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• Fine sediment dynamics have important implications for river
management over a range of spatio-temporal scales.

• Increasing attention is being paid to the ‘ecosystem engineering’
role of aquatic organisms such as invertebrates in modifying fluvial
sediment dynamics (e.g. Johnson, 2009; Johnson et al., 2010).

• In the UK and Europe, a species of potential importance is the signal
crayfish (Pacifastacus leniusculus): a large freshwater invertebrate,
endemic to North America, that has rapidly colonised British river
catchments since its introduction in the 1970s.

• Signal crayfish may modify fine sediment dynamics through their
movements (e.g. walking, fighting), through their feeding activities
(e.g. removal of aquatic macrophytes) and through burrowing into
the river banks and bed (Figure 1).

• In invaded environments, signal crayfish can be present in
extremely high densities, and represent a disturbance to which the
river system may not be resilient (Harvey et al., in press).

• Few studies have examined the potential impacts of the signal
crayfish on the physical river environment.

Figure 1: (a) Signal crayfish removed from the River Windrush; 
(b) the study reach and (c) signal crayfish burrows in the banks 
within the study reach (River Windrush at Standlake).

Fine sediment dynamics and signal crayfish
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Conclusions and on-going research
• The observed short-term, pulsed increases in turbidity are not explained by high frequency velocity characteristics, 

and seem independent of hydrological events or enhanced supply in the immediate past. 

• The nature of turbidity increases indicate local origins, and the nocturnal pattern implies a generating mechanism 
which is biological rather than physical. 

• The pulsed activity appears sufficient in magnitude and cumulative duration to drive a statistically significant 
increase in ambient turbidity levels both at the bed and mid-flow.

• While no observational data are available, the known behavioural characteristics of signal crayfish, combined with 
their presence in extremely high densities at the field site, suggest that they could be responsible for the observed 
trends.

• On-going research funded by the British Society for Geomorphology aims to link observed turbidity trends with 
observational data on crayfish movements and behaviour.

• A larger interdisciplinary project is under development with Dr Steve Rice and Dr Matt Johnson from the 
Department of Geography at Loughborough University.
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• The increase in turbidity ‘events’ was accompanied by a change in the ambient turbidity level, which 
increased following sunset and then decreased towards sunrise (Figure 7). 

• The statistically significant increase in higher ambient turbidity levels during the night-time period may 
reflect the combined effects of events originating locally and upstream. 

• The ambient turbidity in the mid-flow region appeared to be time-lagged, potentially reflecting  the 
influence of diffusion and advection processes.

Figure 7: Trends in average ambient turbidity for: (a) IR40C near-bed and mid flow turbidity sensors; and (b) IR100C near-bed sensor.

Nocturnal variations in ambient turbidity levels
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• High-frequency turbidity and velocity records were obtained from the River Windrush, Oxfordshire, UK 
(Figure 1b; Figure 2) in July 2009 (Harvey et al., submitted). The field site forms part of a wider project 
conducted by WildCRU, University of Oxford, researching signal crayfish movements, growth rates and 
removal strategies. 

• The Windrush has a large population of signal crayfish; the native white-clawed crayfish are no longer 
present in the majority of the catchment.  

• Crayfish densities at the time of study were extremely high: 6158 were captured from the 500 m study 
reach from traps set for 24 nights between April and September 2009 (Moorhouse and Macdonald, 
2010). Population estimates from two nearby rivers equate to > 3000 individuals per 100 m 
(Moorhouse and Macdonald, in press).

• Data from the field site and a gauging station downstream confirm stationarity in flow conditions 
throughout the monitoring period (Figure 3 and Figure 4).

• A range of analytical techniques were applied to turbidity time series, including multivariate statistical 
analysis of the characteristics of observed high magnitude turbidity ‘events’.

High frequency turbidity traces: field data and analysis

Figure 4 Box-plots for high-frequency measurements of streamwise (U), cross 
stream (V) and vertical (W) velocities at the field study location during the 
monitoring period.

Figure 2: Location of the field site on the River Windrush, 
Oxfordshire, UK.  The Windrush drains an area of 362.6 km2 and 
the majority of the catchment is underlain by pervious Oolitic 
limestone.  Land use is predominantly agricultural
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Figure 3: Time series of 15-minute discharge data for the Windrush at 
Newbridge during the monitoring period, showing long-term flow percentiles 
(Source: Environment Agency)
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• A clear nocturnal increase in the frequency of near-bed sediment suspension events was observed (Figure 5).  

• 88 discrete events were identified from the IR40C trace, varying in their shape and magnitude characteristics to 
produce 24 distinct shape-magnitude clusters (Figure 6).

• Higher magnitude, longer duration events were more common towards the middle of the night-time period.

Figure 5: Turbidity time series for the period of record for different 
sensor types positioned near the bed and mid-flow.  The dotted 
line in (b) represents the upper limit of the IR100C range.

Figure 6: Turbidity event time-plots presented in shape-magnitude clusters.  For (a) to (e), 
each plot represents a ‘shape’ cluster and symbology denotes magnitude (solid = low 
magnitude, dashed = intermediate; dotted = high).  (f) plots smaller clusters together for 
brevity, with separate legend.

Nocturnal increases in discrete turbidity events
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