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Background: The southernmost mangrove forests in Africa are located in the Western Indian 

Ocean (WIO), alongside important coastal ecosystems such as seagrass meadows and rocky 

shores. Our understanding of the vast biodiversity within these hotspots is limited by the 

typical issues that we face when describing biodiversity. Traditional monitoring methods are 

costly on resources, and a certain level of taxonomic expertise is required to assign 

taxonomic identities, especially for cryptic species. It is difficult to capture the diversity of 

rare fishes or those that inhabit inaccessible areas such as mangrove forests due to the mere 

logistics of encountering and sampling such organisms. Biodiversity surveys are also unlikely 

to be carried out frequently enough to represent contemporary changes in fish biodiversity 

due to the costs associated with sampling and identifying fishes. The management of marine 

resources therefore relies largely on ‘older’ datasets or on fish catch data, the latter of which 

is not representative of fish biodiversity for various reasons. Here we propose a biodiversity 

monitoring method that can be carried out more regularly and rapidly than traditional fish 

monitoring methods with increased feasibility and less reliance on taxonomic expertise. Our 

research uses an environmental DNA (eDNA) metabarcoding approach, whereby free-

floating DNA in coastal waters can be sequenced and matched to known DNA sequences to 

produce taxonomic diversity estimates. Previous eDNA studies have been successful in 

describing fish biodiversity in a range of habitats globally, and it is now necessary to validate 

this method in the WIO to update our understanding of fish biodiversity in the region. 

 

Methods: Water samples were collected from aquarium tanks and from the intertidal zone of 

various coastal ecosystems in South Africa, including mangrove forests, seagrass meadows, 

rocky and sandy shores and estuaries. All samples were processed at Stellenbosch University, 
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South Africa. DNA was extracted from the water samples in a decontaminated environment 

using the Qiagen DNeasy Blood and Tissue kit, and amplified in a two-step PCR protocol 

with universal 12S MiFish PCR primers. A total of 96 samples were multiplexed on a single 

Illumina MiSeq run, including negative and positive controls, and the resulting data was 

processed using bioinformatic pipelines (including the MiFish Pipeline). These methods 

generated operational taxonomic units (OTUs) that were assigned to a taxonomic identities 

based on 12S mitochondrial sequences in existing databases (including NCBI and MitoFish). 

Taxonomic diversity was described for each water sample, and compared with expected fish 

diversity across habitat types, bioregions and sampling seasons. 

 

Results: The eDNA metabarcoding method that we optimised here was able to successfully 

detect coastal fishes from both aquarium and natural sites in South Africa. Fish biodiversity 

was described for a range of intertidal ecosystems, including the southernmost mangrove 

forests in the WIO region. We generated fish biodiversity data for widely distributed habitat 

types over multiple seasons, using a single eDNA biomonitoring method. Results varied 

across the sites, with some widely distributed taxa detected along multiple habitat types, 

bioregions and seasons, and other habitat-specific fishes found within certain habitat types 

and bioregions. 

 

Conclusions: Monitoring biodiversity has many challenges, and here we provide the first 

WIO-specific validation for eDNA metabarcoding as a rapid solution for regular coastal 

monitoring. We generated the first eDNA-based datasets for coastal fish diversity in the 

region, using a method that successfully detected fishes without encountering the target 

organisms. This was carried out across multiple habitat types including mangrove forests, 

seagrass meadows, rocky and sandy shores. We have set a wide-scale baseline for coastal 

eDNA research in the WIO. It will now be important to continue utilising these molecular 

tools to better inform coastal management by generating datasets that will describe changes 

in coastal fish diversity on a regular basis. 


