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Chapter 1 

Introduction 

Two spiny-lobster species of the genus Palinurus are the subject of this thesis; Palinurus 

gilchnsti, first described by Stebbing (1900) from False Bay (Western Cape, South 

Africa) and P. de lagoae , described by Barnard (1926) from the region around Delagoa 

Bay (Mozambique) . Both occur in the southern hemisphere only, and are restricted to the 

South-West Indian Ocean. P. gilchristi is a continental species, and is endemic to the 

deeper shelf regions along the southern coast of South Africa. P. delagoae is more 

widespread, including a continental population along the deep outer edge of the shelf of 

eastern South Africa and southern Mozambique, and insular populations off the southern 

coast of Madagascar and at isolated submerged points along the Madagascar Ridge to the 

south of this island. Both species support substantial commercial fisheries and are well­

known on international markets. However, comparatively little is known about the 

biology and ecology of either species, or in fact, of the genus Palinurus in general. It is 

the purpose of this introductory chapter to summarise the available knowledge of P. 

gilchristi and P. delagoae, within the context of the genus and the family. Furthermore, 

the objectives of this thesis are stated, and a preview of the issues addressed in each 

chapter is provided. 

1.1. Palinurid systematics 

The decapod crustacean family Palinuridae comprises 49 species (Phillips et al., 1980), 

which are grouped into eight genera, based on differences in four major morphological 

characteristics: relative size and disposition of the supraorbital processes; the elevation of 

the eyes talks; the structure of the pleopod on the second abdominal segment of the 

female; and the general shape of the carapace (George and Main, 1967; Holthuis, 1991; 

Lipcius and Cobb, 1994). George and Main (1967) have placed six genera, Palinurus, 

1 
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Figure 2,1: The distribution of Pgllchrisfi along the southern coast of South Africa and of Pdelagoae 
along the South African east coast, Mozambique, southern Madagascar and the Madagascar 
Ridge, 
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Table 2.1: Information on catches of P. aelaq()ae in the and trawl fisheries of 
South Africa and .u",,,,",,,.,,,,, 

Year Trawl 
Cat 

1985 27.2 3 
1986 59.9 4 No data 
1987 36.8 5 224 
1988 30.5 6 231 
1989 16.3 7 167 
1990 13.7 4 207 
1991 22.2 5 341 
1992 37.3 5 156 
1993 37.8 5 443 
1994 24.4 4 89.5 3 261 
1995 13* 2 50.0 2 179 

1996 10* 4 39.5 2 132 

1997 1 0" 4 7.4 1 156 

1998 11" 4 No data 

1999 12" 4 No data 

vessels 
** not all catches were declared 1 
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Table 2.2: Records of effort, catch and CPUE in the fishery for P. gilchristi 

Season (4) TAC Number of Recorded catches (3) Effort (2) 
Tail mass active boats Tail mass Whole mass Thousands of 
(tonnes) (tonnes) (tonnes) trap-hauls 

1974 12 372 800 

1975 19 973 2092 

Jan-Jun76 36 551 1185 

76/77 33 712 1531 

77/78 26 667 1434 3461 

78/79 20 461 991 2212 

79/80 18 122 262 644 

80/81 15 176 378 696 

81/82 18 348 748 1529 

82/83 16 407 875 2078 

83/84 17 524 1127 2687 

84/85 450 17 450 968 1090* 

85/86 450 14 450 968 1043* 

86/87 450 15 450 968 690* 

87/88 450 14 450 968 634* 

88/89 452 13 452 972 933* 

89/90 452 14 452 972 817* 

90/91 477 13 477 1026 1084* 

91/92 477 15 477 1026 2889 

92/93 477 12 477 1026 2844 

93/94 477 15 477 1026 3167 

94/95 452 13 452 972 3442 

95/96 427 14 427 918 3217 

96/97 415 12 415 892 3624 

97/98 402 13 402 864 4036 

98/99 402 13 402 864 4206 

* Effort between 1984/85 and 1990/91 does not represent the full effort of the fishery. 

(1) CPUE has been standardised by a GLM. 
(2) Effort is given as the total trap-hauls, irrespective of soaktimes. 
(3) Catches made after 1984/85 are assumed to be equal to the T AC. 

CPUE (1) 
kg tails / trap 

0.78 
0.41 
0.35 
0.25 
0.21 
0.2 

0.17 
0.24 
0.21 
0.19 
0.19 
0.15 
0.15 
0.19 
0.21 
0.19 
0.21 
0.17 
0.16 
0.17 
0.16 
0.13 
0.13 
0.11 
0.09 
0.08 

(4) A split-season which opens on 1 October (November in some years) and continues until 
30 September (30 June or 31 August in some years) was introduced for administrative purposes in 1976. 
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The numbers of active fishing vessels (Table 2.2) declined after the introduction of the 

TAC (from 17 in 1984/85 to 14 in 1985/86), but remained relatively stable (between 11 

and 15 vessels) up to 1999, despite the decline in the TAC experienced in recent years. 

However, the recent introduction of a new fisheries policy (embodied in the Marine 

Li ving Resources Act of 1998), which aims to broaden access to South African 

commercial fisheries, has resulted in fishing rights for P. gilchristi being granted to a 

number of new fishing companies, by reducing the tonnage granted to established 

companies by equivalent quantities. This move has led to an upheaval in the fishery in 

2000, with the possible introduction of additional fishing vessels by new companies, and 

threats pertaining to the withdrawal of operational vessels by established companies. To 

date, the issue remains unresolved, with three new fishing vessels poised to enter the 

fishery. 

2.3.3. Effort, catch and CPUE 

The past decade has seen a substantial increase in fishing effort for P. gilchristi (Table 

2.2); this was achieved without an increase in the number of active fishing vessels, and 

reflects an increase in the quantity of gear used per vessel. The trend towards increasing 

the gear compliment per vessel stems from the removal of a regulation (Act 12 of 1973; 

Stander, 1991), which, up to 1988, limited the number of traps allowed per fishing vessel. 

The removal of this regulation allowed fishing vessels to deploy more traps on the fishing 

grounds than previously. The impact of this increase in fishing effort on the CPUE and 

management of the fishery is addressed in Chapter 9. 

The catch trend for the 1974 - 2000 period (Table 2.2) can be subdivided into three 

distinct periods: 1974 - 1979/80, during which a sharp decline in catches and a near 

collapse of the stock can be attributed to excessive effort by a multitude of fishing 

vessels; 1980/81 - 1983/84, during which a recovery of the stock may be attributed to a 

period of reduced effort; and 1984/85 to the present, a period of relatively stable, though 

declining, catches. Catches in the latter period varied within a few tons of the TAC set for 

the fishery. 

8 
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spines. In P. delagoae the precervical region is devoid of setae and is shiny; only towards the 

posterior region of the carapace are there a few setae clustered around the bases of some of 

the tubercles. 

Several early studies on the length-mass relationships of P. gilchristi and P. delagoae 

suggested that there may also be morphometric differences between these two species (Berry, 

1973; Pollock and Augustyn, 1982; Brinca and Palha de Sousa, 1983). However, these 

studies were all conducted in isolation, and standard sampling methods were not always 

followed. As a result, length-mass relationships ohtained for the two species by different 

researchers are not directly ,comparable. 

Despite the morphological and morphometric differences mentioned above, identification of 

the two species remain difficult. Considering that both species support lucrative commercial 

fisheries, and that these fisheries are located adjacent to each other and are often exploited by 

vessels of the same company, misidentification could result in a lack of control over the 

quantity of each species landed. It is therefore important that alternative characteristics that 

more readily distinguish between P. delagoae and P. gilchn'sti be sought. 

Accurate length-mass relationships are also important in stock assessments where they are 

used to convert commercial catches (mass in tons) to numbers of lobsters captured per length 

category. In the fishery for P. gilchrisli, where the total allowable catch (T AC) is measured in 

tail mass (TM), a whole mass (WM) to TM conversion factor is used in cases where live 

lobster or whole frozen lobster products are sold. Also, fishing companies can utilise 

information on the relationship between TM and WM, relative to species and sex, to 

maximize financial yield per lobster. 

The aims of this chapter are to establish standardised length-mass relationships for P. 

delagoae and P. gilchnsti and to compare these to obtain a further means of distinguishing 

between the two species. The management implications of the length-mass relationships, 

relative to species and sex, are also discussed. 

2 
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Table 3.1 :Regression statistics for the morphometric relationships for male and female P.defagoae and P.gifchristi 

Relationship Regression statistics Size range 

(y = a x b) In a SE of In a b SE of b 7 n F-value p (mm) 

P.de/agoae 
TMM = 0,0061 CL 2.2604 -51,066 0,1391 22,664 0,0300 0,9899 60 5690 0,0001 55 - 185 

TMF = 0,0019 CL 2.5502 -62,520 0,1835 25,502 0,0411 0,9867 54 3857 0,0001 55 - 135 

TM = 0 0052 CL 2,312 M+F , -52,605 0,1476 23,129 0,0324 0,9785 114 5086 0,0001 55 - 185 

WMM = 0,0017 CL 2.7757 -63,766 0,0949 27,757 0,0205 0,9968 60 18318 0,0001 55 - 185 

WMF = 0,0016 CL 2.7951 -64 ,315 0,1548 27,951 0,0346 0,9921 54 6511 0,0001 55 - 135 

WM = 0 0018 CL 2,770 M+F , -63 ,375 0,0834 27,704 0,0183 0,9951 114 22901 0,0001 55 - 185 

TMM = 1,1026 WM 0,8169 +0,0976 0,0543 0,8169 0,0083 0,9940 60 9586 0,0001 55 - 185 

TMF= 0,6808 WM 0.9124 -0 ,3845 0,0561 0,9124 0,0092 0,9947 54 9790 0,0001 55 - 135 

TM =1 0207 WM 0,836 M+F ' +0,0204 0,0573 0,8364 0,0091 0,9870 114 8484 0,0001 55 - 185 

p.gilchrisfi 
TM = 0 0007 CL 2.8316 

M ' -72,793 0,1944 28,316 0,0443 0,9803 84 4086 0,0001 46 - 132 

TMF = 0,0004 CL 2.9935 -78,895 0,3052 29,935 0,0705 0,9725 53 1801 0,0001 53 - 125 

TM =0 0007 CL 2 8460 M+F , -73,074 0,1864 28,460 0,0427 0,9705 137 4439 0,0001 46 - 132 

WM
M 

= 0,0014 CL 2,8564 -65 ,661 0,1622 28 ,564 0,0369 0,9864 84 5967 0,0001 46 - 132 

WMF = 0,0010 CL 2.9445 -69,129 0,2566 29,445 0,0528 0,9797 53 2467 0,0001 53 - 125 

WM = 0 0013 CL 2,870 -66 ,123 0,1404 28 ,701 0,0322 0,9833 137 7956 0,0001 46 - 132 M+F , 
TMM = 0,4604 WM 0,9922 -0 ,7757 0,0436 0,9922 0,0073 0,9956 84 18519 0,0001 46 - 132 

TMF = 0,4201 WM 1,0176 -0,8673 0,0623 10,176 0,0106 0,9944 53 9102 0,0001 53 - 125 

TM = 0 4644 WM 0,994 -0,7671 0,0440 0,9944 0,0074 0,9925 137 17926 0,0001 46 - 132 M+F , 
-All regressions of CL (mm) vs TM (g), CL vs WM (g) and WM vs rM were of the type y = axD. Data were thus 

In transformed so that the linear relationships (In y = In a + b In x) could be used to test regressions for 
significance within the size range (CL, mm) that was measured for each species. 
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Table 3.3: and P. rwr'nr"?rI documented in studies off 

1973 

1973 

63 52-145 Brinca & de Sousa 1983 

61 52-140 Brinca & de Sousa 1 

49 52-1 Brinca & Palha de 1983 

64 52-1 Brinca & Palha de 1983 

294 Brinca & Palha de Sousa 1983 

271 1973 

122 

80 1982 

63 1982 

143 1982 

78 & 1982 

63 59- 97 Pollock & 1982 

141 59-102 Pollock & 1982 
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Despite using similar methods to mine to determine the length-mass relationships of 

P.gilchn·sti, the CL - TM regressions determined by Pollock and Augustyn (1982) differed 

substantially from mine. For males, Pollock and Augustyn (1982) found that TMM = 0,0045 

CL 2.3940 (Table 3.3) which does not compare well with the present relationship of TMM = 
0,0007 CL 2.8316 (Table 3.1) , and for females their relationship of TMF = 0,0016 CL 2.6577 

(Table 3.3) also differed from the present TMF = 0,0004 CL 2.9935 (Table 3.1). Both studies 

predict similar TM values between 55 - 85 mm CL, but the regressions diverge at the larger 

(>85 mm CL) and smaller «55 mm CL) length classes. As a larger size range was sampled in 

the present study (46 - 132 mm CL) compared to the previous study (53 mm - 102 mm CL) 

the present relationships are likely to be more reliable, especially for small and large lobsters . 

Forest and Postel (1964), based on a photograph of P delagoae, stated that this species could 

clearly be distinguished from P mauritanicus and P charlestoni by the relative lengths of 

carapace and abdomen. Likewise, the present study shows that P. gilchn'sti has a considerably 

heavier TM than Pdelagoae of the same CL (Fig. 3.3). TM makes up 45% of the WM of 

P.gilchn·sti compared to 30,6% - 44,9% of P.delagoae, depending on lobster size. Also, it 

appears that unlike P.gilchristi, in which TM remains a relatively constant proportion of 

WM, in the case of P delagoae the TM proportion decreases as lobster size increases. In 

practice, the heavier TM of P.gilchn·sti implies that a larger yield per lobster is realised by 

catching and tailing Pgilchristi compared to Pdelagoae of the same CL. Packing frozen 

tails of Pde/agoae leads to a larger carapace-discard per unit TM packed than for P.gilchristi. 

Commercial catches of P. gilchristi are controlled in TM units, and the mass of live lobsters 

caught (and packed) is converted to tail mass using a fixed conversion factor. Until recently 

(May, 2000) a conversion factor of 0.465 was used, higher than the value of 0.450 determined 

in this study. The revision of the WM to TM conversion factor from 0.465 to 0.450 will result 

in a slight increase in total landed catches, because companies that pack whole lobster 

products will now be able to convert the whole lobster mass packed to TM (for control 

purposes) according to a slightly more favourable ratio, so gaining 15 kg of lobster per ton of 

whole lobster packed. 

5 
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Figure 4.1 : Diagram of the sampling area along the Kwazulu-Natal coast of South 
Africa, showing the North, Central and South regions. Sampling blocks, obtained 
by stratifying according to depth and latitude, are not to scale. 
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Table 4.1: of and area covered the 

12 92.2 10 12 92.2 
1995 12 92.2 10 77.2 0 0 
1996 12 92.2 11 83.3 5 42.7 
1997 12 92.2 12 92.3 0* 0 

1994 40 340.7 18 158.1 9 60.8 
1995 34 285.3 12 122.8 
1996 40 340.7 39 22 189.7 
1997 40 38 326.3 0* 0 

1994 41 12 229 0 0 
1995 28 413.9 11 191.4 

1996 401.8 11 152.3 
1997 0* 0 

* There was no observers in 1997. 

Commercial 

1994 105 11 450 45 5400 120 

1995 146 17623 120.7 114 13370 117.3 

1996 150 19108 127.4 250 118.7 

1997 154 9 124.9 0 0 0 
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4.3: 

1994 
1 
1996 
1997 

4.4: Mean carapace 

1995 

1997 

1994 
1995 
1996 
1997 

1996 
1 

12335 
1 927 
2826 
1 263 

5363 
8684 

11 891 
3018 

2963 
8579 
7213 
1 610 

and 

se Commercial phase 

7.1 82.4 
10.8 39.2 50.0 
6.8 1 30.9 
3.4 4.0 

sex and the of females that were 
taken in each year and 

Mean CL 

76.1 

71.2 
71.9 

101.7 
11 0.1 
105.2 
95.1 

88.1 
85.8 
81.3 
72.1 

51 : 49 
47' 53 
52: 48 
53: 47 

51 : 49 
49: 51 
50' 50 
48: 52 

.52 
51 : 49 
44: 56 
50: 50 

21.2 
57.6 
57.3 
47.2 

5.8 
5.6 
5.5 
3.1 

35.4 
30.5 

14.3 
1.6 
1.3 

3.5 
5.2 

20.5 
33.4 

3.3 
4.3 
70.3 
12 

or 
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Figure 4.2: Size distribution of P. de/agoae (sexes combined) caught in traps in the 
North, Central and South regions during the four years of the experiment 
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lobsters of 70 - 105 mm Cl, a conspicuous peak occurred in the 60 - 69 mm Cl interval. 

These patterns were consistent between years (Groeneveld and Cockcroft, 1997). 

There was a consistent decline in the average size of lobsters in two of the three regions over 

the four years of the study (Table 4.4); average size decreased by 4.2 mm and 16.0 mm CL in 

the North and South regions respectively. A decrease of 15.0 mm CL (measured over the last 

three years of the study) was noted in the Central region. 

4.3.3. Generalized linear model analysis 

Catch per unit effort (CPUE) as the dependent variable was fitted to the independent variables 

year, region, sampling phase, month and soak time. The model used was of the form 

In (CPUE + 6) = ex + [3 year +Y region + 9 sampling phase + 1 month + Ie soak-lime + E; 

The independent variables were treated as boolean, taking on a value of either 1 or 0, with the 

constants ex. [3, Y, g, 1 and Ie to be estimated. A constant (6 = 0.05 of the mean CPUE) was 

added to allow for the occurrence of zero CPUE values. The error term, E, was assumed to 

follow a normal distribution. 

The GlM residuals (Fig. 4.3) were normally distributed and there was no obvious indication 

of bimodality or skewness. The model statistics and parameter estimates are listed in Table 

4.5 . The r 2 value indicates that 26.5 % of the variance is explained by the model. Parameter 

estimates that were significantly different from zero (p < 0.05) were [33' [34' Y3' 92 and 15 , Soak 

time was not significantly different from zero and therefore does not contribute substantially 

to the model. Treating soak time as a continuous rather than as a boolean variable made no 

difference to the model. Month was significant with traps set in September catching less than 

in other months. Sampling phase was significant, with traps set during the commercial phase 

catching more than in the experimental phase. 

Standardised CPUE was then calculated by applying the formula 

6 
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Figure 4.3: Frequency distribution of the residuals resulting from the fit of the GLM model 
of CPUE versus year, region,sampling phase, month and soak time 
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Figure 4.4: Comparison of the overall trends in abundance according to a standardised 
CPUE (scaled according to a standard month (July), soak-time (36 hrs< soak time < 72 

hrs) and sampling phase (commercial phase)) versus an area weighted abundance index 
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of the 
and soak-time. 

Model slatistics are: ~ = 0.265; CV 77.32; df = 12; F = 26.97, P = 0.0001. 

associated with Ihe I-tesl for Ihe HO that the parameter is zero; 

'" indicates different from zero. 

Parameter 

a -1.0117 -5.56 0.0001* 82 

Year 

1995 0.7092 168 

1996 0.0001* 48 

1997 -1.1317 -7.65 0.0001* 0.1479 

0.1925 1.87 0.1031 

South '{3 0.001* 0.1 

Q2 7 7.16 0.0001* 0.0882 

June t2 0.2421 1.88 0.0602 0.1287 

tJ -0.091 -0.66 0.5126 0.1 

t4 0.6623 0.1577 

t5 0.0002* 

36-72 hr 0.1 7 1.68 0.0924 0.0782 

> 72 hr 0.1 1.66 0.0963 0.0924 
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5.1: Latitudes of width of the continental 
200- and 500-m contours at each and effort 

of soaked for 36-72 h. 

150 300 350 400 

1 4.9 MR 270 0 405 1015 750 
2 5.2 MR MR 70 955 
3 4.4 MR 135 345 
4 3.7 MR MR MR 220 C 

5 4.B MR 330 770 C 

6 4.0 490 490 330 1575 330 245 
7 7.6 490 440 1 110 710 
B 220 110 1100 0 0 
9 5.0 220 220 110 110 220 0 

10 110 110 330 660 220 110 

11 5.2 0 465 B05 0 0 

12 O.B 0 110 0 

13 2.B 0 C 

14 2.B C 

in 
to 
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Table 5.2: linear models the between male 
the width of the continental between the 200- and isobaths 

p 

a + 

mean CL 89.66 mm, CV df == F == 5.35 

250 m 
m 

350 m 
400m 

Transect 2 
Transect 3 

4 
5 

Transect 6 
Transect 7 
Transect 8 
Transect 9 
Transect 10 
Transect 11 
Transect 12 
Transect 13 
Transect 14 

a 
t2 

t3 

t4 

t5 

02 

03 

04 

05 

M 

07 

08 

09 

0]0 

oil 

012 

013 

014 

-9.09 
-17.45 

-44.33 

16.1 
1 

24.98 

=a+ 

6.47 

-1.22 
-1.54 
-2.9 
1.12 

0.66 

3.24 
4.52 
0.83 
1.53 
1.17 
0.97 
-0.73 
-1.35 
-1 

0.0001 ** 
0.545 

0.135 
0.007* 
0.27 

0.053 
0.516 

0.186 

r 0.41, mean CL :::: 88.33 mm, CV == 230.21, df == 5, F == 5.78 

4.56 
1.86 

-1 
-0.64 
-1.29 
-2.26 

0.0702 

15.34 
4.86 

14.29 
5.43 

15.28 
8.38 
7.94 

.99 
9.65 
7.71 
7.24 
1 
14.19 
8.77 
8.19 
18.57 
23.55 
1 

20.43 
1.71 
19.45 
18.5 

19.21 
18.84 
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linear 

depth, of the continental 

=a "Ci 
i=l 

between female 
between the 200- and 500-m isobaths 

p 

i+ 6i 
;=1 

2 mean CL = 83.68 mm, CV == df :::: F= 4.08 r = 

Intercept a 10.22 0.0001 ** 8.44 

250 m ;:2 -2.53 -0.31 0.758 8.15 

300 m ;:3 -8.65 -1.2 0.242 7.24 

350 m ;:4 -12.13 -1.41 0.169 8.59 

400 m ;:5 -26.24 -3.21 0.004* 8.19 

Transect 2 02 13.29 2.17 0.039* 6.13 

Transect 3 03 12.91 2.09 0.046* 6.17 

Transect 4 M 18.92 1.56 0.13 12.11 

Transect 5 05 17.76 2.41 0.024* 7.38 

Transect 6 06 18.22 2.95 0.007* 6.17 

Transect 7 07 22.48 3.62 0.001 * 6.21 

Transect 8 08 -12.98 -0.55 0.586 23.51 

Transect 9 09 18.07 1.47 0.154 12.31 

Transect 10 010 6.73 0.91 0.37 7.36 

Transect 11 01\ 1.71 0.27 0.789 6.3 

Transect 12 012 -12.5 -0.88 0.388 14.24 

Transect 13 013 -23.5 -1.26 0.217 18.58 

Transect 14 014 -1.19 0.247 20.08 

and of the 

F=a+ + "Ci 
i=1 

r== mean CL 83.68 mm, CV == 1 df == 5, F ::: 3.85 

a 7.38 0.0001** 11.76 

f3 1.54 1.11 1.38 

;:2 -3.93 -0.4 0.694 9.91 

300 m ;:3 -6.7 -0.76 0.4499 8.79 

350 m 1:4 -12.31 -1.26 0.2141 9.74 

400 m ;:5 -2.64 0.0119* 9.07 

* different from the 

** different from zero 
# t-test for the HO that the 0 
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Figure 5.6: Tagging and recapture locations of 47 rock 
lobsters that had moved> 20 km. 
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Table 5.4: of distances and directions time at of P. 

Distance 

Totals Males 
(km) (n) 

o - 10 296 0.82 100 0.34 28 - 716 315 
11 20 0.07 10 36 359 280 
21 - 50 3 0.01 1 0.33 2 0.67 357 940 387 
51 - 1 7 0.02 3 0.43 6 0.86 183 - 940 512 
101 - 200 27 0.07 6 0.22 24 0.89 292 689 547 

> 200 6 0.02 3 0.50 6 1.00 > 700 
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regressions of annual growth as a function of pre-moult CL (see Groeneveld, 1997), Gulland 

and Holt plots (Gulland and Holt, 1959), and Hiatt plots of pre-moult vs. post-moult CL 

(Mauchline, 1976). Annual growth and Hiatt plots relied on first-year recaptures, whereas 

Gulland and Holt plots relied on first- and second-year recaptures, the latter after halving the 

observed increments. Length-frequency data were used to estimate Loo based on the PowelI-

Wetherall method (Wetherall etal., 1987). 

6.2.2.3. Total Mortality (Z) 

Three equilibrium length-based approaches (using the same underlying model but differing in 

the way parameters are estimated) were used to estimate total mortality, Z. Linearized 

length-converted catch curves (Pauly, 1983; 1984a; 1984b) were used to convert length into 

age, using the inverse Von Bertalanffy growth equation: 

where tL is the predicted age at length L (Sparre and Venema, 1998), and to is assumed to be 

zero. Assumptions were that the frequency distribution of a sample reflects the behaviour of a 

cohort, that recruitment and mortality rates are constant and that the population is stable. 

The second method (Beverton and Holt, 1956) relies on the functional relationship of Z and 

L 

Z = K*[(Loo - C) / (C - L')] 

where L- is the mean CL of lobster with a CL of L' and larger, and L' is the CL above 

which all lobsters are under full exploitation. 

In the third method (Wetherall et al., 1987), the following linear regression 

C - L' = a + b* L' 

4 
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Table 6.1: Record of catch (tonnes) and CPUE of P. delaa(Jae in and trawl nets 

off South Africa and 

South Africa Mozambique 

Year Trawl fiJ} Tral fishery Trap and trawls 

Catches CPUE Catches CPUE Catches ** 

(t) (kg / hour) (0 (kg / trap) (t) 

1985 27.2 
1986 59.9 
1987 36.8 224 
1988 30.5 231 
1989 16.3 167 
1990 13.7 207 
1991 22.2 341 
1992 37.3 156 
1993 37.8 2.71 443 

1994 24.4 1.6 89.5 0.606 261 

1995 13* 1.3 50.0 0.634 179 
1996 10* 1.02 39.5 0.297 132 

1997 10* 1.06 7.4 0.159 156 

1998 11* No data 

1999 12* No data 

* Grae e eld and n v Melville-Smith 1995: does not include catches of all the active vessels 

** catches; all catches were not declared 
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1.5r-----------------------------------------------~ 
a.) Distribution of trawl catch by mass 
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Figure 6.2: Length distribution of P. de/agoae caught by trap and trawl fisheries 
during the period between 1994 and 1997 (commercial packing categories of 

trawl catches [2a] correspond to length classes : small, CL < 85 mm; medium, 85 
mm < CL < 118 mm; and large, CL > 118 mm). 
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Figure 6.3: Annual trends in the length distribution of lobsters caught by 
traps. 
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Figure 6.4: Size at 50 % maturity of female P. de/agoae, estimated from the 
presence of ovigerous setae and external eggs. 
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Table 6.2: of and Von 

Annual A -0.0691 * CL + 8.94 
Gulland and Holt 
Hiatt 
Powell-Wetherall 

P < 0.05 for all 

n 

211 
235 
211 

4 

parameters K and 

Table 6.3: of total estimates (Z +-95% confidence per 

Method 1994 1995 1996 

Catch curve 0.14 +- 0.05 0.10+-0.02 0.12 +- 0.02 
Severton and Holt 0.199 0.117 0.133 
Powell-Wetherall 0.097 0.078 0.079 

obtained with various methods 

K 

0.12 +- 0.05 0.12 +- 0.02 
0.164 
0.092 

0.29 - 0.30 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Z is constant 

y 

a 

an 

water 

= 
to 

a 

curves 

= 
- 131 151 

5y 

lly 

y 

on mm 

± 

on 

were 1 

a 

to an a 

J. 1 y J. 

is 

K 

to is 



Univ
ers

ity
 of

 C
ap

e T
ow

n

0.4 

0.35 

0.3· 
~ .... 

1 

Z. 0.25 -
~ 
iU 
t: 0.2 0 
E 
C) 
c: 

0.15 . :. 
en 
u:: 

0.1 

0.05 -

0 ·, 

40 

0.9 

0.8 

0.7 

0.6 -

0.5 · 
N 

Ll. 
0.4 -

0.3 

0.2 · 

0.1 

0 

40 

a. F- at -length 

~ 
r, , . , 

I / 

I " 

. j" ~\ .. ~ 
I ' \\ ' . If ' 

I I \\ , '. , \ ' --~ !/ \ \ ~.... ..-= 
~! \ \ '. 

--M = 0.09/ Y (traps) 
---M = 0.09 / Y (traps and trawls) 
- - - - - M = 0.12/ Y (traps) 

•• - - - ·M = 0.12 / Y (traps and trawls) 
- - - M = 0.15 / Y (traps) 
- - - M = 0.15/ Y (traps and trawls) 

,.',,",' \ \\.::..'~--- - :":."'----~ -- .- ~ ------- - - - .. - .. -.......... . ~. ,II? ~_-___ ~ ... ~~;;;;,;::~ 
.?,.?" 

50 60 70 80 90 100 110 120 130 140 150 

Carapace length (mm) 

b.) F / Z - at - length 

--M = 0.09 / Y (traps) 
---M = 0.09/ Y (traps and trawls) 
- - - - - M = 0.12 / Y (traps) 
- - - - - . M = 0.12 / Y (traps and trawls) 
- - - M = 0.15 / Y (traps) 
- - - M = 0.15 / Y (traps and trawls) 

50 60 70 80 90 100 110 120 130 140 150 

Carapace length (mm) 

Figure 6.7: F-array (fishing mortality-at-Iength) and F/Z , estimated from combined trap and 
trawl catches and from trap catches alone (M = 0.09 to 0.15 per year). 
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that of trapping, except for length classes < 55 mm CL and for the 70 - 79 mm CL range. 

6.3.7. Length-based Thompson and Bell model 

Equilibrium predictions of numbers per length-class and yield for a range of fishing strategies 

(expressed as the fishing mortality factor with F-factor = 1 indicating the present strategy) are 

presented in Fig. 6.B. A basic assumption is that recruitment into the 45 - 49 mm length-class 

(calculated from the length distribution and catches of trap and trawl fisheries combined) 

remains constant. 

Figure 6.Ba shows that numbers of lobsters of 45 - 59 mm CL are virtually independent of 

the F-factor, suggesting that fishing does not greatly impact on these length-classes. The 

threshold where fishing at any F-factor > 0 affects survival is at 60 mm CL. F-factors> 1 

drastically reduce survivorship above 65 mm CL, so that yield (Fig. 6.Bb) increasingly 

depends on the 60 - 69 mm length range. 

Biomass projections (Fig. 6.Bc) suggest that the total biomass in an unexploited population 

(F-factor = 0) is - 2466 t. The greatest proportion of this biomass is contributed by lobsters of 

100 - 150 mm CL. At present (F-factor = 1) the equilibrium biomass projection is -BOO t 

(or 32 % of pristine), with the proportions of lobsters, by mass, spread evenly across the 50-

150 mm size range. The spawning biomass at F-factor = 1 is expected to be - 29 % of that at 

pristine. Increasing the F-factor (F-factor > 2) results in lobsters of 55 - 59 mm CL 

dominating the population. 

The Thompson and Bell model suggests a sustainable yield of - 60 t of lobster per year for 

both fisheries combined (Fig. 6.9). The yield curve is, however, relatively insensitive to 

changes in the F-factor in the 60 t region (1 < F-factor < 2.5), suggesting that an increase in 

effort above the 1997 level would not result in a significant increase in yield. It is important 

to note that the model is based on trap and trawl data, and that the 60 t would have to support 

both these fisheries. 

11 
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Figure 6.8: Projections of yield (a), survival (Nt) (b), and biomass (c) per length-class for a 
range of fishing strategies (0 < F-factor < 4; where 0 denotes no fishing and 4 denotes four 

times the current F). 
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Table 6.4: Categories used to compare trap and trawl fisheries in relation to economic, biological and 
environmental management aims* 

Category Trawling Trapping 

Wholesale value (including bycatch)*' US$ 1.511 million US$ 0.665 million 
Local infrastructure Established since 1960s No investment to date 
Economic risk Based on several species Based on lobster alone 
Impact on spawning biomass Depletes juvenile cohorts Depletes juvenile and adult cohorts 
Access of gear to lobster habitat Natural refuges on rocks Access to all habitats < 450 m 
Mass of discarded catch ca 1 000 t per year < 10 t per year 

* The wholesale value (landed catch(t) * product value (US$ per ton)) of lobster and its bycatch is supplied for 
both fisheries for 1997 
** Trawl fishery: P. de/agoae, 0.133; assorted prawns, 0.464; langoustines, 0.599; red crabs, 0.225; 
squid, 0.009; other fish, 0.082. Trap fishery: P. de/agoae, 0.665 (based on a sustainable yield of 50 t per year) 

(Unit = Value * 10 6
) 
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Chapter 7 

Growth and fecundity of P. gilchristi 

7.1. Introduction 

The fisheries for P. gilchristi and P. delagoae, and their taxonomic relationships were 

addressed in the first part of this thesis (Chapters 1-3), followed by a study of the biology, 

ecology and management of P. delagoae in the second part (Chapters 4-7). The focus now 

shifts to the economically more important P. gilchn·sti, with the next four chapters investigating 

its ecology in relation to the management of its fisheries. 

Estimates of growth rates are an essential component of stock assessment models, and 

especially in size- or length-based models such as those used in annual assessments of P. 

gilchristi. However, estimating growth in lobsters remains difficult under field conditions 

because all the features that can be used to determine the age of individuals are lost at moulting 

(Campbell, 1983). Tagging and recapturing animals provide an approach in which two easily 

obtainable measurements, namely the size increase between tagging and recapture and the time 

spent at large, can be used to determine growth rates (Aiken 1980). A tag-recapture program 

dedicated to measuring the growth of P. gilchn·sti was initiated in 1988, and is still continuing. 

Growth rates of rock lobsters vary amongst different areas (Pollock and Beyers, 1981; Beyers 

and Goosen, 1987), and this variation has been ascribed to regional differences in food 

availability (Newman and Pollock, 1974b; Pollock and Beyers, 1981; Pollock, 1982), 

availability of oxygen (Pollock and Shannon, 1987) and temperature (Chittleborough, 1975). 

Growth rates also vary between years (Newman and Pollock, 1974b; Pollock, 1987), although 

the causes for this variation are not readily identified. They are, furthermore, intrinsically 

related to size and sex, and generally, with increasing size, the percentage moult increment 

decreases and the intermoult period lengthens (Hartnoll, 1985). These changes, and possible 
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lengths as possible was covered. Intact females with eggs attached were frozen at sea and 

transported to the laboratory where the egg-masses were removed. The CL of each female was 

measured to the nearest 0.1 mm, and egg-diameters were determined by measuring 10 eggs per 

female using a binocular microscope fitted with an eyepiece micrometer. The egg-masses were 

then oven-dried at 700 C for 24 hours, and the dried eggs were separated from any extraneous 

material such as pleopods and endopodite remains. The total egg mass produced by each 

individual was determined, whereafter a subsample (weighing 0.1 -: 0.3 g) was taken from each 

female, weighed, and the eggs counted using a binocular microscope. Linear regressions of 

numbers of eggs per animal as a function of CL were calculated using a least-squares fit and 

were compared between Agulhas Bank and Port Alfred using {-tests. 

7.3. Results 

7.3.1. Growth 

Of 28 790 lobsters tagged during 15 tagging sessions between May 1988 and August 1998, 

2256 (7.8%) were recaptured by May 1999 (Table 7.1). 

All regressions of annual growth as a function of CL were significant (p < 0.05), except for 

females at Port Elizabeth, where the sample size was small (Table 7.2). An analysis of 

covariance comparing annual growth between areas indicated that growth of males and of 

females differed between areas. However, if the Port Alfred data are omitted from the analysis, 

the annual growth of males and of females did not differ significantly between Agulhas Bank, 

St Francis and Port Elizabeth. When pooling the data from those three areas, the regression 

analysis indicated that the annual growth of male and of female lobsters at Port Alfred was 

significantly less than in the other study areas (Fig. 7.2). In all areas, males grew slightly (but 

not significantly) faster per year than females. 

For the determination of moult increment and moult frequency as a function of CL, data from 

Agulhas Bank, St Francis and Port Elizabeth were combined, because the growth regressions 

indicated that annual growth in these three areas were similar. 

5 
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Table 7.1: Date of each tagging experiment for the four study areas, and the numbers of P. gilchrist; 
tagged and recaptured. Recapture data up to 1 May 1999. 

Locality Month tagged Number tagged Number recaptured %recaptured 

Agulhas Bank May 1988 1997 196 9.8 
St Francis May 1990 1499 238 15.9 
Port Elizabeth Aug. 1990 1797 237 13.2 
Agulhas Bank Feb. 1992 941 148 15.7 
Port Alfred Jun. 1992 2035 246 12.1 
Agulhas Bank May 1993 2875 163 5.7 
Agulhas Bank Jun. 1995 1000 303 30.3 
St Francis Jul. 1995 2136 56 2.6 
Agulhas Bank Apr. 1996 2500 194 7.8 
Port Elizabeth Jun. 1996 2524 99 3.9 
St Francis Apr. 1997 4100 70 1.7 
Port Alfred May 1997 500 59 11 .8 
Port Elizabeth Apr. 1998 1243 2 0.2 
Agulhas Bank May 1998 2399 189 7.9 
St Francis Aug . 1998 1244 56 4.5 

Total May 1988 - Aug 1998 28790 2256 7.8 

I 
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Table 7.2: statistics for the annual and moult increment for male and female 
St Port Elizabeth and Port Alfred, and between Bank and Port Elizabeth 

244 442 Y 10.012 - 0.0869 CL 0.20 0.203 0.0032 126 <0.001 
256 - 428 Y == 7.5972 0.0574 CL 0.09 0.329 0.0049 49 <0.05 

M 250 - 445 Y 6.0223 - 0.0459 CL 0.11 0.276 0.0031 43 <0.05 
M 232 - 307 Y == 4.7133 - 0.0490 CL 0.07 0.126 0.001 84 <0.025 

Bank - Port Elizabeth M 244 - 445 Y == 9.6189 - 0.0837 CL 0.22 0.227 0.0051 218 <0.001 
F 244 - 440 Y 10.225 - 0.0969 CL 0.32 0.189 0.0025 97 <0.001 
F 258 427 Y == 9.6004 0.0933 CL 0.15 0.335 0.0052 52 <0.005 
F 250 - 426 Y 1.7545 0.0065 CL 0.001 0.291 0.0038 45 >0.25* 
F 231 - 307 Y == 4.8662 0.0608 CL 0.12 0.11 0.0007 71 <0.005 

Bank - Port Elizabeth F 244 - 440 Y 9.2644 - 0.0906 CL 0.21 0.166 0.0026 194 <0.001 

M 26 445 Y == 6.9185 - 0.0440 CL 0.06 0.135 0.0021 259 <0.001 
M 107 - 307 Y == 4.4228 0.0415 CL 0.06 0.119 0.0008 72 <0.05 

Bank - Port Elizabeth F 43·440 Y 6,5721 0.0480 0.08 0.138 0.0018 188 <0.001 
Port Allred F 108 304 Y == 3.4605 0.0353 0.09 0.088 0.0004 47 <0.05 

.. == Not 
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Figure 7.2: Relationships between annual growth increments and carapace length for (a) 
male and (b) female P. gilchristi at the Agulhas Bank, St Francis, Port Elizabeth and Port 
Alfred fishing grounds. The relationship of females at Port Elizabeth was not significant 

and was thus excluded from b. 
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Table 7.3: Annual moult frequency of male and female P. gichristi, estimated 
dividing the average annual growth increment by the moult increment per 5-mm 
length interval (Method 1), and by dividing the predicted annual growth by the 
predicted moult increment (Method 2). 

Method 1 
Length Agulhas Bank, St Francis Port Alfred 
interval and Port Elizabeth 

(mm) Males Females Males Females 

55-59 1.00 1.16 
60-64 1.00 1.01 1.00 0.92 
65-69 1.01 1.08 0.89 0.57 
70-74 1.04 1.03 0.78 0.64 
75-79 0.94 0.71 0.81 
80-84 0.78 0.60 0.42 
85-89 0.70 0.77 
90-94 0.77 0.40 
95-99 0.19 0.61 

Method 2 
Agulhas Bank, St Francis Port Alfred 

and Port Elizabeth 

Males Females Males Females 

55-59 1.10 1.13 0.93 0.96 
60-64 1.05 1.07 0.90 0.85 
65-69 1.01 1.01 0.87 0.71 
70-74 0.95 0.94 0.82 0.51 

75-79 0.89 0.86 0.76 0.21 
80-84 0.83 0.76 0.67 
85-89 0.75 0.63 0.54 
90-94 0.66 0.47 0.31 
95-99 0.55 0.27 

100-104 0.43 
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Table 7.4: Predictions of after recruitment of male and female P. for the 

between Bank and Port Elizabeth and for Port Alfred, and denote intermoult and 
moult Incr'ement-at-aae es[)ec'tlverv 

Males Females 
IAgulhas Bank, St Francis a Agulhas Bank, St Francis 

Recruitment (R) 
and number of t" mil In mn 
moults (years) (mm) (mm/moult) (years) (years) (mm) (mm/moult) (years) 

R 0.00 50.00 4.72 0.87 0.00 50,00 4.53 0,84 
1 0.87 54.72 4.51 0.90 0.84 54.53 4.28 0.87 
2 1.76 59.23 4.31 0,93 1.71 58.81 4.04 0.90 
3 2.69 63.54 4,12 0,96 2,60 62.85 3.82 0.94 
4 3.65 67.66 3.94 1,00 3.54 66.67 3.61 0.98 
5 4.64 71.61 3.77 1.04 4.52 70.27 3.41 1.03 
6 5.68 75.37 3.60 1.09 5.54 73.68 3.22 1.08 
7 6.77 78.98 3.44 4 6.63 76.89 3.04 1.15 

8 7.92 82.42 3.29 ,21 7.78 79.93 2.87 1.24 
9 9.13 85.71 3.15 .29 9.02 82.80 2.71 .34 
10 10.41 88.86 3.01 1.38 10.35 85.51 2.56 1 
11 11.79 91.87 2.88 1.49 11.81 88.07 2.42 1.63 
12 13.28 94.74 2.75 1,63 13.44 90.49 2.28 1.85 
13 14.91 97.49 2.63 1.80 15.29 92.77 2.16 2.15 

14 16.71 100.12 2.51 2.03 17.44 94.93 2.04 2.61 
15 18.74 102.64 2.40 2.34 20.05 96.96 1.92 3.37 

16 21.08 105,04 2.30 2.78 23.42 98,89 1.82 4,88 

17 23.86 107.33 3.46 28,30 100.70 1.72 9.25 

18 27.31 109.53 2.10 4,65 102.42 1.62 

19 31.97 111.63 2.01 7.28 04,04 1.53 

20 113.64 1.92 105,57 1.45 

Males Females 
Port Alfred Port Alfred 

R 0.00 50.00 2.35 .04 0.00 50.00 1.70 0,93 

1 1.04 52,35 2.25 .05 0,93 51,70 1.64 0.95 

2 2,08 54,60 2.16 .06 1.88 53,33 1.58 0.97 

3 3.14 56.76 2.07 1.07 2.85 54.91 1.52 .00 

4 4.21 58,82 1.98 1.08 3.85 56.43 1.47 1,02 

5 5.30 60.80 1,90 1.10 4,87 57.90 1.42 1.05 

6 6.39 62.70 1,82 1.11 5.92 59.32 1.37 1,08 

7 7.50 64.52 1.75 1.12 7.01 60.68 1.32 1.12 

8 8.63 66.27 1.67 1.14 8.13 62.00 1.27 1.16 

9 9.77 67.94 1.60 1.16 9.29 63.27 1,23 1.20 

10 10.92 69.55 1,54 1.18 10.49 64,50 1.18 1.25 

11 12,10 71,08 1.47 1,20 11 65.68 1,14 1 

12 13,30 72.55 1.41 1.22 13.05 66.83 1.10 1.37 

13 14.52 73,97 1.35 1,24 14.42 67,93 1.06 1.44 

14 15.76 75.32 1.30 1.27 15.87 68.99 1.03 1.53 

15 1 76,62 1.24 1.30 17.39 70.02 0.99 1.62 

16 18.32 77.86 1.19 1.33 19.02 71.00 0,95 1.74 

1 19.65 79.05 1.14 1.36 20.75 71.96 0.92 1.87 

18 21.01 80,19 1.09 1.40 22.63 72.88 0.89 2.04 

19 22.41 81,29 1 1.44 24.67 73.77 0.86 2.25 

20 23.85 82,34 1.01 1.48 26.92 74.62 0.83 2.51 
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Table 7.5: Values of the parameters of the Von Bertalanffy growth equation 
estimated for male and female P. gilchristi between Agulhas Bank and 
Port Elizabeth and at Port Alfred. 

Locality Value 
Sex Lint (mm) K (per year) 

Agulhas Bank to Port Elizabeth Male 114.92 0.0837 
Agulhas Bank to Port Elizabeth Female 102.26 0.0906 
Port Alfred Male 96.19 0.049 
Port Alfred Female 80.04 0.0608 



Univ
ers

ity
 of

 C
ap

e T
ow

n

mm; n = 3 ± mm; n 2 

E is were 

E * 11 

E * 

a 

mm 

mm mm = 1 were at 

two areas 

mm 

as 

even 

are 

7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 
"'JIll""''' Bank 

o Port Alfred 

• 

o 
o 

55 

(mm) 



Univ
ers

ity
 of

 C
ap

e T
ow

n

are often too small to detect (see Table 7.4). 

The parameters of the Von Bertalanffy growth functions were determined from annual growth 

increments-at-size. This eliminated the need to combine moult increments with interrnoult 

periods and to use an increase in CL as an indication of moulting. The reason that the predicted 

maximum lengths (LJ were considerably smaller than the lobsters sampled is probably because 

of the zero increments recorded for many of the larger lobsters, when increments were too 

small to detect. 

Both the present study and that of Pollock and Augustyn (1982) indicate that the growth rate of 

P. gilchristi at Port Alfred is significantly slower than that between Agulhas ,Bank and Port 

Elizabeth. This was apparent for both sexes and all size classes tested, and appears to be 

because of differences in moult increments, rather than intermoult periods. 

Female P. gilchristi grow progressively slower than males for a given length after reaching 65 -

69 mm CL at Port Alfred and 70 - 74 mm in the region between Agulhas Bank and Port 

Elizabeth (Table 7.4). It is around this length that females attain sexual maturity and start 

reproducing; in the Agulhas Bank to Port Elizabeth region they attain sexual maturity at a 

larger CL (63 - 71 mm) than at Port Alfred (59 - 62 mm; Groeneveld and Melville-Smith, 

1994). The contrast in the size at sexual maturity shown by these authors was again highlighted 

. in the present study, where egg-bearing females were encountered in the 60 - 70 mm size range 

at Port Alfred, but only in size classes> 70 mm CL at Agulhas Bank to Port Elizabeth. 

Reduced growth rates of females at the onset of maturity, which seems to be the case for 

P.gilchristi, is common in crustaceans (Hartnoll, 1985; Lipcius, 1985), and in the present study 

it appears to be because of increased intermoult periods and smaller moult increments in mature 

females relative to males. 

Comparing the present annual growth estimates with those determined by Pollock and 

Augustyn (1982) from tag recaptures between 1974 and 1978 (Table 7.6), current growth 

appears to be somewhat lower than in the earlier study, particularly in animals in the smaller 

size classes. In the only direct regional comparison (for males of 65 mm CL), the declines are 

8 
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Table 7.6: Annual increments for male and female P. nill"'hri"fi between 
Bank and Port Elizabeth and at Port Alfred. Increments in are from Pollock 
and r\\.HdU""'''' 

65 4.2 

85 
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Table 7.7: Commercial 1'01 "r-n."",. !"1IT.,""I',rT \i'nfl'~~e.n as the numbers of P. r1l1rnnc", per 
for the four areas. 

Source 

1977/78 1.02 0.92 0.92 1.88 Pollock and 1982 
1992/93 1.33 0.87 0.74 1.78 MCM 
1993194 0.88 0.82 0.84 1.1 MCM 
1994/95 1.06 0.69 0.79 1.2 MCM 
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attainment of sexual maturity (Groeneveld and Melville-Smith, 1994) suggest that it may be 

advantageous to treat the population as two separate stocks for management purposes: the Port 

Alfred stock, which is less productive because of slower growth and lower fecundity, and the 

Agulhas Bank to Port Elizabeth stock, which is more productive because of faster growth and 

higher productivity. Future research to investigate the degree to which these stocks are 

separated should focus on genetic traits, migration routes (see Chapter 9) and larval distribution 

pathways. 

1 1 
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Figure 8.2: Stage A 
SW = Setal wall, SL = Setal lumen, C = Cuticle 
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Figure 8.3: Stage B 
SW = Setal wall, SL = Setal lumen, C = Cuticle 
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Figure 8.4a: Stage C 

SW = Setal wall, SL = Setal lumen, C = Cuticle, 
SA = Setal articulation 

Figure 8.4b: Stage C 
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Figure 8.5: Stage Do 
RZ = Retraction zone, E = Epidermis 
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Figure 8.6a: Stage D1' 

RZ = Retraction SC = Setal cone, 

Figure 8.6b: Stage D1' 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Figure 8.7: Stage D1111 

SW = Setal wall, SL = Setal lumen, I = Invagination, E = Epidermis 
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Figure 8.8: Stage D2 

SW = Setal wall, SL = Setal lumen, SA = Setal articulation, I = Invagination, B = Barbules 
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Table 8.1: Moult stages, and numbers of days prior (and subsequent) to 
moulti of six male lobsters kept in aquaria. 

74 mm CL 

01' 30 
01'" 
02 14 
Moulting 

2 1 - 2 
8 8 

11 15 

Table 8.2: Numbers and frequency of lobsters in pre-moult condition in monthly samples, based on changes in 
pleopod morphology 

Months Females Males Both sexes 
Sample Premoult Proportion Sample Premoult Proportion Sample Premoult 

(n) (n) (n) (n) (n) (n) 

January 51 2 0.04 46 1 0.02 97 3 
February 28 0 0.00 33 0 0.00 61 0 
March 72 0 0.00 71 0 0.00 143 0 
April 27 0 0.00 24 0 O.GO 51 0 
May 59 3 0.05 57 1 0.02 116 4 
June 80 0 0.00 59 0 0.00 139 0 
July 18 1 0.06 21 1 0.05 39 2 
August 16 0 0.00 14 2 0.14 30 2 
September 29 5 0.17 58 17 0.29 87 22 

October 40 12 0.30 68 26 0.38 108 38 
November 39 6 0.15 61 16 0.26 100 22 
December 14 2 0.14 29 1 0.03 43 3 

Only 1 of the pre-moult lobsters was within two weeks of moulting (I.e., In Stage 02); all the other 
pre-moult lobsters were in stages 00 to 01'" 

Table 8.3: Numbers and frequencies of lobsters with soft shells in monthly samples. 

Month Females Males Both sexes 
Sample Soh-shelled Proportion Sample Soft-shelled Proportion Sample Soft·shelled 

(n) (n) (n) (n) (n) (n) 

January 51 1 0.02 46 1 0.02 97 2 

February 28 0 0.00 33 2 0.06 61 2 

March 72 0 0.00 71 0 0.00 143 0 

April 27 2 0.07 24 0 0.00 51 2 

May 59 3 0.05 57 6 0.11 116 9 

June 80 2 0.03 59 0 0.00 139 2 

July 18 0 0.00 21 0 0.00 39 0 

August 16 0 0.00 14 0 0.00 30 0 

September 29 0 0.00 58 2 0.03 87 2 

October 40 5 0.13 68 6 0.09 108 11 

November 39 3 0.08 61 4 0.07 100 7 

December 9 0 0.00 9 2 0.22 18 2 

Proportion 

0.03 
0.00 
0.00 
0.00 
0.03 
0.00 
0.05 
0.07 
0.25 
0.35 
0.22 
0.07 

Proportion 

0.02 
0.03 
0.00 
0.04 
0.08 
0.01 
0.00 
0.00 
0.02 
0.10 
0.07 
0.11 
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Table 8.4: Date and numbers of 
of at the 

Month Month 

of male and female P. niil",hri"ti in the first year alter 

Bank 

Males Females 

Itagged recaptured Recaptured Moulted Moulted Recaptured Moulted 
(n) (n) (%) (n) (n) 

Pooled sample 
T, date to Nov. 106 16 15 47 12 

Dec. Feb. 79 72 91 64 54 

Alter Feb. 8 7 88 17 12 

Individual .... ..,1".".;: 
May 1988 Jun. - Nov. 1988 0 0 

Dec.1988 - Feb. 1989 5 3 60 3 2 

Mar. 1989 1 1 1 3 2 

,Apr. - 1989 5 60 0 

Feb. 1992 Mar. 1992 1 0 0 0 

iApr - 1992 0 0 

Oct. - Nov. 1992 12 12 100 10 10 

Dec. 1992 Feb. 1993 42 42 100 36 36 

IMay 1993 Jun. - 1 0 0 

Sep Nov. 1993 7 1 14 4 0 

Dec. 1993 - Mar. 1994 0 0 

Apr 1994 1994 2 2 100 2 2 

Jun. 1995 Jul. - Oct. 1995 0 0 

Nov. 1995 9 1 11 3 1 

Dec. 1995 - Jun. 1996 0 0 

May 1998 Jun. Nov 1998 77 2 3 30 1 

Dec. 1998 24 20 83 15 7 

Jan. 1999 8 7 88 10 9 

Mar. . Apr, 1999 5 4 80 12 8 

the 

M&F 
Moulted Moulted 

(%) (%) 

26 18.3 
84 81.1 
71 76.0 

67 62.5 
67 75.0 

60.0 

100 1 
100 100.0 

0 9.1 

100 100.0 

33 1 

3 2.8 
47 69.2 
90 88.9 
67 70.6 
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Table 8.5: Date and numbers of recaptures of male and female P. gilchristi in the first year after the 
of at St Francis 

Month Month Males Females M&F 

tagged recaptured Recaptured Moulted Moulted Recaptured Moulted Moulted Moulted 
(n) (n) (%) (n) (n) (%) (%) 

Pooled "'''' ........ 1" .,. 
Tagging date to Nov. 122 6 5 61 5 8 6.0 
Dec. - Feb. 14 11 79 16 11 69 73.3 
After Feb. 64 58 91 59 46 78 84.6 

Individual samples 
May 1990 Jun. 1990 6 1 17 5 0 0 9.1 

Oct. - Nov. 1990 16 2 13 13 2 15 13.8 

Dec. 1990 Feb. 1991 13 10 77 15 10 67 71.4 

Mar. 1991 7 7 100 6 4 67 84.6 

Apr. - May 1991 11 10 91 11 8 73 81.8 

!A 1996 May - Jul. 1996 62 1 2 28 2 7 3.3 

IAug - Nov. 1996 2 0 0 0 
Dec.1996 - Feb. 1997 0 0 
Mar. - 1997 23 20 87 15 13 87 86.8 

Apr. 1997 Apr. - 1997 4 0 0 3 0 0 0.0 

Sep. - Nov. 1997 0 0 

Dec. 1997 - Feb. 1998 1 1 100 1 1 100 100.0 

Mar. - 1998 15 13 87 23 17 74 78.9 

Aug. 1998 Sel - Nov. 1998 32 2 6 12 1 8 6.8 

Dec. 1998 Feb. 1999 0 0 

Mar. 1999 8 8 100 4 4 100 100.0 
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Table 8.6: Da:e and numbers of recaptures of male and female P. in the first year after the 
01 at Port Elizabeth 

I~~nth Month Males Females M&F 
gged recaptured Recaptured Moulted Moulted Recaptured Moulted Moulted Moulted 

(n) (n) (%) (n) (n) (%) (%) 

Pooled sample' 
Ta;)ging date to Nov. 88 4 5 27 0 0 3.5 
Dec. - Feb. 9 7 78 1 1 100 80.0 
After Feb. 13 11 85 14 10 71 77.8 

Individual 
,Aug. 1990 • S' - Nov. 990 71 3 4 19 0 0 3.3 

Dec. 1990 - Feb 1991 9 7 78 1 1 100 80.0 
Mar. 1991 1 1 100 0 100.0 
Api - Jun 1991 12 0 83 12 9 75 79.2 

Jul. 1995 Sel - Nov. 1995 17 1 6 8 0 0 4.0 
Dec. 1995 - Feb. 1996 0 0 
Ma:.1996 2 1 50 50.0 

numbers of of male and female P. in the first 'lea,. after the 
at Port Aifred 

Month Month Males Females M&F 

tagged recaptured Recaptured Moulted Moulted Recaptured Moulted Moulted Moulted 

Pooled 
20 3 15 42 6 14 14.5 
80 69 86 78 39 50 68.4 
24 20 83 23 17 74 78.7 

Individual 
Jun. 1992 0 0 0.0 

Jan. 1993 0 0 
75 65 87 64 37 58 73.4 
3 3 100 0 100.0 
14 10 71 15 10 69.0 

June 1996 Dec. 1996 0 0 
1997 3 2 67 6 50 55.6 

5 4 80 14 14 31.6 
- Jun. 1997 7 7 100 8 7 88 93.3 

- Nov. 1997 20 3 6 41 6 15 14.8 
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Figure 8.9: Monthly moulting frequencies of small (CL < 70 mm) and large (CL > 70 mm) P. 
gilchristi based on tag-recaptures. 
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14°C in their natural habitat), and the time periods to moulting were 30-46 days from 

stage D I" 23-24 days from stage D I"" and 2-15 days from stage Dz. These periods 

correspond well to that of H. amen'canus at similar temperatures (10 -15°C): 20-40 days 

for stages D I, and DIP (corresponding to DI' in P. gilchn'sti) , 15-22 days for stage D I"" 

and 3-13 days for stages Dz and D3 (corresponding to Dz in P. gilchn'sti) (Aiken, 1973). 

Conversely, timing to moulting of P. ornatus at warm temperatures of 25 - 31°C was far 

quicker: 5 days from stage D I,; 3 days from stage D I,,·, and 1-2 days from stage Dz 

(Turnbull, 1989). The progression from early D stages to moulting is also rapid in the 

tropical spiny lobster P. argus, occurring within 10-14 days (Travis, 1955). 

The pleopod index developed in this study was successfully used to determine the 

moulting season from field samples, however, it is constrained by the fact that most 

lobsters do not enter traps when moulting (Morgan, 1974), This explains the low 

proportion (1.0 %) of late premoult P. gilchristi (stage Dz) captured in field samples. The 

low proportions of early premoult lobsters in field samples are more difficult to explain, 

especially as lobsters in these stages (Do - DI, .. ) fed actively in captivity. Premoult 

lobsters may, however, be less active, so reducing their catchability relative to intermoult 

lobsters. The total absence of postmoult lobsters (stages A and B) in field samples is 

almost certainly a result of these lobsters being non-feeding; this behaviour also occurs in 

other spiny lobster species (Travis, 1955). 

The absence of a definite hard shell-state in P. gilchristi makes this index somewhat 

subjective, and the low monthly maximum incidence of soft-shelled individuals in traps 

reflects the non-feeding period directly after moulting. The shell-state index was 

therefore not considered to be a good method to determine moult seasonality in P. 

gilchn·sti. Nevertheless, industry personnel at commercial live-lobster facilities have 

regularly commented that some lobsters caught in December are soft-shelled and are 

therefore unsuitable for live export. 

The tag-recapture index is based on a comparison of the numbers of recaptured lobsters 

per month that had moulted (i.e. with a positive increment in CL) with those that had not 

10 
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Figure 9.1: The South Coast of South Africa, showing the grid blocks that are fished and the five sites at which rock lobsters were tagged and recaptured. 
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Table 9.1: Numbers of lobsters tagged per year and area, and recaptures made up to May 1999. 

Area tagged Tag date 

Agulhas Bank" May 1988 

St Francis" May 1990 

Port El izabeth Aug 1990 

Agu lhas Bank· Feb 1992 

Port Alfred Jun 1992 

Cape Agulhas May 1993 

Agulhas Bank· Jun 1995 

St Francis" Jul1995 

St Francis" Apr 1996 

Port Elizabeth Jun 1996 

Port Alfred May 1997 

St Francis· · May 1997 

St Francis" Apr 1997 

Port Elizabeth Apr 1998 

Agulhas Bank· May 1998 

St Francis" Aug 1998 

Totals May 1988 - August 1998 

• East and West Agulhas Banks combined 

** Mossel Bay to Port Elizabeth 

Males 

1180 
741 

1178 
502 
800 

2357 
1478 
718 
1285 
814 
408 
307 
1151 
703 
1266 
722 

15610 

Tagged Recaptured 
Females Total Numbers % 

1317 2497 196 7.85 
757 1498 238 15.89 
617 1795 237 13.20 

440 942 148 15.71 

1237 2037 246 12.08 

1849 4206 163 3.88 

514 1992 303 15.21 

275 993 56 5.64 

1102 2387 194 8.13 

1410 2224 99 4.45 

1089 1497 59 3.94 

291 598 8 1.34 

1296 2447 62 2.53 

539 1242 2 0 .16 

1179 2445 189 7.73 

521 1243 56 4.51 

14433 30043 2256 7.51 



Univ
ers

ity
 of

 C
ap

e T
ow

n

33 , Cape Agulhas 

tJ 
_Scale .. Tagging loca~on ; 4206 lobsters togged (number relers 10 bbste.s recoptured in lhol grid blOCk) IOOkm~ 

Q] Recapture Iocafk:ln (number of recaptured lobsters per grkj block) 

, 
~ 

It f r-r-, 
~ 

34 

I 

35' 
I 

36' 

• 1935 Iobslers tagged 
West Agulhas Bank A 

33' 

~ 

-----, 
t-

~ It -,-,. 34' 

f\- " 1 
I f! 

1611 I 
111 

35' 

36' 

-II 
I 

b • 
East Agulhas Bank A 353510bslers togged 

~ Q 
--r-. 

33' 

34' 
~ 

~ 

I 
35' 

I 

36' II 
1,,.1 

~ 
Mossel Bay - Port Elizabeth A • 1383510bstsrs tagged 

i.~~~ i 

33' 

34' 

35' 

36' 

~ 
Port Alfred 

~ • 3534 Iobslsrs lagged 

~ 

~ 
Q 

--r-. II1II 

33' 

34' 
f\-

35' 

36' 

37' 
18' 19' 20' 21' 22' 23' 24' 25' 26' 27' 28' 

Figure 9.2: The numbers and distribution among grid blocks of recaptures for each tagging site. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

0.45 r------------------------... 
0.40 
0,35· 
0.30· 
0.25 
0.20 
0.15 
0.10· 
0.05 

Cape Agulhas 
---Females, 63.5 mm 

-Males, 61 mm 

= 41 

0.00 -L...c.. _____ ...:::::::::;:~CCI:::s:::;;:;:====== ____ __l 

40 50 60 70 80 90 100 110 120 130 

0.45,-----------______________ --. 

040· Bank 

...... "' .. 

40 50 60 70 80 90 

045 
0,40 East Bank 
0.35 

OJO 
0.05 
0.00 

40 50 80 

045 
0.40 

Mossel Bay Port Elizabeth 
035· 
0.30 
0.25 
0,20 
0,15 " 
0.10 . 
0,05 
0.00 

40 80 90 

0.45 
0.40 Port Alfred 
0,35 

0,20 
0.15 . 
0.10 
0.05·· 
0,00 

40 50 60 70 80 90 

CL (mm) 

100 

100 

100 

Females, 68.7 mm 
73,2 mm 

n= 

110 120 

Females, 76,7 mm 
Males, 75.1 mm 

n 3534 

120 

Females, 74,8 
Males, 78,3 mm 

n = 13835 

110 20 

Females, 70.0 mm 
Males, 71.9 mm 

n 3532 

110 120 

130 

130 

130 

130 

Figure 9.3: Srze frequencies and mean CLs of male and female lobsters tagged at the five sites. 
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Table 9.2: iJrrw'If'I,rt,rmc of males in and in made at each site. Sites where <: 20 
recaptures were made are not included. Asterisks indicate cases where the nrr,nf'lrt'f'I.n of males at 

was diHerent than at 

Proportion of males in samples 

Cape 0.59 0.62 0.57 0.55 
Wesl Agulhas Bank 0.58 0.64* 0.66* 0.64 0.60 
East Bank 0.59 0.70* 0.69* 
Messel Bay-Port Elizabet 0.53 0.58* 0.58* 
Port Alfred 0.34 0.41 " 0.41* 

Table 9.3: Mean at which lobsters were at and al recapture 

site n 

Cape 119 1.4 51 WAB 159 9.2 75 
EAS 147.5 9.9 2S 
MB-PE 114.9 9.S 29 

West Agulhas Bank 162.3 9.8 100 WAB 162.5 4.S lOS 
EAB 155.4 4.9 42 
MB-PE 118.5 1 45 

East Bank 141.9 290 WAB 166.2 3.9 
EAB 138.2 5.6 218 
MB-PE 126.3 9.1 11 

Mossel Bay-Port Elizabet 1 6.2 163 MB-PE 114 14.1 561 
Port Alfred 221 Pert Alfred 96.4 12.9 219 

Bank: MB-PE Messel Say-Port Elizabeth 
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Table 9.4: among sites of the average distance moved in each direction. 
(> 50 km) were considered. 

Direction Statistics Tagging sites 
ulhas West East Mossel Bay to Port Alfred 

Agulhas Bank Agulhas Bank Port Elizabeth 

N Mean dist.moved (km) 107.5 52.5 

St. dev. (km) 2 

n 0 0 4 1 0 

NE Mean disl.moved (km) 426.3 365.5 178.9 69.1 
SI dev. (km) 1 .8 105.7 120.7 18.6 

n 0 75 3 3 

E Mean disLmoved (km) 470.9 64.3 113.4 121.6 

SI. dev. (km) 88.1 8.1 11.7 57.8 

n 34 4 2 26 0 

SE Mean dist.moved (km) 149.3 81.5 
SI. dev. (km) 37.1 22.7 

In 72 1 0 0 0 

S Mean dist.moved (km) 95.1 72.3 86.9 

St. dev. (km) 22.4 
n 32 1 1 0 0 

SW Mean dist.moved (km) 118.5 

St. dev. (km) 67.7 

n 0 0 0 0 3 

W Mean disLmoved (km) 80.8 74.4 

SI. dev. (kml 19.4 

n 0 0 0 9 1 

NW Mean dist.moved (kml 50.5 64.9 

S1. dev. (km) 

In 0 1 1 0 
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Figure 9.5: Distance moved (km) plotted against time at large (years) for lobsters tagged 
at each of the five sites 
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Table 9.5: Mean and distance moved of lobsters at each site. 

Cape Agulhas Cape Agulhas 3 1.47 0.48 33.02 1.78 

West Bank 71 2.31 1.15 119.46 .2 
East Bank 35 4.34 1.33 154.02 46.07 

Mossel Elizabeth 33 3.77 1.03 461.19 68.64 

Port Alfred 1 4.03 790.26 

West Agulhas Bank West Agulhas Bank 146 1.62 1.55 8.24 6.46 

East Agulhas Bank 66 3.75 2.52 45.84 29.31 

Massel Elizabeth 73 3.39 1.62 426.3 121.82 

East Agulhas Bank West Bank 16 1.94 1.05 22.25 11.51 

East Bank 392 1.57 1.34 11.14 22.27 

Mossel Elizabeth 6 2.23 0.83 365.51 105.67 

Massel Elizabeth Massel Elizabeth 844 1.13 1.34 12.4 25.87 

Port Alfred 1.49 306.03 

Port Alfred Massel Elizabeth 4 1 1.93 107.47 59.48 

Port Alfred 269 0.98 1.22 10.01 11.66 

* Standard deviation 
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Figure 9.7: Distance moved (km) plotted against carapace length (mm) for lobsters tagged at the five sites 
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thus considered to be as a result of catchability fluctuations, and it is clear that both male 

and female lobsters migrate long distances. 

Directional long-distance migrations have been shown for P. delagoae (Chapter 5) and 

for several Jasus and Panulinls lobster species (i.e. P. argus, P. cygnus, P. ornatus, 1. 

edwardsii and 1. verreauxi; Chubb, 1994), and the present study shows a very specific 

easterly migration pattern for juvenile and small adult P. gilchn'sti between Cape Agulhas 

and Mossel Bay-Port Elizabeth. 

Data suggest that the migration originates at Cape Agulhas where the population consists 

almost exclusively of small juvenile lobsters with an average CL of 62.5 mm (Fig. 9.8). 

From Cape Agulhas, juveniles migrate offshore in a south-easterly direction, reaching 

West Agulhas Bank within a year, having grown to an average CL of 71.3 mm which is 

the size at which sexual maturity is attained (Groeneveld and Melville-Smith, 1994). 

From West Agulhas Bank, immature and small mature lobsters either disperse over the 

West and East Agulhas Banks and become resident over the next year, or migrate north­

easterly and easterly to the Mossel Bay-Port Elizabeth region, which they reach within 

two years of tagging at West Agulhas Bank. The easterly migration of P. gilchn'sti does 

not extend to Port Alfred, and there is no evidence suggesting a westwards or return 

migration at any of the five sites. 

The absence of recaptures over the inner Agulhas Bank (a rarely fished, shallower area 

between the coast and East Agulhas Bank), recapture of Cape Agulhas individuals at 

West and East Agulhas Banks and at Mossel Bay-Port Elizabeth, and recapture of West 

Agulhas Bank individuals at Mossel Bay-Port Elizabeth all suggest that migrants 

originating from Cape Agulhas and West Agulhas Bank do not cross the inner Agulhas 

Bank en route to Mossel Bay-Port Elizabeth, but that they follow the shelf-edge, first 

moving to deeper-water habitat at West Agulhas Bank (> 160 m), and thereafter 

recruiting to shallower-water adult habitat at East Agulhas Bank (- 140 m) and Mossel 

Bay-Port Elizabeth (- 120 m). 

11 
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Figure 10.1: The South Coast rock lobster fishing grounds showing the grid-blocks in the two area (Agulhas Bonk and 
Eastern fishing grounds) that were sampled during the effort- reduction experiment in 1998/99. 

Table 10.1: Schedule of full commercial and reduced effort exerted in the two fishing 
areas during the effort- reduction experiment 

Agulhas Bank Eastern fishing 
larounds 

December and January Full effort Full effort 
February and March Reduced effort Reduced effort 
April and May Reduced effort Full effort 
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Table 10.2 GLM standardised CPUE and effort in the South Coast rock lobster 
the numbers of and as the numbers of 
Sets of 0 24 hrs 1 49 - 72 3 

Season GLM standardis Effort Effort 

CPUE ** (Thousands 01 >72 hrs (Thousands of 

p) trap-hauls*daysl 

77/78 0.25 94.3 4.0 1.0 3741 
78/79 0.23 2212 94.8 3.1 1.4 0.7 2389 
79/80 0.17 644 88.5 7.0 2.0 2.6 766 
80/81 0.22 696 90.0 6.6 1.7 1.6 798 
81/82 0.22 1529 93.8 5.3 0.4 0.5 1645 
82/83 0.19 2078 93.0 3.9 1.7 1.4 2317 
83/84 0.22 2687 93.1 4.3 1.7 0.8 2956 
84/85' 0.18 1090 97.9 0.9 0.7 0.5 1131 

85/86* 0.17 1043 98.3 0.8 0.2 0.8 1082 
86/87· 0.22 690 98.5 0.6 0.0 0.9 713 
87/88· 0.20 634 97.7 0.0 0.6 1.5 669 
88/89* 0.24 933 98.6 0.2 0.2 1.0 967 
89/90· 0.22 817 88.7 3.3 1.3 6.7 1029 
90/91 * 0.18 084 85.9 4.1 1.6 8.3 1432 

91 0.15 2889 79.4 11.1 2.0 7.5 3975 
92/93 0.15 2844 72.3 18.8 2.4 6.6 4081 
93/94 0.14 3167 69.8 23.8 1.5 4.8 4469 
94/95 0.13 3442 81.8 11.5 1.7 5.0 4471 

95/96 0.12 3217 71.7 17.1 2.9 8.3 4755 

96/97 0.10 3624 53.8 34.0 3.8 8.3 6030 
97/98 0.09 4036 41.6 42.7 6.1 9.6 7414 

98/99 0.08 Ex erimental 

* Effort listed for these years do not effort of the whole 
U From Glazer 
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The occupation of the fishing grounds by traps, indexed by proportionally raising traps 

set by the number of days that the traps remain on the fishing grounds, increased by 86.5 

% (from 3.98 to 7.41 million trap-days) between 1991192 and 1997/98, with the biggest 

increase (from 4.76 to 7.41 million trap-days) occurring in the last three years (Table 

10.2). The occupation of the fishing grounds between 1984/85 and 1990/91 is difficult to 

assess because effort during this period was not fully reported. Prior to 1984/85, the 

fishing grounds were comparatively lightly occupied, mainly because of a decline in the 

fishery (1979/80 - 1981/82) and a fishing strategy in which few traps were set for periods 

longer than 24 hrs (i.e. I-day sets were used). 

Table 10.3 compares catch, effort and CPUE statistics for the Agulhas Bank area and the 

Eastern fishing grounds for the fishing seasons between 1991/92 and 1998/99 (year­

round fishing seasons extend from the 1st of October to the 30th of September). Data prior 

to 199111992 (shown in Table 10.2) were excluded from this study because effort was 

underreported during some fishing seasons (1984/85 - 1990/91). Most effort, in all years, 

was expended at the Eastern fishing grounds, and the catches recorded for this area were 

also larger than at the Agulhas Bank. However, the unstandardised CPUE at the Agulhas 

Bank was higher than at the Eastern fishing grounds in seven of the eight fishing seasons 

considered. The inter-annual variation of CPUE at the Agulhas Bank was high (ranging 

between 0.10 and 0.25 kg tail-mass per trap) compared to the Eastern fishing grounds 

(0.09 - 0.16kg tail-mass per trap). The minor discrepancies between the TACs (which are 

caught in full in each season) and the total recorded catches (i.e. the sums of catches in 

the two areas) are the result of eliminating incomplete catch return information from the 

database. 

The levels of effort reduction attained in each area and 2-month period during the 

experiment, expressed as numbers of traps hauled, are shown in Table 10.4a. The 

number of traps hauled on the Agulhas Bank, relative to full effort in December-January 

(100 %) increased by 47 % in February-March (in spite of this being intended as an 

effort-reduction period) but was reduced substantially, by 42 %, in April-May. The 

8 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Table 10.3: 

Season 

91/92 
92/93 
93/94 
94/95 
95/96 
96/97 
97/98 
98/99 

catch, effort and CPUE statistics for the 
and the total allowable catch for the 

Catch 
(tons tail mass) 

115.8 0.54 0.22 293.7 
180.5 0.85 0.21 3.2 
71.0 0.55 0.13 321.5 
78.2 0.41 0.19 343.1 

120.0 0.48 0.25 275.1 
126.6 0.90 0.14 274.1 
150.8 1.12 0.14 224.8 
102.2 1.00 0.10 244.7 

Table 10.4: Effort reduction achieved 
traps hauled of 

ulhas Bank 

a) hauled in: 

b) * hours in: 

December and 

(1 ) 233.8 
344.9* 
135.8* 

19.7 
11.2* 
5.7* 

in which reductions were 

1.00 
1.47* 
0.58* 

Relative to (2) 

1.00 
0.57* 
0.29* 

Table 10.5: Catch and standardized CPUE recorded 

Catch 

31.65 
34.07* 
10.37* 

in which reductions were 

Bank area and the Eastern 

1.94 
1.45 
1.98 
2.66 
2.41 
2.62 
2.39 
2.74 

533.3 
468.9* 
651.9 

21.8 
13.9* 
24.5 

0.15 
0.15 
0.16 
0.13 
0.11 
0.10 
0.09 
0.09 

as a) numbers of 
soak-times). 

1.00 
0.88* 
1.22 

Relative to (2) 

1.00 
0.64* 
1.12 

the effort reduction 

45.72 
48.6* 
64.34 

0.062 
0.071* 
0.068 

TAC 
(Ions tail mass) 

477 
477 
477 
452 
427 
415 
402 
402 
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Figure 10.2: CPUE ratios for the Agulhas Bank for individual fishing seasons between 
1991/92 - 1997198 and as an average over this period, relative to the experimental ratio i 

1998/99: a) February-March effort-reduction treatment, and b) April -May full-effort 
treatment. 
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