Where the rubber meets the road: the role of riparian management in ICM
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Introduction

Riparian zones are the three-dimensional zones of direct interaction between terrestrial and aquatic ecosystems (Gregory et al. 1991). In terms of managing catchments to meet a range of environmental needs, the riparian zone is probably the most important place in the catchment for enhancing stream habitat and water quality. In short, many biophysical functions that operate at the land-water interface, can be managed to protect streams and stream health from land development activities (Collier et al. 1995). Due to their location and the functions they provide, riparian zones are essentially places where “the rubber meets the road”, where management interventions can have a disproportionate effect relative to the rest of the catchment in controlling the effects of broader catchment activities on streams and downstream aquatic ecosystems (MFE 2000). 

In both New Zealand and Australia there is an increasing drive at grass-roots level to conduct community riparian projects to restore health to streams and enhance local biodiversity. However, where such problems are large and widespread, or resources limited, there is no easy way to prioritise what and where things should be done. A riparian zone classification within a management framework could enable improved understanding of the potential and limitations of riparian zone management as a catchment or watershed management tool.

The biophysical functions and human uses of streams and riparian zones vary both with landform type and position within the catchment. A catchment tool is needed that accounts for spatial variability of riparian functions and is understandable and useable by a range of non-experts involved in activities that impinge upon these zones. Such an approach might then provide a way to link to methods for managing these functions across a wide set of local and regional conditions.

This paper describes a field assessment approach using a range of visual criteria that has been used for the catchment of the Motueka River, near Nelson, in New Zealand.

Study Area
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The Motueka and Riwaka river catchments (hereafter referred to as the Motueka catchment) total about 2200 km2 and are situated in the north-west of the South Island (Fig. 1). The Motueka River delivers 60% of the fresh water to Tasman Bay, a productive and shallow coastal body of high cultural, economic, and ecological significance (Basher 2003). A general description of the catchment, the issues it faces, and a review of current literature is provided in a technical report (Basher 2003).

Figure 1. Location map of the Motueka catchment.
Methods

Study methods are based on those developed by Quinn (1999, 2001a) for catchments in the Waikato region of New Zealand’s North Island. These were further refined for the Canterbury region (Quinn et al. 2001b) by investigating the use of land and river databases to predict riparian classes. The approach combines expert field assessment with GIS-based methods. Field sites are first classified into four groups according to their current and potential riparian functions and then discriminant function models are used to classify unmapped sites based on the field and GIS database correlations. 

One hundred and fifty six sites covering a range of riparian conditions within the Motueka catchment were surveyed. Spatial coverage was not uniform and depended on accessibility, with many smaller headwater streams not being sampled. Trade-offs between resources, physical accessibility or access via permit limited the coverage in the western and south-eastern ranges.

Site characteristics that affect key riparian functions and human uses (Quinn et al 2001a,b) were assessed at each site, photographs taken and representative cross-sections sketched. Physical data were collected at three spatial scales: catchment, valley, and reach. Some attributes were assessed in the field while others were obtained from databases (Snelder et al. 1999; Leathwick et al. 2003).

On-site assessments using simple visual indicators were made of bank stabilisation, filtering of contaminants from overland flow, nutrient uptake by riparian plants, denitrification, shading for in-stream temperature control, shading for in-stream plant control, input of large woody debris and leaf litter, enhancement of in-stream fish habitat and fish spawning areas, control of downstream flooding, recreational and landscape value, and stream aesthetics. Our assessments did not include the functions enhancing terrestrial biodiversity, providing wildlife corridors, and habitat and landscape connectivity, though some acknowledgement of these aspects may have “coloured” assessments of potential functions in relation to aesthetics, in particular. The potential role of these functions at the site if best practice riparian management was applied was also assessed. These current and potential riparian functions and human uses were ranked as: 0 (absent), 1 (low activity), 2 (low–moderate activity), 3 (moderate activity), 4 (high activity), or 5 (very high activity).

Results

Riparian functions differed in their assessed average current and potential activity (Table 1) and also varied widely between sites. Nutrient uptake, shade for control of aquatic plants, and downstream flooding contribution were assessed to be the least active current functions, whereas shade for temperature and fish habitat were the most active. Applying best practicable riparian management such as fencing out stock and managing for the development of long grasses, shrubs and trees was judged to be capable of improving most riparian functions substantially (Table 1). Average improvement expected was greatest for functions relating to vegetation improvements such as bank stability, shading, aesthetics and litter input and least for downstream flooding mitigation. 

Multivariate statistics (MOPED programme developed by Ian Jowett of NIWA, Quinn et al. 2001) were used to analyse both current and potential functions. First the sites were clustered based on their current riparian functions in a 4 × 4 Self Organising Map (SOM) using k-medoids (Kauffman and Rousseeuw 1990). The Silhoutte index indicated the optimal number of clusters (maximising between cluster differences and minimising within cluster differences) was four, with each of the current riparian function ratings differing between these 4 clusters (ANOVA, P <0.05, Fig. 2a).

Table 1. Summary of the assessed current (_C) and potential (_P) riparian functions at sites in Motueka River Catchment. Functions scored from 0 (not active) to 5 (very highly active). 

	Riparian functions
	Current
	Potential

	
	Mean
	Median
	StdDev
	Mean
	Median
	StdDev

	Bank stability
	3.3
	3
	1.1
	4.3
	4
	0.6

	Overland flow filtering
	2.7
	3
	1.0
	3.8
	4
	0.8

	Nutrient uptake
	2.0
	2
	0.8
	2.9
	3
	0.9

	Denitrification
	1.0
	1
	0.9
	1.6
	1
	1.3

	Shade for temp
	2.5
	2.5
	1.2
	4.0
	4
	1.0

	Shade for plant control
	2.5
	2.5
	1.2
	3.9
	4
	1.2

	Wood input
	1.7
	2
	1.0
	3.1
	3
	1.1

	Litter input
	2.4
	2
	1.0
	3.7
	4
	0.9

	Fish habitat
	2.8
	3
	1.5
	3.2
	4
	1.6

	Downstream flooding
	1.8
	2
	0.6
	2.1
	2
	0.7

	Recreation
	2.3
	2
	1.3
	2.8
	3
	1.4

	Aesthetics
	2.3
	2
	1.2
	3.8
	4
	1.0
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Figure 2. Comparison of mean function ratings amongst the individual Self Organising Map (SOM) cells and the four riparian management classes based on current (2a) and potential (2b) riparian function ratings at Motueka stream sites. The relative height of the bars indicates the activity of the functions (0 to 5 scale).
Class 1 sites (=Group 1 in Fig. 2a) (n = 45) were typically in small to moderate-sized catchments and generally had high activity ratings for vegetation-related functions such as shade, litter input, bank stability, and nutrient uptake and moderate rankings for the other functions. Class 2 sites (n = 41) had high ratings for aesthetics, recreation, fish habitat and overland flow and moderate rankings for other functions. These sites were typically larger order streams with lower stream gradients. Class 3 sites (n = 36) generally had low ratings for all functions except for denitrification and moderate rankings for functions related to vegetation. Class 4 sites (n = 34) had low rankings for most functions except denitrification, tended to be in no special grouping and occurred both at the large and small scale; several had some degree of channel modification.

A number of on-site assessed variables together with those from GIS databases were used to develop a discriminant model to predict cluster affinity. This model assigned 74% of the sites to the correct cluster (cf. 25% expected by chance), with the most correct hits for Class 2 (78%), Class 3 (77%), Class 1 (74%) and least for Class 4 (66%). Function 1 of the model (that explained 59% of the overall variance) was most strongly correlated with variables relating to stream width, the source of flow and similar catchment variables. 

These findings suggest that the width of the stream, its source of flow and catchment size, as well as the amount of shade and cover are important in determining current riparian functions in the Motueka catchment. The 74% correct prediction rate for site classification implies that this discriminant model could be used as a way for non-experts to assess likely riparian functions at a site, based on a mix of site and GIS information. The model would predict the class affinity and attributes of the site deduced from the typical riparian function ratings for that class (e.g., Fig. 2a).

The same clustering and modelling procedures were also carried out using the potential riparian function activity ratings. This also resulted in four main clusters, and each riparian function differed in potential activity ratings between these clusters (ANOVA, P < 0.05). Variables that related to stream size, geomorphic setting and size of contributing catchment differed most strongly between clusters, with some other variables also showing statistically significant differences. 

Class 1 sites (n = 30) had high ratings for potential activity for fish habitat, recreation and aesthetics functions. These were typically small-sized streams in the western and south-eastern ranges. Most are in conservation-managed lands and are already providing a range of functions. Class 2 sites (n = 39) were typically rivers in valley floors and had high potential ratings for virtually all functions. Class 3 (n = 41) was similar to Class 2 but had lower potential ratings for functions such as bank stability, overland flow, fish habitat, recreation and aesthetics, and wood and litter input. Class 4 (n = 46) had high potential ratings for most riparian functions but low ratings for flood control and denitrification.

The discriminant model allocated 82% of sites to the correct cluster (cf. 25% expected by chance). Function 1 of the model (that explained 78% of the overall variance) was most strongly correlated with water width (r = 0.95), non-vegetated width (r = 0.87), and bankfull width (r = 0.85), whereas function 2 (13% of the variance explained) was most strongly correlated with the riparian wetland index (r = 0.64), and function 3 (8% of the variance explained) with land slope index. A second discriminant model was developed using only information available from the GIS databases. This model assigned 65% of the sites to the correct cluster. Function 1 of the model (explained 84% of the overall variance) was most strongly correlated with catchment area (r = 0.82), flow size class (r = 0.79), source of flow index (r = 0.77) and stream order (r = 0.76). Function 2 (11% of the variance explained) was most strongly correlated with REC sloper (r = −0.69).

Conclusions

How we use this information to assist resource managers in managing their catchments is highly dependent on the goals required of any intervention and the specific issue that intervention is trying to address. 

For much of the Motueka catchment, particularly the areas to the west and south, there will be little opportunity for direct management intervention as these areas are public conservation lands and have a cover of native vegetation anyway. In addition, a large part of the catchment is under exotic forestry and riparian management usually only becomes an issue either at the time of new plantings on former scrub or pastoral land (of which there is little) or at the time of harvesting. For most of the forest rotation many of the riparian functions mentioned are performed well by exotic forests. Areas that would gain some benefit from riparian management interventions are those under pastoral farming and perhaps those currently under horticulture. Many of these are in the flood plains of the main rivers and in their tributary streams on Moutere Gravel terrain.

A management framework, such as proposed in Fig. 3 (after Quinn et al. 2001b) provides one way in which the riparian management classification methods developed in this paper can be used to assist in river and catchment management.

	Riparian Management Classification (RMC)
	
	River management

1. Identify specific goals for catchment and river segments
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	Evaluate current RMC classes from field survey and map information using discriminant models and infer riparian function ratings (Fig. 2a) or make direct assessments
	
	2. Identify how riparian functions contribute to goals currently

	
	
	

	Evaluate potential RMC classes from field survey and map information using discriminant models and infer function ratings (Fig. 2b) or make direct assessments
	
	3. Evaluate potential riparian function 

ratings with best practicable riparian management

	
	
	

	
	
	4. Identify priority river segments for riparian management where riparian functions that contribute to goals are predicted to increase most in activity

	Other relevant information

e.g. Statutory obligations, Maori perspectives, local interest/politics, terrestrial biodiversity goals, landscape ecology issues and available resources
	
	
5. Develop riparian management strategies recognising variations in priorities and riparian functions within the catchment or region



	Farmer/landowner goals

for their properties

Riparian microhabitat-based native

species planting recommendations
	
	6. Reach- and farm-scale riparian management plans


Figure 3. Flow chart showing how Riparian Management Classification (RMC) and microhabitat-based native plant recommendations can contribute to river management planning (after Quinn et al. 2001b).

Once the specific goals are established for a river at the catchment and/or segment scale (step 1), predictions of current and potential RMC classes can be made using the discriminant function models. These classes indicate the activity of riparian functions currently and the potential functions that currently contribute to the river management goals and /or could be enhanced by riparian management (steps 2&3). Because of the need for field data for reasonably reliable predictions of current RMC classes, i.e. to get 80% prediction, this step will involve surveys of a representative sample of sites and extrapolation to similar sites. If a lower level of prediction is required, such as a quick first cut, then just the GIS variables alone will give about 60% correct prediction. The various RMC classifications (current or potential) provide an improved basis for prioritising areas for riparian management to meet the goals outlined (step 4). This then feeds into a riparian management strategy, which in turn recognises other goals, pressures and resources (step 5), and then provides the context for the development of reach- or farm-scale riparian management plans (step 6). Finally, the planting recommendations feed into this step by providing the detail needed to improve the success of any revegetation efforts at the site.  Planting guidelines with lists of appropriate plants can be extracted from a number of regional booklets or web sites (e.g. www.bush.org.nz/planterguide). 

Riparian management is a potentially powerful tool for mitigating the damage that various land use activities can cause, particularly on stream environments (e.g. Collier et al. 1995). The riparian zone is the one place in a catchment that a management intervention can have a disproportionate benefit relative to the size of the area that gets treated. Often small interventions such as riparian fencing and excluding stock from streams can have a significant improvement on water quality and habitat.

Decisions on riparian management need to start with a clear understanding of how important this area is to stream health and water quality and to the general condition of a catchment. From this, the goals that an intervention will achieve in the riparian zone need to be considered in some multi-objective manner. The riparian management classification provides such a framework for linking the management goals to the spatial variations in riparian buffering functions within the catchment and a way in which priorities can be set relative to the resources that might be available.

In its use of field and GIS information the RMC is not a tool for defining a specific reach in need of intervention, rather its focus is more on the regional level. However, while the RMC is a fairly crude assessment tool with a limited number of classes, it can, in conjunction with local and expert knowledge, provide a means to prioritise areas within a catchment where the best gains can be made from any management intervention. 
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