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Abstract This review provides a historical overview of human activities in the Benguela and
documents their effects on marine animal life. Considered are the activities of conventional indus-
trial and inshore fisheries but also nonfishery activities, such as mariculture, regulation of river
flow, introduction of marine invasive species, marine contruction and mining, pollution and climate
change. Human influences may conveniently be divided into four epochs: aboriginal (c. 10,000
before present (BP)—c. 1652), preindustrial (c. 1652—c. 1910), industrial (c. 1910—c. 1975) and
postindustrial (c. 1975—present). The aboriginal epoch is characterised by low levels of mainly
intertidal exploitation; the preindustrial epoch by intense exploitation of few large, accessible
species; the industrial epoch by technological development and a subsequent massive escalation in
catches; and the postindustial epoch by improved resource management and stabilisation of catches,
but increasing nonfishery impacts on the system. Over 50 million t of biomass has been extracted
from the system over the past 200 yr, resulting in significant changes in community structure.
Extraction rates peaked at over 1.3 million t yr! in the 1960s and have subsequently declined by
over 50%. Populations of whales, seals and pelagic and demersal fishes are recovering from
historical overexploitation, while those of inshore stocks, particularly abalone, rock lobster and
inshore linefishes, remain severely depressed.

Introduction

This review is a product of the History of Marine Animal Populations (HMAP) project, the historical
component of the Census of Marine Life Programme (http://www.CoML.org), a decade-long
multinational project funded largely through the Alfred P. Sloan Foundation and Consortium for
Oceanographic Research and Education (CORE). The initial objective of the HMAP project has
been to identify a series of large marine ecosystems (or global fisheries), for which good ecological
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and historical catch data exist, and to document the effects of human activities on the structure and
functioning of these systems. The Southwest African Shelf, termed the Benguela here, is one of
seven such case studies being investigated.

For the purposes of this review the Benguela region (Figure 1) is defined as extending from Cape
Agulhas in the south to the Namibian—Angolan border (17°S) in the north, a distance of some 2500
km. These boundaries also mark the approximate biogeographical transition zones between the
cool-temperate biota of the Benguela and those of the warm—temperate South Coast Province of
South Africa to the east and the more subtropical Angolan region to the north (Emanuel et al. 1992,
Branch & Griffiths 1988). The northern part of this coastline (N of about 32°S) is extremely arid and
virtually linear, the only significant embayments being at Luderitz, Sandwich Harbour and Walvis
Bay, and the only river of note the Gariep (Orange), which forms the border between South Africa
and Namibia. In the South the coastline becomes more irregular, with several prominent capes (Cape
Columbine, Cape Peninsula, Cape Hangklip) and larger bays (St. Helena Bay, Saldanha Bay/Lange-
baan Lagoon, Table Bay, False Bay, Walker Bay). The seaward boundary of the region is considered
to be that of the exclusive economic zones (EEZs) of South Africa and Namibia.
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Cape - 1: 9500000
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Figure 1 Map of the Benguela region, showing place-names mentioned in the text.
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Evidence for a human presence on the shores of the Benguela dates from the Early Stone Age
(1-0.5 million yr before present (BP)), but systematic exploitation of marine resources appears
only to have commenced during the last interglacial period (120,000 yr BP) (Parkington 2001a;
see also below). Marine resources soon became integrated into a hunter-gathering economy. Indeed,
the fatty acids contained in the marine food chain are thought to have been important in human
evolutionary development (Crawford et al. 1999, Parkington 2001a,b, Broadhurst et al. 2002). Low
population levels and rudimentary technology essentially limited the impacts of hunter-gatherers
to the intertidal. The establishment of pastoralism (1900-1400 yr BP) ultimately altered human
use of marine resources, curtailing human access to the coast to occasional visits determined by
the annual movements of their livestock (Smith 1992).

The first European seafarers entered the Benguela in the late 15th century, en route to Asia,
but in the mid-17th century the Dutch East India Company (DEIC) established a permanent
settlement at Table Bay. The new colony expanded steadily up the west coast to the Berg (c. 1700),
Oliphants (1750), and Buffels (1798) Rivers. The DEIC also annexed five bays north of the Orange
River (the current Namibia), including Walvis Bay and Luderitz, in 1793. The DEIC’s discourage-
ment of private enterprise and the low rainfall in the region limited settlement, and hence the impact
of European colonisation on marine resources (Van Duin & Ross 1987) during this period. When
the British supplanted the DEIC in 1806 they extended their jurisdiction to the Orange River in
1847 and subsequently annexed all the Namibian islands (1866) and Walvis Bay (1879), while
allowing Germany to seize the mainland between the Orange and Cunene Rivers as its colony in
1884. The British allocated land for agriculture and mining and leased out use rights to seabirds,
seals and fishes to facilitate settlement and trade on the west coast. This was further encouraged
by railway construction and the introduction of steam shipping to the coastal trade in the final
quarter of the 19th century (Van Sittert 1992).

British rule ended in 1910, with the amalgamation of its colonies and the Boer republics
into the Union of South Africa. South Africa brought the Benguela under a single political
administration for the first time in 1915, when it conquered German Southwest Africa during
the First World War. Southwest Africa was subsequently administered as a South African colony
until its independence as the Republic of Namibia in 1990, and the return of Walvis Bay, a
South African enclave, to Namibian administration in 1994. During the 20th century the human
population along the Northern Benguela coastline remained small and restricted largely to a
series of factory-cum-holiday towns. The economy in most of this region remains based largely
on natural resources, including alluvial diamonds, rock lobster, pelagic fishes, and beachfront
property. The only major population centre — Cape Town and its satellite settlements — lies in
the extreme south. This region has a vibrant and diverse economy quite different from that of
the more arid west coast and incorporates substantial industrial, commercial, agricultural and
tourism components.

A number of previous reviews have synthesised existing information on various marine com-
ponents of the Benguela ecosystem. These include articles on physical features and processes
(Shannon 1985), chemical processes (Chapman & Shannon 1985), plankton (Shannon & Pillar
1986), the major fishes and invertebrate resources (Crawford et al. 1987), the coastal zone (Branch
& Griffiths 1988) and marine geological aspects (Rogers & Bremner 1991). Some of these reviews
remain valuable but those dealing with exploitation of biological resources have dated rapidly,
because management policies and the status of many marine living resources have undergone radical
transformation in recent years. This review aims to provide an updated historical overview of the
status of exploited marine stocks in the Benguela region and to consider other, nonexploitative
anthropogenic influences that may affect marine animal life in the region. Thus, for the first time,
it is possible to see, in a single source, the interactive effects of all types of human impact on the
Benguela. These influences are discussed under separate headings below, beginning with the earliest
forms of exploitation and the more conventional fisheries and proceeding to other, more indirect
environmental influences.
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Precolonial exploitation

South Africa’s 3000 km coastline is dotted by many thousands of archaeological sites (shell middens
and caves) that bear witness to the long-term exploitation of marine resources (shellfish, crustaceans,
fishes, seabirds, and marine mammals). The earliest evidence for marine exploitation by people in
southern Africa dates to the Middle Stone Age, around 120,000 yr BP, and is found in fossilised
open shell middens along the west coast and cave sequences on the south and east coasts (Volman
1978, Klein 1999, Henshilwood et al. 2001, Marean & Nilssen 2002). Much of what is known
about prehistoric exploitation of marine animals in southern Africa, however, derives from the far
more numerous Later Stone Age (LSA) sites, dating to the last 12,000 yr. The majority of coastal
sites dating before that time became submerged along the coastal shelf as a result of rising sea
levels from —120 m since the end of the last Glacial Maximum, around 18,000 yr BP (Van Andel
1989).

A diverse range of observations is available for the LSA sites, namely, which species were
exploited, their relative abundance in the archaeological record, the technology used to exploit the
species and the seasonality of their exploitation (Avery 1987, Buchanan 1988, Jerardino 1996,
1997, Jerardino & Parkington 1993, Jerardino & Yates 1997, Inskeep 1987, Noli & Avery 1988,
Parkington et al. 1988, Poggenpoel 1996, Schweitzer 1979, Smith et al. 1992). Palaeoenvironmental
conditions prevalent during coastal visits by hunter-gatherer groups are also derived from archae-
ological sources, along with those obtained from conventional sources, such as geological profiles
and cores (Jerardino 1995, Parkington et al. 2000, Compton 2001).

Given the current need to control patterns of resource exploitation by our technologically
advanced society, it is interesting to speculate as to the impact prehistoric groups had on marine
resources using their simple technology. Broadly speaking, the precolonial exploitation of marine
animals consisted mainly of the collection of at least 15 species of molluscs and crustaceans
(Buchanan 1988, Jerardino 1997, Jerardino & Navarro 2002) combined with some hunting, but
mostly scavenging. Species scavenged included washed up seabirds of about 10 species, Cape fur
seals (Arctocephalus pusillus pusillus) and cetaceans (Avery 1987, Smith et al. 1992, Jerardino &
Parkington 1993). Fishing of at least 10 species was also practiced, with the aid of simple technology
such as gorges and fishhooks made out of bone, wooden spears, reed baskets, and nets, as well as
stone traps (Avery 1975, Poggenpoel 1996). Judging from the amount of visible archaeological
debris and available lists of identified species, the harvesting pressure exerted on marine resources
varied in intensity with both locality and time.

A west coast study

Among the small number of coastal projects that have focused on precolonial settlement and
subsistence in South Africa, archaeological investigations in the Lambert’s Bay and Elands Bay
areas (32-32° 35'S) have yielded the best data for evaluating the impact of prehistoric inhabitants
on marine resources. Aside from the high density of observations generated for this particular
stretch of coastline, there is a relatively good palacoenvironmental record for the area, and a
good level of understanding of present marine animal communities (Branch & Griffiths 1988;
marine mammal sections, p. 308-317). These factors make this area the best candidate for the
study of precolonial exploitation of marine animal populations in South Africa.

The vast majority of the excavated sites in this study area consist of deposits dominated by
marine shell remains and varying quantities of marine and terrestrial vertebrates. The rate at which
these deposits were accumulated has clearly changed since the present shoreline was established
about 8000 yr BP (Figure 2). The first signs of relatively fast accumulation of shell midden deposits
and intensive shellfish collection date to around 3500 yr BP (Jerardino 1996, Jerardino & Yates
1996). Subsequently, between 3000 and 2000 yr BP, shellfish exploitation was greater than at any
other time during the Holocene period. During this millennium, enormous shell middens
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Figure 2 Summary of temporal changes in the volumes of shell middens in the vicinity of Elands Bay and
Lambert’s Bay, with notes on changes in prehistoric human use of marine resources. (Data from Jerardino &
Yates 1996.)

(megamiddens) containing tons of black mussel shells and relatively few bone and cultural remains
accumulated immediately behind rocky platforms (Jerardino & Yates 1997) (Figure 2). The overall
dietary mix of people (hunter-gatherers), as reconstructed from isotopic measurements on skeletons
buried along stretches of the west coast and from archaeological food waste, was more marine
between 3000 and 2000 yr BP than either before or after (Lee-Thorp et al. 1989, Jerardino 1996).
The scale of shellfish exploitation was dramatically reduced after 2000 yr BP, a period coincident
with the arrival of pastoralism to the west coast of South Africa. During the last 2000 yr, the
precolonial diet was derived predominantly from terrestrial resources.

Studies focusing specifically on prehistoric shellfish exploitation have shown that human impact
on rocky shore molluscs seems likely to have fluctuated in response to a succession of different
settlement patterns (from more mobile to more sedentary), demography and palaeoenvironmental
conditions at the time of resource exploitation (Jerardino 1997, Klein 1999). Although comparative
contemporary data for exploitation levels at these same sites are not available, it is clear that these
prehistoric levels of exploitation were very low and almost always sustainable. This is in marked
contrast to the extremely high and unsustainable levels of subsistence exploitation currently occur-
ring on the east coast of South Africa (Griffiths & Branch 1997).

The marine bird and mammal records are still insufficiently studied to derive meaningful
conclusions as to the impact of prehistoric people on these species. The same applies to the
archaeological record of Cape rock lobster (Jasus lalandii). The study of this species is particularly
important, as it is well known to influence directly and indirectly the abundance and population
structure of its prey and other interacting species (Castilla et al. 1994; see also rock lobster section,
p- 340-345). Groundwork for the study of the exploitation of Cape rock lobster in the study area
was recently laid out (Jerardino et al. 2001, Jerardino & Navarro 2002) and preliminary observations
point to an intricate combination of variables such as sea level change, possibly resulting in shrinking
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Figure 3 Catches of southern right whales off South Africa by decade, 1790-1940. (Redrawn after Best et
al. 1997.)

availability of suitable hideouts for lobsters, and greater exploitation pressures as a result of
increasing hunter-gatherer populations together causing fluctuations in the mean sizes of rock
lobsters.

Clearly, much remains to be done to improve our understanding of ecosystem change and the
role of people in changing marine ecosystems in the precolonial past. In particular, work needs to
be done to build the necessary databases with observations already obtained; to generate more
detailed observations of sea level change, shoreline configuration, marine productivity and sea
surface temperatures; and to carry out additional fieldwork at sites presenting longer and well-
resolved sequences. These topics are the subject of ongoing research effort.

Cetaceans

This account is confined to those cetacean species that mainly occur over the continental shelf in
the Benguela region, which in the case of large whales restricts the coverage to southern right
whales (Eubalaena australis), humpback whales (Megaptera novaeangliae), and the inshore stock
of Bryde’s whales (Balaenoptera edeni). Despite this geographical restriction, it must be appreciated
that at least the first two species are highly migratory, and so subject to human impact quite removed
from the Benguela region. Whaling in the Southern Ocean is perhaps the prime example, but
because of continuing uncertainty about linkages between breeding and feeding areas, it is difficult
to assign pelagic catches to a stock inhabiting a particular coastal region. As a consequence, this
review mainly concerns impacts (including catches) that occurred directly within the Benguela.

Prior to the arrival of European settlers, recorded exploitation of cetaceans in the region is
confined to reports of the utilisation of stranded whales and dolphins for food and other materials.
A few coastal dolphins (probably mostly bottlenose dolphins, Tursiops truncatus) were killed by
native peoples wading out from the shore (Budack 1977) but it is unlikely that any of these activities
adversely impacted the populations.

European colonisation at the Cape in 1652 resulted in an immediate interest in the commercial
exploitation of large whales that abounded in the neighbouring bays. The earliest attempts at their
capture, however, were desultory and largely ineffective. This changed dramatically with the advent
of visiting pelagic whaleships, largely from the U.S., but also from France and Britain, in the late
18th century. Although there was a brief episode of whaling by the Dutch West Indian Company
in the Walvis Bay region early in the 18th century, the number of voyages involved was small and
unlikely to have significantly affected abundance. The main onslaught began around 1780, when
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whaleships from New England began to overwinter at the Cape. Their principal quarry was the
southern right whale, which yielded large quantities of oil and whalebone. Despite relatively
primitive equipment (open boats and hand harpoons), the size of the fleet (up to 30 whaleships in
one bay at a time) and the predictability of right whale behaviour led to a rapid decline in whale
abundance. By the 1840s the pursuit was largely abandoned by visiting whaleships. Estimates of
the landed catch in the South Atlantic by U.S. whaleships from 1805-1909 range from
28,500-32,200 individuals, with the bulk of the catch (24,500-27,000) being taken prior to 1840
(Best 1987). Richards & du Pasquier (1989) have made an independent estimate of the number of
right whales taken by all fleets (not just the U.S.) on the coast of southern Africa (including
Mozambique) between 1785 and 1812 as 12,000. From their Table 1 it can be estimated that about
34% of these were taken by vessels travelling to Delagoa (Maputo) Bay or the east coast of Africa,
and the rest by vessels visiting Walvis Bay or the Cape of Good Hope.

Meanwhile, shore-based whaling for right whales finally began on an organised basis at the
Cape in 1792. Despite whaling stations springing up at a number of locations in the Western and
Eastern Cape, their catches never reached the levels of those of the visiting whalers. Catches peaked
at between 200 and 400 whales decade™' in the early 1880s (Figure 3), whereas the total catch
landed from 1792-1912 is estimated at only 1580 whales (Best & Ross 1986). Unlike their foreign
counterparts, however, the colonial whalers were able to continue catching because their costs were
much lower and the activity could be pursued in association with other fishing enterprises, such as
beach-seining. In this way, the catch of only one or two whales a season could still be highly
profitable, with almost all the products being exported.

Other species, notably humpback, bottlenose, sperm, blue, finback (probably Bryde’s), pygmy
right, and killer whales, were taken in this shore-based open-boat fishery (Best & Ross 1986), but
the numbers recorded were too low to have been of population significance. As right whales declined
in abundance, the pelagic whalers of other nations began to capture other species on the southern
African coast, notably humpback whales. Although there are no published estimates of the number
of humpback whales taken by the fishery in this region, U.S. catches worldwide between 1815 and
1905 have been estimated at 14,000—18,000 animals, with the peak catch (11,000-15,000) being
taken between 1855 and 1889 (Best 1987). Plots of catch positions given by Townsend (1935)
indicate a substantial concentration between Gabon and central Angola from June to September.
Many of the humpback whales taken in this fishery may therefore have been from the population
that is believed to migrate through the Benguela region to its breeding grounds off equatorial West
Africa in winter. (A rough estimate from Townsend’s chart is that between a third and half of all
catches were from West Africa, suggesting total kills of between 4500 and 9000 animals.) This
fishery was also characterised by a much higher struck-and-lost rate than for southern right whales,
and as several of these animals would have been dead (sunk) or died later, the landed catch is
probably an underestimate of the total removals from the population.

No assessment of the effect of these catches on the population has been undertaken, but within
20 yr of the end of the peak catch, humpback whales were again the target of a fishery but this
time one potentially far more destructive. In 1909 modern whaling began on the west coast of
southern Africa. Instead of open boats powered by sail or oars, with hand harpoons as the principal
weapon, whales were pursued by steel-hulled steam-driven catchers of 100 t or more, with the
harpoon fired from a mounted cannon and carrying an explosive grenade at its tip. Methods of
processing the whale were initially not very different from those of the earlier fishery, with utilisation
being largely confined to the blubber and tongue and the rest of the carcass being jettisoned. The
escalation in catching effort was enormous, so that by 1913 at least 16 land stations or moored
factory ships were whaling between Cap Lopez in Gabon and Hangklip in South Africa. Catches
soared accordingly, from about 600 in 1909 to nearly 6000 whales in 1913 (Best 1994). Such a
whaling intensity was clearly nonsustainable, and by 1915 catches had crashed to less than 200
(Figure 4). Thereafter the industry largely switched to other species (blue, fin, and sei whales
especially), and by 1963 (when humpback whales were finally given protection by the International

— (@



%K% 2727 CO08.fm Page 310 Wednesday, June 30,2004 2:19 PM

© -
t *

310 C. L. Griffiths et al.
6000
[ sW Cape
50001 [_] Namibia
___ Total catch includingO
Angola, Gabon
4000 A
3
Ke]
€
3
£ 3000 A
<
[S]
®
(&)
2000 A
1000 A
ol
[©> B a\] n o - < N~ o o™ O o n 0 < N~ o ™
o T - - [aV V] [aV) @m ™ @ o < < S W0 0 w o O
o O o O o O O (o) e} (o)) o O o O o o O (o) BN o))
Year

Figure 4 Annual catch of humpback whales off the west coast of South Africa.

Whaling Commission (IWC)) only a handful were being taken annually by the sole surviving land
station at Donkergat in Saldanha Bay (Figure 1). Curiously, episodic whaling off Gabon (1934-37,
1949-52) was reasonably successful, suggesting that the humpback whales passing Saldanha Bay
may represent a different component of the population, possibly one feeding to the east of the
continent, off Queen Maud Land.

Modern whaling also affected right whales. Despite their rarity, right whales were valued
by the industry as highly as sperm (and considerably more than blue, humpback, or sei) whales,
and this must have encouraged their continued exploitation. It is an indication of just how scarce
right whales must have been at the beginning of the 20th century, that only 100 were taken in
modern whaling on the South African coast between 1908 and 1937 (Best & Ross 1986, Figure
3). Some projections have indicated that at its lowest point (about 1937), the South African
right whale population might have contained as few as 30—68 mature females (Tormosov et al.
1998). Since 1935 the species has been internationally protected but this has not prevented
some illegal catching, particularly by pelagic fleets from the Soviet Union, which took at least
3368 southern right whales between 1951-52 and 1970-71 (Tormosov et al. 1998). Such
poaching ceased with the introduction of the International Observer Scheme and since 1971
the South African population of right whales has been increasing steadily at 7% a year (Best
et al. 2001). In 1997 the population stood at an estimated 659 adult females, equivalent to a
total population of some 3100 animals (IWC 2001). This compares to an estimated original
population size for southern Africa (both east and west coasts) of 20,000 right whales (Richards
& du Pasquier 1989). The latter estimate, however, is difficult to interpret. It includes whales
from three widely separated grounds (Walvis Bay, Cape of Good Hope and Delagoa Bay),
whose relationship to each other is still unknown, and for which only the Cape of Good Hope
can be considered as equivalent to the current South African population. Their estimate also
ignores the effect of recruitment during exploitation (resulting in an overestimation of original
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population size) and only includes catches from coastal waters. Substantial catches of right
whales also occurred between Cape Town and Tristan da Cunha in the mid-Atlantic (Townsend
1935). It is now known that these catches are highly likely to have included numbers of right
whales that also visit the coast of South Africa (Best et al. 1993; unpublished satellite tagging
data). Model projections have shown that overall, the southern right whale population is about
10-14% of its original abundance (Figure 5).

The current status of humpback whales on the west coast of southern Africa is unknown.
Incidental sightings (and a preliminary shore-based survey at Cape Columbine in 1993; Best et al.
1995) would suggest that some increase must have occurred since protection, given the size of the
catch in the last few years of exploitation and the number of incidental sightings currently being
made. However, at present there are no estimates of population size or trend.

The third species of large whale occurring over the continental shelf, the Bryde’s whale, was
only “discovered” when modern whaling started on the west coast of South Africa. The first
published description of its external appearance was based on animals examined at the Donkergat
whaling station in Saldanha Bay. Hence one can only speculate that the species was among those
rarely taken by open-boat whalers and declared as “finbacks.” Unfortunately, publication of the
external description was not enough to ensure that the species was always correctly identified in
catches thereafter. Confusion with sei or fin whales persisted until well into the 1960s (Best 1994),
so it is difficult to reconstruct a reliable catch series for the species. To add further complication,
two separate populations of Bryde’s whales have been described from the west coast of South
Africa, one inshore over the continental shelf (largely nonmigratory) and one offshore, which
appears to migrate between equatorial regions in winter and waters off southern Namibia in summer
(Best 2001). Both populations feature in the catches, so although there are morphological differences
between the two, unless the whales are examined by trained personnel, it is impossible to separate
them. In January—February 1983 a shipboard survey was undertaken of the continental shelf of
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Figure 5 Model projections of the total population size of southern right whales, 1770-1997, using high,
low, and base estimates of historic catch scenarios and a 1997 population size of 7571 whales. (From IWC
2001.)
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South Africa between East London and St. Helena Bay, corresponding to the known range of the
inshore stock of Bryde’s whales. This resulted in a line transect estimate of 582 + 184 whales. This
is likely to have been an underestimate, as the survey was carried out in closing mode (Best et al.
1984). Although the status of this stock is unknown, because of its relatively restricted range it is
unlikely that it was ever very large.

Cape fur seals

The Cape fur seal Arctocephalus pusillus pusillus is the only indigenous pinniped inhabiting the
shores of southern Africa. It breeds at 25 colonies, 15 of which are in Namibia and 10 in South
Africa (Figure 6). Of these, seven are on the mainland and 18 on islands. There are an additional
nine sites where seals haul out, but little or no breeding has been recorded. Cape fur seals
preferentially choose nearshore rocky islands on which to breed, which are cooler than the mainland
and afford them protection from land predators. However, overcrowding on the small, coastal islands
has caused them to overflow onto the nearby mainland and establish new colonies there.

The colonies are distributed around 3000 km of coastline from Algoa Bay in southeast South
Africa to Cape Frio in northern Namibia (Figure 6). Although there is no evidence that they breed
there, seals have been recorded in Angolan waters up to about 650 km north of the Cunene River.
About 90% of the population is found on the west coast, taking advantage of the rich fisheries of
the Benguela ecosystem, whereas only about 10% occurs on the south coast, where food resources
are less abundant (Rand 1959, Shaughnessy 1979, 1982, David 1987, 1989).
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and Namibia.
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Exploitation of seals is one of the oldest commercial “fisheries” in southern Africa. Sealers
aboard the old sailing vessels plundered as many colonies as they could find, without any form of
control, though there are few early records of numbers taken (Rand 1972, Best 1973). The first
known sealers were Dutch and they killed about 45,000 seals near the Cape of Good Hope in 1610.
As a consequence, early Dutch sealing destroyed most of the colonies close to Cape Town. Before
the arrival of Dutch settlers at the Cape in 1652, French sealers were sometimes active on the
islands in and around Saldanha Bay. After the colonisation of the Cape, ships of the English East
India Company based in Table Bay, while waiting to resupply the homeward fleet, may have raided
local seal islands. There was little further sealing until the late 18th and early 19th centuries, when
British and American sealers were active on the west coast of southern Africa (Shaughnessy 1984,
David 1989).

In those days there were no legal controls and sealing was completely indiscriminate. Rookeries
were invaded even during the breeding season and all age classes were taken, including pregnant
cows and small black pups only a few weeks old. As a result, the seal population was reduced to
low levels by the end of the 19th century, by which time at least 23 colonies had become extinct
in South Africa and Namibia (Rand 1972, Shaughnessy 1984). Subsequently, several of these islands
were colonised by seabirds and permanent accommodation was built on some of them for the
protection of the guano harvest. This effectively prevented recolonisation by seals, which are
sensitive to human presence.

Legislation and harvesting

The desire by the government to improve the control over seal harvesting and to end private sealing
prompted it to promulgate the first legal protection under the Cape Fish Protection Act of 1893,
which stipulated that no seals might be harvested without a government permit. In 1909 the sealing
season was limited to prevent disturbance during the breeding season and was further amended
and curtailed in 1936. The union government controlled sealing in Namibia by means of the Sealing
and Fisheries Proclamation of 1922 and the Sealing and Fisheries Ordinance of 1949. Both acts
prohibited sealing without a licence. Sealing is currently managed under the Sea Birds and Seals
Protection Act of 1973, which prohibits landing on any island and the capture or killing of any
seal or seabird without a permit. Under this Act the minister is empowered to prescribe the age,
size and sex of seals killed, as well as the season and localities where sealing may take place
(Shaughnessy 1984).

Despite the low seal population at the beginning of the century, harvesting continued at certain
colonies almost every year from 1900 (Wickens et al. 1991). The harvest of pups was small initially
but grew progressively as seal numbers increased. From 1900-10 the total annual harvest was
2600-9300 pups. During the economic depression of the 1930s it was between zero and 16,800
pups and by the 1950s it had increased to 27,200-45,000 pups. By the 1970s the harvest had grown
to 62,400-81,200 pups and the industry reached its zenith in the 10 yr preceding 1983, when the
average harvest was about 75,000 pups (Figure 7).

Until 1965 the bulk of the harvesting was carried out by government sealers of the Guano
Islands Division of the Department of Commerce and Industries. From that date the government
began handing over concessions for individual colonies to private enterprise by inviting public
tenders for the sole right to seal at each colony. By 1979 all concessions were in private hands and
government sealing had ceased (Shaughnessy 1984).

No total allowable catch (TAC) was in operation until 1974, because there was inadequate
knowledge of the size of each colony. Sealers, therefore, took as many pups as they could, given
the weather conditions and the time available. However, this gap in knowledge was filled with the
commencement of regular seal research in 1971 and all concessions awarded after 1974 included
a TAC.
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Figure 7 Harvests of pups, bulls, and cows from 1900-2001 at all colonies of the Cape fur seal combined
(A) and at South African (B) and Namibian (C) colonies separately.

In addition to the harvest of pups, some adult bulls were taken during the summer breeding
season in November—December, when the bulls congregate on the colonies. Prior to 1983 the bull
harvest usually totalled 1000-3000 animals but over 5000 were killed during some years in the
1940s and 1960s (Figure 7). However, the bull harvest increased substantially after 1983 and a
record number of over 20,000 bulls was harvested in 1984 (see below).
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The total harvest of pups and bulls from 1900-2001 was over 3 million (approximate total
mass of 100,000 t), made up of about 2.8 million pups (approximate mass of 63,560 t at a mean
mass of 22.7 kg pup~!; David 1987) and 244,000 bulls (approximate mass of 36,600 t at a mean
mass of 150 kg bull"). The largest number of colonies harvested in a single year was 13 in
1975. The sealing industry thrived until 1983, when the market collapsed as a result of political
developments in North America and Europe. In that year militant conservation organisations
put pressure on the Canadian government to stop the Canadian harvest of harp seals. The lobby
spread to Europe and resulted in the European Parliament requesting member nations to place
a voluntary embargo on the import of all seal products. This move effectively caused the collapse
of the South African industry because the bulk of the skins were sold in Europe. Sealing in
South Africa ceased altogether in 1990, following a ban imposed by the minister of environ-
mental affairs, but continues in Namibia at a reduced level at the Cape Cross and Luderitz
colonies (David 1989).

The most valuable product traditionally was always the skins of the pups 7-10 months
old, which formed the bulk of the harvest. However, there are some other by-products produced
by the industry, the most important of which is seal oil obtained by rendering down blubber
scraped from the skin and carcass. This is done in large drums or pots on site. It is also possible
to render the stripped carcasses into meat meal and bone meal, provided there is a factory on
site, but the value of these products is not high and barely covers production costs. Seal meat
has also been processed into pet food but marketing the product was not successful (David
1989).

Another product of considerable value is the genitalia of the bulls, which are dried and sold in
the Far East as a supposed aphrodisiac. After 1983 the concessionaires attempted to compensate
economically for the loss of the skin market by harvesting more bulls. This form of utilisation is
very wasteful because at some colonies no other part of the bull was used and not even blubber
oil is produced.

The method of killing pups in the harvest is controversial and has been the subject of
sporadic conflict with conservationists and animal rights groups for many years. It is basically
the stun-and-stick method used in abattoirs, which is primitive and unaesthetic. The thin skull
of the pup is shattered by a blow from a heavy club, which has much the same effect as a bullet.
The chest is then immediately opened with a large knife and all the major blood vessels round
the heart severed, so that the carcass is rapidly exsanguinated. Although the method is not pretty,
it is effective and efficient and no better method has been found. Bull seals are always shot in
the side of the head but to shoot thousands of crowded, jostling pups would not be practical or
safe (David 1989).

Disturbance programmes

Another impact of human activities on the seal population has been through deliberate disturbance,
to cause seals to vacate a particular location. For example, when the permanent human occupation
of Mercury Island ceased in the 1980s, seals began to recolonise the island and quickly built up
their population to a level where it became established as a new breeding colony. The seals spread
over a large part of the island and had a very negative impact on breeding gannets (Morus capensis)
and African penguins (Spheniscus demersus), when they began to overrun the bird colonies. This
was considered to be unacceptable because both seabird species are Red Data Book species. A
decision was therefore taken to chase the seals and encourage them to move to the adjacent
mainland. The island was then reinhabited and the seals were systematically disturbed during three
successive breeding seasons. The desired result was eventually obtained when the seals deserted
the island completely and moved to the nearby mainland (Crawford et al. 1989).

— (@



Olo

2727 CO08.fm Page 316 Wednesday, June 30,2004 2:19 PM

®—

316 C. L. Griffiths et al.

The population size of seals

No accurate figures of population size were available until census techniques were developed in
1971. The total population in 1997 was estimated to number some 1.5-2 million animals, of which
about 60% were in Namibia (Figure 8). It grew at an average rate of about 2.8% yr~! from 1971-92.
It seems clear that the great increase in numbers during the 20th century was the normal response
of a species recovering from overexploitation. However, the growth in population was not uniform.
For example, there was the sharp decline in 1986 due to the decision by the minister to permit
extensive bull sealing to extend into December, which caused major disturbance of the colonies at
the height of the breeding season. This resulted in significant mortality of pups and disruption of
mating. Another major decline in 1995 was caused by the death by starvation of tens of thousands
of pups and adults in the Luderitz area, which in turn was due to a warm water oceanographic
event that caused the death or emigration of all the local fish populations (Roux 1998). Thus the
seal population was unable to find food and the lactating females abandoned their pups, which died
of starvation. Many thousands of adults also died.

Only very young black pups (3—6 wk old) are censused from the air. This is because, up to
that age, they cannot swim and must therefore stay on land. Furthermore, because of their jet-black
natal coat and small size they can be distinguished clearly from adults. Two techniques are used
to estimate numbers of pups: aerial photography and tag-recapture. The photography is timed to
coincide with the peak of the pupping season, when maximum numbers are expected to be present,
and takes place in mid-December. The black pups are counted on large monochrome prints of high
contrast.

Whereas all colonies can be photographed within a few days, it is not possible to cover all
colonies with a tagging programme. Tagging is labour-intensive and takes much longer to accom-
plish, so normally only one colony can be tagged per year. The tagging programme is carried out
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Figure 8 Estimated trend (with 95% confidence limits) in the population size of Cape fur seals, 1900-2001.
(After Best et al. 1997).
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in mid-January, when the breeding season is over and all bulls have left the colony. The pups are
then aged about 68 wk and are sufficiently robust to be handled. Tagging is used as a backup to
aerial photography and also to study seal movements.

The question naturally arises as to how long the population will continue to expand. This is
difficult to answer because the population size before exploitation is unknown. The large size of
four of the more recently established mainland colonies (Kleinsee, Cape Cross, Wolf Bay, and Atlas
Bay) may more than compensate for the 23 extinct colonies but this is uncertain. In pre-exploitation
times it may have been that breeding space was limiting, due to the relatively small size of most
of the islands. Now, however, the formation of large mainland colonies, which can spread, has
altered this situation. Therefore, human activities, in the form of removal of large predators from,
and restriction of human access to, mainland areas, have probably assisted in the recovery of the
seal population. The fact that seals have continued to increase in recent years, in parallel with a
burgeoning fishing industry, is an interesting observation and may well be indicative of a sufficiency
of food to support both the seals and the fishing industry.

Seabirds

There is a rich diversity of seabirds in the Benguela system, including 15 species that breed in the
region (8 endemic) and about 60 species that visit it (Ryan & Rose 1985).

Humans have affected seabirds in the region in several ways, including through exploitation
of some birds and their products, habitat modification and by-catch mortality. Seabird products that
have been harvested include eggs, feathers and guano. Nesting habitat has been greatly modified
by human activities, notably guano collection and the provision of alternative nesting sites, such
as guano platforms constructed along the northern coast of Namibia. Other anthropogenic changes
that have affected seabirds include altered supply of food and pollution, especially oil spills.
Seabirds are an incidental by-catch in several fisheries, most importantly longline fisheries. More
recently tourism to seabird colonies has developed to the extent where it has the potential to
influence populations. Additionally, changes to the structure and functioning of the Benguela
system, in particular variations in the abundance of seals, as a result of man’s activities (see above),
have influenced seabird populations.

The first men from Western civilisations to see African penguins were Bartholomew Diaz and
his crew in 1487. Diaz described them as “birds as large as ducks, they do not fly because they do
not have feathers on their wings. We killed as many of them as we desired and they bray like asses”
(Shelton et al. 1984). This heralded an era in which islands around southern Africa were regularly
plundered to provision ships with the products of seabirds and other marine life. The settlement of
the Cape in 1652 saw an increase in the frequency of visits to islands for this purpose. Although
penguins were killed for food, for fuel to supply ships’ boilers and to be rendered down for their
fat, the primary attraction was their eggs (Randall 1995).

By the late 1700s exploitation and disturbance by humans had led to the cessation of breeding
by African penguins Spheniscus demersus at Robben Island and the island was only recolonised
by penguins in 1983. Breeding by African penguins stopped, and has not recommenced, at 10 other
colonies. At three of these sites the likely cause was again exploitation and disturbance by humans;
at five colonies penguins were displaced by Cape fur seals Arctocephalus pusillus pusillus; while
at one colony scarcity of food was the probable reason for cessation of breeding. At the 10th site
breeding was temporary (Crawford et al. 1995b).

Unsustainable harvests of penguin eggs were taken at several islands in the 19th and 20th
centuries, leading to large decreases in the sizes of some penguin colonies. Almost 600,000 eggs
were collected at Dassen Island in 1919, after which harvests decreased steadily (Figure 9). On
the assumption that the decreasing egg harvests reflected the trend in the population of adult
penguins at the island, it was estimated that 48% of all eggs produced were harvested and that the
population of penguins aged 2 yr or older was at least 1.45 million in 1910 (Shannon & Crawford
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Figure 9 Harvests of the eggs of African penguins (top) off southern Africa and (bottom) at Dassen Island,
1871-1970. (Redrawn from Best et al. 1997.)

1999). By the early 1990s, this had decreased to 30,000 (Crawford et al. 1995c). Sanctioned
collections of penguin eggs in southern Africa stopped in 1967 (Shelton et al. 1984). Feathers were
collected as a form of down in the early part of the 20th century but this activity probably did not
have a great influence on seabird populations.

Collection of guano in southern Africa commenced in March 1843 at Ichaboe Island. Manage-
ment of this industry is documented by Hutchinson (1950), Shaughnessy (1984) and Best et al.
(1997). In 1845, licences were issued to vessels collecting guano. From 1847 at Ichaboe Island
and 1869 at certain other islands, concessions were granted for the harvesting of guano. These
concessions terminated in the 1890s. From the 1890s until 1975, management of the islands and
the collection of guano were primarily undertaken by the South African government. In 1976, the
collection of guano was again leased out to private enterprise. Concessions were not renewed in
the 1990s, when the harvesting of guano at islands lapsed. In the 1930s, seawalls were built around
some islands to protect nesting birds from high seas and to reduce losses of guano into the ocean.
For the period 1844-95 it has proved possible to reconstruct the annual harvest of guano from
Namibia (but not from South Africa) using records of guano imported to and exported from several
countries (Van Sittert & Crawford 2003). Accurate records of guano harvests are available since
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1892 for South Africa and 1896 for Namibia (Figure 10). The guano harvest was decreased in some
years by heavy, unseasonable rains and in others by the periodic scarcity of fish (Hutchinson 1950).
After commercial purse-seine fisheries became established off South Africa and Namibia, the
amount of food available to seabirds was reduced and the production of guano decreased (Crawford
& Shelton 1978). Commencing in 1931, platforms to attract seabirds to breed and to deposit guano
were constructed along the coast of northern Namibia between Walvis Bay and Cape Cross. Guano
is still collected annually at these platforms (Figure 10).

The main producers of seabird guano in the Benguela system are Cape gannets Morus capensis
at six islands and Cape cormorants Phalacrocorax capensis at the platforms and most islands. To
a lesser extent, guano is also produced by Bank cormorants Phalacrocorax neglectus, other cor-
morants, and African penguins. Guano was collected from April or May, at the conclusion of the
breeding seasons of Cape gannets and Cape cormorants, but at Malgas Island in 1977, commence-
ment of collecting at too early a date caused the deaths of 800 chicks after they had been displaced
from nests. About the same time unrecorded numbers of chicks at Ichaboe and Possession Islands
suffered a similar fate (Crawford et al. 1983).
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Figure 10 Collections of seabird guano at (top) islands off Namibia and South Africa and (bottom) platforms
off Namibia, 1892—1995. Sardine stocks collapsed off Namibia in the 1970s and off South Africa in the 1960s.
(Redrawn from Best et al. 1997.)
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As aresult of guano collecting Cape gannets had little material at islands with which to construct
nests. This caused them to breed later and sometimes to nest on flat ground. Although there were
attempts to offset this by placing phosphatic sand (collected from penguin colonies) at gannet
breeding areas (Ross & Randall 1990), eggs were probably lost from nests constructed with too
little guano (Jarvis 1970). Parts of some gannet and penguin colonies also became basin-shaped
as a result of guano collection, allowing rainwater to accumulate, flooding nests and decreasing
breeding success (Randall & Ross 1979). Collection of guano during the breeding season of
penguins caused considerable disturbance at breeding sites. The removal of accumulated deposits
of guano from islands also forced penguins to nest on the surface (Frost et al. 1976). This reduces
breeding success, since burrows have a more constant microclimate than surface nests and shield
birds from direct insolation, which may cause penguins to abandon nests (Randall 1983).

Populations of seabirds, especially kelp gulls Larus dominicanus vetula and great white pelicans
Pelecanus onocrotalus, that ate the eggs or young of, or disturbed, those species that produced
guano were reduced in the 20th century through deliberate destruction of eggs and chicks, shooting,
and harassment (Crawford et al. 1982, 1995a). Control of kelp gulls (mainly the destruction of
eggs and chicks) commenced in 1937, was discontinued as a policy in the early 1960s, but continued
at some localities until 1978 (Crawford et al. 1982). It was recently reintroduced at two Namibian
islands and at Bird Island in Algoa Bay.

The Western Cape population of great white pelicans bred at Robben Island in the early 1600s.
At some stage in the next 250 yr it abandoned this island. As with penguins, exploitation and
disturbance by humans were the most likely reasons. From at least 1869 until at least 1919, pelicans
bred at Dyer Island, sometimes being persecuted by island staff to decrease their predation on
guano-producing birds. Between 1894 and 1904, some bred at Quoin Rock, from where they were
eventually displaced by Cape fur seals. From 1930-54, they bred at Seal Island (False Bay), where
human disturbance included riflemen shooting at seals, commercial harvesting of seals, and use of
the island for naval target practice. From 1956, they bred at Dassen Island, where they were left
relatively undisturbed. The population in the Western Cape had been reduced to about 30 pairs
between 1930 and 1956, but following cessation of persecution, it increased to 504 pairs in 1993
(Crawford et al. 1995a) and 603 pairs in 2000 (Figure 11).

The construction of the guano platforms off northern Namibia between 1930 and 1971 provided
alternative nesting space for Cape cormorants and great white pelicans after sand islands in Cape
Cross Lagoon and Sandwich Harbour, where they had previously bred, became joined to the
mainland (Cooper et al. 1982). It is not known to what extent, if any, the construction of these
platforms increased the populations of these two species off northern Namibia. However, construc-
tion of Bird Rock Platform north of Walvis Bay and the grounding of Meisho Maru No. 8 near
Cape Agulhas enabled extensions of the breeding range of crowned cormorants Phalacrocorax
coronatus 415 km to the north and 16 km to the east. Various man-made structures, including
jetties, disused boats, artificial islands in sewage or salt works, and roofs of buildings, have provided
some seabirds with safe nesting habitat. Other natural sites have been rendered unsuitable for some
species through, for example, islands being joined to the mainland to provide safe anchorage for
fishing boats but thereby allowing access to mainland predators.

Up until the mid-20th century, factors influencing trends in seabird populations had mainly
been those operating at breeding localities, such as harvesting of eggs and the collection of guano.
Toward the end of the 20th century, seabirds were increasingly influenced by factors at sea, the
most important of which were an altered supply of food, marine pollution, and incidental mortality
of seabirds caused by fisheries (e.g., Crawford et al. 1995c). For some species the food supply
decreased and brought about large decreases in population sizes. For others additional sources of
food were made available.

The seabirds most affected by a decreased supply of food have been those that feed mainly on
fish exploited by commercial fisheries. Colonies of African penguin between Luderitz and Dassen
Island and of Cape gannet in Namibia underwent massive decreases after collapses of sardine
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Figure 11 Trends in populations of (A) African penguins, (B) great white pelicans, and (C) kelp gulls in

Western Cape in the 20th century.
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Sardinops sagax resources off South Africa during the 1960s and Namibia during the 1970s. Off
South Africa, sardine was replaced by anchovy Engraulis encrasicolus (formerly Engraulis cap-
ensis; Grant & Bowen 1998). Cape gannets switched their diet to this species. However, anchovy
stocks on the Agulhas Bank were beyond the foraging range of African penguins breeding at
colonies to the north of Table Bay, causing many young penguins to emigrate from the west coast
to breeding localities on the Agulhas Bank. More recently, as South Africa’s sardine stock has
recovered, there has been a reversal of this trend. In Namibia, there was no replacement of sardine
in the epipelagic zone. The population of African penguins at Namibian localities to the south of
Luderitz decreased from more than 40,000 pairs in 1956 to only about 1000 pairs in 2000. The
area occupied by breeding Cape gannets at Namibian islands fell from 6.24 ha in 1956 to 0.63 ha
in 1996. There was some emigration of young gannets from Namibia to islands off the Western
Cape (Crawford et al. 1985, 2001, Crawford 1998, 1999). Bank cormorants decreased off the
Western Cape following a decrease in production of Cape rock lobster Jasus lalandii (Crawford et
al. 1999).

Additional food that has been made available to seabirds includes unwanted fish and offal
discarded by fishing boats, food at coastal rubbish tips and abattoirs and fish present in freshwater
impoundments that have been built in proximity to the coast (Berruti et al. 1993, Crawford et al.
1995a). These sources of food have been used especially by great white pelicans, Cape gannets,
kelp gulls, Hartlaub’s gulls Larus hartlaubii, and some of the nonbreeding visitors to the Benguela
system (Ryan & Rose 1985). The populations of great white pelicans and kelp gulls increased in
the Western Cape in the past two decades (Figure 11). This was probably a response to the lifting
of controls on these populations. However, the overall supply of food for these two species may
be greater now than previously, so their populations may rise above pristine levels. Because both
species feed on the eggs and chicks of other seabirds (Crawford et al. 1995a, 1997), the reproductive
success of prey species may be reduced below levels that would pertain in an undisturbed system.
The eggs and chicks of penguins, which at many islands can no longer burrow into guano, are now
more accessible to predators than previously. Availability of an artificial supply of food may have
led to an extension in the breeding season of Hartlaub’s gulls (Ryan 1987).

Oiling is a major threat to several seabirds. It causes feathers to clump, leading to a breakdown
in their insulating properties. As a result, birds become hypothermic and are forced to leave cold
waters. They dehydrate, mobilise stored energy reserves and may lose up to 13% of their body
mass within a week (Morant et al. 1981). Unless rescued, they will eventually starve. Oil ingested
by preening can also cause ulceration of the mouth, oesophagus, and stomach and, in severe cases,
can lead to substantial blood loss. Oil absorbed into the system can cause red blood cells to rupture,
leading to anaemia (Birrel 1994). Furthermore, an immunosuppressant effect makes birds more
susceptible to diseases (Morant et al. 1981) such as pneumonia and aspergillosis. Ingested oil may
produce a greater diversity of pathogenic bacteria. If a bird gets oil in its eye, it can lead to ulceration
of the cornea and blindness unless treated (Crawford et al. 2000). From 1970-2001, more than
46,000 African penguins and 5000 Cape gannets were oiled (Morant et al. 1981, Adams 1994,
Underhill et al. 1999, Crawford et al. 2000). Many have been successfully cleaned and returned to
the wild, although there has also been heavy mortality. Some of the rehabilitated birds breed again
in the wild (Randall et al. 1980).

There is limited mortality of African penguins from entanglement in fishing nets, discarded
line and other material. There are unconfirmed reports of penguins being used as bait in rock lobster
traps (Ellis et al. 1998). Off Namibia, Cape gannets are killed as accidental by-catch in longline
fisheries. Tuna fisheries off southern Africa also kill albatrosses and petrels (Ryan & Boix-Hinzen
1998). Tourism to seabird colonies may decrease breeding success through disturbance.

The population of Cape fur seals in the Benguela system was reduced to low levels at the start
of the 20th century, but has recovered during the 20th century (see seal section, p. 312). Increasing
seal numbers adversely influence specialist seabirds in three ways: they compete for breeding space,
compete for food and inflict mortality (Crawford et al. 1989, 1992, 2001).
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In summary, humans have caused large decreases in the populations of abundant seabirds in
the Benguela system, initially through unsustainable exploitation and later by competing with them
for food. Seabirds have also been killed by oil spills and as incidental by-catch in fisheries. However,
for some seabirds and seals, humans have created additional breeding habitat and additional sources
of food. Populations of these opportunistic species increased during the 20th century, following
cessation of uncontrolled harvesting or the removal of population controls and they in turn are now
adversely influencing populations of some of those seabirds that have more specialised requirements
for feeding and breeding.

Pelagic fisheries

The pelagic fishery in the Benguela region uses purse-seine nets to target visible, near-surface
shoals of small pelagic fishes, which are generally caught at night. Once a shoal has been located,
the net is set in a circle around it and the bottom of the net pulled closed by means of a foot rope.
The net is then brought alongside the vessel and fishes are sucked out with a suction pump and
transferred to the hold. Depending on the species targeted, the fishes are kept in refrigerated seawater
or a strong brine solution. Once its hold is full, the vessel returns to harbour, where the catch is
processed. Most pelagic fishing trips last a single night and landings of up to 200 t trip~! are not
uncommon. Because of the high degree of targeting and selectivity of purse-seine operations, by-
catch of other species is generally low.

The anchovy Engraulis encrasicolus and sardine Sardinops sagax have been the dominant
species of the Benguela pelagic fishery, with round herring Etrumeus whiteheadi and horse mackerel
Trachurus spp. occasionally important. Off South Africa, where anchovy has dominated pelagic
landings for the past three decades, over two thirds of anchovy caught are juveniles of around 6
months old, migrating from the west coast nursery grounds to the spawning grounds off the south
coast. Anchovy, round herring, and juvenile sardine and horse mackerel that shoal together with
anchovy or round herring are reduced to fish meal and fish oil. Adult sardine are either canned or
frozen for human consumption or frozen for use as bait in other fisheries. Currently, the pelagic
fishing industry operates primarily from ports along South Africa’s west and southwest coasts,
although commercial pelagic fishing also takes place from Mossel Bay and Port Elizabeth. In
Namibia, the purse-seine fleet is based in Walvis Bay. As is the case for pelagic fisheries worldwide,
that of the Benguela is characterised by high volumes and relatively low values compared to other
fisheries.

Development of the South African pelagic fishery took place after World War II. Fishing for
sardine and horse mackerel started in St. Helena Bay and soon expanded along South Africa’s
entire west coast. Rapidly increasing effort from the late 1940s led to a peak catch of almost
500,000 t in 1962, over 80% of which was sardine (Crawford et al. 1987). Catches of both species
declined rapidly after 1962, the sardine stock collapse being ascribed to overfishing, expansion of
fishing grounds to the south and variable recruitment (Beckley & van der Lingen 1999). Reduced
horse mackerel catches were ascribed to the depletion in the population of the exceptionally strong
year classes of 1946, 1947, and 1948 (Crawford et al. 1987). Since their collapse horse mackerel
landings have consisted primarily of juvenile fishes and have remained low, generally less than
10,000 t yr!. Annual sardine catches were low and relatively stable at around 50,000 t during the
period 1967-94 but have since shown a steady increase to 190,000 t in 2001. In 1964 the South
African pelagic fishery switched to smaller-meshed nets to target anchovy, which then replaced
sardine as the mainstay of the South African pelagic fishery and has dominated purse-seine catches
since. Average catches of anchovy off South Africa have been in the region of 230,000 t yr-! and
have varied between 40,000 t in 1996 and 596,000 t in 1987. A time series of pelagic landings by
major species is given in Figure 12.

Sardine was also the dominant species initially targeted by Namibian purse-seine vessels. The
collapse of the South African sardine stock in the early 1960s resulted in increased fishing effort
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Figure 12 Pelagic fisheries catches in the Benguela ecoregion, 1950-2001. Top, landings of anchovy, sardine,
and other species (horse mackerel, chub mackerel Scomber japonicus, round herring, and lanternfish Lam-
panyctodes hectoris) by the South African fishery. Bottom, landings of anchovy, sardine, and other species
(horse mackerel only) made by the Namibian fishery. In both panels the total pelagic catch from the entire
Benguela region is shown by the solid line. (Data for South Africa updated from Crawford et al. 1987; and
for Namibia from Boyer and Hampton 2001, and A. Kreiner, Ministry of Fisheries and Marine Resources,
Namibia, personal communication.)

off Namibia, and annual pelagic catches rose rapidly from around 200,000 t (composed entirely of
sardine) in the 1950s to a maximum of 1.55 million t (1.4 million t of which was sardine) in 1968
(Boyer and Hampton 2001). In addition to the local purse-seine fleet operating out of Walvis Bay,
factory ships from the eastern European midwater fleet, fishing outside territorial waters, also
targeted sardine in the late 1960s. Poor catch records from this fleet indicate that the sardine catches
reported during the 1960s must be regarded as a minimum (Boyer & Hampton 2001). After 1968,
the Namibian pelagic fishery experienced a decline in landings to around 625,000 t in 1972, followed
by slightly increased catches for a few years, before another abrupt collapse in the early 1980s
(Figure 12). These collapses have been primarily attributed to overfishing, although poor sardine
recruitment resulting from adverse environmental conditions exacerbated the decline. As in South
Africa, smaller-meshed nets were used to target anchovy after the collapse of the sardine stock,
with annual anchovy catches fluctuating around 200,000 t during the 1970s and 1980s. A pro-
nounced peak of around 350,000 t in anchovy landings was recorded in 1987, the same year the
highest anchovy catches were recorded off South Africa. Since then catches have rarely exceeded
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50,000 t and have declined to zero following the anomalous environmental event recorded in the
mid-1990s.

Overall, it can be seen that landings by pelagic fisheries in the Benguela ecoregion have
fluctuated 10-fold over the period 1950-2001, between 185,000 t and 1.9 million t, with a long-
term average of 770,000 t (Figure 12). Peak landings were made in the decade 1965-75, primarily
by the Namibian purse-seine fleet (80% of total pelagic landings in 1968 and 1969). Whereas
landings by South African purse-seine vessels have remained relatively constant over the past 50
yr, those by the Namibian fishery have exhibited a 40-fold variation. Pelagic landings in the
Benguela region are no longer dominated by Namibia. Since 1979, over 50% of pelagic landings
have been taken by the South African purse-seine fleet and this percentage has increased steadily.
By 2001, 94% of total pelagic catches from the Benguela were made off South Africa.

Fluctuations in stock size

The large-scale fluctuations in population size and changes in the relative abundance of anchovy
and sardine indicated by pelagic fishery catch data are typical of upwelling ecosystems. Analysis
of scale deposits in sediments from upwelling systems suggests that these population fluctuations,
or regime shifts as they have become called, are a natural phenomenon that occurred in the absence
of fishing (Schwartzlose et al. 1999). Estimates of anchovy and sardine stock size in the Southern
Benguela, derived initially from fishery-dependent data, but more recently from fishery-independent
surveys, corroborate the catch data (Figure 13). Off South Africa, anchovy replaced sardine as the
dominant small pelagic species following the collapse of the sardine population. This dominance
lasted from 1965 until the mid-1980s, after which a steady increase in the sardine population
resulted in populations of approximately equal size during the latter half of the past decade.
Estimates of Namibian sardine biomass indicate that the stock collapsed from more than 11 million
t in 1964 to well below 1 million t by the mid-1970s, and the population has not attained more
than 500,000 t since (Figure 13). Unfortunately, biomass estimates for Namibian anchovy are not
available. Unlike the Southern Benguela, however, anchovy in the Northern Benguela did not
replace sardine to a great degree following the latter’s collapse. After sustaining moderate catches
from the 1970s to the mid-1990s, the anchovy population became severely depleted following the
Benguela Nifio of 1994-95 (Boyer & Hampton 2001).

Ecological impacts of the fishery

Because of their intermediate trophic level and massive population sizes, small pelagic fishes in
upwelling ecosystems exert top-down control of zooplankton and also bottom-up control of
predators such as other fishes and marine birds. Small pelagic fishes therefore constitute a crucial
link in mediating energy flows between lower and upper trophic levels and, because of the low
numbers of species comprising this group, have been termed wasp-waist populations (Cury et al.
2000). Their critical position means that changes in the abundance of these small pelagic fishes
have substantial impacts on the ecosystem. For example, overfishing and collapse of the sardine
stock during the 1960s were followed by collapses of colonies of African penguin along the west
coast of southern Africa (Crawford 1998 and see above). Whereas the recovery of the Southern
Benguela sardine population has resulted in a stabilisation of penguin colonies between Luderitz
and Table Bay, this has not arrested the overall decline in penguin numbers. The inability of the
penguins to cope with recent shifts in dominance in prey species may have resulted from increased
competition for food with fishermen during the 20th century (Crawford 1998). Similarly, the decline
of the sardine stock off Namibia resulted in severe decreases in numbers of Cape gannets, which
were not able to successfully exploit the mesopelagic horse mackerel and the goby Sufflogobius
bibarbatus that replaced sardine (Schwartzlose et al. 1999).
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Figure 13 Estimates of biomass of some important species of pelagic fish in the Benguela ecoregion,
1950-2000. Estimates of South African sardine and anchovy biomass up to 1982 derived from virtual
population analysis (VPA) and from 1984 onward from hydroacoustic surveys. Estimates for Namibian sardine
were VPA-derived from 1952-85, and from hydroacoustic surveys from 1990-2000. Note that the VPA-derived
estimates are considered to reflect only large-scale trends in abundance because of several limitations in the
data (see Schwartzlose et al. 1999). (Data updated from Beckley and van der Lingen 1999, for South African
and Namibian sardine; from Butterworth 1983, for anchovy VPA estimates; and from Barange et al. 1999.)

Explicit analyses of the ecosystem effects of pelagic fishing have been achieved through
computer simulation in which a dynamic, mass-balanced trophic model (called Ecosim) of the
Southern Benguela was subjected to various types of fishing pressure (Shannon et al. 2000). These
simulations have suggested that increased fishing on small pelagic fishes in systems where wasp-
waist (both top-down and bottom-up) control dominates results in major perturbations propagating
through the ecosystem. Competing species are favoured through enhanced availability of zooplank-
ton prey, and the increased abundance of these competitors delays recovery of the target species
once fishing pressure is reduced.

While intense fishing on small pelagic fishes in the Benguela has had large and obvious
ecosystem impacts, more subtle effects on the fish populations have been suggested, principally
the erosion of intraspecific diversity (Cury et al. 2000). For example, the composition of pelagic
fish schools has been shown to reflect the relative species abundance within the pelagic community.
When anchovy or sardine are abundant they tend to form relatively pure schools, whereas when
their abundance is low, they join schools of other more abundant species. These variations in average
percentages of a pelagic species contained in schools track the overall relative population abundance
remarkably well (see Figure 7 of Cury et al. 2000 for an example from the Southern Benguela)
and have led to the development of the school trap hypothesis (Bakun & Cury 1999). This hypothesis
postulates that “a fish species driven to school together with a more abundant species must
effectively subordinate its specific needs and preferences to the ‘corporate volition’ of a school
largely driven by a different set of needs and preferences.” The school trap thus constitutes a
mechanism for adverse population interaction between co-occurring small pelagic fishes and could
maintain a collapsed population in a depleted state for lengthy periods, as well as affecting spatial
dynamics such as migrations. Possible evidence for the school trap hypothesis has been suggested
from a study of changes in the spawning habitats of small pelagic fishes off South Africa over the
past two decades. During the 1980s and early 1990s, sardine and anchovy in the Southern Benguela
showed a broad-scale overlap in their spawning habitats. From 1994 onward, however, their
spawning habitats became markedly distinct, with sardine spawning principally off the west coast
and anchovy spawning predominantly off the south and east coasts (van der Lingen et al. 2001).
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This was also the first year of the acoustically estimated biomass time series when the relative
biomass of sardine was higher than that of anchovy (Barange et al. 1999).

The school trap may not only operate between species, but intraspecifically as well. From the
point of view of a fish population, a fishery represents nothing more or less than a massive source
of predation pressure, and sustained pressure on a particular component of the population could
result in removal at the population level of the tendencies expressed by the targeted component.
Off Namibia, sardine primarily spawned near the coast between two intense upwelling centres (near
Cape Frio and Luderitz) that appeared to provide the best available reproductive habitat, some
spawning also taking place offshore, in the region of the Angola—Benguela front (Bakun 2001).
The development of the pelagic fishery occurred directly within the inshore, primary reproductive
habitat, and the inflated predation pressure arising from fishing may have resulted in a steady
preferential removal from the sardine population of individuals with strong affinities for the primary
reproductive habitat. As a result, essentially all of the Namibian sardine’s reproductive output in
recent years has been concentrated in the Angola—Benguela frontal zone (Bakun 2001). These two
examples indicate that overfishing not only can alter the abundance of small pelagic fish populations,
and hence have a substantial impact on ecosystem structure, but also can affect ecosystem func-
tioning by altering the composition and spatial distribution of such populations.

Demersal and midwater trawl fisheries

The demersal fishery off southern African started in the early 1900s (Lees 1969). Initially the prime
target species were Agulhas sole Austroglossus pectoralis and west coast sole Austroglossus microl-
epis (Payne & Badenhorst 1989), but this changed with the discovery of the vast hake resource off
the west coast during the First World War (Payne & Punt 1995). From these humble beginnings,
the demersal fishery, based on the Cape hakes Merluccius capensis and Merluccius paradoxus, has
developed into the most valuable fishery in the region. The historical background to the hake fishery
of southern Africa and the management of the stocks have been described in detail by Andrew
(1986), Payne (1989), Punt (1991), Payne & Punt (1995), Gordoa et al. (1995), Boyer & Hampton
(2001), and van der Westhuizen (2001), and hence only a brief summary is provided below.

Initially the demersal fishery was concentrated close to Cape Town and total annual landings
of hake were around 1000 t (Lees 1969). The expansion of the fishery was initially slow, and hake
landings were less than 50,000 t yr! by the end of the Second World War. Improved technology
enabled the expansion of the fishing grounds and the annual hake landings began to increase more
rapidly, reaching 50,000 t by 1950 and 160,000 t by 1960 (Payne & Punt 1995). Exploratory fishing
by Japan and Spain in the early 1960s showed that catch rates were higher off Namibia than off
South Africa (Gordoa et al. 1995). This resulted in the expansion of the fishery into Namibia waters,
an increase in the foreign distant-water fleets, and a rapid escalation of hake landings, reaching
over 1 million t by 1972 (Figure 14).

This rapid escalation of fishing effort prompted the establishment of the International Com-
mission for the Southeast Atlantic Fisheries (ICSEAF) in 1972. Over the next few years ICSEAF
introduced a minimum mesh size of 110 mm, a system of international inspection, and allocated
quotas to member countries. South Africa declared a 200-nautical mile exclusive economic zone
on November 1, 1977, and excluded all but a small amount of foreign effort, thereby reducing the
hake catches off South Africa (Figure 14). South Africa then embarked on a rebuilding strategy
for the Cape hake resource by setting conservative annual catch limits.

At that time, South Africa governed the ex-German colony of Southwest Africa (as Namibia was
then known). In the absence of an internationally recognised government, an EEZ could not be
instituted in the Northern Benguela. Nonetheless, some foreign fishing effort was withdrawn due to
the falling hake catch rates. The international fishery off Namibia was managed by ICSEAF until
independence in 1990. The newly recognised nation then declared a 200-nautical mile EEZ and
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Figure 14 Catches taken by the demersal fishery in the Benguela, 1917-2000.

excluded all foreign fishing effort, resulting in a dramatic drop in hake catches (Figure 14). Since
1990 there has been a perceived gradual recovery of the hake resource and an increase in hake catches.

The wider ecological effects of the hake fishery are difficult to estimate. There are three main
aspects to be considered: discarding of hake, catches of other species, and substratum damage. The
minimum marketable size for hake was certainly greater in the early days of the fishery than today,
resulting in a higher proportion of discards. The “official” hake catch statistics (Figure 14) prior to
1972 were thus increased by 39% in accordance with a decision made by ICSEAF in 1978 (Andrew
1986). In the 1980s the hake fishing industry was forced to develop a market for small hake because
of the depleted nature of the resource. A consequence of the rebuilding strategy has been an increase
in the availability of large hake, which has allowed the industry to diversify the market. There has
been a gradual shift to deeper water as the industry has started targeting larger fishes (Glazer &
Butterworth 2002). Walmsley (2004) estimated that 17,000-25,000 t of fish (including 7000-12,000 t
of hake) were discarded in 1997 by the demersal trawl fleet off the west coast of South Africa.
However, there are consistent rumours of high grading off South Africa, particularly by small quota
holders trying to maximise the financial returns on their limited hake quotas.

Some by-catch species such as Agulhas sole, kingklip (Genypterus capensis), and monkfish
(Lophius vomerinus) are sought after because they fetch a higher price per unit mass than hake.
Other species (e.g., horse mackerel Trachurus trachurus capensis and ribbon fish Lepidopus
caudatus) are retained or discarded depending on market demand, whereas a third group (e.g.,
grenadiers Caelorinchus symorhincus and Malacocephalus laevis) are unwanted incidental by-catch
and are routinely discarded.

For a brief period in the early 1970s there was a directed fishery for west coast sole in the
vicinity of the Orange River. The fishery was closed in the late 1970s due to a stock collapse and
remains closed in South Africa, but there has been a small directed fishery off Namibia since 1994
(Boyer & Hampton 2001). In 1983 an experimental kingklip-directed longline fishery was started
off South Africa (Japp 1988, 1989). Catches increased rapidly from 1042 t in 1983 to a peak of
8684 t in 1986; the fishery was closed due to collapse of the stock in 1990. Subsequent modelling
showed that the kingklip resource was already under pressure as by-catch in the hake fishery before
the longline fishery commenced (Punt & Japp 1994). There is a directed fishery for monkfish off
Namibia (Boyer & Hampton 2001, Maartens & Booth 2001a,b) and some targeted fishing off South
Africa (Walmsley et al. 2004).

Horse mackerel are semipelagic and are exploited by purse-seine nets and by both midwater
and bottom trawls. After the peak hake landings off Namibia in the early 1970s, some effort was
diverted to midwater trawl fishing for horse mackerel in response to declining hake catch rates
(Payne & Crawford 1989). The midwater trawl fishery for horse mackerel subsequently became
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the largest fishery by volume off Namibia, with catches of around 500,000 t yr~! between 1978 and
1987 (Boyer & Hampton 2001). Adult horse mackerel were exploited by purse-seine off the west
coast of South Africa in the 1950s and 1960s, with catches peaking at 102,600 t in 1952 (Johnston
& Butterworth 2001), but this resource has largely disappeared. Small quantities of adults are taken
in bottom trawls and adults in spawning condition have been observed during research cruises to
the west coast. (Note that the horse mackerel landings shown in Figure 14 include catches taken
by midwater trawl off the south coast of South Africa.) It is generally assumed that the horse
mackerel resource off the west coast of South Africa was a southern extension of the large Namibian
resource. With the collapse of the sardine fishery off South Africa, some purse-seine effort was
redirected toward juvenile horse mackerel, but catches have generally been small, except for 1989
and 1996, when the purse-seine catch of juvenile horse mackerel exceeded 25,000 t. The purse-
seine catch of juvenile horse mackerel of the South African west coast is limited to 5000 t in terms
of current regulations. However, in some years substantial quantities of juvenile horse mackerel
(up to 100,000 t) are taken in pelagic purse-seine nets off Namibia (Boyer & Hampton 2001).
The historical proportion of hake in the catches is not known because only data on the landings
(i.e., retained catch) are available. Walmsley (2004) found that the proportion of hake in the catches
taken off South Africa increased with increasing depth. Therefore, one would expect that the
proportion of unwanted by-catch was higher during the early stages of the fishery, when vessels
were small and fished in shallow waters close to Cape Town. Payne & Punt (1995) show that the
hake contribution to the landings off South Africa decreased from around 90% in the early 1960s
to around 60% in the early 1990s. They attribute this decline in the hake proportion to a combination
of channeling effort into mixed species fisheries and to landing a greater proportion of the by-catch.
Bottom trawls are unselective, and there is a growing body of literature on damage they cause
to the seabed (see, for example, Hollingworth 2000). As a result, there is increasing pressure to
develop less destructive fishing methods. A widely used alternative is longlines. These are lines of
over a kilometre in length with hooked branch lines called snoods placed at regular intervals. An
experimental longline fishery for hake was started off South Africa in 1983 and currently some
5000 t of hake are caught by this method off South Africa and 5000-10,000 t off Namibia. Although
longlines are more selective than bottom trawls and do not damage the seabed, they are not without
their ecological problems. In particular, longlines are responsible for a substantial mortality of
seabirds (Barnes et al. 1997). Due to their very low reproductive rate and delayed onset of
reproductive maturity, these k-selected species cannot withstand the observed levels of mortality
(Ryan et al. 2002 and references therein). In addition, there is substantial loss of catch to predators
such as Cape fur seal and through fish breaking off when the line is hauled in slightly rough weather.

Inshore net fisheries

Both beach-seine and gill nets are used by the Benguela inshore net fishery. Beach-seines are mobile
nets, usually rowed out into the surf zone under the directions of a spotter, to encircle a shoal of
fish (most commonly mullet Liza richardsonii). A crew of 6-30, depending on the size of the net
(up to 275 m in length) and the length of the haul, then haul the head ropes shoreward. As the net
approaches the shore, the ends, or wings, of the net are brought together, and the trapped fish driven
into the bag in the middle of the net. Occasionally no spotter is used and a “blind seine” is made
in areas or at times when fishes are likely to occur. Smaller 50- to 100-m beach-seine nets may
also be deployed by walking out into the surf to encircle fish and are locally referred to as foot
nets. Beach-seine fishing has remained essentially unchanged since the technique was introduced
to South Africa during the mid-1600s. The only technological improvements relate to the use of
woven nylon rather than cotton nets, glass fibre as opposed to wooden boats and four-wheel drive
vehicles to transport the rigs on sandy beaches.

Gill netting is normally a passive form of fishing in which nets are deployed, usually from a
boat, in the hope that fishes will swim into them and become entangled. Two main types of gill
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nets have been used in the region: positively buoyant, 44-mm stretch-mesh drift nets (used for
catching Liza richardsonii) and negatively buoyant set nets set along the seafloor and buoyed and
anchored at both ends. In the past, set nets of various mesh sizes (44—-178 mm) were used, but
since 1982 the only legal mesh size has been 178 mm, used to target St. Joseph shark Callorhinchus
capensis. Although cotton and multifilament braided nylon mesh were used in the past, most modern
gill nets are made from monofilament nylon mesh. Technological advances (such as outboard
motors, echo sounders, and spotlights) have also allowed commercial gill netters to employ a more
active type of gill netting. Shoals may be completely encircled, or the nets set in a semicircle in
the path of the shoal. The fisher then scares the fishes into the net by revving the outboard motor
and completing the circle behind the shoal.

Origins and history of inshore net fishing

The origins of inshore net fishing in South Africa date back to the use of beach-seine nets by
English and Dutch seafarers during the 17th century (De Villiers 1987). By the end of that century,
the Dutch had established beach-seine fishing outposts as far afield as Langebaan Lagoon (Poggen-
poel 1996). Most of the catch was salt cured, dried, and used to supply the Dutch East India
Company trading boats, troops, and slaves at the castle in Cape Town. With the expanding colonial
settlement in the Cape, beach-seine fishing became widespread and was the most frequently
employed fishing method in most areas. Thompson (1913) writes:

Nearly every sea-board hamlet and coast farm have a net or two, whilst at Struis Bay, Keimouth and
similar stations “trekking” is practically the only mode of fishing carried on. The St. Helena Bay and
Saldanha Bay areas and False Bay are the chief centers of the seining industry, which in these localities
has long been the means employed for dealing with the large shoals of harders, white stumpnose, elft,
albacore and young white steenbras that are periodically on the move close inshore.

By this time the link between agriculture and beach-seine fishing was well established. Coastal
farmers either worked their own nets or purchased fish from fishing settlements on the coast. The
fishes were still processed into sun-dried “bokkoms” and given to farm labourers as “rantsoen vis”
in partial payment for their work.

The first major threat to the supremacy of beach-seine nets as the gear of choice for inshore
fishing, particularly along the west coast, was the introduction of gill nets by Italian immigrants
during the late 1800s (Thompson 1913). User group conflict between the traditional beach-seine
fishers and the new, more technologically advanced gill net fishers began to occur. Despite their
admiration of the gill net, the state was also not keen to alienate the beach-seine fishers or farmers
and drafted various regulations aimed at minimising conflict between the two sectors (Thompson
1913, Van Sittert 1992). During the early 1900s many of the Italian gill net fishers began to work
in the expanding rock lobster fishery and competition for fish and the rantsoen vis market between
the two groups decreased (Van Sittert 1992). By 1912, however, over 300 gill nets were in use in
the Berg River and in the sea to the south of the river mouth (Van Sittert 1992). This indicates the
extent to which these nets had been incorporated into the inshore fisheries along the west coast
and beach-seining was no longer the dominant net fishing method.

The importance of inshore gill and beach-seine fishing along the west coast was further reduced
with the start of the purse-seine fishery during the 1930s. Purse-seine fishers were more efficient
at catching large quantities of harders Liza richardsonii and maasbanker Trachurus trachurus than
beach-seine and gill net fishers. The large quantities of purse-seine-caught fishes thus flooded the
rantsoen vis market, causing prices to collapse and considerable hardship for gill and beach-seine
net fishers (Van Sittert 1992). This prompted many traditional beach-seine and gill net fishers to
either join the purse-seine fishery or seek alternative employment. Increased demand for fish during
the Second World War led to the construction of numerous canning factories and the purse-seine
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fleet began targeting the more abundant pelagic pilchard Sardinops sagax and anchovy Engraulis
encrasicolus. Smaller purse-seine vessels did, however, continue to catch considerable quantities
of L. richardsonii. Despite numerous complaints by gill and beach-seine fishers, management was
slow to respond, officially requesting purse-seines not to target Liza richardsonii in 1973 and
banning the practice in 1984.

Management of inshore net fisheries

After the early attempts to resolve conflict between gill and beach-seine fishers around the turn of
the last century, the inshore net fisheries received little management attention for almost 50 yr. Any
person could fish anywhere along the coast with gill or beach-seine nets, the only restriction being
a minimum mesh size of 44 mm, aimed at preventing catches of juvenile Liza richardsonii. In
1967, the old conflict between beach-seine and gill net fishers again threatened to develop. An
investigation by the then Sea Fisheries Research Institute revealed that the numbers of beach-seine
and gill nets in use was increasing rapidly. This was possibly due to the collapse of the west coast
sardine stock in the late 1960s and the subsequent need for purse-seine fishermen to once again
supplement their incomes by inshore net fishing. With the growth of recreational line fishing, anglers
and conservation-minded members of the public also became increasingly opposed to inshore net
fishing, which they alleged threatened stocks of numerous fish species.

As a result, numerous control measures were introduced, including compulsory registration of
all nets in 1974 (with permit holders required to submit daily catch returns on a monthly basis),
gear and catch restrictions, and the restriction of net fishing to certain areas. A reduction of inshore
net fishing effort became official policy and permits were only awarded to so-called bona fide
fishers or pensioners with a history of participation in the fishery. The number of beach-seine
permits issued for the popular angling areas of False Bay and Walker Bay were drastically reduced
and gill netting was confined to the west coast (north of Cape Town). With the exception of False
Bay, the inshore net fishery has received negligible management action since the early 1980s,
although along with other South African fishing sectors, net fishing rights are currently under review
and a substantial reduction in effort is likely.

Spatial distribution of effort

Although limited gill net fisheries targeting Liza richardsonii and other species appear to have
developed around Cape Town and along the southwest coast, management measures aimed at
restricting their use, in favour of beach-seines, were proposed as early as 1926. Gill net and beach-
seine fishing were probably introduced to Namibian waters by South African pelagic fishers during
the 1950s and 1960s, and a limited market probably constrained the expansion of the fishery beyond
the ports of Walvis Bay and Luderitz. The area between Elands Bay and Langebaan on the west
coast and False Bay and Walker Bay on the southwest coast were the main areas of net fishing
activity for much of the last century.

It was only with the compulsory registration of gill and beach-seine nets in 1974 that information
on the full extent of this net fishing activity became available. A total of 1303 net permits were
issued to 593 permit holders, who operated between Cape Agulhas and Walvis Bay. In Namibia,
only 17 net permits were issued initially, but this increased rapidly to 185 permits issued to 34
permit holders by 1978. By 1985, however, only six of these permit holders were reporting catches.
Approximately 70% of all permits issued were for set or drift gill nets, the remainder being beach-
seine permits. By far the majority (77%) were issued to fishers operating between Elands Bay and
Langebaan on the west coast. Along the southwest coast 191 beach-seine permits were issued in
1974. In line with official policy to reduce the impact of beach-seine netting on so-called linefish
species, the number of permits issued for the southwest coast was reduced by 66 to 64% by 1985.
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There has been only a moderate reduction (23%) in the number of net permits issued for the west
coast. Potential netting effort, however, actually increased by allowing all gill net permit holders
north of Saldanha the option of using 178-mm set nets, in addition to their small-mesh harder nets.
The numbers of permits issued also only reflect potential netting effort. A recent study has shown
that a large number of permit holders (up to 40% in some areas) are inactive, or only operate a
few times per year in an apparent recreational fashion (Hutchings 2000).

Long-term trends in reported catches

Anecdotal evidence indicates that historically a large portion of the inshore net catch comprised
species other than Liza richardsonii. Linefish species such as white steenbras Lithognathus lithog-
nathus, elf Pomatomus saltatrix, kKob Argyrosomus inodorus, white stumpnose Rhabdosargus glo-
biceps, yellowtail Seriola lalandi and galjoen Dichistius capensis contributed over 90% to the total
beach-seine catch at Muizenberg (F