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Coastal sediments are important sources of dissolved iron (dFe) that make the coastal ocean iron replete, and 
contribute an important supply of dFe to the photic regions of the adjacent open ocean. The biogeochemical 
processes that dictate sedimentary dFe flux are a complex interplay of microbial activities related to reduction­
oxidation condition, Fe and S cycling, and sediment bio-mixing and bio-irrigation by benthic fauna. We inves­
tigated the effect of bottom water oxygen concentration on iron dynamics in laboratory mesocosms in the 
presence and absence of the common polychaete Nereis diversicolor. Mesocosms were established using sediment 
obtained from a local intertidal mudflat, maintained with varying levels of hypoxia (defined as <63 µM dissolved 
02), and monitored for changes in iron biogeochemistry. At the end of the experiment, subcores were taken to 
measure solid phase Fe species and microbial community analysis via 16S rDNA gene sequencing. Bioturbation 
played an important role in increasing the quantity of poorly crystalline Fe(III)-oxides within the sediments, but 
decreasing the flux of Fe(II) across the sediment-water interface. These results further demonstrate the impor­
tance of bioturbation for sedimentary Fe-cycling and show a complex response to hypoxia involving both animal 
behavior and microbial response. 

1. Introduction

Iron is an essential element for life. Its scarcity in one-third of ocean 
surface waters can result in limiting light-driven primary productivity 
by phytoplankton (Martin et al., 1990; Tagliabue et al., 2017). Supply of 
iron, primarily in the form of dissolved iron (dFe), to coastal areas is 
sourced from coastal shelf sediments and riverine terrestrial inputs 
(Laufer-Meiser et al., 2021; Raiswell and Canfield, 2012). Some fraction 
of this dFe is carried offshore, in what is often referred to as the shelf to 
basin iron shuttle, which provides iron to both deep water and the open 
ocean photic zone (Elrod et al., 2004). In the photic zone, it helps alle­
viate iron limitation in phytoplankton (Lenstra et al., 2019; Severmann 
et al., 2010). There is ongoing debate as to how much coastal sediment 
derived dFe may contribute globally to iron inventories in the open 
ocean (Birchill et al., 2019); therefore, it is important to determine and 

quantify mechanisms of dFe release from nearshore sediments. 
The majority of important biogeochemical transformations of iron 

that impact both its abundance and availability in the water column 
occur in shallow surficial marine sediments. Primary controls on sedi­
mentary iron cycling include the activity of resident Fe- and S-cycling 
microorganisms, the amount of labile organic carbon in sediments, 
bottom water oxygen concentration of the overlaying water, and the 
activity of sediment dwelling macro- and meiofauna that actively bio­
irrigate and/or biomix the upper sediment layers in a process we will 
refer to as bioturbation (Aller and Cochran, 2019; Beam et al., 2020; 
Butterfield, 2018; Herbert et al., 2022; Meysman et al., 2006b; van de 
Velde et al., 2020). A primary outcome from the activity of burrowing 
benthic fauna is to increase the surface area of sediment-water interfaces 
(Davey, 1994), thus providing a larger area for redox transitions of Fe 
that ultimately control its fate (Gribsholt et al., 2003; Meysman et al., 
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