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Experimental investigations of diatomaceous biofilm behaviour and sediment stabilising capacity

Motivation

Microbial assemblages (‘biofilms') preferentially develop at water-sediment interfaces and are
known to have a considerable influence on sediment stability and erodibility. There is poten-
tial for significant impacts on sediment transport and morphodynamics and, hence, on the lon-
ger-term evolution of coastal and fluvial environments. But the biostabilisation effects remain
poorly understood and quantified due to the inherent complexity of biofilms and the large
spatial and temporal (i.e. seasonality) variations involved. Specifically, we aim to:

i) explore biofilm colonisation, growth and sediment stabilisation for a range of sediment
substrates.

ii) systematically quantify the effect of biofilm colonisation on sediment stability over time for a
range of sediment substrates.

iii) develop protocols to replicate natural biofilm behaviour across a range of spatial and
temporal scales.

Figure 1. Setup for biofilm growth experiment in Total Environment Simulator (@TotEnvSim) at the
University of Hull. The left panel shows a top view of nine parallel channels with substrates ranging
from fine sand to gravel. The left panel shows a detail of four channels with (from left to right)
coarse substate, 1 m patches of coarse and fine substrate, 0.5 m patches of coarse and fine
substrate, and a 50/50 substate mixture of the fine and coarse sediment.
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Experimental setup

+ Nine (9) parallel channels (9 m long; 0.48 m wide) recirculating saline water with typical
u=1cm/s during base flow but up to 0.5 m/s during weekly sediment entrainment tests.

+ Five (5) channels with fine sand (110 um) substrate used to measure shear strength for different
growth periods [Figure 1, left panel].

+ Four (4) channels with different substrate mixtures and spatial structures of fine sand and gravel
(1 mm) to explore interaction between substrates and biofilm behaviour [Figure 1, right panel].

+ Measurements include Cohesive Strength Meter (CSM) tests for sediment stability, Acoustic
Doppler Velocimetry (ADV) for flow characterisation, Terrestrial Laser Scanner for digitial
elevation models, spectrometer for spectral characterisation, extracellular polymeric
substances (EPS) soil sampling and microscope investigations.

Biofilm community

. . Source:
Navicula perminuta http://www.diatomloir.eu

+ Species ecology confirms that the water is saline, being dominated by halophilous diatoms
which are common in coastal zones. Many of the found species are obligate and cannot
tolerate fresh water.

Nitzschia pellucida Mastogloia sp

+ All taxa are benthic rather than planktonic, as expected in flowing water. Some are attached,
others float around the substrate. Ciliates were present and presumably eating diatoms.

+ Diverse flora with dominant species being: Nitzschia pellucida (early colonisers)
Nitzschia sigma (early colonisers)
Mastogloia sp
Navicula perminuta
Amphora pediculus
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