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Background 

Microorganisms are thought to be critical in marine ecosystem processes. Characterizing their 

ecological niches is critical in clarifying their precise roles and the environmental conditions 

they respond to. Western Indian Ocean is understudied with reference to microbiome analysis 

due to the region’s inadequate appreciation of molecular biology application in addressing 

marine challenges and the lack of technological capacity. Hitherto marine microbiology studies 

have been largely culture-dependent - approaches that detect less than 0.1% of microorganisms. 

Recent advances in sequencing technology and bioinformatics analysis offer more efficient 

approaches of studying microbial ecology. 

 

Metabarcoding studies have shown that coral-associated bacteria are host-specific and differ 

from those dominating the surrounding reef water. Also, metagenomics studies have shown 

that marine macro-organisms may influence microbe composition in the surrounding water 

creating “aura-microbiomes” specific for each organism and different from communities off 

the reef. A comprehensive inventory of microorganisms is, therefore, necessary for a holistic 

understanding of marine biodiversity. 

 

Methods 

Environmental DNA was isolated from water and sediment samples collected within the coral 

reef and the sub-littoral area at Kuruwitu conservancy, a locally managed marine area on the 

Kenyan Indian Ocean. The V2-4-8 variable regions of 16S ribosomal RNA gene were 

amplified by PCR then sequenced by Ion Torrent technology to characterize microbial 

communities in the environmental DNA samples. Sequence reads were filtered to remove low 
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quality and polyclonal sequences. Retained sequences were exported in fasta files and 

processed using QIIME bioinformatics pipeline. Operational Taxonomic Units (OTUs) were 

defined at ≥ 97% sequence homology using the open reference picking pipeline and taxonomy 

assignment workflow of QIIME and the Greengenes database. Statistical analysis and 

visualization of the taxonomic information was done in Calypso. 

 

Results 

A total of 211,640 high-quality reads were generated from the amplicon sequence and clustered 

using > 97% sequence identity into 605 microbial OTUs. Filtering out OTUs with less than 

one percent relative abundance across all samples resulted in 571 OTUs. A rarefaction analysis 

for the identified OTUs verified that all samples had been sequenced to sufficient depth to 

capture representative microbial diversity. 

 

Members of the Proteobacteria phylum comprised over 60% of the population composition in 

all samples. Notably, phyla Caldithrix and Acidobacteria were observed on sediment but not 

water samples. 

 

By alpha diversity metrics of richness and evenness, water samples had higher diversity than 

sediment samples regardless of the zone sampled. Principal coordinates analysis (PCoA) based 

on Bray-Curtis distance metric of OTUs, revealed clustering between coral reef and sub-littoral 

water samples, but not sediment samples. 

 

Conclusion 

The dominance of Proteobacteria members – the phylum of gram-negative bacterial pathogen 

such as Escherichia, Salmonella, Vibrio and others – suggests inability of marine protection in 

mitigating human-source pollution. But if this observation is due to the ocean and human gut 

microbiomes being similar, as one study suggests, it calls for rethinking the faecal indicators 

used for marine pollution. 

 

The clustering of coral reef and sub-littoral water microbiomes may be explained by tidal 

mixing of water in these zones, a phenomenon that’s less dynamic with sediments between the 

two zones. 

 

These results point to the potential richness of WIO regarding microbial biodiversity. 


