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The extent and type of microplastic (MP) contamination in South African open ocean marine resources is unknown. This study aims to report on MP ingestion in seven commercially targeted ﬁsh species from the Agulhas
Bank, south of South Africa. MPs were found in all seven species sampled (N = 105) (Trachurus capensis,
Merluccius capensis, Merluccius paradoxus, Etrumeus whiteheadi, Scomber japonicus, Chelidonichthys capensis and
Argyrozona argyrozona). MPs were recorded in 86.67% ﬁsh sampled, with abundances ranging from 2.8 to 4.6
items/ﬁsh. Most MPs were ﬁbres (95.14%), black (38.11%) and ranged from 1000 to 500 μm (35.55%) in size.
There was no diﬀerence in microplastic concentration in relation to distance from shore (p > .05). This is the
ﬁrst record of MPs in oﬀshore ﬁsh from southern Africa and the results indicate that more research is required to
assess the extent of MP contamination in the region.

Plastic debris is prevalent in the marine environment with 10% of
all plastic produced eventually ending up in the oceans where it potentially accumulates (Güven et al., 2017; Mattsson et al., 2017). In
2010, 275 million metric tons of plastic was generated by 192 coastal
countries, with 1.75% - 4.6% of this entering the surrounding oceans
(Jambeck et al., 2015). By 2015, global plastic production increased to
322 million metric tons (Worm et al., 2017) and is currently estimated
to be > 350 million metric tons (PlasticsEurope, 2018). A substantial
portion of plastic debris in the ocean comes from land-based sources
entering the marine environment through rivers (Lebreton et al., 2017),
industrial and urban eﬄuents, and run-oﬀ of coastal sediments
(Barboza et al., 2018). The other part results from direct inputs, such as
oﬀshore industrial activities, nets being lost in various ﬁshery sectors
and litter released during sea activities, including ecotourism (Barboza
et al., 2018).
Plastics can persist in coastal and marine environments for long
periods of time (Andrady, 2011) and is generally classiﬁed as macro(25–1000 mm), meso- (5–25 mm) - and microplastics (MPs) (< 5 mm)
(GESAMP, 2019). Microﬁbres, pellets, ﬁlms and fragments are common
categories of MPs (GESAMP, 2019; Murray and Cowie, 2011). The size
of microplastics is also an important category for measuring eﬀects of
MPs as the size of MPs have the potential to aﬀect ingestion rates of
marine organisms (Andrady, 2011), and hence play an important role in
organism, and ultimately ecosystem health. MP sizes fall within the
optimal prey size range for a variety of marine organisms such as
zooplankton, which in turn may make MPs bioavailable for ingestion by
zooplankton predators, resulting in MPs bioaccumulating up the marine
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food chain (Lusher et al., 2017).
Negative eﬀects of MP ingestion include blockage and damage of
the digestive system, biomagniﬁcation of harmful chemicals, increase
in morbidity, high levels of toxins in the liver, disruption of the endocrine system and neurotoxic eﬀects (Lusher et al., 2013). Ingestion of
marine plastics by ﬁsh was ﬁrst documented by Carpenter et al. (1972)
who described the existence of plastic particles (MPs) in larvae and
adult ﬁsh in the coastal waters of southern New England. Research on
MPs in South Africa is limited. The ﬁrst study on plastics in the open
ocean oﬀ South Africa by Ryan (1988) recorded an average particle
density of 3.64 particles m−2 at the sea surface oﬀ the South-Western
Cape Province. Most of the samples were identiﬁed as plastic foam,
fragments of plastic particles and manufactured pellets and ﬁbres
(Ryan, 1988). Plastic particles were found in 33% of all trawls, corresponding to a density of almost 3600 particles km−2, with a decrease in
plastic abundance with increasing distance from the coast being recorded (Ryan, 1988). More recently Naidoo et al. (2016) provided the
ﬁrst report on plastic ingestion by ﬁsh in South Africa by presenting
results of plastic particles in the guts of Mugil cephalus (mullet) in
Durban Harbour, situated along the east coast of South Africa.
Given the lack of data on MPs in ﬁsh in South Africa, we report, to
our knowledge, the ﬁrst study to investigate the abundance, and type of
MPs in South African oﬀshore ﬁsh, to ascertain whether further research is needed to monitor MP contamination in South African marine
resources such as ﬁsh.
Seven commercial ﬁsh species were sampled from April to June
2019 by a commercial ﬁshing vessel, the Desert Diamond, (sampling was

Corresponding author.
E-mail address: sparksc@cput.ac.za (C. Sparks).

https://doi.org/10.1016/j.marpolbul.2020.111216
Received 16 January 2020; Received in revised form 14 April 2020; Accepted 23 April 2020
Available online 03 May 2020
0025-326X/ © 2020 Elsevier Ltd. All rights reserved.

Marine Pollution Bulletin 156 (2020) 111216

36°25.1′S 021°19.9′E
33° 50.4′ S 26°40.2′E
34° 34.8′ S 25°26.4′E
36°20.0′S 021°29.5′E
36°20.0′S 021°29.5′E
35°30.2′S 021°52.0′E
34°46.8’S 024°03.9′E

0–500 m
50–1000 m
200–1000 m
0–200 m
0–300 m
10–400 m
20–200 m

Polyphagous
Smaller ﬁsh
Polyphagous
Zooplankton
Polyphagous
Polyphagous
Polyphagous

15
15
15
15
15
15
15

33
35
39
24
30
23
55

±
±
±
±
±
±
±

2
3
4
2
2
2
3

257 ± 66.
293 ± 78
414 ± 99
76 ± 20
200 ± 45
139 ± 47
2137 ± 459

20 ± 8
17 ± 4
32 ± 13
5.8 ± 2.5
16 ± 3
15 ± 7
110 ± 46

3.9
4.2
3.8
3.3
4.6
3.4
2.8

±
±
±
±
±
±
±

1.0
0.6
0.7
0.5
0.8
0.4
0.7

0.21
0.25
0.15
0.05
0.28
0.25
0.03

±
±
±
±
±
±
±

0.06
0.03
0.04
0.01
0.05
0.04
0.01

done by ﬁsheries observers) and during the annual South Coast demersal survey undertaken by the South African Department of
Agriculture, Forestry and Fisheries' (DAFF) research vessel, the RV
Africana. Sampling locations were dependent on the vessel route and
sampling of 15 ﬁsh was done at random, per species. At this stage of the
sampling there was no control to minimise contamination. Both vessels
used trawling nets for sample collection (which may have been potential sources of MP ﬁbres once the ﬁsh were in the net), with the RV
Africana sampling for Merluccius capensis (shallow water hake) and
Merluccius paradoxus (deep water hake). The Desert Diamond sampled
Trachurus capensis (Horse Mackerel), Etrumeus whiteheadi (Red Eye),
Scomber japonicus (Chub Mackerel), Chelidonichthys capensis (Cape
Gurnard) and Argyrozona argyrozona (Carpenter) (Table 1). In total 105
specimens across the 7 species (N = 105, n = 15) were sampled at
depths ranging from 50 to 200 m oﬀ the Agulhas Bank (Fig. 1).
Trawl duration was set at 1 h45 minutes from the time the net
reached the desired depth to when the net was hauled from the water.
After collection, specimens were immediately placed in plastic bags and
frozen at −20 °C within freezers on-board the vessels for further analysis at Cape Peninsula University of Technology (CPUT): District Six
Campus.
MPs were extracted according to the methods adapted from
(Rochman et al., 2015) and Lusher et al. (2017). At the CPUT laboratory, the specimens were thawed at room temperature, weighed (g) and
the total length (cm) measured. The defrosted water was also collected
and analysed for MPs. The ﬁsh were dissected using a pre-cleaned
scalpel and surgical scissors to remove the digestive tract (oesophagus
to vent). The digestive tract was weighed (g) after dissection and placed
into pre-cleaned glass beakers. The ﬁsh guts were digested by placing it
in 10% KOH (w:v) (using reverse osmosis (RO) water ﬁltered through a
10 μm mesh) at a 1:4 ratio of gut to KOH solution and allowed to
dissolve for 24 h at 60 °C. Smaller species responded well with the
method from Rochman et al. (2015) but larger species (A. argyrozona,
M. capensis & M. paradoxus) needed more time to digest fully and were
kept in the oven at 60 °C for up to 2 weeks, depending on digestion rate.
After samples were fully digested, these were vacuum-ﬁltered through a
pre-cleaned 20 μm mesh and placed into pre-cleaned petri dishes.
Samples that contained large particles (eg. ﬁsh scales) were ﬁrst ﬁltered
through a 500 μm mesh to ensure no blockage of the 20 μm mesh. Petri
dishes containing the mesh were then placed in an oven for 24 h to dry
and then stored until MP analyses were done.
MPs were counted and categorized according to the classiﬁcation
suggested by GESAMP (2019) for size, colour and type (ﬁbre and
fragment; these were the only types of MPs encountered). Items suspected of being MPs were validated using the hot needle test (Hermsen
et al., 2018). This test does not identify polymer type but does validate
that items are polymers.
Prevention of contamination and quality control was done once the
samples arrived at the CPUT lab as we had no control over the sampling
collection and freezing of the ﬁsh. However, given that we only sampled ﬁsh guts, it is unlikely that MP contamination during sampling
would signiﬁcantly aﬀect the results recorded here. Within the lab, all
air vents and windows were permanently closed. Before dissections, all
surfaces and equipment were cleaned with ethanol and glassware
cleaned using an autoclave and rinsed with 10 μm ﬁltered RO water
three times. Glass beakers containing digestive tracts were covered with
foil during the digestion period and when not in use. Digestates were
observed under microscope with the petri dish closed. All laboratory
personnel wore cotton laboratory coats and nitrile gloves. Control petri
dishes were placed at strategic points throughout the laboratory to
determine if any air contamination occurred. If MPs were observed in
the control petri dishes and visually similar to what was found within
the samples, these totals were deducted from the samples.
Contamination was < 10% of the mean MPs in the samples and were
deducted from the MP counts made on the respective days of the contamination being recorded.

Cape horse mackerel
Shallow-water Cape hake
Deep-water Cape hake
Round herring
Chub mackerel
Cape gurnard
Carpenter seabream
Trachurus capensis
Merluccius capensis
Merluccius paradoxus
Etrumeus whiteheadi
Scomber japonicus
Chelidonichthys capensis
Argyrozona argyrozona

Pelagic-neritic
Bathydemersal
Bathydemersal
Pelagic-neritic
Pelagic-neritic
Demersal
Benthopelagic

MPs per gram ﬁsh gut
MPs per ﬁsh gut
Gut weight (g)
Weight (g)
Length (cm)
n
Prey (adults)
Depth range
Position
Habitat
Common name
Species

Table 1
List of ﬁsh species examined with data on species information, position, depth range, prey, sample size (n), ﬁsh length (cm), ﬁsh weight (g), gut weight (g), MP abundance per ﬁsh gut and MP per gram ﬁsh gut weight.
Values are means ( ± SE).
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Fig. 1. Sampling sites and average concentrations of MP ﬁbres (per ﬁsh gut) in ﬁsh species caught on the Agulhas Bank, south of South Africa (see Table 1 for specie
names).

Foekema et al., 2013; Lusher et al., 2013). Lusher et al. (2013) reported
MP abundances of 1.90 ± 0.10 MPs ﬁsh−1 (36.5% of ﬁsh) in ﬁsh from
the English Channel, Boerger et al. (2010), 2.10 ± 5.78 MPs ﬁsh−1
(35% of ﬁsh) in ﬁsh from the North paciﬁc and Foekema et al. (2013),
0.03 ± 0.79 MPs ﬁsh−1 (2.7% of ﬁsh) in ﬁsh from the North Sea. Of
interest was that A. argyrozona, although being the largest size class of
ﬁsh sampled (55 mm), contained the lowest frequencies of MP presence
(66.67%). This result is similar to that recorded by other studies (Digka
et al., 2018; Foekema et al., 2013) where it was found that MPs in ﬁsh
decreased with increase in ﬁsh size.
The diﬀerent types of MPs ingested (mainly ﬁbres) is similar to
studies in other parts of the world (Bellas et al., 2016; Compa et al.,
2018; Güven et al., 2017; Lusher et al., 2013; Neves et al., 2015).
However, other investigations recorded higher concentrations of fragments than ﬁbres in ﬁsh guts (Boerger et al., 2010; Digka et al., 2018).
The type of MPs in the ﬁsh sampled are consistent with ﬁndings from
other coastal studies in South Africa, where mainly ﬁbres were recorded
in organisms and the environment (de Villiers, 2018; Naidoo et al.,
2016; Nel and Froneman, 2015).
Analysis of MP size categories indicated that 500–1000 μm (35.5%)
was the most common, followed by 1000–2000 μm (22.3%). The size
categories were similar for most species, except for S. japonicas where
125–500 μm was the dominant size category (Fig. 3). Previous studies
indicated that there is no relationship between the size of MPs ingested
with ﬁsh length (Foekema et al., 2013; Güven et al., 2017). A. argyrozona was the largest ﬁsh sampled, yet consumed the least MPs. A
possible explanation for this is that larger ﬁsh are generally predatory
by nature and less likely to consume MPs (unless MPs were prevalent in
the prey) (Compa et al., 2018). Higher concentrations of MPs were
found in ﬁsh preferring the pelagic habitat and had polyphagous preferences for prey. Fibres were the most dominant MPs recorded. Fibres
generally categorized as polyester that is less dense than sea water
(Haap et al., 2019), are most likely to remain in the upper layers of the
water column (Foekema et al., 2013) and therefore more likely to be

A non-parametric independent-sample test (Kruskal-Wallis) was
used to test for diﬀerences in the samples analysed as the data did not
meet the criteria for parametric analysis (homogeneity and variance).
MP abundances were calculated for each species and presented as
number of MPs per ﬁsh (MPs were sampled from the ﬁsh gut)
(N = 105), number of MPs per gram (gut ww), MP type (ﬁbre/fragment), mean % of colour categories and mean % of size categories.
Signiﬁcance was set at p < .05 and average values expressed as
mean ± standard error of the mean (SE). Distance to nearest shore was
calculated for sampling sites using Google Earth Pro (AfriGIS) and the
correlation between MP concentration in the ﬁsh samples and distance
from nearest shore was tested using a Spearman's Rank Correlation.
Graphical presentation of the data and statistical analyses were performed using the software IBM SPSS Statistics v25.
Of all the specimens analysed (15 replicates per species, N = 105),
91 (86.67%) ﬁsh guts contained MPs, of which 95% were microﬁbres.
There were no signiﬁcant diﬀerences in MP concentrations between the
ﬁsh analysed (KW; p > .05). The highest average concentrations of
MPs were recorded in S. japonicus (4.6 ± 0.8 MPs ﬁsh−1), M. capensis
(4.2 ± 0.6 MPs ﬁsh−1) and T. capensis (3.93 ± 1.0 MPs ﬁsh−1; Fig. 1,
Table 1). Photographs of typical MPs are shown in Fig. 2. Based on ﬁsh
gut weights (ww), highest concentrations of MPs were recorded in S.
japonicus (0.28 ± 0.05 MPs g−1), M. capensis (0.25 ± 0.03 MPs g−1)
and C. capensis (0.25 ± 0.04 MPs g−1) and lowest concentrations recorded in E. whiteheadi (0.05 ± 0.01 MPs g−1) and A. argyrozona
(0.03 ± 0.01 MPs g−1) (Table 1). There was no signiﬁcant correlation
between the abundance of MPs and distance from shore (Spearman's
Rank Coeﬃcient = 0.019, p = .846).
This study, to our knowledge, is the ﬁrst to present data on the
ingestion of MPs (< 5 mm) by various commercially important ﬁsh
caught oﬀ the Agulhas Bank, south of South Africa. The study recorded
MP occurrence in all 7 species analysed. The mean abundances of
3.72 ± 2.73 MPs ﬁsh−1 (86.67% of ﬁsh sampled) is higher than MPs
recorded in ﬁsh from other parts of the world (Boerger et al., 2010;
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Fig. 2. Photographs of common microplastics found within the digestive tract of ﬁsh species sampled; ﬁbres (a)-(d) and fragments (e)-(f).

by blue-green (28.5%) and then red-pink (22.9%) (Fig. 4). The prevalence of colours did not diﬀer between species, except for C. capensis
that had a higher proportion of transparent MPs and E. whiteheadi, that
had higher proportions of blue-green MPs (Fig. 4). The higher abundance of black plastic ﬁbres in ﬁsh from this study is similar to that
reported elsewhere (Lusher et al., 2013, 2016; Vermaire et al., 2017).
The higher frequencies of blue/green MPs recorded in E. whiteheadi
could be related to feeding behaviour. E. whiteheadi is a pelagic-neritic
ﬁsh that preys on zooplankton on the Agulhas Bank and is considered to
be a keystone species (Smale, 1992). Given that E. whiteheadi had the
highest fraction of blue-green ﬁbres, yet the second lowest MPs per ﬁsh
and the lowest ﬁbres per weight of all the ﬁsh sampled (Table 1), the
results suggests that there is a need for research on ﬁsh preferences for
prey (and MP?) colour.
The high rates of MP ingestion reported in our study can also be
related to high vessel traﬃc, densely populated urban development
upstream of the prevailing Agulhas Current, ﬁshing activities and/or
MPs entering through wastewater eﬄuent and river mouths along the
South-Eastern coastline of South Africa (Nel and Froneman, 2015). The
east coast of South Africa has more rivers entering the Agulhas Current
than the western part of the country, and ﬂows in a south westerly
direction (Collins and Hermes, 2019). The ﬁsh sampled were in the

encountered and consumed.
We sampled four demersal and three pelagic species of ﬁsh and MP
concentrations recorded for these groups are similar to other studies
(Lusher et al., 2013; Neves et al., 2015; Phillips and Bonner, 2015).
Habitat and distribution may aﬀect the type of MPs being ingested by
ﬁsh. Fibre was the least common type of MP to be ingested by demersal
ﬁsh in the Mediterranean Sea (Anastasopoulou et al., 2013), suggesting
that ﬁbre was less likely to be bioavailable (than fragments) for benthic
/ demersal ﬁsh. It is hence postulated that demersal ﬁsh are more likely
consume MP fragments and pelagic ﬁsh MP ﬁbres, given the bioavailability of these MPs in the oceanic environment. This postulation is
supported by Setälä et al. (2014), who reported that MP uptake is related to feeding behaviour, where pelagic ﬁlter feeders were more likely
to consume MP ﬁbres when compared to deposit feeders (benthic organisms). This relates to our study where pelagic ﬁsh (except for C.
capensis) generally ingested higher concentrations of MP ﬁbres than
demersal ﬁsh. For example, the diet of S. japonicas consists mainly of
small zooplankton, appendicularians and mysids that may be of similar
sizes to MP ﬁbres in the pelagic zone (Castro, 1993). The correlation
between MP characteristics and prey preferences in the pelagic environment requires further investigation.
The most prominent colours recorded were black (38.3%), followed
4
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Fig. 3. Percentage size distribution of microplastic in ﬁsh digestive tract found on Agulhas Bank.

Fig. 4. Percentage of diﬀerent colours of microplastic in ﬁsh digestive tract found on Agulhas Bank.

accumulate at frontal systems as well as settle on the continental shelf
of the Indian and Atlantic Ocean (Collins and Hermes, 2019). Hence,
more research is needed to model the trajectory of MPS from coastal
sources.
This study provides the ﬁrst baseline evidence that ﬁsh species
found on the Agulhas Bank are ingesting microplastics (mainly ﬁbres).
The sources of the MP ﬁbres recorded are probably from terrestrial
sources, entering the ocean as a result of poor waste management
systems in cities and catchment areas along the east coast of South
Africa (or possibly other countries further north of the east coast of
Africa). This study contributes to understanding the extent of MP contamination in southern Africa and provides evidence for the need for
further research regarding the prevalence of MPs in the region. Given
that the ﬁsh sampled are highly valued marine resources in the region
(and globally) and the high abundances of MPs recorded, there is an
urgent need to further investigate the sources, trophic transfer and effects of MPs on marine organisms and ecosystems in southern Africa.

southern part of the continental shelf of the Agulhas Bank, which is
known to have frontal systems moving southwards (Collins and
Hermes, 2019), where the MPs could have been concentrated (at the
frontal systems) and be bioavailable for uptake, especially if the MPs
were fouled with microorganisms such as bacteria.
The eastern part of the South African coastline consist of four urbanindustrial centres: Cape Town, Port Elizabeth, East London and Durban,
and accounts for 63% of the coastal population (www.statssa.gov.za/).
These cities also have major harbours that are subjected to dredging
activities and various forms of pollution. These activities have the potential to be a source of litter and microplastics that could provide a
source of waste for oﬀ-shore pelagic and benthic habitats (Naidoo et al.,
2015). Of the four major harbours listed above, three are upstream from
sites sampled. According to Collins and Hermes (2019), MPs ﬂoating on
the east coast of South Africa are exported via the Agulhas Current to
the Cape Basin (to the south) and then transported to the South Atlantic
Ocean and South Indian Ocean. High density of MPs from catchment
areas along the east coast of South Africa have the potential to
5
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