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Coral reefs are facing severe pressures from both global and local anthropogenic impacts, 

which have led to reductions in key ecosystem processes, and subsequent increases in fleshy 

macroalgae. Local stressors such as nutrient runoff can be locally managed, which could 

subsequently increase the potential for reefs to recover from larger-scale impacts like climate 

change. However, it can be difficult to quantify the source or content of these nutrients, as 

they are subject to large spatio-temporal variations in the environment. Macroalgae have been 

widely established as an effective bioindicator for measuring bioavailable nutrients over large 

spatio-temporal scales using stable isotopic and elemental analyses, which, if the macroalgae 

are naturally available at relevant sites, can be useful in both identifying and tracing 

additional nutrient loads that can be potentially detrimental to reefs. Other bioindicators have 

also been highlighted in the literature, but few attempts have been made to simultaneously 

test and quantify multiple bioindicators in the field as part of environmental monitoring 

programmes, which is key in this period of high reef disturbance. In the current study, the 

precision and cost-effectiveness of a suite of potential bioindicators were collected from coral 

reefs across the Inner Seychelles islands and investigated to determine how well each of them 

captures nutrient regimes both within and across different reefs, particularly those facing 

different stages of degradation from anthropogenic disturbances. The selected bioindicators 

included brown and green macroalgae, turf algal assemblages, cyanobacteria, soft corals, 

zoanthids, sponges, and sediment from up to 21 different reefs (nine of which are macroalgal-

dominated, and 12 of which had recently undergone mass coral mortality from the 2016 

bleaching event), which were all analysed for both nitrogen and carbon stable isotopic and 

elemental signatures (δ15N, δ13C, %C, %N, and C:N Ratio). In addition, the cost-effectiveness 

of each of these techniques was assessed in terms of cost (time investment, expenses) and 

effectiveness (precision, sampling availability). For measurements of δ15N, the three 

bioindicators that showed consistently low average coefficient of variation (CoV) values, 

both within and between reefs, were green macroalgae (3.60 ± 0.50) and brown macroalgae 

(4.07 ± 0.28), as well as for measurements of nitrogen content (%N), where the average CoV 

was 7.53 ± 1.29 and 11.3 ± 1.02, respectively. However, zoanthids (Palythoa sp.) were also 

much less variable than the other bioindicators from similarly higher trophic levels, as they 

had an average CoV of 14.3 ± 1.30 % for %N, relative to 30.4 ± 6.21 % for soft corals, and 

were present at 19 out of 21 sites (7 macroalgal-dominated reefs; 12 dead-coral reefs), 

whereas brown macroalgae (Sargassum sp.) were collected from 16 sites (9 macroalgal-

dominated reefs; 7 dead-coral reefs) and green macroalgae (Chlorodesmis sp.) from only 13 

(7 macroalgal-dominated reefs; 6 dead-coral reefs). This therefore provides useful 

information about the types of bioindicators which are not only accurate and precise enough 

to detect nutrient regimes, but which might be useful if comparisons are needed between 

reefs in different conditions. However, different functional groups of macroalgae can respond 

mailto:e.vaughan@lancaster.ac.uk
mailto:p.wynn@lancaster.ac.uk
mailto:shaun.wilson@dbca.wa.gov.au
mailto:g.j.williams@bangor.ac.uk
mailto:p.barker@lancaster.ac.uk
mailto:nick.graham@lancaster.ac.uk


differently to increases in nutrient loads, as the overall average %N in green macroalgae from 

was 4.32 ± 1.29 %, whereas it was 1.10 ± 0.02 % in brown macroalgae. This could be 

because Chlorodesmis is thought to be a slower-growing type of algae, as it has a greater 

nutrient storage capacity than Sargassum, so it might not respond as quickly to any increases 

in anthropogenic loads, and therefore not accurately reflect any environmental changes in 

their tissues, even if its measurements are still consistently precise. It therefore emphasises 

the need to take into account any biological mechanisms of nutrient uptake, assimilation and/ 

or storage when choosing a specific bioindicator to determine nutrient. The cost-effectiveness 

analyses in this study also helped to improve confidence in the choice of a bioindicator, using 

the stable isotope method, as this study found that the type of bioindicator and working task 

have a significant effect on the time taken (cost, in h) to collect, process, prepare and analyse 

samples to measure for nutrient signatures in their tissues, as does the interaction between 

them. Though sediment was available at all 21 sites and turf algae at 20, and were two of the 

easiest bioindicators to locate and collect in the field, they were both poor indicators without 

any additional treatment or process, as the calcium carbonate-heavy sediment contained such 

little nitrogen on average (0.04 ±  0.01 %) that it was more difficult to detect nitrogen-related 

signatures during the stable isotopic analyses compared to the other types. Though additional 

measures can be taken to increase the precision of these kinds of bioindicators, such as 

acidifying subsamples, or separating out the turf algal assemblages into individual functional 

groups before analysing them separately, this only increases the time taken to use them for 

such purposes, and so their “cost”. Applying a combination of these approaches could 

therefore aid both scientists and local managers in selecting suitable bioindicators for 

precisely and cost-effectively investigating nutrient regimes over different spatial scales, or 

else reefs that are facing different levels of degradation, which could subsequently inform 

them about any areas of concern where anthropogenic runoff might be impacting a disturbed 

reef’s recovery potential.     
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