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Introduction

The South African demersal fishery targets, and is domi-
nated by, two Cape hake species. These are shallow-water
hake Merluccius capensis Castelnau and deep-water hake
M. paradoxus Franca. The majority of the total catch is
taken off the West Coast (Payne and Punt 1995), an area
falling within the productive Benguela upwelling system
(Roel 1987, Roel and Macpherson 1988, Ware 1992). The
resource on the West Coast is managed as a •single
species• stock, because catch and catch rate have not been
species disaggregated and the majority of the catch is M.
paradoxus (Payne and Punt 1995). Fortunately, manage-
ment of the resource has been simplified because both
species have similar biological parameters (Punt and Leslie
1991) and have historically only been subjected to trawl
effort (Payne and Punt 1995). 

Since 1994, transformation of the fishing industry to
include historically disadvantaged population groups has
resulted in an expansion of the demersal fishing industry
through the introduction of new participants and the alloca-
tion of rights to use longline vessels. The experimental fish-
ery was initially formalised in 1998 (Sauer et al. 2003) after
participating in a scientifically designed fishing experiment
(Japp et al. 1995, Japp and Wissema 1999). Longlining 
differs from trawling with respect to vessel size, areas and 

depths fished, and sex and size of fish caught (Japp and
Wissema 1999). However, there is no clear understanding
of how the combined fishing effort of both sectors will affect
the population structure and dynamics of either hake
species. The move towards harvesting both species from
two different fishing sectors has prompted the development
of species-specific stock assessment models for the Cape
hakes. Progress in this regard is being addressed by
Rademeyer (2003). 

It is well known that fish populations are structured in
space and time, with distribution and abundance correlated
to certain physical parameters such as depth, temperature
and substrate type (Swartzman et al. 1994, Le Clus and
Roberts 1995, Millar 2000, Sampson 2002). The two Cape
hake species have a distribution boundary that appears to
be depth related, with M. paradoxus occurring at greater
depths than M. capensis, although this could be temperature
related because depth and temperature are strongly corre-
lated. Roel (1987) reports a boundary between M. para-
doxus and M. capensis at 380 ± 45m, whereas Pillar and
Barange (1995) note that, whereas juvenile M. capensis are
abundant inshore (<150m), a significant overlap occurs
between larger M. capensis and smaller M. paradoxus
between 150m and 400m. For biological and economic

Historically, the two species of Cape hakes Merluccius
capensis and M. paradoxus off South Africa were
commercially exploited exclusively by demersal trawl-
ing. In 1994, hake-directed demersal longline was intro-
duced on an experimental basis, and in 1998 was initi-
ated as a commercial fishing sector. The effect of a
combined fleet composed of both trawlers and longlin-
ers on the Cape hake resource is not fully understood.
Analysis of fishing intensity and catch-rate data
revealed that the highest catch rates were found around

the 400m and 500m isobaths for the trawl and longline
fisheries respectively. Catch rates from both fishing
sectors were also noted to be higher over sediments
with a sand component. Differences between areas of
the highest fishing intensity and highest catch rates
were noted. In addition to other factors, it is suggested
that a •friction of distance• effect applies „ vessels will
trade-off higher catch rates with the increased costs
associated with fishing in deeper waters.
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reasons, fishing activity also shows strong spatial patterns;
fishers target those areas that combine high fish abun-
dance within the constraint of access to landing and
processing facilities (Caddy and Carocci 1999). 

Fisheries management is recognising the importance of
understanding the use of space by both the resource(s)
harvested and the fisheries involved. A better understand-
ing of the distribution patterns of both hake species and the
areas fished by hake-directed1 fishing fleets is therefore
required. Given that the data for hake abundance and
hake-directed fishing are both spatially referenced, analysis
from a spatial perspective is the obvious choice. This paper
investigates annual spatial trends in the areas fished,
catches, catch rates and fishing intensity by both the trawl
and longline sectors, particularly with respect to distances
from landing ports, depths and substrate types fished. 

Material and Methods

Study area

The study area, the South African Western Cape coast, is the
continental shelf and upper slope from the Namibian boarder
at the Orange River in the north to 20°E. The 1 478km
study area was subdivided into three fishing regions,

defined by lines of latitude and, for simplicity, named
sequentially after the largest ports found on the West
Coast. These were from north to south: Port Nolloth
(28.5°S…32°S), Saldanha Bay (32°S…34.5°S) and Cape
Town (34.5°S…37°S). Fisheries-dependent data used in
the analyses were spatially referenced. 

Fisheries data

Commercial trawl data
West Coast catch-and-effort data from commercial trawl
vessels were obtained from Marine and Coastal
Management (MCM) with the permission of the South
African Deep-Sea Trawling Association. These data
consisted of reports by both wetfish and freezer trawlers,
the majority of which operate out of Cape Town or
Saldanha Bay. All catch records reported to MCM are
referenced to a commercial grid system that is composed
of 20• X 20• blocks extending to the boundary of the
Exclusive Economic Zone. All l icensed vessels are
required to report each fishing event. However, trawlers
do not report spatial co-ordinates only the grid block
fished. Analysis of the trawl sector was therefore limited to
the resolution of 20• X 20• commercial grid blocks. The
position bias was considered small, because trawlers tend
to remain within the same area for the day, fishing from
dawn until dusk.

The effort (minutes) and catch (tons) over a day by a
vessel was summed and the average catch allocated to

1 Trawling results in bycatch of other non-target species. In South
Africa, some bycatch species may be •targeted• because of their
commercial value. All trawls completed with the intent of catching hake
must be reported as hake-directed

Table 1: Depth fished by trawlers off the West Coast and fishing regions for the period 1994…1999

Region Year Mean ± SD (m) Median (m) Range (m) n Effort (1 000h)  

Entire West Coast All 393.42 ± 95.680 400 20…999 184 909 452.75  
1994 385.59 ± 93.900 398 50…900 30 718 64.71  
1995 386.76 ± 92.580 390 112…710 32 745 73.14  
1996 390.67 ± 97.640 395 20…999 29 557 71.11  
1997 402.45 ± 97.120 412 95…997 32 865 83.09  
1998 398.96 ± 96.310 412 109…999 32 100 84.27  
1999 396.13 ± 95.210 409 110…684 26 924 75.43  

Port Nolloth All 410.82 ± 76.320 440 95…550 14 215 49.06  
1994 384.36 ± 82.820 420 193…549 2 397 7.41  
1995 392.13 ± 80.770 435 199…520 1 380 4.12  
1996 426.53 ± 69.870 450 190…550 2 595 8.23  
1997 413.29 ± 79.790 44 95…550 3 042 10.67  
1998 405.63 ± 77.870 437 128…534 2 247 8.61  
1999 431.29 ± 55.350 442 147…547 2 554 10.00  

Saldanha Bay  All 407.70 ± 84.450 411 20…999 124 092 298.30  
1994 408.43 ± 81.630 411 110…682 22 537 45.70  
1995 410.87 ± 81.650 413 112…710 23 124 52.02  
1996 411.11 ± 83.040 415 20…900 16 887 41.21  
1997 408.91 ± 82.960 413 108…997 21 137 52.13  
1998 404.95 ± 89.050 414 110…999 22 956 58.46  
1999 401.25 ± 88.090 403 115…682 17 451 48.14  

Cape Town All 350.17 ± 114.19 320 50…999 46 602 105.39  
1994 297.13 ± 90.360 260 50…900 5 784 11.60  
1995 318.22 ± 89.020 295 115…665 8 241 17.01  
1996 347.16 ± 110.59 320 100…999 10 075 21.67  
1997 382.93 ± 127.25 389 135…995 8 686 20.28  
1998 376.88 ± 119.07 385 109…851 6 897 17.20  
1999 370.23 ± 115.65 380 110…684 6 919 17.30
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each position fished during that day. Drag catch per unit
effort (cpue) in tons per hour was calculated as

Bottom depth was recorded for all commercial hake-
directed trawls. Distribution of fishing intensity and cpue
were assessed in depth intervals of 100m. For example, a
reported depth of 255m would be classed into the
201…300m stratum. For the purposes of this study, fishing
intensity was defined as the number of fishing events.

Observer data
An average of four observer trips per year onboard
commercial trawl vessels has been undertaken by MCM
staff since 1994. The data collected include species compo-
sition of the catch, hake biological information and length
frequencies; these data were included in the commercial
trawl dataset for analysis.

Commercial longline data
Data from the Hake Longlining Fishing Experiment (Japp
and Wissema 1999) included catch, effort, depth and
species-specific length frequencies. Longliner vessels
reported the latitude and longitude of their start position for
each longline set; however, starting depth was only
included in the 1999 data. During the experiment, all
vessels used the same fishing methods (Japp and
Wissema 1999); line setting started at 04:00 and the entire
line was soaked from 05:00 to 09:00 when hauling would
begin. Although hauling times varied with number of hooks
set, the soak times of the various vessels• gear can be
considered comparable and therefore cpue was calculated
as tons per 1 000 hooks. Fishing trips lasted between one
and three days because vessels needed to ensure high
quality of fresh fish for the export market.

Sediment data

Sediment texture off the South African coastline was
obtained from the Council for Geoscience (Geological Sur-
vey 1986). The primary components of sediment texture
were classified as: 

Mud „ silt and clay-sized sediment particles <0.63mm
in diameter;
Sand „ mineral particles with a size between 0.6mm
and 2.0mm in diameter; 
Gravel „ unconsolidated sediments composed of
rock fragments >2mm; 
Rock „ compact and consolidated mass of mineral
matter, three types are recognised: igneous, sedimen-
tary and metamorphic.

The sediment was considered surficial, i.e. non-lithified and
unconsolidated. These data are sufficient for the purposes of
this investigation because they could be considered repre-
sentative of current day sediment deposits (Dyer 1986, F
Holzförster, Department of Geology, Rhodes University, pers.
comm.). Areas considered untrawlable by MCM were desig-
nated as rock with a surficial sediment covering.
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Figure 2: Box-and-whisker plot of trawl cpue distributed across
different depth strata for the period 1994…1999. Number of trawl
events in each depth stratum is given in parentheses. The 200-m
stratum represents 101…200m, etc.
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Figure 1: Total number of commercial trawls completed in each
grid block for the period 1994…1999
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