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The biophysical processes influencing rates of hyporheic exchange are nuanced and not well understood. On 
the one hand, bedforms are known to promote advective pumping, increasing exchange rates in systems with 
bedforms compared to those without. By contrast, fine sediment infiltration into stream beds decreases 
permeability and porosity by clogging, reducing exchange. Benthic macroinvertebrates may either increase 
or decrease exchange through bioturbation activities, which have the potential to increase porosity, but may 
also redistribute sediments leading to surface clogging. However, streams are dynamic systems, and it is 
likely that bedforms, suspended sediments, and bioturbation affect hyporheic exchange in an interactive 
manner. To date, the interaction between bedforms, suspended sediments and bioturbation has not been 
quantified. This study considered these interactions in several flume experiments in which flux across the 
sediment water interface was quantified by measuring tracer concentration over time in the water column. 
The experiments used a fully crossed design with presence of bedforms, presence of suspended sediment, 
and presence of bioturbators as factors. 
 
 
1 INTRODUCTION 
 
Hyporheic zones (HZs) are the saturated sediments beneath and adjacent to river channels through which surface 
water exchanges and mixes with groundwater [1, 2]. The HZ is a unique ecotone that supports a variety of 
hydrological, ecological and biogeochemical processes essential to river ecosystem function [1, 3].  By 
regulating the transfer of heat and mass across the sediment-water interface, the HZ plays a critical role in 
temperature buffering [4] and biogeochemical cycling. HZs are also permanent habitats for many microbes and 
invertebrates [5], provide refugia for surface invertebrates or fish [6, 7], and are used by some fish for spawning 
[8]. The occurrence and magnitude of processes occurring in HZs largely depend upon the hydrological flux 
between surface and ground waters [9]. 

Lower streambed hydraulic conductivity reduces hyporheic fluxes. Hydraulic conductivity increases for 
example, with the amplitude of bedforms within the reach as a result of enhanced upwelling flux promoting 
exfiltration. There is a close link between sediment transport dynamics in streams and connectivity between 
surface water and the hyporheic zone. Multiple processes likely influence the presence of fine sediments within 
the streambed. These processes drive fine sediment supply, retention on and within the streambed, and removal.  
Fine sediment is supplied from scour of the upstream streambed or banks, and erosion within the catchment [10]. 
Land clearance, logging and mining have increased catchment fine sediment supply worldwide, whilst sediment 
control, sand mining and trapping by dams can offset some of these increases [11, 12, 13].  
 
Fine sediments are normally deposited on the streambed contemporaneously with coarser grained sediments 
[14]. In addition, suspended and bedload sediments may encounter the streambed through various processes 

 



including slackwater deposition, biofilm interception and hyporheic exchange [15].  Infiltrated fine sediment can 
be trapped just beneath an armour layer on the streambed surface or transported further into the streambed by 
advection with downwelling pore water or through gravitational settling, and then trapped by straining, settling 
or adhesion within the coarse sediment interstices (i.e. depth filtration) [15, 16]. These processes, collectively 
described as clogging or colmation, can reduce the hydraulic conductivity and porosity of the streambed 
sediments, thereby altering hyporheic zone functions [13]. Depth filtration has been observed to extend into the 
streambed up to 0.5m [17]. 

Although subject to little investigation, biological activity also influences streambed hydraulic conductivity 
[18, 19]. Biofilm growth is likely to enhance clogging [20] and root growth and borrowing of biota may create 
preferential flow paths and increase conductivity [21]. For example, tubificid worms can dig networks of 
galleries in fine sediment, creating pathways for water flow and increasing hydraulic conductivity [22]. As with 
clogging with fine sediments, these processes are likely to evolve over time but could be reduced or reset by 
scour of the streambed. Here we aim to disentangle the combined influence of bedforms, presence of suspended 
sediment and presence of bioturbators to promote hyporheic exchange. 
 
 
2 METHODS 
 
Experiments will be carried out first in one test open channel and later in two sets of four artificial open channels 
or flumes. Each flume (height 0.3m, width 0.2m and length 3m) has an individual pump installed to allow water 
recirculation. All flumes will be filled with sand to constitute a deep layer of 0.2m homogeneous sediment to 
allow an overlying water flow of 0.1 m mimicking sediment-water interface.  

The experiments will use a fully crossed design with presence of three factors: (i) homogenous 
bedforms (0.2 m width and 0.1 m depth), (ii) suspended sediment (clay) to promote clogging, and (ii) 
Lumbriculus variegatus as the key bioturbator species. Hence, the initial test flume will present all factors to test 
their optimal application (bedform configuration, fine sediment concentrations and bioturbator densities) and to 
initially assess their combined effects with time. Later, in each of the two 4-flume set the combination of all 
physical factors only will be established and their influence on hyporheic exchange will be assessed over time 
(Figure 1). 

Figure 1. Experimental set-up with illustrating the test flume including physical and biological factors and one of 
the two identical sets including all physical factors only. 

 



Individual and combined effects of all the considered factors to hyporheic exchange will be assessed by 
measuring tracer concentrations over time in the water column. One Cyclops-7® submersible fluorometer 
will be located at the downstream end of each of the flumes to quantify fluorescein concentration over time. 

Each of the factors will also be assessed and quantified individually to allow the linkage to hyporheic flux 
changes. The effect of bedforms will be assessed by comparing the flumes with bedforms vs. without bedforms. 
The effect of fine sediments over time will be quantified by establishing several pressure transducers in each of 
the flumes indicating the change of pressure when clogging occurs. The effect of bioturbator worms will be 
assessed by introducing an initial density of 65000 worms m-2 and periodically sub-sample the flume to assess 
the distribution of the worms in the water and sediment column and the overall population growth. 
 
 
3 EXPECTED RESULTS 
 
Results from the experiments performed in the test flume will provide the basis to establish a fully crossed 
design including all factors (bedforms, fine sediment and bioturbators) and will provide initial evidence to set-up 
future strong hypothesis-based experiments.  
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