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ABSTRACT 
 

The studies of ecohydraulics are essential for discovering complex processes occurring in natural aquatic 

ecosystems. Investigation of the turbulence downstream submerged vegetation is essential to evaluate the effect 

of plants on the water mixing and sediment transport. The experiments in natural river were performed, where the 

velocity field was measured downstream single patches of submerged plants. Increased 𝑢’𝑤’ Reynolds stress 

outlined the spatial reach of wake area and signalized the presence of the coherent structures in the flow, which 

transported momentum and mass. The combined results from different measuring points showed that downstream 

the plant patch, the magnitude of bursting events depended on the distance and relative position to the vegetation 

height. The use of thresholding in the detection of coherent structures revealed that the passage of roller vortices 

was visible at the upper boundary of the plant’s wake. 
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1 INTRODUCTION   

Consideration of the role of aquatic plants in the water resources management is related to the study of 
interactions between flow, aquatic vegetation and sediment at various scales. The use of acoustic doppler 
velocimetry and data about morphological and biomechanical traits can be merged to take a more detailed look 
into those connections. Such approach is important in the field of ecohydraulics, where different elements of 
ecosystems are taken into analysis. For example, laboratory tests implied that movements of flexible stems are 
the same as the frequency of ambient turbulences (Siniscalchi and Nikora, 2013). Therefore, plant traits have 
an impact on the vegetation induced drag and turbulences, which then influence momentum transport and fluxes 
(Nikora, 2010). Furthermore, Marjoribanks et al. (2017) showed in simulation that turbulent events in even 
quadrants are correlated with the presence of roller vortices and that two types of events dominate in flow 
through the submerged vegetation. Continuing the investigations of flow-plant-sediment interactions 
(Przyborowski et al., 2019), the focus on bursting events induced by the presence of flexible vegetation may 
reveal more about the sediment transport and scouring effect downstream such obstacles in natural river 
habitats. 

 
2 METHODOLOGY 

To study flow-plant-interactions, experiment in the unaltered, sandy bedded lowland river in central Poland, the 
Świder River, was conducted. Naturally occurring flexible aquatic plants growing from the riverbed were 
identified and described in terms of their morphological traits, further supplemented by the information of their 
biomechanical traits. Two different plant species, M. spicatum L. and P. crispus L., growing in patches of similar 
dimensions (i.e., about 1 meter long, submerged of about 15 centimeters height), were chosen for the 
experiment. Acoustic Doppler velocimeters were installed downstream of the plants on a wide platform (more 
details on the poster) to stabilize probes and guarantee the precision of positioning. The recorded velocity time 
series were filtered out of spikes using a variety of methods specially fitted for that purpose. The quadrants 
analysis method with the modification described by Ferreira et al. (2009) was used to enhance the detection of 

the events. To calculate the magnitude of events above threshold of h = 1.8, the total value of 𝑢’𝑤’ Reynolds 
stress from each detected event in each quadrant was normalized by the whole length of measurement period. 
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3 RESULTS 

Downstream both plants, increased values of Reynolds stresses marked the area of turbulent mixing between 
free flow and the wake. In the case of M. spicatum at the maximal height of the floating plant stems, the greatest 
turbulence was visible around 0.3 meter downstream (Fig. 1), farther than in the case of P. crispus. Closer to 
the plant, the strong sweep events, which were marked in the fourth quadrant, were the most numerous and 
further away from the plant’s edge, the strong ejections made its appearance. More detailed description of the 
results are presented in the conference poster. 

 
Figure 1. Interpolated field of 𝑢’𝑤’ Reynolds stress and magnitudes of four types of events in the measured 
points downstream of M. spicatum patch at the height of the vegetation top.  
 

4 CONCLUSIONS 

The pattern in the magnitude of strong bursting events downstream the submerged patch indicated the presence 
of roller vortices, which was in line with the simulations done by Marjoribanks et al. (2017) for a submerged plant 
canopy. It is worth noting that biomechanical tests proved the M. spicatum stems to be less flexible but still 
undergo swaying motions. Further time analysis of coherent structures occurrence should then reveal the length 
and frequency of the detected event sequences possibly matching the swaying frequency of the plant stems. 
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