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Background 

The Agulhas Current is the major western boundary current in the southwest Indian Ocean and flows 

southward along the east coast of South Africa, closely following the continental slope. Cool water can be 

uplifted onto the shelf by divergence of the Current away from the coast, and along the inner edge of the 

Agulhas Current through Ekman veering in the bottom boundary layer. This results in the shallowing of 

the cool water between the Agulhas Current and the shelf edge, with further wind-forced upwelling up the 

slope and onto the shelf. These physical driving forces result in nutrients being uplifted into the surface 

layers stimulating increased phytoplankton production in the euphotic zone. Investigations of 

phytoplankton in the southeast ecosystem are limited and as far as is known there is only one recently 

published study on production and phytoplankton communities for this sector of the South African coast. 

A new project was initiated through the South African ACEP programme to investigate the oceanography 

of this region in greater detail and examine the impact of physical driving forces on phytoplankton and 

zooplankton communities. Phytoplankton populations were investigated by using phytoplankton pigments 

and absorption to elucidate community structure and the adaptation of the communities to changing 

environmental conditions. The main scientific objectives were: (1) to examine the variability in 

phytoplankton structure; (2) examine the effect of environmental parameters on the phytoplankton; (3) 

reveal differences in the absorption and photo-acclimation properties between phytoplankton groups. 

 

Methods 

A research cruise was staged in January-February 2017 on the southeast coast of South Africa between 

Port Elizabeth and Port Shepstone, with hydrographic profiling and nutrient sampling performed at a 

range of stations. Sampling for phytoplankton pigments and absorption was conducted during daylight 

only at selected stations at 5 depths within the euphotic zone and stored frozen for analysis ashore.  

Pigments were analysed by high performance liquid chromatography to yield the concentration of 25 

individual chlorophyll and carotenoid pigments. Photo-pigment indices were derived to assess the 

changing contribution of total chlorophyll a (TChla), total chlorophyll b (TChlb), total chlorophyll c 

(TChlc), photosynthetic carotenoids (PSC) and photoprotective carotenoids (PPC) to the total pigment 

pool (TPig). Appropriate pigment biomarkers were also used to determine phytoplankton community 

composition utilising the CHEMTAX iteration programme to derive the contribution of diatoms, 

dinoflagellates, small flagellates and prokaryotes to TChla. 

Particulate absorption spectra (200-750 nm) were determined spectrophotometrically and pigments were 

removed by bleaching and rescanned to measure detrital absorption. All spectra were corrected by 

subtracting blank spectra and 750 nm values from all wavelengths, and a path length amplification factor 

was used to correct for scattering by the glass fibre filters. Phytoplankton absorption coefficients were 

estimated by subtracting detrital absorption from the particulate spectra. Chlorophyll-specific absorption 

was estimated by normalising to TChla. 
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Results 

The highest concentration of TChla (7.3 mg m
-3

) was estimated for an inshore station (20 m depth) in the 

vicinity of the Port Alfred upwelling cell and CHEMTAX analysis revealed that diatoms were generally 

the dominant group at most of the inshore stations close to the coast. The lowest surface concentration of 

Chla (0.1 mg m
-3

) was observed at a 1000 m station offshore from East London and the picoplanktonic 

Prochlorococcus cells were dominant within the upper 75 m water column. The offshore stations over the 

continental slope consisted mostly of mixed communities of flagellates and prokaryotes, with haptophytes 

and Prochlorococcus being the dominant groups. Mid-shelf stations had intermediate TChla 

concentrations (up to 5.5 mg m
-3

) and communities consisted of diatoms and flagellates, where 

haptophytes and prasinophytes were the prominent flagellates. 

Phytoplankton absorption spectra showed characteristic peaks at 676 nm and 440 nm in the visible range 

due to absorption of light for photosynthesis by the chlorophyll and carotenoid pigments. Absorption 

peaks were also observed at 330 nm and 255 nm in the UVA and UVB regions respectively. Absorption 

at 255 nm was twice that at 330 nm, indicating greater absorption of UVB than UVA radiation by 

mycosporine amino acids to protect cells from UV damage of their photosynthetic membranes. 

Phytoplankton populations acclimated to changing irradiance conditions by adjusting their absorption of 

light by accessory pigments. Prokaryote dominated communities had high chlorophyll-specific absorption 

coefficients and a high proportion of spectral absorption by chlorophyll a and PPC (photoprotective 

carotenoids). Diatoms had low chlorophyll-specific absorption and elevated absorption by PSC 

(photosynthetic carotenoids) and chlorophyll a. Flagellate dominated communities had intermediate 

chlorophyll-specific absorption and had elevated absorption by chlorophyll a, chlorophyll b and PSC 

(photosynthetic carotenoids). 

 

Conclusions 

An investigation of phytoplankton on the southeast coast of South Africa in the summer of 2017 indicated 

that diatoms dominated the communities in the inshore shallow zone, mixed populations of diatoms and 

small flagellates were observed on the mid-shelf, while offshore stations over the continental slope 

consisted mostly of flagellates and prokaryotes. Absorption spectra revealed peaks in absorption of light 

for photosynthesis at red and blue wavelengths, but also high UVA and UVB absorption for protection 

against UV damage. Subtle differences were observed between diatoms, flagellates and prokaryotes in the 

proportion of chlorophyll a, chlorophyll b, photosynthetic carotenoids and photoprotective carotenoids 

within the total pigment pool as each group adapted to varying irradiance conditions in the water column 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


