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(iv)

This thesis examine* the population dynarrirs of the major spei ie? of fish ii 

Hartbeespoort Pan and uses .1 modelling approach ti det* rmine the potential 

long t e n  yield fror the lake.

Nv.

The ir.n lor fish species we re ident i * :ei as •». •• *• . "

oavvio and • I < tribut i . . and

ir. the lake w.i examined and ‘borelim gradient found to he the 

8M i factoi 1 • ■ .. .. • . ■ ■ t ; ■ ' mdanci at lifferent t< . 1 • 

standing stocks of . • and . : '» were determined b\ r.ark

and recapture methods and that . *.•••• ! I.es lie's method of the rela­

tionship between fis'ing sue ess an cat.' already taken. The . ” r. *Uf*

standing stork varied f ror L' 3 t in . 4S. t» 5? 1 t in I 98 3 through variable 

;ounc of the year winter mortality. ir.lv one reliable estimate of biotna.ee 

was made fcr » 1. of tlit other two spt ies- , t ft r . : \Ui’ and 580 t

.or . • ' . Litti r.-.1 poisoning was a'.* tir ertaker tc investigate abund­

ance of fry an.1 der. nstratvd the domlr < ••• mass (■: the three ra; or species. 

Standing s to -k was t j gh in relit • to other water bodies and this was 

ascri’ed to the hypertrophic 1 lolitions.

Growth rates were invest ig.ted using >-.rc v  r ings or. ha-d structures and v. 

Bertalanf fv ••urve-- fitted t th« observe;! !ata. The a? ympvot ic 'engths of 

male and female . r r. : • «.• were and 30.0 cm. for . were 5~.6

and **>.' cm and for :;/* • : were °?.3 and 79,0 cm respectively. The

growth of '. ’ , ’ in the first vear wa- considerably faster than in the 

other two species and it reached a ra' of over b"t g at one year old.

. n p.-srti ' • female v. re found t • reach sexual maturity in their f irst 

year the early part of the study but only in their second year in lQ83/84. 

the [ liable reason for the dela\ed onset of maturity was higher density of 

fish. . ”■ ••• :r.! ’• ir spawned f ror late September to M a r c h /April. The other 

two species were found to spawn in summer at the first floods and . •cut:. 

females to reach sexual maturity at one vear old and . . M r  Kur only after 

two years.

total adult mortal t y r tes were measured by changes in abundance with time 

for . n .v ;r} ' ‘hr and • :r: and 1 rom length frequenclc lor . jar: rr-'nns. 

Fishing mortality uis calculated from the estimated angler catches and the



standing stock estimates for each species,and . • accounted for 65% of

the total catch. the vulnerabil ity to capture <>f . : ’>'<.• was found to

increase in proportion to mass. Natural mortality was determined from total 

and fishinc mortality, from rtf equation - F + V. Density dependent 

mortality in voung ot the year . " was demonstrated and winter

mortality el young of the year . .... was :. und to have a major

impact on yield of t h« spec u s .  Yotjng t the ear mortality could only be 

determined for the other two pe» ies *>v u u** .es 1 i m a t r l r e s  ami the poten­

tial errors of this method tr.* dls. u • • ed. lowest survival of ,ung of the 

'-ear was found in . .* ‘ut results from the yield del suggested

survival was undevest lmate.; Jo) this sp»< l*-s. I'he .eed for incorporation ot 

density dependent •:» ini si In flsl el was demonstrated.

Variabilit- n ‘uve; tie rtality rates, age it t iturity and growth occurred 

In . ~ *:.,• ver the ti.dv peri ‘ J it w •• suggested that variability

could occur in al 1 p.tr . r stud : <■.? r or the three species. This inconstancy 

of important j urar.eters vterm.ini r- : ish vield < tronst rated the short-comings 

cl most fish 1 U~\ : lei*-, ! er.ph.i 1st i the eed t. r ldent i fying environ­

mental and M - l o g l  \l parameter* w v l.:h :r 1 production and hence yield in 

p. pulat ior.s .

Mechanise it < 1ngl»* sj- i. s tr. del were ■■ •'in ted tor the three species and 

used to determine prtrr.t : il l-*ng t« rr ! e 1. !t. i. tod yields for the three 

pec 1< w e n  t]-y (•', ■ t . y 'ci'Vc and 25 t . y *

< . • ’•'*. ' w h ! •}: i»; lav ir ak,v with pro.' u  t ions made from other

models. However, In view . r * he ter m.ttated imp... t if environmental ar.i 

biologica. variability on prod!, ttons, particularly t r , ~ 

caution wa* expressed re.trdlng u r . r : r. leal .u . ept in.e o* the predictions for 

management.

/ s le, multi-spr Ic; t-odel , In.otp ratine env 1 ronmenta 1 Influence* was 

constructed 1 ut was I i t <>d hv the tl tfine of quantitative information on 

species competition and ta.t.r regulating lish community compos 11ion. !t is 

seen as a lirst step In building a . ..r.pt •lensive yield model for outhern 

African fish communities.
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P K 1 F A ( 1

This study formed pat. t H a r t h o e ?  j > rt Dan i ■ • ■ * cr ‘ f> - undertaken ny 

the National Inst itute lor Wat.! I . .. • 1., uni i 1 :. : let-.t if ic and Indust­

rial Research, Pretoria. Tht . ii : tIn v« t e- M  u v w -r* t<• invest igate 

and model nut i lent eve lit:. wlti.lt hvpottr phi I irtiii p rt ham, with a view 

to evaluating met ho.: •■ o! tedui . :■» the 1< > . t • vmpt n f rut rophi cat Ion in 

the ’.ike. Tiu- aim of the pi . • . t wl this thi ■ • n part, wa to 

provide data or. the • i.’i ar. . ; t t 1 * the tr. : ! : }v 1 e*- in the lake 

. r d a r t o  assist i ntil the l > f I 1 n nutrient .....

Throughout the stud I rec< • ragmenl . I . butter,

the Hi . . . "  . , ‘ . : Prof, B,£. Walker,

t ent re f or He* ■■it - • . . 1 r . K . . ►• t • , ■ j t . ■ ! ! . t. r , hcth of the 

I’nlversi tv ’f thi Witvater- :.o . *•:••• v .1 . r.ot h.o e * een p. ssi* ie

without the dedio t« a • ;st.«: . M r H« < ■ • > « r - 1 u I y ll*V- - December

198*. and Mr M ; ke h i’. U  **»; t«..ei . - -ane ! • the r ic'd and lat ra-

t -rv. The-, provi.:. real . . ■: i f  • 1e n an.: preparation

: pies, bm uremen 11 . t • ture, Ht i I > t ■ t

also made p r.a t  c.t. tr;' it 1 • t r \ *. • , : th« t ••is. v r Trevor Fenn and 

. ii thci eagui - thi i ■ • 1st in th« fi<

(•roteful than!' ir. due t. ' ? >r t ••; ; ng the final drafts of

t he t he s !«■.,

the Division -.f Natun- ...r- .<! Ir lal Admin! ft rat ion we re

extremely c -op* rat i-.« at. : j r • 1 ' n.i 1 laht \ • no nets f o r  the mark

.rid r» apture exercise .os,-' • , r • • t - • • : - Marthei p. ort Par. Vv

thank are due t.. the f l f t . 1-, tear  1 t t ■ • 1 • chr.-rful and  hard work and to 

Mr. A..T, Malan, Low • * • • . ■ ■ t at ion f me with t he

m o n t  angling return:.

I am also grateful t m\ . 1 leagues .it the N'lWF at 1 1 rot . J. Field of the 

University of Cape Town, Pro* . i-r eon . l tin- Vnlver •• 11 v ol Natal and

Dr H. Wlechers of the Water I. .at h i o n  !• • ion f t tin it stinul. t1ng discus­

sion and criticism throughout the • Mid- , Dt . latti. Nat ional Research 

Institute for the Mathem.it ; a! • ion. •• , i II sugg> tod and .ifsisted with the 

discriminant analyst; of length I reijuenc 1 os .
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P R I F A r F.
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the National lost itute 1 or Wat« t !-1 'Mr !. . unr i 1 : : < lent If ic and Indust­

rial Research, Pretoria. Tl.« .. . :• > •: t i.« vs ten ' • ■. • w e n  t■ invest ig it< 

and model nutrient cyelin. within hvprir’cphi Hartbce p m  r t Ian, with a view 

to evaluating met tun!.*. «•: redin in. the 'em t ■ v.vpt t: o* out ’ phi cat ion in 

the lake. ' • f thi • • Is i forms i pa r t » was t 

provide data on the 1; « a* ! pr .h i - * t h< . r I i • pet le- in the 1 .► e 

in order to assist in quart i t vinp t « t> .» ! : t lr nut r let t cycling.

Throughout the stuc- I re efvi i\ i < .,i . e •ura^i r« nt ‘ r tr It P.M. Chut ter, 

the H e a d , Lin n , N1V • n ■ F'rof. B. E. V k e r ,

Centre for Re« ur. >. Eool and r. F. . ,:er- , bept . f B t a n y , both of the 

University -f the • ? twater* . . Tl < * v ; m  t have been possible 

without the dedicated a i star «• ‘ Mrs »•» • r « herbst ( ■" 19P3 - T'ei ember 

19B4) and Mr V;ke hills t .— ‘•er ' ■ - uiu . * i r the M e  ' i. and labora-

• • . : ■ • . • • i ■ ■ ■ prepai

of samples, me • uireten* s : e., v  t a - 1' .-'at.. . apfure. Mrs Herbst

also made e r.a >r cor.tr il uti • t t , ‘ tht t: e ! s . Mr revor Fenn ar.d 

several ot! c r cotlea.-m ! : - t !■• ’■ - 1 : r v: . ■ « i st at i 1 r. the field. 

Grateful than! - are due t • "r • . Phvilt ' ! or tvpitv the final drafts of 

the thes1s .

the I' . n t Natur*- • 1 . , I x r .•! Pr. vi: ial Administration uvrt-

extremely -nper t .•< and j: ' ! it'd M  na 1 labour and nets for the mark
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thanks are d a  ( the fishl’ t ear ' ? t he 1 r chf. rfnl and hard w. rk and to 

Mr. A. '. • . . - • ■ ■ . . . . .  g me with thi

mont angling return: .
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1

C.FNFRAi INTKPIU'CTION

Comprehensive management oi a fishery require* a know it lie nf the fecundity, 

recruitment, mortal itv, age structure ind growth rate*, of the exploited fish 

species (Rvder, 1 9' ,*• 't. The trad it ional appr» .»< h ha* been t •• consider tie 

target apt'K ies in is< latlon f r r it; envlri nment and f r--r other spe< ies, and 

the production of the spet ies ha*- beer regarded a;- a iuncti< t> < f it* inherent 

biological .haracteristics (Gulland, 19’H'. hurt hern ri , the assumption of a 

steady state situation i* a feature . ; n -t net hi ••’* of analysing fish <tr ks 

(Regier & Henderson, 1973; Gulland, 19‘>  ' . this appro,uh has frequently 

failed because * the variability ■ ■:' the environment iRvder, 19T8) and the 

fact that pararetcr: considered eonsta: t , such a- natural mortalitv, are in 

fact variables in: luenced 1 • -ist in,- p: • sure, st V 'ire and environment. 

That i! . the stocV 1 part of a c o m p l o  and dynamic -vstem and cannot be 

managed in isolation from It (Ryder , : . , ! 9) i),

Hartbeespoort Par is an artificial impoundment -ccurrink near the urban 

Pretorla-.Job.annesburg-Vi twatersrar . «. emplex. As a result of its accessibil­

ity t. the resident* f thi* r rea it la a verv popular angling resort (Hof- 

m.e;r, 1978), Nevertheless the fish community is largely unmanaged and very 

little was kn wr about the cor.positi r. aru! standing c rop of the community or 

the impact of fishir., t  st >ck . This studv attempted tc describe tin nature 

and distribution of the fish . ■ • :, • • . t g ipproach, to

assess potential yield of the more imp rtant fish species and the currer.t 

extent f expl< itation. TVt >tudv presented an opportunity for a detailed 

survev of a relatively small ano essentially closed system and hf're the 

population dynamics ol the- target *;•> ies were examined and described in as 

m m  tail rf was pos ibie, and r nmpar.it i vc 1 v sophist icat ed models of each 

popi. ! ion were constructed. However, It was recognised that In southern 

Africa, and in much of the devt oping world, there is a need for rapid, 

first-order estimates of potential yield. Therefore a further aim was to use 

relevant knowledge, gained In the in-depth tudv, to construct an empirically 

based multi-species model for wider application in the management of fresh­

water fisheries.

1‘any models eyist for the prediction of fish yield. A widely applied, 

comprehensive model is that of Beverton and Holt, whl h was developed for a
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1 ish population under unusually stable ro.itlit ions, and li.r subsequently been 

found t< be Inadequate foi most exploitivi situation! ( ull - 1. 19 f . 

Models such as the hevert on and Holt model, despite their complexity, are 

frequently incapable of accurate prediction under varying conditions and 

their use requires detailed information t the biology of the specie? which 

is usually unavailable tot fisheries in developing countries. The develop­

ments in method^ of prediction * ti-herie- yield hav< therefore tended to 

follow two distinc t directions. The f irst has been aimec at developing 

comp rehens iv< , accurati r.odelf- whiet sat is! * t he management requirements of 

intensive, established fisheries, while t ht sect nd has been directed at 

developing rapid, inexpensive mean.* t ’ at riving at f i r s t  est miites of yield 

for nev or developing fisheries. The second o.pproach attempts tf compromise 

between accuracy and the need t t  rapid results and, while the initial 

estimates may onlv b» accurate within orders o‘ magnitude, they can subse­

quent lv be ret ined by feedback fror the fisheries themselves (Ryder, 19",P).

Most -f the omprel.ens ive mode ■ h.ivt beet ! a? ed on t1 e r < el of bevertor. and 

Lt : ■ • 1 e f er (Tavlo r , 1981). At tent ion he*

alsc beer given t. th» relations) ip between stock anc recruitment (f-ulland, 

i(,'f as recruitment provides the major source of variability in production 

of fish stocks (Si* ertwine, Sto. k : recruit relationships have been

formulated by Bevertor and H. It, and. Kicker (Ricker, lb "S) and a single 

re 1 at i nship ire. rp rat in.• the char.' ter i st ics ' these two has been developed 

bv Shepherd < 1 96. . b wever, the value t such relationships is limited, as 

the t r m  relationship will be trod, i t' led by environmental variability (Culland, 

19’f . the nx i 11 f v to mar- ige even est a! M s v e d  fisheries, w h e n  there are a 

lot of historical fi her le dat.i m d  wh i • have been the subjects of extensive 

study, is thu^ limited by the complexltv if the systems and limitations in 

the available .nodel*;.

In eloping nations and in new fisheries there is frequently a lack of 

bi' ical and catch:effort data, and a number of techniques have been 

developed for ra| id assessment of potential yield. These Include:

the r.orphoedaph i i 1 tide >;. This w.o first developed by Ryder (1%?>) 

but a model particularly for tropical African lakes was produced b\ 

Henderson I, Welcomme (Fvder, 1 9 > >  ,md an improved relationship for 

southern African impoundments was. described by Marshall (in press).
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the morphoedaphic index (MET) 1* described as:

MEI = CONDUCTIVITY (umhos.em“l)/MEAN DEPTH (m) (Coulter,

197?),

An empirical relationship Is d e c r i b e d  between the mnrphoedaphic 

index and actual vield let existing fisherie- which can then be used 

to ptedict potential vield ’.r unexploi tec nr unmanaped systems.

It has beer, .trailed that condu tlvlty or t ■ - * . * I dissolved solids will 

bt proport ;onal to th* 1 io.it ing o ; rents in a system, e,p. (arbon

• • torus, ■ ■ lept relati t the extent of the *eupho-

t 1, - 1 : t t. i a 1 1 area .*•: d sh.'re’ine dev,-! ■ < • t . Therefore, the KIT Ir 

fact incort rates manv interrelat!• - nshipf ! the system which will 

influence fish yield, ard it? relationship with f ish yield is more 

than i-:ental kvder , * . A p; • leo. wit! morphoedaphic

index is that a n  'ationship w . . ; only h id when all cases in the 

•at a set have I-liar character: st K  . such ac geological and climatic 

type Kvder * - 1 (19’ a suggested that cons ̂ e r a -

ble error right be intt> duced irt predictions based on the MEI in 

cultural!-, eutr.-ohi la* es and ever 1 r. natural systems through 

geocherica1 variability.

ther ;-r -.:u t i : i t ! i e- . in.; ..r re 1 at i^’ish ; ps have been described

1 etweer p»-r ential f i • h vield and ther predictors. Hanson h Leggett 

de>• rihed a serie* of relatii'r,ships for a range of environ­

ment It .. . t thei . phosphorus as a predictor. 

M e’, a 1.1 l1' ') esta> 1ished a relat lonship between primary production 

.itii. yield 5< r i number • ‘ African and Indian lakes. The same parame­

ter* were u ed hv g l e  ' • >' 1 9 ’ ?n) to develop a similar relationship 

and have b e e n  used f< r vield predi. t ion in tish ponds bv 1 tang ■ t . 

(i'*M>. f r imarv prodin tior in a given system will generally 

determine secondar* pr duct Ion and primary production will reflect 

mar.v of the < t ».tint * , such a ; t empe t at tire , mean depth and nutrient

■ tiont on overal1 system production glesby. 1977a and 1977b). 

Tin if fore, thi; relation hij should be moie accurate than some of the 

le s direct relationship' , such as the mnrphoedaphic index. The 

trajer limitation in iim oi primat'. production as a yield predictor is 

that accurate estir.ates o{ primary production are less common than 

morphot aphic data (Oglesby, 197 7a).
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Particle si?e hypothes i s . This wan first put forward by Sheldon et 

u'. and a theoretical explanation ol the hypothesis wap

proposed bv Kerr (ltJ74). The theory state' that when particles are 

grouped in order ol magnitude categorie> or the has!' oi size, there 

is an approximately equal concentration oi material in all categories 

The theorv was developed for simple food chains in pelagic systems 

but was used by Ryder (1V K) to determine fish biomass from the 

estimated zooplankter biomas- • in Nasser Reservoir, Igypt .

Catcii per ur.lt effort < t n -! ) m o n . t <t  ln^.. This method is commonly 

usi't' for assess tng potent tnl yield am! relie. mi the assumption that 

(TIT is proportional t» stc V abundarie i Rvder, 19 "8). It ha< been 

used tor ronitoring f ; sb >t >cks in < i»n :uru t ion with returns from 

existing - ■ fishcrii ryei lea, , Coulter, 19*';

Mai . , . & . ■ - . It permit

analysis of the behaviour ol a lish stock but relies, lor optimum 

uaefuln* . i rat< t retui ting 1 herles,

Tlie Gulianc! "i-del. This model is of t’ form:

Y - XMB (tiulland, 1 9?0>, 

where Y » long term vie Id,

!•: » the pi • rtli’n •: the stock available to the fishery,

usuallv taken as 0.4 - 0.:>,

M ■ natural mortalltv rate of urexplolted population,

and
P- E virgin biomass

The n • e 1 a< tuallv mimes tli.it, at t h e  s utainable yield, fishing 

mortal It; will be ippt xim.ttely e^ual to natural mortality b.it this 

•uggested equivalent • has been attacked on theoretical and empirical 

grounds (Franc 1t . 197 >: Dei i m > , The model has been used in

Lake Kariba (Marshall .' . . , ll»h.) and lake Tanganyika (Coulter, 

1977 i, 1981),



there are therefore a number of approachet to as - 1 ’ 'nr potential 

vie Id from a system. Comprehend ve mau.'i’er. require.1- detailed 

knowledge of the biological :har ac t er I st i c: nf tin tock, the inter­

relationships between t tie * r. 1- and ts environment and the response 

of the stock to exploitation. Such ini rr .it ion i- rarely available 

and is time consuming and costly to obtain. !n contrast, order of 

magnitude estimates art rt.ote easily am. quickly o'tained but are 

inadequate for c> trect management of an .nt ive fishery. In 

southern Africa attempts to manage inland ‘isheries have relied 

heavil> on the sirj ’,«» order of r.agnituoi appro,i -h e.g. Marshall • : 

H.-iJ; Coulter, 1“. ’).

Obj ec tIves

The air of this study wa tui-1 'd. The first stage vaF to develop 

. . U - | ■ ■ tor th< nant p< • ■ 11 : .r ,

incorporating the .-cntial a-pe. ts of the * 1 ; c gy of tht species and 

thi ->e inter.ict; n? witl tbe envii nment necessary for realistic yI »1 d 

prediction, The next step w.t- t utilise output : rotr the sinple-spe- 

ie<? t . ei- t bui'. . .. m l t i - s p f  - ruiel, incorporating community 

ret.j r. »• t« .• v rtant env i ronmer.t a r  ramete* . but requirir.p the 

minimum amount * data. Tl • appt a*.I t achieving these objectives 

was to:

(u be term:; • the *»pe ie* < ompositior. of the Hartbeespoort Pam 

oommuni t and ident . f v the ma;or • pecies in terms of current and 

p t er. t i a 1 v i e I d .

(b) be terrlne the d>tributi ■ ti t the maV't species wit! Ir the lake 

and fa f o r v :rfluen< inf their distribution.

bescrihe 11.• e«sential rates governing the population dynamic 

ot the me or specie' under existing harvesting conditions.

1m termine t! > urrent rate of harvest of the maior species and 

the impact ot t h < • exploitation on the fish populations.

(e) Cons t i  in t single species mode 1 > to simulate the population 

dynan.i rs of the specie1 under existing environmental conditions.



Construct a mul t i-s-pt-f le: i:. ■ 1 ur inp, output i rorr. the slnple 

■pt'tifs modi' ,’tul irf ir::..,r ion on tht role? of important environ- 

ir.en t a : paratco t e t ■ .

Kt'corr" o-v' u n.an.i, • t r.-t ; < r tht- : i • h i c.ource.
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CHAPTKR 2

DESCRIPTION Of THK STUDY ARK A

Hartbeespoor r Dam (JV'V«' S , '  l'F> is situated approximately 37 km west of 

Pretoria and 11 km south of Brits, the nearer t malor t< wn. It is also within

50 km oJ much of the .Johannesburg and Wltwatersrand .ire.i:-,,

The wall was completed In ll). J and dammed the r ille Kiver where it passes 

through the Magaliesberg Mountain raiut'. In 1 Vb'* the wall was raised by

2.4 m to so m (Scott * 11« Hie lake fi rmed by the damming of the

Crocodile Kiver has i volume, at : ■ j 11 Mip; lv, of 19..H x 10 n.' and covers an 

area of 2 000 ha . The rean and ma- depths o* the lake are 9. b m and

30 m respectively <Sc -tt * 1 '»>•

The lake is ted bv tw > malor : i • <* r svste-;- V 1 .  .'.I . These are the Croco- 

lile- . kel-H« - url ■ ind industrial land, feeding

into the lake is the r !lle River, and rhe Vagalies-Skeerpoort which 

drains rair.lv agricultural '.an1. The !am w.i rstructed originally as a 

source of irrigation water * r v  a  n  ire t*- lr the Brits magisterial 

district (Hofmevr, but urrertl- • sed • r irrigating approximately

131 k m 3 of iprlcultu ‘a1 Ian.!, a s  i sup; t water ' r rhe towrs of Brits and

rtant ( entri 11

The Impoundment Is classified .i - warn- a n 1 " T . T u t  K' and the annual turnover 

occurs In April (Scott ‘ ;iiB( . Water temperatures range from \

minimum of 9*C in winter < June July) t t maximum ■: .'hT in summer vDeeembei 

February), The hvj > 1 imni n 1 •• in • •• r ' i : r ••• t.her to April and up to

the volume • • • . i . tt .. • 8 '• •' •

phy -chemical iharai tori r! , o! the lake are summarised in Table 2.1.
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Ftp.. 2.1. HartVeespi i.rt . ,ir >t full iiji'v with tna ‘or Inflowing 

rivers a nf' * a m p  ling U t e s .  N u m e  r i c a 1 1 v late lied sites 

refer to routim iropllrr • l t e s  and alphabetically 

labelled areas to t.es used In r.irk and

rernj t ii 11> t*xe r<. l o • .



fable . 1. lake mean valnrs ■ »t t ho

ph V 'K  o-''Iut: 1 > .11 pa ramet <• t s In 

irt ■espoort Dam ifrom Scott 

1977').

• j

Parameter Mean

m g /f (except tor *)

NH3-I\ O . M

NU,-N 2.09

Total N 3.82

POw-P 0.41

Total P 0.64

pH* 8,15

< onduc 1 1 v j t v * . a S . m

Na 41.9

K 7. 34

128.7

6 4 . .

l l 8 g N . rt. 2. v and . <

tr estimated <J9* ire fr n. the r odi le-.Jukskei-Hennops 

rei; . •’ iHO). As i t esult the 1 al e Is hypertrophic and during

M  . . . . . (Mart. ■ Ir-■ , u iderwent a popula-

• in ex; , i rrsnl t of the eutrophic condlti t .s , T’ population

rt -her*' It it*r.i"islv impeded recrrat ion on th<* -e (Scott

. L.i • *nt 11 it was brougl t under control bv a e r 1 il spr v. .• a of a 

erbf i . b«mi< 1 1 spraying alt-; g t he shore 1 ine Is continued as (■»♦-«• *»nta- 

cive measure. ring I • ■ I, atai if (hi

1 1 ga •, Kutz , in excels of I 000 mr, Chi . C * o--. rr< I

9H . . "• •>• * • was the dominant a I g/< 1 species .. >i4

lunted for over' 90X oi the algal umt fton ember to Kay. .• ■

•T In.int ii- ugust .inti ••/.?* ’ p. during September anil 

ct b<r. ' rtm.'ir [ i duct: im in Hartheespoort Pam is currently light limited 

(Kobartf, I 984).

<• <-k- I- t. or t d i lived xv gen concent rat ions w is observed after 

tihei ■ te url i < gen ncentration Cel] frow 170X to 5* 73 

-atiration wing overturn. No fish kills were observed at this time

although M u  -h population w.is reported as being under stress (Robarts » •



al.j 1982). The historical occurrence of this phenomenon prior to 198’ is 

not known and It did not occur again during the study.

Seaman (1977) studied the zooplankton population and concluded that zoop.ank- 

ton production was detriius based and that the organisms did not utilize

ryatie. The dominant spe< iej were I iphn • ii spinat . pu lex and

cvclopoid copepods.

Prior to this study very little work had been done on the fish population 

the dam. Botha (1968) recordei

occurring in the dam while Searan (1977) reported

:'SKtr as forming tin hulk ot tin population. V eynhans (198 1 t ' 

t ' - exotic spec 11 rred

Hartbeespoort Das and collected th< following species from the Crocodile 

River, immediately below the dan wall.

Farr.i y Species

Gyprinidae B :rbu.- • .n.ju r Smith

b : } ur ' ;:ur Gunther

r I . <’ Boulenger

Poeci 1 Idae Ai . » Gunthet

Cichlidae r*< •nj\ ” :r:i ■.•u p (Peters)

h( r :a f i t  >; tn . ' i  Trewavas

! ecu 1 tr* k ’ -tbrut' philander (Weber)

’Die lake is a very important recreat ion- 1 centr. nd it h • h e m  rst im. t < 

t' * 691 000 visitor days per annun were- spent thi. it jn l^'fc. Of this tot i 

iiOO visitor days were spent for anglinj purposes and the anglers spent r 

estimated R 7 7 0 0 0  per annun (Hofmcyr, 1u Hi. ('adieu>: tlQ80'' estimated that 

-63 147 angling day were •pent .it Hart herspoort Dan: during the year 1°’

78. The reason for thi popularity oi Hartbeespoort Dam is it: proximitx to 

th<_ Pretoria-Johannesburg~Witwator • rand complex and the quality oi angling, t 

the dam (Hofmeyr, 1978).

Despite the Importance of the fish resource, very little is known about the 

nature and sire of the fish community or about the impact of angling on th< 

population. While all anglers in the transvaal, and hence at V rtbees.oort



Dam, are required to he licensed there ir no control kept over the number of 

anglers fishing the dai.. and litt’i attempt is made to manage the fish. Up 

v iti1 1QR2 the Nature Conservation Divif ion of the Transvaal Provincial 

Administration (PNC) stocked the dam with ; n ' r try, and surplus

v:»; ’ fry from the Hartheespoort lum Hatchery were released into the lake 

(F. van der Nerwe, DN(., pers. comp.). An on-goirg creel survey was institu­

ted by the DNC at a number of dams, including Hartheespoort, in 19fr. and this 

represents a first step towards successful management.

In an attempt to control the eutrophication in th< lake an effluent standard 

is being introduced, arid from August i % >  water users will have to comply 

with a maximun 1 mg. f 4 effluent st andard for a'. 1 water discharged into 

certain catchment areas, it. hiding that v • the Crocodile River. Predictions 

made by the Nation.-’ Institute • .<r Wate: Fesearch IN' Wk, 19fc'•) indicate that 

the standard will r«. • uit in a decrease i • s. luble reactive phosphorus concen­

tration ir Hartheesp< *’rt Dan: : r. r the urrent P.’ mg.* * to approximately

0. ! mg. f * . however, nutrient limitat; >n of th« phytoplankton will still 

rot occur auc there i - U e l v  tv !<>• ; 11 1 e haj.ge ’.r phy top i ankton production 

or specie* c -mpcsiticr . Nevertheless, the effluent standard is the first 

step in cor.tr- llirg nutrient enrichment and other control measures may be 

introduced, resulting in a de. line ir degree of eutrophicatIon. Cochrane 

( 1 9 ^  has show:-, that the grovtl of . - is being retarded, probably

as a result of the high pH r ’ ’ • dominance of the phytoplankton

community of Hartbee.p* >r. Dam, resulting from the high nutrient loads. The 

impact • f potential control measure: • r. this and other aspects of the fish 

community rust be considered 4 redicting future fish yield from the lake.

During the period oi thi study, the water level of the lake charged consider­

a t e  a a result of a .evere d: >ugbt. the percentage volume of the lake fell 

iron a peak of 1003 in 1981 to approximate l y 203 in 1983 ;Fig. A* a

re the three year differed ns1deraM% and the conditions In the three

se. are summarised below :

(a) 19B1/8.1 - greater than HO' full, submerged tar, t »: p. .»♦

... , emergent marginal vegetation around the iring- of the dam;

rooed ing water cool, falling from 78" to full.

A.s a result, there w . t  a complete absence of any submerged or 

emergent vegetation; and

1 ]
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(c) 1^83/84 - water level rislnp from 1: in October 1983 to 4 57 in 

January 1 '>84. fhi ;• resulted in � ar j*e area?- of terrestrial 

vepetat ion, !.,rpe: . u sp.,heirp flooded.

This vepetat Ion survive, and grew ir water up te approximate' •• 

two metre- <!eep, which meant that approximated 230 ha or ?0Z of 

the • a<e surf.it < ari'.i at full had »•« tab 11 shed aquatic

vepet.it if'n.

The impact of these <1 anwe- tht t ish cotnmunitv If uf.-.ed ir. thi relevant

chapters,



i'UL1.FCT 1 ON ANP 1MT1A1 UlAT^IN' T'lS!' : AKIM I S .

Following nr. initial survey of the n.iture and distribution of the fish 

popul.it ion in November, l̂ f I (Chapter •<) a programme of roui ine netting was 

initiated in January 198.1. Samples were <.•! lected with gill net and a seine 

net. rvo • gl net weri ed, i measuring 120 tr made up of

20 x . . tr panels ui '3, 9? and 1 It mn stretch mesh mul t if i la­

ment net .

Hamlev (1°7S) referred tc bia* in size selection of nets caused by the 

leading of fish from small t> larger mesh sires where they may be caught. In 

order to eliminate > th< different panels were not mounted in ordet

of uh Lie but wer« ri th< rdet . . . . n  esl

and a oni netr< m i  left between all panels. m  1982, e 20 in

panel of liC ncr sttet h mesh wat «dded t thi fleet and the panel order 

chanced to 3^, °3, 5‘ . U!', ~ 3, 45 and 118 nut. meshes. the prorl »m of gill 

net selectivity and it1 Influence or. Interpretation of ago group structure 

has been w i d e 'v discussed fHamlev, T r>1 . The impact of such selectivity 

would be considerably red'. >• ! bv the range of me si sires used in this study 

and it was therefore r^rcidered to have a negligible impact on the results.

Roth fleet were mounted at '' o f  their total length and one was mounted for 

bottom setting while the ther wa* mourted so that the top rope would hang 

! m below the surface o! the .iter. The latter arrangement was designed to 

minimise the chance : dan.age to the nets bv beats, which were used extensive­

ly for recreation <r the Jam. The nets were set for i.5* b during daylight,

1 rotr approximate iv 1 <-hOf t ]£bV>. This was found to be adequate to collect 

lari umbers 1 . • *. in summer , and large catches and the resulting

ent emert of net frequent ]• rendered panels ineffective by the end of

4.5 h. Catches of '. > were erratic and . ' were rarely

caught in the gill nets.



From November 19HI to November 198? sample' were collected monthly, and 

thereat ter, every second montl until April 1 H 4. In November and December 

1981 pill nets were set at > localities, to Investigate fish distribution 

(Sect. 4.1’'. Thereaftet they were «* r ,it three stations; U % 16 and 17 

(Fig. 1?. 1) Station 1 ’ was taken t** be represent.»t !ve of the open or limne­

tic zone and the surf art net was set . 11 this loiality. Stations U and 16 

were used to sample the V.u tM e s  and Crocodile arm; ■ the lake respectively. 

The bottom net was set it both <■: these localities in ipproximatelv four 

metres ot water (approx. 1 SO ir frvir the Oi r« •) ard parallel to the shore.

the seine net u; ed for rout In* ampllng I f rv measured .10 x 1.5 m and was 

trade of 11 mr >t retch r < ■ t-. Initially it w.f planned to ollect samples with 

the seine net at Stations I, 1, U , ind lb (Fig. .1). However, by January 

lt}8. the water « «> ha 1 r " ton i ■ . .i' 1 v flooding the marginal vegetation 

which consisted •».. Inlv .* • . and . . v  p. In addition the

. , became widespread. The 

vepetation frequently prevt -ted -.el * rrink* r~ , thereafter, samples were

• < it i t i * - ■ ording to suitability for

nettir, .it the tire. >t;t it-.clud* ‘ '.tea in t - -.'uthern Crocodile, north- 

ea t, s utheri rd norther Vaga 1 ie i t s . The .iriable Conditions prevented

■ ■ ise • it cl e i t '.cat or of fry biomass. It

was al i found t' at :i sh v>- f f-sh re w.tl the <nset f winter and no fish 

were caught liter Mav except curing the v o  ter mortality in .lune and

July !98J. At tl.ls tire, mat* • e fist were at ‘ i ‘ inshore b\ wind-induced 

current ind we t «• e i Iv n pt t: t«■ ■ I in the mall eine-ret. In October I c8 * , 

f isl were again aught is H i  . •* H * n  ruit ■ were pawned and became 

susceptible t netting. The -mall -c ir.t. net was nor used : rom Arril to 

September 198J.

Th> tsi mass i t ish aught per haul ot the smal l * ine net was recorded 

ub- ample o! fr; were collected and preserved in 4’ formaldehyde 

so hit ion. Within .H h to-- <• pr eserved : tsh were t in* **d in fresh water and 

standard and total lengtt •• r.a m* o u i *••' . Pt *■ *• r v.i t i on can influence both 

length and mass ot pecimen (l.agler, P'l'H) but the consistency of the 

preservation method u *•*! permitted ompari.son ot amples. ome discrepancy 

could have occurred in combining result . from preserved juvenile and fresh 

adult fish but signifi ant length:mass relationships were obtained for such 

combined samples (Section 4..’) and errors Introduced through presorvat i on 

were considered to be negligible.



By November 148.', altei a full ye.-m s imp’ in>-, if w.. apparent that . • r� 

could not be caught ir. sufficient numbers by either of th< pill nets or by 

the small seine. Attempt were math t < atch r h i spec ir using long lines 

made up of JO m of 3 nut cord with hooks of varying • i/e' attached with 

fishing line every 2 m and set on the 1:»I- • • bottom. The bait used was brown 

bread mixed with raw chicken cg> which w m  a common bait used for . 'uyj : 

on Martbeespocrt Dam. Forty metres ot line wa- '-t or' six occasions between 

January and March 1 9 K f but without anv micci' > , Therefore a seine net 

measuring 1IX x 3 n and made f IS mr stiet h mesh w.i*- used to catch carp.

Samples were collected with this net every threi ninths 1 ror March 19F3 to 

March 198* i rom three local it ie* , Stations 3, > and d2 (Fig. . . 1) , the only 

localities where sufficient numbers of car} uld be found in shallow uater. 

Kvcn using this net the catch pet hau ’ varied between a daily mean of less 

than one to a mean * five tlsh.

Fish caught in the pill nets and seine-netted . were taken back to

the laboratory and total ma«i and number f each species, in each mesh size, 

recorded. Standard and t •.. . ength at ' • .i«s of e i h i i s h . or a representa­

tive subsatrple, ttor. eac! mesh were measured. Hard parts were removed for 

growth analysis (Section at i sex a:. ! r r.ad condition recorded for

fecundity and breeding season analysis (Section f*.

Specific methods for determination ot bio".;-.*, and population dynamics parame­

ters are discussed in tb< relevant chapters.

16



Author  Cochrane K L  
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 Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  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.  

 




