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ABSTRACT: The emerging disciplines of “sustainability science” and “ecological engineering” are complementary aspects of an holistic approach to environmental management.  Sustainability science recognises that environmental health and human health are linked and, furthermore, that both are dependent on balanced development of ecological, social, and economic equity.  This so-called “triple bottom-line” accounting is emerging as a powerful way to organise and manage businesses and industry.  It is, in addition, recognised as a powerful way to manage the environment. Ecological engineering integrates traditional ecological knowledge with engineering expertise to produce innovative solutions for environmental problems. It therefore provides specific means and explicit tools to implement sustainable management of the environment. These solutions explicitly recognise the need to promote ecological sustainability and social acceptability, as well as traditional economic viability.  

The Motueka River Integrated Catchment Management Programme is applying the philosophy of sustainability science to the management of water in large regional catchments (see http://icm.landcare.cri.nz).  This programme takes a “ridge tops to the sea” perspective regarding the influences of land use on water quantity and quality.  The programme has four key themes, which focus on the land, freshwater, marine, and human dimensions of environmental management.  Currently funded projects are focussed on understanding the influences of present, historical, and possible future land-use scenarios on seasonal water yield from the catchment; identifying whether and how groundwater abstraction affects river flow and habitat values; evaluating the potential for riparian restoration and benefits for native biodiversity; quantifying the influences of land and freshwater management on coastal sea productivity; and improving the involvement of non-technical stakeholders from both Pakeha and Maori communities in dialogues about how to use science knowledge in decisions about complex resource management issues.

INTRODUCTION 

The Motueka River catchment and Tasman Bay, at the top of the South Island of New Zealand, are the focus of an important new research programme funded by the New Zealand Foundation for Research, Science & Technology.  The primary research partners are Landcare Research, the Cawthron Institute, and the Tasman District Council, with important inputs from NIWA, the Institute of Geological and Nuclear Sciences, Forest Research, AgResearch, and the University of Otago. The objective of the programme is to improve understanding of – and social learning about – land, freshwater, and near-coastal environments in catchments with multiple, interacting, and potentially conflicting land uses.

The initial motivation for a research programme focussed on this area arose from a recognition that various stakeholders were concerned about the demands for water caused by different land uses (specifically, forestry and irrigated horticulture).  This important, but somewhat limited perspective might have been addressed using a straightforward, small-watershed, applied research approach with traditional means for knowledge transfer (e.g. reports and presentations).  However, the issues of water demand stemming from different land uses is inextricably linked to a series of other, critically important issues, including the effects of land use on in-stream values and the cumulative effects of land and river management practices on coastal processes and values.  Furthermore, implementation of new (or even existing) policies regarding land and water resources affects people and almost invariably requires

changes of some sort (e.g. changes in practices, changes in attitudes, changes in perceptions).  This integrated perspective demands a different approach; one which includes not only biophysical and

ecological research, but social, economic, and political research as well.  In addition, it demands a different approach to knowledge transfer; one in which science providers, resource managers, and stakeholders form partnerships – or at least agree to interact – through the processes of “shared learning” and “research by management”.

Although the specific resource management issues in the Motueka River catchment and Tasman Bay may differ in some details from those faced in other places, the generic issues are fundamental and widespread.  We identified the Motueka River/Tasman Bay areas as particularly useful environments for this research programme for several reasons.  First, across the continuum “from ridge tops to the sea”, the particular issues that must be resolved are important not only at the regional level, but are relevant to discussions at the national and even international level.  For example, the way in which the local disputes over water allocation for various productive uses of land are resolved, will likely set an example that others may follow or modify.  The influences of land use on river discharge and thus on the habitat of valuable recreational fish (trout) and protected native fish (Galaxiids), is the subject of a national Water Conservation Order, which has been contested for over a decade in the New Zealand Environment Court.  Finally, land use and river management may have important influences on the productivity of Tasman Bay, which is rapidly becoming one of the most valuable seafood resources in the country.  Thus, the issues in this region are highly visible and highly interconnected.

A second reason to focus our research on this region is that most of the key protagonists know each other well and understand (even if they might not agree with) each others’ motivations, claims, and aspirations.  This high degree of acquaintance and understanding underpins a cautious willingness to work in an interactive mode, which is essential for successful resolution of resource management conflicts.  Finally, the community in this area are pre-disposed to care about the environment in which they live.  This was clearly documented in a stakeholder workshop held in 1998, from which the “ridge tops to the sea” theme emerged.  All the protagonists live in this area and, in their own way, support this perspective.

SITE DESCRIPTION

The Motueka River flows roughly north for 110 km, draining a 2170 km2 catchment on the northern end of the South Island of New Zealand.  Elevations range from over 1600 m in the mountainous headwaters to sea level at the mouth on Tasman Bay.  Roughly two-thirds of the catchment is classified as “steep country”, with slopes in excess of 25o. The geology of the catchment is dominated by the Moutere Depression, a faulted depression filled with clay-bound Pliocene-Pleistocene gravels. The headwaters of the Motueka River originate in an ultramafic formation (Dun Mountain) but quickly pass into a band of sandstone and siltstone (Maitai Group). The middle portion of the river and the eastern tributaries flow through the Moutere Depression. Tributaries on the western slopes drain a complex of limestone, marble and calcareous mudstone and sandstone (Mount Arthur Group). The lower portion flows through a formation of weathered and erodable granite (Separation Point Suite). Alluvium has collected in the steep-sided valley bottoms and forms the moderately-extensive Motueka Plain near the river mouth.  The climate is “cool-humid”, with very warm summers and mild winters.  Annual rainfall ranges from ~1300 to ~1560 mm, with a strong gradient across the catchment from west to east.  Temperature ranges from about 4 to 18 oC, depending on location and elevation.  

The entire catchment was originally covered in native podocarp and southern-hemisphere beech (Nothofagus) forests.  However, roughly two-thirds of the catchment has been cleared, with roughly one-third in exotic, plantation forestry and one-third in dryland pasture or cropland.  Forest land uses tend to be located on steeper, less fertile hillslopes.  Dryland pasture is located on the lower slopes of the upper catchment.  Cropland (apples, kiwifruit, berryfruit, hops, and – historically – tobacco) is restricted to valley bottoms and the Motueka Plains.  These crops are dependent on irrigation from surface and groundwater sources. The Motueka River delivers 90‑95% of the freshwater to a large and productive coastal bay (Tasman Bay), which supports an important and productive commercial aquaculture industry.  

Population density in the Motueka River catchment is low.  

PROGRAMME FRAMEWORK

The underpinning framework for the Motueka-ICM programme is presented in Figures 1 and 2.  Figure 1 shows the key relationship between ‘ecosystem’ and ‘catchment’ research.  In this framework, ecosystem studies are pillars, spanned by catchment research.  Each ecosystem pillar (e.g. Forests) has three building blocks.  The first (top) building block contains the components (communities) that define the ecosystem (e.g. plants, animals, microbes). The second building block contains the ‘currencies’ that are traded among the ecosystems.  Currencies in an ecosystem operate something like money in an economy.  The currency (here, water or nitrogen) is a common medium of exchange among disparate components of the system.  Finally, as in any economy, there are drivers that motivate the exchange of currencies among components.  In the case of ecosystems, these drivers are typically biophysical functions, such as climate, geology, and topography.

A key difference between research on integrated catchment management and research on ecosystem management is that the latter is usually focussed on a single type of environment or community and does not normally have an explicit spatial context.  The ICM approach attempts to integrate the functions of multiple ecosystems – both native and managed – within a specific spatial context.  The two approaches are not mutually exclusive.  Rather, together they provide a powerful approach to understanding how landscapes function and how people alter those functions.

Figure 2 builds on the basic ICM framework described in Figure 1.  Specifically, it is important to recognise that the framework described in Figure 1 does not depend on any one particular body of knowledge.  One segment of the population (e.g. field scientists) may believe that biophysical data are the body of knowledge that is most appropriate to employ in this framework.  However, other segments of the population may believe that other bodies of knowledge are also appropriate…perhaps more important.  Some of these bodies of knowledge may be acceptable to traditional scientists and managers, while other bodies of knowledge (e.g. cultural and spiritual) may seem less acceptable.  Nevertheless, a holistic ICM approach recognises that each of these knowledge bases has something to contribute toward solutions to shared, community issues.

PROGRAMME THEMES & QUESTIONS

The Motueka-ICM research programme is organised around four major themes: land use and water yield; riparian and freshwater ecosystems; coastal ecosystems; and human dimensions.  Research projects in each theme are driven by key questions that have arisen through discussions with stakeholders.

Land use and water yield
How do individual, local land uses affect the availability of ground and surface water over the entire catchment?  Have these effects differed over time?  What is the most defensible way to plan for the allocation of water resources among alternative uses in the event of shortages?

Riparian and freshwater ecosystems

What are the values of near- and in-stream habitats, and how are these values affected by land and river management decisions?  Why has the trout population declined?  Will native fish be able to survive in the river?  What are the benefits of riparian management?

Figure 1. 
The relationship between ‘ecosystem’ and ‘catchment’ research in an integrated catchment management framework.
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Figure 2.  Alternative sources of knowledge relevant to an integrated catchment management approach.
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Coastal ecosystems

What are the risks to marine farming from activities on land?  How do rivers modify the transport of materials from land to sea?  What are the factors that increase or decrease the production and values of fish and shellfish?

Human dimensions

How do people acquire and use scientific knowledge to make personal decisions about difficult resource management issues?  What tools and approaches can we use to promote effective interaction between scientists, resource managers, and the community?  How can we tell if we are making a difference?

RESEARCH PROJECTS

After extensive consultation with stakeholders and advice from collaborators, we identified a series of research projects that begin to address the programme objective and themes.  Some of these projects are underway now and others are scheduled to begin in the 2002-2004 contract period. The projects underway now include:

· The Motueka knowledge base: a project to assess the current state of knowledge about natural resources in the Mouteka River catchment and Tasman Bay areas.  The knowledge base is delivered through a web interface (http://icm.landcare.cri.nz) and includes a searchable, annotated bibliography of over 400 references. 

· The Motueka catchment water balance model: a project to employ a simple, spatially explicit water balance model to explore how past, present and possible future land-use scenarios affect seasonal water yield under a series of selected climate scenarios.  The purpose of this project is to provide a context in which to discuss the relative importance of current land-use changes versus those in the past or those induced by climate change alone.

· The Motueka environmental sampling network: a project to identify the influences of key combinations of land use/land cover and geology on water-quality parameters.  

· The Upper Motueka water resource investigations: a project to identify whether there are interactions between groundwater abstraction from valley bottom aquifers and discharge in the river, in sub-catchments within the upper Motueka River.  Previous studies provide extensive information on alluvial plain aquifers in the lower Motueka River catchment.
· The Motueka riparian management project: a project to assess the current state of riparian buffers along the Motueka River and some of its key tributaries.  This assessment is a preliminary component of a related effort to assess how restoration of riparian corridors could improve riparian biodiversity and stream habitat values. 

· The Tasman Bay coastal productivity projects: a project focussed on the factors that control primary and secondary production in Tasman Bay, with special reference to commercial shellfish production.

· Enhancing interactions between knowledge providers and knowledge users: an effort to identify factors that tend to enhance or impede the use of scientific knowledge in decision making, and the participation of stakeholders in that process. 

Several projects are currently in various stages of development, and may become focal components of the programme within the next year.  These include: 

· Identifying and meeting Maori needs:  an effort to identify the interests of tangata whenua (Maori people) in integrated catchment management.  For both cultural and political reasons, Maori interests have special relevance in New Zealand matters.  In the particular instance of this programme, there is a substantial opportunity for shared learning among Maori and Pakeha partners.

· Quantifying values of water for different economic and environmental purposes:  a project that is currently focussed on assessing the value of water used for irrigation versus its value to maintain in-stream habitat. The tools and approaches that are developed may be expanded to include other purposes and values.

· Mechanisms of groundwater recharge from hill-country in the Motueka valley:  a project designed to examine subsurface drainage dynamics from hillslope areas that are believed to be the key recharge zone for aquifers in the area of the Motueka catchments.  A key question is whether and how land use (especially afforestation) affects recharge rates. 

· Sediment generation from alternative land uses and land forms in the Motueka Valley:  a project designed to identify how different combinations of land use/land cover and geology affect sediment generation and transport.  A portion of the Motueka catchment is underlain by a geology that is susceptible to erosion when exposed (e.g. as can happen during forest harvesting operations).  An important question is whether the risk to trout spawning grounds imposed by short-term exposure to sediment delivery during forest harvesting operations is greater than the risk imposed by chronic exposure to sediments generated by other, long-term land uses in the area. 

· Developing data and models for assessments of stream ecosystem productivity: an effort to include stream processing in a series of models designed to link land, stream, and coastal processes.  

· Developing data and models of coastal ecosystem function and productivity:  an effort to model the dynamics of water circulation and biogeochemical processing in the near-coastal zone. 

· Linking models of land use/cover/condition with models of coastal productivity: an effort to link newly available satellite data with the models described above, to improve our ability to predict how land use affects productivity in Tasman Bay.  

CONCLUSION

Sound, ecologically engineered solutions for key problems and issues will be critical to the success of this programme and to the general success of integrated catchment management as a framework for discussion about environmental management. It may be too much to hope that governance and regulatory structures will change significantly in the short term.  However, practically – on the ground – we do expect to stimulate an awareness of the importance of "cumulative impacts" and the need (versus optional value) for catchment-scale management.  Specifically, we plan to provide new knowledge and tools (e.g. BMPs, DSSs, models, knowledge bases) that resource managers, resource users, and communities all find useful.  Ideally, this knowledge and these tools will be mutually acceptable, thus providing a common ground for decision making, with reduced conflict.









































































