Benthic metabolism 

Sites within guideline limits for Benthic Metabolism (i.e. having low values of GPP and CR) reflected that light regimes and nutrient levels are similar to reference sites and are minimally disturbed.  Sites that exceed these guidelines are responding to a range of land-use and catchment scale disturbances that are altering stream ecosystem processes.  

Benthic metabolism refers to the rates of gross primary production (GPP) and community respiration (CR) occurring at, and just below, the sediment-water interface in streams. Measurement of these rates indicates the vigour of the basic carbon cycling processes in aquatic ecosystems – the fundamental base of the aquatic food web. Primary production results in the generation of biofilm biomass, which can then act as a food source for higher trophic levels. Community respiration is the microbially driven breakdown of organic detritus as well as the respiration of the primary producers themselves. The ratio of GPP to CR indicates the relative proportion of instream and external carbon sources.

Almost all current indicators of stream health focus on the structure of the biotic community (e.g. indices based on macroinvertebrate or fish community composition or abundance) and/or the physical habitat (e.g. the ‘Index of Stream Condition’). Little attention has thus far been paid to ecosystem function – the processes associated with matter and energy conversions. This is despite the fact that many river management objectives specify maintenance of natural ecological processes and ecosystem function. With the recent development of improved technology for accurate measurement of dissolved oxygen concentrations, benthic chambers have been used to successfully detect the effects of disturbance gradients on GPP and CR in streams. 

Rates of GPP and CR have been shown to be dependent upon the light climate, nutrient concentrations and stream substrate at the study sites and in turn these factors are related to land use, extent of riparian vegetation and biogeographical factors (e.g. aspect, soil type, stream geomorphology). These relationships offer strong prospects for the development of predictive models for benthic metabolism rates. This approach will then allow the development of indices for “healthy” rates of GPP and CR, where the extent of deviation from these rates is then a measure of stream degradation/disturbance.

Measurements of GPP and CR are relatively simple – they are obtained directly from the production and consumption of dissolved oxygen in the stream water. Benthic chambers are placed into the stream and then the dissolved oxygen concentration is monitored over an appropriate incubation period – typically several hours. Some chambers are closed at the base and substrate – e.g. sediment, cobbles, woody debris – is then placed into the chamber which is filled with stream water. Rates of GPP and CR are measured for this material under the ambient light and temperature regime of the stream. An alternate approach is to have open-bottomed chambers that are pushed into the stream sediment, thereby enclosing a fixed amount of sediment surface within the chamber. This allows measurement of the rates produced by the entire benthos including biofilms. The choice of method is usually governed by the substrate. e.g. only closed-bottomed chambers can be deployed in rocky substrates.
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