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Tab 1 e 6.2. Kean number o ‘ c c-).- pe t prat:. and standard f r m r  from

randomly selected examp 1e? cif . •• ^ •

and ’. ’< ; ('varies. In each cast 1 1x sub-samp!es

were talen, for . 'a,' eai 1 sul-sati.pl e weighed

aj-proy. Ir t e ly 1 . > g and fo r the o t h e ’’ two spe cies

aj prox in.it e 1 y 0.
e • '

SF * stand re' error as a

percentage ot the m e a n .

SPFCIES

L . »»• » . * ■»*»• I
a c» u U

• 9' lT'-> :

Mean SF. 1ST Mean SE tSE Mean SF 2SF

eggs.g 1 eggs.g eggs.g

275.3 4. 31 1.6 20£« 1 3. 20 0.6 779.9 26.15

310.3 3.66 1 . 2 2046 0.7 6h !>. f- lc'.. 2.3

2^9. 0 4 .67 1.6 1735 25,7.’ 1.5 57’ . 6 U,!

285.9 4.23 1.5 1697 26.52 1.6 840. 6 12.81 1.5

287.0 10.04 3.5 9t7 1 4 . 4C 1.5 828 .6 27.85 3.4

larvae t roc. each 1 -o-d was measured ev< rv two d a w .  There was little 

vithin-sample variance anci live lengths yielded a standard error of 

less that of the trett . >*nlv 1 1.r«■ • repllcati' o  uld he undertaken 

as mouth-brooding f i t a U ^  could not V.- obt lried it: lebruarv and March 

1^84, after the initial trial. A sample it 18« fen-,airs collected on 

the 17th March 1*<H4 d ;<! not con:alt a single mouth- brood Ing fis:..

The percentage f female- i,outh-broodInp was determined 1 ror- rnmples 

obtained with a seine net lr. October and November 198i . Fish caught 

In gill nets were found to spit out t rv and eggs and could not he 

u s e d .

6,2.3 talitv

Total mortality of an exploited lish population Is made up of losses 

due to fishing and l o s e s  due to all other causes such as pro. at ion 

and disease. This may be described as,

Total mortality » Fishing mortality rate -* natural mortality rate

lich in turn ■ - pr< < d at (Ricker» ' 1 I :



where A annual expectation oi mortality

u c expectation of capture bv m/m 

\ K expectation of natural death

or, Z m F * M

in.stantanei us rate of fi I j 1 n k mortality

V « Instantaneous rate of natural mortality.

Independent estimate? V are rare are generally obtained durir.p 

periods of negligible fishlnj rtality (Cushing, mo&t 

cor; n method of separating m d  M t- relating total mortality to 

changes in fishing effort. A plot of total mortality on fishing 

effort results in a linear relati nship with the y-intercept 

providing ai estimate f natural mortality (Gulland, Implicit 

in this metba-J are the assumptions, usually made in mortality

• i tin it * ■ pangler, that t li proportional to

■ ishing e: fi rt and th. t " is constant over tiire. These assumptions 

are m a 1< r 1 ir. i t at J. n- a n 1 n major problem associated with the use of 

the relati*nship Z • F + M is that F ind M are related to each other 

but the fum tional form of the dependence is not known (Robson 

Spangler, l^7K), Cushin> (1981) stated that precise separation of F 

’ M remains i n a c i e s i M e  and is one of the central problems in 

heries research.

In this studv, the ,r umpt ion that M and v remain constant with time 

was made and the rates w e n  derived from knowledge of the total and 

fishing mortality rate*. This assumption should hold for the range 

of conditions, particularly the rate of exploitat i on, measured during 

the study but changes in natural mortality rate could be anticipated 

if there were najor increases or reductions in fishing pressure.



A further problem associated with determination ot natural mortality 

is changes in natural mortality with increasing age. In general, 

death rate is greatest in the ;uveni *„• stages, lowest in early and 

middle adulthood and increases with, old age (Cushing, 1981). 

Increased mortality with old age has heen iscribed to decreased 

relative cruising speed with age, resulting 'ror increased water 

resistance and change® in m u s e 1 ;1 structure In larger and older fish, 

which decreases feeding efficiency and increases the risk of 

predation (Cushing, 1981). It h.is also been suggested that older 

fish are more susceptible to disease (Gulland, lq 83 . However, there 

is little evidence ot fish dying ot old age (Culland, 'Qfĉ ) and 

predation is probably the r.vor ,-omj- nent of natural mortality 

(Cushing. 1081).

In Hartbeespo rf Pam, adult t i sh : the th-ee malor species are not 

exposed to predati r. as there are no large predators in the system 

(Section *.*.3). 'n addit'in '"'derate t severe fishing mortality 

pr* ented significant numbers t : i- reaching an age at which 

senescence is likely < Se< ti n h. 3. 1.3). Therefore the lives of the 

three species were divided int tv st .,-es, the first year or part of 

the first e a r , whei tura rt Lt Ls higl (Section 6.2,3.4) and 

the older stages when natural mortality is lower and assumed to 

remain constant for all age lasses and over time. It is again 

probable that a large reducti >n in ti I ing effort could invalidate 

the assumption t onstant natui >. mortalit\ for all older age 

classes of a given species, is the potential life span of the 

population would increase ind the older :ish could suffer higher 

natural mortal ity.

shlng mortality

In calculating lishlig mortality it wa- necessary to calculate the 

mean catch per unit ■ >,-rt by anglers m d  the total number of anglers 

using the dam.

The Division ol Nature Conservation (DNC) has a voluntary angling 

return system operating at two i t their recreational sites, ('heron 

and Kommandrnek (Fig. 2.1). Anglers w«igh their catches on departure 

and recoid and return the total number and mass of each species 

caught. Individual fish masses are not recorded. From these returns
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the total number of angler? re: leci ,-d on return? and the total number 

and mass ol each specie* caught per month were obtained and this 

permitted the calculation of a mean catch per unit effort (CP1T) per 

month.

Only a small percentage of angler; filled in survey form 1 and hence 

an estimate of total number of anglers had to be obtained. Vonthly 

figures on the total number of visitors to the sites at Oberon and 

Kommandonek were obt.'li able from the PNC. In order to extrapolate 

these figures to the entire lake, the relationship betweer the sum of 

anglers at the twe sites, and the total number of anglers on the lake 

per dav was determined I"’ undertaking ! lv» angler counts. These were 

performed frotr i boat on live separate < ccasions, covering conditions 

from peaV usage on a public-holiday in mid-sutrar.er to a minimum on a 

Tuesday in winter.

It was frequently difficult t determine wh< was a r t u a’Iv angling as 

many fisherman left their rod.- unattended, thus the number cf rod? 

wit! lines in the water was counted. Wherever peoplt were clearly 

eneaped in angling, the number c: fisherman and the number of rods 

were counted, whl.h perm: t te*: the calculation of a mean number of 

rods per fisherman. The legal limit in the Transvaal was two rods 

per fisherman. Rod count- were recorded for the recreational sites 

at Oberor and Komr tr.dor.ek and for the total lake. A plot of the sum

■ ! the rod- fi r ‘■cron and K.mr.andcnek against the total rods in the 

lake produced a linear re loti nship ot the form

y - 67.78 4 3.15 x (n-S, r2 - 0.9?)

where v ■ number of rods In the whole lake per day

x “ number of rod' at Oberon and Kommandonek

The mean number of i< !s per fisherman over the period was 1.49 

(2SI-O.04). Hofmc.r (19/hj reported that at least 90* of the visitors 

to PNC site^ went there tor a n g 1 inc. Therefore the total number ot 

anglers per month was calculated a- follows,

fa i the number of visitors to Oberon and Kommandonek was multiplied 

bv 0.9 lo estimate the number who were fishing, and divided 'y 

the days in the month to obtain a mean number pe; dav

78



(10 the result Iron (a) was multiplied I v 1.49 to estimate the 

number oi rods

(c) the result l rum (b) was substituted into the repression 

equation to calculate the total number c< rods per day

(d) the total number of rods per day was multiplied by the 

number of days in the nu.ith and divided bv 1.4V to estimate 

the number of anglers per month.

Hoftr.eyr (! °7S t pointed out that son* visit' r ■ stayed at the dam 

overnight but did n t estimate the proportion vho did this. The 

mpti - • that • properl wa • • . , .: 1 e .

Therefore the CPt'f obtained f ror the D V  w i- assumed to be catch 

per angler dav an ! tie c a l c u l a t e 1 total numt er of anglers to be 

the rumber of av.gier days p» r r nth • pent at the dam. These two 

figures were used to calculate the total r "t‘ y catch.

Th< 1 iorass estimates obtained in Section 5.3 and the mean 

iv.nuai cat.'! were u*t ’ c . t cvi 1 a t e u 'rite of exploitation > and 

F was derived frotr the lormrla 'Ricker, 1 9’5) ,

u * FA/Z

where F instantaneous rate of fishing mortality

A * annual expectation of death

1 * lnstantareous rate of total mortal!tv

The nature the DN< returns prevented determination of ape or 

■ire at recraitment to the ; "pulation susceptible to angling of 

the t h r e e  species. Therefore an appeal was marie through a South 

African magazine, Tight Lines/Stvwe l.vne, for angling returns to 

be completed bv enthusiastic, regular a n p’ers on Hart beespoor t 

Dam ((ochrane, 1 ‘Jh 3). Respondent« were j rovided with for is 

and encouraged to c o m p l e t e  t h ese a thoroughly and regularly as 

was possible. The response was p . -1 with returns being submitted 

on behalf of 19 anglers with varvlng frequency, but sufficient 

data wc""'' obtnir. d to as ess age at recruitment and angler 

selectivity. Respondent; provided individual masses of their 

catches and these were converted to standard length and ape from 

the relationships and growth curves given in Section 4.2 and



Section 6.3.1. Returns were obtained fron August to December 

1983 alter which no further returns were received despite 

repeated contact with the re pendents.

Total mo r t a Ii ty

Youngs and Robson (19781 list three general methods for estimating 

survival in freshwater fish populations.

(a) The survival rate derived from the ratio of the number of fish 

at the end ol a time period to the number which were alive at 

the beginning. It i a t . :  'j^ed that the group is closed except 

for mortalitv.

(b) The Chapman-Robson method which van be used when recruitment and 

survival are relatively constant and the population may be 

assumed to be stable on an annual basis. The method requires 

unbiased estimates of age class frequeueic to, at least, 

some age greater than the first fully recruit >. ge.

>c) A tag-recapture method which requires several vears marking- 

recapture data with serially numbered tag^.

Different methods were used to determine adult mortality (and hence 

survival) for the three species. Mortality rates in . r< t>.\znb:cup  

and . ‘ ::‘T ' are based on t) * first general method of Youngs and 

Robson hut, as the frequency and confidence limits of standing stock 

estimates were not suitable, TPl’K was used as an estimate of abund­

ance. The rprF of . jar  •: • in both research and angling catches 

low and thereiore a modification of the Chapman-Robson method, 

rig length (age) frequency and assuming a stable population, was 

u s e d .

The • nca8‘in: "uu population experiences variable winter mortality 

of 0+ fish thus the ape class structure does not remain constant from 

year to vear and varied considerably over the period studied 

(Section 6.3.3.5). Angler catches gave the larger return hut, as 

they were obtained as monthly totals, could not be broken up into 

age-c lasses and no portion ot the population could be idc ifled and 

consi -red closed to recruitment. Therefore Cl’lH of the research
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gill net fleet was used as a men sure of change in . r\ ■c.acmbi •uc 

abundance. The catch was split into two classes, recruits from 

spawning in the summer of 1981/8. and recruits from earlier spawnings. 

The second class was used to determine adult mortality. It consisted 

of fish spawned in the season.-, from 1971 • to 1977/78 (Table 6.28).

\  The intermediate age classes were absent as a result of winter

mortality in their first year (Section fi.3.3.5). The mean CPUK for 

each month was calculated from gill net catcher from Stations A, 16 

and 17. The marked change in water level would have influenced 

density of the fish population and thu* the Cl'Ul was corrected by 

multiplying actual CITE by the proportion of full supply volume for 

each month (Section 5...7 b . An exponential relationship of the form,

CPUE - c ebt

where a and b are fitted constants 

t * time in months,

was fitted to the data.

The Sest fit line was then used t< calculate total mortality 

over one year.

The >• ane method was used for carp but, in the absence of 

suitable gill netting data, the TFA angler returns were used to 

calculate monthly CPI' . . did not spawn in the summer

of 1982/8 3 and the frv spawned in November 1°81 87 were consider­

ed fully recruited to the population susceptible to anglin; bv 

March 1987 (Section 5.2 ) . Therefore the population could be 

considered closed except to mortality fror March 1^82 to March 

198/*. ffort dropped to very low levels in winter 1982 

(Table ’.17) and the CPI’K for this period was considered unrelia­

ble. Rising water levels: and the er t ahl i shment of large stands 

of aquatic vegetation in the summer of 1983/84 (Section 2.0) 

would have influenced catchabl 1 itv ol '. vr: . . Therefore CPl’E 

over the period March 1(J8.’ to April 1983 inclusive was used to 

determine total mortality. An exponential relationship w.is 

fitted to the data, as for ml 'ur, corrected frr volume.
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Analyse* of the length frequency structure of the . air 1 us 

population, as determiner! from mark and recapture samples, were 

used to estimate mort illt\ under the assumption of uniform 

recruitment over tie time petiod i ep reset-' ed hy the sample. The 

length frequencies ol the sample did not show clear ape class

■ - , evei whei ej ra ce< • • . t. s e x . ' • . revent<

splitting up of the ample inti age classes hy graphical methods 

or the statistical breaking up of the polymodal curve into its 

constituent normal distributions. Therefore discriminant 

analysis was used. 1- ror the data usee; tor growth rate 

determination, the mean and variance of length at age of

was calculated, sepal ate ly t. r males and females. 

Using thi- informatior the f 1 f known length and unknown age 

were classified into agt classes using the formula (Fatt i c f

V, (x) • - {>.'■ (xJ/S? ) + In (P.) 

i p  i p  i

where x » standard len.tf < f the fish (cm)

V (x) ■ discriminant function

* mean length of age group i years 

5^ ” pooled variance

F ( • estimated proportion of the population in the

1 tli age grout

V w a s  calculated tor each age group for each fish of known

length and tie fish was as igned to the age class for which

Vj fx) w a i the greate r. P was held constant and the same for

all age group' and the an.lysis was done Iteratively,

recalculating x. and s after < i>h iteration until there was no 

' P

further change in th*1 number ot 1 i sh alienated to each age 

clnsf:. The a n a l v  1* was undertaken by a Fl'RTRAN V progi.imme 

written hy the author (Appendix 1). The results of the analysis 

yielded number >■ ot I i sh in each .u'i i la.-s and the iullv recruited 

age classes were then used to calculate total mortality using 

Heincke's estimate (Ricker, l^/S).
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A = N /N

o

where A » annual expectation of death

“ frequency of luilv recruited age class

sum ot frequenc ie? of all age clfisse; rider than and 

including N .

6.2 .3.3 Natural mo;tall tv

Estimates of Z an.! ! vere made ' ec t ion (>. . .1 and * . .  j.:) and this 

permitted the derivation ct V, the natur. I mortality. This was 

obtained directls t rom the re ’ at ionsh 1 p ,

1 » F + M <Ricker, 1975

as.-uming ■ ».,Pf t ion ' . . . •

The annual ex; t tat lor. : natural it . , wi computed f rc n

v - MA/Z

h. 2 •• r t a 1 i t v

Mortality in the early stage* of life is usually very high and sma 1 ] 

changes . an lead t* ■•'•.ere tot a « ! f e  t i R,n-et'.il 6 Brautr, 1 . 

Backlel an ’ ! «• ren 19 - ‘ fated ft..it density dependent mort>ilitv i~i 

the early tages J life has the tra‘ r impact or. variation! in 

product ion.

(l\) N et hods . 1 de t e rm 1 n. i > i on

• irr young of the \> <r wen- ai timed ft' he vulnerable to 

fishing mortality wt m  thev had 11 ached a ma* * oi ISO g which 

occurred at an age ot six month* (S«*i t ion 5.... and Table f>. 18). 

In contrast . reached a mass of approximately .,r> g

after one year and . ; '• a ma.* *• of approximately 12* g .

Therefore the assumption was made that no fishing mortality 

occurred in the tirst vpar for tliese two species.
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. rcdBtvn: ' 'i.- in Hartbeespoort Dam spawned continuously from 

Oct 'her to March and tin* fry were easily captured. Therefore 0+ 

mortality was studied in this species hv fitting catch curves to 

length trequeneies of simples ( R 1 ker, 1 c».'r>) obtained from 

Januarv to \pril in I 98. - 1 ‘<H.,. Fr^m a kiv wledge of the growth 

rate during the first six months of life, the length data were 

erted t igt 1 i • ui :« m d  t • I < m  rate btaln* 

Three such c u r e s  were calculated for each year and a mean 

survival rate obtained.

The young ot the year ot . and . were rarely

caught hv seine <r gill net-; in! no information on changes in

first could be obtained. Therefore

the total r rtaiitv rate lut : .■ this vear was obtained from a 

Leslie matrix 'Kn e n , ' Vaughan fi Sal la, 1976) using age

ty lata (Table 6 ,3)* This method 

relies r the tssur.pt {••’•• t t - 1 a* le population and therefore 

the accuracy r v . i i 1 1 v : ’ timates ot survival in the

first ye r are .leperTent n ? t . ‘e u n d i t y  and survival data 

being representative ot i ,• • t h* trends. Tt is possible that 

total mortality was <• . ’ ■ 1 i/'> .ring the studv period due 

t increase ' ishi:g it r? .uit'nk* from the drought

(Section '),<*, )), " i  '.'Mil' i.t in ir. verost imate of *'irst 

year survival. The va'.iditv * results obtained using the 

leslie matri: ire tssessed in <• Ion*. • . \ and '. 3. ).

The longevity f both species was taken is t maximum of ten 

years (Table * . '). The survival t ites used in the leslie 

matrices w u ! <i reduce tie ige clas strength af 'tie vear old Viy 

95T after tour years i . • > and 9S" alter ten years ( ’.

j  . : '»:.<.•).

A second approximation of 0 * mnrtalit-. rates was obtained f ror. 

the results of the littoral poisoning undertaken in lanuarv l^H/, 

and estimates of the population fecundltv (Section 3. 1 avtd 

Section h . i . :  respectively). I'he population estimates obtained 

from littoral poisoning were based on three samples and were 

thus only approximate but the mortality rates so obtained 

provided a means of checking the first estimates, particularly 

those obtained using the leslie matrix.
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Table 6.3. Parameter estimates (Section <>. i"d fc. 3. 3. 3) used

in constructi on of Ies 1 ie matrices for the determination

of (H mortali t v in a) . 1 ■' and b'l / ;/•'» i : kuj

1 Hartheespoott Dam

a)
» m

h) n r r ■ • '> :ui;

Year class M

X

p

X

M

X

P
X

1 64 1 4 4 0. 1 5 0 0.91

)29<)l 5 0 . 15 22958 0.89

3 602 ̂  2 I 0 . 15 47907 0.85

H 8 J 4 0 . 15 7 766? 0.8 5

5 80*>39() 0. 1 5 1 t K 6 h 8
0.80

fe 95 3013 0. 15 1 ?8604 0.72

98 2506 0.15 16 7166 0.72

8 ‘1474^8 0.15 191537 0.61

p
1005 358 0. 15 2130*2 0.61

10 1009001 0.15 2 30021 0.51

where
M

X

* age speci tic fecunditv of iindividual of age 

P
X

p r o b a b i 1 it v  of inc.! 1 . idual 't v surviving to a*e

(b1* Density dependent mortality 1 n tin* tirst vear

The problem >f density d e p e n d e d  o in : i'b stacks has been widely

I is u id • •• r , 19 ; Buckle 1 •. Le Cren, lq 'h ; C u s h i n g , 

19*;'>. It is .i concept which h'uld be ii luded in any model 

attempting to predict tish v it* Ids under different harvesting 

pressures but is still poorly undei > od. The greatest problem 

in determining denslt' dependent rt tert < i s separating the 

influence ol density dependence from that of environmental 

changes in observed data (Ricker, 1 .

I.ensl tv dependence is inheient In the logistic popul.it Ion growth 

curve, In w h i h  ,i population will tend to increase towards a 

maximum biomass or ■ arrvlng capacity (Ricker, 1975) and this 

curve has been widely used ’v fisheries biologists (Ricker, 

1975). In Its simplest form there Is no need to understand the 

regulation mechanism and a parabolic curve is simplv fitted to 

observed relationships, such as yield and stock (Kicker, 1975). 

A greater knowledge of the density dependent mechanism is 

implicit in the use of stock:recrul t relationships

■
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Table ft.
Parameter estimates (Section 6 .3..’ and 6 . 3 . 3.3) used

in construction of leslie matrices for the determination

of 0+ m o r t a 1ity i n a) . • ■ ’’ and b) : : r  • l :

i n Hartbeespoort 1'am

a)
* I y * b) '. r • >:w:

Year lass M p M P

X X X X

1 64 14'i 0. 15 0 0.91

32901 5 0. 15 ’2958 0.89

3 602521 0. 15 4 7 907 0,85

*4 788244 0. 15 7 766 2 0.85

5 895390 0. t 5 1 () 8 6 6 8 0.80

6 953013 0. 15
I 3861' ',

0.72

98 2506 0. 15 16 7 166 0.72

8 997498 0. 15 191537 0.61

q 1005358 0. 15 213062 0.61

1 0 1009001 0. 15 2 30021 0.61

where

y

X

* ace spec ific fecundity -* individua 1 o f age x

P

X

« probab i ltv of Individual of age >: surviving to a lie

x + 1

( M  Penalty dependent mortality in the Mr-^t ye;”*

r'.t pr ';.1em of density dependence in fish stocks has been widely 

•l'lsrussed Ricker, l( r 5; Bnckiel £» I e ron, 1978; Cushing, 

It i s .1 concept which should he i r, hided in any model 

,. 11 e »>t ine to predict fish vleh!s under different harvesting 

, . ■? t o s  but is still poorly undei stood. The greatest problem 

.ii determining denslt dependent effect; 11. separating the 

influence of density dependence from that of environmental 

changes In observed data (Ricker. 197'*).

Density dependente is Inherent In the logistic population growth 

curve, In w h < h a population will tend to Increase towards a 

maximum biomass or carrying capacitv (Ricker, 1975) and this 

curve has been widely used hv fisheries biologists (Ricker, 

1975). In Its simplest form there Is no need to understand the 

regulation mechanism and a parabolic curve is simply fitted to 

observed relationships, such as yield and stock (Ricker, 1975). 

A greater knowledge of the density dependent mechanism is 

implicit in the use of stock:recruit relationships
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of which tin* two major type* are those of a) Kicker and b) 

Be\erton and Holt (Ricker, 11‘. ,

a) R - a Pe ''

b ) K c I/1a+b/P)

where a and b are constants

P - size of parental stock 

K » number of recruits

According to Ricker (lQ rr) the formei relationship is more 

appl1cable when > innibali sn play- a significant role ir. regula- 

tion, wbe; increased density • . .ivs the tine necessary for fish 

t crow t * rough a vulnerable * .-<• . r when there 1s « time lag 

in tie response rt predator- or parasites to the abundance oi 

;sh. The "attei i * more appt priafe whe: aval 1 able food is the 

limiting fact -r or wher. the respot * e of predators or paraph 

ti change* in l i sh abundano- is immediate.

The r.echa: i >.n.s c a u s : 'ensitv dt ; endent production include the 

rev; nse ■ r • i t it and growt.ii * iensitv. A third possible 

mechanism if a change in te unditv but this is considered to be 

•f minor import an.: e in relat ion t > growth and mortality ir 

density dependent me.hanisms K  u M n g ,  lu81). backiel and le 

tei (19’8) stated tii.it the life span of a fish could be divided 

into „ st ages

a) tin early stage1 when mortality responds to changes in 

density and growth responses can be ignored and

later stages when mortality changes can be ignored but 

growth varie*- with density.

H o w e v e r , they al-o -tate that variations In growth rate are 

likely to be Insigni1 icant in relation to the impact of varia­

tions in survival rates. The major impact of growth rates on 

populati'ii si/e if. a decrease in growth rate increasing the 

period (i maximum vulnerability (Ricker, 1975; Backiel and le 

(ren, 1978; Cushing, 1981) and thus it will be manifested in 

higher m o r t 1 i t v .
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In view ol tin- rccognistci importance o ' tuvenile mortality to 

population si;»e, 11 was decided t<- incorpp'-at e densit ■ dependence 

into the vleld modi'Is ot Hart 1eespoort Dan In the torn of 

density dependent mortal it v in iuvent les.

Shepherd (l‘‘b2) has s u r e s t e d  a single curve which can have the 

characteristic.' of either the Ricket or I W e r t o r  and Holt 

curve , depending, or. the sele. r ;. r. cf p.u .irrfpi's, The f uppested 

curve is

R « a r / ( ! + (V, K ) where R and P a* previous ]y defined

a - constant, representtr> the slept c f the curve at the 

origin

b ■ cons t a n t , e x p i e s f r t  the degrei < f compen? at ion

involve.-, There.. r* * 1 ha*- o a i t  compen? at ton

K thresh 1 hi on. • . : • .'trass al ve which det t i tv

dependent effects : ,,te

Shepherd 'fate'- that in the comr • *hser*ct sufficient data to 

determine the constant? , their \ «lue -liquid he assumed and then

V determined t fit • «■ pre-!l> :< . • • erve ' d.-ta. He suggested, 

for e x a m p l e , that ! should nonr.< . lv lie between 0. S and . . and 

he r r eater that 1 ’lv wher aii.i'al. - 1 • si jjnlf leant.

fhe use oi the above curve is ‘till, essentially, empirical and 

Is he s t f it ted tr a number years observed data, which are not 

available for Harf'eesp ■ rt lam. In addition, the curve incorpo­

rate both tfrowtl and lo,s f ror fhe population. In the vield 

models (it Harth**. ■ p ort Dam, Kiowth, in numbers and mass, and 

mortal tty are « on-put ed d r e e t l v  and what was required was a 

relationship which would permit the inoorporation of density 

dependence In the m ..lei* . For this purpose, the Shepherd 

curve was rearranged.

The relationship ot shepherd <!QK?) can he spilt into a growth 

and a loss c o mponent,
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In R « In (aP) - ln(l+(P/K)b )

aP = gross recruitment = number of recruits

at t i me 0 (R ) ,

o

R * net recruitment "= number of recruits at time 1 R j ) ,

S ■ Ri/R 

1 o

Therefore, from the equation < f Shepherd

R, - R /(I + (P/ll)b >

1 o

Therefore S * 1 ( H ( P / K ) b )

This relationship, Incorporating biomass and the constants K and b, 

was used tr simulate density dependent mortality in the Hartbe spoort 

Dam yield models. Values ot b were selected for each specie? on the 

basis of qualitative v’owledge o: regulation of the species in 

Hartbeesp .ort Dam and ■ determined so as to lit observed values of S 

and P.

ft. 2. 3. 5 Winter mort ■ ! t of 0* . •• .■._

" ‘U. is known to be sensitive to prolonged exposure to

temperatures below approximately 13c C (Allanson ct a ' . ,  1962) and 

cold-induced mortulity h a . been recorded ‘rom several localities in 

Natal, the Transvaal and F.astern Cape (Cochrane, 1984). Cold-induced 

mortality was observed on Hartbeesnoort Dam in 1981 and resulted in 

the almost complete extinction of the 0+ year class of the 1980/81 

awning season (Cochrane, 1984). Mortality was also observed in 

June/.July of 1982, 198? and 1^84 but to a less severe degree. The 

obvious importance of thi source ot mortality to p tential vield 

from the population necessitated it- incorporation into the yield 

models. Therefore, the frequency and extent of winter mortality in 

the population was investigated.

In June/.July 1981 an attempt was made to estimate, directly, the 

number of fish killed over the period.



In 1982 the first reports of winter mortality were received on the 

29th .June and a survey was undertaken on the following two davs. 

Seventeen sites around the shoreline were sampled and the number of 

dead fish at each site estimated bv undertaking sly transect^ of 12 - 

15 metres along the water's edge at each site. Where visibility was 

good enough t r a n s i t s  were also made from the shore in;o the water, 

at right angles to the shoreline. Dead fish were counted in a band 

1.5 m wide from the shore to the point at which fish on the bottom 

could no longer he seen. The maximum depth at which fish could still 

be seen wa^ usuallv approximate!" one metre but count? were frequently 

prevented by the presence of ' *.*• ■' • ru.7 n scums.

A further sampling trip wa? made on tie 7th Julv and it was apparent 

that more list: had died. Where tlu .ensity of fish was tot' great to 

use transects, the number of fist i: .() - 30 circular quadrats of 

( .082 m at each locality were roun t M :. Twenty random measurements 

of the width of the band of dead fish at the high fish-density sites 

were alsr rr.ade which permitted tht calculation of number of fish per 

metre of shoreline. .urther transects were made to determine the 

number of submerged dead fish. Statistical examination of the 

results did not show a decrease in the number with increasing depth* 

However, both dead arrf live fist were concentrated in certain littoral 

areas where they wer» associated with C scums. This was

due to the fish, in a chill coma, being hi 'wn bv the wind and accumu­

lating on leeward shores. Therefore rhe assumption was made that, at 

each locality, submerge! fish were randomly distributed in the 

littoral zone, and the total of the number ol fish on the shore and 

the number submerged in water up to two metres deep w e re calculated 

per metre of shore at each site. Four sites were sampled on this 

ca s i o n .

l.orr.atose live fish were caught with a seine net /it several locali­

ties. The f J sh were inactive and total mass caught was used as an 

estimate of biomass. The area seined was calculated, total ma of 

fish caught determined and a sub-sample o! fish taken. Length and 

mass cf tish in the sub-sample were subsequentIv measured.

(>n the 13th and /0th J u l v  sampling trips were undertaken but there 

had been no more death .



This method pave an estimate ot the- number of dead tish washed ashore 

which could he used as ar. indicator of the relative severity of 

winter kills over a number of years. However, the method as a whole 

was considered impractical because,

(a) while a large number of dead fish were washed ashore, the number 

sinking to the bottom could not he accurately determined

(b) the period of mortality on this occasion ultimately expended 

over two weeks but there was no means of predicting when It 

would cease, which would have necessitated extensive field work 

and required continuous monitoring. This effort was not 

justified in view of the potential errors described ir a).

The winter mortality of 0+ . r .• - • was monitored in 1983. A 

max/min therm, meter was located ne.it tation 1' (Fig. 2.1) 10 cm 

below the water surface and read weekly. At first there was no 

indication of mortality despite low temperatures. However, in August 

198.. large number • f . •• . fry wer» observed beneath a thick

algal scum, at the dam-wall. On the 17 — ( — 83 samples were taken from 

the lake-bottom, eneat ui| a vai Veei grab. Dead flat

were collected ir tt.;-se samples, indicating that m rtality had taken 

place. However, the number ot dead fish trapped in the scum, which 

was up to ( . b m thick Segev per • . comm,), and the number of dead 

and cottrtr se fish which had beer carried out through the canal 

outflows could not be estimated. The it reased difficulties associa­

ted with direct estimation ■? tl. extent ol mortalitv experienced in 

1983 confirmed that monitoring of the strength of the one year age 

class provided the n. n- practical n.-ans of determining the severity 

' f the previout winter mortalitv. The association of comatose tish 

h a , scum again in 1 demonstrated that the sites of

accumulation of fish are determined by wind-induced currents.

No historical record of temperatures in the lake existed but meteoro­

logical data were obtained 1 rom a site ! r> km north of the dam. This 

provided daily maximum and minimum air-temperatures from 14n8 and 

there data were ur.ed to determine the probable frequency of severe 

n .v ;r,! ' *;<. mortality in Hartbeespoort Dam.



Results

Growth r..’es

(a) . "?(. "us

The results 1'ur time of ring formation In this species showed 

some variation. In 1981, when s a m p 1 lng started, the . r .jeanbi- 

population consisted mainly of fish with si> cr more scale 

rings (Fig. t-. with the other age classes absent at a result 

of winter mortality (Cochrane, 1984 and Fig. b.19). The number 

of marginal circuli in scales with more than two rings were 

recorded and anal y s e d , but data from younger fish was not inclu­

ded as this would have resulted in large variability, as a 

result of the faster growth rate, ind hence larger number of 

marginal circuli, in younger fish. Analysis of marginal circuli

• tv . li •: mil ••• * : and October 1982 'Fig. 6.4),

showing that rings were formed at this time, co-inriding with 

the end of spawning (March/Apri1) when rapid growth would occur, 

„nd a further growth spurt (Stptember/Oct her) when temperatures 

rose and prior to the onset o: breeding. The marginal circuli 

counts in the older fish did no*- show clear trends after 

November 1982 as the iish approached their growth asymptote and 

growth became very slow.

Tht year classe? spawned in 198 P8I and 82/83 could be Identified 

on the basis of length, ana times of ring formation were observed 

in tlese classes. The former class formed rings in August/Septem­

ber in 198. and 1981. Norn- of the fish observed in this age

i lap; formed rings in March/April 1983 or 1984. Similarly the 

1982/>-3 year clas: formed theii first ring in August/September 

1983 and did n« t form a ring in the following March/Apri 1. 

Therefore it is suggested that . .v.-jr? :.‘ut' in Hartbeespoort 

Dam form one ring per year, at the beginning of summer, until 

they reach full sr-xual maturity when two rings are formed per 

year. However, thi age of full sexual maturity varies according 

to population density (Section b.3.2) and this would influence 

the age at which two rings are formed and hence the relationship 

between the number ol rings and age. During this study a second 

ling was not formed in a single year in fish less than three
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years old. Therefore the following relationship between number 

of scale rings and ape was used;

Number of rings Av_e

0 (H-

1 1 +

2 2+

3 3+ (September)

A 3+ (March/April)

5 U+ (September)

6 4+ (March/April) 

etc

where the transition from one age group to the next in assumed 

to occur In September, with the onset of summer.

The relationship between standard length and scale radius was

m d  ( oml ined for both sexes. The

relationship was,

SI - 1.70 -f 4?. SP SR (n-656, r*-0.94)

where SI. ■ standard length (cm)

SH ■ seal*' radius (rm)

Tht y-interrept of 1,70 was then u -ed 1n the calculation of the

length of each fish at the time of each ring formation and the

mean length at formation of each ring calculated for the

complete sample nf each sex (Table 6.4).



Tab If >1.4. The .iff .m u  -s; .md i~d length > )t . at the time

of scale rinv t crm.it ion with S*’ confidcr.ie limits (.Cl) of

length and the annual growth increment derived from t t 'nrd

1 engths

Scale

ring

Age Ma le F'enta 1 e

(vr) SL (cm'' 95X Cl Incr(cm) SL(cm) 95%Cl Inrr(cm)

1 1 8 . 90 8. M -  <>.20 10.23 9.03 8.80- 8.85

0
19.13 1 8 .52-19.'3 4.52 17.86 K .  59-18. 17 4.95

3 3 23.05 22.75*24. 5,39 22.83 22.63-23.( ■ 3.51

5 *♦ 2 0 ,04 28. 18-29. «Jl 3. 16 26. 34 2> . 16-2» . 5 3 1.70

•j
5 32.20 31. 3 3-33.Of* 1.60 28.04 27.67-28.22 1.16

o 6 33.80 . , - 16. 18 - 29.20 28,Bf>-29.55 -

A von Bertalanffv gr owth curve v.’i- fitted tc the above data and

the resulting equal ions were

i.) Males - 37. IP (1 - e*°*42<t “ 0.3®))

b) FimIm lt • 3 0 . ( 1  - c"'1-''1'1 * ,lf))

where 1{ • standard length at nee t years

Fredictior* of length at age from the«e equations corresponded 

closely to the observed i..ita (Fly. 0 .5).

The growth ot . " re ;n: • «.• recruits in the three summers 

'■tudied showed cleat differences !ig. t>.M. The growth rate of 

th« 1982/83 recruits, when the lake irvel was low and aquatic 

vegetnt Ion w ;tv . nt , was ' wet than the ft her two vear classes, 

kven after two summers, the near, length ot this class was less 

than that of the 1981/8. i 1«*;« at the same age. Tlu 1983/84 

class -howod the same mean growth rate, after six months, as 

that of the l''81/>. group, despite much higher densities occur­

ring in their fltsi summer. The h i vF» populations of emergent 

and submerged r,.urophytes, suj| . itlng high epiphytic populations, 

prohably resulted in the rapid growth rate. These differences 

in growth in thi first yeai demonstrate the variability which 

occur' as n result . . environmental change.
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The growth curvi'R calculated ! n m  st ales under*-? t imated the 

growth rati determined hv Petersen analysis; for the fjr:t two 

years foi e 1981/8:’ recruit: . hut approximated the length 

achieved hv thet after . . r> vr i -• (I i g . > .< ). The length predict­

ed iron, the growtl curve umii i est j n.i r <•,! the observed length? in 

this <igt class at veats hv i-nlv (males) and 10“ (females).

This shov- that the hypothesis lormulated on the time of ring 

formation resulted m  the derivation realistic growth curves 

which could he used to model the potent!. 1 yield.

i l r e l i r l n . i t ’. gt wth m r ' i  t i -r tin P e t e r s e n  method.

Time of ring t. rrrati • ’ carp vertebrae could not he 

determined h> ex.iminat ion cl mean n.argiral width and the 

Peterst-:'. method had t he u- e : Sect icr. (..'.lb). The three 

samples obtained during the initial survey and 

ct let ' verb* r nut at • t« apture exet ;ses were used and 

m  tr.il distributions titte.. to the polvmodal length 

freq’ot u-s (Fig. The differences between the

predicted and observed f-equencies were significant in all 

O a h l e  » . '.I , as a result o{ differences in growth 

rite between r.ali and female. ThJ s difference meant that 

the age cl- • length frequencies were in fact himodai hut 

it was felt that the potential errors in separating two 

similar n rtra! distribution.? for each age class, and the 

resulting reduction in sample -l.-e, would decrease the 

a* cure* of ttil . method, Therefete, the curves fitted to 

tit.il age i la ■ were used t> e tinat. age class mode.

The .i > • il.i represented b\ .t particular mode was 

determined strictly bv counting from the left hand side of 

the distribution. The shift In mode from one sear to the 

next in the three ' ample was then determined (Fig. 6. ') 

which gave an estimate of annual increment. The two peaks 

. t 55 and r'h cm in the 1 (>H < sample were not inclined as 

these agt classes had r.at been well represented in the 

previous two samples.
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To ta l  l eng th  (cm)

FIr . 6,7. Length frequiTt !e^ of . with H t t c d  normal

distribution^ f  indl^flte . 11>« c I u j m  within sa&ples taken 

In Ne ver er 1 1 and ctober I**?? .ind 10H3, Lines linking 

mod*** in successive y< »r« «hcw growth ir length for 

different ak* elites.

<



Table | . . Mod 66 and .-dpf: s ot t it  ot n o n):,-!! d i s i r i bn t i t ns
f j t t e d t i  I'hstrvi'ii ? t • I ’ y t h t reqnent  it-: c! . .

Date ol 

samp 1e

Mi >de t s ) 

ten i

n

Chi-

squared

S I pp. i i iLance

Nov. 1981 3?.5; •tl.5 11 21). 5 0.001

Nov. H8. 31. 5 11 1«».A ■ (.025

Oct. iv8; AH. S 2 .05 • 0.50

Oct. I0? 1 -8.5;
. ’>;

19 15.57 - 0.50

55. ̂ SR. 5

Tin total length (Tl> >1at, won* converted to standard 

length *: ’ . ! ror the . .;! culat ed it Iat i i j-,

..nil the i n : t ..-I l e n g t h  : a n n u a l  i t u  l e r e n t  d a t a  w o i t  used t.* 

a ’.cul.-*<- , 1h t t . iT o w t !  . u r v e .  Tht r e l a t i o n s h i p

be tween  the-.i two pa r a n e : e r s wa.-.,

Increment * - . i'(lL) irJ«0.Q~, n»fi>

where LI. Initial length

and the  g ro w th  equat  i <in

lt - 55.81 (1 - - °-°2))

where 1 - standard length at age t years

The i r  red a- vn-j t ft i. lf-.'t h > * 5 *'•. 8 or was less than 

the oh' i rvt d n>aximur length of pi eater than 'r' cm total 

length i *■ • cr t ii'danl 1 * • • , t i (Hg. > . ) indicating some 

error in the iittinp of normal distributions or assigning 

ape classes to tin normal <1 i f t r ihut i ons to calculate the 

growth increment. The latter could have been done by a 

more subjective assignment ot ape classes, but this was 

considered to be equivalent • *eeking those point.', which 

would bes t  pr *dui «* the desired leult. The curve was 

therefore u*<d in its calculated torn.



(ii) Verification and use of vertebral growth rings.

The relationship between standard length and vertebral 

radius was described bv the equation -

SL = IS.53 + ■; 5.4 3 VR (n-102, r2 « 0.87)

wheie SL = standard length (cm)

VR “ ’ ^rtebral radius (dll'*

The intercept, 15.5/,, was used as a correction factor ir 

the equation to calculatt standard lengrh at time of ring 

formation (Section ft.2.1(a)). The mean length at the tine 

of rir f formation was computed for the combined sample of 

male and female and, using the above growth

equation and assuming spawning at the beginning of 

November, the tr nth each ring was formed was estimated 

(Table 6.ft).

��� le 6.6. Mean en.gth at tine o' vert r.t'. rin.- f rr.at i on in a

.-.t '!1 i re' ,ir ; ■ : n,a ■ ■ i-. I !'cr. ___ • . - ~ , and t b.e

a.'c .ind x-’:.t!. • rin.; t. j t  it;-; ^rputr.' frotr the length

fre M > t leri\e': m t h  c u n  e. Month_'■: ‘ -1 rtr..it i or,

assuft.— sp.iwri:  ̂ . t the inr. ing o* November

Ring

Standard

length (cm)

n 05*, Cl

Age

(tritbs)

Month of 

f ormat ion

1 27.68 102 26.79-28.58 11 October

9L 40.69 83 39.38-42.00 21 Au gu s t

3 45. 78 60 44.51-47.05 27 February

4 49.45 45 48.03-50.90 35 October

51.63 41 50.18-5J.07 41 Apri 1

53. 12 33 51.58-54.hh 48 N<vember

7 54.23 24 52.49-55.97 57 Jul�

After the seventh ring, confidence limits became too broad 

for meaningful predictions of age. The lirst and second 

ring; were *ovmed .it the beginning of summer, at approxi­

mately one and two venrs of age respectively (Table ft.ft). 

Thereafter, two ring! were formed per year, at the beginning 

and end of summer. Rings In skeletal structure? are lormed 

at times oi slow growth (Quick & Bruton, 1984). The early 

summer growth check would In a result of utilisation of 

energy and food for formation of gametes and for spawning.
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The late summer growth chock coincided with turnover of the 

lake in March or April and thus could he related to food 

stress induced by decroa'-oc* food availability, resulting 

irom the rising oxyclini prior t< over-turn, or !v environ­

mental stress at and following over-turn when oxygen 

concentrations can become very low (Hot ,.rtf ■ ♦ 1982).

The first, second, fourth, sixth etc. rings therefore 

coincide with age classes and may 1. taken .»*• annual rinr«. 

The lengths at tine of toraatior. i • hose ring; 'Table f>. ? ■ 

we; e ,.‘-ed to calculate separate v n Bertalanffy growth 

curves for rale and fema'cb. The relationships between 

initial length and annual growth increment were,

i) males

Incr * 2 A . f>( - (‘.A3 11. (n*#>, r2 ■= 0.96)

ii") females

Incr = 29.( - - 0.50 11 (r=5, r2 * 0.88) 

where Incr = annua’ increment

II = f t ia 1 length

Tie growth curve' were,

i) male*;

. -0.5#. (t + P. 15).

* 5 7 . 5 o ( l - e  )

ii) females 

‘ t

! - 59.49 (1 - “  - »•“ ’)

where 1 std length at ..go t years.

t

The estimated asymptotic lengths of ri8 cm (male) and 5^ cm 

(female) again undorost imated the iiH cir observed in the 

actual population (Fig. ft.7) but provided an accurate fit 

to length at age data (Fig. #i.K). The calculated growth 

curves were therefore considered sufficiently accurate to 

use in thi* vield models.
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A g e  (yr  )

ig. ^.8. Length at age and fitted growth curves of rale (x)

and female (o) . • 3 r p ' . 1— I ■ 95* ('1 of male length at 

age and (— 'i • °c'* Cl of female length at ate.

(



Table * . 7. Mean Length at tiPT of vertebral ring ;< rrntinn in ma 1 e 

■rad f etna It* Cl = confidence intervals.

Ring Age Males Females

(yr) n

SL

(cm)

95/. Cl

I nc r.

(cm)

n

SL

(cm)

95? Cl

Incr. 

(cm)

1 1 68 2 7. b 3 26.53-J8 .1 i 12.27 34 . . • 2b.17-29.41 14.73

2 2
58 39.90 38.45-41.34 8. 38 4; .52 39.7 5-4 5.30 n  .09

4 3 35 *8.28 47.01-49.5b 4.55 10 1.6! 4 9. lb-r.7. 8b 1.13

fc U 28 *>2.83 51.31-54. 35 0. b7 5-*. 74 4 6,6 2-b 2.8 5 0.4 f

8 5 9 53.50 .27-564 ■ 2.18 55. 0 52.06-58.35 4. 10

10 t 6 ,61 .40-59, " - 1 59.

(c)

A compar1 ten of standard length at capture and number of spine 

rings present, showi i! an incre<o-e in length with increasing 

number of rings 'Table 6.8''. The wide variation in length for 

each number of rings 1' tc be expected as the interval between 

ring formation and tint f capture would vary widely. The data 

tc the validity of the tings tor u*.e in growth structures.

The time of ring : rmation In the pectoral spine? of g a r : t : 

c uid not be demonstrate': . m  lusiveiy. The mean r.arginal width 

cf the spines showed minima in July 198J, frou October 1̂ 8.' to 

March 1981 and it August 1981 with a fourth iorming in February 

1 9 8 (Fig. 6.9). The significance oi the two winter minima* 

each based on a single point 1s dubious, and the prolonged 

period of reduced marginal width in the summer of 1982/83 may 

have been the only genuine indication oi ring formation in the 

data set. The unusual conditions* with falling lake level, 

failure of the species to spawn in the summer of I 982/83 and 

major change in mat rophyte abundance j.robablv influenced the 

titi ' of ring formation, preventing it' usual seasonal pattern.
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