
There was an apparent marked rise in CPU 1 f rnn. May 1983 tc- 

September lub but this waf con' lder*-d unreliable as it was 

based or a very sir,all number of returns (14 and 15 in July and 

August respect 1 c iv .) Therefore tin >•.: ! -.1 was carried out 

for the lerli'u Mar h ! nh t < April 19b . -pavninp c f

. occur in ctoher N vember ! l)f- 1 and by March 198." these 

recruits would have attaired a r ass <>i approximately 150 g and 

wore as Mined to be : <• ruited to tin- ♦ i vhal .• stock. The abs .nee 

' ar.v sust -.Tied increas-' it ("•"’!• d m  .n/ the period of analys ;

IndicativM .......... hei ■ ■ - itmetst. p] rti thi assumpt

Theretore the population «uscept ible t< angling was considered 

c l o s e 1 ft 'tr M a t . h i . : Marc! " • when re rultn.-nt * ron the 

S.-virer ; . v • 1 r .• may 1 e e  ee.urti" . A? a result <>: the

unre! i«5 le V t f o r  w,,v ; o.v , at.alvse- u< r<- undertaker on the 

Fl'5 • : March • *< -. r •» ! *•- <.

",'e: thi> t er. r a . '.:ra 1 r r t a ; i t • w have depleted the

p pv 'ati r. ard thi- w Id result in an underestimate of 

popu 1 t . : size v - ’ ,•••io ' • -it. • «r ; V e r . ! 9 7 5 'i , with the bias 

e . ■ , • • ■' it <• • : • •: natural mortal ity

t total " rt al ity. '• . '.>?v> r , thi- method was the only one 

. . e : i . . ti thus : he ption that adult

- !tt;r : 1 r : • .. t -• • ir m t  d u r : tie the period had to be

- . T: e ah ser < • i -ir ,-e pi- . v r« -, and of disease or 

pa r a : t« epi .!e- opt "t> - t :■ ass-.imp t ion. In addition, the 

: api i i,-e i > ! renet 1 a* 1 normal dominance of the 

p-'pu ‘.at i v v the >  :>•*. , la- ■ . ».?'), li a species with a

. tv.evit- • ' etwret; • at 1 ' veer' (Ft 'vn, 1QC'"'*, showed that 

f ish in, • rt • ’ i t •. v.- : tv in* the ma * or impact on total mortality 

and t hue that ! 1 e ’ • me? * , • w'ttl- vive a realistic estimate of

< t a n d i n >• • t ■ •. k .

Abundar. «• i • related t c' }M !v the equation (Gullanri, 19 8 3 ) ,

N ■ ( 1 /q ) *u

where K *= mean abundance 

q “ catchahility 

u r mean (1 PUT .
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During the period March !°P2 to A p r i l  1983 the dar volume fell 

fron 90“ to i This would have increased the deni Ity of fish 

and thus aiiected q, the catchability. In order to correct for 

changes in s'oci- den.si tv induced by lai.t Tevel charge*., the 

i: . 1 Iity» < . - ■ Burned t< be inverse!y relat< l tty.

Therefore CPI’I: was corrected for changes in lake volume hv 

mu It ip] • • • • ti f the lake, <.atc.h

already t aken was computed from th* mean unccrrected CPUF and 

estimati tot unbei 1 anglers <Sec t i on 6*2.3.1 .

Regression wa- untiertakei: by ’ c,r * square analy*,it and the 93*. 

confidence lir.it- t : the X-intt-rrept .i< • * i :• ing to tin. method of 

F K k e r  (197S).

( c ) jj tti-r-tl po i sun i ;:t

Two littoral p< ironing e >«• r ■ ise*- were held, ii March 1982 and in 

January 198... It 1983 the f.il 1 ing watt; level resulted in ar. 

absence ot marginal vegetation ir. the lake. Tr the absence of 

shelter, ‘ rv moved ir.t deeper v ter which could not be sampled 

v ■. pois ring. : "f ining e per imer.t wore therefore not undertaken

Marcl ■ w ■ ■ i • Low it total

had already started tt o vt >ffshore as water 

temperatures 1 ired. Ir ' “ < the exert : <* was held earlier in 

the year, in anuarv.

In each ear, three sires were 'sampled. In 1°F2 one was on the 

northern Magalit - here am* om- each on the southern Vigalies 

and Crocodile sh res (Fig. r . . ). In 148m the shoreline was 

marked!- Ifferent, because of 1 wer dar volume, and suitable

• . * e > were sv'.c ted ■ ’ r, the tutherr. Magi! ies shore and two on 

the north-e. si urn shore (Fig. 5.2). In 198J a net measuring 100 

>: 3 m >f 3r> xn <.f retch mesh and in 198’.. n net measuring 50 x 3 m 

of 13 mm stretch mesh were used to clr-se off the sampling areas.

Jn 19M?, St. 4 was enclosed at JO am but, after the low fish 

return*, in this sample, the other two sites were closed at 

li'hOO, as were the 1984 sites. The net was laid out, ready to 

close, approximately cne hour before closing. It was left until 

12h00 and thi" rapidly drawn across the sides ol the site. The
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Fly. 5. r. Hartbeespoort Par. at full supp'. v with location of 

littcra’. poisoning sites.



sites were immediately poisoned with a concentration of I mg.f ' 

of 5” rotenone wet table powder. This compares with 3 rc.l ‘ 

(Marshall & Lockett, I ’*• t and a minitnun of 1 mg. £ * (Mitchell, 

(*n some occasions wind-generat id current washed treated 

water out the en. 'osure and in rhe*e crises the applied 

concentr.it ion was increased to c> m g . I to ensure a complete 

k J 1 .  A suspension of the p wder wa: applied through a weighted 

hose-pipt, tv. metre- ’ .>ng with outlets everv 30 ctr along its 

lenptl . The poison w.r ipplied Initially along the netted side 

to reduce the h.iTue escape smallet f i sh through the net. 

Thereafter (i was applied in two series ol transects, at right 

angles to each other, p r a l l e l  t> the major axes of the site. 

Parts f St . 43, in 198.., were toe deep to apply the poison 

manualIv ar ' the out bo.u 1 r tor ( : thi 1 ^ t  was run slowly, 

within the site, to ensur- mixing and distribution of the prison 

t these a r c u s .

At St. .. in '.y h . , thi - i rs t statiot. poisoned, the net wap left 

in p.- •- iti. n : r ■.* ! m d  f i -h oo". lee ted at inters al? .-"’er this 

period to a>se- the lenct'1 f time r e q u i r e 1 for all dead fish 

t fli.it to t:e sutidtc. At subsequent stations fish were 

collect for . • h '‘ter applicat ion of tic prison. All fish 

lie ?< wore i<!vi.t .tied, i * ,tr ; .e taken and preserved in <♦* 

f rrr.aldehydi- • r later weighing and measuring, and the total 

mas- per specie*-- ■ ' the remainder taken.

l-'esu1ts

Ma rV a n d re' [_[ ’ u i <

The results of the four mark and recapture exercises are shown in 

Table 5,2. All results for May 1®P and the • .;ar:t'J estimates

f i r October 108. and M a n  h I ‘‘H < we re considered unreliable because of 

bias caused by tagging mortality » - fungal infections in 

n  ;r: 'UP and the low number cl recaptures.

In October 198? and March 198 ) separate est ir it es were made for 1 + 

n .v ..”<•/ •;«.• ant! t he older age classes. In October 1+ fish were 

tagged with staples on the dot sal fin. light hundred and thirty six
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Tabic r-».2. Mari' and roi apt u n  results for lour excrc i_s c  unde r t nl eri 

between Mnv P - K 1 and iictobe* 1 , M - no. r r-1 
K - no. ol recapture?-, N *- popuIa' ;op c ■ r lmate.

T t s u l t s  for  1'>>•.* b a s ed  or. n ■>.; i 1 i «_•<! l e t o r s e n  f o n m i l a  and 

for 1983 on Schnabel s formula. C ! ■ conf dence i n t e r v a V .

Month M R N 95"/ Cl

a )
», « , » r* » - • * - »

• ' » V . * •• \ *

Mav 82 1 250 190 465 86 575 - 1 269 765

Oct 82 2 581 ,'ti 296 4 V .10 367 - 4 70 835

Oct 8 2* 8 36 729 579 -
90

March 8 3 1 99b 1 I 145 620 81 311 -
; of

634

March S3* 3 199 *4 l 569 86 5 615 633 - 6 2 79 461

Oct 81 h 9 35 31 861 803 607 199 - 1 272 226

b)

May S. H I 12 600 4 500 - 252 000

Oct 82 90 8ut> 41 275 - 605

Marc!; 591 585 6 26 104 576 - 5 856 260

Oct 8 3 1 595 6 175 276 80 279 - 478 026

» * • *•

May 8„ 86 * -

Oct 8. 165 - - -

*1 + f i ?! oni v. All other . .•. • es t imat e » f or 2+ and older.

fis'r v re taggied nrd 3 2 0 taken in the census sample but no tags

were re aver< <i and hence no pop'll at !. est imat e could be m a d e ,

However, M p >ccurrotK« of 1+ fis! In k' 1 1 1 net catches in comparison 

t rider list: w.i a! ulated for a total of 11 settings of the n c 1 s 

at statlonc •*, 1 * and 17 from September - November 1982. This

■ t 1+ : for a mean of 83.193 of the fish caught

(9 ' confidence limit.’. 4,.f>y - 1 i. 69?). I'sing the estimate of 2+ 

and older fish obtained in October, the number of 1+ fish was 

a ■ ■ itad to he 4< • confidence limits 249 400 - Infinity),

In March 198 3 the 1+ aye group (lf)8l/82 spawning^ was still much 

smaller than, and easily separable 1r o r , the older age classes. It 

was therefore treated separately although Flov-type tags were used 

for both si/.e groups. In October l‘* M  the new 1+ ape group (1982/83
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spawning) was not included a? these fish - ere still levs than I1 cm 

standard length and were scarce i t. catches.

The length frequencies ot . : :r < : >.:<.• caught during mark and 

recapture excerci s»*--- were app: nxinwite.1 v uni modal with the modes at 

lengths of nearlv 70 cm or r: re. Smaller size classes were poorly 

represented in the catches 1 1 i . 5 . U .  Tin mean mass <f the catch 

was thus biased towards the older and larger fish. This bias was

overcome by using (hi.... t< rtalifcy rates (Section 6.3. • i t
the population to determitu the numerical age group * t rut t u n  ,f the 

populat lora , id. in corn! ir.it ion with the mean apt c lass individual 

tea tot f > ! • age < lass and the population biomass

was calculated (Table 5 . 0 .  On this basis the population biomass 

est ir.ate for October 1983 w.i . t ( 1 1 4 -  ''<?).

The . " .v v.. and . •. populations were representatively

sampled t r the l-t and Ider age group> in the mark and recapture and 

angling samples respeat 1 veiv and the bias towards elder 1 ish did not 

occur it their estimates. Therefore the mean mass of fish in the 

•wimples taken was used t •• alculate the biomass of these species 

d a b l e  j. - and Sect ion

Table 5. ulatlon s • rue t ure Momajss_a : t he d i \ i erent

■1 t’e ■ 1 a'-sps * . J •** ■ _■ 1 «•' ? r<<m tV.c pop.i'.,it ; < _  t IB |te 

of Octobet 198 3 i ; • , and ■■.--ir'ir.i] an overall

sex ratio of 1 : 1 .  l'rcp. » number 1 n ape c 1 .is v , for

ea< t se> . as i p r * ; r t : ■ ■ • of total number of sex.

‘■'.i • * mean Individual m a s s  for the aee claj

Age M o r t .

Ma 1 os 

Frop. No.

Ma-

(g)
M o r t . P r o p .

Ferna 1es

No.

Ma s s

<g)
Class mas 

(t

1 0.09 0.24 21033 140 0.09 0 .2 0 1 7 528 190 6.27

a. 11 0 . 2 2 19 280 620 0 . I 1 0 . 18 ! 5775 610 2 1. 58

3 0 . 15 0.19 16651 1410 0. 15 0. 1 3 14022 1 180 40.02

4 o.; 0 . 1 5 1 3146 2 ̂ 90 0. 15 0. 14 1 2269 1820 53. 75

5 o, 28 0 . 1 1 964( 3460 0 . 2 0 0. 12 10517 2460 54,23

6 0. 39 0.06 5259 4 5 30 0 . 2H 0.08 701 1 3060 4 5. 28

7 0. 54 0.03 2629 55 50 0 .2 * 0.06 5258 3620 33.62

8 0 . 76 0 .0 1 8 77 64 HO 0 . 0.04 3506 40^0 2 0 . 0 2

9 - - - - 0. 39 0 .0 2 1753 4500 7.89

10 _ _ _ _ 0 . ^9 0 .0 1 876 4820 4.22

Total mass ■ 2(K t
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Tot a l  l ength (cm)

Fic. c. 3. Tot a length f requeue v of np!» and female . gar*' >'p-'':ue 

c a u j  t during trark <tiu! recaj. i re e x e r d r  e Vtober,

196.'.

Fig. 5.4, Relationship between transformed .inpllng succt'ss per 

angler day for . • itu! (..itch already taken,with 

best-fit repression line.
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1 ih 1 c . ■>. 1 opn 1 at ion biomass «• ■■ t l ni.-> 1 os of . nc r : ' ';u' and 

_j.:r ■ »: «■' base*' _r.ark and reiapture r emit; .

C! = confidence Intervals.

Date Populat ion

Mean Mas; 

(g)

n

Biomass

ft)

957! Cl

(a) ,■ ••; ’ me

Oct 82 2+ 940 2 96 452 279 198 - 443

14
30 1 4b7 000 44 7.0 - Tnfinftv

Total 323 -

Ma r 81' 2+ o 10 145 620 134 75 - 273

14- 254 ! 5h 9
865 399 156 - 1595

Total 5 3 1 -

Oct 83 2+ 605 861 803 521 367 - 770

(b) . garit: 'w e

Oct 83 Total 16(.5 175 276 292 134 - 797

The . " •;.<? pi pul at ion *: ew f rnir an estimated 3:3 r to 521 t

from October ;(,c: to October 1983 (Table 5.4). This net growtl was 

largely duo to the st rencth of rhe 1981/82 class which experienced 

mild vintei rt • i first year (Section 6.3.3.5).

The cnly reliat le est lmat* cf . • r biomass was 292 t but

thi- still had broad confidence limit? (134 - 797). The large size 

of the lake and the limited e V r r t  which could be applied to estimating 

the population's sizes, meant that the number of recaprures was 

generally low. However, despite the wide confidence limits, the 

birr iss estimates provide' the best indication of population s i’e for 

use ir determining the potential yield and describing the species 

composition of the lake.

5. 3.2 L e s l_ieja methoiI < c I foma etermlnatlon for ■

The data and fitted regression line are shown in Figure 5. U, The 

best-fit equation was:

y - 0,98 - (4.04*!0*6 ) x (n - 14, r2 - 0.89)

where v ■ C p n  (kg.angler day ‘), 

x * cumulative catch (kg).
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This yielded a population estimate cf '■'<*: fish (95/ Cl = 217 247

- 281 2 7 8 ̂ . The mean mass o r fish caught d • iririk t’lis period was 

2.3U kg (range of monthly means was ('.*•><* • 3... ) which results in a 

biomass estimate of 580 t (r> 1 - h 'j ) .

c . 3. 3 1 i t total poist<ring

The relative abundant< of juveniles and the -mailer species of fish 

was determined by littoral p> isonlnp at ; a  sites of differing 

characteristics (Table

fable 5.5.__ 1 'bar a--1t • <-- a t which littoral [njvuning

exercises were ur.iiert iker it- March ',J82 and lanuarv 1984

Site

Date

poisoned

Wa ter 

temp ( 0 C )
Are.. Kax

depth Cm)

Substrate & 

Vt ,’et at ! o;.

9.3.8 2 737 1 . 1 S a r d .

40* ? '.ancGr: t *: 

a>.: *ur sp.

16 15.3.82 24 831 8( s a n d ,

20* rocks.

>

5* : I » . S p .

. . . 24 n' 10
Sand {> silt 

5* . : • 'tivatiiC 

8* ijur. sp.

31 If.1.84 28 987 50“ rock {< 

e s ,

sand. Thick 

: :> ' sp. , occas­

sional i/c > - s p .

23.1.84 28 198 0. 72 Sand ^ silt. Thick 

• v  sp. On edge 

of t hick >-:,r 

sp. belt.

43 30.1.84 24 1 . 5 Stones & shale.

1 redominart 1 v
• : sp. , some

!. < '.'urv sp.

-

<



Table 5. b . T > mcs o i fj I lection at__:-t . 4 a itrr ;»■ 1 son 1 up ,
uni the rati .it__w h  i cti_f i * I wi-rc • ■ 1 ' t e J .

Col 1ec i ion t ime 

(h after poisoning)

Fish collected (g.h 1 since 

prev ious i '■> 1 1 eot ? or, 1
Cumulative 7,

b . 5 1 . 1,8 60.0

F.O 27.5 64. 3

2 0 . 0 14.8 70.3

.’4.0 87.9

26.0 18.2 90. 0
29. 5 0 0 0. Q

4 h . t' 6.5 10 0 ,0

The Initial exar . rat 1 on to det ermine the sampling tine required to 

collect ail fish after poisoning showed that after 24 hours, from the 

tire of poisoning, approximately 88' of the total biomass of fish at 

*!t. -> In 1 had been collect* 1 Tahle 5. 6 , However, the additional 

llect< ter 4b hout fi«h trappi In Che net and retrie­

ved when the net was r tiled in. They would therefore have also been 

collected if the net had been pulled in after 24 hours;. Thus 3.0? of 

the tota. sample would have been lost if collection had been termi­

nated after . hours. Thi wa* oniidi. red to be negligible and the 

net wa.- Ve; t In position and f isl collected for 24 heirs after 

p o i s n i n g  on all subsequent exercises.

.n 1982 onl" ;t:ee pet ies wet< collected and the mean m;.ss of fisli 

was •t(.' kp.t r r ' ■ < ' fish..ha * (Tahle Wind-induced currents

prevented a complete kill at St. 33 and the mass rtcorded 

underestimate- the true -tandinp stock. In se\en species of

fish were ollected a m  the mean mass of fish .it the three stations 

was . * kg.ha • or 104 ('00 < ry of the three dominant species per 

hec tare Table *>.'•. >n ly * f i1 h were found in the 1 it J experiments.

. r •:</• wa' t h* dominant species accounting for and 8m", of

the t< tal ma s • i ' ! rv and small specie1-- collected in t lie two years 

(Table ‘.7). The reason for tlu- smaller eont r lbut ion of . n 38an}'~'- 

•ur to the total sample in 108.’ is well as the much lower total 

biomasses was related I o t lie months ol sampling. By March, water 

temperatures at the surface were .’4-.'S"C compared to 24-28cf in 

January 1984. The low in 10F4 was recorded on an overcast and wind) 

day. Thus 1 n March 1082 tish, particularly . had moved

away from tho littoral regions and were not vulnerable to this type



Table 5,7. Mean biomass and percent age nt of the three samples

nf all species ot 1 lsh collected in littoral poisoning

programme, a ’*_- March, i 1 -. __• juvenile^ f '■':-':nry 1984)

and FT) adults i tanuarv ' Qf-*. . X indicates occurrence of

a spec ies at the sampling S i t e .

Ma ss Occurrence

Species 2 S E

kg. ha 1 St. 4 St. 33 c
n rt C
J
'

a)

' • »• »

. Ci i. >. iU 17

*)

13.2 5h
x

X X

I 2.' -** * .’ % * 1 1 # 7 11.7 38 X X X

1 • o - X - -

bl)

St. 31 S t . 4 3 St. 45

rifis :r: ' 225 .0 390.2 84. ̂
x

X

tT kuj 1 h • J 1 3 1 X X X

’ . ̂ i ** • h
. 3 . • <4 X

x
X

17 .8 - x
X X

. ,
»• * ■ • »  ̂> »■

• 6 - 0 .  2 - - X

UK ’ *" 1 . 0 - * * • *4 - - X

• • phi 0 , 05 — - - - X

b 2)
.

1 + .  3 - 14. 5 - - x

2++ 35 . 2 . i 9. 2 X X -
, 29 .3 - X - -

•
* il*V* ' 261 .0 - h8. 5

V
- -

of sarrplino. The higher hi -s and greater species diversity found 

in 198. couLd also he related to the nature ind extent of the aquatic 

vegetation. In 198.', the marginal erergent vegetation was limited to 

a hand, one to two metres wide, around most of the shoreline. There 

were extensive eds ! ‘ • : • •* .. in the littoral areas

but the verv thick growth < > t thi .• pecies did not afford good shelter 

to fi^h. In contrast, in lanu.-n l'*84, ippr> ximatelv .’O' of the lake 

bottom was covered with living emergent vegetation, particularly 

’ . ; * u'~ and r •<" spec ies which provided a protective and product­

ive habitat for fish.

The much higher biomass of . and . :r:?pim*(* juveniles in

19KA was also related to season and vegetation and to the shorter 

delay between the species spawning and sampling in 1^84. The fish 

were therefore smaller at the time of sampling in 1984 and thus more 

likely to be confined to shallow water.



Table S .’. Mean biomass and nerrent age rt total of the three samples

of all spec t us o i fish (.oil er ted f r. littoral poisoning 

programme a~> March 11 ♦ H ’. hi) = juveniles (January 1984) 

and b.) adults ( lanuarv 1QFA . X indicates occurrence of

a species at the sampling site.

Spec ies

Ma ss 

kg.ha 1

2SE

Occurrence 

St. 4 St. 33 St. 16

a)

~c8t' zr: - 'us 17.2 13.2 5ft X X  X

11.7 1 1 .: 38 X X . X

bl)

* ’ > *? 1 . ft X - -

St. 31 St. 43 St. 45

3 t-.l 4. *. 1 . 225.0 390.2 8 4 ..: X X X

1 ft. 2 13 b. 1 X X  X

» ’ rl* *

ft. 3 •■+. > 2.4 X X  X

> - >»-* »

17.8 - 6 • 7 X X  X

■ *’»' • 0« 6 - 0 . 2 X

•>v - * 7 *■’. ?
-4 . » . ti 1 . 0 X

b 2 )

.

• • . t«

0.05 X

1 + 3 3. )
- 14.5

_ V

2-*-+- 3S,. V .  3 'K 2 X X

29. 3 

.’ft 1 . 0
7 7 V -

» • >w-\ •
- ft8. 5

A

V *»%

of snrp i n g . The higher bi r.\ - and gre.it e r specie^ diversity found

in 1984 could also b e related tr the nature ind extent of th* aquatic

v e g e t a t i o n . In .082 . the margina i emergent vegetation was limited to

a bind, one t< tw - metre' wide, around most ot the shoreline. There

were extensive 'eds of * ;■ ‘ » r. • * * •* r ; *
■«. in the littoral aroas

but the verv thick g rowth of this •.peril's did not afford good shelter

to f i s h . In cont t .t ■t . in 'anil- r\ 198-i, ippi ■ ximatelv .'OT of the lake

botti m wa • cove rod wi tli living emergent egetation , part icularlv

lyg nun and v " -spec i i ■< wh irh provided i protective and product

ive hab i tat !, r ! i s h .

The much higher bioir.ass of . • : r: and . :v: rr: nur juveniles in 

1984 was also related to season and vegetation and to the shorter 

delay between the species spawning and sampling in 1984. The fish 

were therefore smaller at the time of sampling in 1984 and thus more 

likely to be confined to shallow water.



'ht : \x ftav: was the second most abundant species in 1982 and

of the small species in 1984. However, the species is limited to 

inshore areas and thus the results j or . . . • t'rir include both 

adults and juveniles while those for the three dominant species 

(Table 5.7) include onl'. the «"W- clast . Tie relative abundance of 

tliis species is therefore exaggerated in this method of sampling. 

Nevertheless . _ :v» * n.ut t be ret • -gni sed as a significant 

component of the population. Its diet included small fish <NIWR, 

19t-'r0 ,  and it would influence the populations of the three dominant 

species by preying or larvae and small fry.

The 1984 results can be used t. give an irritation ol the abundance 

of Of fish of the thre* major pe< ies at that time. As only three 

samples were taken the *t av.dard errors were larpr and results from 

extrapi lat.on to whole dam must Ve treated wltf caution. The absence 

of **■ fist of ,.1 . three s p e c : in g i !! net catches at this time 

indicated that thev were confine: to littoral regions and would have 

been most abundant i: areas wirb ~;u. rophytes. Submerged and emergent 

vegetation was generally confined t water less than two metre? deep 

which, at the time of poisoning, amounted to 206 h s . Extrapolating 

tb»’ mass per hectare f f1-*- fish of the dominant species led to the 

following estimates of total abundance ij x standard error in brack-

57

ets). The dominance ol , ‘us shown by mass estimates is

supported bv the estimates of fry n u m b e r s .

Species Nc . Mass (t)

. ffl 88 20 844 9<>6 ' 3h 140 125) 4b (80)

123 43b ( 90 34F) 1.3 (1.0)

; : r  '. ; 416 ( 293 318) 3.3 (2.7)

: :sc i'iN

Growth, recruitment and mortalitv ensure that standing stock is 

dynamic and that it changes on a daily basis as well as in the long 

term through change* in the c.iriving capacity oi the etivi ronment. 

The drought and low water level; of would have affected this

carrying capacity. However, the response to a decrease in carrying 

capacity is not normally instantaneous and occurs largely through



recruitment (Section 6 .2.3.4). The biomass estimates made in 1982 

and 198"’ would not grossly undc'est imate the mean standing stock 

under stable, full supply conditions. These estimates were, to the 

nearest 10 tonne: .

. r rr.:-h'\<r (1981) 520 t

C. CdT’pic 580 t

. *:«o .’90 t

TOTAL 1 390 t

-

No attempt w.u made to incorporate frv and adult biomass because of 

the small cort ri.but ion of the frv to the total, the counter-acting 

influences of mortality and recruitment and the different times of 

sampling. The tot«! standing stock of 1 390 t represented 695 

kg.ha ‘ at ; ul 1 supply and a c . . lted for more than 9(” of the stand­

ing stock of all species (Se t . r 4.3.1).

Little information for comparison is available on fish standing 

stocks in southern African bodies. Koch ar.d Scboonbee (1980)

used mark and recapture meth ; estimate the number of large fish 

spe lee in BosV ; Dan thi Western Transvaal (approx. 150 ha). 

They calculated a total population of 311 00( fish but did not give a 

biomass estir te. Marshal 1 . < 1‘* r e p o r t e d  biomass estimates

for the marginal fish species of Lake Kariba of 33 kg.ha * and for 

the pelagic spe ies of between y and 23 kg.ha ‘. Coulter (1Q81) 

stated that the density of pelagic clupeids in Lake Tangayika was 

approx in,.it e lv 2 31 kg,ha * . He also gave standing stock estimates 

: Nortl ‘ • • • Laki between 143 and 170 kg.ha ‘ and a mean of 

IK? kg.ha 1 for <‘klahoma ponds. He cited unpublished estimates of 

standing t iCk for tropical African lakes at between 80 and 

POO kg.ria * with m st being below 400 kg.ha The estimated 6 Q 5

kg.ha ‘ f< r Hartbee'pi oit Dam, ever considering the broad confidence 

li .8 , is high in comparison to these results.

Hanson and Leggett (19R2) described n significant relationship 

between standing took of fi■ li and the total phosphorus concentration 

of the water. The data set on which their model was based covered 

latitudes 0 ti 56' N, total phosphorus, concentrations from 10 to 

557 ug.C 1 and fish standing stocks from 2.6 - 859 kg.ha ‘ . Their 

equation was:



Icy (iish standing stock) (kg.1 (.708 log TP + U.11U

where TP = total phosphorus (up./ ■).

The mean total phosphorus concent rat ion of Hartbee.opoort Dam from 

. ••• . 81 to 1 9 8 3  84  w.o approximate % 1 ' fNIWR* 1 9 8 3 ) *  With

this value the model predict' a standing hturk of kg.ha '. While

this estimate is lower fhan t7at ot b95 kg.ha * derived in thi6 

s t u d y , there were Vroad o > v •idenoe 1 lm: 1 1 about the mark and recapture 

estimates and the tw results are not signifleant!> different. The 

existence of this relationship and the general importance of phospho­

rus as a limit ing nutrlet.t ir t reshwater 'Wetzel, 197 5) suggest that 

the hi eh phosphorus corcentrat lot. i t : K.irthee- p.-ort Pam is the major 

factcr causing the high tish standing stock.

Robarts <:q8~) estimate' 1 1 » nean annual primary production as 

... ■. . • . ■ , at as greater than

k| ... 84 Robarts pers. c omm.), The lake has

beer described as the most pr ductlve * reshwater or saline lake 

studied r.c-'arts, 1 «• ..) and this high primary production is clearly 

leading to high fish st nding stocks.

The standin. st >ck estimates pro-ide starting values for the yield

• . ■ • , • • ■ . wid< • imits, particu-

1 a r I ■ f r the . : ’* population, introduce error into yield

prediction* wt ' ! w uld lave t b e  con-idered Ir. estimating potential 

yield. However, the high, phosphorus concentration and primary 

pr ot. tion in th« .ake indi ate that the high standing stocks estima­

ted ar< likely to he realistic'.

The effort required for prerise stand* up, stock determinations and the 

pt blen is! elated with obtaii ng unbiased results, even 1 r a 

relatively small • vstem such a* Har tbeesp.-ort Dam, demonstrate the 

need f< r simple, accurate means of determining standing stock and 

yield. In developing court rles their 1 » rarely the man-power nvqila- 

hle for intense studies ot each llshery, and ir southern Africa 

freshwater iisherie will become increasingly important with popula­

tion g m w t h .  Relationship' between hiomas or yield and indicators 

such as phosphorus (Hanson f. leggett , 1(|K") and primary production
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log (fish standing stock) (kg,ha 0,708 log TP + 0.774

where TP = total phosphorus f^g.f •).

The miMti total phosphorus concent rat ion of Hart heespoort Iiatn f rotn 

t. 84 v a t ■i ' ■ ... ' • . 1985), Wi t •

thie value the model predict a standing !• t ■ •ck of 49b kg.ha Vhi 1 e

this estimate i.s lover than that oi n95 kg.hn ‘ derived in this 

study, there were 'road conf i dci. e limit j about the mark and recapture 

estimates anc tlie two result: are not significantly different. The 

e ‘stent e of this relationship .inti the general importance of phospho­

rus as a limiting nutrient in freshwater (Wetzel, 1975) suggest that 

the high phosphorus concent rat 1 or. in Hartbeer poort Dar is the major 

factcr causing the high fish standing stock.

Rot arts (198-  ̂ estimated tl.t re an annual primary production as 

1.47 kg C.m ; .v * fn 1« I. K i trt; , 198.) and as greater than

2.<‘i kg C.m 3 , y • ir 10 P ? ■' 8 - (Reharts pers, comm.). The lake has 

beer described .is the tr.o-t pt iduct Ive ‘’■eshwater or saline lake 

studied ’ t a r t s , 1 Qv..) and this high primary production is clearly 

leading to high firh st.-ncing stocks.

The stand it;, stock est lr.ates pr. ide starting values for the yield

• . • • : . :: wide confidence limits, particu­

lar'.'- ft r the . ‘ population, introduce error into yield

prediction- which w-'ul •! lave t- be considered ir. estimating potential 

yield. However, the ! igh phosphorus concentration and primary 

prcduction Ir fit lake indicate that the high standing stocks estima­

ted are likely to he realistic.

The effort required lot precise standing stock determinations and the 

problems associated with obtaining unbiased results, even in a 

relatively small ‘vstem such o Hartbeespoort Dam, demonstrate the 

need for simple, ucin.ite me a m  of determining standing, stock and 

yield. In developing countries theie !* rarelv the man-power availa­

ble tor intense studlet of each fisherv, and 1r southern Africa 

freshwater lisherle. will become Itu reasinglv Important with popula­

tion growth. Relationship' between biomass or yield and indicators 

such as phosphorus (Hanson f. 1 egget t , 19hJ) and primarv production
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(Melack, 1^76; Oglesby, 197 i a will have t" be invest igated and, 

where possible, refined lor particular geographic.'!? f-ets of laVes. 

These will provide .it least first estimates of yield and permit 

initial development and management of a fisherv.

The adverse effects of high prinury production on the fish species 

composition oi Che lake have been discussed (Section
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C H A P T E R  h

POPULATION GROWTH AND MORTALITY

b, 1 Introdnot ton

The over.il! aim ot chi-, chapter {•• to derive and present those 

parameters ne essary t obt »in vield estimates. Yield Is dependant 

on population production, that I'., the net *»t • • t of snuatic growth, 

recruitment bv w„v of breeding, m d  nortality. Production has been 

defined as the t tal e labor it ion >f new tissue In a given time period 

bv a population (Chapman, 1 ̂  hi. This Includes the sum of growth 

increment* for all populatl r. r e m h e t • ilive at anv time over a given 

period. Bv Chapman's iefi; i 1 1 growth I rement is the net increase 

or decrease in the mount ol tissue contained ir. bodies of all 

e r s , . f the ti ic.

Thus

P * B —  P + B . (Chapman, 1978)

where P * production

B; b*omasa at time t-t

.1 * biomass at rime t „

b . ■ s T, t masses ! fish which lit"! during tire .'.t. 

d

<>ne i the more •. n moiirls tor isse<sln|t production is given bv

(Chapman, 1978) is

P - CB(e' '~, >- 0 / ( C - Z )

where (. ■ inst antanenu* growth rate

/  instantaneous m o r t a l i t y  coef  fir lent

B bioma - i t the popitl.it io n .

However, this formula is dependent on exponential rates of growth and 

mortality which rarely applv over long periods of time. In addition, 

in order to account lor Immigration, emigration and recruitment of 

new age classes, growth and numbers must be assessed over short time 

intervals (Chapman, 19781. Such estimates of numbers are rarely 

pr a c t i c a l .



A numerical method i d  ing similar data was u  ed by Rudenko and Voikov 

(197A > .

Pt = V UN. " N (t + 1)̂'̂
whc re

« weight increment • l fisht. per unit time 

N ( and ( t + ■ , - abundance of fish at tin1 beginning and end of 

ur.it time.

Tl,it model requires information on in in individual growth rate- and 

abundant e of fish at tv. separate time.-.. Alternatively, from a 

single population estimate and knowledge ot the recruitment and 

m. rtalit\ : .: c  , the change in st.t. ing stork per unit time could be 

determine .

An alternative met hr-.’ u*-ed In fisheries management is the ditermination

sum of recrui ttnent and growth,

It" ■ natural mortality < M . k e r ,  I0’?), This and other vield models 

will be dlf u sed in hapter v M  . h deals with the synthesis of

■ : etei thi ipter estimate yield,

Ir. sutmarv, pr duct ion ovei extended periods can be determined from a 

knowledge f recruitment ol rn-v age lasses to the stock, the average 

i m  rease u, individual 1 dv ma- - ptr unit time, the total population 

size and the t tal mortality rate. Population size was determined in 

'hapter r> and the objectives of this chapter are to:

(a) quantify the individual growth rates of tlu major species

0 -) establish population • «• unditv by describing the relationships 

between female lye an) fecunditv, the age at first maturity of 

females of the three species and the breeding seasons and 

frequency ol spawning

(c) establish total, fishing and natural mortality rates of adults 

of the t hroe spec its
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A numerical method u>-fng similar data was- used bv Rudenko and Volkov 

(1974).

wht re

« weight increment of fishes per unit time

N and N , - abundance of ish at the beginning and end of 

t (t+ 1 )
unit time.

This model requires information on mean individual growth rate and 

abundance of fish at two separate times. Alternatively, from a 

single population estimate and knowledge of the -• '’ruitment and 

mortality rates, the change in standing stock per unit time could be 

d e t e r m i n e d .

An alternative method used in fisheries management is the determination 

<’! surplus production which is the sum of recruitment and growth, 

lef? natural mortality 'Kicker, la 'r ). This and other yield models 

will be discussed in Chapter ", which deals with the synthesis of 

parameters derived in this chapter to estimate yield.

In summary, production ovet extended periods car be determined from a 

knowledge • f recruitment of new age classes ti the stock, the average 

increase it individual b >dv m a s 1 per unit time, the total population 

si/e and the total mortality rate. T o p u 1 at ion size was determined in 

Chapter 5 and the objectives of this chapter are to:

(a) q u a n t i fv the individual growth rates of the major species

0 ) establish population fecundity by describing the relationships 

between female si/e and fecundity, the age at first maturity of 

females of the three species and the breeding seasons and 

frequency of .pawning

fc) establish tot a , fishing and natural mortality rates of adults 

of the threp species



(d) determine the total mortality rate of fish in their first year 

and

(e) assess the Impact ot coid-indu' ed mortality on the . ” r.-'ir'b"' ,‘ue 

p o p u 1 at 1 o n .

Methods

t'rowth ratt^s

The growth rate of fish ma\ ho determined t v direct mc i. urement of 

the growth increment per unit time of known age fish or, mo ommonlv, 

by the calculation of growth increments from the known length or mass 

of fish at su^'tssive ages. Direct measurement ot the growth rates 

of individual fish can he made >• rher hv marking or tagging of 

captured wild fish or t i sh In pcnds. !n using such a method it is 

essential to determine that the mark f in* does not affect the growth 

rate or that the growth rate in ir.y experirvntal enclosure does not 

dltter frim that of the population In its natural environment.

In this - n u d y , growth rate wa alculated by determining growth 

increments from the length at age ->f fish. The most commonly used 

method ■ >! determining the agi ot fish is hv analysis of grcwth marks 

or rings a th<* hard ; art s of fish (Bagenal \ Tesch, 1978)» Such 

marks are form-d during periods of relatively rapid or slow growth 

or may b e ’ due to environmental inf 1 is temperature,

seasonal variations ir food supply “t to physiological influences 

fBagena 1 h Tesch, 1 9 7 M .  Hard parts ommonlv used to age fifh ate 

scales, otoliths and various bones (Ricker, 19.'*)) ini hiding opercu.a, 

vertebrae and i r"ss sec t i. * ■ of spin* ■ and f in-ravs (Bagenal Tesch,

H) .

Hagenai and Tesch ( | 9’R) gave two criteria which should he satisfied 

if reliable estimates of age .uni growth are to lie determined from 

growth rings:

(a) a recognizable pattern must he discernible and

(b) a regular time scale must be allocated to the visible pattern.



Attempts ti' describe growth rate without age validation have led tc 

errors in yield esti m a t e 1 with malor financial implications (Bean,ish 

6 McFarlatu , l^h O . False annuli. which mav be caused by starvation, 

ut. favourable temperatur. , disease, injury or ether irregular stimuli, 

and which mav result in yross error- in aye determination do occur 

(Weathirlev . 1^7HI. Hager a 1 Tesch ( 1 H' listed five methods for 

age validation. The-e are, agreement with results obtained by 

leter-en's method, at.alv- it t>f the edge < ' the ageing structure for a 

seas ral patten:, observation of year classes iver a number of years, 

and marking or tank or p>nd experiments.

A etond method. > f as^e* -ing growth rat* s if the P-tersen method 

Ki.-V.er, • li ; Bage . ’ t, ’esch, '• . This m e t h o d  utilites length- 

f requency lata and. bv identifvitu each age class node in a distribu- 

t ;. n , jcrr t •• #*--t ! r..:t i • at.t ' increment. A  variet o f  statisti-

c , , rather t ic.il and >>ut a t . m a l  methods have 1 een developed to

- 1 st ir tl • -ti.ilvs; • ' 1 !-■ «■ t h f ri ;tiencies (Kicker, I0?*)). The

• . . ■ . eei alldated : -or,

! * and th( I. :. «■ : met* upend* on the species and population 

being investigated.

' iv. re- t me* b .»•** determination bad t be used for each of the

three ■ p**.ii blit .i.i three method 1 re'lev. n . e examination of 

k-r wt r: rips • n bar i rl ■ i the bodv. In « >ses the basii

; pr i. i w.t t i S-'t 1 ? >•. • w t‘ ring- on the «?rucf .re, tr- ascertain 

tit f r e q u e n  v t (.-rr.it * r '* i • rings and then, u>-; np er.i;ths at 

.1,- v i k~f a 1 1 i . t  «’i| ? t grnwtV . ., t • determine m?-an . <■ ’.«th at 

ag« . : r the range of .i,o r e.i ' The growth of ■ • *;-*cies

.-scribe' standard length , >h.ch 1 s the greatest lercth

‘r ■ the fishe .inter i r extrcr cv . •<* -e <-f the median tail Jin 

rav* bugler, 1 7  ̂ ' .

( a . ” i', ■ irb *:<.

The growth oi . • in South Africa has been widely

t ud i ed at-ii r t studio- have made u-e oi scales (Herht , ll180'). 

i ruton and Allanson ( I ) analysed the seasonal frequency of 

marginal circuli in . - .*.* '• .• in Lake S i bava, K w a z u l u , find 

found that two ring? per vear were tormed. The scale rings 

consisted ul area- of widely 8paced circuli which were formed in 

September /Oct it*.-! and in .January. King formation was ascribed to
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pre- and post-spawning migrations into sheltered littoral areas 

where increased feeding and hence growth occurred.

Hecht (1980) studied growth of . ■ '-'u.' In a Vend?,

impoundment using both scale: nd toliths. He al h used the 

number .-t marginal circuit n the scales a? a guide to time of 

ring formation and t ound that only one ring was formed, in 

K e b r u a r v /M a r c h , t the end ot the breeding reason. By studying 

the margin of sagittal t liths he found that two opaque bands 

were fortr.ed on these per v e a r , one in February March and the 

sci ond in !ul\ August. h  'id m  t attempt to exp ?.tn the 

! ac tot ausing rir.t ' r-.ati : at these rimes. He fo„nd that 

>c.i les ar.d •? i t h s ul '•» i ■ ed * r agt determination up to 

’ vu ears ut there ’ei a It rings became too crowded to

read accurate Iv. it '.it- rlnrs rerained distinguishable through- 

cut life.

Finally, '.«• . l te i . wt li . - i •:«.• In a

*v..n ->er ' •: r ’ «a ’. ir- :-.ent .• ■ e>. . - i- g b. rtbeespocrt car,

and t und t: t a - i n g e  ring was ....ed in August. He gave nc

explar.it i >a : r the time • ring ' imat Ion,

The citierens.es in rat.- a; ! ea> nalitv of r i m  formation 

reveal e-' !•-. the-.e st-.c •* , h w. . •.. , -ieed to verify the time of 

rirg : rr.it i. r , in tbs ‘ ■ 11 ■ r • l r. it •; 1 the growth rate of any 

previouslv ur.studied popu i at i o n .

in this stic1, lies and ot ltths w« re initially examined for 

suitable g. vtl rings. In 1 th structure:. rings were clearly 

d i sec? • . M e  i i- when up to t en rings wire present. /Vs otoliths 

v.i re tire- 1 aiming f extract and prepare, it was decided to 

use scale . ;bev were removed from the region between the 

operculum and the t.ut or the dor al i n, above the lateral 

lint. Scale were washed \< warm, •oapv water, dried with paper 

tissue and three scales mounted between two microscope slides 

which were secured with masking tape. Material prepared in this 

manner has been stored at r >om temperature lor up to three years 

with no sign of deterioration. Scales were read vising a standard 

microfiche reader. All three scales were read and the results 

only accepted if rings on at least two were clear and the
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numbers in agreement. length, mass, sex, date, number of 

marginal circuit, the number and radius of each ring and the 

total scale radius, from focus to the centra! edge of the 

anterior field (Bruton Allanson, 14/4) were recorded for use 

in the growth rate determination.

Only rings which extended from one lateral field to the other 

and which consisted of widely spaced < irrull were accepted. 

Scales were frequently enr untered with .1 transparent central 

portion, lacking circuit, ar. and the focus and cohering an area 

varving t rom a few circuli to bevond the first ring. Tntse 

clear areas mav have resulted from scale regeneration after 

scales were lost in mid-winter through cold-stress or fungal 

infection, 1 mav have resulted from scale resorption (Bagenal & 

ret • . >78). ill were not used for growth analysis.

Data were analysed bv the method inscribed bv Bagenal and Tesch 

(1978). The relationship betweer standard length and scale 

radius was described ’ y linear regression of length on scale 

radius. The y-intercept (a) wa< ’ctermined tor use in the 

Fraser-I.ee equation which is used r leneth determination when 

the relati nship Is linear hut the regression line does not pass 

throueh the origin (Bagenal & Tesch, !13781.

1 -a = (S / S ) (1-a) 

n n

where I = leneth when annulus ’n ’ was formed

n

length ot f :sh when scale sample was 

obtained

.‘ad I us of a n n u l u s  ’n

n

total scale radius

a v-intercept ot s* indard length:scale radius

r e l a t 1onship

This equation was used to determine the length of each fish at 

the time of formation of each annulus. The mean length at ring 

formation lor the sample and ‘IV confidence limits of the mean 

were calculated separately for male, and females for each ring.

Once these data had been obtained, von Bertalanffy growth curves 

were fitted to the data. While the use and form of growth 

curves is controversial, the von Bertalanffy growth curve



satisfies the functions of providing a reasonable fit to most 

data and of providing meaningful giowth parameters which can be 

used in a model (Gulland, 1965).

Curves were fitted by plotting annua] growth increment (cm) 

against initial standard length (cm) and fitting a straight line 

to the data. The x-intercept of this line provides an estimate 

of 1.®, tin maximum theoretical length, while the slope of the 

line, b, is related to the Brody growth coe ficient, K , ^Ricker, 

1975) by

b * -1 +e ^ (Bagenal (. Tesch, 1978)

The final parameter required for fitting the von Bcrtalanffv 

equation is the hvpothetic.il age at which the fish would have

lad zero length, t , and calculated 1 rom the equation (Gul-

o

land, 19b5)

t c t + (!/V.) (In ((L*—  i )/(l«)))

o t

where 1 * length at age t

The value of t is calculated for all values of t for which 1

o t

is known. The best estimate- of t are obtained from vourger

o

but iullv recruited age groups where errors in the calculated

value of 1 wil be smallest Gulland, 19t»5). 

t

The Petersen n.etiiod w.is a l s o  used t<' calculate growth rates for 

the recruits of the 1981/82, 1982/83 and 1983/8A age groups 

which w e n  readily identifiable on the basis of length. Results 

from the  -e analyst" were used for verification of the growth 

rate determined f t ott s c a l e s .

(b) C.

Scales have been found to be reliable for aging cvprinid fish 

(drivel 1 i , 1981) hut most studies were undertaken in north- 

temperate area: . The use of eye lens weight was tested (Cri- 

veili, 1980) but found to be unreliable for fish older than 

three years. No studies of growth rate of wild carp have been 

undertaken in southern Africa.



The carp population in Hartheespoort Dam consisted ot full- and 

half-scale carp. Scales and opercula were investigated but, 

although rings were apparent, there was no regularity in rate of 

ring formation or consistency in the claritv and nature of scale 

rings, i Lear and apparently regular rings were found on the 

vertebrae, The vertebrae between the dorsal edge of the 

operculum and the first dorsal fin ray were collected from a 

number ot fish between Match 1983 and March 1984. These were 

removed, placed in boiling water ior approximately 15 minutes, 

and then all flesh and cartilape removed from the individual 

vertebrae. The hones were placed in a 4" formaldehyde solution 

lor 48-72 hourr , which was found to prevent fungal attack of the 

es. w< re I it Led stored at room temperature.

Subsequently the h* nes were examined and the number of rings 

(transluscent) counted. The rings occurred on the concave 

rming ch< Individual vertebrae. The

radius of each ring was rr.ea-'iired i-: the plane at right angles to 

the -original verteb-.il axis, iron the vertebrae centre to the 

lateral edge. The t tal radius w . also measured which permit­

ted calculation i the rtariiir ' width from the last ring to the 

vertebra edge.

The mean marginal wiiltl c for the three-monthly samples collected 

from March l‘?83 - ‘lar h 1-84 were examined to leterttuie times ot 

ring form.(ti n, hut n pattern wa *:iscern hie. Therefore the 

Petersen method was used to calculate a growth curve which was 

then used to determine the t ines of ring formation. The samples 

of carp collected in the initial survey In November 198i and the 

mark and recapture exercises in October 19,s.’ and November 1°83 

were used. In order to identify H e  actual modes more accurately 

normal distributions were fitted to Hie observed data by dot err in 

ing the expected fror the observed frequencies (7.ar, 19;.,') in 

each age class. The goodness ot tit was tested using the 

chi-squared test. The shifts in the modal lengths ot age 

classes from year to year were used to compute a von Bertalanffy 

growth curve. As the tish had not been sexed this curve was a 

mean curve for both sexes.



The mean lengths at time ot rin^; formation on the vertebrae of 

the combined sample rf males and females were then compared to 

the Petersen method growth curve and, assuming spawning at the 

beginning ot November each year, the tln.es of formation of each 

ring calculated. Th i - showed cl ar trend In the times, ol ring 

formation (Table h. *0 ard validated t h • * rings as . gularly laid 

down. 1 he me in lengths at ring foi ition for each sex we r e  then 

used to compute .1 von Bertalarffy growth curve for each sex, s. 

tor . using the more accv te vertebra, data

do net posse-s si . las. The growth of the species 

his been widel\ studied, t - Iv by using sections of the 

pectoral spines ( at dor Waal Schoonbee, .Q75; Bruton & 

Allarson, i vrti •; Clay, I . juick & Bruton, 1 . Pectoral

spines were widelv used to study vth in American catfishes 

lay, 1982). In view of th< 1 1 1 tained

previou workei the e ■ . toral f ron

• u.' in Hartbet-spi'ort Pair; w. \an . -ied t r use in ape and growth 

deternii .t i. n and !.>ur:d to have . ’.car, regular, growth rings.

Spine* were removed from dead f'!;h and placed In boil ir.g water 

for 1 minutes ti f,-ften ru- le and cart -.nous tissue which 

was then removed. A lateral -ectior o* the spine approximately 

two mm thick was then cut by hand ‘.voir the s p i n e . Bruton and 

Al lanson (l^fcO) referred to the problem of bone resorption in 

pectoral * j fnes and overcame th. problem ’ • co n s istent1.'’ cutting

ecti no f tl...... t trom the distal end of the spine. For

the same re ison, and to minimi -e var-.at Ion in the pine 

d i a m e t e r :length relati nship, all ret ion- were cut t rom this 

area in this study. Consequent 1v hone resorption was not found 

t ; revent ■ ■ • pi ie • ept Ln a few of the largest f iah.

Once sections had been removed, the\ were ground down by hand, 

using fine gl.u.s paper, urt:ll they were 0,5 - 1 . 0  mm thick and 

the rings uere clearly visible under a light transmission 

microscope. Bruton and Allan'on (1480) suggested staining the 

bone tissue with alizarin red in cases where rings were not 

clear. While this technique was attempted with success in this 

study, it was found to be unnecessary.



Bruton ;im' Allanson (19JU ! measured ‘.pine diameter and ring 

diameter a ! ong t he antero-latera 1 radiu 1 of the spine. In this 

study rinys w e n  ) ■ urn! t. be clearer in the region between the 

ante: i — lat i r a ! r<>. in- an. the anterior edge. Therefore the 

radiu; . t '< t. tbi ant ero-lat era 1 radiu: , in the anterior 

grent , w a * u « . add i t : > >r. to spinal and ring diameter,

: ihb star '.ltd 1« : . t! ami ex were reo rde«', and the marginal 

wi.it • « tween a* t r ing an the spine edge. As in previous 

specie- . : e ra r »• i t . w.df h was t e. • rded ir order to ascertain 

r in* R a t h  ' !i« length : requencies of even large

'-atrj • • : . * . till t.. • show clear age class modes,

(Fig. 5.3), and could not he 

: i. r . a . •..-.at ion or growth rate determination.

T:.t le at age a •. art ’ at 1 1 > growth curves were

- r t < i a for the prevI. , twc species.

k • -.•••,« : : .• ,-v. - t rhe year 1 d age class ((*•)

t t'.-r t 1 population. This

< ‘ • , i;n e t ■■ relationships, age at

- * .r 1 1 ■ , :••• . . .«• «r ‘ f t • • ;uen. v of spawning for each

• r • • «• -.•if a r v . 1: til study tie def init ions of

' a get.a'. .9 ■ have bee: u»ed:

*!_•_ t * o • • t ipening eggs found in the female

■li'.t pi it r ft spawning.

i ; • i' fi i: . ! tv 1 • th< Miir t the lecunditie: of all the

b r e e d  i lig ! eir.a I .

i o  w> t 'r ha teen d.< re on the relat ;onslii|> between fecundity and 

lertil • , where fertility 1 • the actual inn bet of eggs shed by the 

fern;. « . In certain i a a •. a large proportion ot eggs has been found 

t« he r< t ainej at spawning and later re'.orbed, but generally there 

are lew re Idu 1 ei’gs and fecund 1 tv i :■ similar to fertility (Bagenal, 

i97H). In this st idv the number of ripening eggs in the female was
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taken to ho equal to fertility. The different stapes of gonad 

development were not recognisable in the males .and, as fertil­

ity was based on the number ol egt p r o d u c e d , thi bleeding seasons 

are described in term?: of female g>nad development. Similarly, only 

the female age at maturity was considered. The number of 

reproduct ivelv active males wa* nsidered not to limit spawning and 

recru i tment.

Females of the fish collected in routine sam| ling were examined for 

gonad condition ant1 i .a-sifie ,nt» ••ever. . at eg. tie ai t riling t< the 

scheme in Table n.l, adapted from tin i . f Ke«t**vi t and Nike l.*-kv 

(Lagler, lc b '>. Both ovaries of ten. ... las* j t led a.* art l'e-ripe or 

ripe were removed, weighed and st. rt 1 in W i l s o n’s fluid (bagenal 6 

Braunt 1978) tor froa one to four v ’ reali

the connective tissue f the ,r\ and 111 rates the eggs, 

facilitating counting.

T a v- le ’ . 1.__ ( riteri for

'ev e 1 " _< •  ̂ • ; .ind

_ IsVy 'I ag iet , !

Stage Characteristice

1 . Inact ive < I) small Kor.ad? . . lose • >> the vertebral column, 

i.onaus transparent .• n»i grey.

2• Inactive - active (IA) T> -tes and cvaries transluscent, grev-red.

. . ... t visible! the naki eye. 

(.oi ad extending most of the length of the

•e n tia 1 iavi tv.

3. Active (A) I.gg.s visil le t the naked eve. ('.onads 

reddish with M o o d  cap ! 1 1 /> r ies , filling 1 / 1
- 1 . of the ventra 1 cav it'.

ripe (Af ) ovarie* ■ range-red I except in . IV. t". 

where gonads remain gre\ throughout 

development . Testes white with red blood 

vessels. No milt drops appeat under pressure. 

I ( p.i'jue .

5. Hi pe (R ) Sexual pt('duet• mature. Testes exude milt 

when pressure exerted. Iggs spheiical.

fi. Ripe-running (RR) Iggs and milt run with slight pressure.

7. Spent (S) C.onads have appearance of deflated sacs, 

reddish colour (except • >:

Occasional residual eggs and some milt.



After storing in < ilson's fluid, the battle contain-1*' the fluid and 

ovarian t i u e  was vigorously shaken to complete ■ i. ration of the 

eggs. Large pieces oi connectiv< tissue were removed and the rea •: • - 

der of the sample, consisting of separated eggs and : r,lament.1- of 

connective tissue, weighed and stored in 1 Of formaldehyde solution 

until counting. In the case of small . M ' •;«.* ovaries (less

than 3 - U g) the whole sample was counted but in all other cases 

sub-samples were taken, weighed and the numbei if mature eggs coun* 

fed, it was found that six sub-samj let ! approximately o . r & for 

■■ eeard '.cue and 0,25 g for the other two spe< lei wa< #uffi tent to 

result in a standard error of less than V  >>f the n.ean (Table 6.2) 

and this number of sub-samples was used for all counts. The mean 

number of eggs per unit mass was then calculated and the total number 

of mature eggs estimated by proportion.

Mature eggs to be released at the next spawning were clearly 

distinguishable from immature ery • the b a s i o l  si?e (Fig. 6.1], 

their spherical shape and colour.

. r rvr~r ' is a multiple spawner and mouth brooder and attempts 

were made to determine the frequency t ■ spawning. 2+ Fish brought 

back to the laboratory did not breed, despite vaising the temperature 

to 26 C . The nale respond* itely t the pretence of a female

with cc'lour display and nest building behaviour. However, the 

females, despite initial response to the male display, did not reach 

oviposition. After 1 - 2 hours of courtship the male became 

aggressive and attempted to kill the f«m<ile it she was not removed, 

Both relocating females to a male tank nnd vice versa were attempted 

without s u c cess.

frequency of spawning was therefore determined indirectly by 

calculating the mi an length oi time tor which a female carried eggs 

or fry }n her mouth, and the mean number of mouth-brooding females at 

any given time during the hr eding season. By direct proportion, the 

total number of days spent mouth-brooding by a temale could then be 

calculated and hence the number of s pawnings per season.

To determine the time taken !« t a female to rear a single brood, eggs 

and larvae were brought tack to the lab tatory and reared in specially 

designed live litre containers (Fig. »■>.. . Total length of five
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X. 6. 1 . Diameter <: eggs, In iricn scope unit ,of the throe major 

species In actlve-rlp* .ind ripe ovaries of selected 

females. Shaded portions indicate m.irure eggs.
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