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Fig. *>.9. Mean distance, as n prop 'rt icn of spin** diameter,between 

last ring and pectoral spine border in '. r ’:u.̂

(November 1981 to rebruarv 1Q^4). Bar - 95* CT.



Table i-.y. The len/.th dis l ihutji'.i of . j ,.■

vi tli ti i I I crriu n un,hoi ̂  ol port oral spine 

rings. from Hart boo:.puort ban,.

ftd length (cm)

No. of f ish

0

Pectoral ring 

1 2  3 4

number 

5 6 7 8

0- 9 -

10- 19

20- 29 3

1

O

39 1 1 - - - - - -

40- 49 1 7 5 - - - - -

50- 59 - 4 8 6 3 a. -

60- 69 - 3 4 10 9 1 •

70- 79 - - 6 1 -

80- 89 - - - 1 1 - -

90- 99 - - - - - 1 - -

1
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in  Lake Sibaya, Lake Le Rouj  • • • in the Western Transvaal.

. '■ was tound t \ < nr. one ring per year (Bruton &

Allison, 1980; Quick f, Brut , n, van dor Waal 4

f.choonbee, 1V "e-). On the basis t these results and the clear 

; • • ' ’ • • ■ • • • • tsanei i 1982/83, It is

prnbal ! v that . 1 • ’ ■ in Hartheesp^ort Pam normally forms 

one ring per year. Calculations of t  ̂ tor the von Bertalanffy 

vr wtl urvi ed re ult o i -0.21 (males) and *»0,60 (females)

if the first rinx was assumed to lie formed at two vears old, and 

-1.22 and -1. *»0 respectively if tin- tirst ring was assumed to be 

formed at one yr.-ir old. The greater deviation from zero of the 

latter set of results .shoved that, as in Lake Sibaya (Bruton 4 

Allanson, 19P0), the first ring was formed in the hartbeespoort 

population i»t two years old.

The mean length at ring formation was determined using the 

Fraser-Lee equation. The correction factor, a, was determined 

from the linear reg"essi<n of standard length against spine 

diameter. The equation was,
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T a b l e  ^ . Cl. s t a n d .m (J__1 r  ng 11: ;it r im e of  r i n g  luTi.-i t i i ' i i
and ape .  an . ' an n u a l  l e n g t h  i n c rem en t  f o r  male  and 
f cMii.i 1 e . j  : r  • : ‘ . SI. •- s t a n d a r d  l e n g th  (err.),
1 n c r  = l e n g t h  i nc return t (cml , ( ' !  * n m  1 i dein c i n t e r v a l  .

Ma 1 e s Fema1e s

Ring

Age

(yr)

SL

(cm)

9b': Cl

I n^ r .

(cm)

SL

(cm)

95? Cl

Incr.

(cm)

1

*>
35.84 33.57- 38 . 1 1 1 3. IP 36. 13 33. >6-38.31 9.40

2
3 48.94 4b. 14- 51 . 40 7.27 45. 53 43.32-47.73 5. 98

3 4 56.21 ‘ 1.35- 59.08 . 51.51 4P.62-54.21 5.00

u 5 61.2 1 57 . 50“h4 .93 5. *>9 56.51 53.32-59.69 1.45

5 6 bt.. 80 6i .47- . : J 11.99 57.9 b 53.61-62.31 1.68

6 7 6. > 61.26- 9 M 2. 34 54.64 50.59-68.hb 0.84

*»

8 81.13 .. m , 68- i 17 . • 60. 4ft 4 7. 9ft-’.' .4& -

8 9 - ,51 4<.74- 123 . . ■ - - - -

SL - 14. 34 + 224. 14SK (n* 97, r2 ■ 0.68)

where SL - stardard len ^th (cm)

SR * sp ine rndius (cn.)

The mean standard length arid 0 " confidence limits, .and annual 

growth int. re .ent were then c alculated for rales and females of 

the total sample (Table h.9'.

The data in Table < . r* were used to calculate the relationships 

between initial length and grrwth increment. The equations 

were*,

i ) Ma 1 e s

Incr - 1ft.19 - 0.19SL (n-7, r 7 - 0.50)

ii) Females

Incr « 22.H2 - 0.37SL (n»6, r2 « 0.97)

The regression lino for males was not quite significant at the 

QC'"' confidence limit. The reason for this lay in the growth 

increments for the sixth and seventh years, which revealed a 

growth spurt. ’Ibis may have been caused by the broad confidence
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limits around mean length at the sixth ring (6 3.74-94.34). 

Quick anil Bruton (1984) f n m d  increased growth rate in males and 

females in their fourth and fifth years which thev ascribed to 

lumen expansion obscuring rings In older 1 i sh or a switch from 

invertebiate to fish feeding. The latter explanation does not 

apply to Hartheespoort I'am where zoop I ankton form the main 

component ot the diet of large tish and piscivory is insignifi­

cant (NIVK, 1 °8 . The probable explanation is statistical 

error caused bv increased variation in the length of older fish 

(Table ind small -.ample size of the older fish. For this

reason and because it was ne<essarv to have a mathematical 

description of growth tor the pr duction models, the relation­

ship was accepted and v r. Bertanlanffy curves fitted. The 

uncertain validity or this gi „th curve, indicated by the poor 

fit of the initial length:Inc rement relationships, introduces 

uncertainty into the ytelfl esr .:ates based on the models in 

Chapter 7.

The curves were,

-i M  it +()-'''> 

i) Males lf - 97. )2 (1 - e “ u  )

, , , *>0.46 (t - 0 . 1 3 k  

ii) Females 1 6J.J9 (L-e 

t

where 1 “ SI. at age t ve.tr

r

The theoretical asymptotic length ’ maies (9? cm) was a good 

estimate ■ ■■ .'hserved (110 CBJ l'I ' Cl# ';I . Fig, . ;'1 but 

that for fenale--. unden"tt imated the observed maximum (90 cm T1 ■ 

79cm SI, Fig. ri. 1). The female rurv. was therefore recalculated 

using initial length anii Increment data for the first three 

ring? alter which confidence 1i:nits became too broad for 

accurate initial length and increment figures, A regression 

line was fitted to the data from the first three rings 

(Table h.')) and the observed maximum length of 79 cm. The 

relationship was,

Incr - I6.ll-0.21SL (n-4, r2 - 0.9/)
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which estimates the theoretical i aximum length as 77.45 cm. 

Therefore the growth coefficient determined 1 run this equation 

and the observed asymptote of 7(,.0 cm were used to describe the 

von Bertanlaffy curve,

The male and modified female cu *• • ovidec a good fit to the 

observed data (Fig. »«. 10) , suit M e  for use i- 'he vie It! models.

6.3..' ! e l’uik! i t y . ,* ge a t ma t n i ■ t v and 1 m t iI lug s i m m -i.s

(a) . r . t s c r :

. r eear.:- ■ females were collet tec4 for fecundity analysis

during the spawning seasor o' 1982/8 3 and in October 1983. 

Fecundity : size relationships w<re described for the two 

periods to compare fecundltv for the ’ itter period of low dam 

volume (.\ * ) and hence high densit' to that of lower density. 

There was no significant ditferen e in the slopes or y-intercepts 

of the lines, which were almost identical, showing that changes 

In fecundity did not occur as a population regulation mechanism 

(Table 6.10).

The curve for the combined data with the highest level of 

significance and explaining 75.8^ of the variance observed in 

fecundity was used to describe the fecundity : mass relationship. 

In all subsets ma' showed a slightly higher correlation to 

fecunlitv than -.tindard length.

Tab] ( i. Fe<urc'ft_. t •' mass i e 1 at i nnsh 1 ps ! or . . v  collected

iti the summer o? 1982/83 and It; October PH .

F «* no. of mature eggs , V • n as •; (g) .

Time n r*

Signifi-

lquation SF.a SFb

c anc e

Rummer

1982/83 33 0. 798
O.oo

F 40.4 5 M0 '6"1 0.35 0.06

Oct. 1983 20 0.633 0.99 F - 40.45 K*'*63 0.31 0. 1 1

Total 53 0. 758 0.99 F - 40.45 0. 31 0.05



1 2 3 4 5 6 7 e 9  10 

Age (y)

Fig. fc. 10. Length at ,ige and filter! crowth curves c e male (x)

and ferra’e (o) . ia r i< : i>iue. '— > * oe>* ('T of male length 

ar age atiJ (— i » 9!i” Cl of female length at age.
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The breedin>' reason of . - r . - u r  can he Identified ; rom the 

monthly occurrence ot active-ripe and ripe females in the 

population (Fig. ft.1H .  This shows sexuallv active females 

present in the population from 'ept ember to I'eSruarv with lew 

percentage remaining in March am: April. Frv v *re observed and 

cnupht in the lake 1 rom th<’ end of Sept eti.be r , and 2 35? of a 

sample of 91 ietnale . •«».• : r } caught in October 19b2 were

mouth brooding, confirming th it spawning started in late 

Pept ember.

During lub.i, a total of 4 M  femalt.. and i3i male? were caught it. 

pill nets and sexed, This gives a ^ex ratio cf 1:1.37 males to 

females. During the breeding M.i-on, mature males are territorial 

and remain in limited area; In shallow water and the results 

were therefore hi a m u : toward : • •• :'e domlnarv e . A 1:1 ratio was 

assumed in the yield model (Section 7.2 . 1).

calct late the time of spawning and hence to determine the length

• .• • le 6. were h i ghly significant. From

these curves the tin ‘or larvae n teach 1<.( mm, the maximum 

recorded length . : trv still V i n g  mouth-brooded, was calculated. 

The mean period was 3 da s ( S'r ■ 3.1 dayp'. This agrees with 

the figure of 20-.'. days recorded from 1 ike Sibaya (Bruton 6 

Boltt, 1«75).

Tabic '.11. Dailv mean length of larvae 'fry trom three female

. - ■• reared in the 1 a.nir at orv

P*-p 1 irate 

m  temp, 

p. range

1

2 3.2 

22*-24 .‘i

2 3. 1 

22-24. 5

3

22.9

21.9-24.S

Days from time 

of capture

Total length (mm)

X 2 M 2SF X 2SF

1 b, 10 0.06 » . S6 0. 22

3 7.12 0.07 7.02 0. 14

5 8.16 0. 16 7.8b 0.22 8. 30 0. 13

7 8.98 0. 10 8. 92 0. 12 9.12 0.21

9 9.94
0.08 9.84 0.21 10.08 0.04

11 10.04 0. 1 1 10.04 0. 18 10.29 0.29

13 10.63 0. 1 s 10.76 0. 2l> 1 1. 28 0. 26
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1981 1982 1983 1984

IR. 6.11. Monthly percentage.of t tal female catches,of active-ripe 

and ripe females in gill nets ( '. •*: ,v.x~\; 'ufi and 
’. ,7? r : - r • r.u< and 35 tut seine net t . ■' ' from

November 1981 to April 1984. Number« at the top ot each 

graph show sample si.-e.



f

112

There was a large standard error of the mean percentage of females 

mouth-brooding (Table 6.12a) and the sampler could be split into two 

groups (<117. and '50?;) showing ’’hat mouth-brooding females shoaled 

together. The mean percentage of J8.7" (2SE = 24.' 5<- calculated from 

sample percentages) c .pled with the moan brooding time of 23 days 

gave a mean interval of 80 days between spawnings. The breeding 

season in 198-/83 extended run September ti April, with decreasing 

intensity in March and April (Fib . 6.11' >r approximately 212 active 

days if 50* activity during Warth ard April is assumed. This leads 

to a figure ol a mean 2.7 spawn i n;-;s per female per summer. The 

estimated interval between spawnings ol Bo days is higher than that 

recorded by other workers. Balarin (19)9) cited five authors who 

recorded varioi... intervals between spawnings (Table 6.12b) with a 

mean of approximately 5- days betw- < • spawnings. This would result 

in five spawnings per femal<? during the Hartbeespoort Lreecinp 

season. The lower ’ requency in Hartbeesp.’ort Dam is a result of 

lower water temperature (Section 6.4.2 .

6.12a.

tv- ’ ,> » k »  t ■ 

• • •
<•' mouth-brooding in seine net catches

in v. t obe r and November \ <<8 2

Date Site n n mouth-bro.i : ;ng * m^u'h-brood1ng

25 Occ o 27 2 7.4

25 Oct o .38 4 10.5

27 Oct 16 *4 0

2 7 Oct 16 8 62.5

27 Oct 10 8 80

27 Oct d2 4 2 50

1 7 Nov 16 17 10 58. c
TOTAL 108 31 28.7

1 ab 1 e *i.l2!'. li < ' rdod in tcr\ a Is te two < T  spawnings oi

iror ( thet sources

(f ror, R. 1 a r 1 n , 1979 )

Interval (days) Source

2 3 - 6 1 Vehida t. King

42 Bruton & Boltt

30 - 40 Kelly

21 - 42 Bardach >’* .

42 Maar < ? a. .

-

(



From 1981 to 1983 female . ’• r rc t r . l : cuc matured at a length 

greater than 15 cm (age = 1.5 yrs) at which stage 2(>r. of fish 

examined were ripe and 5". active- ripe (Fit. h . U i .  Over this 

Period fish in the size range 1^-25 cm were largely absent from 

the population due t< elimination of most of the year clasp in 

the winter of 1981. In 1983/84 the den: itv of fi'.h was consider­

ably higher (Section 6.3.3.**) and thif resulted ir. a delay in 

age at maturity anil females matured at a minimum length of 20 cm 

(Fig. At this t ir.e 2+ female: of 18 cm SI were net

nature, in comparison with. 1 r> cm 1+ tci.ales maturing between 

1QM  and January 1983. This delayed onset of maturity is a 

potential population regulation mechanism and i* a further 

example o : population response ti environmental change.

(b) \ -jrr:

were on1 - llected from March 1983 onwards. 

In . • explained ■ rr.arginall> greater proportion of the

variance than the mass. ihe be• t fit equation was:

r/ 8

F * 0.45 SI * (xi“3C:, r‘ e 0.84)

where SI - standard length (cm-)

The • reedii sermon or tint • f spawning of * jr: . could not

be defined fr-m. tcr.a’e gonad tivity a; tht majority ol females 

were ripe in ail samples (Fig. 6.11). Continually dropping 

water levels during the summer of 1982/83 resulted in a failure 

of the population to spawn and gonad condition remained high 

until after spawning in November Decemb*r of the following year. 

It was noted that the eggs in hine w p T p  being resorbed and 

examination of ovaries under the microscope showed the e^gs to 

be partially collapsed and fragmenting. By the time the follow­

ing sample was taken in September, i he eggs were matur*' and 

ready for spawning. The r rmal cycle of gonad maturation 'nd 

spawning was therefore prevented by the unusual conditions.

Intense breeding activity occurred in October/November 1983 

particularly in the flooded sp. beds in the Magalies

River mouth (Fig. 2.1), after rains had resulted in a lake rise.

113



SL  (cm)

Fig. 6.12. The percentage by size class, of . . ” .v v rb is u r females, 

active-ripe and ripe in the period November 1981 to 

January 19H3 and in December 1°83. Broken line indie 

no fish caught -n size range.
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Three of the lour females caught in March 1984 were in active- 

ripe or ripe condition showing that breeding was still continu­

ing. However, the low catch oi . -art at this time and the 

absence of visible spawning behaviour in March showed that 

spawning intensity was very much reduced. Seine-netting during 

spawning would be biased towards the tish actually breeding 

which come into shallow water to spawn. Reference to other 

studies suggests that >7 spawns under favourable

conditions in November Pe''en.ber (Section » .4.J).

A total of t '  male; and 17 females were caught between Kerch 

1983 and March 1°8*<. The December sample consisted of 24 

ripe-running males ar.d onlv one female, and was the major cause 

of the tot.il sample bias toward: males. The dominance by males 

in this sample showed that most iemales had already spawned and 

moved back into deeper water at this time, while the males

• ■ ■ i activ< H o w  water. Analysis

o: the unbiased samples resulted in ar Mmateii sex ratio of 

l:0 .8-< ma^es to females.

• , : t  female* were sexually mature by 37.5 cm standard 

length (Table 6.13 at which tin. they would be in their second 

year. Therefore thej are able to spawn in their second summer.

Table >.1 . The pt re i rt age of ‘ _ t cm a 1 es

■ ■'T-pi«d in l''fr3 wh 1 ■ h. were at t i ve- r i pe 

Ar. i > r r 1| i_ (1.) ,-plit up by :l,-e class

Standard length (cm) IAR or R Total

< 35
- 0

37.5 80 5

42.5 100 7

47.' 100 ■)tm

52.5 100 Q

57.5 - 0

62.5 100 6

67.5 100 4



(c)

Samples of . * ’> t.‘ ovaries were collected in

September November 198. ,:nd October-I'e.-ember 1981 and analysed 

separately to Investigate possible differences in fecundity with 

the change in density. In j a r '- ' I  '•■ . SI was a better

predictor cf fecundity than ma .. There was no slpnificant 

difference between the slope and intercept for the two years, 

however, the correlation in the combined sample explained less 

variance in fe* unditv than the curve fir summer 1982. As there 

was no spawning In the summer of 198 2, . p a rte p tn u s ovaries 

regained ripe until spawning in November the following year. 

This could have had .in influence on the fecundity In November 

!Q83, therefore the curve for ummer 1982/83 was accepted as 

that best describing fecund 1 P. . 7 : r  u’.

Tab 1 e >.!<.. The re at i ■ 1 nshlp between tevir ! ity and standard length for 

'■ • ■■■- ' ’ In : ̂  - and '■ V- ■ “

Time n r* Sig. Equation SEa* SEb

.
Sep-Nov 1982 16 0.61 0.99 F- 0.17 SI. 2.80 0.70

Oct-Dee 1983 8 0.31 <0.95 F-38.09 SL 4.72 1.49

Total 24 0.40 0.99 F-10.18 SL2 *25 2. 37 0. 59

*SEa * SF of natural lop-transtormed data.

* . ■ was reproduct ively active from October in 1982 and 

1983 (Fip. 6.11). As with . ’ , . j  :'nui' failed to

spawn in 198? and spawned in October/November 1983. Kipc and 

active ripe female, persisted in the population t rom October 

19h. t< ’nne 1983 but resorption had taken place by July and 

females were again ready to spawn in October. Therefore, in 

normal years, . ’» would spawn after September, when

the lake level first rose or the rivers flooded.

1 16

. i ; r  ■ : can e »M ly be ■ exed external 1\ ard all fish caught

in the October 198. and 1983 marl and recapture exercises were 

sexed. The results were.
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\ea r No. males No. fetn.T 1 es Ma It?:;. For,'i 1 et

1982 

Tot a 1

643 

880 

1 532

468

793

1261

0.73

('.89

0.82

Samples ct . • „• female', ft the smaller fi/e group!, were

t oo ama 11 to del ermint • I . 1st at • ■ ua . mat ut : t - (Tab 1® 6,15). 

Fish of 45 err standard length were sexually mature and this 

represented ,~.n «»gt of tl.i «•< years. Ti t smallest active-ripe t>r 

ripi • ught wa 43. standard 1ength which repri enti an

age . : .'-i years. Other worker* have all I and . 

to maturt t .ippr ox irately u  .ears %-Id (Section * .4.2;.

Table * . I 5. rhe per f.t aci' o : . : ema 1 es

sav ; 1 ed K'tvi i n it e i ,ir > Fctem-her I *-* H 1

1 0 * . __t t! 1 whl(.t were active ripe or

r t p«-, split u; ■]> . rd 1 ng r< si.-e

St a:,dard lenpt:. cn 1 IAR or R Total

* 39. 9 1

40 - 40.0 67 6

Su - 50.0 6

6C - 6 0 , 9 67 3

70 - 70.9 100
2

(d) F-ffeet of 11 , : t ig • ■ wnini

.•ill..
and \ 7wr:Vr:'» ::«*■*

Both . • and . ; . • • failed t • spawn in the summer

of 19>-. hi hut ,pawr c! in 191- h- when the water level rose, 

flooding an estimated 120 ha. Both species spawn in freshly 

, • . . • . • • . .. • • • 1 : . . 11 , 981; Edv • & Twomey, l 91 . ; 

Bruton, 19 79). . • was found to require temperatures of

15-16'( to indue, spawning In southern Fiance d'rlvelli, 1981) 

and . '>.<.■ gener.il ly -pawn- between November and April in

central and jouthern Africa (Clav, 19/9). The water temperature 

in Hartlu t■poort Dan is generally below 1S ''( l rom the beginning 

of )une to mid-September (Scott ' . .. 197'). (*n the basis of 

temperature, only floods occurring I i'nn October to May are



likelv to stimulate spawning. A flood would also have to be 

larn enough to inundate 1 arj'c areas oi marginal vepetation to 

stimulate spawning, such as the IJO ha Inundation in 1983. The 

lake volume was only 141 . full at tl ! time and approximately 

100 ha p r o b a M v  represents the tninimur inundation which will he 

largt enough tc ft imul.»t <* ‘-[awning. However, such a parameter 

could net be defined with certainty and theretore, for this 

analysis, floods between 5lJ and 100 ha we e excluded and only 

floods less than ' ha w e n  111 -it ed as he ing too so,a 11 t «• cause 

and . j : r  : ’■ to spawn.

The monthly mean jiea o i  Hartbeespoort Dan was plotted 

(Fig, 6. 1 ; 1 and a l 3 increase rl i ati

(Table ' .1ft) and classified . i rding to the probabilif. of 

their st iir.ulatinp spawning a. rding tr the above criteria.

T a l ' . e  * ■ > .  i V c u r r e n c e  -in.’ » - t e r t  r i s e *  in l a k e  l e ’ e l
t r ■- t i ary 1 * Vay i ' : rm.  F I p.  ft. 1 3 ) .

n b e l s  refer t o  t l  prota h i 11tv_ t h a t  t he timing and

extent f thi fl woul bt sufflclent to stimulate

spawning, + ■ pr • , ? * possible. - " unlikely.

] 18

Year Months

Flooded 

area(ha)

Spaw­

ning

Yea r Months

Flooded 

area (ha)

Spaw­

ning

1965 !an-Feb 60 1973/74 Dec-May SQ0 +

19bft Feb-Mar 220 + 1974 Nov-Dee 150
4-

1966 Oct-Nov 160 + 1975 :.i n-Mar 400 +

1967 Jan-Apr 1000 + 1975/76 Oct-Jan 200 +

1968 Ma r-May 100 1976 Mar-Jun 30 -

1969 Mar-Jun 100
<»

197h Ot t -Nov* 40
1

1969 t -  Ian 220 + 1977 Jan-Feh* 40 ?

1970 ict-Nov 20 - 1977 May-Jun* 30
9

1971 Jan-.Jun 980 + ! 978 Jun-.lu 1 20 -

1971/72 Nov-Apr 880 + 1979 Nov-Dee 40 -

1Q 72 Nov-Dee 50 l 980 Fob-May 80
•>

1973 Apr-May 100 1980/81 Nov-Apr 300 +

1973 Oct-Nov 390 4 )981/82 Dec-Feb 160 +

1 '*83/84 0ct-Feb 320 +

* * hake full
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Fig. 6.13. Surl.ic*? .ire.i of H.irtheespoort Pnm ( January 1965 to 

May 1^86'. |),>pt . ol Water Af fairs, Pretoria 

(unpublished data).



During the period 1 9f to 1 pha , there were two summers when 

spawning would not have occurred (Table 6.16) (78/79; 82/83) 

and six when the occurrence o£ spawning could not be determined 

(6-/68; 68/69; 71/' 1; 76/77; 77/78; 79/80) out of a total 

of 19. The position between January 197* and August 107B is 

unclcar as the lake uas at full supply ior murh of this period 

and thus small t lvu tnations in water level rr inflowing water 

may have stimulated spawning ir . and . j a r ie p in u e

respectively (Edwards f. Twi-mev* 1 *>81'; (lay, 1979). In those 

years when predictions could he rradr w :h lOnfideniC, spawning 

\»as unliVtlv to have occurred (-) In approximately 15". of the 

summer*. The actual impact w« examined using the yield models 

(Chapter 1).

6.3.3 y^KTAi :: v

Estimates « f mortality a.i tun e- •' for most yield predirt ions 

(Section ~ . 1 > and were required 1 r tin- >mputer simulation models 

(Chapter 7). There is little data available for comparison on 

mortality rates lor these peri »s u; >r similar conditions. The 

objective of tbis section is therefore to analyse the data, to 

present the result and to discuss their validity,

6.3. '. 1 i l S' ■: L r r t a 1 It;.

There was greatest angling pressure on carp with 0 i, t ol carp, 311 t 

" • :,t? and t ol . ' «.■ caught during the

period. The monthly CPUF f«»r the period March 198.' to April 1984 

(Fig. f.14 l, Table 6.17) alsc showed the dominance of carp. Carp 

11che showed leai win’ei pr.ik‘ hut the sir» ol the 1983 peak was 

pert as it wa1 Eased <>p n sr.all number of anglers. The other two 

species showed the reverse trend with lowest catches in winter. 

There was an in rc.tse in llshing presutre ! i om October 1983 onwards, 

caused by increased number •• of angler: and higher CPIH (Fig. h . I /*) • 

The mean annual catch during the period was 449 t carp, 144 t 

r. it*? in t *:«<• end 10? t . r i r i c j  and the mean number of angler

days per annuir was . 3) 7.M.
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a ) . n :  ■' • a'

Thf estimated total catch : i'r t he period October 1982 tr September 

1983 was 274 719 fish (Table 6.17), Ttil' consisted of fish of

_1 . ’ A summary of ■>n^ 1 in>■ .i m ! catcl pet__i t et f>>rt froa the

i ’l v l s i o t i  o! Nature < »"i se r va  t i > r  a n g l i n g  r e t u r n s ,  March 198. 
to April 19d4

Catch per angler day

Mon t h No. returns N .  anplers . r': ::rtl ' . oa *#■
. p a r~ ‘ p

N o .
kg

No.
kg

N o .
kg

Mar

1 982 197
20058 0. 38 0. 40 0. 98 1.89 0.04 0. 27

Apr 302 24906 0.98 2.70 0.07 0.48

May 145 9285 0.21 0. 16 0.91 2.05 0.08 0. 22

Jun 138 23271 0.01 o.< ■ 0.81 0.01 0.01

Jul 128 19362 0 0 0,80 0 0

Aug 358 if 655 0.02 . 0.83 2.86 0.01 .

Sep 394 1 7938 i . ( . 0. 70 2.31 0. 11 0.21

Oct 360 21633 o,< • .( . 0. 09 1.57 0. 12 . 1

Nov 4.48 21646 0.21 0.22 0.43 1.37 0. 15 0.49

Dec 192 36266 3.06 1.49 0.92 0.h9 0.03 0.07

■Jan

1983 267 31716 3.01 1.52 i .22 0. 71 0.003

Feb 376 18414 2. 74 1.89 0.29 0. 74 0.06 0. 35

Mar 120 17238 0.27 0. 13 0. 76 1.81 0.29 0.48

Apr 19"1 20253 0.07 0.04 0.28 0. 71 0.00 0. 34

May 40 8149 0. 15 0.0r< 0. 75 0. 78 0. 13 0.32

•Jun 28 3928 1.07 (1. 76 1. 36 3.03 0. 18 0 .46

Jul 31 56 3 7 0 0 2.21 3.86 0.29 1.07

Aug 15 6833 0 0 2. 33 6. 73 0.07 0. 17

Sep 92 8099 0. 14 0. ( i 0. 6S 1. 33 0.26 1.44

Oct 299 21636 0.69 0.48 0.42 1. 18 0.66 2. 16

Nov 354 1 74 56 1 . 35 0.62 0, M 2. '? 0. 73 1.21

De 719 41510 1. 34 0. 71 0.40 1.11 0.32 0. 58

Jan

1984 242 30701 1.60 0. 98 0. 55 2.08 0.004 0.017

Feb 232 22672 2. 20 1.16 1.02 3.89 0. 17 0.92

Mar 1 32 1615? 1.50 0.81 1.19 5.61 0.23 0.44

Apr 172 ?:°F6 1.60 1.22 0. 19 0.56 0.07 0.47



1+ and older. The population estimate for October 1982 was 

1 7ft3 452 (Section 5. ■. ! ) . Therefore parameters can be 

calculated is follows (Ricker, 19,5).

u (expectation ol capture bv man) = 274'29 / 1 7ft3 452

=■ 0, 16

The Tight Lines angling returns (Table ' ,18) showed that all age 

groups from 1+ were ‘-elng exploited and shewed the strength of 

th* 2+ class. There was p. evidence 1 size selection.

e e • ated total catch for thi Marcl 1982 to Feb.

;MHl, was ll. 91’ fish. The estimate, also based on angler 

returns, for standing stock in March 1«82 was .'42 997 (Section 

5,3,2). Therefore,

u * 192917/„4.'9Q7 

- n. 'Q

The absence of recruits from l̂ f-. u was reflected by the i V  

Lines angling returns (Table * . 1 >0 m  *r ■ ■ bulk of the catch j -.p 
from the 2+ class which was th< ass. There was n<

evidence of si/e selection.

�abls 6. 18.___ Was 11 strlhut : n >'i ■ i . • ■

aught I'V )r g 1 <• r s August_t o_ !lecent »■ t

Mass (kg) No. Mass (kg) No.

0 - 0.25 1ft 0 - n.(>9 4

0,2ft - 0.50 57 1 - 1.99 12

0.51 - 0.75 1 2 - 2.99
2 ">

0.76 - 1.00 0 3 - 3.99 43

1.01 - 1.25 1 4 - 4.9° 7

S - 5.«9 1

f> - ft. 99 ft
>(). 99 1

Total 75 9ft



The total catch ol . over the period October 19S2 to

September 198 3 was 21 93.' fish. Thi mark and recapture result 

for October 198. was unreliable therefore a stable population 

was assumed and the | ipulatlon estinate to; (October 1983 wa* 

used as an estimate for- that in October 198.'.

u - 20 938/175 276

- 0.119

However, total mortality was found to increase with age 

(Section 6.3.3.2). 31 <■ specific mortality was investigated 

using Che Tight lines ang'ing returns (Table 6 .1 9 ) ,

Tab it >.1°. Vass .ind age (computed fror rrrwtb. curves)

ot . J caught by anglers,

August - T e . en.be r 198 3

Mass

(kg

Approx. 

Ma 1 e

Age (yr 

Fr.na le

No. caught

of

total

- o.« 2+ 2+ 1 0.9

1 - 1.9 3+ 3+ 8 7. (

- 2.9 4 + >3- 18 15.7

3 - 3.9 5-f >3+
9 7.8

4 - 4.9 t>+ ii M 20. 0

5 - 5.9 7+ >3+ 13 11.3

6
- h.q 8+ •3+ 1 i 9.6

7 - 7.9 9+ >3+ 31 26.Q

Total 115 100. 1

.Substantial angling mortality was on 1 v exerted on f ish over four 

year old and a i m > t '(»" ot the angling mortality was concentra- 

ted on fish over six years old. The relationship between mass 

and number < .night was best described b y ,

No. caught ■ 3.IS Mass'* *

(r2 ■ 0. 7 S , n * 8)

The actual fishing mortality rates show that • ‘ O 'f .c  was the most 

heavily exploit'd species ''h almost 80" of the population vulnerable 

to angling likely to be removed in any one year. By comparison the



other two speciesw.i. lightly exploited at rate;; of less than 205' of 

the vulnerable population. • •’ ’ a clariid, is not a

popular eating ii.sh, and Is probably not sought after. The relatively 

low fishing mortality experienced by . " is related to its

seasonal behaviour. In winter the species stops feeding and is 

essentially not vulnerable to angling for three to four months of the 

year (Fig. h . 14' .

Total mortality 

la) • •”

The be t fit curve for the change in gill net catch with tine 

was the exponential curve (.Fig. * .1 '

75.38 e-0 -0Rt 

12, Q5’ Cl b - 0 . 1 5 )  

time in months

Using this cur-’e to calculate the change ir CPUF. in one year 

resulted in an annual expectat . n .f mortality. A, of 0.^2 or

CPUE - 

(n * 

t -

-In(1-A)

0.9’

( b ) ■ »»♦

The If.-t tit curve f< r change in .mgling CITF with time was the 

exponential curve (Fig.

CPUF - 1.36 e"n‘ lf>t

(n * 14, 95’ Cl b - 0.06)

Using this curve to calculate the change in CPl’F in one year 

result; in an annual expectation of mortality ol 0.85,
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Fig. 6.15. C.ill net CPl’F. (number per 1 000 m of net), corre ted for 

lake volume, of . " r rz ":: : ’us older than three years 

(December 1981 to December 1°83). The curve is the best- 

fit line to the data prints, excluding the ringed 

points which ire low --atche* caused by winter low 

water texperatures,

Months

Fig. 6.16. Angling CPl’E (numbers per angling dav), corrected for lake 

volume, of C. 'a rp io  (March 1°82 to April 1983). Tne 

curve is the best-fit regression line.



...

The year class break down of length frequencies was obtained by 

discriminant analysis, in October 1^82 and October 1983, 

(Table <1.20). The annual expectation of mortality was calcula­

ted from Heineke's estimate, A - K /N (Ricker, 1975).

o

The analyses for females are not included a; these were influenced 

by the underestimates of standard length in the older ape groups 

referred to in Section h . '.I. I'ish w e n  onlv fully iL-cruited to 

the seine-netted population t the age of five years 

(Table ft.20). Prior to this the fish probably remained in 

slightly deeper water or in macrophvte beds. There was a clear 

increase ii mortality rat* wilt; increasing age and this prevented 

the application of catch curve analysis (Kicker, 1 *5). The 

most likely reason for increasing mortality is heavi.. angling 

pressure on the larger fisl (Ricker, 1°75) as was demonstrated 

for this species (Section ft.3.3.1 .

nentia wa tti • th< t Ln Table 6, . The

best-fit relationship was

. . ... 0.327 t 

A * 0.05 5 e

(r2 - 0.92, n * ft) 

where t " age in vears

(c) \ aaT'-icp-'nu.'

Tel Lj Age rl.r s distribution of male . in

samp! e • _f ..Wn in Qct itr 19H2 and ! °.u ' ,md 

Heineke's estimate of mortality (A)

Age

October 

Ma 1 e

19R2

N o . A

October 

Ma 1 e 

No.

1983

A

2 2C 17

3 37 47

4 f t f t ft5

5 125 195

ft 160 0. 348 240 0.423

7 160 0. 5 33 201 0.613

8 103 0. 736 94 0.740

9+ 37 33



1 28

This relationship was used to predict A over the range of male age 

classes. The prediction;, were,

Age 0 1 2 3 4 5 6 7 8 9  

A U.Oh 0.08 0.11 0.15 0.20 0.28 0.39 0.54 0.70 1.05

As the cause ot increasing mortality with ape was differential 

fishing pressure, the mortality rate must tend towards the natural 

mortality rate with decreasing age. This trend r a n  therefore be used 

to estimate natural mortality (Section i .3.3.3c).

6.3.3.. thesis of mortalitv data end natural mortality ratei

(a) < * • u

With the previously calculated parameters,

u ■ 0.1*

A ■* 0,fc2 

Z - 0.97

the following i an be calculated (Ricker, 1975)

There!ore V

(b) J. •.!•: '

u * FA/ 7

F - uZ/A

m
0.25

A * U  + V  ( v

v * 0. 4fi

z » F + M

M * 0,72

m seat

u * 0. 79

A * 0.85

7 - 1.90



and therefore,

F = 1.77 

v * O.Of 

M » 0.13

—  A , ------------ ----------------------

The relationship between size .ind numbei of iish caught was 

(Section b. 3. 3. lc '.

No caught “ 3.35 Mass ̂ ^ * ...(1)

and that between age m d  t tal mortality for males was 

(Section b.3.3..

f i i 1 7 f

A - 0.055 e ...(?)

where t ■ age (v)

From (l)i minj f eight kilograms liable '■.1°'',

the proportion of c .ch 1 ize titi.p in the total airier catcb was 

calculated. These data together with data predicted from (2) 

(Table 6... I > were used t dculate the relationship bet..*?c-n A 

rrd vulneral ility to capture

Table * .J 1. Mort a 1itv ,\”d Incrabi 1 it\ to capture

at age for male \

Ape A Prop of total catch

b 0. 39 0.14

7 0 . 54 0 . 17

8 0. 74 0.20

Those data show a relationship r( the form,

A - 0.09 . l O . ^ n ’rop.)

(r2 « 1.00, n - 3)

From this relationship the total mortality, A, when there Is 

zero vulnerability to capture can be computed. This value is 

the y-intercept, 0.09 which compare;- favourably with the value



Table 6.22. Mort a 1 it v rat es lor different age classes of m a l e  and

1ema1e :t iff.

Ma 1 c Fema1e

Age Ma s s 

(kg)

A V u Mass

(kg)

A V u

1 0. 1A P. 09 0.09 0 0.19 0.09 0.09 0

0.62 0. 11 0.09 0.02 0.61 0.11 0.09 0.02

3 1, A 1 0. 15 0.09 0.06 1 . 18 0.15 0.09 0.06

A 2.39 0. 20 0.09 0. 11 1 .82 0.15 0.0° 0.06

3. -*6 0.28 0.09 0. 19 2, Ah 0. 20 0.09 0. 11

6 A.53 0. 39 0.09 0. 3l 3.06 0. 28 0.09 .

7 5.55 0. 5A ■ . • 0.A5 T, 62 0.28
0.09 0. 19

8 6, 8 0.76 0.09 0.67 A . 09 0. 39 0.09 0.30

9 7.31 1.00 0.09 0.91 A. 50 0. 39 0.00 0.30

of O.Ut est imat ed 11 ■ t : + fish b\ Sitting nn exponential cur-c tr 

the data in Table t. 19. The natural mortality is assumed to t>e 

constant at this valut for all age groups greater than 0+ and 

fishing m rtality to in. :e,. - * according to the power relationship 

for age against A (. . B e a u s e  vulnerability varies aF a result 

ot increasing mas« rather than age itself, the vulnei ability cf 

males and females differs in the older age groups. Female 

fishing mortality vi« computed as equivalent to the male age 

class of the sgmp mass. On t h i • l.isis, the mortality parameters 

were calculated fir the different ape classes of both sexes 

(Table 6.22).

Adult natural mortality vu ! lyhest in . r .v / •:««• which is the 

smallest of the three species. The reason for this could be related 

predation. The major predators are piscivorous birds and one was 

and to have oaten .1 two year old . . 'f in : • (Section 6. A. 3). 

Other possible causes of natural mortality are discus-ed in . vition 

6.A.3. The low natural mortality rate of . :r: is probably a 

feature of the high fishing mortality. The removal of 80T. of the 

fishable -tuck per year would rapldlv depleti the population, effect­

ively removing fish before they could die from natural causes. Ruih 

high fishing mortality would also result in a relatively low mean 

annual standing stock which could influence factors such as resource 

limitation and disease. A significant change in fishing mortality in
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[.ry of the three species would probably result in a change in natural 

mortality rate.

6.3.3.A 14- Mortality

(a) . ~

A line vat. titted to the catch-curve data for each month, from 

the length of full recrui tmi at to the maximum length caught 

(Fig. 6.17).

The growth data calculated in Section 6. 1 reflect the mean 

growth of the year class. Fir the catch-curve analysts, the 

growth rates cf the oldest surviving recruits were necessary to 

derive mortality rates. Crowti in the tirst six to seven months 

was approximately linear and the mean monthly growth rate for 

each year was calculated, but there was no significant 

difference in the growth rates determined in this manner (Table 

6.23).

Table ^.. . Maximum . ” ergths per monthly sample

and deriv. i1 i«' n 'f "e.-t~ trmthly growth rate for use 

in catch curve dnalvsi1-

Year Age (irths)

Max std len 

(cm)

Growth rate 

(cm. mth- 1 )

2SE

1982 3.5 8.5 2. A3

A. 5 9.5 2. 1 1

5.5 10. 5 1.91

Mean 2. 15 0.30

1983 3.5 8. 5 2. A3

A. 5 8. 5 1.89

6.5 10.5 1.62

Mean 1 .98 0. A8

198A 3.5 7.5 2. 14

A . 5 8. 5 1.89

5.5 8.5 1 . 55

Mean 1 . 8h 0. 3A

(•rand Mean 2.00 0.21
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0 5 2 5 4 5 6 5 8 5

Std length (cm)
10 5

Fig. 6.17. Example of catch curves fitted to lenpth ‘requencle- 

of . ~ •«.' f rv (January to “.arch 1982''.
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The catch curve relationships 1 >r each monthly sample were 

calculated (Table 6.24). Using a growth rate* of I’.O cm.month * 

(Table 6.23) the equation' Ir. Table * . ’4 were used to calculate 

the monthly survival S') for each relationship and the mean ol 

the three estimate- for each year liable * .,’5).

The densities of . n in each year were derived from

the population estimates made in October 1982 and 198 3 

(Section 5,3.1). The former estimate was used to determine 

biomass in January I1*.1 . and 1983 using an annual expectation oi 

mortality, A, of 0.62 ('net ion <», '.3.3) and the latter to 

determine biomass in January lli8- in the same way. Somatic 

growth ol the 1+ class between October 198.’ and January 1983 

(individual increase from ipprox. g to 1«* g) was Incorpora­

ted, but in all other cases simi.it ic growth was ignored. The 

results showed decreasing survival with increasing density 

(Table 6.25),

Tab 1 e t . 2 4 . He 1 at i ensh Ip- * < t V  e n, the 1< -gar 1 thr 

of frequency and «t ind.ird length 

derived for ^  ' <•’ f ron

'■inuary t. Varcli 1 ^  - 1'^^,

II- J "-t andard < i ^th (cm)

Year Month Fquat ion r2
n

182? Jan Log No
■

2. 46 - 0.21SI 0. 9fi 7

r eh Log No
m

M 3
- . 1 I i;. 80 6

Mar Log No
m

- 0.26SL 0.83 6

1983 Jan Log Nr .
-

0. 30S1. 0.97 7

Feb Log No
m

3, 18 - 0 . 36SL 0.93 7

Apr Log No - ,< -
0. 29S1.

0.97 9

1984 Jan Log No 1, -
0.48SL '.81 5

Feb Log No
m

3. V> - 0,3 !S1
0.93

5

Mar Log No
m

3. 96 — 0.4KSL 0.90 5

The data in Table f>.2r> were used to develop a density dependent 

relationship from the equation of Shepherd (1982). This



The catch curve relationship! for each monthJv sample were 

calculated (Table 6.24). Using u growth rate of .0 cr .month ‘ 

(Table 6.23 thi equation? in Table 6.24 were used to calculate 

tin.' monthly survivai (S') for each relationship and the mean oi 

the three estimate- for each year (Table <.25).

The densities of . rv in each year were derived from

the population estimates made in October 1982 and 1983 

(Section r'.3.1). The fonner estimate was used to determine 

biomass in January 198* am! 1983 u-ir» an annual expectation oi 

mortality, A, of 0.62 (Section 6.3.3.3) and the latter to 

determine biomass in lanuary 198-* in the same w a y . Somatic 

growth of the 1+ c1as- between October 1982 and January 1983 

(individual increase from appnx. 30 y to !-*■« g) was incorpora­

ted, but in all other cases ■ mat ic growth was ignored. The 

results showed decreasing surviva.’ with incr asing density 

(Table 6.25).

Table t.JA. Relationships between the logarithm 

of frequency and standard length 

derived for Q-+ . " »;.«• from

January to *‘arch 198.' - 1984.

SI standard leigth (cm)

Year Month F.quat ion r® n

1982 Jan Log No
SB

2.46 - 0.21SL 0.96 7

Feb Log No
r.

3. 1 3 - 27SI 0.80 6

Ma r Log No
at

3.40 - 0. 26SI. 0.8 3 6

1983 Jan Log Nr - -
0.30SL 0. °7 7

Feb Log No
to

3. 18 - 0.36SL 0.93 /

Apr Log No
*

3.03 - 0.29SL 0.^7 9

1984 Jan Log No
m -

0.48SL 0.81 5

Feb Log No
*S

3. 35 - 0.32SL 0.9 3 5

Mar Log No
JB

3. 96 — 0.48SL 0. 90 5

The data in Table 6.2 5 weie used to develop a density dependent 

relationship from the equation of Shepherd (1982). This
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Table 6.25. M«an monthly survival d annual i->:pi-ctat inn "1 rim tal lry

i A) ~f (H . , i uni it d i 1 1 e r i t , t .lens 11 i >■ "*
the 8pet 1st , S t  the years l̂ H.' - l‘*St.

Year S 2SF A Density (R.m ’)

1 982 0. 32 0.06 1 - 1.153* l(f6 3.26

198J 0.23 0.04 l - 2.191* ]cf9 3.96

1981 0. IS 0. OH 1. 297* iO*10 4. 68

equation was modi tied (Section ft.'.3.4) to the form 

S « 1/(1 +(P/K)')

where P - si/.' of parental t ock

Rearranging this equation,

1/S “ I + <P/K)h

1/S - 1 - Pb (1/Kb ) . .. (1)

This is a power relati nship where '/K ind b are constants. A 

new value, 1/S - 1 was "omputed for each year and plotted 

igalnst density (P'. Hie resulting power curve was

(1/S - 1) - 0.09 (PJl 7(')

(n *= 3, t 2 - 0.9Q)

From (1), 1/V ■ 0.09 

b » 2.70

Therefore K * 2.44

These constant c an be subst i tuted into the survival equation to 

produce the relationship

? 70

S - 1/(1 + (P/2.44) ) ...(2)

where S ■ monthly survival rate 

P density (g.m "*)
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