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Background: Coral reef fish are increasingly confronted with a range of environmental 

disturbances. However, they also contribute to crucial ecosystem processes and services in a 

number of ways. Functional traits and corresponding metrics of functional diversity provide a 

mechanistic link between species and their responses to disturbances and effects on 

processes. Nevertheless, there is currently no systematic way to select the most appropriate 

fish traits for a functional analysis, catered to the question being posed. This work seeks to 

address this gap and apply a method of evidenced-based trait selection to a functional 

assessment of long-term monitoring data from Kenya.  

Methods: Results from a two-stage process will be presented: firstly, a systematic review 

assessing the evidence base for the response and effect traits of coral reef fish, and secondly, 

a time series analysis assessing changes in the functional traits and diversity of coral reef fish 

in Kenya’s Marine Protected Areas (MPAs).  

1) Review: A range of fish traits were identified and categorised to generate a typology 

of traits, modifying the trait-based “Response and Effect Framework”. The IPCC 

approach to estimating certainty was then adapted for purpose and used to ascertain 

the different confidence levels associated with linking traits to either environmental 

disturbances or ecosystem processes. Through this procedure, a schematic of evidence 

types was generated, ranging from lab-based experiments to global observational 

studies. Additionally, a network analysis revealed which traits are most commonly 

used together, as well as the types of questions they are used to answer. 

2) Time-series analysis: A chronosequence method allowed for the creation of a 40-year 

time series of Kenyan MPA monitoring data. Further to this, a functional space was 

built using key traits identified in the review to be affected by fishing pressure and 

climate-change related disturbances. Rates of change in functional diversity metrics 

(functional richness, functional dispersion, functional evenness) are graphically 

illustrated and the traits driving such change are investigated individually using a 

structural equation model to determine the mechanistic links between disturbances, 

traits, and processes.  

Results: The results of the review provide a foundation for the systematic selection of traits 

and therefore a functional analysis of the Kenyan coral reef ecosystem over time, linking 

disturbances to fish traits to ecosystem processes. The network analysis shows that size and 



diet are the most commonly used traits with a strong evidence base linking them to both 

disturbances and coral reef ecosystem processes. The network analysis also illustrates that a 

greater number of studies were found to link response traits to disturbances than effect traits 

to processes, with climate change and fishing being the most commonly studied disturbances, 

and herbivory and predation the most commonly studied processes. A strong life-history 

response trait cluster is also revealed in the network analysis. The IPCC-style assessment of 

confidence indicates that it can be said with high certainty that 1) functional diversity, size, 

and diet respond to fishing pressure, 2) metabolic rate, body mass, and carbonate production 

respond to climate change, and 3) size and diet affect herbivory and predation rates. By using 

traits identified as both response and effect traits, a structural equation model allowed for the 

pathways of influence to be determined in the Kenyan dataset. An increase of functional 

diversity over time with protection and insignificant impact of climate change is 

demonstrated. Increasing body size in protected areas over time contributed to rates of 

increase of key feeding groups of fish. These pathways indicate the links between fishing, 

traits, and processes such as predation and herbivory on the reef. 

Conclusion: The results show that shifts in the functional space of coral reef fish over time 

will likely have an impact on the key ecosystem processes of herbivory and predation. The 

recovery of traits and functional diversity over time since protection in Kenyan MPAs, 

despite climate-change related disturbances, suggest the recovery of ecosystem functioning. 

Nevertheless, direct measures of such processes are needed to confirm the link between the 

presence of certain trait combinations and ecosystem functioning. Moreover, globally, more 

work is needed to link fish traits to ecosystem processes, so that a more precise understanding 

of the impact of disturbances on ecosystem processes and services provided by the reef can 

be understood.   


