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A B S T R A C T   

Fisheries resources of the Benguela Current Large Marine Ecosystem (BCLME) are critically 
important to the socio-economic well-being of the people of Angola, Namibia and South Africa. 
Their high degree of environmental vulnerability underscores the importance of maintaining a 
healthy ecosystem by increasing its resilience to the impacts of anthropogenic and natural forc-
ing. Con8icting objectives in 5sheries management processes between the biological sustain-
ability of the stocks and socio-economic gains of the 5shers and the economy in general, are some 
of the challenges facing the BCLME. In this paper, an overview and description of the 5sheries 
yields from major resources of the BCLME is provided, using time series catch data, with dis-
cussions on how these are affected by climate variability and/or change. Data were sourced from 
previous syntheses, reports on the state of 5sheries resources, and various national databases. 
Results indicate that, although major 5sheries yields in the BCLME are currently much lower than 
their historical past, catches have in general been stable during the past two decades. Currently, 
there appears to be no clear evidence of the impacts of climate change on the 5sheries resources 
in the BCLME, although some changes have been observed, but such impacts may be masked by 
highly variable and complex nature of this LME. However, through the Benguela Current 
Convention (BCC), the three coastal states are focused on ensuring that the shared commercially 
important 5sh stocks are jointly monitored, assessed and managed, through the implementation 
of adaptive 5sheries management plans for priority shared 5sh resources based on ecosystem 
approach to 5sheries (EAF) principles.  
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1. Description of the BCLME region 

1.1. Physical and ecological features 

The Benguela Current Large Marine Ecosystem (BCLME) borders Angola, Namibia and South Africa and encompasses the full extent 
of the cold Benguela Current. Inshore of the current, south-easterly winds drive coastal upwelling, forming the Benguela Upwelling 
System. The cold, nutrient-rich upwelled waters fuel high rates of phytoplankton growth that supports high biomasses of zooplankton, 
5sh, seabirds, and marine mammals (Van der Lingen et al., 2006). With an estimated mean annual primary production of between 331 
and 441 gCm2yˉ1, the BCLME is classi5ed as a highly productive Large Marine Ecosystem (O’Reilly and Sherman, 2016). The Benguela 
Current is one of four eastern boundary current LMEs in the world, the others being the Humboldt Current LME, California Current 
LME, and the Canary Current LME, but while it shares many of the generic characteristics of the other three, it is uniquely bounded at 
both the northern and southern ends by warm water systems (Fig. 1, Hempel et al., 2008). 

The coastline along the length of the BCLME (Fig. 1) consists mainly of arid or semi-arid environments where the Namib Desert 
covers most of the central part, including the entire Namibian coast. From Cabinda Province to Namibe (Benguela Province) in Angola, 
the waters are warmer with relatively low nutrient concentrations, resulting in lower 5sheries production, but with a large variety of 
species. The productivity along the coast of Angola increases from north to south. The region from Lobito southwards to the principal 
upwelling center of the system, near Lüderitz (27◦S) in Namibia, is referred to in this analysis as the northern Benguela sub-area of the 
BCLME, which is characterized by very high productivity. The northern Benguela is functionally separated from the southern Benguela 
by the intense upwelling center around Lüderitz (Hutchings et al., 2009). The southern Benguela sub-area, extending from Lüderitz to 
East London in South Africa, is also characterized by high upwelling-induced productivity especially along the South African west 
coast, and has many species in common with the northern Benguela sub-area. 

The BCLME is highly variable at seasonal, annual, and decadal scales (Shannon and O’Toole, 1998; Shannon, 2006; Van der Lingen 
et al., 2006). Apart from changes in productivity related to variability in wind-induced upwelling (Peard, 2007), the system or parts of 
the system can be severely impacted by occasional perturbations that result in extreme environmental conditions. One such pertur-
bation is the intrusion of warm, saline, nutrient-poor water with low dissolved oxygen, into the BCLME from the equatorial region 
(Shannon et al., 1986; Gammelsrød et al., 1998; Bartholomae and van der Plas, 2007; Tchipalanga et al., 2018). This results in 
displacement and frequent mass mortality of living marine resources, including commercially important shared 5sh stocks (Le Clus, 
1986; Schulein et al., 1995; Hamukuaya et al., 1998). A major such event occurred in the period 1993–94, in which low-oxygen water 
occupied most of the central and northern Namibian shelf, leading to the catastrophic loss of a cohort of juvenile hake Merluccius spp 
(Woodhead et al., 1997; Hamukuaya et al., 1998). Low oxygen levels near the seabed have also affected the distribution of hake over 
the Namibian shelf during several years (Mas-Riera et al., 1990; Woodhead et al., 1998; Monteiro et al., 2008), and oxygen has been 
shown to be the most important determinant of distribution patterns of particularly juvenile deepwater hake (M. paradoxus) in both the 

Fig. 1. Important physical features and surface currents in the BCLME (light grey arrows: cold current; dark grey arrows: warm current) (Hempel 
et al., 2008). 
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northern Benguela sub-area (Kainge et al., 2017) and the southern Benguela sub-area (Mbatha et al., 2019). 
Another major oceanographic event affecting the region is the “Benguela Niño” – a phenomenon associated with extreme warm 

events characterized by abnormally high and persistent sea surface temperatures (SSTs) along the coast of Angola and Namibia 
(Shannon et al., 1986). These anomalous warm events drastically modi5ed 5sh distribution and abundance (Boyer and Hampton, 
2001) as was experienced in 1934, 1949, 1963, 1984 (Shannon et al., 1986), 1995 (Gammelsrød et al., 1998) and 2011 (Rouault et al., 
2017). The 1995 Benguela Niño is considered to have resulted in a 4–5◦ southward shift of the sardine population of the northern 
Benguela sub-area and was also associated with high mortality and poor recruitment of several small pelagic 5sh species (Boyer and 
Hampton, 2001). Another natural perturbation, one that is characteristic throughout the BCLME, is the occurrence of harmful algal 
blooms (HABs), which are dense blooms of phytoplankton, mainly dino8agellate species, that have deleterious effects on the 
ecosystem and humans through their toxic compounds they excrete, the depletion of dissolved oxygen associated with their decay, or 
clogging or in some other way irritating the gills of 5sh or shell5sh (SOMER , 2014; Van der Lingen et al., 2016). 

The Benguela Current LME is very rich in pelagic and demersal 5sh resources. Most of the major 5sheries resources are shared 
between the bordering countries or migrate across national jurisdictional zones, and include sardine (Sardinops sagax), anchovy 
(Engraulis capensis and E. encrasicolus), hake (Merluccius capensis, M. paradoxus and M. polli), horse mackerel (Trachurus capensis and 
T. trecae), sardinellas (Sardinella spp.), large-eye dentex (Dentex macrophthalmus), deep-sea red crab (Chaceon maritae) and West coast 
rock lobster (Jasus lalandii). Artisanal, commercial (industrial) and recreational 5sheries are all of signi5cance in this LME, with 
artisanal 5sheries being particularly important for Angola. Fishing plays an important role in the provision of food and nutrition, 
especially to the coastal people of the BCLME, and the 5shery sector provides an important role in providing employment to a large 
number of households. The value of the 5shing industry for the BCLME is revealed by the estimation of 5shing revenues for the LME 
countries, based on gross production value estimates from FAO 5sheries statistics (mostly of industrial 5sheries for the period 
2001–2010), which, in comparison with other LMEs, places the BCLME in a high revenue category (Kirkman et al., this issue). 

1.2. Climate change and the BCLME 

Climate variability and change can affect the 5sh resources of the eastern boundary upwelling ecosystems (Gammelsrød et al., 
1998; Lehodey et al., 2006; Gruber et al., 2011; Tchipalanga et al., 2018), leading to considerable socio-economic impacts for LMEs. In 
the BCLME long term changes in climatic and ocean variables have been documented, including southward shifts of the 
Angola-Benguela Front and South Atlantic High-Pressure Cell by about 2◦, a warming trend in SST offshore of the South African south 
coast, the northern Benguela sub-area and subtropical Angola, and a decline in upwelling favourable winds in the Lüderitz upwelling 

Table 1 
Key 5sheries and related indices for BCLME countries. Where applicable, the year(s) represented by the values are given in square brackets. GNI 
(Gross National Income) is the total amount of money earned by a nation’s people and businesses. It is used to measure and track a nation’s wealth 
from year to year. The number includes the nation’s gross domestic product plus the income it receives from overseas sources. HDI (Human 
Development Index) is a summary measure of average achievement in key dimensions of human development: a long and healthy life, being 
knowledgeable and have a decent standard of living. The HDI is the geometric mean of normalized indices for each of the three dimensions. GINI 
index/coef5cient measures the extent to which the distribution of income among individuals or households within an economy deviates from a 
perfectly equal distribution. A Gini index of 1 indicates perfect inequality. If everyone had exactly the same amount of money, the index would 
register a reading of 0. The number is usually multiplied by 100 to express it as a percentage.  

Indicator Angola Namibia South Africa 
Population (2019, in millions)a 31.8 2.5 58.56 
Total 5sh production (tonnes) [2016]b 487 145 486 208 617 684 
Fisheries contribution to GDP (2017) 3.7% (source)c 3.6% (source)d 

<1.0% (source) 
Number of 5shers (2017) ˃100 000 (source)c 16 800 (source)e 18 000f 

GNI (USD per capita, 2018)g 5555 9683 11 756 
HDI (2018) g 0.392 0.418 0.463 
GINI (2018) g 42.7% 59% 63% 
Imports (tonnes) (2017)b 186 340 26 528 246 616 
Imports (USD in millions) (2017)b 209 59 361 
Export (tonnes) (2017)b 6961 453 476 175 603 
Export (USD in millions) (2017)b 74 646 621 
Per capita supply (kg) (2016)b 19.5 11.3 6.1 
Fish proteins (g/C/d) (2016)b 5.7 3.3 1.7 
Animal proteins (g/C/d) (2016)b 16.4 18.6 34.2 
Total proteins (g/C/d) (2016)b 45.3 54.0 80.3 
Fish/animal proteins (%) (2016)b 34 18.0 4.8 
Fish/total proteins (%) (2016)b 12.5 6.2 2.1  
a https://www.worldometers.info/world-population/. 
b FAO Yearbook. Fishery and Aquaculture Statistics 2017. 
c https://www.privacyshield.gov/article?id=Angola-Marine-Technology. 
d The Ministry of Fisheries and Marine Resources. Annual Report 2018/2019. 
e The Ministry of Fisheries and Marine Resources. 2019 Annual Ministerial Address to the Fishing Industry (2019). 
f The number of South African 5shers is based on FAO 2013 estimates. 
g UNDP Human Development Reports (http://hdr.undp.org/en/countries/pro5les/). 
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center but an increase off the South African south coast (Hutchings et al., 2009; Jarre et al., 2015b; van der Lingen and Hampton, 
2018). Given such changes, associated trends in other ocean variables and ocean productivity have not always been coherent with 
expectations, and it has been dif5cult to disentangle effects of environmental changes and 5shing on biomass and catch trends of 5sh 
stocks (Jarre et al., 2015b), although some changes and effects have been observed and detected (Augustyn et al., 2017). This is partly 
due to the inherent variabilities and complexities of the Benguela ecosystem, making it dif5cult to assess, monitor, and make adequate 
predictions and forecasts of the changing dynamics of the environment and its resources, despite concerted efforts by the countries of 
the BCLME to improve on the status quo. Further, anthropogenic impacts continue to contribute to the unsustainability of the living 
marine resources, and this presents additional dif5culties in terms of adopting sustainable management policies and mechanisms 
(Kirkman et al., this issue). 

1.3. Objective 

This paper provides an overview and description of the 5sheries yields from major resources of the BCLME, using time series catch 
data, and discusses potential in8uences of climate variability and change on the catch trends. The socio-economic signi5cance of these 
resources to the people of the BCLME is also highlighted. 

2. Socio-economic importance of �shing in the BCLME 

The importance of 5sheries to socio-economic aspirations of the people in the BCLME region cannot be overemphasized. This 
ecosystem is richly endowed with living marine resources and sustains 5sheries at all levels, including artisanal, small-scale, recre-
ational and large-scale industrial 5sheries. Fishing is therefore important for social well-being and to sustain the economies of the three 
BCLME countries, through contributing to local food security, poverty alleviation and income generation for hundreds of thousands of 
people who otherwise have limited alternative livelihoods. Some key 5sheries socio-economic indicators are summarized in Table 1. 

2.1. Angola 

By the end of 2019, the population of Angola was 31.8 million, ranked 12th in Africa. The total 5sh production in Angola was about 
487 000 tonnes in 2016 (Table 1). The industrial and semi-industrial sectors were responsible for slightly more than half of the entire 
marine yields, with the remainder coming from artisanal 5sheries which have increased signi5cantly in recent years. Most of the 
catches were taken from the southern coastal provinces of Namibe and Benguela (Fig. 1), which bene5t from the high productivity 
associated with the Benguela Current. In 2017, the 5shery sector contributed 3.7% to the GDP (Table 1) and ranked third in importance 
to the national economy after the oil and mining sectors. In 2018, the Gross National Income (GNI) of Angola stood at USD 5555 per 
capita, the Human Development Index (HDI) at 0.392, and the GINI Index/coef5cient (income/wealth distribution) was 42.7% 
(Table 1). All three of these indicators show the need for upliftment in the socio-economic well-being of Angolan people, to which 
sustainably managed 5sheries would contribute. 

More than 100 000 Angolans were earning their living in the 5shing sector (5shing, gathering, processing and marketing) including 
50 000 artisanal 5sher folks organized in cooperatives and share equipment (Table 1). Along the coast, there are 184 registered 
artisanal 5shing communities (Neto, 2015), with the highest numbers in the northern provinces of Zaire and Cabinda. 
Small-scale/artisanal 5sheries are the sole, important means of livelihood and food provision to most of the population in coastal areas 
(Sowman and Cardoso, 2010). Small pelagic 5sheries, which are very important for domestic food supply, represent about 60% of the 
total reported catches. A large proportion (up to 90%) of the Angolan 5sh production is sold locally, and a considerable amount goes to 
the Democratic Republic of Congo (DRC). Most of the consumption consists of pelagic 5sh, with horse mackerel being by far the most 
preferred species. The bulk of the landings is consumed or utilized in fresh or frozen form, and the rest is processed as salt-dried 5sh. 
Angola is a net importer of 5sh products, having imported 186 340 tonnes of 5sh and 5sh products to supplement domestic production 
in 2017 valued at nearly USD 209 million (Table 1). During the same period, Angola exported 6961 tonnes valued at USD 74 million. 

In terms of food security, per capita 5sh consumption is the highest in Angola, amongst the BCLME countries, at between 20 and 22 
kg in 2016 and 2017 respectively (GEPE, 2018). Fish protein accounts for 5.7 g per capita per day, considerably higher than in Namibia 
and South Africa. Furthermore, it is estimated that about 34% (considered the highest in the continent) of the total animal protein 
intake of the population is derived from 5sh and 5sh products (Table 1), which is also considerably higher than for Namibia and South 
Africa. With regards to imports, Angola imports cheap horse mackerel from Namibia, South Africa, Mauritania and Morocco, for food 
security purposes. The African Continental Free Trade Area, once it is entered into force, will permit Angola to gain access to key 
African markets, which should facilitate increased trade in 5sh products. Also, small-scale 5sh traders (5shers, 5shermen or 5sh 
sellers) will be able to access markets in Africa without having to pay high tariffs (because high tariffs may lead to increased food 
insecurity). 

Major problems facing the small-scale 5sheries, and 5sheries in general in Angola, are high post-harvest losses, unhygienic pro-
cessing methods, low quality of 5sh products in local markets and dif5culties in securing sales of high-value 5sh in the more so-
phisticated markets. The root causes of these problems are mainly poor port facilities for 5shing vessels, lack of ice and cold storage at 
landing sites or onboard of 5shing vessels, lack of knowledge about proper 5sh handling and limited knowledge of good 5sh processing 
practices. Also, distribution infrastructures in potential Angolan markets are unsatisfactory, with poor road networks between 5shing 
communities and local markets and inadequate access to decentralized distribution centers with cold storage facilities. Inadequate 
capacity and high operational costs hinder the successful development of aquaculture (FAO, 2020). 
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2.2. Namibia 

With a population of 2.5 million, Namibia is one of the least populous countries in Africa. The total 5sh production in Namibia was 
about 486 208 tonnes in 2016. The 5shery’s contribution to the GDP in 2017 was 4%, and ranked third after mining and agriculture. At 
USD 9683 per capita, Namibia’s GNI in 2018 was higher than Angola’s but well below South Africa’s (Table 1). Namibia has one of the 
highest levels of inequalities in the world in terms of income distribution, the standard of living, and quality of life (UNDP Independent 
Evaluation Report, 2006–2010). The GINI coef5cient of Namibia was 59% in 2018, which indicates extreme economic inequality in 
society. The wealthiest 10% of the households control more than half of the country’s total income, whereas the poorest 10% only 
share 1% (UNDP Understanding Poverty in Namibia). The proportion of households living below the poverty threshold is about 27% 
(Neto, 2015). The HDI for Namibia in 2018 was of 0.418 (Table 1). The country is classi5ed as an upper–middle income country by the 
World Bank. 

Perhaps contributing to inequality, is the fact that the marine 5sheries in Namibia are almost exclusively commercial. This is 
because of the harsh and arid coastal environment which prevented the formation of local/indigenous human settlements along the 
coast to be able to develop a culture of artisanal 5shing, and currently access is restricted over nearly the entire coastline due to 
national park protection or diamond mining concessions. Nevertheless, the 5shing industry is a source of considerable employment for 
many Namibians. According to FAO estimates, there were 16 800 5shers in Namibia in 2017, of which the majority are women and are 
involved in onshore processing (Table 1). With regards to food security, per capita 5sh consumption in Namibia stood at 11.3 kg, much 
lower than Angola but nearly as twice as high as South Africa. A similar trend is evident for 5sh protein consumption, which is 3.3 g per 
capita per day in Namibia. It is estimated that about 18% of the animal protein intake of the Namibian population is derived from 5sh 
and 5sh products (Table 1). 

In the context of commerce and trade, Namibia is a net exporter of 5sh products, having exported 453 476 tonnes of 5sh and 5sh 
products in 2016 valued at USD 646.9 million (Table 1). During the same period, Namibia imported 26 528 tonnes of 5sh products 
valued at USD 59 million. Namibia exports its high-valued 5sh and 5sh products, such as hake and monk5sh (Lophius spp.), mainly to 
EU markets. To the African market, it exports affordable 5sh and 5sheries products, most notably horse mackerel. The main 5sh species 
for the local market include unprocessed products of horse mackerel, small sized hake, snoek Thyrisites atun, angel5sh Brama brama 
and large-eye dentex Dentex macrophthalmus. Of these species, horse mackerel is the most popular because it is readily available, 
cheaper and easy to prepare. 

Based on the Fishery and Aquaculture Country Pro5le (FAO, 2015), the major challenges facing the Namibian capture 5sheries and 
aquaculture sectors, as identi5ed by the Ministry of Fisheries and Marine Resources, are external factors such as fuel prices and the 
volatile exchange rates that curtail the performance of the 5shing industry, and environmental conditions which affect the state of the 
5sh stocks on which the TAC is based, and the catches of some species such as rock lobster. Other major challenges are high port 
charges, especially at the harbour of Lüderitz and speci5cally for the seasonal purse seine 5sheries, the reluctance of the 5nancial 
institutions to fund 5sheries initiatives and investments, and con8icts with other sectors such as seabed mining, while a lack of 
5nancing and expertise hampers the development of the aquaculture sector. 

2.3. South Africa 

Occupying the 6th position, South Africa is one of the populous countries in Africa with 58.6 million by the end of 2019. The total 
5sh production in South Africa was about 617 000 in 2016 – the largest of the BCLME countries. The 5sheries contribution to the GDP 
was, however, less than 1% (Table 1). The 5sheries sector is relatively insigni5cant economically at the national level because it is 
entirely dwarfed by key economic sectors such as manufacturing, wholesale and retail trade, 5nancial services, transport, mining, 
agriculture and tourism. South Africa’s GNI in 2018 was USD 11 756 per capita (Table 1), almost twice that of Angola and also 
considerably higher than that of Namibia. Its HDI in the same year was recorded at 0.463. The country is classi5ed as an upper-middle 
income country by the World Bank. However, the country has one of the highest levels of inequalities in the world in terms of income 
distribution, high standard of living and quality of life, as indicated by a GINI coef5cient of 63%, based on 2018 UNDP data (Table 1). 

Per capita 5sh consumption in South Africa is the lowest among the BCLME countries, at 6.1 kg. Similarly, South Africa’s 5sh 
protein consumption of 1.7 g per capita per day, and 4.8% of the animal protein intake that is derived from 5sh and 5sh products, is the 
lowest among the BCLME countries (Table 1). However, for coastal communities these 5gures will doubtless be much higher as 5sh for 
consumption has become part of traditional diets and is more readily available at affordable prices. Despite its small contribution to 
national GDP, 5sheries are essential in terms of food, revenue and employment at local levels in coastal provinces. This is especially 
true for the Western Cape Province where there are many coastal communities outside the main urban areas that are heavily dependent 
on 5sh for their livelihoods, and some that depend entirely on 5shing as a subsistence activity. Approximately 90% of the contribution 
to the national 5shing industry is derived from the Western Cape Province with the most important 5shing harbours being at Cape 
Town, Saldanha and St. Helena Bay. 

Of the various 5shing sectors, the purse-seine 5shery for pelagic 5sh resources is the country’s largest 5shery in terms of landed 
mass (DAFF., 2016), and is second only to the hake 5shery in terms of value. Pelagic 5sh products are important and high-quality 
sources of protein. This includes sardines that are mostly canned for human consumption or as pet food, with some frozen whole 
for bait or as cutlets for human consumption. Anchovy and round herring are mostly reduced to 5sh meal and oil in industrial-scale 
factories and used as a protein supplement in agri- or aqua-feeds. The pelagic 5shery employs a large workforce in 5shing and related 
industries, although it has less 5shers than the line5sh, squid and deep-sea hake sectors, which respectively employ the most 5shers in 
South Africa according to a study conducted in 2003. The total number of 5shers in South Africa in 2017, extrapolated from FAO 
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estimates, was 18 000. Employment in the coastal communities, including subsistence and artisanal 5sheries, is also signi5cant in areas 
around the coastline but has not been quanti5ed. Additionally there is a signi5cant “recreational” component, with associated service 
industries (Sauer et al., 2003). 

South Africa is a net importer of 5sh products, having imported 246 616 tonnes of 5sh and 5sh products in 2016 valued at 
approximately USD 361 million. During the same period, the country exported 175 603 tonnes of 5sh products valued at USD 621 
million. Comparison of the export against import values suggests that the country exports high-valued 5sh and 5shery products and 
imports relatively cheaper products. South Africa has diversi5ed trading markets for its 5sh and 5shery products. The main exports 
include 5sh (mostly hake) 5llets, lobster products, tuna, skipjack, bonito, horse mackerel and octopus to Europe, USA, Australia, China 
Hong Kong and Mozambique. Horse mackerel is sold to Mozambique and West Africa. A key challenge facing the 5shery sector as 
identi5ed in FAO Country Pro5les, is that the 5shing industry in South Africa is given relatively low priority as it only contributes a 
very small amount to national GDP, despite that the 5sheries play a much more important role in the coastal economies. 

3. Major �sheries and their yields per country 

More than thirty years ago, Crawford et al. (1987) synthesized the existing knowledge of the major living resources of the Benguela 
Ecosystem. That study was the primary source of historical data used in this study, with more recent information sourced mainly from 
the national statistical databases of the three BCLME countries and, in the case of South Africa, data was mainly sourced from the 2016 
Report on the Status of Marine Fisheries Resources (DAFF., 2016). A database was then compiled (adding new data points and 5lling 
gaps where possible) and time series were plotted using MS Excel. 

Fig. 2. Total combined catches for Angolan waters, of: (A) Horse mackerel (Trachurus trecae and T. capensis) and Small pelagics (Sardinella aurita, 
S. maderensis and Sardinops sagax); (B) Deep-sea red crab (Chaceon maritae), Kingklip (Genypterus capensis) and Hake (Merluccius polli, M. capensis 
and M. paradoxus); (C) Monk5sh (Lophius vomerinus and L. vailanti), Snoek (Thyrisites atun) and West coast sole (Austroglossus microlepis). 
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3.1. Angolan 

Pelagic 5sh resources over the Angolan continental shelf have been monitored through annual (during August/September) 
hydroacoustic surveys by the Norwegian RV Dr Fridtjof Nansen since 1985 (Vaz Velho et al., 2006). Data from the surveys, which 
focused mainly on the sardinellas and horse mackerel species, are used to estimate stock abundance and distributions, and to provide 
recommendations on management measures, including Total Allowable Catch (TAC). In 2017, the status of the sardinellas (mainly 
round sardinella S. aurita) and Cape horse mackerel T. capensis was assessed to be optimal or biologically sustainable, i.e. the spawning 
stock biomass (Bsp) was at or above the spawning stock biomass at maximum sustainable yield (Bspmsy), while the status of Cunene 
horse mackerel T. trecae was assessed as overexploited (BCC , 2019; INIPM, 2019; BCC , 2020). 

Commercially, small pelagic species off Angola are caught by artisanal gill/seine nets and purse seine nets (BCC , 2012; INIPM, 
2019). High small pelagic catches, of about 235 000 tonnes, occurred in the late 1950s and then decreased substantially to yields of 
between 40 000 and 90 000 tonnes in the 1960s (Fig. 2(A)). 

Catches 8uctuated substantially during the late 1960s and early 1970s before declining to as low as 21 000 tonnes during 1975–76 
(Fig. 2(A)). Such variability is attributed to short-term dynamics of small pelagic stocks, and linked with conditions that affect 
recruitment variability (Kreiner et al., 2001), but the declines can also be attributed to some warm-water anomalies (Crawford et al., 
1987). The yield increased substantially to 240 000 tonnes in 1978 before 5nally decreasing steadily to a near collapsed state in the late 
1990s. However, catches appeared to have recovered by the mid-2000s and though 8uctuating, were generally improving further 
during the mid-2010s (Fig. 2(A)). 

The midwater 5shery, targeting mainly Cunene horse mackerel (Duarte, 2001) but also Cape horse mackerel, also developed during 
the mid-1950s and appear to have sustained 5shing yields for Angola while the purse seine 5shery was low during the 1960s (Fig. 2 
(A)). Catches then dropped in the late 1960s as the yield from the purse seine 5shery increased, before peaking to its second-highest 
level of about 280 000 tonnes in early 1970s. A sharp decline in midwater catches to about 45 000 tonnes in 1976 was followed by a 
substantial increase to its highest yield of about 380 000 tonnes in 1978 (Fig. 2(A)). This large improvement in catches in the late 1970s 
was attributed to the participation of distant water 8eets in the 5shery (Van der Lingen et al., 2006 [after de Villiers, 1985]). 
Thereafter, catches 8uctuated but showed a net decline to about 4500 tonnes in 2004–2005 and a further decline to about 2000 tonnes 
in 2010, before increasing again to about 80 000 tonnes in 2015 (Fig. 2(A)). It is not clear what caused these low catches. One theory is 
that it could have been a result of the suspension of industrial midwater trawl 5shing (targeting small pelagics) to reduce pressure on 
stocks (BCC , 2012). However, it could also be related to oceanographic conditions - Rouault et al. (2017) suggested that 2010–2011 
was a Benguela Niño event, with sea temperatures at the warmest level since the 1995 Benguela Niño. 

Demersal 5sh resources over the Angolan continental shelf and slope have also been monitored annually (during February–April) 
through swept-area surveys by the RV Dr Fridtjof Nansen since the mid-1990s, to describe the composition and distribution of the main 
demersal species and to estimate their abundance (Mehl et al., 1995; Axelsen and Johnsen, 2015; Staby et al., 2015; BCC , 2018). The 
main demersal species caught by bottom trawls are Benguela hake M. polli and large-eye Dentex D. macrophthalmus. According to the 
BCC. (2018), survey trends indicated that the biomass of Benguela hake stood at about 15 000 tonnes in 2015, while that of large-eye 
Dentex was at about 30 000 tonnes at the same time, indicating that both stocks were recovering, although still appearing to be below 
their historically highest biomass. Commercially, the highest catches of hake, mainly Benguela hake, were at their highest at about 24 
000 tonnes during the late 1970s (Fig. 2(B)), more or less coinciding with the peaks in sardinella and horse mackerel catches; this is 
also attributed to an increase in distant water 8eets during that time. There was a hiatus in data recording during the period 
1984–1997, followed by variable low catches from 1998 to 2010. Hake yield then picked up in the mid-2010s, with about 15 000 
tonnes recorded (Fig. 2(B)). Catches of shallow-water Cape hake M. capensis and deep-water hake Merluccius paradoxus are very small, 
irregular and are only reported south of Baia dos Tigres (around 16◦40′S) (BCC , 2012; Staby et al., 2015). 

Catches from other resources have not contributed substantially to the 5sheries yields, although there is a lack of historical data on 
record. Catches of around 500 tonnes of Snoek (Thyrisites atun) were recorded in the 1970s (Fig. 2(C)), and in the late 1970s and early 
1980s a few, variable catches of Kingklip (Genypterus capensis) were also recorded, reaching up to 2500 tonnes in 1979 (Fig. 2(B)). The 
highest catches for other species recorded was for deep-sea red crab (Chaceon maritae) which reached about 3500 tonnes during a 
sustained period of 5shing from 1985 to 1995 before declining substantially to below 500 tonnes during the period 1999–2007, 
notwithstanding a slight increase in 2004 (Fig. 2(B)). The period was characterized by low yields from all other 5sheries too, but it is 
not clear whether this had anything to do with the suspension of the industrial midwater trawl 5shery at the time (BCC , 2012). The 
crab 5shery subsequently recovered to high yields of between 1500 and 2500 tonnes during the period 2010–2015 (Fig. 2(B)). It is 
worth noting that the deep-sea red crab, which is targeted by a pot 5shery (BCC , 2012) and is a TAC managed species in both Angola 
and Namibia, is a shared stock that has been shown to migrate between the two countries, as it migrates between Namibia and Angola 
(Le Roux, 2001). Catches of the West coast sole (Austroglossus microlepis) reached a high peak of about 1300 tonnes in 1982 and then 
declined slightly (Fig. 2(C)). 

3.2. Namibian 

Pelagic 5sh resources over the Namibian continental shelf have been monitored annually, during February–April (horse mackerel) 
and September/October (sardine), through hydroacoustic surveys by the RV Dr Fridtjof Nansen and Namibian’s RV Benguela since 
1990, and after 1998 by Namibia’s RV Welwitchia (Boyer et al., 2001) and RV Mirabilis since 2015. The objective of the surveys is to 
study the distribution and estimate stock abundance. Survey data, as well as commercial data, are used as inputs into the stock 
assessment models, the Simple Age Structured Model (SASM, for sardine) (De Oliveira et al., 2007), and the Age-Structured Production 
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Model (ASPM, for horse mackerel) (Kirchner et al., 2010) to determine the state of the stocks and provide recommendations for 
management measures, including Total Allowable Catch (TAC). This TAC is adjusted annually depending on the model estimation of 
the stock status. 

The small pelagics (mainly sardine Sardinops sagax, anchovy Engraulis encrasicolus and round herring Etrumeus whiteheadi) are 
commercially targeted using purse seiners (BCC , 2012, 2019). This 5shery started in the late 1940s and catches steadily increased into 
the 1960s, yielding the highest catches of close to 1.6 million tonnes in 1968, but this was followed by a sharp decline in catches down 
to about 500 000 tonnes in 1971 (Fig. 3(A)). 

After a slight increase in catches during 1974, the 5shery then showed a severe decline over 12 years (1974–1986 before stabilizing 
a little between 1987 and 1994 (Fig. 3(A)). The 5shery was considered to be in a collapsed state at this stage (BCC , 2019), with the 
annual yield never exceeded 100 000 tonnes, and declined further to below 30 000 tonnes since the 2000s (Fig. 3(A)). The collapse of 
the stock is attributed to heavy 5shing of the 1960s, from which the stock failed to recover fully apart from a partial recovery in the 
early 1990s (Boyer et al., 1997, 2001; Boyer and Hampton, 2001). Low-oxygen and warm-water events of 1994 and 1995 may also 
have contributed to this decline (Gammelsrød et al., 1998; Boyer et al., 2001). By 2015, the Namibian sardine stock was heavily 
depleted, i.e. below the crash reference point of 50 000 tonnes spawning stock biomass (Kirchner et al., 2010; BCC , 2012, 2019; BCC , 
2020). 

The horse mackerel species (Cape horse mackerel Trachurus capensis and Cunene horse mackerel Trachurus trecae) in Namibia are 
targeted by the mid-water trawl 5shery (targeting adults) and the purse seine 5shery (targeting juveniles) (BCC , 2012, 2019). The 
5shery started in the early 1960s and increased in the early 1970s despite variable catches (Fig. 3(B)), and since the 1980s, horse 
mackerel has taken over from sardine as Namibia’s major 5shery in terms of catch volume. The yield for horse mackerel was highest 
during the period 1981–1984, landing between 600 000 and 670 000 tonnes before going into a steady decline down to about 270 000 
tonnes in 1996 (Fig. 3(B)). This decline could have been a result of purse seiners targeting juvenile horse mackerel when the sardine 

Fig. 3. Total combined catches for Namibian waters of: (A) Small pelagics (Sardinops sagax, Engraulis encrasicolus and Etrumeus whiteheadi); (B) Hake 
(Merluccius capensis, M. paradoxus and M. polli) and Horse mackerel (Trachurus capensis and T. trecae); (C) Cape fur seals (Arctocephalus pusillus 
pusillus); (D) Monk5sh (Lophius vomerinus and L. vailanti), Orange roughy (Hoplostethus atlanticus) and Snoek (Thyrisites atun); (E) Deep-sea red crab 
(Chaceon maritae) and West coast rock lobster (Jasus lalandii); (F) Kingklip (Genypterus capensis), Albacore tuna (Thunnus alalunga) and West coast 
sole (Austroglossus microlepis). 
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stock collapsed in the 1980s (BCC , 2019). After another sharp decline down to about 125 000 tonnes in 2007, catches increased and 
have remained steady at between 280 000 and 350 000 tonnes since 2011 (Fig. 3(B)), coinciding with a substantial increase in 
commercial CPUE since 2008 (BCC , 2012). By 2015, the horse mackerel stock was assessed to be biologically sustainable, i.e. Bsp was 
above the Bspmsy (Kirchner et al., 2010; BCC , 2012, 2019; BCC , 2020). 

Hake exploitation in the Namibian waters, targeted mostly through bottom trawl but also bottom longline for mainly shallow-water 
Cape hake Merluccius capensis, and deep-water Cape hake Merluccius paradoxus (BCC , 2012), started in 1964. Catches increased steeply 
to about 820 000 tonnes in 1972 (Fig. 3(B)), owing to poor control measures and an increase in foreign 8eets 5shing in the Namibian 
waters (Gordoa et al., 1995; Van der Westhuizen, 2001). Control measures, including minimum mesh size and total allowable catches 
were introduced for the hake 5shery in 1975 by the International Commission for the Southeast Atlantic Fisheries (ICSEAF) (Oelofsen, 
1999), which may have caused a decline in catches down to 170 000 tonnes by 1980 (Fig. 3(B)). The yield subsequently increased 
steadily to about 380 000 tonnes during 1985–86, with biomass possibly having been boosted by good recruitments from the strong 
1982–1983 year-classes (Hamukuaya, 1997), before again declining to an all-time low catch of 56 000 tonnes in 1991 (Fig. 3(B)). This 
decline was attributed to a deliberate action in 1990 by the new Government of Namibia in introducing legislation aimed at rebuilding 
depleted stocks (Oelofsen, 1999), following an assessment that estimated the stock to be at very low levels at the time of Namibia’s 
independence, and associated lowering of the TAC (Kirchner et al., 2012). 

The hake resources over the Namibian continental shelf and slope have been monitored annually since 1990, initially two or three 
times per year, through swept-area bottom trawl and hydroacoustic surveys by the RV Dr Fridtjof Nansen (Sætersdal et al., 1999), 
followed by only swept-area bottom trawl by Namibian commercial vessels (2000–2015) and Namibia’s RV Mirabilis (since 2016) 
during January/February of each year (Axelsen and Johnsen, 2015; Kainge et al., 2015; Paulus et al., 2016). As for other main stocks of 
Namibia, results from the hake survey are used as input data into the Statistical Catch-at-Age Analysis (SCAA) model (Kirchner et al., 
2012; Kathena et al., 2016) to determine the state of the stock. Initially catches increased steadily since 1991, corresponding with a 
large increase in commercial CPUE during the early 1990s (BCC , 2012), but have stagnated at below 200 000 tonnes in recent times 
(Fig. 3(B)). Despite the efforts at rebuilding the hake stock had still not recovered to the Bspmsy level by 2012, and was assessed to be 
about 20% of its pre exploitation level (Kirchner et al., 2012), and therefore over5shed. It is worth noting that the M. paradoxus stock 
has been con5rmed as shared between Namibia and South Africa (Strømme et al., 2016; Henriques et al., 2016). Species-split 
assessment indicates that 5shing mortality is higher on M. paradoxus than on M. capensis in Namibian waters (Kathena et al., 
2016). The Namibian hake 5shery is currently under assessment for the Marine Stewardship Council (MSC) Certi5cation (https:// 
5sheries.msc.org/en/5sheries/namibia-hake-trawl-and-longline-5shery/). 

Cape fur seals (Arctocephulus pusillus) in the BCLME have been monitored through aerial censuses conducted every three years to 
determine the numbers of pups, which is used as an indicator of the overall seal population sizes (Kirkman et al., 2007). Seal harvesting 
started in the early 1900s but was halted in South Africa in 1990 (Wickens et al., 1991), while it still continues in Namibia. After a very 
low yield of less than 90 animals in 1931–32, the yields from seal harvesting increased and reached levels of about 85 000 animals in 
the early 1970s (Fig. 3(C)). Minor decreases were experienced in the mid-1970s but then increased again, reached the highest recorded 
yield of more than 90 000 animals in 1982 before a steep decline to about 12 000 animals in 1988–89 (Fig. 3(C)). This decline was 
brought about mainly by the collapse of the fur market in 1983 (Wickens et al., 1991), as the model estimated number of seals did not 
decline during the same period (Butterworth et al., 1995). The next evident reduction in the number of animals killed to around 17 000 
observed in 1995 was attributed to unfavourable environmental conditions experienced in 1994, which caused massive mortalities, 
and eventually reduced the population by 30% (Gammelsrød et al., 1998; Roux, 1998). Data from the aerial pup census are used as 
inputs into the age- and sex-disaggregated stock assessment model (Butterworth et al., 1995) to evaluate the resource, and by 2012 the 
seal resource in Namibia was estimated to be 1 million and showing an increasing trend. The yield from the harvesting of the seals has 
been increasing steadily, although variably, since Namibia’s independence in 1990, reaching a peak of 83 000 animals in 2006, before 
dropping sharply to 35 000 the very next year (Fig. 3(C)). The yield in 2015 was still around the same level as that of 2002 and 2003, 
ca. 35 000 animals harvested. 

Catches from other resources harvested in the Namibian waters, mostly Cape monk Lophius vomerinus, orange roughy Hoplostethus 
atlanticus, deep-sea red crab Chaceon maritae, West coast rock lobster Jasus lalandii, snoek Thyrisites atun, West coast sole Austroglossius 
microlepis, kingklip Genypterus capensis and long5n albacore tuna Thunnus alalunga, have also made a substantial contribution to 5shing 
yields. The rock lobster 5shery started in the late 1950s, reached yields of up to 9000 tonnes during the 1960s before declining from the 
1970s to catches below 3000 tonnes, and now appears to be depleted (Fig. 3(E)). Another crustacean 5shery, for crab, started in 1980 
just when rock lobster was yielding very low catches, and yielded its highest catches of about 7500 tonnes in 1984 before also rapidly 
going downward but stabilizing during the past decade at around 25 000 tonnes (Fig. 3(E)). Sole has been a continuous by-catch of the 
demersal trawl 5shery since the late 1960 but has never yielded more than 3000 tonnes a year, reaching up to 2000 tonnes in 1973 and 
2600 tonnes in 1982 (Fig. 3(F)). Catches of snoek were the highest of these species, with yields of over 65 000 tonnes attained twice 
between 1978 and 1983, however, since 2000 catches have not exceeded 5000 tonnes a year (Fig. 3(D)). The monk 5shery, apart from 
lower catches in 1990 which was attributable to the lowered TAC for the hake 5shery, in which monk5sh was the main bycatch, has 
been consistently delivering yields of between 10 000 and 15 000 tonnes (Fig. 3(D)), and it is one of the few stocks that has been 
assessed to be biologically sustainable (BCC , 2012; Kathena et al., 2018). Rock lobster, monk, crab and orange roughy are all 
TAC-controlled species in Namibia, meaning they are monitored through dedicated surveys and are model-assessed on an annual basis, 
while sole and kingklip are by-catches of the demersal 5sheries (BCC , 2012). The orange roughy 5shery developed in 1994 and catches 
quickly reached 19 000 tonnes in 1997 before decreasing steadily until a moratorium was imposed in May 2008, due to low catches 
that resulted in the industry being unable to land the allocated TAC (BCC , 2012). While these resources may not have yielded high 
catches relative to the four main 5sheries, mostly due to their low abundance, they are generally more valuable than the main 5sheries 
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in terms of landed market value (Government Gazette of the Republic of Namibia, 2017). 

3.3. South African 

The small pelagic 5sh resources over the South African continental shelf have been monitored biannually, during May (recruits) 
and November (total biomass) through hydroacoustic surveys by South African’s RS Africana since 1984 (BCC , 2012; DAFF 
Department of Agriculture, Forestry and Fisheries, 2016). The main stocks targeted by the surveys are sardine Sardinops sagax, anchovy 
Engraulis encrasicolus and round herring Etrumeus whiteheadi. Data from these surveys are used as inputs into Age Structured Production 
Models (ASPM), for both anchovy and sardine (De Moor et al., 2015), although because of a lack of reliable ageing data for sardine the 
model is 5t directly to length-structured data (De Moor et al., 2017). Population projections from these models under a variety of 
5shing levels for both species are used to identify appropriate harvest control rules, and operational management procedures (OMPs) 
developed that recommend annual TACs for anchovy and adult sardine and a TAB (total allowable bycatch) for juvenile sardine taken 
as bycatch in anchovy 5shing, based on survey data. There is presently no assessment model for round herring and a PUCL (pre-
cautionary upper catch limit) is set for this species. The three small pelagic species are targeted commercially using purse seine gear 
(BCC , 2012; DAFF Department of Agriculture, Forestry and Fisheries, 2016). At present the sardine population in South African waters 
is depleted following more than a decade of low recruitment levels (DAFF Department of Agriculture, Forestry and Fisheries, 2016) and 
considered by some to be due to over5shing (Coetzee et al., 2017), with attendant very low catch levels. 

The small pelagic 5sheries in South Africa commenced in the early 1940s (DAFF Department of Agriculture, Forestry and Fisheries, 
2016) with catches of 70 000–170 000 tonnes reached in the early 1950s which then rapidly increased to between 350 000 and 460 
000 tonnes during the period 1960–1965 (Fig. 4(A)). 

Catches then declined to about 230 000 tonnes by 1969 before again peaking and thereafter remaining steady at more than 350 00 
tonnes between 1972 and 1985. Yields then increased sharply to the highest levels of 700 000 tonnes during 1987–88 (Fig. 4(A)). The 
highest yields were mainly sustained by juvenile anchovy, a result of the 5shery changing their gear to smaller-meshed purse-seine nets 
when the sardine and horse mackerel 5shery collapsed (DAFF Department of Agriculture, Forestry and Fisheries, 2016). The yields 
then decreased to another low of 270 000 tonnes in 1997 before increasing to about 600 000 tonnes in 2004. Subsequently, yields have 
been variable and were at about 360 000 tonnes in 2015 (Fig. 4(A)). 

The horse mackerel T. capensis are surveyed together with hake through a swept-area bottom trawl method using the RS Africana 
during April/May of each year. Results from these surveys are also used as input data into the Statistical Catch-at-Age/Statistical Catch- 
at-Length (SCAA/SCAL) assessment models for the determination of different TAC levels (BCC , 2012; De Moor et al., 2015). 
Commercially, horse mackerel is presently targeted through midwater trawling but was initially caught by purse-seiners targeting 
adult horse mackerel off the West coast (BCC , 2012; DAFF Department of Agriculture, Forestry and Fisheries, 2016), with catches of 
about 50 000 tonnes in the early 1950s before inclining rapidly to the highest yield of 120 000 tonnes by 1954 (Fig. 4(B)). Catches then 

Fig. 4. Total combined catches for the BCLME extent of South African waters of: (A) Small pelagics (Sardinops sagax, Engraulis encrasicolus and 
Etrumeus whiteheadi); (B) Hake (Merluccius paradoxus and M. capensis) and Horse mackerel (Trachurus capensis); (C) West coast sole (Austroglossus 
microlepis) and Kingklip (Genypterus capensis); (D) Monk5sh (Lophius vomerinus), West coast rock lobster (Jasus lalandii), Snoek (Thyrisites atun) and 
Albacore tuna (Thunnus alalunga). 
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decreased during the 1960s, reaching a low of 15 000 tonnes in 1967, from which it recovered slowly, until a sudden increase to almost 
120 000 tonnes in 1977 (Fig. 4(B)), as a result of Japanese vessels using midwater trawls (DAFF., 2016). Also during 1977, the 
Exclusive Fishing Zone (EFZ) was introduced (DAFF Department of Agriculture, Forestry and Fisheries, 2016) and better control of 
foreign 8eets resulted in catches decreasing to a low of 33 000 tonnes by 1982 before increasing again up to 83 000 tonnes by 1989 
(Fig. 4(B)). The yields then declined severely again, to a low of about 13 000 tonnes in 1995 - this was attributed to the phasing out of 
foreign 8eets. Yields again increased up to 84 000 tonnes in 1998 (Fig. 4(B)) as the midwater trawl 5shery was re-established in 1997 
(DAFF., 2016). A sharp decline in yields then ensued and catches 8uctuated between 24 000 and 40 000 tonnes during the period 
1999–2010, before declining again to about 12 000 tonnes by 2015 (Fig. 4(B)). 

The hake resource, consisting of shallow-water Cape hake M. capensis and deep-water Cape hake M. paradoxus, is targeted by the 
deep-sea demersal trawl, inshore demersal trawl, hake longline and hake handline, although most of the catch is landed by the deep- 
sea trawl sector (BCC , 2012; DAFF., 2016). Statistical Catch-at-Age/Statistical Catch-at-Length (SCAA/SCAL) models are used for 
determining of different TAC levels (De Moor et al., 2015). The hake resource over the South African continental shelf and slope have 
been surveyed biannually, on the West Coast in summer (January/February) and the South Coast in autumn (April/May) since 1984 
(Durholtz et al., 2015; DAFF., 2016; BCC , 2018). The hake 5shery was initiated in 1917 with catches of between 1000 and 40 000 
tonnes up to 1930 before catches started increasing steadily, reaching about 200 000 tonnes in 1965 (Fig. 4(B)). The increase was 
possibly due to the arrival of distant water 8eets during the 1960s (Crawford et al., 1987). 

After variable catches during the late 1960s, yields increased to their highest recorded level of nearly 300 000 tonnes by 1972 
before decreasing again to a low of 115 000 tonnes by 1983 (Fig. 4(B)), following the establishment of the International Commission 
for the South-East Atlantic Fisheries (ICSEAF) and the introduction of the Exclusive Fishing Zone (EFZ) in 1977 (DAFF., 2016). After a 
slight recovery during 1985–86, catches then stabilized at around 150 000 tonnes during a 20-year period of 1987–2007 (Fig. 4(B)) 
due to a deliberate conservative strategy (and TAC) to rebuild the hake stocks to the Bspmsy level (DAFF., 2016). Due to a decline in 
CPUE and biomass of mainly M. paradoxus, the TAC was reduced substantially during 2007–2009 (DAFF., 2016), re8ected in the 
decrease in catches to a low of 110 000 tonnes in 2010 before catches increased again as a result of increased TAC, and the yield stood 
at about 150 000 tonnes in 2015 (Fig. 4(B)). The deep-water Cape hake, M. paradoxus, which sustains the South African hake 5shery, is 
a shared stock with Namibia (Strømme et al., 2016; Henriques et al., 2016), and modalities on shared assessment and shared man-
agement are currently being developed through the BCC (2013). 

Catches from other resources harvested from the South African waters, mostly Cape monk Lophius vomerinus, West coast rock 
lobster Jasus lalandii, snoek Thyrisites atun, West coast sole Austroglossius microlepis, kingklip Genypterus capensis and long5n albacore 
tuna Thunnus alalunga, have not made a substantial contribution to the yields, with rock lobster, snoek and monk5sh reaching their 

Fig. 5. Total combined catches for the BCLME of: (A) Hake (Merluccius capensis, M. paradoxus and M. polli), Horse mackerel (Trachurus capensis and 
T. trecae) and Small pelagics (Sardinops sagax, Sardinella aurita, S. maderensis, Engraulis encrasicolus and Etrumeus whiteheadi); and (B) Other species 
made up of Monk5sh (Lophius vomerinus and L. vailanti), Orange roughy (Hoplostethus atlanticus), Deep-sea red crab (Chaceon maritae), West coast 
rock lobster (Jasus lalandii), Snoek (Thyrisites atun), West coast sole (Austroglossus microlepis), Kingklip (Genypterus capensis) and Albacore tuna 
(Thunnus alalunga). 
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highest yields of about 11 000 tonnes each in 1960, 1980 and 2001 respectively (Fig. 4(D)). Snoek, which is the most important species 
targeted by the commercial line 5shery in terms of catch weight, has recently been assessed to be above the Bspmsy level and possibly 
underexploited (Kerwath et al., 2017), although occasional very low catches of below 1000 tonnes were recorded between 2005 and 
2015 (Fig. 4(D)). Rock lobster, on the other hand, which has been assessed to be heavily depleted (DAFF Department of Agriculture, 
Forestry and Fisheries, 2016), has only yielded 3000 tonnes or below since 1999. Kingklip was heavily 5shed by demersal longliners, 
with catches reaching almost 6000 tonnes in the early 1970s before declining in the 1980s (Fig. 4(C)). The directed longline 5shery for 
this species was closed in 1990, and it has been managed as the main bycatch of the demersal 5shery together with the monk (BCC , 
2012; DAFF Department of Agriculture, Forestry and Fisheries, 2016). Monk5sh appear to have replaced the kingklip as the main 
bycatch of the demersal 5shery since the 1980s, with catches increasing, although variably, and reaching 10 000 tonnes before 
declining to about 6000 tonnes in 2014 (Fig. 4(D)). 

3.4. Total yields of major Gsheries in the BCLME 

Most of the commercial 5sheries in the region started prior to 1950’s, although those for Cape hakes off South Africa started back in 
the late 1910s, while regulated seal harvesting in both Namibia and South Africa started in the early 1900s. In the late 1980s and early 
to mid-1990s, the BCLME countries underwent enormous political transformations, with the liberation war ending in Namibia, the 
cessation of civil war in Angola, and the democratization and ending of the apartheid regime in South Africa. While South Africa 
already had a well-developed 5sheries research and management structure in place before democracy, for Namibia and Angola being 
able to exercise full management control of the living marine resources within their respective EEZs was novel. New policies to manage 
stocks sustainably were enacted, and unsustainable 5shing practices were arrested although some stocks have continued to decline 
with commercial over5shing still a concern in the BCLME (Crawford et al., 1987; Hampton et al., 1998; Boyer and Hampton, 2001; 
BCC , 2014). 

Three major 5sheries stand out for the entire BCLME in terms of yields, namely the small pelagic 5shery (targeting sardine, sar-
dinella, anchovy or round herring), the demersal 5shery (hakes), and the midwater 5shery (horse mackerel) (Fig. 5(A)). 

Generally, the yields from these three major 5sheries increased rapidly over various periods and reached their peaks of 1,9 million, 
1,1 million and 970 000 tonnes during 1968, 1972 and 1978 respectively (Fig. 5(A)). The midwater 5shery experienced an initial 
decline in catches down to about 190 000 tonnes in 1969 while the small pelagics catches declined to 870 000 tonnes in 1971; however 
these declines coincided with the largest increase in yields of the demersal 5shery, up to 1,1 million tonnes in 1972. For all three major 
5sheries, catches then declined variably since the late 1970s due to over5shing (Boyer and Hampton, 2001; Roux et al., 2013) but also 
possibly owing to better control of the resources in the region through ICSEAF and the South African EFZ. Heymans and Tomczak 
(2016) concluded that the Benguela Niño of 1984 resulted in a regime shift that may have contributed to the reorganization of the 
ecosystem, especially in the Northern Benguela. 

Yields subsequently improved during the 1990s and 2000s, once Namibia and Angola were able to exercise full management 
control of their living marine resources within their respective EEZs, except for the midwater 5sheries which declined to 170 000 
tonnes by 2007 (Fig. 5(A)). By 2015 yields from each of the three major 5sheries appear to have been stable at between 300 000 and 
600 000 tonnes, although about one-third of the resources are being managed at below biological sustainability levels, and the small 
pelagic resources have crashed in the Northern Benguela sub-area. Other resources have also contributed substantially to the total 
yields for the BCLME, reaching about 110 000 tonnes in 1978 and 1983 before declining and then peaking again in the early 2000s 
(Fig. 5(B)). With regards to yields from seals, the majority of the seal harvesting over the years took place in Namibia, and there were 
not more than 15 000 animals, on average, harvested annually from the South African waters (BCC , 2012), with the exception of 1982 
where 22 500 animals were harvested from the Kleinsee colony (Wickens et al., 1991). 

4. Climate change impacts on the �sheries of the BCLME 

As tropical seas become warmer under projected climate change, they will permanently lose some of the important 5sh species as 
they migrate poleward towards cooler oceans (Doney et al., 2012; Hollowed et al., 2013; Weatherdon et al., 2016; Augustyn et al., 
2017), while the temperate countries will bene5t from such migration (Kibria et al., 2017). The changes in ocean conditions are 
expected to continue to alter patterns of global marine primary productivity (Bopp et al., 2013) and biodiversity (Jones and Cheung, 
2015), with consequences for potential 5sheries catches and impacting food security in the twenty-5rst century (Cheung et al., 2016; 
Golden et al., 2016; Lam et al., 2016). 

Due to its geographical location, the BCLME will be prone to these impacts. Oremus et al. (2020) projected that by 2100, waters off 
tropical countries would, on average, lose 7% of the species that were present in 2012, rising to 40% under the worst-case scenario. 
Such mass displacement of the 5shery resources in traditional 5shing grounds will have catastrophic effects on socio-economic aspects 
of the affected coastal countries. People shall lose their income and livelihoods, food security will be threatened, and nutrition 
compromised (Failler, 2014). BCLME countries have relatively weak capacity to absorb the cost of adapting to climate change. Another 
potential challenge is migrant 5shers that pursue 5sh resources beyond the boundaries of their own countries as it is currently 
happening in West Africa (Binet et al., 2012, Weatherdon et al., 2016). Migrant 5shing poses serious technical challenges, such as the 
collection of 5sheries statistics, the legality of such 5shing activities, and the con8icts such activities may induce vis-à-vis existing local 
5shing communities (Binet et al., 2012). 

Oremus et al. (2020) proposed that developing coastal states should consider climate policies as a way to secure compensation from 
the international community for the loss of important 5sh stocks due to climate-related migration that will engulf the countries in the 
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tropics belt in decades ahead. None of the existing 5sheries policies in the BCLME include the effects of climate on 5sh migration out of 
the EEZs. Further, such policies should also cater for migrant 5shing. 

In response to the imminent climate-induced changes on living marine resources, Angola, Namibia and South Africa have 
collaborated with partners in a quest to seek appropriate strategies for adaptation and mitigation. In October 2011, the BCC in 
collaboration with the FAO convened a regional workshop in Windhoek with the aim of assessing the vulnerability of the people, who 
depend overwhelmingly on the 5sheries of the BCLME for their livelihoods, to the changes in the ecosystem brought about by climate 
change (De Young et al., 2012). 

Among the major conclusions from the workshop are: a) the BCLME is naturally highly variable and complex, making it very 
challenging to discern clear long-term trends which could be attributed to global climate change; and b) the most obvious long-lasting 
documented changes in the BCLME in the past half-century have been the drastic declines in the abundance of many of the major 
resources, all of which have been primarily due to over-5shing rather than environmental effects. These include the artisanal and semi- 
industrial pelagic 5sheries in Angola, the 5shery for West coast rock lobster and sardine in Namibia, and the 5shery for West coast rock 
lobster and various line 5sheries in South Africa. The FAO facilitated the development of a hybrid vulnerability framework for the 
BCLME based on the Intergovernmental Panel on Climate Change (IPCC) Vulnerability Analysis Frameworks for Fisheries and 
Aquaculture Systems (FAO, 2013) following a workshop of international experts held in Windhoek, Namibia in April 2013. Conse-
quently, a 5ve-year GEF-funded project implemented by the FAO and executed by the BCC with the objectives of building resilience 
and reducing vulnerability of the marine 5sheries and mariculture sectors within the BCLME to climate change, commenced in 2016. 

van der Lingen and Hampton (2018) conducted comprehensive reviews on climate change impacts on and vulnerabilities and 
adaptations of marine 5sheries in the Southeast Atlantic and Southwest Indian Ocean, including those of the BCLME. Sea surface 
temperature (SST) off Angola has been increasing over the past three decades, with average rates between 0.23 ◦C (Jarre et al., 2015a) 
and 0.8 ◦C (Potts et al., 2014) per decade, which is above the global average (Hobday and Pecl, 2014). There has been an increase in the 
latitudinal range of demersal assemblages off Angola, with an overall southward tendency and an expansion into deeper water, but no 
link has been found between these shifts and changes in bottom temperature (Yemane et al., 2014). More markedly, a coastal species 
(Argyrosomus coronus) that is a major target of the artisanal and subsistence 5sheries, has shown a rapid southward shift in its dis-
tribution (Potts et al., 2014). 

Despite the marked environmental change and changed distribution of A. coronus, however, there is little evidence of major re-
sponses by other Angolan 5sh stocks to changes in their environment in recent decades that could be used to predict their responses to 
climate change (van der Lingen and Hampton, 2018). As outlined above, the major declines in hake, small pelagic 5sh and rock lobster 
off Namibia in the 1970s and 1980s were primarily due to over5shing rather than the environment (Boyer and Hampton, 2001; Roux 
et al., 2013). However, environmental effects have likely played a larger role subsequently, for example, the Benguela Niño event in 
1994/95 that severely reduced hake recruitment and probably also negatively affected a recovering sardine population (van der 
Lingen and Hampton, 2018). Coastal SSTs in northern Namibia have increased by between 0.2 and 0.5 ◦C per decade, but there has 
been no change in SST from Walvis Bay southwards (Jarre et al., 2015a), and upwelling off Namibia has declined in recent years 
(Lamont et al., 2018). Further, the continued intensi5cation and poleward movement of the Angola/Benguela Front (Vizy et al., 2018) 
may result in a contraction of the suitable habitat of commercially important species in northern Namibia. 

In contrast, over the past four decades, inshore waters along the west and south coasts of South Africa have cooled by 0.1–0.2 ◦C per 
decade whereas the Agulhas Current has warmed by up to 0.6 ◦C per decade (Blamey et al., 2015). Upwelling has increased signi5-
cantly off the south coast and shown an increasing (but not signi5cant) trend off the west coast (Lamont et al., 2018). Whereas there is 
no evidence that major environmental perturbations have occurred over the hake 5shing grounds in South Africa, or that there have 
been signi5cant changes in abundance or distribution of these species in recent years, other exploited species off South Africa have 
shown distributional changes. Adult anchovy showed an abrupt (Roy et al., 2007) and sardine a more gradual (Coetzee et al., 2008) 
eastward shift in the mid-to late-1990s, with the changed distributions having a negative impact on the sardine but not the anchovy 
(Fairweather et al., 2006). The annual center of gravity of round herring catches has shown a small but signi5cant southeastward shift 
(DAFF Department of Agriculture, Forestry and Fisheries, 2014; Blamey et al., 2015), but this shift is substantially smaller than 
observed for either anchovy or sardine; and that the eastward migration of rock lobster, considered to have been environmentally 
driven (Cockcroft et al., 2008), has already had a severe impact on the 5shery and communities on the west coast, with further negative 
effects expected if this trend continues. Both the anchovy and sardine shifts are signi5cantly correlated with cross-shelf SST differences 
on the south coast (Augustyn et al., 2017) suggesting an environmental link, but this link may be due to multi-decadal variability in 
wind forcing (Malan et al., 2019) and not necessarily a response to climate change. 

From the best available information, there is currently no unambiguous evidence of the impacts of climate change on the 5sheries 
resources in the BCLME. This is partly because the ecosystem is naturally highly variable and complex, making it very dif5cult to 
differentiate with a degree of certainty long-term trends which could be attributed to global climate change. There are however, signals 
raising concerns as elaborated above, that signal the need for the BCLME countries to act sooner rather than later. 

5. Governance/management of the living resources of the BCLME 

The BCLME countries have all committed to implementing the Ecosystem Approach to Fisheries (EAF) Management (BCC , 2013), 
which implies that 5sheries management is extended from the single-species approach to the entire marine ecosystem. Although major 
5sheries yields in the BCLME are currently much lower than their historical past, perhaps due to regime shifts associated with effects of 
over5shing and environmental drivers (Heymans and Tomczak, 2016), the overall picture appears to suggest that catches have been 
stable during the past 2 decades. 
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Namibia and South Africa have implemented regulations to mitigate incidental killing of seabirds, through bird scaring devices and 
a ‘no offal discard’ rule during gear deployment (Government Gazette of the Republic of Namibia, 2015b). In Namibia, there are 
by-catch fees aimed at discouraging targeting of non-TAC species and to reduce bycatch (Government Gazette of the Republic of 
Namibia, 2017), while in South Africa there is a move-on rule in the demersal trawl 5shery for kob, kingklip and snoek, also to 
minimize bycatch (DAFF, 2016). There are also regulations for silver kob in the Namibian waters (Government Gazette of the Republic 
of Namibia, 2016), as well as a closed period (October) and depth restrictions for the hake 5shery (Government Gazette of the Republic 
of Namibia, 2015a). In addition, a blanket restriction on trawling or longlining shallower than 200 m along the entire coastline was 
imposed in Namibia since 1991, while trawl ring-fence initiative, as a precaution to marine benthic habitat, was introduced in South 
Africa as a pre-requisite for the MSC Certi5cation (DAFF, 2016). Through the BCC, regional collaboration on shared resources has been 
enhanced with the formation of various working groups aimed at assessing shared commercially important stocks and providing advice 
for joint monitoring, assessment and management (BCC , 2013). 

6. Concluding perspectives 

The signi5cance of 5sheries to the well-being of the people of the BCLME cannot be overemphasized. The BCLME presently pro-
duces around 1.2 million tonnes of 5sh a year and the three countries derive various bene5ts from their 5shing sectors, including 
employment, livelihoods, food for local and international consumption and foreign currency. The artisanal sector and speci5cally the 
small pelagic resources play a pivotal role in food and nutrition security and poverty alleviation in coastal communities of the BCLME. 

The un-sustainable harvesting of small pelagic 5sh stocks for the production of commercial 5shmeal for natural fertilizer and as 
feed in agri- and aquaculture is inclined to have a detrimental effect on these resources, and conceivably may have contributed to their 
decline and/or collapse. In Angola, this practice is prohibited following long term exploitation of small pelagic 5sh resources (espe-
cially juvenile horse mackerel and sardine/sardinella) by former Soviet Union purse-seiners with processing of the catches into 
5shmeal and oil on factory ships. Current legislation in Angola only allows for use of 5sh waste (head, gut and damaged body parts) for 
products diversi5cation. In Namibia, juvenile horse mackerel (and also anchovy and round herring when available) were speci5cally 
targeted by the purse seine 5shery for 5shmeal and oil production for decades until 2013 when low abundance and reduced catches of 
the targeted size group forced the suspension of this 5shery. In South Africa, on the other hand, targeting of small pelagic 5sh (pri-
marily juvenile anchovy that are caught together with a low by-catch of juvenile sardine, and adult round herring) by the purse-seine 
5shery, for processing into 5shmeal and oil, has occurred at relatively low exploitation rates that have sustained substantial catches for 
several decades, and is still ongoing. Considering the potential ecosystem impacts of extracting large quantities of these transboundary 
resources, and also the nutritional needs and food security for the people in the region, such targeting of small pelagic 5sh stocks for 
agri- and aquaculture needs to be comprehensively reviewed. 

The ecosystem, however, faces anthropogenic pressures such as over5shing, oil and gas exploration and extraction, as well as 
existing and potential threats from seabed mining, which threaten the sustainability of the 5sheries resources. All major commercially 
important 5sh stocks in the region are transboundary, and about a third of the monitored stocks are currently exploited at biologically 
unsustainable levels. Limited resources (human, infrastructural, 5nancial) are hampering the three BCLME countries from managing 
their 5shing sector sustainably, although most yields appear to be stable. Other pressures facing the marine ecosystem are climate 
change drivers such as expected warming of sea temperatures, changes in seawater oxygen levels and changes in ocean current 
patterns, as well as increasing nutrient inputs. Such changes can potentially result in an altered regime of ecosystem productivity and 
result in a geographical readjustment of catch potential towards the higher latitudes. There is currently no unambiguous evidence that 
climate change is negatively impacting the major 5sh stocks in the BCLME although such has been shown for some other resources (e.g. 
kob off Angola), but the situation could well deteriorate in future, posing an additional threat to the sustainability of the 5sheries 
resources and their socio-economic to Angola, Namibia and South Africa. 

A comparison of the vulnerability of the national economies of 132 countries with capture 5sheries to potential climate change 
impacts was conducted by Allison et al. (2009), who used an indicator-based approach that combined three components of vulner-
ability (exposure, sensitivity and adaptive capacity). Those authors rated Angola as the most vulnerable country of all, whereas 
Namibia and South Africa were substantially less vulnerable. This because whereas 5sheries of all three countries of the BCLME were 
considered to be moderately exposed to the physical effects of climate change and the national economies of Angola and Namibia 
moderately sensitive to climate change whereas South Africa’s was low because of their differing contributions to GDP, adaptive 
capacity in Angola was ranked very low compared to low in Namibia and South Africa (Allison et al., 2009). Angola’s National 
Adaptation Programme of Action (MoE , 2011) found agriculture and 5sheries to be the country’s most vulnerable sectors and 
identi5ed studying the vulnerability of the 5sheries sector to climate change and changes in water currents as one of its main 
adaptation priorities (FAO, 2013). Fisheries rated as most vulnerable to climate change in Angola and Namibia were the artisanal and 
demersal trawl 5sheries, respectively, while in South Africa the small-scale line- and net-5sheries, and that for small pelagic 5sh, had 
the highest vulnerability (van der Lingen and Hampton, 2018). 

From a management perspective, it is imperative that regional collaboration through the BCC is cemented and that the shared 
commercially important 5sh stocks are jointly monitored, assessed and managed. This could be done through implementing adaptive 
5sheries management plans for priority shared 5sh resources based on EAF principles, including harmonization of management 
measures and taking into account possible climate change impacts on resource distribution and productivity. It is equally important to 
strengthen the capacity of the BCLME institutions that are mandated to implement ocean solutions. 

As per the FAO’s code of conduct for responsible 5sheries, knowledge and skills enhancement in marine and 5sheries sciences and 
other relevant scienti5c branches are vitally important for ensuring appropriate management advice and actions that balance societal 
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needs with ecosystem health. Vulnerabilities of important 5sh stocks that are likely to shift, due to climate variability or change, need 
to be clearly understood and de5ned. Capacity in climate modelling and projections of future climate impacts on 5sh and 5sheries is 
essential. The establishment of an interdisciplinary research team at a regional level is recommended and this should include, among 
others, 5sheries biologists, ecologists, modellers, 5sheries managers and earth system modellers. For this to be realized, it is crucial to 
scale-up funding from national governments and international organizations. The private sector should be mainstreamed into the 
programs of the BCC and do their part by paying for ecosystem services which they are harvesting and from which they receive 
dividends. The BCC could facilitate the development of a framework of multi-disciplinary observations and scienti5c research from the 
member countries, providing bene5ts from synergies and complementarities with regards to data collection, analysis and interpre-
tation, monitoring, control and surveillance (MCS), climate and ecosystem modelling, early warning prediction and 5sh stock as-
sessments. This will enable the BCLME states to fully realize the blue economy and ocean governance. 
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Golden, C.D., Allison, E.H., Cheung, W.W.L., Dey, M.M., Halpern, B.S., McCauley, D.J., Smith, M., et al., 2016. Fall in 5sh catch threatens human health. Nature 534, 

317–320. https://doi.org/10.1038/534317a. 
Gordoa, A., Macpherson, E., Olivar, M.-P., 1995. Biology and 5sheries of Namibian hakes (M. paradoxus and M. capensis). In: Alheit, J., Pitcher, T.J. (Eds.), Hake: 

Biology, Fisheries and Markets. Chapman & Hall, London, pp. 49–88. 
Government Gazette of the Republic of Namibia, 2015a. Gazette No. 5721 of 30 April 2015, Government Notice No. 63, Amendment of Regulations Relating to 

Exploitation of Marine Resources: Marine Resources Act, 2000. Windhoek, pp. 8–9. Available at: https://gazettes.africa/gazettes/na-government-gazette-dated- 
2015-04-30-no-5721. (Accessed 22 May 2020). 

Government Gazette of the Republic of Namibia, 2015b. Gazette No. 5877 of 19 November 2015, Government Notice No. 269 (Regulations to reduce incidental by- 
catch of seabirds in the hake demersal trawl vessels) and 270 (Regulations to reduce incidental by-catch of seabirds in the hake demersal longline vessels): marine 
Resources Act, 2000. Wind 6. Available at: https://gazettes.africa/gazettes/na-government-gazette-dated-2015-11-19-no-5877. (Accessed 22 May 2020). 

Government Gazette of the Republic of Namibia, 2016. Gazette No. 5985 of 1 April 2016, Government Notice No. 55 (Amendment of Regulations Relating to the 
Exploitation of Marine Resources): Marine Resources Act, 2000. Windhoek, 2pp. Available at: https://gazettes.africa/gazettes/na-government-gazette-dated- 
2016-04-01-no-5985. (Accessed 22 May 2020). 

Government Gazette of the Republic of Namibia, 2017. Gazette No. 6342 of 26 June 2017, Government Notice No. 159, Imposition of Levies on Marine Resources: 
Marine Resources Act, 2000. Windhoek, p. 8. Available at: https://gazettes.africa/gazettes/na-government-gazette-dated-2017-06-26-no-6342. (Accessed 22 May 
2020). 

Gruber, N., Lachkar, Z., Frenzel, H., Marchesiello, P., Münnich, M., McWilliams, J.C., Nagai, T., Plattner, G.-K., 2011. Eddy-induced reduction of biological production 
in eastern boundary upwelling systems. Nat. Geosci. 4, 787–792. https://doi.org/10.1038/ngeo1273. 

Hamukuaya, H., 1997. An overview of hake research and the results of the trawl surveys. In: Proceedings of an International Workshop on the Research and 
Management of Hake in Namibian Waters. Swakopmund. Ministry of Fisheries and Marine Resources, Namibia, pp. 116–125, 13-17 October 1997.  

Hamukuaya, H., O’Toole, M.J., Woodhead, P.M.J., 1998. Observation of severe hypoxia and offshore displacement of Cape Hake over the Namibian shelf in 1994. In: 
Pillar, S.C., Moloney, C.L., Payne, A.I.L., Shillington, F.A. (Eds.), Benguela Dynamics: Impacts of Variability on Shelf-Sea Environments and Their Living 
Resources. S. Afr. J. Mar. Sci., vol. 19, pp. 57–59. 

Hampton, I., Boyer, D.C., Penny, A.J., Pereira, A.F., Sardinha, M., 1998. Integrated Overview of Fisheries of the Benguela Current Region. Thematic Report for the 
Benguela Current Large Marine Ecosystem Programme. The Secretariat. Benguela Current Commission, Swakopmund, Namibia. http://archive.iwlearn.net/ 
bclme.org/fact5g/5sheries.html. (Accessed 22 May 2020). 

Hempel, G., O’Toole, M., Sweijd, N., 2008. Benguela Current of Plenty. A History of International Cooperation in Marine Science and Ecosystem Management. The 
Secretariat. Benguela Current Convention, Swakopmund, Namibia, p. 144. 
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