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One of the primary goals of the Integrated Catchment Management (ICM) research project is to improve understanding of the water resources in the Motueka Catchment and assist water resources management. A second goal is to integrate scientific disciplines in working towards improved water management. This paper provides an example of science integration helping to provide data of mutual benefit to two disciplines.
The Upper Motueka area (Motueka Catchment from the Wangapeka confluence upwards) has a sizeable area of fertile alluvial river terrace land that is suitable for irrigated agriculture. There is concern that extraction of shallow groundwater for irrigation may lower groundwater levels and consequently the baseflow of rivers/streams during the summer season due to strong shallow aquifer-surface water interactions in this area. This would reduce the availability of surface water to existing users and add pressure in terms of stream ecology and fulfilling the requirements of the Motueka River Conservation Order.
A three-dimensional groundwater flow model is currently being developed to analyse the effects of groundwater abstraction on rivers/streams flow and groundwater levels (Hong et al, 2005). The results from the steady-state version of the model have been used to guide field work investigating cold water upwelling as a possible summer refuge sites for trout.  The field information is in turn being used to feedback into the model for calibration of its dynamic version.

In its steady state version the model was calibrated against a set of river flow gaugings and average levels in monitoring wells within the model boundary.  The model was able to predict well the river reaches where losses and gains were observed to be occurring (Fig 1).
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Figure 1. Observed vs predicted river flow loss and gain for reaches of the Motueka during the validation testing (following calibration).  The line shown is 1:1. Lower left quadrant is river loss to groundwater; upper right is river gain from groundwater.
Cold, upwelling groundwater could provide important refuges for fish and other stream life during low flow periods in summer when water temperatures are known to exceed guidelines for ecosystem health.  To investigate this further we deployed temperature loggers in 2 river reaches that the model predicted to be gaining water and 3 reaches considered to be losing water to determine if there are any broad-scale differences in the temperature regimes of these contrasting sections.  We also deployed a logger in a spring fed stream nearby.
The temperature regimes of the gaining and losing sections were very similar, indicating little broad-scale impact of groundwater inputs to the river.  The only possible effect was slightly lower daily maximum temperatures (<2°C) in one of the gaining reaches near the mouth of the Tadmor River (Figure 2).  This difference is unlikely to be ecologically significant.
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Figure 2. Contrasting temperature regimes between a gaining and losing section in the Motueka River near Tapawera.  Temperatures from a spring-fed stream at Hinetai Hops are shown for comparison.

Although the difference in river temperature is not ecologically significant it gives a data set to estimate how much groundwater is being added to the river at this point.  Using a simple mixing model it is estimated that for the period of measurement shown in Fig. 1 the amount of water being added to the stream from groundwater varies between 10-25%.  This is a significant addition in quantity, possibly as much as 0.5m3/s.  The figure is slightly lower than for the stream gaugings of the reach which show a 30% gain overall but suggests that the upwelling may be quite localised.
The integration of science occurring in the Motueka Integrated Catchment Management Research programme has allowed us to design field work and modelling across scientific disciplines to provide mutually beneficial data.  The output from a groundwater-river interaction model has been used to predict locations of groundwater upwelling that was hypothesised as being important for fish refuge in the summer months.  Field measurements to test this hypothesis suggest it is not valid but the data gathered can be used for validation of the groundwater-river interaction model in a dynamic state.
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