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In many tropical countries, large urban cities are still growing on the coast and coverage in terms of sewage 

treatments is far from desirable. Cultural eutrophication is not solely a threat for the coastal ocean; it is now 

acting as one of its major biogeochemical and ecological drivers. In this context, mangrove forests receive 

increased inputs of labile organic matter (OM) of algal origin; the aim of the Vubleu project was to investigate the 

differences in biogeochemical properties of mangrove soils along a gradient of eutrophication in terms of 

chemical composition and microbial activity. The main scientific question was: is there a change in mangrove soil 

OM quantity and quality consistent with eutrophication? Are these changes reflected in remineralisation activity 

by the soil microbial community?  

 

We conducted a comparative study in three mangroves located in the state of Rio de Janeiro (Brazil), in 

embayments well characterized in terms of trophic state, from pristine oligotrophic conditions (Ilha Grande bay, 

M1 site), to impacted eutrophic conditions (Guanabara Bay M2 site), and to highly impacted hypertrophic 

conditions (Sepetiba Bay M3 site).  

 

 
Figure 1: 15N, 13C , C:N ratio and Inorganic Phosphorus  in surface 

soils 

 

 
 

 Figure 2: Soil-air CO2 and CH4 fluxes measured by eddy co-variance 

 

15N in surface soils significantly increased from the M1 to the M3 sites (Figure 1), consistent with an urban input 

of enriched nitrogen that is intensively recycled in the coastal bays and enters the mangrove ecosystem. 

Mangrove tree leaves were also enriched in heavier N showing that the anthropogenic N permeates the whole 

ecosystem. 13C (Figure 1) provide information on the OM sources in these surface sediments with a 

predominance of 13C-depleted mangrove OM at sites M1 and M2, and a significant contribution of enriched algal 

OM in surface sediments of the hypertrophic site M3. C:N ratios (Figure 1) reveal the presence of more refractory 

N-poor OM at the pristine site and more labile N-enriched OM due to the more significant algal contribution, and 

probably also to a more significant contribution of the microbial heterotrophic community (bacteria and fungi, see 

below the description of Fatty acids results). Surface sediments of the two eutrophic mangroves M2 and M3 were 

highly enriched in Inorganic Phosphorus (IP) compared to the pristine oligotrophic site (Figure 1). All the 
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biogeochemical parameters analysed in the study consistently highlight the eutrophic gradient. However, the 

gradient was not linear for all parameters, suggesting that eutrophication modifies the soil properties at different 

time scales depending on the intensity of the perturbation.  

 

Soil-air CO2 fluxes (Figure 2) follow the same gradient, increasing from the pristine oligotrophic site M1 to the 

hypertrophic M3 site. The median CO2 fluxes was about 3 time higher at M3 than at M1. As an integrative 

measure of heterotrophic activity, CO2 fluxes indicate that soil respiration is enhanced in eutrophic condition. In 

contrast, no significant differences could be observed for CH4 fluxes from one mangrove site to another, and the 

CH4 fluxes were highly variable with median values 3 order of magnitude lower than the median CO2 fluxes.  

 

Analysis of fatty acids (not shown) on the same samples confirmed the observed trend and allowed further 

conclusion. We found high proportions of saturated fatty acids (SFAs), and long-chain fatty acids (LCFAs), the most 

refractory fatty acids, in the pristine M1 compared to the eutrophic M2 and M3 sites. In contrast, branched FAs 

(BrFAs) were much more abundant at the eutrophic M3 site revealing an important contribution of bacteria and 

fungi to the soil OM. Altogether, our data indicate that priming induced by coastal eutrophication is apparently 

occurring in mangrove soil of the region of Rio de Janeiro. However, a more quantitative analysis using 13C-

labelled material would be necessary to quantify the priming effect and conclude if mangrove soil blue carbon is 

likely durably threatened by coastal eutrophication. 

 

 

Future of the VuBleu project will occur within the CNRS-INEE IRP VELITROP (Vulnérabilité des ecosystems littoraux 

tropicaux face à l’eutrophisation).  
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