













































































2.3 The South African trap-fishery for P. gilchristi

2.3.1. History of the fishery

Prior to 1973, specimens of P. gilchristi were occasionally caught on the Agulhas Bank
by trawlers fishing for soles at a depth of about 70 m (Berry, 1971a). The subsequent
discovery of a commercially viable resource and the early history of its exploitation
(1974 - 1980) is described in detail by Pollock and Augustyn (1982) and Stander (1991):

only a brief summary of the events up to 1980 is therefore provided here.

Commercial exploitation of P. gilchristi originated in 1974, after the discovery of
concentrations of rock lobsters on rocky ground at a depth of ~ 110 m off Port Elizabeth.
Numerous local and foreign fishing vessels were attracted by the discovery (42 vessels
are cited for 1974; Stander, 1991), giving rise to the expansion of the fishery, eastward to
Port Alfred by 1976 and westward to the Agulhas Bank by 1977 (Pollock and Augustyn,
1982). The combined catches of local and foreign vessels peaked at 973 t tail mass
(equivalent to 2092 tons whole mass) in 1975, whereafter it declined to 122 t tail mass {or
262 t whole mass) by 1979/80 (Table 2.2). The rapid decline in catches was partly as a
result of the withdrawal of the foreign vessels from South African waters in 1976, when
South Africa declared its EFZ and recognized its jurisdiction over the P. gilchristi
resource, since it is a sedentary species and confined to the continental shelf of this
country. However, there is little doubt that the primary reason for the decline in catches
had been a serious depletion of the resource as a result of fishing. Low catch rates had
forced several of the remaining local fishing vessels out of the fishery by the end of the

1970s.

Gradual recoveries of catches between 1980 and 1984, and of catch rates between 1980
and 1982 were accompanied by a resurgence in interest in the fishery by fishers who had
previously withdrawn. To avert the threat of over-fishing, a total allowable catch (TAC)
was introduced into the fishery in 1985, and quotas were given to companies then active

in the fishery (Stander, 1991). This measure effectively limited the number of participants



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) CPUE (1)
Tail mass active boats Tail mass Whole mass | Thousands of | kg tails / trap
(tonnes) (tonnes) (tonnes) trap-hauls

1974 12 372 800 0.78
1975 19 973 2092 0.41
Jan-Jun76 36 551 1185 0.35
76177 33 712 1531 0.25
77178 26 667 1434 3461 0.21
78/79 20 461 991 2212 0.2
79/80 18 122 262 644 0.17
80/81 15 176 378 696 0.24
81/82 18 348 748 1529 0.21
82/83 16 407 875 2078 0.19
83/84 17 524 1127 2687 0.19
84/85 450 17 450 968 1090* 0.15
85/86 450 14 450 968 1043* 0.15
86/87 450 15 450 968 690* 0.19
87/88 450 14 450 968 634* 0.21
88/89 452 13 452 972 933* 0.19
89/90 452 14 452 972 817* 0.21
90/91 477 13 477 1026 1084* 0.17
91/92 477 15 477 1026 2889 0.16
92/93 477 12 477 1026 2844 0.17
93/94 477 15 477 1026 3167 0.16
94/95 452 13 452 972 3442 0.13
95/96 427 14 427 918 3217 0.13
96/97 415 12 415 892 3624 0.11
97/98 402 13 402 864 4036 0.09
98/99 402 13 402 864 4206 0.08

* 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 TAC.
(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.




in the fishery. The TAC restricted the total catch of P. gilchristi to 450 t tail mass (970 ¢
whole mass) per year; fluctuations in the TAC up to 1994 included the addition of two
tons (tail mass) for research purposes in the 1988/89 fishing season, and the addition of
25 tons in 1990/91. The latter increase was justified by the inclusion of a previously
unfished area off the Ciskei coast (between 27° 10' E and 27° 40' E) after 1990 (Anon.,
1994). The TAC remained stable at 477 tons up to the 1993/94 fishing season (Table 2.2).

A rigorous procedure for the assessment of the resource, consisting of a surplus
production model fitted to a CPUE index, somatic growth parameters and catch-at-size
information was developed in 1994 (Butterworth et al., 1994a, 1994b; Butterworth and
Van der Riet, 1994). The assessment indicated that an annual catch of 477 t could not be
sustained, and consequently, a program of phased TAC reductions was initiated in
1994/95, reducing the TAC in steps of 25 tons per year. To date (1999/2000 fishing
season) the TAC has been reduced to 377 tons tail mass (810 tons whole mass), however,
the most recent assessment has indicated that the reductions have failed to impact
significantly on the trend of declining abundance (Geromont and Butterworth, 1999). It
appears that the relative abundance of P. gilchristi now stands at < 50 % of its 1989/90
level (Glazer, 1999a; 1999b; 2000), and that further reductions in the TAC will be

necessary.

2.3.2. Fishing gear and vessels

Fishing gear in 1974 comprised individually buoyed traps deployed by fairly small
vessels (Pollock and Augustyn, 1982). However, the relatively low densities of P.
gilchristi generally encountered are better exploited by employing a long-line system
consisting of large numbers of light plastic traps attached to bottom long-lines. The
change towards using long-lines with multiple traps occurred as early as 1974 (Pollock
and Augustyn, 1982). Large (25 to 60-m long) steel ocean-going vessels (adapted from
side or stern trawlers) are used in the fishery; these vessels are suitable for the relatively
distant, offshore conditions encountered in the fishery, and are able (generally after a

small modification) to carry large numbers of traps.



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
Living 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.



The CPUE trend for the period between 1974 and the present (Table 2.2) can likewise be
divided into three periods: 1974 — 1979/80, during which a decline from 0.78 to 0.17 kg.
trap ' was recorded; 1980/81 — 1989/90, during which the CPUE fluctuated between 0.15
and 0.24 kg. trap ~'; and 1990/91 to the present, during which the CPUE steadily
declined, by nearly 50 %, from 0.17 to 0.08 kg. trap™ in 1998/99. The CPUE trend shown
in Table 2.2 is a GLM-standardized trend, which accounts for the influences of vessel
differences, and spatial and temporal variation in lobster catchability. The integrity of this

trend, relative to changes in fishing strategy, is addressed in Chapter 9.

2.3.4. Production and markets

Vessels discharge their catches in Cape Town and Port Elizabeth harbours, where
factories for the processing and distribution of products are located. Products are
generally exported to the United States, Europe and the Far East, either as live lobsters or
packed as frozen lobster tails or whole frozen lobsters. Frozen lobster tails remain the
most popular product of the fishery, but the live lobster category has increased in
popularity throughout the 1990s (Figure 2.2). Total annual exports to the value of U$ 50
- 70 million are commonly realized. The South Coast rock lobster sector of the South

African Fishing Industry employs ~ 700 workers, mostly from lower socio-economic

groups.



HlLive

& Whole frozen

| OFrozen tails

96/97

95/96

94/95

a
1

92/93

91/92

[ 90/91

89/90

88/89

87/88

86/87

85/86

84/85

_—
=

—

—

—

1.00

0.90 -

0.80 {

, T T , _
o o o o o
™~ @ > p «
o o o o o

0.20
0.10
0.00 +

(8]0ym) Yyo3ED [B303 JO Uoipodold

Production of South Coast rock lobster commodities

Figure 2.2.



Chapter 3

A revision of the length-mass relationships of P. delagoae and P. gilchristi

with implications for management

3.1. Introduction

Within the genus Palinurus, the degree of morphological difference, even between the North
Atlantic and Indian Ocean species, is very small (Berry and Plante, 1973). As a result, expert
advice is usually needed to distinguish between specimens of P. delagoae and P. gilchristi.
Their physical likeness is further reflected in their past taxonomic classification as three
varieties of the same species; up to 1973 P. delagoae was regarded as two varieties of P,
gilchristi, namely P. gilchristi var. delagoae from Mozambique and P. gilchristi var.
natalensis from South Africa (Bamard, 1926). Berry and Plante (1973), in their seminal study
on the taxonomy of the genus, merged these two varieties and raised P. delagoae to specific

rank.

Berry and Plante (1973) summarized the main differences between P. delagoae and P.
gilchristi. Briefly, the 2™ to 5" abdominal segments of P. gilchristi each have well-developed
anterior and posterior grooves filled with short dense setae; these grooves are linked on either
side of the median keel to give a distinct H-shape. In P. delagoae the anterior transverse
groove is virtually non-existent, and is not medially linked to the posterior groove . Setae in

the grooves of P. delagoae are sparse and inconspicuous.

The merus of the walking legs of P. gilchristi is triangular in cross-section and the flattened
outer surface of these legs is covered in a conspicuous strip of short, dense setae. In P.
delagoae, the merus is cylindrical and lacks setae. The entire dorsum of the cephalothorax of

P. gilchristi is strongly tuberculate, and is covered in a dense mat of short setae between



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 obtained 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. gilchristi 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. gilchristi, where the total allowable catch (TAC) 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. gilchristi 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.



Table 3.1:Regression statistics for the morphometric refationships for male and female P.delagoae and P.gilchristi

Relations?ip Regression statistics Size range
(y=ax)) Ina |SEof Ina b SE of b r n F-value p (mm)
P.delagoae

TM,y = 0,0061 CL 2% [.51,066 | 0,1391| 22,664 | 0,0300| 0,9899| 60 5690 | 0,0001 |55-185
TM: = 0,0019 CL **%% | .62 520 | 0,1835| 25,502 | 0,0411| 0,9867| 54 3857 | 0,0001 |55-135
TMyyr = 0,0052 CL2%'? | -52,605 | 0,1476| 23,129 | 0,0324| 0,9785| 114 | 5086 | 0,0001 [55-185
WM, = 0,0017 CL 277%" | -63,766 | 0,0949| 27,757 | 0,0205| 0,9968| 60 18318 | 0,0001 |55 - 185
WM. = 0,0016 CL*™%"|-64,315| 0,1548| 27,951 | 0,0346| 0,9921 54 6511 | 0,0001 [55-135
WM,.= 0,0018 CL 27| 63,375 | 0,0834| 27,704 | 0,0183| 69951 114 | 22901 | 0,0001 |55-185
T™,, = 1,1026 WM °'%°| +0,0976 | 0,0543| 0,8169| 0,0083| 0,9940 60 9586 | 0,0001 [55-185
TMe= 0,6808 WM °°"|.0,3845 | 0,0561| 0,9124| 0,0092| 0,9947| 54 9790 | 0,0001 |55-135
TMy.e =1,0207 WM %2%| 40,0204 | 0,0573| 0,8364| 0,0091| 0,9870| 114 | 8484 | 0,0001 |55-185

P.gilchristi
TM, = 0,0007 CL 2" |.72,793 | 0,1944| 28,316 | 0,0443| 0,9803| 84 4086 | 0,0001 |46 - 132

TM: =0,0004 CL 2°**® | .78.895| 0,3052| 29,935 | 0,0705| 0,9725| 53 1801 | 0,0001 [53-125
TMy.r =0,0007 CL2%%° | 73,074 | 0,1864| 28,460 | 0,0427| 0,9705| 137 | 4439 | 0,0001 |46 -132
WM,, = 0,0014 CL 2%%%*| .65,661 | 0,1622| 28,564 | 0,0369( 0,9864| 84 5967 | 0,0001 |46 - 132
WM; = 0,0010 CL 2%% | .69,129 | 0,2566| 29,445 | 0,0528| 0,9797| 53 2467 | 0,0001 |53-125
WM, = 0,0013 CL 2¥°| 66,123 | 0,1404| 28,701 | 0,0322| 0,9833| 137 | 7956 | 0,0001 |46 -132
TM,, = 0,4604 WM %%°%2| .0 7757 | 0,0436| 0,9922 | 0,0073| 0,9956| 84 18519 | 0,0001 |46 - 132
TM = 0,4201 WM "¢ | .0 8673 | 0,0623| 10,176 | 0,0106| 0,9944| 53 9102 | 0,0001 |53 - 125
TMyy.e= 0,4644 WM %°%| [0 7671 | 0,0440 0,9944 | 0,0074| 0,9925| 137 | 17926 | 0,0001 [46- 132

All regressions of CL (mm) vs TM (g), CL vs WM (g) and WM vs TM were of the type y = ax’. Data were thus
In transformed so that the linear relationships (In y =/na + b In x) could be used to test regressions for
significance within the size range (CL, mm) that was measured for each species.




Table 3.2: Resulis of Student's t-iest between regression slopes and elevations of morphometric
relationships for male and female £. delagoae and P. gifchristi

Significance
Comparison Hypothesis Slopes Elevations df
ClLvs TM P.delagoae = P.delagoae p < 0,001* p>0,1 111
CL vs WM P.delagoae = P.delagoas ¢ p>0,5 p> 0,05 111
CLvs TM P.gilchristiy= P.gilchristic n>0,2 p>0,1 85
CL vs WM P.gilchristiy, = P.gifchristiz n>05 p>02 85
CLvs TM P.delagoae y = P.gilchristiy p<0,001* |p>0,1 108
CL vs WM P.delagoae y = P.gilchristiy p < 0,05% p>0,05 108
CLvs TM P.delagoae ¢ = P.gilchristie p<0,001* |p>0,1 88
CL vs WM P.delagoae ¢ = P.gilchristic p> 0,1 p>0,1 88
T™ vs WM P.delagoae yer = P.gilchristiyer p<0,001* |p>0,1 199

* Significant difference
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3.2. Material and methods

A standard method was used to collect carapace length (CL) and mass measurements. To
ensure a uniform distribution of data points, the first five lobsters of each sex per 5-mm CL-
interval were selected from the live-lobster holding tanks used by a commercial fishing
company. The widest possible CL range was covered, and only lobsters that were
undamaged, with no missing or regenerated appendages, were selected. The CL was
measured (+ 0.1 mm) mid-dorsally from the posterior edge of the carapace to the anterior tip
of the rostral spine. Whole wet mass (WM) was determined after shaking excess water from
the gill chambers and tail wet mass (TM) was determined from tails that had been removed in
a commercial manner (i.e. by removing the tail along with the abdominal musculature that
extends into the carapace). WM and TM were measured to the nearest gram. Egg-bearing

females were excluded from the samples.

Regressions of the data were non-linear, and consequently data were log-transformed.
Length-mass relationships were compared by sex and between species, using Student’s ¢-tests

(Zar, 1984) for significant differences (p < 0.05) between regression slopes and elevations.

3.3, Results

Table 3.1 lists the relationships as y = a x * (fitted to the raw data) and as Iny =Ina+b Inx
{fitted to the log-transformed data) for P. delagoae and P. gilchristi. All relationships were

significant {(p < 0.0001) and the high r values indicated that the data fitted the models well.

The slopes of the relationships between CL and TM differed significantly between male and
female P.delagoae (Table 3.2), reflecting that the TM of females became progressively
heavier relative to males as CL increased (Fig. 3.1a). The WM of female P.delagoae was
marginally greater for a given CL than for males, but neither regression slopes nor elevations
differed significantly (Table 3.2, Fig. 3.1b). In the case of P. gilchristi, both TM and WM at a

given CL were proportionally greater in females than in males, but the differences were not
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significant (Table 3.2, Figs. 3.2a and b).

Differences between the species are shown in Figures 3.3 to 3.5, using data for both sexes
combined. Both the TM and WM of P. gilchristi of a given CL were significantly heavier
than those of P. delagoae of the same CL, with the discrepancy increasing as CL increased
(Figs. 3.3 and 3.4). A comparison of the regressions of WM to TM showed that, compared to
P. delagoae, a significantly larger proportion of the mass of whole P. gilchristi consisted of
tail (Table 3.2, Fig. 3.5).AA150, the TM proportion of P. delagoae decreases as WM increases
(the TM of a small P.delagoae of 150 g WM is 44,9 % of its WM, whereas that of a large
specimen of 1590 g is 30,6 %). In contrast the TM proportion in P. gilchristi is constant over
the full size range (45,1 % of the WM of a 165 g lobster and 44,5 % of that of a 1500 g

lobster).

3.4. Discussion

The length-mass relationships obtained in the present study differed substantially from those
shown in earlier studies. The difference is attributed to the previous absence of a standard
measurement for CL or TM. CL in the present study was measured mid-dorsally from the
posterior edge of the carapace to the anterior tip of the rostral spine. However, in a previous
study on P.delagoae, Berry (1973) measured CL from the base instead of from the tip of the

rostrum.

The measurement of TM in the present study, and in the studies by Pollock and Augustyn
(1982) and Brinca and Patha de Sousa (1983), conform to the commercial method of tailing,
in which the abdominal musculature that extends into the carapace is removed along with the
tail. However, in his study on P. delagoae in 1973, Berry defined TM as the mass of the
abdomen cut off flush with the anterior edge of the first abdominal segment. As expected, the
parameters obtained for the CL - TM relationships by him indicate a smaller TM at similar
CL, with relationships of TM,, = 0.0040 CL **** (Table 3.3) compared to the current
regression of TM,, = 0,0061 CL **** (Table 3.1), and TM; = 0,0013 CL**" (Table 3.3)
compared to TM;= 0,0019 CL *** (Table 3.1).



Table 3.3: Relationships of P. defagoae and F. gilchristi documented in previous studies off

South Africa and Mozambique

Relationship (y = ax®) r n Size range |Source

{mm CL)
P.delagoae
TMy = 0,0040 CL *3%% 135 55-150 |Berry 1973
TMg = 0,0013 CL *°" 10 54-122 |Berry 1973
WM, = 0,0015 CL 5% 0,9983 63 52-145 |Brinca & Palha de Sousa 1983
WMy, = 0,0017 CL 299 0,9958 61 52-140 |Brinca & Palha de Sousa 1983
WM = 0,0017 CL 288 0,9978 49 52-140 |Brinca & Palha de Sousa 1983
WM = 0,0019 CL 2°%7 0,9975 | 64 52-135 |Brinca & Palha de Sousa 1983
WMy,¢ = 0,0017 CL 2%%% 0,9968 | 294 Brinca & Palha de Sousa 1983
WM,, = 0,0016 CL 27%% 271 55-155 |Berry 1973
WMg = 0,0019 CL 27 122 54-122 |Berry 1973
P.gilchristi
TMy = 0,0045 CLZ%94 80 59-102 |Pollock & Augustyn 1982
TMe = 0,0016 CL 277 63 59- 97 |Pollock & Augustyn 1982
TMy.e = 0,0028 CL 2°'% 143 £9-102 |Pollock & Augustyn 1982
WM, = 0,0057 CL 2%'# 78 1 59-102 |Pollock & Augustyn 1982
WM = 0,0034 CL 284° 63 59- 97 |Pollock & Augustyn 1982
WMy, = 0,0044 CL 257 141 59-102 |Pollock & Augustyn 1982




Despite using similar methods to mine to determine the length-mass relationships of
P.gilchristi, the CL - TM regressions determined by Pollock and Augustyn (1982) differed
substantially from mine. For males, Pollock and Augustyn (1982) found that TM,, = 0,0045
CL **% (Table 3.3) which does not compare well with the present relationship of TM,, =
0,0007 CL *®'® (Table 3.1), and for females their relationship of TMy = 0,0016 CL 2577
(Table 3.3) also differed from the present TM; = 0,0004 CL 2**% (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. gilchristi has a considerably
heavier TM than P.delagoae of the same CL (Fig. 3.3). TM makes up 45% of the WM of
P.gilchristi 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.gilchristi implies that a larger yield per lobster is realised by
catching and tailing P.gilchristi compared to P.delagoae of the same CL. Packing frozen

tails of P.delagoae 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.



To summarize, the distinct length-mass relationships of P, gilchristi and P. delagoae can be
used, together with the physical differences noted by Berry and Plante (1973), to differentiate
between these two species. Further, the revision of the length — mass relationships carries
important implications for estimations of the impacts of TACs (set as a mass} on actual
numbers of animals that will be caught. The revised relationships have now (from 2000
onwards) been incorporated into the assessment, management and exploitation control

aspects of the fishery for P. gilchristi.



Chapter 4

A systematic grid-survey to determine the relative abundance of P.

delagoae off South Africa

4.1. Introduction

Commercially exploitable densities of P. delagoae occur on rocky and organically rich
muddy or sandy substrata (Berry, 1971a; Berry and Plante, 1973), and can therefore be fished
with traps (on rocky substrata) and with trawl-nets (on mud or sand substrata) (see Chapter
2). Both gear types have successfully been used in Mozambican waters (Palha de Sousa,
1997, 1998; Groeneveld and Melville-Smith, 1995) since 1980. Up to 1993, however, only
trawl-nets were used off South Africa. An experimental trap-fishery for P. delagoae on rocky
substrata off South Africa was first permitted in 1994. A precautionary approach (limited
entry, strictly controlled catches, and a systematic experimental procedure) was adopted for
this fishery, as was later prescribed for the development of new fisheries off South Africa in
the Marine Living Resources Act (Cockcroft and Payne, 1997). The cautious development of
new fisheries is aimed at reducing the initial risk of overfishing and stock collapse. Examples
of such collapses of similar resources are the depletion of Jasus tristani within two years of
discovery on the summit of the Vema seamount in the South Atlantic ocean (Heydorn,
1969a), and the intensive fishing and large scale catches of P. gilchristi in 1974 to 1977,

followed by a near-collapse of the stock in 1980 (Pollock and Augustyn, 1982).

The approach used for P. delagoae included a structured sampling procedure to determine the
relative abundance trends of the populatién over the first few years of fishing. The preferred
sampling method was a systematic grid-survey design (instead of a random sampling design).
Such grid-surveys are generally efficient in terms of ships time and the locations of sample

points, permitting a more precise mapping of spatial patterns of density and boundaries of

1



distributions, reducing the risk of missing high density concentrations, and facilitating
comparisons of distribution and density patterns over time (Hilborn and Walters, 1992). The
grid-survey included a 1-year pilot study to determine the distribution of P. delagoae south of
the Mozambique border, and consisted of two distinct phases; an experimental grid-sampling

phase, and a commercial fishing phase to allow fishers to recover costs.

The information collected by on-board observers during the 4-year experimental trap-fishery
for P. delagoae formed the basis of an investigation into the potential of the resource for trap-
fishing. This chapter (the first of three on P. delagoae) describes the systematic grid-survey
developed for this species and area and its results over 4 years (see Cockcroft et al., 1995;
Groeneveld et al., 1995; Groeneveld and Cockcroft, 1997). These results were used to
investigate 1) the impact of four years of trap-fishing on the catch rates, relative abundance
and size composition of P. delagoae in South African waters, and 2) the advisability of

continuing a trap fishery in parallel with the trawl fishery (see Chapter 6).

4.2. Material and methods

A pilot study, conducted in 1994, sampled an area along the South African coast extending
from the Mozambique border (27°S) to south of Port St Johns (32°S). This study consisted of
14 transects (set roughly perpendicular to the coast), at distances of ~ 35 km apart. Longlines

with traps were set roughly parallel to the coast at depths of 75, 150, 250, 300, 350 and 400 m

along each transect.

The area south of 31°S and depths < 112.5 m were excluded from sampling after 1994, as the
species was not recorded there {Cockcroft ef /. 1995). The remaining area was stratified into
sampling blocks based on depth and latitude. Depth intervals were 112.5 - 200 m, 200 - 275
m, 275 - 325 m, 325 - 375 m and 375 - 425 m. Latitudinal boundaries were set at 6’ intervals
starting at 27°S and ending at 31°S (Fig. 4.1). To concentrate the experimental effort on the
regions that showed potential for commercial fishing, sampling from 1996 onwards was
focussed on three promising regions between 200 and 425 m depth: North region, extending

along the seawards edge of the Maputaland marine reserve between 27°S and 27°36'S and
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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.



consisting of 12 sampling blocks (92.3 km?%; Central region extending from 28°S to 29°S and
consisting of 40 blocks (340.7 km?: and South region extending from 30°S to 30°42'S and
consisting of 28 blocks (413.9 km? (Fig. 4.1).

Together, the three regions consisted of 80 sampling blocks and covered 846.9 km?. The area
of each sampling block was calculated from its average width (the distance in km between
depth contours, measured from SAN series hydrographic charts, Scale 1 : 150 000) and its
length, 10.57 km, the equivalent of &' intervals. Areas of blocks ranged from 4.01 to 24.10
km? (mean 10.59 km® + 5.64 s.d.) depending on the steepness of the sea bottom. The data

collected in these three regions in 1994, 1995, 1996 and 1997 form the basis of this study.

Two discrete sampling regimes were conducted in each region in each year. First, in an
experimental phase, each block was sampled (at its average depth) with two long-lines
consisting of 70 - 150 plastic top-entry barrel traps set for 24 - 96 hours, This phase allowed
the calculation of a representative abundance index based on a stratified sampling design
method (Jolly and Hampton, 1990). A commercial phase followed immediately, with no
restriction on location of trap deployment. In the analysis, the two types of samples were

treated separately.

Surveys were conducted during winter (May to September) in all four years. Three vessels

took part in 1994, two in 1995 and 1996, and only one in 1997,

An experimental quota of 104 tons, including both P. delagoae and Cape slipper lobster
Scyllarides elisabethae, was set for 1995, 1996 and 1997. The quota was based on trap
catches of the two species made in the pilot study in 1994, on trawl catches of P. delagoae off
Kwazulu-Natal in 1992 and 1993, and on the size of the Kwazulu-Natal fishing grounds,

relative to the fishing grounds for P. gilchristi along the South Coast {Groeneveld, 1995).

The data for each long-line hauled were recorded, resulting in multiple samples (both
experimental and commercial) per block. Effort was standardized as the number of traps

hauled per long-line. The numbers and sex of rock lobsters caught were recorded per long-



line, and the carapace lengths (CL + 1 mm) of the first 100 caught with each long-line were
measured mid-dorsally from the posterior edge of the carapace to the tip of the rostral spine.
Immature females, identified by the absence of ovigerous setae (Groeneveld and Melville-

Smith, 1994), and the frequency of egg-bearing females in samples were also recorded.

Carapace length (mm) of each lobster was converted to whole mass (WM in g), according to

the equations of Groeneveld and Goosen (1996):

WM,, = 0.0017 CL 27
WM, = 0.0016 CL 2™

Catch (kg whole mass) for each long-line was then calculated by multiplying the average
weight per lobster with the number of lobsters caught, and CPUE (kg whole mass per trap)

was obtained by dividing catch by the number of traps on the line.

Generalized linear models (GLMs) using SAS (Anon., 1989) were used to investigate the
influence of year (1994 - 1997), region (North, Centre and South), sampling phase
{(experimental or commercial), month (May - September) and soak-time (< 36 hrs, 36 - 72 hrs,

and > 72 hrs} on CPUE.

To calculate the abundance of P. delagoae effort and catches from all the long-lines hauled
were summed per sampling block, so that the CPUE per block could be obtained. Block-
CPUE was weighted according to the area of the block, and summed over the blocks in the

region. To obtain an estimate of overall abundance per year, regional CPUEs were weighted

according to area and summed.

4.3. Results

4.3.1. Sampling effort and catches

Not all the blocks within each region were sampled during the experimental phase of the
study in each year, usually as a result of adverse weather and sea-current conditions.

However, in general a high percentage (43 - 100 %) of coverage was achieved (Table 4.1).



The relatively low percentage coverage of blocks in the Central and South regions in 1994 is
a result of the somewhat different trap-deployment pattern used during the pilot study phase
(Cockeroft et al. 1995; Groeneveld e al. 1995). Coverage during the commercial phases was,

as expected, more patchy, as skippers were free to fish where they wished.

The sampling efforts during the experimental and commercial phases of the experiment are
given in Table 4.2, Although every long-line hauled during the experimental phase was
sampled, the large number of long-lines set during the commercial phase required |
subsampling. The proportion of the commercial-phase catch sampled (based on catches of P.

delagoae) ranged from 4 - 51 % (Table 4.3).

P. delagoae constituted the bulk of the catches (~ 85 % by mass), with the remainder
consisting of S. elisabethae. Total trap catches (including both species) during the
experimental and commercial phases of the study were 120 tons in 1994, 59.8 tons in 1995,
38.1 tons in 1996, and 9.4 tons in 1997, This was despite the 104 ton quota (both species
included) allocated to the study in 1995 10 1997. P. delagoae catches were 89.5 tons in 1994,
50.0 tons in 1995, 30.9 tons in 1996, and 7.4 tons in 1997; of this, 28.1 t (16 %) originated
from the experimental phases of the study (Table 4.3). In addition to the lobster catches, 19.8

tons of east coast red crab Chaceon macphersoni were caught in 1996, and 20.2 tons in 1997.

4.3.2. Biological information

Catches of P. delagoae consisted of equal proportions of males and females {Table 4.4). Most
females were sexually mature; exceptions were the North region in 1995 and 1996, and the
South region in 1997, where > 50 % of the females were immature. Few ovigerous females
were captured throughout, except in 1996 when 70.3 % of the females caught in the South
were egg-bearing. The size composition (both sexes combined) of trap-catches differed
considerably among the North, Central and South regions (Table 4.4; Fig. 4.2). Small lobsters
(CL < 75 mm) dominated catches in the North region, with only a small proportion of
lobsters being > 75 mm CL. In the Central region catches consisted mainly of large lobsters
with a CL of 90 - 130 mm, with a fair proportion of very large (> 130 mm CL) and small

lobsters afso present. Although the bulk of the catches made in the South region consisted of

LIy



Table 4.1; Number of sampling blocks fished and area covered during the experimental

and commercial sampling phases.

North region

1994
1995
1996
1997

Central region

1894
1895
1996
1997

South region

1894
1985
1996
1997

Total Sampled
Experimental phase | Commercial phase
Blocks Area Blocks Area Blocks Area
{No.) (sg. km) (No.) (sq. km) (No.) {sq. km)
12 92.2 10 77.2 12 92.2
12 9z.2 10 77.2 0 0
i2 92.2 11 83.3 5 427
12 92.2 12 92.3 o 0
40 340.7 18 158.1 9 60.8
40 340.7 34 286.3 12 122.8
40 340.7 39 334.8 22 189.7
40 340.7 38 326.3 o 0
28 413.9 12 229 0 0
28 413.9 28 413.9 11 191.4
28 413.9 25 401.8 11 152.3
28 413.9 27 401.9 o* 0

* There was no coverage of the commercial phase by observers in 1997,

Table 4.2: Sampling effort expressed as the number of long-lines and traps hauled
in the experimental and commercial phases of the study in each year.

1994
1985
1986
1997

Experimental phase

Commercial phase

Lines Traps  Trapsfine] Lines Traps  Traps/line
105 11 450 109 45 5 400 120
148 17 623 120.7 114 13 370 117.3
150 19108 127.4 250 29 687 118.7
154 19 248 124.9 0 0 0




Table 4.3: Catches made in the experimental and commercial
phases of the fishery

1994
1995
1966
1997

Experimental phase| Commercial phase Total
] {t {

7.1 824 (4.2} 89.5

10.8 3.2 (347) 50.0

6.8 241 (81.0) 30.8
3.4 4.0 {-) 7.4

* The percentage of the commercial catch that was sampled by
observers is shown in parenthesis

Table 4.4: Mean carapace length, sex ratio, and the percentages of females that were immature or
egg-bearing in samples taken in each year and region.

North region
1994
1995
1996
1897

Central region
1994
1995
1996
1897

South Region
1894
1995
1996
1997

Sample size Mean CL Sex ratio immature females | Egg-bearing fem.
(n) (mm) (M:F) (%) (%)
12 335 78.1 51.49 2t.2 0.4
1827 72.9 47 1 53 578 14.3
2826 71.2 52 .48 57.3 1.6
1263 71.8 53:47 47.2 1.3
5363 1017 51:49 5.8 35
8684 110.1 43 : 51 56 5.2
11891 105.2 50:50 55 20.5
3018 95.1 48 : 52 31 334
2983 88.1 48 .52 24 .5 3.3
8578 85.8 51:49 35.4 4.3
7213 81.3 44 : 58 30.5 70.3
1610 72.1 5050 574 12
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Figure 4.2: Size distribution of P. delagoae (sexes combined) caught in traps in the
North, Central and South regions during the four years of the experiment



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

ln (CPUE + 6) =a+ [3 year +Y region + Q sampling phase +1 month + }" soak-time +&

The independent variables were treated as boolean, taking on a value of either 1 or 0, with the
constants a, [3, ¥, 0, T and A to be estimated. A constant (5 = 0.05 of the mean CPUE) was
added to allow for the occurrence of zero CPUE values. The error term, €, 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? 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 [3;, 34, 3. 0, and 1. 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

































































































































































































































































































































































































































































































































