT . F I NO(L . D O  AC T H < C » D ) *F  ISNCuC, D )
ACC TH < C , D ) -Af. C TH t C , D ) *WMAS ( C , D ) /  l . OE
YI ELD = YI ELD+ACCTH( C • D)
F ISN O (  L . t ' ) *F  ISNCO C. D> - ( CATCH (C ) / 2  ) * DATFA 
I F  < F I S N O ( C , D> . L T . 0 )  F 1 S N 0 ' C , D >- 0 

ELSE
AC CTH( C . D )-0 

END I F
F ISNOOl . ID -F I -NO(C. D> « ( 1 XSURV1 5 )

40  CONTINUE
3 5  i' 1 IN' if

1 ( 1 , 1> l M V 1 , 1 ) 4 ( O R  I Ni ( 1 , 1 ) « T L MPF A )

WMASt1. 1 ) -  I MAS(SI M< I . 1 > )
S' M ( 1 , 2 ) I M ( 1, 2 > * < Of I Ni ( 1 , 2 ) » T F MF'f A )
WMA . ( 1 , 2 )  I MA C l M( 1 , 2 ) )
FEi. ( i ) 4 0 .  *.« ( WMA' .( 1 , 2 ) ««0. :)
IF  ( WMA ( 1 , 2 ) . I T. 100)  F I i ( 1 ) O
BREEDF IS  A F At I oR FrR I' 1 SI  R I L> H I No T • • T At FL' I JNDI TY OVER THf 
NORMAL BPE f DINO SI A ■' IN 
BRt EDF = 0
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IF  (PATREC.GE . 1 . AND. DATRE ' . L E . ' •)  BRLE L'f -0. 4' ?
I F < DATREC . EO. A*) BREEDf ^0 .  25  
RE C R l= F E l  ( 1 ) *&RE LI if IS N 0 (  1 • 2 )

THE SAME FROCE DURE IT. REFEAT ED FOR SUi j . T . ' ' IVE YEAR 'L A  f. 
THE SECOND YEAR CL A  S

SLM( 2 .  1 )=SL M( 2.  1 ) ♦ ( G R I M  ( 2 .  1 ) »TEMF’FA )
WMAS( 2 .  1 ) * SL MAS( SLM ( 2 .  1 ) )
SLM ( 2« 2 > = S L M ( 2,  2 > *  (GRINl ( 2 .  2 > * T E Mf F A )
WMAS < 2 i  2 ) 1 MAS (SLM ( 2 .  2> )
FEC ( 2 ) = 4 0 .  *«• ( WMA . ( 2.  2 > « * 0 .  61  >
RECR2 = FEC< 2 ) *DREEDF*FIbNCK 2 . 2 >

THE THIRD YEAR CLASS

SLM< 3 .  1 )=SLM( 3 .  1 ) ♦ ( G R I M ( 3* 1 ) * TEMf FA )
WMAS( 3 . 1 ) * SLMAS( SLM( 3 . I ) )
SLM< 3 . 2 ) =SL M< 3 1 2 > ♦ ( GRI NC( 3 • 2 ' *  TEMFF A )
WMAS ( 3» 2 ) *SLMA3 ( SL M ( 3» 2 ) )
FEC < 3 ) = 4 0 .  5 *  ( WMAS( 3 . 2 ) * * '  6? )
RECR2~FEC( 3 ) # B R E E D F # F I S N O ( 3 . 2 )
I F ( R E C R 3 . L T . 0 )  RECR3«0

THE FOURTH YEAR CLASS

SL M ( 4 i 1 ) «SLM( 4 .  1 ) ♦ ( f.R INC< 4 . 1 ) « Tt Mf f A )
WMAS( 4 .  1 > « SLMAS( LM( 4 ,  I ) )
SLM( 4 , 2 ) *SL M < 4 , 2 ) ♦ (OR I Nr ( 4 . 2 ) *  TEMFF A )
WMA' • ( 4 , 2 ) =  I MA;.( SLM ( 4 . > )
FEC < 4 ) = 4 0 .  ( WMAS ( 4 . 2 ) * «*0. A? )
RECR4-FEC ( 4 ) * DREEDF *F ISNO( 4 . 2 )
IF  ( R E C R 4 . L T . 0 )  F<ECR4=0

THE F I F T H  YEAR CLASS

St M( S ,  1 ) * S L M< 5 ,  1 ) ♦ ( GR INC ( ' . .  1 ) *TE MF FA)
WMAS( 5 ,  I ) = SLMA C  l M( 5 ,  1 ) )
SI M( 2 ) =SI  M ( 111 2 ) 4 (GRINi ( 5 ,  2 )  »TI Ml I A)
U • ( 5 1 2 ) =SL M» ■ (SL M( S.  2 )  ) 
f S)  4 0 . ^ * ( W M m- ( l . . 2 ) • * 0 . /■'•i)
RLi.RS- FEC (S  ) * DRl f IK * F I r j n ( \ ,  ;■)
I F  (REi  R S . L 1 . 0 )  FE CF'• 0

C THE S I  X TH YEAR i | A
C

SI M ( 6 .  1 > SLM ( (:■. 1 ) ♦ ( OF INi. < -S. 1 ) « TEMFI A)
WMA ’. ( 1 ) =SLMA . ( SL M ( 6 .  1 ) )
SL M ( 6 .  2 ) -  SL M ( 6 . 2 ) ♦ < GR I Ni (<■* 2 ) *TE MFF A >
WM> 1 • ( 6 ,  2 ) = SLMAS ( SL M ( (., 2 ) )
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FEC < 6 ) = 4 0 .  ( WMA'r. ( 6 .  2 ) *  * 0 .  6 3  )
RECR6=FEC <6>»BREE L'F * F I S N u < 6 . 2 >
IF ( RECR6. L T . 0 )  RE • R6 = 0

THE 0+  YEAR CLASS

RECRT=RE0R 1♦ Rf ' R2+RE '! R ^♦ RF i R4 + RE i RS+REC R*.
L=DATREC 
OOF I S H ( L > = RLCR F 
OOP IOMT =»0 
OOFISHT=0  
DO 70  J = 1 . L

STDL.EN( J ) =STDLEN( J ) ♦ ( 0 0  INC *TE Mff  A>
OOMASS(J)- 0 . 0 2 3 *  < ST Dl E N < J > * * j . 1.' >
DENS“ B 1OMl / ( 1 * 2 . 3 - V O L>
HhORTO= I /  ( 1 «• ( D F N S /2 .  44 ’ ) * * 2 .  '• )
IF <STDLEN( D . O T .  1 0 . 0 )  HM (RTO (1 >' 1 l ‘ >
IF  (HMORTO.LT.O) HM0RTC> = 0
OOF ISM 1J ) * ( OOF I S H I J ) * (  1 . O-XMORTO) #HMORTO)
OOF ISHT * 0 0 F  ISHT + 00F I .H<J)
00BIOMT=OOBIOMT ♦ ( OOF I SH < J  > #QOMA ( J ) )

70 CONTINUE
00MAS3T=00MA' S '  2>
00D 1111-1 r =00E< I OH T /  1 . OE6 
BIOMC »00B I OMT 
DO 45  D* 1 . 6

E<IOM ( D ) *  ( < F I ’: NO ( D . 1 ) « WMAS ( D , 1 > > ♦< F ISNO ( D . 2 ) * WMA . ( D, 2 )  ) ) 
5 / 1 . 0 E 6

BI  OMc = & IOMC ti I * >H ( 0 )
45  CONTINUE

IF  <P R IN T .E O  11 THEN
WRITE <6.  90  .A T E ,  OOBP iMT . E< IOM( 1 ) . BIOM( 2 > . BIOM< 3 > . BI  OIK 4 ) .

6& IO M ( 5 ) , BI0M<6>
9 0  FO R M A T(2X ,3 ( F O . O ) )

END IF
T & I  OMC = TBI r 'Mi ♦ BI  "MC 

100 CONTINUE 
REWIND 1
TBIOMOTBIOMt /  I 2 .  O 
W f t  < 6 .  rv 1 > T l< I • iMC

91 F MAT < 'TOTAl BIOMA S -  ' . F 0 . 2 >
WRITE ( 6 , 9 2 )  Y i n n . M U R I

* 2  FORMAT ( '  ANNUAL Y IELD = ' . 2 , '  W IN K  R MORT . ‘' * 1 2 )
DO 115  E * 6 , 2 , - 1  

DO 120 F = 1 , 2
SLM ( E » F ) - SI M(E 1 .F  )
W M A S (E ,F > WMAS<E 1 .F )
F I  SNO ( E , F ) =F I .NU(E 1 .F )

120 CONTINUE
1 15 CON 1 INUE



F ISNO ( 1 , 1 ) - F M,NO( 1 , 2 ) =00F I* .NT /2 
DO 1 25  LL= 1 , 12

IF (OOF I'. H (LL ). OT . 0> TMLN

WMA ( 1 , I ) WMA j< ( 1 . 2 )  =0' >MA' (L I  ♦ 1 > 
SL M ( I . 1 >«SLM( 1 . * ) =STDL t N ( LL ♦ 1 ) 
GOTO 126  

ENDIF
125 CONTINUE
126 CONTINUE

DO 13 MM =« 1 , 1 2  
OOF I : H ( MM) =0  

18 CONTINUE 
2 0 0  C ONT1NUE 

REWIND 1 
REWIND 2
ANGMORT-ANGMORT+ 0 . 0  
W^'ITE ( 6 , 2 1 0 )  ANGMORT 

2 1 0  FORMAT (///'  ANGMORT » ' . F 6 . 2 J  
2 2 0  CONTINUE  

END
FUNCTION SIMAS (STDL.)

S L M A S - O . O 3 1 * ( S T 0 L * *  . 0 2 )
RETURN 
END 

END 0* F ILE



APPENDIX 3. . ■■'cir: ' AM' __ YIF1.P MQPFLS

(nvn'v  n n t i  n . A V f t p )

Verms u sit'd In both models.

Term DefInit ion

ADMOK7 Total mortality of adults (*1+). (t).

AS Proportion rf adult population which will survive 

•ne month.

BIOM : (N) Mass ot tisli in each ape class (N * 1,10), ft).

BMONTH No. of months slnct spawning occurred. Spawning 

month * t.

CATCH Target vield per annum ft).

CLANG Total r !*■« .'f ? isli susceptible to exploitation 

(t).

COMP Degree ft t •• pensat ion in fw- density dependent 

survival re ationship.

DF.NS Densitv of population (g.m 5) .

DINCP (N> Stanaard length growth increment of males 

(cm.mth ) in each ape class.

FINTR (N) Standardtlength growth increment of females 

(cm.mth *) in each age class.

FLAG ’'. is, to indicate spawning has already occurred in 

a piven year.

FMORT (N) Ni . of fish ‘Vat die per month per age class

FP-FWAT Lake volume o! nrevious month of full si.arly).

TPTNT Select printout rmat , 1 * full, 2 ■ auii" v

SI.NOS Array of male ana ier.,tle numbers and standoi . 

length (cm) for each vear class.

ST1M Change in lake � o I u m ** over revioue month (J.).

SURV density dependent surviv v i t v  per month.

TBIOM Total biomass (t > .

THRFSH Threshold biomass abovt whici. <e. . 'ty dependent 

effects dominate (t).

TMASS (N) Mean mass per fish ol age grot \ iN', .*)

TV I KLlJ Realised vield per vear (t).

y i e l d (N) Realised yield of each age class pei r uLh (no.).

Terr,*- used or!',’ in CYPMoP

ANC.SF1 (N) 

MONTH 

W ATI. IV

Mas . ol ago class N (t >.

Month, January ■ I to December ■ 12.

Iake volume as percentage of full supply.



Terms used only in CLAMOD

ANGSEL

AN O'TOT 

DAMI EV 

TIME

YMNTH

(N> Vulnerability to capture by angling according

mass.

Sum of ANfiSEI. for all sex and age classes.

Lake volume as percentage of full supply.

Months bet ••'«*?.-* spawning and end of model 

iteration year.

Month, January r 1 to December = I?.
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PROGRAM CVPMOD (CYF'DAT , WATLE V.  MI TC YP,  TAF'E2=
1CVPDAT , TAPE3 = WATLEV»TAPE 6 U I T C i P )

C THIS PROGRAM PREDICTS THE MONTHLY BIOMA S, BY AGE CLASSES, OF'
C C 'P R IN U S  CARP 10 IN HART Bfc E' ..POOR T DAM. THE INPUT DATA IS  IN
C TWO F I L E S .  THE F IRST CONSISTS OF FEMALE AND MALE NUMBERS AND
C MEAN SL PER AGE GROUP. THE SECOND CONTAINS MONTHLY DAM VOLUME r.
C WHICH CONTROL SPAWNING. GROWTH I S  COMPUTED FROM THE REGRESSION
C OF SL : INCREMENT.

DIMENSION 3 L N 0 S ( 1 0 , 4 ) . T M A SS t1 0 . 2 ) . B IOMS<1 0 ) , F I N C R ( 10) ,D INCR(  10)
1 , FMORT( 1 0 ) . V IE l  D < 1 0 , 2 ) , ANGSEL( 1 0 )

C *»**«■»»»<»«

C A T C H -2 50 .O
Q

DO 4 0 0  AA =1 . 1 0  
M0NTH=9 
BMONT H=9  
COMF'- 1 . 0

C THE THRESHOLD BIOMASS I S  CALCULATED WITH COMP AND SCALED TO
C PRODUCE THE OBSERVED 3 = 0 . 0 0 0 0 0 7 1 0  WHEN T B I0M =580  TONNES

T B I 0 M = 5 8 0 . 0
D E N S » 5 8 0 / ( 1 9 2 . 8 « ( 1 0 0 . 0 / 1 0 0 . 0 ) )
THRESH = D E N S / ( 1 0 * * ( A L 0 G 1 0 < ( 1 / 0 . 0 0 0 0 0 7 1 0 ) - 1 ) /COMP) )
ASURV=1 0 * *  <ALOG1 0 ( 0 . 9 4 ) / 1 2  >

C PRINT = 1 GIVES FULL M O N T H L Y  P R I N T  OUT. = 2 GIVES ANNUAL FIGURES
C ONI Y

FRINT = 2 
FREWAT = ?4

C THE CATCH INPUT IS  AN ESTIMATED ANNUAL Y IELD .
C AS THE STOCK IS  DYNAMIC THIS  WILL
C NO” RESULT IN A Y IELD EXACTLY EQUAL TO THE TARGET YIELD

FMORT( 1 ) =0
199  CONTINUE

READ ( 2 , 4 0 , E ND=299)  ( ( SL NOS( I , J ) . J = 1 . 4 ) , I - 1 ,  10)
40  FORMAT ( 4 F 1 0 . 0 )

2 9 9  CONTINUE
DO 6 0  J - 1 . 4  
B IO M S ( J ) = 0  

6 0  CONTINUE
DO 3 0 0  KK=1 , 2 0  
W; E ( 6 , 5 )  KK

5  F 1 !AT ( '  YEAR = ' ,  1 2 / )
ADMORT=0 
T YIEL D=0  
TMB10 = 0  
DO 1O J = 1 , 1 0

F IN C R ( .J )  = ( 2 9 . 6 7  ( SL No , ( J ,  2 ) « O. 50  ) ) /  12 
IF ( F I N C R ( J ) . L E . 0 )  F i NLR( J )=0  
DINC R ( J ) = ( 24 . 60  < SL Nl r , ( J , 4 ) « 0 . 43  ) > 1  2 
I F  ( D I N C R ( J ) . L E . O )  D IN C R ( .J )= 0

10 CONTINUE



FLAG*' 1
DO 2 0 0  K = 1 .12

READ ( 3 , 5 0 .E N D = 3 9 v )  WAT LEV
50  FORMAT ( F t O . O )

39? CONTINUE
IF  ( P R I N T . E Q . 1) THEN 
WRITE ( 6 . 1 1 )  MONTH

11 FORMAT < / / '  MONTH = ' . 1 2 )
WRITE ( 6 , 1 5 )

15 FOR M A T  ( B I O M A  IS Of AGI CLA 0 T( ? <1 NNI
END I F  
CLANG = 0 
DO 110  N = 1 , 1 0

SLNOS ( N , 2 ) =Sl  NOS ( N . 2 )  *F IM.  R( N)
SLNOS( N . 4 ) = ?L NOS ( N . 4 1 + D H .  >• ' N i 
T MASS ( N . 1 ) = 0 . O :7 *  ( [ M i  ( N , .  - 4)
TMASS< N. 2 )  ~ 0 .  0 3 7 #  < M  Ni i i N . « « 2 .  >4)

110 CONTINUE
IF  (TMASSt I »1 > .OE.  1 V O  THEN 

A = 1 
ELSE

A = 2
F MORT ( 1 ) =-0 

END IF
DO 12 L = A , 10 

A N O S E L  (L )*( (SL N O  (L» 1 )•!M A  <L . I > >♦< <1 N( (L» 3)*TM< L . 2))>

3 / 1 . 0 E 6  
CLANO*CLANO+ANi > E L < L )

12 CONTINUE
DO 13 M = A , 10

F MORT <M) = ( ( ( CAT L H/ 1 .  ) "AN . .EL < M ) /  CL A N f . ) •  1 . OE ) /  ( ( T MA . .( M. 1)
4 *  T MASS < M, 2 ) ) /  2 )

13 CONTINUE
DENS*TE)IOM/ ( 192 .  8MWAT L E V /  10<») )
THE 0+ SURVIVAL RATE I S  COMPUTED A U O R D IN o  I n  THE Pu IT IO N  OF 
TBIOM ON THF STOCK !0-» SURV CUR VI . 7HI HAFi OF T H I ‘ CUf .: 
DEPENDS ON THRE >H AND CHMP.
IF (B M O N T H .G E . l .A N D .  DMONTH.LE. 2> . HEN 

SURV = 1 /  ( 1 ♦ ( DEN /  T HR! .H ) * «i i IMF')
SLNOS( 1 . 1 >*SLN' iS ( 1 , 1 > * ( 10*  * ( AL i -11 > ( r.l IRV> /  : » )

IF (PMONTH.GT. 2 .  AND.7MA .( 1 , 1 >. L T . I S o )  THEN 
jL N O S ( 1 , 1 )  v SI  NO'  ( 1 , 1 )  .1.11,-V 

END IF
SLNOS ( 1 , 3 )  = SLNi fj. ( 1 . 1 )
MORTALITY I S  DEDU( 1 ED. F I ' ' .Ml N o  Mot TAL I I V  I - f I K  1 REMOVED  
AND TH, N NATURAL MoRTAl 1 1 /  AT A ' f 'N  I ANT R o U  OF 0 . 0 6  FOR  
l-t AN Li OLDER F I S H .
THE Y IELD Ft R AGE C IA  . FE R t < I ■ CoMIUTLD  
T B IO M = 0 .0 
DO 112  J  *  A , 10
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I F  ( FMORT( J ) . GE. ( SLNOS( J , 1 ) ♦ SLNOS( J» 3 )  ) )  F M U K T(J )=
9 < S L N O S ( J . 1 )+ S L N O S < J .3 ) )

SLNOS ( J ,  1 )= S l  NOS ( J , 1 > -  ( FMORT ( J )  /  ? )
SLNOS < J , 3 ) =SLNO' • < J . 3 ) - ( F M O R T <J > / 2 >
TV I E L D -T Y  I ELD* ( FMORT ( J ) « ( TMAGS ( J .  1 ) ♦ T MA . 3 ( .J, 2 ) )

3 ) / 2 . 0 E 0 6  
C NATURAL MORTALITY

APMORT =ADMORT+ ( ( SLNOS(J .  1 )« TMASS( J , 1 ) ) + ( SLNOS( J , 3 ) *TMASI ( J ,  2 )  
1 * ( 1 - A S U R V ) )
ADMORT=ADMORT/ 1 .  0EG6
S L N O S ( J . I> = S L N O  . ( J , 1 ) * ( ASURV)
SL NOS( J , 3 ) =SLNOS( J , 3 ) * ( ASURV)

112 CONTINUE
DO 111 1 1 = 1 , 1 0
BIOMS< I I > — ( SLN' .. ( 1 1 , 1 )  * TMASS ( 1 1 , 1 ) )  + ( SLNO , ( I I , 3 )  *TMASS( 1 1 , 2 ) )  
h IOMS ( I I ) =B IOM:. ( I T ) /  1 .  0E06  
TBIOM=TBIOM + BIOMS ( I I )

111 CONTINUE
IF  ( P R I N T . E O . 1) THEN
WRITE ( 6 , 1 3 0 )  ( S L N O S ( I , 2 ) , 1 = 1 , 1 0 )

130  FORMAT ( 1 X , 1 0 ( 1 X , F 6 . 2 ) )
WRITE ( 6 , 1 4 0 )  TBIOM 

140 FORMAT ( / '  TOTAL BIOMASS = ' . F 1 0 . 2 )
END I F
IF ( M O N T H .E O .10) THEN 
DO 150  1 = 1 , 4

DO 160  J - 9 , 1 , - 1  
S L N O S ( J + l , I ) =SLNOS( J . I )

160  CONTINUE
SI NOS( 1 , 1 )  = 0  

150 CONTINUE  
END I F
ST IM = WATLEV-PREWAT 

C RECRUITMENT TO THE 0+ CLASS IS  COMPUTED FROM THE SUM OF THE
C PRODUCTS OF MEAN FECUNDITY AND NUMBER OF FEMALES FOE EACH
C AOE CLASS

IF ( S T I M . 0 E . 5 . A N D . F L A G . E Q . 1) THIN  
DO 180 L L = 2 , 1 0
SL Nn ( t , 1 )=SL NOS( 1 , 1 ) + < SLNOS(LL,  1 ) * ( 0 .  4 5 *  ( SLNi r . (L L ,  2)

2 * * 3 . 5 o ) ) ) * 0 . 5
•L NOS < 1 , 3 )  SLNOS < 1 , 1 )

180  CONTINUE
SL NOS < 1 , 2 )  SLNOS ( 1 , 4 )  0 . 0  
FLAG=2  
BMONTH 0
IF  (MONTH.GE. 10)  Z 10 ( MONf H - 1 2 )
I F  ( M O N T H . I T . 10)  2 10 MONTH 
F IN C R ( 1 >*=27. 9 / Z 
D I N C R ( 1 ) “ 2 7 . 6 / Z  

END IF
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MONTH=MONTH+1 
PREWAT =WATLEV 
BMON T H=BMONT H +1 
IF  (M O N T H .E Q .13) MONTH 1 
IF  (BMONTH.EQ. 1?) BMONTH 1 
TMBIO=Tl*1BIO+TBIOM 

2 0 0  CONTINUE  
REWIND 3 
CLANO = 0 
TMBIO«TMB10 / 1 2 . 0

WRI TE ( 6 . 2 1 0 )  ADMORT. TVIEl . D .TM B IO  
2 1 0  FORMAT < / '  ANNUAL MORTALITY h  S. OLDER *  ' , F 3 . 0 , / '  TOTAL 

6 , '  ■ .F0.O»/. FOTAt BIOM A S *  ' .  F 
3 0 0  CONTINUE 

REWIND 2 
CATCH=CATCH+2S 

4 0 0  CONTINUE 
END 

END OF F I L E

Y I E L D , '
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PROGRAM CLAMOD < CLDAT 2 .  DAML E V . U I T C I  , TAPE2=
1CL DA I 2 ,  TAI f : DAMl ! V , I Af E6 ■ : I 11 I )

THI S  PROGRAM PREDD I ' - THE MONTHLY BI OMAS - .  BY AGE CLASSES. OF 
CLARI  A! G ARIEPINU 3  IN HARTBEESPGORT DAM. IMF INPUT DATA I S  IN  
TWO F I L E S .  THE F IR  I CON IS T S  0» I I m . F AND MAI F NUMB! R! • AND 
MEAN SL PER AGE GROUP. 1HL SECOND CONTAI N.  MONTHLY DAM VOLUMES 
WHICH CONTROL SPAWNING. GROWTH I S COMPUTED FROM THE REGRE ION 
OF SL : INCREMENT.
DI ME N'T. I ON SL NOS < 10.  4 > . T MA I. ( 1 0 , 2 ) .  BI  OM . < 10 ) . F I NCR ( 10) . DINC R ( 1 0 )

1 , FMORT < 1 0 . 2 ) . Y I F L 0 < 1 0 . ? ) . ANo. Lt  ( 1 0 . 2 )
# # * * * * * » » *

CATCH = 10 
##**»**<»#«

DO 4 0 0  A A - 1 . 1 0  
YMNTH = ‘5. 0 
T I M E = 12 
BMON TH=V 
COMF'= 1 . 0
THE THRESHOLD BIOMASS IS  C A L M  HATED WI TH COMP AND SCALED TO 
PRODUCE THE. OBSERVED S * 0 .  OOOOOl"^ WHF.N TB 1 0 M -2 9 0  TONNES 
T B I 0 M = 2 9 0 . 0
D E N S = 2 9 0 . 0 / ( 1 * 2 . 8 * ( 1 0 0 . 0 / 1 0 0 . 0 ) )
THRESH = D E N S / ( 1 0 * » < A L 0 G 1 0 ( ( I . 0 / 0 . 0 0 0 0 0 2 5 2 ) - 1 . 0 ) /COMP) )
ASURV=1 0 * • ( ALOG1 0 ( 0 . 9 1 ) / 1 2 .  0 )
PRINT = 1 GI VES FULL MONiHLY F'R I N T OUT. = 2 GI VES ANNUAl FIGURES  
ONL Y
PRINT = 2 
PREWAT 1 0 0 . 0
THE CATCH INPUT IS  AN ESTI MATED ANNUAL Y I ELD.
AS THE STOCK IS  DYNAMIC THI S  WILL
NOT RE .ULT IN A Y IELD f XAi 1L Y EQUAL TO THE TARGET YIELD 
F M O R T U .  I  > r< i , 2 )

1 * 9  CONTINUE
READ ( 2 , 4 0 , E N D  = 2V9)  ( ( SI NOS( I . J ) . J= 1 . 4 ) . I -  1 . 10 )

40  FORMAT ( 4 F 1 0 . 0 )
2 * *  CONTINUE

DO 60  .J= 1 . 4 
B I U M S ( J ) * 0  

6 0  r o n T IN' if
3 0 0  F F 1 , 2 0  

I TE ( 6 ,  r:>) FF
5  FORMAT ( / '  YEAR = , 1 2 )

ADMCiRT - 0  
TYI ELD*  0 
TMB10 = 0
F I N C R < 1 ) = 2 4 . 6 / T I MF  
DI  NCR ( 1 ) = 2 1 .  * /  T IM!
DO 10 J = 2 . 1 0

F I NC R ( J ) =■ ( 1 6 . 1 1 ( 1  M r  . ( i . 2 ) *< >. 21 > ) /  1 2 .  0  
IF <FINCR< J )  . LF . 0 )  F I N ' . R< J )  <»
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D I NCR ( J ) = ( 18 . 3 - v  (SLNO' ( J ,  4 ) * 0 .  1 9 )  ) / 1 2 . U  
I F  ( DI  NCR < J ) . L E . 0 )  D I N C R < J ) = 0

10 CONTINUE  
FLAG=-1
DO 2 0 0  K = 1 . 1 2
READ ( 3 , 5 0 , E N D - 3 9 9 )  DAMLEV

5 0  FORMAT ( F 1 0 . 0 )
3v<? CONTINUE

IF  ( P R I N T . E Q . 1)  TMLN 
WRI TE ( 6 , 1 1 )  YMNTH

11 FORMAT < / / '  M0N1H = ' , F 4 . 1 )
WRITE ( 6 . 1 5 )

15 FORMAT ( B I O M A S S  OF AGE CLASSE > 0 TO 9 (TONNES) ' )
ENDIF
THE 0+ SURVIVAL RATE IS COMPUTED Ai CORDIN'- TO T HE POO I T I  ON OF 
TBIOM ON THE STOCK: 0-*- SURV CURVE . r HE SHAF L OF THI S CURVE 
DEPENDS ON THRESH AND COMP.
D E N S « T B I O M / i 1 9 2 . 8 *  <DAMLEV/ 1 0 0 . 0 )  )
IF  ( b M O N T H .G E .1 . AND.DMONTH.LE. 3 )  THLN 

SURV = 1 . 0 / <  1 -M DENS/THRESH)**C0M P)
SLNOS ( 1 , 1 ) -Sl .NOS < 1 , 1 ) * (  10*  * ( ALuG 10 ( SURV ) / 3 .  0 ) )

ELSE
S L N O S ( 1 , 1 ) = S L N 0 S ( 1 . I ) * 0 . 9 9 2  

ENDIF
SLNOS( 1 . 3 )  = SLNOS( 1 , 1 )
DO 110 N = 1 . 1 0

S L N O S ( N ,2 ) *SLNOS( N . 2  >♦ E I N C R ( N )
SLNOS < N , 4 ) = SL NO'.. ( N . 4 ) + DI  NCR ( N )
TMASS ( N» 1 ) = 0 . 0 1 5 * ( S L N 0 S ( N , 2 > * « 2 . ^ 6 )
TMASS( N , 2 ) » 0 . 0 1 5 *  (SLNO ;. ( N , 4  ) * * 2 .  9 6 )

110 CONTINUE
MORTALITY IS  DEDUCTED. F IS H IN G  MORTALI TY I S  F IR' .T REMOVED 
AND THEN NATURAL MORTALITY AT A CONSTANT RATE OF 0 . 0> FOR 
1-*- AND OLDER F IS H .
ANGTOT = 0 . 0  
DO 25  1 * 1 , 1 0

ANGSEL ( 1 , 1 )  = 3 .  3* i* ( TMASS ( I , l ) » * 1 . 0 1 )
ANGSEL ( 1 , 2 )  *  3 .  3 r>* ( T MAC . ( I , 2 ) * * 1 . 0 1 )
ANGSEL ( 1 , 1 )=ANGSE L ( 1 , ?)  =ANO .EL ( 2 ,  1)  * AN' •' f I ( 2 ,  2 ) - 0  

-TOT = ANG T u T ♦ ANOSE 1 ( 1 , 1 )  «■ ANOSE L( I , 2 )  
u R T ( 1 , 1 ) *FMORT( I » 2 )  -0 

25  CONrINUE
THE Y I EL D PER AGE CL A . PER OEX I ' .  O.iMI U l t H  
DO 9 0  L = 1 0 , 2 . - 1

Y I E L I K L ,  1 ) -  ( CAU H* (ANG I I  (I  . 1 ) /  ANG TOT ) ) /  1 2 . 0  
Y I E L D < L » 2 )  = ( CATC H* ( ANf • f I (I , 2 ) /  A N M  OT ) ) /  1 2 .  0 

9 0  CONTINUE 
T B I 0 M = 0 . 0  
DO 112 J  = 1 0 , 2 , - 1
FMORT( J , 1 ) * F NORT ( J , 1 ) ♦ Y I E L D ( J . I > / ( T M A S S ( J , 1 ) / 1 . 0 E 0 6 )
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FMORT( J , 2 ) = FMORT( J . 2 ) +Y I  ELD( J , 2 ) / ( T MASS( J . 2 ) / 1 . 0E06)
I F <FMORT( J ,  1 ) . GT. SLNO ( J ,  1 ) ) THf N

FMORT <J - l . 1 ) =FMuRT( J-  1 . 1 )  + (FMORl ( J ,  1 ) - S L N O S ( J . 1>)
1 * ( T MASS( J , 1 ) / TMAS.. ( J 1 . 1 ! )

FMORT( J , 1 ) * S L N O S ( J . 1)
ELSE IF  < F M 0 R T ( J , 2 > . G T . S L N O S < J , 3 )  ) THEN

FMORT( J - l , 2 ) “ FMORT( J 1 . 2 > ♦ ( F M O R T ( J . 2 ) - SLNOS( J , 3 ) )
2 * ( TMASS( J . 2 ) / TMASS( J - 1 , 2 ) )

FMORT( J* 2> =SLNOS( J , 3 >
END IF
SLNOS( J ,  1 ) *SLNOS<J,  1 )-F MORT( J .  1 )
Si. NOS ( J . 3 ) -SLNOS ( J ,  3 ) - F  MORT ( J , 2 )
T Y I ELD=T YIEL. D+ ( (FMORT ( J .  1 ) * TMA . .( J .  \ ) ) ♦ ( FMORT ( J .  2 ) #TMA3S ( J , 2 

3 ) J / 1 . 0 E 0 6
NATURAL MORTALITY 

ADMOR T « ADMOR I + ( <SLN< i ( J .  1 ) * l f  A ■< J .  1 > ) ♦ ( SLNOs ( J .  3)  * TMASS ( J . 2 
1 # ( 1 - A S U R V ) )

SLNOS( J , 1 ) - S L N O S ( J . 1 ) * (ASURV)
SL NOS( J » 3 >=SLNOS( J , 3 ) » ; ASURV)
CONTINUE
ADMORT=ADMORT/1 . 0E0 6  
DO 111 1 1 = 1 . 1 0
BI OMS( I I ) = ( SLNOS( 1 1 , 1 ) « TMASS( I I . 1 ) ) ♦ < SLNOS< I I . 3 ) *TMASS(  I I . 2 )  
BI OMS( I I ) = BI OMS( I I ) / 1 . 0E06  
T B10M= T BIOM♦ BIOMS( I I )
CONTINUE
IF ( P R I N T . E G . 1) THEN
WRITE ( 6 , 1 3 0 )  (BI OM ( I ) , 1 = 1 . 1 0 )
FORMAT ( I X . 1 0 < I X , F 6 . 2 ) )
WRITE ( 6 . 1 4 0 )  TBIOM
FORMAT ( / '  TOTAL BIOMASS = ' , F 1 0 . 2 >
END IF
I F <YMNTH. EQ. 1 0 . 0 )  THEN 
DO 150 1 * 1 , 4

DO 160 J = 9 , 1 , - 1  
S L N O S (J M  , I ) *  SLNOS ( J ,  I )
CONTINUE 
SLNOS( 1 , 1 )  *  0 

'NT I NUE 
11F

I M = DAML F.V-PRE WAT 
RECRUITMENT T'i THf C I AS", I S  i OMFUTI D FROM THf SUM Of THE 
PRODUCTS OF MIAN FL Ut NDI T Y  AND NUMBER OF FEMALES FOR EACH 
AOE CL A S
IF (ST IM.OF . 5 .  AND. F LAO.  F O. 1 ) THI N  

DO 1 SO LL = 3,  10
SLNC ( 1, 1 >«=SLNO ( 1 . 1 ) f  (SLNO ( L L ,  1 )« ( ( 0 .  17 *S lN i  IS < Ll , 2 )
* « 3 . 3 0 ))*0.5)

SL N0' .< 1 , 3)=SLNi iS ( 1 , 1 )
CONTINUE

V

)



SI NOS ( 1 , 2 > = S l  NOS£ 1 . 4 )  ^ 0 . 0
F L A G ® 2

BM0NTH=0
IF  (YMNTH.GE. 10.  C) T I ‘1E = ( ( 1 2 .  O-YMNTH ) ♦ 10.  0 )  
I F  (YMNTH.L T . 9 . 0 > TIM? = ( 1 0 . O-YMNTH)
IF ( YMNTH.EQ.9.0) T 1 ME - 12 

END I F
YMNTH ; YMTJT H ♦ 1 
PREWAT»DAMl E V 
BMONTH -E MONTH* 1 
IF  ( Y M N T H . E C . 1 3 . 0 )  YMNTH-1 . 0  
IF  ( BMONTH. EG. 13)  E-MONTH 1 
TMB 10= TMB10+ T E< 11 M 

2 00  CONTINME 
FEW I ND 3 
TMBIO=TMB1 0 / 1 2 . 0  
WRITE ( 6 , 2 1 0 )  T r I E L D , T M D I O  

210  FORMAT ( '  TOT At Y I E L D . ' '
6.' = ' ,F3. 0 » ' T O T A L  B I O M A S S  = ',F8.0,>

3 00  CONTINUE  
REWIND 2 
CATCH=CATCH+5 

400  CONTINUE 
END 

END OF F I L E



AP’1 i ni'1 ! x e'. r n . T i - s r i  ( 1 1  s PK<'!>rr: modk;. t t )

(a ) Terms used in MI'ITI

For variables (>., On and Sn, n ■ 1 - U where

1 - 0. noeeanbicuG

2 * C. carpzx

3 * C, gavicpinue 

u - predator

Term Definition

Cn Realised annual catch of species n (t)

D1 Weighted sun of previous five years’ winter

mortalitv factor

H Surface area of the lake (ha)

On Running total of realised annual catches of

species n (t)

F Mt’an lake total phosphorus concentration

(u*.r»)

PI Mean lake pH

Sn Potential annual yield of species n (t)

T Total annual yield incorporating influence

of a predator

W(K) Winter mortality factor on a scale of I to 4

for K previous years where K * 1 - S

Y Total annual yield predicted from phosphorus

concent rat 1 on.
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APPF.NDIX 5. MULTI-SPECIES PROr'CTION MODEL (fflTl.Tt)

Tories used In Ml'I.TI

For variables Cn, On and Sn, n * I - 4 where

C. rnceearibiaue 

C. car]'ic

..

predate }•

Term Definition

Cn

D1

H

On

PI

Sn

T

W (K.)

Real1sed annual catch of species n (t)

Woiphted -ui! oi previoir five years' winter 

mortality factor

Surlace area of the lake (ha)

Runnlne total of realised annual catches of 

species n (t)

Mi an lake to*.;! phosphorus :oncent rat ion

(vR.ri)

Mean 1 aV«. pH

Potential annual yield of species n (t)

Total annual yield incorporating influence 

of a predator

Winter mortality factor on a scale of 1 to 4 

lor K previous years where K ■ 1 - 5

Total annual yield predicted from phosphorus 

concent rat 1 on.

(



10 PR INT " MULT I ,  A MODEL TO FRLDI CT YI L I  I • OF DI F FERENT"
20 PRI NT "SPECIES IN A SuiJIHE.KN A F R I l AN H10HVELD INPOUNDMENT"
40 DIM WC?)
41 LET 0 1 = 0
42 LET 0 2 = 0
4 3 LET 0 3 -C
45 PRINT "ENTER TOTAl PHO F'HORLI CONCENTRATION U O /L"
50  INPUT P
60  PRINT "ENTER SURFACE AREA OF LAf L  HA"
70 INPUT H
SO LET Y * 2 6 . 0 * (  1 0 * « ( ( L O T ( p ) - L O T ( 1 . V , ) ) / O . 9 2 )  ) « * 0 . 60  
90  LET Y = ( 10*  « ( - 6 . 0 + ( 2 . 0 * L 0 T < Y ) ) ) ) « ( H * 1 . 0 E 0 4 ) *  1 0 . 0  
100 LET Y = Y / 1 . OE0 6  
1 10 LET P I  = 7. 71 + 0 . O '1 ’ * F'
120 IF F’ K S . 5  THEN 140  
125 IF F i l l .  0 THEN 15<» >
130 OOTO 2 0 0
140 PRINT " I .  THERE A P R E I m Ti RY F I  H I N THE SYSTEM-?"
150 PRINT "YE 1, N U - 2"
160 INPUT Y 1
170 IF  Y 1=2 THEN 2 00
ISO LET $4  = 0 .  O' >
200  PRINT "DO YOU WI H TO REMOVE OREOCHRUMI Y = 1 , N = 2 "
210  INPUT VI
2 20  IF  Y 1 — 1 THEN 3C»0
240  RINT "DOE • THE WATER TEMFERA7 R[ FALt BELOW 14 DEG Y » 1 ,N » 2 "
2 50  INPUT Y2
260  IF Y2=1 THEN 2«0
270  LET 3 1 = 0 . 5 3
280  OOTO 310
2 90  LET S I * 0 . 5 3
2 9 5  LET F l = l
2^7 GOTO 3 1 0
3 00  3 1 = 0 . 0
310 PRINT " D O  YULI WI ~ H TO RE MOV! CYFRINUS"* Y - l . N - 2 "
320  INPUT Y3
330  IF Y3 = I THEN LET 3 . = 0 . 0  
340 IF Y3 = 2 THEN LET 32  ' . 44
3 50  PRINT "Dm YOU WISH TO f f r iVE ' I AFv IA • ' Y : 1 ,N  2"
355  If Y 4
3 6 0  If . -1  THE N I E T 3 3 = 0 . 0
3 7 0  IF if W I N IE R MORTAL M Y  OCMIfv . ,  T HE ANNUAL Y K I D  Of- ORE ' " HROM13 
445  REM I . RANI 'UM ANLi THE Pf<ui«RAM l Al L THE RANDuH FUNCTION



447 IF F 1 = 1 THEN 460

4 50  GOTO 6 0 0
4 6 0  FOR 1=1 TO 5
470 LET U (I ) = I N T (4 « R N D ( - 1 M  1 )

4 3 0  NEXT I 
4 90  LET D 1=0  
5 0 0  GOTO 1000  
6 0 0  FOR 1=1 TO 2 0  
6 2 0  IF F 1=1 THEN 1100  
6 2 5  LET C 1= 31
6 3 0  LET C 2 = S 2 + ( S 1 - C 1 ) * < S 2 / ( S 2 + 3 3 ) )
6 4 0  LET C 3 = S 3 + ( S 1 C 1 ) * ( 3 3 / ( 3 2 + 3 3 ) )
6 4 5  PRI NT "YEAR "5 I
650  PRINT "TOTAL YI ELD ( T + S 4 )
6 5 5  PRI NT "PREDATOR YI ELD ="? C4 
6 6 0  PRI NT "GkEOCHROMIS YI ELD = " :  Cl  
6 70  PRINT "CYF'R I Nl 3 Y I ELD =" ;  C2 
630  PRI NT "CLARI A3 YI ELD =" ;  C3 
6 3 5  PRI NT "
696  0 1 = 0 1 + C 1 
6 37  0 2 = 0 2 + C 2  
683  0 3 = 0 3 + C 3
6 90  NEXT I
691 LET 0 1 = 0 1 / 2 0
692  PRINT 01
693  LET 0 2 = 0 2 / 2 0
694  PRINT 0 2  
6 ° 5  L F ’  0 3 * 0 3 / 2 0  
6 9 6  PRI NT 03
700  GOTO 15 <"
1000 FOR K = 1 TO 5 
1010 LET D1=D1+ W( K )
1020 NEXT K 
1040 GOTO 6 0 0
1 100 Dl  = ( W< 1 ) * 0 .  5 )+W< 2> +W( 3 ) ♦ ( W( 4 ) « 0 .  5 ) -MU< 5 ) * 0 .  ° 5 )
1105 LET C i * ( 3 1 - K  ( S I / 9 . 7 5 ) * J . 2 5 ) ) - < D l * 8 1 / 9 . 7 5 )
1107 IF  C K O .  0 THEN LET C 1 = 0 . 0  
1110 FOR L=5  TO 2 STEP -1  
1 120 L F T W ( L ) = W ( L - 1  >
1 1 30 f 1 T I.
1 150 W ( 1 ) -  I NT ( 4*RND( 1 > -* 1 )
I 160 1 1J 
1 170 F OR n 1 TO 5 
1 180 D1=D1♦W( M)
1 190 NFXT 
1200 GO Ti l 6 3 0
1500 PRINT "THL PH OF THF WATER I . Api'VF 1 1 . 0 .  CL ARI AS MAY SURVIVE  
1510 PRI NT "bUF THE OT HI R M L '  IF U'il l;Ji f 'RoKADLY DI E OUT."
1530 END 
END OF F I LF
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Append ix Sc. l'xamples of tie use o ! K’'! .T T r q demonstrate input 

requit i<! and int>i,.ction hetw>c:i t he m ' V 1 .tnd the 

user. Output from the f irst yc,-;: is also shown.

A « run w i t h  S00 i-g. i * p h o s p h o r u s .  !■ - run with 

100 ,.>■.< p h o s p h o r u s  .it w h i ch the pH is low e n o-.u’h 

I ci s urvfv,-'' (■' the pretint or .

A. Mt'LTI , a model to predict yield r f  different species in a 

southern African highveld impoundment.

Enter total phosphorus- concentratior ,;r, l *

? 500

Enter surface are. of lake ha 

? 2000

Do you wish to remove . v * 1, n - 2

Does the water temperature : 1 1 tilow 1 • v - 1, n = J 

? 1

Do you wish to remove * y ! , r. - 2

>> i

Do you wish to rem. ve . y • 1 , n * 2

? 2

year 1

Tot i1. yield - *

Predator vie Id *

>•< ...vie Id ■ I Jt>. f»41

" '■ :«.• yield - -.AO. 681 

vi»-•! ?2. 7 7 T7
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