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1 Introduction

Many river flow regimes are regulated for hydropower production. Such

regulation is generally assumed to lead to river bed degradation and

armouring, increased morphological stability and to a decline in habitat

diversity. This latter point usually implies a reduction in overall ecological

status, leading to regulated rivers being regarded as highly modified

under the EU Water Framework Directive (2000). However, some

species have specific habitat requirements that are sensitive to

hydrological regime. One such species is the freshwater pearl mussel

(Margaritifera margaritifera), an endangered species that has

experienced a significant decline across Europe over the past few

decades. Here we consider the possibility that the habitat

requirements of this species are enhanced by flow regulation.

2 Background and Site

The endangered freshwater pearl

mussel was awarded complete legal

protection in 1998. Populations have

dramatically declined throughout

Europe as a result of over-fishing,

increased siltation and eutrophication

of rivers and declines in host fish

(Atlantic salmon and sea or brown

trout). Scotland is one of the few

remaining areas where viable

populations exist.
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Freshwater pearl mussels live for

up to 150 years buried or partly

buried in coarse sand and gravel

in clean, oligotrophic, fast-flowing

rivers. The life cycle begins when

glochidia (fertilised eggs), are

released into the water usually

sometime between July and

September. The glochidia

resemble small mussels but their

shells remain open until they are

inhaled by a suitable host fish,

either a salmon or trout juvenile,

and then they snap shut onto the

host fish’s gill filaments.
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7 Conclusions

The River Kerry case illustrates the potential complexity of interactions between flow regime and stream

ecology. Without data from prior to dam construction in 1950 it is impossible to know whether habitat

diversity was adversely affected by regulation. However, in a period of elimination of the pearl mussel from

many streams in Europe the maintenance of the mussel population at this site suggests specific benefits

arising from flow regulation for this species. Such a finding raises important issues regarding instream

ecology and the need to balance the overall ecological status of individual rivers with the regional status of

particular species.

3 Impacts on Flow Regime

The impact of regulation on flow regime has been to reduce the

magnitude of flood events and to replace periods of very low flow with

a constant compensation flow. There is some uncertainty about the

impact of the first of these effects, as the catchment did have a natural

loch which would have damped flow prior to regulation, and there is an

unknown amount of overspill from the dam during peak flows.

5 Impacts on Stream Morphology and Sediment

The present and past morphology of the River Kerry (assessed by field

survey and analysis of historical maps and aerial photographs) is

essentially very stable due to constraints imposed by bedrock. Channel

changes over historical time are limited to short reaches and are of

minor extent. Thus, channel morphology appears to be adjusted to the

controlling characteristics (flow conditions, sediment load and bank

materials).

4 Impacts on Stream Habitat

Habitat was assessed using River

Habitat Survey (RHS). Mussels were

positively associated with:

• stable boulder/cobble substrate

with patches of finer sand

• fast-flowing waters

• aquatic liverworts/mosses/lichens

• broadleaf/mixed woodland and

bankside tree cover

Negative associations were

found with:

• finer, mobile substrates such

as gravel-pebble/silt

• slower-flowing water

• emergent reeds/sedges/herbs
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The River Kerry, NW Scotland

(47km2), contains a natural loch

that was dammed in the early

1950s for hydropower, leading to

a heavily modified flow regime.

The Kerry has the UKs largest

pearl mussel population

(>400,000) and so is designated

as a Special Area of

Conservation. The channel is

largely confined by bedrock, with

short, stable alluvial reaches. The

bed material is mainly gravel with

small amounts (<10%) of sand

and very little clay and silt.

Flow through the hydropower turbines. Note that dam 

overspill during peak flows is not recorded.

By calibrating the turbine data

with daily observations of

water level at the

downstream end of the river,

flow duration curves for the

middle reaches (the key

mussel habitat) are obtained.

Comparison with a synthetic

curve (generated using

Institute of Hydrology Flood

Studies Report methodology)

shows the likely impact of

regulation on stream

hydrology.

Note:

• damping of peak flows

• removal of very low flows

Thanks to: Scottish 

and Southern Energy 

and Landcatch 

Salmon Hatcheries for 

flow data; William 

MacRae for land 

access; Wester Ross 

Fisheries for advice. 

6 Numerical Modelling of the River Kerry

There is very little silt/clay in the system, which is beneficial for the

mussels as fine sediment can cause siltation and suffocation of the

mussels, especially juveniles and host salmonid embryos. Pockets of

sand and fine gravel are distributed throughout the River Kerry. In the

middle and lower reaches of the river, these pockets of fine sand appear

to be very important for the establishment of mussels. Although the

upstream loch acts as a trap for fine sediment from the upper

catchment, there are still plenty of sources of sediment within the lower

system, in the form of bars and tributaries. As a result there are patches

of mixed substrate suitable for fish spawning and the establishment of

freshwater pearl mussels.

Surface grain-size data and observation of

sub-surface conditions in the field revealed

downstream fining disrupted by input of

material from hillslopes and by bedrock

outcrops. The bed is generally composed of

well-sorted gravels that are to some extent

imbricated. This is a highly stable condition

consequent on low rates of upstream

sediment supply and the absence of

extremely high flow events. The presence of

a loch in the headwaters creates this

condition naturally, although the controlled

flow regime due to power generation may

have increased the degree of bed stability.

Flow Direction

Ongoing research aims to

investigate and evaluate the

use of numerical modelling

techniques, particularly cellular

automata and River2D, as tools

for ecohydraulic habitat

management.
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