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Introduction 
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Decreased survival of larvae often 

accumulates 

1998 

Hunter and Kimbrell 1980 

0iestad 
Alheit Valdes Szeinfeld and 
Cochrane 1992 
Sissenwine 1984 

as nrpmUifm decreases with '-'U~:"lU" 1980 

temperature 1983, 

",,,,,, .. ,·.,',,,r,,,· too low causes disease outbreak 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(1975, 

to 

the 

Peterman 

exl:endm,g in COIIce1PC on 

emrrrClillIlents to be 

rg~llgr.nnisame:cn;arusm 

encounter rates hpt'lIlP,>n 

other 

Peterman et 

a ra'fOUlralJle 

teeolIllg success u"",,,au.,,<:; 

5 

occur. 

a 

was no 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Introduction 6 

state currents are 

currents may to 

see 

recruitment "tr,,,"n,yth 

recruitment to 

means 

even more 

are all aelJenaellt 

oenguella current as 

rpotheses into a 

concert are considelred to 

retention areas, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Introduction 

larvae to currents 

concentration 

nrlYllltu:m on 

measure 1J", ....... 'u".u 

is 

turn 

et 

et 

7 

success 

same 

rate 

rates are 

is 

et 

seems to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 1 Introduction 

s.-----...---------------, 
Orcrge River r 

30 

NlJ'sery Cl'ea 

342 
~ UpY\elling 
~ SpaWling 

Cape 

~ Transport ~ ..... Recruitment 

~ Losses 
I I I 

162 182 202 E 

Figure 1.2. Map showing the general hypothesis on the life 
history of the Cape anchovy Engrauiis encrasicoius (after 
Hutchings 1992, Hutchings et ai. 1998). Since 1994, the 
spawning areas appear to have shifted further east (van der 
Lingen et al. 2001, 2002). 

8 

Cape anchovy spawn during spring and surruner, September to March, with an apparent peak 

in spawning in late spring / early surruner (Shelton and Hutchings 1981). They are serial or 

"batch" spawners (Alheit 1989), histological studies indicate that females spawn between 14 

and 20 times within this long spawning period (Melo 1994b). 

In the 60s and 70s most Cape anchovy spawning took place over a temperature range of 16-

19°C (Anders 1965, King 1977, King et ai. 1978). More recent studies suggest that the 

preferred spawning range of Cape anchovy in November is between l7.4 and 21.1 °C (van der 

Lingen et al. 2(01). Sea surface temperatures may directly affect the spawning duration of 

anchovy because cold temperatures may increase oocyte atresia, the net effect of which is 

that spawners resorb their eggs (Hunter and Macewicz 1985, Melo 1994a). This may have 
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increment widths on otoliths, developed for OPT/MAS by Donohoe (2000). Increments 

(rings) were clearly seen spreading from the primordium to the edge (see Fig. 2.4a and b). 

They were similar in appearance to those that others have demonstrated in the laboratory 

to be daily increments (Brothers et al. 1976) or indicated with micrographs of otoliths 

collected from the field (Palomera et at. 1988, Thorrold 1988, Thorrold and Williams 

1989). 

Brothers et at. (1976) have validated daily rings of northern anchovy Engraulis mordax as 

the smallest cyclical units (1-2/lm thick) for up to 100 days. Thomas (1986) counted daily 

rings on laboratory-reared Cape anchovy E. encrasicolus larvae. He found that the largest 

difference between true and counted ages was seven days on presumed 35-day-old 

specimens. This was taken as the time from hatching to first increment formation. 

Waldron (1994) used daily rings on Cape anchovy otoliths for annual ring validation. She 

showed that one annual growth ring comprised close to 365 daily rings. The light 

increments between two dark rings seen under the light and electron microscopes were 

thus taken to represent one day of age of the fish. 

Sub-units were often seen after about the first five narrow increments. The appearance of 

these sub-daily units is common and has been related to daily variations in environmental 

temperature (Pannella 1980) or to feeding frequency (Tanaka et al. 1981). They were 

regarded as sub-daily rings following the same pattern of counting as demonstrated on 

light micrographs by Campana (1992), Palomera et at. (1988) and Morales-Nin (1987). 

The increments of juvenile otoliths were similar to those demonstrated on SEM 

micrographs by Thomas (1985a, b), Kerstan and Waldron (1995) and Waldron and 

Gerneke's (1997) introduction to using the BSD method on fish otoliths (Fig. 2.4.b). 

Figure 2.4.a. Light micrographs showing the 
primordium (pr) and daily increments (d) of a 
larval Cape anchovy Engraulis encrasicolus 
otolith. This fish (PI05) was caught at station 
17-07 (see Fig. 2.1) offshore off Cape 
Columbine in March 2000, and was aged as 22 
days and 12 mm SL at capture. Original 
magnification: 1000x. 
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Figure 2.4.b. Scanning electron micrograph 
(backscatter technique) of the primordium and 
the first daily increments of a juvenile Cape 
anchovy otol.ith . This fish (RD137) was caught 
in Stratum D, Station 32-01, inshore, south of 
Saldanha Bay In May 2000 (see Fig. 2.2). It was 
aged as 155 days, 87 mm SL at capture. Original 
magnification: 2500x 

The length (from the rostral to the postrostral tip), radius (from the primordium to the 

postrostral tip) (see Fig. 2.3), and distance from the core to the first increment (Secor et at. 

1992) were measured where possible. All increment widths were measured and the total 

number of increments was counted. Increment widths and radii were measured in the 

direction of maximum growth (i.e. posterior otolith radius) or on the line at which they were 

best visible (Campana 1992). For areas where increments were not clearly visible, counts 

were interpolated from adjacent counts (Methot 1983). 

Otoliths of 193 larval and pre-recruit Cape anchovy (14-74 mm SL) from the March pre­

recruit survey were analysed in this way (see Table 2.2). This is a 91 % success rate. From 

the May recruit survey, 322 otoliths were prepared and viewed under the SEM. They were 

often disregarded, however, when either 1) the primordium was not seen (under- or over­

ground) or 2) more than 20 % of the distance along the axis of maximum growth had no 

clearly visible increments. Only 80 otoliths of juvenile anchovy (52-114 mm SL) from 15 

stations of Strata A-D and F of the recruit biomass survey (see Table 2.2 and Appendix 3.B) 

provided reliable increment counts. This is a success rate of 25 %. 

The total survey area, number of length samples measured, and number of age sub­

samples taken from each SL-class from each survey are outlined in Table 2.2. Note that 

the "age sub-sample size" column represents the number of otoliths that were successfully 

prepared and read. In the case of the recruitment survey, this number is not the same as the 

optimal sample size (see section 2.2.2) because of time constraints and a very low success 

rate of the otoliths prepared for SEM purposes. Baird's index of variation and hence the 
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March Pre-recruit survey Recruit biomass survey 

Total nwnber 
measured 

10 336 12 
15 1599 47 
20 1184 36 
25 861 30 
30 420 18 1 
35 95 11 7 5 
40 15 6 5 3 
45 15 7 9 4 
50 20 4 45 5 
55 31 6 84 3 
60 67 7 208 4 
65 44 4 385 7 
70 17 5 712 1 
75 6 755 9 
80 4 838 9 
85 1 629 7 
90 610 4 
95 588 4 
100 584 4 
105 299 1 
110 218 

15 101 
120 140 
125 84 
130 29 
135 13 
140 5 

SUM 4715 193 6349 81 
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3.1. Coefficient of variation values mean age class for age estimates of larval and 
""('tIC",,, sllIIlj:lled in March 2000. 
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Table 3.1. and Baird's index of variation at age of 
off the west coast of South Africa in March 2000. 

15 30 45 60 75 90 105 120 135 150 165 180 195 SUM 

10 9 3 12 
15 14 30 3 47 
20 2 20 13 36 
25 7 18 4 30 
30 2 8 5 2 18 
35 5 4 1 11 
40 2 1 6 
45 2 2 1 7 
50 1 2 4 
55 2 2 1 6 
60 3 7 
65 4 
70 2 2 5 
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4.1. Relation between the otolith radius and the age in of ""I'hrnm larvae and 
off the west coast of South Africa in March 2000. 
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Table 5.2. Mean growth rates (mm. da/) of larval and 
encrasicolus at different size ranges different models from this and other studies. L = 
Linear, LG = VBGF = von Bertalanffy growth function. 

Location Source 
SL (rum) Model Author 

South Africa 14 -75 Larvae L This 

LG 

VBGF 

South Africa 39 - 114 Juveniles L This 

LG 0.22 

VBGF 0.24 

* Growth rates read off different off the relevant curves for 
* South Africa 14-33 Larvae L 0.26 March 2000 * This 

Namibia 1- 33 Larvae L 0.60,0.90 1978179 Badenhorst and 1980 

Namibia 3 30 Larvae L 0.77 Nov 1982 Thomas 1986 

3 30 Larvae L 0.55 Jan 1983 Thomas 1986 

3 - 30 Larvae L 0.62 Feb 1983 Thomas 1986 

* South Africa 14 -25 Larvae L 0.21 March 2000 * This 

South Africa 5 25 Larvae L 0.44 Jan 1983 Thomas 1986 

5 25 Larvae L 0.52 Thomas 1986 

South Africa 2.5 35 Larvae LG 0.15-0.6 Brownell 1983 

2.5 - 10 Larvae LG 0.26 reared, Brownell 1983 

3 -15 Larvae LG 0.31 18.5-19SC Brownell 1983 

4-20 Larvae LG 0.37 Brownell 1983 

5 - 30 Larvae LG 0.45 Brownell 1983 

South Africa 12 -28 Larvae VBGF 1983/84 Prosch 1986 

30 -40 Pre-recruit for all combined - May 1983 Prosch 1986 

SA and Namibia 30-50 Pre-recruit does not valid Nov 1983 Prosch 1986 

50-70 Juveniles 1983 Prosch 1986 

90 -110 Juveniles Nov 1984 Prosch 1986 

90 Juveniles Jan 1979 Prosch 1986 

South Africa Larvae 0.50 1983/84 Prosch 1986 Waldron 

Juveniles 0.40 1983/84 1995 & Bloomer 1994) 

* South Africa 60 -114 Juveniles VBGF 0.13 2000 * This 

South Africa 60 - 120 Juveniles VBGF 0.40 June 1985 Waldron 1995 

* South Africa 39 -100 Juveniles VBGF 0.22 2000 * This 

South Africa 37 100 Juveniles VBGF 0.30 June 1989 Waldron 1995 

* South Africa 39-90 Juveniles VBGF 0.22 2000 * This 

South Africa 37 -90 Juveniles VBGF 0.32 1991 Waldron 1995 

* South Africa 39-85 Juveniles L 0.19 2000 * This 

* South Africa 25 -85 Juveniles L 0.34 March & * This 
2000 

South Africa 25 - 85 Juveniles L 0.42 1993 Bloomer 1994 (prelim.) 
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iJr{)(Tr"n,mf> written in True Basic used to calculate age 
the recruitment survey in 2000 Baird's Index of 

Methods for all calculations and values are in Section 2.2. 

DIM 
DIM 
DIM 
DIM 
DIM 
DIM 
DIM 
DIM 
DIM 
DIM 
DIM 
DIM 
DIM ru:"CJI"UJn"w" ..... \, .. , 

DIM ru",-""ru,Ula.HU'" 

DIM 
DIM 
DIM 
DIM 

!Rows 
1 Columns := Standard SL 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0.0789, 0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0.1447, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 

0,0,0,0,0,0,0,0,0,0,0,0,0,0 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 
0,0,0,0,0,0,0,0,0,0,0,0,0,0 

0,0,0,0,0,0,0,0,0,0,0,0,0,0 

0,0,0,0,0,0,0,0 
0,0,0,0,0,0,0,0 

0.1379,0.0278,0,0,0,0,0,0,0, ° 
0.1111,0, 0,0,0,0, ° 

135 

!l00 
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DATA 0, 0, 0, 0, 0, 0, 0, 0, 
DATA 0, 0, 0, 0, 0, 0,0,0, 
DATA 0,0,0,0,0, 0, 0, 

0, 0, 0, 0, 0, 0, 
0,0,0,0,0,0,0 

0,0,0,0,0,0,0 

DATA 0,0,0,0,0,0,0.025,0, 0,0, ° 
DATA 0, 0, 0, 0, 0, 0, 0, 
DATA 0,0,0,0,0.0213,0, 0,0, 0,0.1143, 
DATA 0,0,0,0,0,0,0,0,0.0244,0,0.0833, 
DATA 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0, 0.0571,0.0571, 0.0333,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0.0286, 0,0,0,0, ° 
DATA 0,0,0,0,0,0, 0,0,0, 
DATA 0,0,0,0,0,0,0,0,0,0,0, 
DATA 0,0,0,0,0,0,0.025,0,0,0, 
DATA 0, 0, 0, 0, 0, 0, 0, 0,0, 0, 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0.0571, 0,0, 
DATA 0, 0, 0, 0, 0, 0, 0.025, 0, 0,0,0,0.0571, 
DATA 0,0,0,0,0,0,0,0, 
DATA 0, 0, 0, 0, 0, 0, 0, 0, 0, 
DATA 0,0,0,0,0,0,0,0,0,0, 0,0,0.0417,0.0333, 
DATA 0,0,0,0,0,0,0, 0,0.0345,0,0.0571, 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0.0208, 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0.0208, 

!200 

DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0, !300 

DATA 0, 0, 0,0,0,0,0,0, 0, 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0. 
DATA 0,0,0,0,0,0,0, 0,0,0,0,0,0,0,0.074, 
DATA 0,0, 0,0,0,0,0,0,0,0,0,0,0, 0,0,0, ° 
DATA 0,0,0, 0,0,0,0, 0, 0, 0,0, ° 
DATA 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0,0,0,0,0,0.3 0, ° 
DATA 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0.0571, 0, 0, 0.074, 0.0625, 0, ° 
DATA 0,0,0,0,0,0,0, 0,0,0,0,0,0, 0,0, ° 
DAT A 0,0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0.0345,0,0,0,0,0,0,0.1875,0, ° 
DATA 0, 0, 0, 0, 0, 0,0,0,0,0,0,0,0,0,0,0, 0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0, 0.0208,0,0, ° 
DATA 0, 0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ° 
DATA 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0.0625, 0, ° 
DATA 0, 0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,0, ° 
DATA 0, 0,0,0,0,0,0,0,0,0,0, 0,0,0,0,0,0,1 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,0,0, ° !400 

D~A~~~~~~~~~~~~~~~~~~O 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 
DATA 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0, 0, 0, 0, 0, 0, 0,0,0, 0,0,0, 0,0.037,0,0, ° 
DATA 0,0,0,0,0,0,0,0, 0,0.0333,0.037,0,0, ° 
DATA 0, 0, 0, 0, 0, 0, 0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0, 0,0,0,0,0,0,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, ° 
DATA 0,0,0,0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0, ° 
DATA 0, 0,0,0,0,0,0,0,0,0,0,0,0.0286, 0.0333,0, 0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0333,0,0,0,0 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,0,0, ° 
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DATA 0, 0, 0,0, O. 0, 0, 0, 0, 0, 0, 0, 0,0,0,0, ° 
DATA 0, 0, 0, 0, 0, 0, 0,0,0,0,0,0,0, 0,0,0, ° 
DATA O. 0, 0, 0, 0, 0, 0,0, O. 0, 0, 0, 0, 0,0.037,0, ° 
DATA 0,0,0,0,0,0,0, O. 0, 0, 0, D, 0, 0, 0,0,0, ° 
DATA 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0, 0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0, 0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0, 0, 0, 0, 0, 0, 0,0, 0,0,0, 0,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0, O. 0, 0, 0,0,0,0, ° 
DATA 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0,0,0,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
DATA 0,0,0,0,0,0,0,0,0,0,0,0, 0,0,0,0, ° 
D~A~~~~~~~~~~~~~~~~~~O 
DATA 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0,0,0,0,0,0, ° 
DATA 0, 0, 0, 0, 0, 0, 0,0,0,0,0,0, 0,0,0,0, ° 
DATA 0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, ° 
MAT READ ALK5 

! Convert ALK into D-ctav-:ae:e­
:::;; 1 TO 19 

FORi:::;; 1 TO 35 
LET j) 

NEXTi 
LET 

NEXTj 

! Rows 
!! up to Fl 

from 

j)+ 

j) j) 

j)+ 

DATA 77719052, 2922033, 0, 0, 0, 0, 0, 0, 0, 0, 0, 80641084 
DATA 0,0,0,0,0,0, O. 0, 0, 0, 564487590 

j) 

DATA 942982,0,0,0,0,0,0,0,0,490967896 
DATA 0,0,0,0,0,0,0,0,79361521 
D~A ~~~~~~ 
5575983582 
DATA 

!500 

!565 
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DATA 637668766, 29163769,399102806,0, 1068531568,79715628, 
1385251668, 9509685005 

DATA 0,0,0,0, 598123253, 0, 0, 0, 2 "'v'vv~.v .... 
DATA 0, 0, 0, 0,0,0,0, 
DATA 0,0,0,0,0,0,0,0, 
DATA 0,0,0,0,0,0,0,0, 
MATREADSL 

! Add inshore SL to main Stratum SL 
FORj:;;: 1 TO 19 

FOR s 1 TO 6 
LET s) + 

NEXTs 

! Areas: Row 1 == A to F, Row 2 == Inshore A to Inshore F 
DATA 8881.14,7872. 4182.35 
DATA 7 612.42, 1328.34,489.4 
MAT READ AREAInfanta2 

Add inshore areas to main strata areas to get total, 
e.g. add Inshore A to Stratum A, etc: 

LET TOTAREAI = ° 
FOR s 1 TO 6 

LET == ru"L.fU.1H<LI AREAlnf:rnt,t2(2 s) 
LET TOT AREAl = TOT AREAl + ""''' ....... ,''1 

NEXTs 

! Calculate cat,:n-alt-aj~e 
MAT CATCHAGE == ALK15*SLStr 

FOR i 1 TO 36 
LET 
FOR s 1 TO 6 

LET 
NEXTs 

NEXTi 

+ 

! Start out CV for each age in each stratum diff. 
FORn= 1 TO 36 

LET m 0.000000000001 
DO 

LET m m + 0.000000000001 
MATni m*SL 
MAT niStr m*SLStr 
MAT VarN= 0 
MATTOTVarN 0 
FOR s 1 TO 6 

FORi 1 TO 36 
== 1 TO 19 

s) == 0 THEN 

j) ° 

sizes 

! Strata 

!Start with a small nrnnm1c,,," of SL 

!Selection of otoliths - start 
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LET 
E!'!'D IF 

NEXTj 
NEXTi 

LET 
NEXTi 

MAT VARIANCE 

FOR 
IF 

LET 
ELSE 

LET 
END IF 

NEXT 

! Test for 
FORi 

NEXTi 

a 

< 

LETniTOT 0 
FOR s:::: 1 to 6 

FORj I TO 19 
LET niTOT niTOT s) 

NEXTs 
LOOP UNTIL <= 20 

FOR s '" I to 6 
FORj=lT019 

IF s) > 0 THEN 
IF j) > o THEN 

IF s) < 
LET s) 

END IF 
END IF 

END IF 

NEXTs 
NEXTn 

the calculated 
LET TotOPT == 0 
FOR:; 1 TO 6 

PRlNT 
== 1 TO 19 

s»OTHEN 

101 

s) 

TOTVarN 

100 

! Stratum A to F 

! SL 
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PRINT 
END IF 

NEXTj 
PRL'IT "Tot Stratum::::", 

NEXTs 

PRINT 
END 

size ","; 

s) 



University of Cape Town

~) 
Statloru!; 
Hl2 01-0503-0103-42 t)3-03 03·04 03-011 05-1)4 05-08 07-02 07-43 07-05 OHIS ONJ. 09-0109-0209-05 DO-Cl6 11-0311-0111-06 13-01 13-0215·0515·0715-0615-119 15-10 15-11 15-13 15-1415·1517-04 17·0511·00 17-07 INlIIl1-09 19-03 19-04 19-05 19-0719-0621-0421-0521-<16 SUM 

2 I 1 
3 2 I 2 

• I 2 I 2 
5 1 1 1 1 3 • (; I 3 2 • 7 I 1 5 I I I :: 6 I 1 • I I 1 , I , 
(; I I I I 1 1 , 2 , ,. 
0 2 , I I I I I , 
1 I I 1 I I 
2 1 1 1 1 1 , 1 7 
3 1 , 1 , , 1 I 7 
4 2 I • 
5 , , 1 I I 7 

26 1 1 I 1 3 I ,. 
27 1 1 2 4 

26 , I I • 
29 1 , I 1 • 
11l 2 2 I 2 I • 

1 I • 
32 , I 2 
3l 1 I 2 
34 1 I , • 35 3 1 • 
3. I 4 
31 1 I 2 
39 , I 
40 I I 
41 3 • 

3 1 1 

5 I • 7 , I 

a 1 1 

9 I 1 

1 1 1 

3 
4 I 1 
5 I I 2 
1 I • • 1 , 

00 , 1 
.1 , 1 

<12 1 , 2 
54 I I I • 
55 I 1 
5a 1 1 
5. I 1 2 
11 1 I 2 

72 1 1 

I , 
I , 
M 1 I '" • 3 , 1 3 2 4 1 3 4 1 1 2 1 S 1 1 5 8 3 • 2 4 8 5 4 4 • 2 9 1 2 • 5 4 6 3 2 ·,113 
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i.pp,enlllX 3.A. Table the calculated 
each stratum the recruit biomass survey in 
of20 % CV or Baird's Index Variation 

Stratum 
SL (mm) A B C 

30 4 
35 28 
40 2 
45 
50 4 
55 1 

60 1 

65 2 1 

70 3 4 
75 3 2 6 
80 5 
85 5 
90 2 
95 4 
100 1 

105 
110 
115 
120 i 
SUM I 54 17 30 

sizes selected from each at 
sizes were calculated for a maximum 

a historical programme, 

0 E F SUM 
4 
28 
3 
2 
6 
4 
5 
6 
12 

4 17 
3 12 

1 10 
1 1 1 7 
3 12 4 25 

3 8 
4 6 
1 2 

2 
1 1 

16 27 11 155 

3.B. Table the successful number of age read from each 
of each stratum of the recruit biomass 2000. 

Stratum 
SL{mm) A B C 0 E F SUM 

35 5 5 
40 3 3 
45 3 4 
50 4 1 5 
55 2 3 
60 1 2 4 
65 5 1 7 
70 6 4 11 
75 2 3 2 2 9 
80 2 5 9 
85 6 7 
90 1 1 4 
95 2 2 4 
100 2 4 
105 0 
110 1 

SUM 28 21 20 10 0 80 
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y + X 
n = 193 
r2 0 

0 0 
0 0 

0 

o 
o 60 80 120 1 160 180 
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of 

140 Y 1 .22 X - 1 

n = 1 (- 0.997 

o 10 20 30 80 100 

ndard 
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1 Y + X 
0 

r2 :::: 

0 0 0 
1 

CD 

90 0 0 
0 

0 
0 0 

80 0 co 
0 

0 
0 00l 0 

0 0 
0 

60 0 0 
0 

0 0 0 9 0 
0 

0 
0 

320 
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7. 
survey on the Africa. found at each 5-
mm- standard 

Sl 
15 30 45 60 75 90 105 120 135 150 165 180 195 SUM 

10 0.75 0.25 0 0 0 0 0 0 0 0 0 0 0 1 
15 0.30 0.64 0.064 a 0 0 a 0 0 0 0 0 0 1 
20 0.056 0.56 0.36 0.028 0 0 0 0 0 0 0 0 0 
25 0 0.033 0.23 0.60 0.13 0 0 0 0 0 0 0 0 1 
30 0 0 0.11 0.44 0.28 0.11 0.056 0 0 0 0 0 0 1 
35 0 0 0.091 0 0.45 0.36 0.091 0 0 a a 0 0 1 
40 a 0 0 0 0.17 0.17 0.33 0.17 0.17 a a 0 0 1 
45 0 0 0 0 0.14 0.29 0.14 0.29 0.14 a a a 0 
50 a a 0 a a 0 0.25 0.25 0.50 0 0 0 1 
55 a 0 0 0 0 0 0.33 0.33 0.17 0.1 0 0 0 
60 a a 0 a 0 0.14 0 0.14 0.43 4 0.14 a 0 1 
65 0 0 0 0 0 a a 0.25 0.25 0.25 0.25 a 0 1 
70 0 0 0 a 0 0 0 0 0 0.40 0.40 0.20 1 

SUM 1.11 1.48 0.86 1.07 1.17 1.07 1.20 1.43 1.65 0.56 0.79 0.40 0.20 13 

Ap~lendlix 8. on the 2000 recruit biomass survey 
found at each 5-mm- standard SL-

class. 

Sl 
(mm\ 75 90 105 120 135 150 165 180 195 210 225 240 255 270 300 SUM 

35 0.20 0.20 0.60 0 0 0 0 a 0 a 0 0 0 0 0 1 
40 0 0 0.67 0.33 0 a 0 a 0 a 0 a 0 0 1 
45 0 0 0 0.75 0.25 a a 0 0 0 0 a 0 0 0 1 
50 0 0 0 0.20 0.40 0.20 0.20 0 0 0 0 0 0 0 0 1 
55 0 0 0 0 0 0.33 0.33 0.33 0 0 0 0 0 0 0 1 
60 0 0 0 0.50 0.25 0 0 0.25 0 0 0 0 0 0 0 1 
65 0 0 0.29 0 0.43 0.14 0.14 0 0 0 0 0 0 0 0 1 
70 0 0 0.091 0.091 0.091 0.18 0.18 0.091 0.18 0 0 0 0.091 0 0 1 
75 0 0 0.11 0.11 0 0 0.44 0.11 0.11 0 0.11 0 0 a 0 1 
80 0 a 0.11 0.11 0 0.33 a 0.11 0.22 a 0 0.11 0 0 0 1 
85 0 0 0 0.14 a 0 a 0.43 a 0.14 0.14 0 0.14 0 0 1 
90 0 0 0 0 0 0.25 0.25 0 a 0 0 0.25 0 a 0.25 1 
95 0 0 0 0 0 0 0.25 0.50 0 0.25 a 0 0 a 0 1 
100 0 0 0 0 0 a 0 a 0.25 0 a 0.25 0.25 0.25 0 1 

SUM 0.20 0.20 0.20 1.87 2.24 1.42 1.44 1.80 1.83 0.77 0.39 0.25 0.61 0.48 0.25 14 




