
1. INTRODUCTION

The freshwater pearl mussel Margaritifera margaritifera (Plate 1) is an endangered, long-lived bivalve mollusc. It is protected under the EU Habitats

and Species Directives and is included in the IUCN Red List of Threatened Species. Poor reproduction in many European pearl mussel populations

has occurred for the last 30-50 years, and in many cases distributions have receded dramatically (Geist 2010). A major cause of this decline is

habitat degradation, particularly river impoundment which affects flow regimes and channel geomorphic conditions. A change in hydraulic and

sedimentary conditions can affect both adult and juvenile mussels. Much research and habitat management work is underway across the speciesô

range, to help understand the reasons for observed declines and improve conditions for remaining populations.

Flows in the River Ehen, West Cumbria, are influenced naturally by Ennerdale Water (Plate 2). It is home to the largest population of freshwater

pearl mussels in England and, as a result, is designated as a Special Area of Conservation (SAC). Engineering work on the weir in the 1950s raised

the level of the lake, increasing its storage capacity and ensuring a more secure potable water supply. As part of this work, one of the tributaries of

the Ehen (Ben Gill) was diverted to Ennerdale Water, rather than being allowed to connect directly to the Ehen. As a consequence of this tributary

diversion, there has been a reduction in the volume of sediment entering the Ehen as well as a change in the riverôshydrological regime; these

changes will affect the physical functioning of the river and may limit the ability of the river to support reproductive mussel populations and their host,

Atlantic salmon.

As a result of a review of abstraction consents under the Habitats Directive, United Utilities (the water company which manages Ennerdale) will

reconnect Ben Gill to the River Ehen. The project will involve recreation of the original Ben Gill channel. The necessary engineering work, which will

be complete by 2014, will reconnect the Ehen to an important sediment source and help re-naturalise its flow regime. The need for baseline data

(against which to assess the long term response of the river to this reconnection) is recognized by Environment Agency as being critically important

in its management of the Ehen SAC.
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2. AIMS AND OBJECTIVES

The aim of this project is to assess the morphological adjustment and ecological response of the River Ehen to the reconnection of Ben Gill. The main

objectives are:

i. To characterise the likely sediment yield of Ben Gill

ii. To understand the likely hydrologic, sedimentologic and geomorphic responses of the Ehen to the reconnection of Ben Gill

iii. To assess the ecological implications of the habitat changes associated with the reconnection of Ben Gill, with a specific focus on freshwater pearl

mussels

3. APPROACH AND METHODS

The project commenced in October 2010 and focuses on the 200m reach immediately downstream from the weir (Figure 1).

The first phase of the work has involved installing equipment to help address objectives i & ii. In parallel with this, habitat use by

mussels and current conditions in the Ehen are being assessed.

ÅTimelapse cameras have been installed in Ben Gill. Images are taken every 15 minutes to capture data on sediment

movement and water stage. Along with tracer studies, these data will be used to assess sediment yield from Ben Gill.

ÅContinuously logging optodes installed in the bed of a riffle within the study reach will provide data on dissolved oxygen (DO)

levels within the shallow hyporheic zone occupied by juvenile mussels. These data will be used to assess how the suitability of

conditions for mussels might be affected by the hydrological and sedimentological changes which occur once the tributary is

connected, if these changes affect the movement of oxygenated water through stream bed.

ÅAssessment of Ben Gill sediment yield will be coupled with digital elevation and hydraulic models of the study reach in the

Ehen, to assess current and likely future conditions. A pressure transducer has been installed to monitor water depth, while

hydraulic data collected from key transect points are being used to calibrate the hydraulic model. They will also be used to help

interpret temporal (discharge-related) changes in hyporheic zone DO.

4. PRELIMINARY WORK

4.1 FLOW AND SEDIMENT YIELD IN BEN GILL

ÅTo date, approximately 9550 images have been collected from two fixed survey points in Ben Gill. Plate 3 shows some example images from one of these points

(looking upstream, see Plate 4), illustrating periods when the stream is dry (and hence inactive) and on the rising limb of a hydrograph. Images were obtained from

Acorn Ltl 5210A timelapse cameras (Plate 5 and 6). These data will be analysed to help quantify the frequency of sediment movement in Ben Gill, and hence the

likely delivery patterns to the Ehen once the reconnection works are completed.

5. Synopsis and further work

This poster has provided a preliminary overview of the Ehen restoration initiative, setting out its main objectives and the work completed in the first few months of

the project. Data from the timelapse cameras and DO optodes will continue to be collected and analysed.

A key objective for the coming months is to undertake some sediment tracer work in the Ehen, using marked clasts to assess patterns of sediment movement under

the current hydrological regime. This, along with data from Ben Gill, will be used to design a sediment addition experiment. This will involve artificially adding a

predetermined volume of sediment to the Ehen, representative of what is being delivered from Ben Gill, and monitoring its conveyance downstream. This

experiment will yield key information on the likely geomorphic response of the Ehen to the reconnection of Ben Gill, and in turn how the habitat of mussels and other

species will be affected.

Plate1 : Freshwater pearl mussel Margaritifera margaritifera

Figure 1: Map of the study area, showing the lower part of Ennerdale Water,

Ben Gill and the study section (red box) of the River Ehen

Plate 3:  Timelapse images of Ben Gill.  

4.2 SUITABLE HYDRAULIC CONDITIONS FOR FRESHWATER PEARL MUSSELS

ÅUnderstanding the likely influence of the Ben Gill reconnection on mussels requires an assessment of mussel habitat use/requirements. This assessment is complicated by the fact that mussels are

largely sessile, and hence do not move around in response to fluctuating hydraulic conditions in the way that, for example, juvenile salmonid fish are able to.

ÅFigure 2 shows a velocity-depth biplot for points across the study reach (shown in Plate 7) at a typical summer low flow. Such data, along with equivalent ones for higher flows, will be essential for

understanding the suitability of the reach for mussels.

ÅFigure 3 illustrates some of the generic issues that arise when attempting to understand the habitat requirements of mussels. Though not for the study site, it shows hydraulic conditions (velocity and

Froude) in fixed locations with different mussel densities at three discharges. Because the same locations are surveyed at each discharge, and the mussel densities in these locations remain unchanged,

the suitability of habitat (as indexed by mussel density) appears to change according to flow: e.g. peak adult densities appear to occur at higher velocities the greater the discharge. This has implications

for assessing the habitat preferences of mussels. Alternative (discharge independent) ways of assessing mussel-hydraulic habitat relationships for the Ehen are being explored as part of the current

project and they will be used to assess the implications of the reconnection of Ben Gill.

ÅPreliminary (visual) inspection of the graphs in Figure 3 suggests that the response of pearl mussels to hydraulic conditions is limiting rather than central (e.g. see Lancaster and Beylea, 2006); i.e. the

shapes of the upper and lower limits of the density response appear to differ. Consequently, fitting curves to represent the central trends in the data might miss key aspects of how the density of mussels

is influenced by hydraulic conditions. The next phase of the work will involve using quantile regression to fit limiting response models to the upper and lower limits of the data shown in these figures, to

test theories about how mussel density might be constrained by hydraulic conditions.
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Figure 2: Depth-velocity relationships from the Ehen

at a typical summer low discharge.

Figure 3: Relationships between mussel density and hydraulic conditions at selected discharges.

Plate 2: Ennerdale Water and the River Ehen. The weir which regulates flow is overspilling in this image

Plate 7: View looking down the study reach

 

 

Plate 4:  Image of Ben Gill, looking upstream

Plate 6:  Ltl Acorn 5210A

Plate 5: Ltl Acorn 5210A in-situ
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