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Abstract 
Woodchip bioreactors offer low-cost nitrate removal applications for treating recirculating 
aquaculture system (RAS) effluents. Therein, nitrate removal is based on active microbial biofilms, to 
which woodchips provide growth surface as well as an additional carbon source. However, the 
microbiology of woodchip bioreactors is still poorly known. In addition, the interactions between 
bioreactor conditions, microbial community and nitrate removal routes have not been described. 
Here, we combined stable isotope approach to molecular microbiology tools for studying the overall 
microbial community, the nitrate removal dynamics, and the abundance and community composition 
of microbes involved in nitrogen transformation processes in three full-scale woodchip bioreactors 
treating RAS effluents.  
We found that water and biofilm of the woodchip bioreactors were hotspots of bacteria and fungi. 
Complete denitrification leading to N2 production was the main nitrate removal pathway, but N2O 
production was substantial in bioreactors with high nitrate concentrations and low amounts of 
bioavailable carbon, and DNRA (dissimilatory nitrate reduction to ammonium) rates increased in the 
nitrate-limited bioreactors. The abundance of denitrifying genes was similar among the three 
bioreactors, suggesting that the nitrate removal dynamics were controlled by the load of nitrate and 
bioavailable carbon rather than by the lack of genetic potential. However, the abundance of DNRA 
and sulfate-reducing microbes increased under nitrate limited conditions, suggesting that too long 
hydraulic retention times in relation to nitrate loading can increase H2S production and reduce 
nitrogen removal.    
The overall microbial communities, and especially denitrifying communities, were similar among the 
bioreactors. Denitrification was driven by certain core proteobacterial groups, while DNRA was carried 
out by groups belonging to Bacteroidetes. Nitrate removal was linked to the diversity of the 
denitrifying community, wherein high diversity and species richness of nirS-carrying microbial 
community supported complete denitrification with N2 production.  
Altogether, our results show that while woodchip bioreactors host a high genetic potential for nitrate 
removal, the rate and route of nitrate removal depends on the bioreactor design, retention time and 
amount of bioavailable carbon. 
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