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Background 

 

"Fish abundance and diversity" has been identified as one of the ten biological Essential 

Biodiversity Variables (EBVs) being coordinated by GEO BON (http://geobon.org/essential-

biodiversity-variables), recognizing their importance in trophic pathways in all marine 

systems. There is increasing global interest and an urgent need for meaningful variables for 

monitoring the state of coral reefs and predicting their trajectories into the future. These 

variables or indicators need to work globally and as aggregates that can be applied across 

multiple monitoring programmes. Coral reef ecosystems represent a challenging environment 

for developing EBVs because of their enormous inherent variation. In particular, although 

hard coral cover is well known and accepted as a key indicator for coral reef health, defining 

practical and measurable indicators for reef fish assemblages remains difficult. This is partly 

due to the mobility of fish and their high variation in density and diversity in response to 

different reef environments. Further, one of the primary drivers of reef fish populations is 

fishing pressure yet there is no consistent method for estimating fishing pressure. This paper 

presents progress in developing aggregate reef fish indicators as a contribution to developing 

EBVs for coral reefs. 

 

Methods 

 

The study was conducted on coral reefs in Comoros, Madagascar, Mozambique, Tanzania 

and Chagos where we measured the species diversity, density and size of fish species from 

underwater visual census surveys, together with 16 bio-physical variables for each site, to 

develop a model that tests the sensitivity of reef fish indicators and hence their potential as 

coral reef EBVs. 

 

The analytical approach used space in lieu of time to represent the wide range of reef 

conditions across the western Indian Ocean. We first modelled diversity, density and biomass 

of fish species to determine which bio-physical variables were significant in determining fish 

assemblages. Secondly, we tested the sensitivity of seven aggregate fish indicators against a 

range of predictor variables, including a new metric for fishing pressure. Principle component 

analysis (PCA) was used to condense key benthic variables into two primary PCA axes for 

subsequent analyses.  
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Results 

 

Patterns in the diversity, density and biomass of reef fishes revealed strong country 

affiliations of reef fish assemblages through CAP analyses. Distance based Linear Models 

confirmed geographic location and reef geomorphology were the most significant correlates, 

explaining 32% of the observed variation in fish assemblage structure. Another 6–8% of 

variation was explained by productivity gradients (chl_a) and reef exposure (fish density) or 

slope (fish biomass). Species richness also varied between island and mainland countries with 

Comoros being the least diverse. Fishing effects became evident, explaining 6% of the 

variation in fish biomass, but only at the smaller spatial scale of Tanzania and Mozambique. 

No correlation with live coral was detected at a regional level. However, in Chagos where 

fishing pressure is close to zero and reef geomorphology is relatively homogeneous, benthic 

measures of live and dead coral cover and reef rugosity were strongly correlated with fish 

assemblage structure.  

 

The ratio of piscivores and omnivores to total biomass was developed as an index of fishery 

exploitation with values ranging from ~0.3 in naturally productive fished areas to ~0.4-0.5 in 

protected areas or unfished areas. 

 

Variation in benthic attributes was delineated across two primary PCA axes:  i) a gradient 

from high turf algal cover to exposed sites with high CCA cover; ii) a gradient from high 

coral cover and rugosity to high fleshy algal cover and rubble, together explaining 48% of the 

variation among sites selected across the WIO. Using these axes as predictor variables, 

current modelling is testing which fish aggregate indicators are most responsive to changes in 

reef site characteristics and different levels of fishing pressure. Spatial estimates of fishing 

vessel density, obtained from satellite data, provided an effective index of relative fishing 

pressure. 

 

 

Conclusion 

 

This paper brings together a series of studies that seek to understand how the complexity of 

coral reef systems and their associated fish assemblages in the WIO can be distilled down to 

a few easily measurable, and hence practical, aggregate fish indicators for managers and 

conservation practitioners. Fish indicators give insights into changes in coral reef 

communities under changing global conditions, but importantly there are a range of indicator 

responses dependent on the state of a reef system and the dominant pressures. These results 

can help guide assessments of conservation programmes and contribute to global EBVs being 

developed by GEO BON and to coral reef biodiversity targets set by the Convention for 

Biological Diversity (CBD). 
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