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CHAPTER 4

NATURi AND DTSTRIBt Th'N >K 1 HI I" M W ! ' M T Y

4. I I nt rodui 1 1 i'i)

Little* v m s  known .it■« ut the fish ■ •mn-.uti 11� t Hartbeespoort Dan, prior 

Co this stuciv being undertaken C ection . .O'1. Therefore an Initial 

survey was conducted in order to:

(a> Determine the specie* mpc^ition of the fish fauna of Hartbees­

poort Dam.

(b' Identify the species making the malor contribution to fish

• tomass ir rhe lake. * urther pr ucti n studies would then be 

concentrated o n  these species.

(c> Establish the di st r ibut i rn of th< ma ‘ r species in the dam and 

the f a c t o r  Influencing this distribution.

id' Tnvestij{!te easonal ■ vrles In 11 condition factor of the key 

spec ies.

4.. M.er. hods

An Initial survey of the t •■h fauna was undertaken in November and 

December l̂ fil m d  for the purpose ol thi*- airvev the littoral .-one of 

the dam w u  < lasslfled into four major regions (Table *.1). At this 

time <>t year the water was deoxygenated tel 'w 1.’ m and would therefore 

not support fish.

The top set gii net fleet and the twn -t.-es ol seine nets described 

in ‘'ection 1.0 were used tor the survey and samples collected t rom 

the following i ites (Fig. .’.1).

Samp 1 In^ sites

d l l  Net 4, 3, b. 13, 17

Seine Net (13 mm) I, 4, 3, b, 10 

Seine Net (35 mm) 4, 3, lb, 10
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T a h l  i - . 1 . Ch.ii ,k t 1 1  i st It s o f  t h e  n i a j o t  s h o r e  1 i n e  r e g l o n i  In

Harthee: poort ban.. (iff logical data from n.apt .’527 DR 

and PI , (.eological Sur>'r;’, Pept . t ■:_Mint . Pretoria

Region (Fig. 2,1) Charact er i •t it;

North eastern shore 

(zones a.' - pi!)

Shalt, some diorite

Mear pi. i! lent « 1: 29 <n»h,

2S1 * 11,5)

Northern V.ualie short 

(/ones a-h)

Diorite, and aid gravel 

Hear gradient 1:18 (n-5,

2SE - b.1)

Southerr M.-galies sh> n  

(zones i - s)

Shale, foil and grave ,

occasional diorite

Mean gradient » 1:69 (n-Q ,

2 sr - U . 2 )

Southern C.rocodil* 

(zones t -

Slia 1 e

Hear pradient * 1:35 (nr4, 

JSE - 10.0)

Three hauls of the 3 nui; eine net were taken at St. 3 ard two at 

each of the other station*-. Tv hauls wire undertaken at each site 

with tht 1 ' rmr seine net. All fish caught were identified according 

to Jubb (196?), weighed and tota! length measured. Random sample® of 

at leapt 50 fish were taken from large catches of . r:,,trejnbic"M- and 

•:}" ‘ , the to'.!-, lumber it t h < atch counted, and the total mass 

obtained by proportion.

After t.hi- initial a--*-.- ment of the pecios competition of the dam, 

the ommunity v.i monitored b\ the routine netting and the mark and 

recapture exerci .. , which were undertaken in May and October, 1^8. 

and March and < t her, 198 . Purinw the«t operations fish w e n  

caug' t , vising the mr elne n< t . at randomly selected littoral 

Bites. (*n each a - 1 ■ , it was possible to sample approximately AO

sites. The total ‘m y t h s  of all r i’rirvb’'<?Ui't C. 'at'f'i and

. i.r'-: ■ were measured and the ras- then calculated from total 

1 enpth:mas-, re 1 at ion-.1.1 p- .

Mean condition factor (KiO v, . calculated for all three species iron- 

routine catches according to the formula:
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whe if

and

Kn * 100V/S1 (Bagenal h Tesch, 197PJ

W * mass (^ >

SI - standard length (cn)

b • coeffic lent ol the length ? • tnasi relationship.

The length to mass relationships determined in this study by linear 

regression, necessary for the computation rf K n , for the thxee 

species were:

" . V ■

10 0g

Mass - 0.031 SI

.02

(n - 967, r3 - 0.99)

. r ft 

< lOOg

Mass

3. 12

0.027S1. (n 1’50, r2 - 0.97)

;r: >: r ' Hass - 0*01 SSL' (n - 50, r7 • 0,90)

t •

�. Qa
Mass » 0.037SL (n - ]*', ra - 1.00)

. - v  were split into adult1 (>!00g) and Juveniles (<100)?)

• r 1 analv ii. The scarcit> ot juveniles of tbt other two species 

itit.es prevented this sub-Jlvision and results for . :

ar.d . T’’ • • ii’ i.re for idultf t'nlv. In this report adult refers 

to t 1st, , ider than one year and Juvenile and frv to fish in their 

first year ‘nlese otherwise stilted.

4. 3 kesu 11 s

4 , ;. I 1 1 ■ t ^ p e < | ( , m . p u s  1 1 i n r

By the end of the studs, twelvi species ot M s h  had been recorded 

frod tie lake (Table U .2). Ten diiterent | cies were caught during 

the Si "ember 198.' survey but . ’ *m» and . •,:!'} accounted

for over 90". oi the total ma“ caufht (Table A.3). The other species 

whiih made a contribution ol greater t'.an 15 of the total mass caught

. n , ■ .



Table 4.2. list ot tlsli species ■ m t ’ht In H.-»ri hrespnorr Pam, 

November• 1981 to Tune, 1 982

Family S p e c 1 e s Common ’.ame

CichIldae
}>* "■ j! •• 

(Peters, 1851’)

Blue kurper

. 'hi ' fl ; * * r'j’ 

Trewavas, l°f>l

< anarv kurper

r< '?c'.: rh ’ IK • P

(Weber, 1897)

Uwarf kurper

* f' ‘ ! , *' 12} * I *** * !*? * '

Smith, 1840

Vlel kurper

Cyprinif’ae Zi't U*‘ ”Xlt' Iln'V.’

Smith, 1H •* 1

1arge-scaled yellow 

fish

ir: us " . f  

Milmaraes, 1884

Paper mouth

.rbiui r ■' 

Bouler.per, 190'

Small-scaled yellow 

fish

irbu# u*i’ ’ '• ' ;tu& 

'iint her, 18^6

1ongbeard barb

Vf -i: i I vevi .*na' ■’.* 

Rou lender, 1908

Fiver sardine

Linnaeus, 17 S3

Furopean carp

Clariidae

(Burchell, 18:2)

harptooth catfish

Centrarchldae <v r ' . ;  r ' .. r 

(! n epede , 1 HO;’)

1argemouth (Black) 

bass

On the basis of these results . ■ anil . m p �" were

selected .is the major spei les t v fuithet detailed studios. However, 

In the mark m d  recapture exercise In Mav 1982, 4 1 hauls were made 

with the 35 mm seine ret which showed a different community species 

composition to that obtained In the first survey (Table 4.4).



Tab le 4.3. font rlbut i"ii of t I sli s p p r i f -  , night t.' the to ..a I T i s s

of fish s a m p l e d  In the In 11 1.1 1 ,u r v e y  1 N o v e m b e r  a n o 

D e c e m b e r  1 °H 1 ) . Full atu : .amnion n.imcs g iven In 

T a b l e  4.2

pec les T of total m a s s

'ypr ':us • irpi o

7 7 . 8 3

l?.5ft

4.07 

3. ft4 

1 . Hh 

.

0.01

0.01

.

0.01

■ v ‘ ! t ! 1 ’ lies �.ade using fhe

1: . ■ t 1! > '.>t «r. '9*

'
A

Mass (i* g) X mass

1858 lft'ft 4ft. 7

1259 35, 1

573 1ft.0

79 2.21

»8 result- sh wed that tbc November 1^81 survey had under-

e <»t . T>inu$ (Table 4.4) in<

*pei le w' n. luded, with the two already being studied, for 

!m t 1 ■ fid!* . 'he underest tmate of . was probably

ui t the pawn Inn 't the -pe< les and their resulting absence ft ora 

the ‘•■ampliny, site' on this occasion.

: p< r t in * if the 1 three -pei les in Hartheespoort Dam has been

• •rifii J by ample' taken through the sampling period (Table 4,5).

. ‘ar: and . . 7 > «.; accounted for over *>0 * i f 

the biomas' In the four sampling methods used. Angling returns 

ection ') demonstrated that • u" was not accurately

repre ented In netting sample: and the species is known for its 

abilitv to 1 void capture in nets (Heukema N de Vos, 1^74; Koch &



Table 4.3. Contribution of fish specifs caught to the total na;

of fish sampled in the initial ^urvev (November and

Decembe r 1 981) . Full an. common names given in

Table 4.2

Species X of total mass

j... r c n i s  ' -us ■̂
1

y
>

L
+
3

Cupi” Kus  • :jt>* 12.56

"k*'t ■ : ft '• ’It3*13 4.07

y > » « ■»
3 .javie: ‘nun 3 . 64

barb us »*• j »>» * »* 1.86

X: tei iur  3.2
« ,>  . A > 2 <  0.01

•• • . J . ■ < 0.01

u : e n i a t u s <  0.01

\'e r a bve  ; v. : i  i s < 0.01

Table .... pecies mposltion of c.itches "lade using the

large seine rc.t ,May : 98. '■

Species No. M ass (k g ) X mass

. - 3 3 vr: •' 18 58 16 76 46.7

12 59 35.1

. • > . » • '  o ■ 
• i . . 573 16.0

sujrvfurfnai.* 201 79 2.21

The May 1982 results showed tli.it the November 1981 survey had under­

estimated the relative abundance of .•■■jj*”'. t"’*tU3 (Table ♦.-■*) and 

this species was included, with the two already being studied, ' r 

production stud le . The underestimate of wag probably 

due to the spawning ot the ;pe< ies and their resulting absence irom 

the sampling sites on this occasion.

The Importance of t h< three pecies 1*. Hartbeespoort Dam has been 

verified by samples t .(ken through the sampling period (Table *. S .

. -aa'tnbi. .  • ;r/ and . ;,arc\ accounted tor over 90®

tiie biomass In the four sampling methods used. Angling returns 

(Section 6.2.3) demonstrated that . sar] o was not accurately 

represented in netting samples and the species is known for its 

ability to .old capture in nets (Beukema 6. de Vos, 1974; Koch &



Schoonbet. 1980). The widely differing specie composition obtained 

using the various methods demonstrates the effect ' -f gear selectivity 

and seasonal behaviour on the species composition of catches. The

tables also show th« dominai . . bj mass, ol . " • ..... .

and but the variability in catch composition indicated

the need for absolute estimates of abundance.

'1 able -. S. Specie^ . ^ p osition o? catche- it. Hartbeespoort Dam

Method Gill nets

Seine net

(13 m m )

Seine net 

(35 m m )

Angling

Period of sampling

Nov. 1981- Nov. 1981-

i

o
c

O
'

>

Mar. 1982-

Apr. 1984 Jan. 1982 Jan. 1983 Jan. 198 3

Specles

•

c on p, s i t ion o f catch by mass

86 50 15

C. aarpic u 6 7 4

. . aari ; 2* 3 43 10

Others 1

Iota’ mass (kg) 1 201 142 16 24? 59 710

4.3. 1 ;strlbutl.n of fish li Hart:oespoor r_Tarr

. - ,v :r‘ was tin only significant inhabitant of the limnetic

rone ind accounted for 98.*’ <>: the total catch from gill nets set at 

the limnetic station in 1981. The mean catch from the limi.etic 

station (St. 1 ?) in 1982 was 6.9 kg. 100 m (n*12, 955 (-1 *1.41) 

compared to ' <<3 kg, 100 m (ti“22, 957 ('1*2.8°') for th? littoral 

■̂tdti i« 1 ts, 4 ar.d 1* '. This Indicated that there was no signifi­

cant difference in mean p- pulatlon density in the two rones.

There were clear different- in catches with the 35 mm seine net in 

Novem'ir 1981 in the different localities (Table 4.6) with highest 

catches at St. 1* (‘mithern Crocodile) and lowest at St. -< (northern 

Magalies). An analysis of variance of the results showed significant 

deviations from random distribution for . n and total

catch (Table 4.7).



Table 4. h . Mean cat h p f • V 1 ol the i5 mm seine net a different

local i t i •’s ember 1981)

Stat ion 16 10 u

Locality S. Magalies r< 1 : ! .■ NK N. Magalies

No. of Hauls
2

2 2

Spec 1es V g . han 1

. irb: -«,* 27. 9s 1 123.23 16.92 16.81

'aij: 33. 19 1 O h . 18 40.40 7.25

3. 50 55.02 1.63

• J t'V * ** !*iJ ‘'ji# 16, ’ 1 13.23 0

: . ~'Gre<iUene ■'# 0, * ̂ 0.83 25.64 0.40

U - , * • • ,

• »' -a* i . *t i 0.54

• *»» ***• »• *

0.03 0.03

Total 7 2,.' 1270.4^ 151.78 26.12

Table 4 .’. Analyst* ot varlance o? the mm seine net catches

made in November 1^81, to test n u ! . hypothesis that

there was no d 1 •:erence In cat at the four different

1 oca 11v ies

Specles K. ratio Probability of F

. - .tr tr.i' 'U3 *1.62 «■ 0.05

• > »*

3.68 «. o. 10

'. flaviventric 4. 3^ * 0.10

C. ;ar* ' k u b 1.53 > 0.10

S. "•art iu> Kfiifl 1.28 > 0.10

Total 5.71 < 0.05

On the basis of the hetero k’.ei u- *S i - • t t i but ion of fish determined ir

1981 (Table 4.7), the lit tor. il distribution of the three malor

species ( . n , • :rr and ac was investiga-

ted more thorouyl ly in the mark and recapture exercises in May and 

October 1982. The shoreline was again divided Into the four zones 

used In the Initial survey and catches in the different zones compared 

uslnx the Mann-Whltney U-teat (Zar, 197/*) to test lor significant 

difference. In Mav 198? . •(tar'i •. ‘nn density was significantly 

dlflerent along the southern shore (Including the hay formed bv zones 

d 2 and e? - Fig. 2.1) and the northern shore excluding this bay.
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'iahie . ,L . (I’H'.i'aiisnii t H I 1 r. m,i;. t *h''reline .iteas o! HartbeespOOI t 

Pam in Ma> and Oct.'bei. !*»>.'.___ T M,nm-wh 11 tie;. t t at i s t 1 c

Speci p s mth Zone 1 CPl'F (kg) Zoni 2 CPUE (kg) U P(U)

. May S.shore •+

d ? e 2

50.92 N .Magnl + 

NF.-d.e.

7.54 268. 5 < 0.05

Oct S.she re TOO. 4 N . * hi re 18,4 ’i92 < 0.001

May S. shore 

NW

35.11 N .Maga]. 3.35 242 < 0.01

Oct S . shore ) , £S N ,shore 304 < 0.05

i -

May

Oct

S. shore ■* 

d2e2

Total

17..1 N . Ma gal ■* 

NK-d:e2

3.01 < 0.01

Catches in the : < • rc.e r gent 1\ •’ ping z. ne were approximately six 

t i me > greater than those in tin* -teeper n rthern arejs (Table ^.P). 

in october L'Jfi. the trend was similar (Pig. 4.1'. but the mean catch 

«**■ r.f the entire souther •• ‘bore was im i e than ten tires greater than 

the r.ean t . r tit n •their.. TV.t : istrlbut lor f In Ma\ 1 ^.

fo3loved that of . " •’ ’< t ut In October !9fr. sample' were too 

small to anal'se, .itche- ! . ; >..*<? followed the same trend

and highest catcher were ■ Lated vlcl Low gradient! I I •  ~. 8

«. 1. 3 Factors l e g u’.atln^ fish d 1 st r 1 hut 1 .~n

The parameters nsldcred tr ; likely t« influence fish distribution 

vert the tr. re perr rent fv ii .■ features, such .i*. gradient, degree 

of shelter and sul str.ite chara- teristics (1 particular sites. Degree

i shelter w uld he inversely proportional t< the maximum t e t ch to 

which a site w.i expo 1 ■ The prevailing wind directions In Hartbees- 

p rt ban /.re n . rth-w. t • rl\ and t a* t - ■ -out h-« a.* t er 1 v (MWR, 1 W*>) and 

the fetch in the <• two «! f t • tlons and the gradient at Individual 

sites were read fron hydrol ogf c n n a p - ,  lot use in the statistical 

analytics. Thi correlation between the'.' variables and the CPl'F from 

cltes during the October l(“ mark am! recapture, viien the lake was 

virtually at lull ■■upply, were examined. Data on certain sediment 

characteristic' , supplied bv A. 'I winch, were also used where his 

sampling • i t «•* overlapped with ■ Ite* used I. l fish sampling. The aim 

of these analyse* wai to identity environmental factors closely 

correlating with fish catch and then to determine which of these were 

causative relat ioiiships.
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Fly. 4,1, Mean catch per '■■r lnr net haul of . - sn*sr.r: :ue at 

different !i r« im localities (Mav .ind October 

!QP.'). X Indicates no samples taken at the site.
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600

400 f-

200 L

Octobe'-

i * t 

* H j d _____
n *  *

X X

. i n — ..xn.-dZL

o b c d t  I  gti  i | k I m o o  p q r i  t u « « >  y i  o , ^  c,, g,h?
S h o r e  l ine l oca l i t y

Fig. «. 2. V.ean car h per selro • .-t haul t . : ' 1 ♦*’ at differert 

shoreline localities fMay .i.id “'ctober X Indicates

no samples taken .it the site.
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Table U-rrrltit ion ( oett ic1ents for . - . . ; at '

. <irt (October 1 981’- and (t it ain

physical am! i dlment .irv var1abl e

Ind. ,v«Ui„il ii n r Siynlf1iante

1 /Gradient 24 0.42 0.95

ESP Fetch 24 -0. 15 ♦0.95

NW Fetch 'iU 0.25 <0.95

t Clay -0.005 0.50

X Silt 0,22 0. 70

0.23 0.70

Tot, Sed. r 0.2 » 0.75

Table 4 , 9' b • Mu . t : i ■ r t e I a t ! (In t rant. * ormat ior, -

Vetriable (s n

Ad lusted H'

- M >  H w i f l c n c .

1 /’Gradient 0.95

1 /Gradient, 

NV fetch *4 0. *9 0. 99

1/Or,, NW fetch,

0.67 0.97

Tin envi ronment al variat e correlating roi>st c 11 ; t» 1 y with . n .-?#>,.**•- 

b' ' </? and . r ’. «/’ 1*> urrc Tahlt 4.9(«),

<a) 1/Grad lent

(b) fSl fetch ^negative)

f c ) NW f *»t < \ i pos i t 1 ve

rVif multiple correlations ;ave additional Information and a five 

variable equat I o n , h.i < . n  11 data | m t *  account ed for h.i of the 

variatlc! observed In flip (TIT , while a three variable equation, 

based or ,'i» data point-;, accounted for <9 , of tho variability 

(Ttil it 4.9(b),), The forn ol these twr equations was:

in r + 0,29 Nv + 0,1

(b)/,,fcrn:) H ’.8 4 9. II, (.1 + O.(K) Nv
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where ('1 * In C' clay In sediments)

Or In (1 /Grad 1 e n t )

Nw In (NW fetch (m))

and

f'se ' In (FSI fetch (m)'i

These equations wort* * ot intendeit t 'e used a* predictive equations, 

but an examination residuals was undertaken using a one-sample

runs test (Siegel, ■ !<• results were:

(a) (-) * 5, (•+•) • h, runs » b

(-) * 14, (+) * h, runs ■ 9

and
.

< . 05, 1 •«, 6)

and thuh the listrlhuti n : r« il uals Ir both equations can he said 

to he random which redu e tl* : sk err r in prediction (Galpin, 

1981).

The r e i a t  * 1 gl r r e . i t :  : r t v e e n  M s !  c . ' t c ' a  ar<: t h e  geomorpho-

l o j j i c a l  p a r a m e t e r s  : g r a d i e n t  >nd l e t  h In a l '  . m l . s e s  t r d i c a t e d  
t h a t  t h e s e  o  11d He I n f l u e n c i n g  • : ih de r  - l t v .

* Seaa^na1 v,irl.itl ir. ! n ->nd 11 1 n

In both size classe t ■ v*i» there was a decline In condi-

tion factor in vi ter at t Ig. 4• 3 & 4 # 4 ) ,  Hew c .
the Kn ot ;uvenlles was Ignlflcai tlv lower li the summer of  ,, ‘38 1, 84 
(mid-December lak*> > Untie t ■ > :h .m  In the summer ot 1982/83 

( irId-December volume r ' ' ) .  Hi i • < ould have been as a result of  
higher pnpulati n iensitv at the time >t low lake volume, Increasing 

competition for resour> e-. amongst I rv,

Condition factor ot . «. remained relat 1 velv constant over

the study perloi! with no significant change (Fig. 4.S). 'irpic

showed a marked drop in Kn between September and December 1981 and 

had not recovered bv March 1 ‘*84 (Fig. 4,ft).
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-L J__L_J__I I I, i J__L

M M

1982
N J M 

Month*

M  J s 

1983

Fig. -*.3. Mean monthly condition facto! ol adult . n aeanH.%ue 

(>100 ii aught lr g 1 ! n«t« Novetnbfr 1981 to 

April Bar » 955 Cl.

Fig. 4,4, M ean m o n t h l y  r e n d i t io n  factoi ol juvenile («-100

. %  ti.-vjr; caught In gill nets (November 1981

to April 1984). Bar - 9*)X Cl.
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Months

FIs. -*.5, Mean ninthly conditlor fact r of k u s

caught In Kill net‘ No%*emh»r 1981 to April )98A). 

Bar - Cl.

1 1 i i i

VI S 0 M

<9B3 1984

Fig. <*.h. Mean monthly condition factor of caught with

the 'iS mti se 1 ne net (March 1 '*81 to March .i! * I
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A.A Discussion

T'hi t ish populiit Inn was dominated bv three specie;., . ” r,r ir.r , •uet
• v  < and , . The 1 arge s p e c i e s , n.xrcquun-
'•t% * • ■’ and . ’ ■ weii- found in the la^* hut did not

reach the i i full s i?i .inti w e n  uncommon. •' •> : *, •*?«.-• w r-.r

ex t re me 1 v scarce despite the stocking p r o g r a m  e f the Divif.ion ol 

Nature Onsetv.it h r  < ■ .>, h r a n e , >.

. ht reasons for t he • • a *. t v i ; p^eo.'ti r\ • pe ■ : > ■ • and the >r it.rr r e 

°* r 1̂0 t hree n.a ..•; specie> have ee; disiu- ' ed (Cochrane, 1 98* . The 

h y p e r t r o p h ic  c o n d i t i o n s  have led t pi r w a t er  quality, w i t h  a near, 

pl' °* **• '• corn: it ions - pi t a bin* a r • i<< at ti:n ver and s u p e r s a t u r a ­

tion of w ater w i t h  o x y g e n  ir. the vi« itiltv of , scums. 

T h e s e  : ictors are the p r o b a b l e o-e-- of the lack of success of the 

m o r e  {sensitive r.:r: .. species an.-. ". • . ■■ (black has.-.».

The d r in ant spet : ire • t t e r a n  t • : j r water Quality and

• " ’*•' bas ■ ft 1 s! <w t » e toleravt tc pi! between ‘ and 11

while . • ”* l ab?e t> survive within a range * rom 4.5 to 12 

(Balar m , :0 Q . he >wer im.it • ‘ M *- > lv« ' . xvgen concentration 

to’.crate : b;. . " • • ha een n  'rded as between 0.1 ar.d

i . r 1 (Balar ir., 19?9> wl .< . ■ ■■ and . .7;;.-:. r are

known tor their a b i’.if to survive very low , r even anaerobic condi-

• • ■ • ■ ■ . . Burtoi Heath. *• ; Lowholt

.Johan.-te- . 19 ’9; r la\ , 1 ' 9 •. The pH tolerance of . .:.;rv| '• :,<• has 

not been studied but ir i > able t survive in a wide varletv of 

ha' itats (Clav, ' f| ' 1 : an.! . . e no indication of environmental stress 

in Harthee. j,,M>rt Dam. However, . in Hartbeespoc-rt Dam

does not a hi eve t tie iie tea tie.! bv the *»pei lei in nearby Roodeplaat

■ I » result 11 ■ 1 m In nee ■ " n • * is, which has

been suywesfed t< 1. nutrition.- 1 1 v inferior to other algal species 

'de la iuente • . , ] <i /;), ,t the high pi of the water (Cochrane,

t«K4).

I* *»•' 1 '•'•n ••ugg. fed that . , • „• is not well suited to 

lacustrine condition? and that tin si/e ot populations has declined 

after at initial hlc' bt or as- to! <» ing impoundment (Marshall, 1«7 7). 

The lack H  success ba been ascribed to absenee < t fish in the diet 

"I • ii' • ’/ >1.1.1 in dams f Rru* ot . I t > ) . The data t rom Hartbeespoort



Dam (Table 4.5) do not support these hypotheses and show that the 

p o p u l . M o n  Is well estab.li.sheo and makes a largo contribution to 

community biomass. This is probablv a feature of the hypertrophic

■ rt 'oesp • ’ *1 . t . ’ h~ r ~tf~ u^L. .Akundan-u 4^-.-

■w « M I.

ii 11 ie t "! "t through idver ely affecting potential competitors, 

t ,iv our . ’ In -ever il impoundments the species feeds

m.iiU' -i, .• pl.inkt >n f Brut on, 19 '*>) and tlii- i also true ,f Hnrtbees- 

p T t  Dam, where the major food items .ire zooplnnkton and zoohenthos 

(NIWR. 1985).

ikanson . an^son (1983) show that the abundance and species dlversi- 

t t ‘>enth1c Invertebrates decreases wltt increasing depth although 

euttophi impoundments a se> nd peak in abundance mav occur in the 

:e , dominated b> igo. haetes. Thev also show that the 

I’ andance >f >rgani sms is cot iderably higher in zones of sediment 

i.rrn 1 at i tt rn i •, • :«• ■: 11 anspiTt.it Ion. e'iment accumulation 

ike will 'Co,it in regions where the effective fetch is small

i.e. heltered are.is) or win re the depth exceeds a certain critical

• e p t ’ t H i rt' ee .j r t I an-, wltti i potential maximum itfective fetch

• k a t tl rit . ‘' ■ ;; v <: •••. 14*6 •

•. insson, 19 8 3 ) 1. Emergent m d  submerged aquaeie plants, 

wh i. h il ipport high M l '  .• i al activity (Hakanson & Jansson,

' , simi; it lv ccur In shallow, sheltered areas (Hutchinson, 

).

Therefore greatest production if ! >d rganlsms will occur in shal- 

I w, sheltered areas ard It is in such regions that highest fish 

d^.nHltl«t> will he lour.d. "The gradient I a shore line will directly 

.•if feet the Surface .»rea of the botton available tor maximum macro- 

pbyte and ; ' pi iction. the gt id lent, the tnoet import­

in' Indepe'.dent variable n the analyse ;. was large'v responsible tor 

letermining the fish density in different parts of the lake.

•radient would alsi Ini lueuce tin* ire.i over which tlie seine net used 

r fish rapture was effective and thus the differences in CPUl tor 

the diff *ent localities may be exaggerated by differences in gear

• tfli lencv, l'he distance l t^m the shore at which the bottom line of 

the net would touch the bottom, thu; preventing escape ot lish

i n i ■ 11 h the net, would lie positively and linearly related to gradient. 

I’herefore gear efficiency could he expected to tilt ter bv a mean of no



more than 2.7 (relative gradients of northern Magalies and southern 

Magalies, Table 4.1) between the different shoreline zones. Combined 

catches of 0. mossambious and 1 • aar'-epinus for the different zones 

were five times greater on the southerr shore than the northern shore 

in October 1982 and catches of the separate species for the different 

zones were six and ten times greater in May 198? (Table 4.8). 

Therefore, while the influence of gradient on gear efficiency would 

have affected catches, the major Influence of gradient was on produc­

tion of food organisms and hence on actual fish standing stock.

Zones of sediment accumulation occur where there is a small fetch and 

thus a negative correlation between fetch and CPUF could be expected. 

This occurred in the case of ESE fttch but there was a positive 

correlatirn between CPUF and NW fetch (Table 4.9a). There are two 

probable explanations fo- this contradiction:

(a) ESE winds mav account for greater turbulence or wave action by 

predominating in frequency or strength

(b) The correlations between CPl'E and fetch may be fortuitous and 

reflect the influence of a u factor, on independent and 

dependent variables.

The second explanation is more likely and is supported by the fact 

that the correlation coefficients between gradient and NW and ESI 

fetch were 0.15 and -0.52 respectively. Thus the relationships 

between CPI'E and fetch appear to be indirect and caused by correla­

tions between gradient and fetch.

Condition factor of . miP8ambiou.tJ was mainly influenced by tempera­

ture (Fig. 4.3 and 4.4). The winter minima occurred as feeding 

slowed down and halted. Caulton (1979) stated that • • m088;irl cue 

stops feeding at temperatures between 16 and 18°C and the minimum 

mean water temperature of Hartheespoort Dam is 13 to 14°C In July 

each year. The increasing density of adult fish over the study 

period, as a result of falling lake volume and high recruitment, did 

not affect adult K n , showing that food stress did not o c c u r .  In 

contrast juveniles exhibited declining Kn over the spawning season 

(October to March) indicating that food stress occurred as juvenile 

density increased. This could introduce density influences on



juvenile growth and survival. The summer decline wap most marked in 

198^ 83 when there was a complete absence of macrophytes and did not 

occur in 1983/84 when macrophytes were most abundant. The abundance 

of epiphytic and littoral flora and fauna, the food items of juvenile 

0. mo88ambicu8, would be Influenced by size of macrophyte beds.

The Kn of . gal"'cpinuo showed no significant response to season or 

density. The catholic diet of C. gariepinuc would enable it to take 

advantage of whichever food sources were most abundant at any given 

time, thus minimising the impact of seasonal or long term variability 

in individual food sources.

f. carp Kn remained high in March 1983, following the failure of 

the species to spawn in the summer of 1982/83. Spawning in October/ 

November 1983 led to a sharp decline in Kn by December 1983. This 

had not been overcome by March 1984, indicating tood stress during 

the abnormally high fish density occurring at the time.

The major contribution to biomass of . mossanbicus, C. carpio and 

C. ga^icpKHS was thus clearly established and their numerical 

importance is demonstrated in Section 5.3.3. The role of shoreline 

gradient in determining distribution could he used in predictive 

models incorporating spatial distribution blit such models are beyond 

the scope of this thesis. Gradient influences fish abui iance through 

determining production of food organisms and this Indicates food was 

limiting total fish production in Hartbeespoort Dam rind hence density 

dependent population regulation mechanisms could be important in 

attempting to simulate population behaviour.



NUMBERS AND BIOMASS OF THE MAJOR SPECIES

5.1 introduction

Fish populations or stocks can frequently be managed without informa­

tion on the actual biomass of the target stock. Trends in catch per 

unit eftorv. (CPl'F) and the relationships between effort and CPUS are 

used to provide data for management and plots of catch against effort 

can be used to estimate fishing rate (Ricker, 1975). Potential yield 

of a fishery can be estimated roughly by a number of techniques such 

as morphoedaphic index, gill net monitoring (Ryder, 1978) and other 

empirical models such as those of Oglesby (1977a) and Melack (1976). 

Once a fishery has become established further management decisions 

can be taken on the basis of feedback catch and effort statistics.

In this studv it was felt that knowle<:«e of the standing stocks of 

the species was important for the following reasons.

(a) At the start of the project it was not known whether the level 

of effort was sufficiently large to measurably inrluence stock 

si;:e. Without such impact, catch:effort relationships cannot be 

used to provide information on the fishery.

(b) The recreational fishery on Hartheespoort Dam is a multi-species 

fishery and unbiased information on the relative abundance of 

the three major species was considered essential for correct 

management.

(c) While order oi magnitude estimates of the potential yield were 

obtainable from various empirical relationships, the project 

aimed to provide more accurate yield estimates which 

incorporated information on species composition and took 

cognisance of the major constraints on production and yield. 

With this information a more comprehensive management strategy, 

aimed at optimal utilisation of the stock, should be possible. 

Such predictions require a knowledge of the fish standing stock.



The objective? of this chapter wero therefore to establish the 

standing stocks of the major species in order to provide unbiased 

estimates of relative abundance, to assist in determininp rtial

yield and to provide starting values for the vie Id 

(Chapter 7).

Methods

General discussion of methods

Youngs and Robson ( 1978) list three general approaches to estimating 

population size,

(a) ratio methods, including mark and recapture

(b) catch-effort methods

(c) direct enumeration

(a) Mark and recapture

Mark and recapture methods have been exten vely used to 

estimate population size and form one of the principle 

techniques used (Ricker, 10 71). The Petersen single census 

method can be used to estimate tbe population as (Picker,

1975):

N - MC/R

where N * estimate of actual population 

M ■ total no. marked

C • number of fish in recapture sample 

R ■ marked 1ish recaptured

The above method has, however, been shown to overestimate the 

true population and the modified Petersen equation is used to 

overcome this bias (Kicker, l‘)7r>). The modified formula is:

N - (M + 1) (C + 1)/(R + 1)
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Approximate confidence intervals may then he determined from 

binomial or Poisson tables using ^ as the entering variable.

Multiple census methods are also used and the results analysed 

in several ways, including n mean of Petersen estimates, Schuma­

cher and Lschtueyer' s estimate and Schnabel's formula (Kicker, 

1975). Differences in results obtained using the latter two 

estimates arc small in relation to the confidence limitt.

The Schnabel formula is, for an exercise conducted over n davs:

where t * 1 to n

Ct • total sample taken on day t

M, * total marked fish at large at the start of the

t th day

■ recaptures on day t.

Again, K car. be treated as a Poisson variable and used to obtain 

confidence limits.

The validity of mark and recapture population estimates depends 

on certain conditions being met. These are given by Youngs and 

Robson (1978) as,

(a) the population is closed to recruitment and immigration

(b) marked fish do not differ from unmarked fish in terms of 

mortality or vulnerability to ca~Miro

(c) marked fish do not lose their marks

(d) all marked fish are reported upon recapture

(e) either the marking or recapture samples are random or there 

is random mixinc of marked with unmarked fish.



Ricker (1975) lists the same set of conditions and states thrit, while 

natural mortality during an experiment will not inflo a Petersen

estimate, provided it is the same for marked and unmarked fish, it 

will tend to result in an underestimate of N hy the Schnabel method. 

However, Ricker states that multiple census techniques are useful 

even if the necessary assumption of no mortality is only 

approximately satisfied and that, generally, the shorter the time in 

which recoveries ait made, the better the estimate.

The size of tlu samples taken in mark and recapture experiments can 

bias the results. Robson and Regier (1964) showed that an unbiased 

estimate of population size will be obtained if there 4 * no possibil­

ity of R neing zero through sampling variability. ihey calculated 

that, if

>'*<’ approx. * N then the Petersen estimate will underestimate 

N by approximately 37". The following biases also apply,

M*C approx, E 3N, bias » approx. 55

M*C approx. * 4N, bias « approx. 25

Kicker (1975) stated that the probability of introducing bias in this 

manner can be Ignored, for both single and multiple censuses, if the 

number of recaptures is greater than 3 to 4.

The pear used for mark and recapture exercises can influence results. 

It wav demonstrated that estimates of . 'arpio, using the Petersen 

single-census method, were only reliable if the gear used in 

collecting sampler foi marking and the census had different 

selectivities (Beukema 6 de Vos, 1974). In the Hartbeespoort Dam 

study the only means ot collecting large enough samples was with a 

100 m long seine net and the bias identified by Beukema & de Vos had 

to be assumed to be negligible in the Petersen estimates undertaken.

(h ) Le s 1 1 ej U _ s hlnp sur c e s s  met hod

Catch:effort methods are based on the assumption that, in a 

closed population, the CFIT is proportional to the nimher of 

individuals in the population at any given time. Thus in a



closed population the catch pel unit effort should decline with 

time (Youngs it Robson, 1978). Youngs and Robson listed two 

methods of analysing such data, the Leslie mtthod for variable 

effort and the Mrran-Zippin method for constant effort. Ricker 

(1975) added the De I.ury method, which compares fishing «uccess 

to cumulative efforf , for use when the fraction of the stock 

taken bv a unit of effort is small.

Leslie's method estimutes population size at time 0 from the 

relation of fishing success to catch already taken. l’9ing this 

method, a plot of CPl'F during any interval, t, against tb» 

cumulative catch should give i straight line with slope equal to 

the catchabilitv and the X - intercept equal to the population 

at time 0 (Ricker, 1975). This is derived from the equation

V ft qNt ■ <Kt

where ^ t ^ t  * CPl’F

q * cntchability

* population size at time t 

K( cumulative itch at the start of interval t

p l u s  half of that taken during the Interval.

Ricker (1975) lists two major sources of systematic error in thf 

fishing-success methods of population determination.

These are:

(i) inconstant catchabllity cause! by, for example, seasonal 

environmental change or change in vulnerability

(il) additions to or natural removals tr.irn the population which 

can Introduce serious error Into the calculations. It is 

desirable to concentrate fishing effort into a short period 

of time to overcome these influences.

(c) Direct enumeration

Direct enumeration of fish stocks Involves the direct estimation 

of the number of fish in a given a'•ei and the extrapolation of



these results to ascertain the total in the water body. Commonly 

used methods of direct enumeration are:

(i) Spot poisoning e.g. Mitchell (1Q76)

(ii) Use of fishing gear such as nets and traps e.g. Bagenal 

(1981)

(iii) Echo sounding or acoustic techniques e.g. Coulter (1977)

(iv) Concussion methods such as explosives (Lagler, 197R).

Poisoning has been widely used and successful results have been 

reported by Mitchell (197b), Marshall & Lockett (1976) and van 

der Waal (1980). Hanson & leg'jett (1^82) stated that the cove 

rotcnone poisoning method for estimating fish biomass had been 

validated. The maior advantage of poisoning is the high effi­

ciency of capture while problems lie mainly 1n selection of 

sites which are both •suitable for poisoning and representative 

of the habita.. (Henderson • 1 l°73). All the above authors

used rotenone or a rotenone derivative, such as Pro-noxfish. 

Rotenone, at the ntrations used for fish poisoning, is not

toxic to mammals o . re :ks down naturally within approximately 

one week (Mitcht , 1976).

Various types of rishiiig gear have been used but generally do 

not givi reliable quantitative estimates. In extensive tests or 

a lake in Finland, five different types of gear were tested on a

14.4 ha lake stocked with known numbers of fish, but none of the 

methods was able to provide a corroborative estimate (Bagenal, 

1981). Van dir Waal (1980), using two seine nets of different 

mesh sire, obtained biomass estimate* ot 5 8 . and 47.2% of that 

obtained hv poisoning.

Fcho sounding and acoustic methods have been used extensively in 

studying fish populations (Coulter, 197 7; Bruton f< Boltt, 1975; 

Bagenal, 1981). Bagenal (1981) described the use of ar. echo- 

sounder in conjunction with .in analogue-to-digital converter 

which provided accurate results. The major disadvantages of this 

method are,
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(i) the cost of the equipment

(ii) the bias Introduced by avoidance action of fish at the 

surface (Bagenal, 1981) which reduces the efficiency o •'he 

equipment in the generally productive littoral zones

(iii) fish recorded by this method cannot be identified and hence 

only a total estimate can be obtained.

5.2.2 Methods applied to biomass determinations in Hartheespoort Dam

At the st rt of the st u d 1 the impact of the recreational fishery 

on stocks and its potential ■ e in stcu V assessment was unknown 

and it was decided that standing stock investigations would be 

undertaken using mark and ecapture methods for adults of the 

three species. l.lttoral poisoning was selected as the most 

practical method to investigate the relative abundance of fry ot 

the three major species in view of the labour and equipment 

avallable.

On the basis of available tune and the other requirements' of the 

project It was decided that two m a >  and recapture exercises 

could be undertaken per year, in May and October, and that 

littoral poisoning exercises would he undertaken at three sites 

around the lake, once per year In mid to late summer, when the 

breedinx seasons ot .ill species were well advanced. Littoral 

poisoning was undertaken at throe sites in 1982 and in 1984. 

The number of repHcai.es was lower than the optimum for statist­

ical accuracy hut was the maximum which could he undertaken in 

view of the tinn1 required pel station and the ecological impact 

of the method.

After the second mark in! recapture exercise, undertaken in 

Octobei, 1982, It was apparent that carp could not be caught in 

sufficient numbers to obtain a population estimate by this 

method. However, angler catches ot '. 'drpio were found to be 

considerably higher than anticipated and the possibility of 

using a catclueffort relationship existed. The most suitable

u i
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method was Leslie's method of fishing succcss against catch 

already taken, and thit ethod was used to obt iin a population 

estimate for C. aarp

(a ) Nark and recapture

It was necessary initially to establish whether the requirements 

fo.. correct usage of mark and recapture methods, as listed in 

Section 5.2.1, could be met in Hartbeespoort Dam.

The first requirement, that o! a closed system, could be assumed 

to be correct. Only 1+ and older fish were tagged and these 

were clearly distinguishable, b> size, from the younger age 

grcup. Therefore, recruitment did not interfere with results.

. gai'irp-rue migrates up rivers to spawn but exercises were 

limited so as not to coincide with the breeding period. The 

exercises were conducted over a 12 day period whi^h should have 

further increased the reliability of the closed system assump­

tion.

Point 4, that all marked fish are reported, was dealt with by at 

least two people checking each fish in tt'e census sampler for 

tags.

Randon mixing of marked fish with unmarked fish, point 5, could 

not be assumed, particularly as eacl exercise was run over only

12 days. This problem was overcome by the random selection of 

sites for both marking and census exercises. The lake shoreline 

was divided into 33 approximately one kilometre zones (Fig. 

2 , 1 ), each of which was further sub-divided Into 10 sites. 

Zones and sites within each zone were selected randomly. tn 

order to save travelling time, sites were selected for each ol 

the two, 4-5 day sampling periods per exercise, and were then 

sampled approximately sequentially around the lake each week. 

Thus by the end of each exercise the lake shore would have been 

covered twice. Approximately 40 sites were sampled in each 

exercise. This method ot samoling coupled with natural movements 

of the fish, would hflve resulted in random sampling of marked 

and unmarked fish.
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Table 5.1. Number of replicates and fish, duration o( experiment 

and si.:f of cages used to measure tag loss and 

mortality of tagged lish

Date Species

Cage

(m)

Duration

(d)

Replicates v no. 

of fish

May 82 C. no88ar�bic'U8 2x2x1 14 1x15

May 82 C. garnepinua 2x2x1 14 1x4

Oct 82 moeaambioue 2x0.7x1 23 1x10, 1x9, 1x4

Oct 83 C. gariepinue 2x2x1 17 2x6, 1x4

The requirements 2 and , that marked fish suffered the same 

mortality and were equ" y vulnerable to capture as unmarked 

fish, and that tagged fish die! not lose their tags, were investi­

gated. Three separate experiments were done, in May and October 

’982 and in October 1983, in which fish were captured, tagged 

and placed in holding cages. Cages were checked daily for 

mortalities and at the end of the experiment fish were checked 

for tag loss. As the greatest stress would have occurred during 

capture of the fish, untagged, control fish were not included in 

the trials.

A total of 38 . Wi eaami ’Jup and 20 C. par'epinue were held in 

cages In the scries of experiments (Table 5.1). All fish were 

tagged with Floy-tvpe spaghetti tags, inserted in the flesh 

alongside the dorsal fin using a Dennlsson Mark II tag gun. In 

order to cut costs colourless, nylon, unnumbered clothing tags, 

Jr> mm long were used. The results of thr? experiments showed no 

tag loss in either specie:- for the duration of the trials and no 

mortality amongst the . ga)'>'l 'nuts. In the October 1982 

experiment there wa« no mortality or sign of stress amongst the 

. mo88arr,i.' 'ur but in May 1982 one fish died after nine days and 

i .*■econd after 10 days. The surviving fish had moderate to 

severe fin and tail rot which would have made them more vulnera­

ble to capture. In May low water temperatures would place the 

species under cold-stre (Allanson > 1 % 2 )  and the

additional stress ol capture and tagging was sufficient to cause 

fungal intections which were fatal io two fish. In October shcn 

temperatures were higher and tlu condition of the fish be"ter, 

rhev were able to survive the handling stress.
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From ;lu\se results it was con- luded that mortality and tap loss 

did not ocr'i- in . » '* or in . ” .'fii.'”:? 'ur in summer.

In winter (May) thi- influence of m< rtn 1 ity would have been tr 

uive an ever-est jmate <•'. . ' ,v rv population size while

the results ol iru rcased vulnerability tc capture would he to 

give ar underestimate of sl.-e. W>i i 1 e the impact of mortality 

could be calculated fror the experimental results, the influence 

ol the fungal infections on vulnerability ti capture could not 

he quart if'led, therefore the May 19K. results are considered 

ur.re 1 lab le .

In view of the stress . n . •• .v in winter and the low

catches it was decided r h Id the first 19ft.! mark and recapture 

experiment in March I >. However, even that early in the year,

. ’• . . ;••• had moved : n l n r e  after breeding and catches

were lew. Therefore no experiment wus run in early lQhA.

A total of four experir’c: r was uncert a k e n , in May and October 

10-£ and Marc: and 'ct 'her ')U3. In the first two the Petersen 

met! 1 wa . wit • ted t< marking* a twe cay break,

and then ■* days spent on the census sample in May, and 5 days 

each, with a tw dav brea't ; the middle, in October. In March 

and »>ct o! ,-r I9S3, ir. ar. tt tempt r- increase the number of 

recaptures, a multiple er mi- technique, and Schnabel's formula 

were used. n the-c occasions tagging was undertaken for J* days 

and the census ■ *.t . , wit! ut tagging, on the 9th day. Work 

was not undertaker, over week-end* as the heavy recreational 

usage of the dam prevented netting.

The tag* used for each exercise were marked with a soldering 

iro t< avoid confusion with recapture: fror; different exercises. 

Tie total length of all fish caught was measured and mass 

calculated from computed total lengthrmass re 1 ationships , for 

computing biomass and (or use in describing littoral distribu­

tion of fish (Section 4. 1.2).

(b) Ies l i e 's__! ishlng s u c c e s s  m e t h o d  tor v;.'1:
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Catch per unit effort for . • > • •' , was calculated from angling 

return: submitted to the Nature Conservation Division (Fig. S.l).
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M o n t h s

Pig. 5.1. The mean number f . lught per angler day

(March t-*H2 to 'prl'. 1984 .
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