Tool-kits for the sustainable management of Ghana’s riverine biodiversity
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Indicator 3:

Volume of reservoirs within the catchment

Rationale 

As discussed in the context of Indicator 2 (Change in hydrology measured as run-off per km2 of catchment), the hydrology of river catchments has a significant impact on riverine and riparian ecosystems. While Indicator 2 acts as a measure of the changes to the ecosystem due to changes in total flow, including the effects of damming on total flow, Indicator 3 represents changes in the timing, magnitude, duration and frequency of high and low flow events.

The nature of the impact of dams on hydrology depends on the purpose and operation of the dam. In general, dams will reduce the frequency of high flow events, reduce the frequency of low flows and, for hydropower dams in particular, can create greater and more rapid flow variation than is naturally the case.

For instream ecology, changes to the duration and frequency of flows can have a negative impact by altering habitat availability and quality for fish, invertebrates and plants (World Commission on Dams, 2000). Habitat requirements vary for different species and lifestages, with some lifestages being particularly sensitive to physical habitat changes, and ecosystems are thus affected by the magnitude and timing of flow releases from dams.

Changes to the frequency, duration and magnitude of high and low flows can also affect the timing of ecological processes, such as fish spawning, and, with respect to high flows, can limit access to the floodplain for species which move into the floodplain for parts of their life cycles. 

The disturbance and flooding regime of riparian vegetation may also be affected by changes to high flows. Reduced disturbance of riparian and aquatic vegetation from can result in changes to the vegetation communities, such as increased aquatic weeds (e.g. water hyacinth), a greater abundance of flood intolerant species and a loss of overall catchment species diversity (Deiller et al., 2001). Reduced flooding can also impact floodplain ecosystems through reduced water supply and nutrient inputs.

As discussed in the context of Indicator 2, sediment transport is largely driven by flood flow events and changes to their frequency and magnitude can alter channel geomorphology, with a lower frequency causing increased siltation. This can affect key life stages for certain species, such as fish spawning and hatching.

In addition to changes to sediment dynamics as a result of hydrological changes from dam operation, the presence of dams prevent downstream movement of sediment. This results in greater deposition of sediment upstream of dams, due to lower flow velocities and physical blockage of the river, and increased erosion downstream, as a result of reduced sediment load from upstream. The erosion effect is, however, offset to some degree if the flows released by the dam are insufficient to mobilise sediment. Reduced sediment delivery downstream can have serious consequences for channel geomorphology (and hence aquatic habitat) and coastal erosion (World Commission on Dams, 2000).

Dams also influence the chemical and physical properties of the water, such as temperature and dissolved oxygen content. Temperature and dissolved oxygen in reservoirs can become stratified with lower temperatures and dissolved oxygen at lower depths. The effects on the physical and chemical properties of the river water will, therefore, depending on whether releases from the dam are from the upper or lower part of the water column. The water temperature regime can be an important influence on aquatic species, determining, for instance, the bioenergetics of fish feeding and triggering of life cycle events. 

As they can act as a physical barrier to the migration of fish, dams can result in changes to the species distribution and composition upstream and downstream of the dam and, potentially, loss of species. Dams may also affect movement of invertebrates.

Measurement and Sources of Data

Dams within the catchment should be identified and the volume of each reservoir should be estimated. This can be done by reference to the authorities operating the dams, published literature or by calculation from map data and/or site visits. Data on annual runoff are available from the Water Resource Commission. 

This indicator is calculated as the percentage of the total annual runoff volume represented by the volume of the reservoirs in the catchment.

[To be clarified at the workshop what data are available]
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