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Abstract

The interest in sustainable use and adaptive management of tropical wetlands has increased in recent years. At the same time the pressures on tropical wetlands has also increased as primary drivers such as demographic and economic change have led to more intense proximate drivers such pollution, species introductions and land use and cover changes. These pressures have in turn reduced the value of supporting, provisioning and enriching services derived from wetland ecosystems. Given the extent of these pressures and the need to provide relevant information for wetland management (including rehabilitation) various international interests have worked to develop integrated approaches for wetland inventory, assessment and monitoring. This has entailed agreement on various definitions as a basis for an integrated hierarchical framework that can be used to collect and manage information on tropical wetlands. 

The framework provides a linkage between wetland inventory, assessment and monitoring and enables multiple-scale analyses to be undertaken through adoption of core data fields and modern data management tools, including GIS. Examples of multiple-scale inventory and monitoring in tropical wetlands are provided. The role that risk assessment can play in interlinking wetland inventory and monitoring is then illustrated and extended to include modeling of ecological components and processes and their ability to support wetland services. The successful implementation of these integrated approaches is fully dependent on commitment of resources and the development of local capacity to undertake the analyses and apply the outcomes. Steps to develop such capacity are then outlined.

1. Background:  Change in wetlands

Tropical wetlands are generally regarded as productive and dynamic systems that also support many people through the services that they provide (Finlayson et al. 1988; Finlayson & Moser 1992). The information base that supports management of these valuable systems is, however, uneven and in many instances, totally inadequate. The latter was shown in a Global Review of Wetland Resources and Priorities undertaken by Wetlands International on behalf of the Ramsar Convention (Finlayson & Spiers 1999; Finlayson et al 1999). This review showed that whilst a lot of information on wetlands had been compiled (e.g. Finlayson & Moser 1992; Dugan 1994; Finlayson & van der Valk 1995; Mitsch et al. 1994; McComb & Davis 1998) it was difficult to use much of this to assess the state of the global wetland resource or to establish priorities for wetland management (Finlayson & Spiers 1999). Importantly, knowledge of the location, distribution and character of wetlands, their values and uses, which is essential for effective management, is still required (Dugan 1990; Hollis et al. 1992; Finlayson & van der Valk 1995; Finlayson 1996a; Finlayson et al. 1999). Further, this information is required at a variety of geographical scales, ranging from local site management, through development of regional and national policies, to global priority setting through international conventions and agreements. 

As exemplified by the Global Review of Wetland Resources and Priorities for Wetland Inventory, many compilations of such information have not sufficiently described the basic features of wetlands around the world. This is perhaps not unexpected when it is noted that many countries have yet to compile an adequate inventory; the ‘global review’ found that only 7% of Contracting Parties to the Ramsar Wetlands Convention had an adequate national inventory while 25% did not have an inventory. Further, whilst many wetlands have been listed as internationally important under the Ramsar Wetlands Convention many do not have management plans in place and do not have a formalised process for using these as a reference basis for monitoring at either a national or an international level. This is an alarming situation given that contracting parties to the Ramsar Convention have undertaken to produce national inventories and to monitor and make wise use of their wetlands. 

The inadequate state of the information base for wetland management was also shown by the wetland component of a Pilot Analysis of Global Ecosystems conducted by Revenga et al. (2000). This analysis confirmed that information on the status and trends for inland/coastal wetlands was very patchy and incomplete. Darras et al. (1998) also demonstrated that global wetland inventory data was variable and incomplete.

2.
Causes of change in wetlands

General analyses and reviews over the past two decades have identified a suite of pressures faced by tropical wetlands (e.g., see papers in Whigham et al. 1993; Finlayson & Moser 1992). These reviews have focussed mainly on biophysical pressures that are or are likely to affect the ecological condition of the wetland. Finlayson & Rea (1999a) have more recently contended that to prevent further loss and degradation of wetlands it is necessary to address the underlying and less visible causes that result in pressure being exerted on wetlands in addition to addressing the apparent and highly visible causes of wetland decline. In line with recent discussions during the development of the global Millennium Ecosystem Assessment (Reid 2000; www.millenniumassessment.org) these pressures are referred to respectively as ‘proximate’ and ‘primary’ drivers. In essence, every proximate driver of change is the outward expression of one or more primary drivers. The drivers of change in tropical wetlands are discussed below.

Proximate drivers

Wetland managers and scientists around the world have often addressed the proximate drivers of wetland loss and degradation. That is, they have addressed questions or problems related to: land use/cover change such as clearance, drainage and infilling; the spread of infrastructure whether for urban, agriculture, industrial or even military purposes; the introduction and spread of invasive species; hydrologic modification to streams and wetlands; over-harvesting, particularly through fishing and hunting; pollution, salinisation and eutrophication; with some recent attention also being given to global climate change. These issues have been explored in many site-based analyses and comprehensive databases for some exist or are being developed, whilst others are only now being assessed in a systematic manner. The more recent issue of global climate change is perhaps the most insidious. Climate change has recently been accepted as a real phenomenon (IPCC 2001) and the known effects on wetlands espoused (van Dam et al. 2002; Ansimov et al. 2002). It is contended that climate change will not only affect the biological, chemical and physical features of wetlands, but will also interact strongly with other existing or emerging pressures on wetlands; the resultant synergistic, antagonistic or cumulative effects are on the whole only cursorily addressed or are unknown.

For tropical wetlands further assessments and site-specific analyses of proximate drivers are needed, noting that recent emphases for ecosystem management have also extended to include landscape scales and the involvement of local communities. That is, further assessments may need to be undertaken within a landscape-context and incorporate at the outset the role of and effect on people. It is anticipated that further attention will be directed towards the effect and management of invasive species and environmental allocation of water for tropical wetlands given greater emphasis on these topics elsewhere (McNeeley et al. 2001; CD 2000). Invasive species are already well known in tropical wetlands with Salvinia molesta, Eichhornia crassipes and increasingly Mimosa pigra being notorious. Introduced animals of concern include domestic pigs (Sus scrofa), Asian water buffalo (Bubalus bubalis), tilapia (Tilapia spp.) and Nile Perch (Lates nilotica). The issue of environmental water allocations is also likely to be vexed for many tropical countries given reactions to the report by the World Commission on Dams (WCD 2000).

Primary drivers

The extent to which primary drivers operate within tropical wetlands has not on the whole been specifically assessed. However, papers collated by Finlayson & Rea (1999b) illustrate that across Australia these causes are indeed important and have or continue to result in the loss and degradation of wetlands. This was well illustrated at the Ramsar conference in November 2002 where contention surrounded initiatives that addressed wetlands and agriculture, climate change, environmental water allocations, or culture, were strongly debated and the draft resolutions substantively changed before being adopted. In these debates it was questionable whether the proximate or the primary drivers of change in wetlands were being addressed. Given the extent of direct comment on the ecological character of wetlands in these debates it is presumed that the primary and not the proximate drivers had assumed greater importance.

The Millennium Ecosystem Assessment lists the following as primary drivers: demographic change; economic change (including globalisation, trade, market and policy framework), social and political change (including governance, institutional and legal framework), technological change, and lifestyle and behavioural change. Finlayson & Rea (1999a) also raise the spectre that politicised responses to particular assessments may be a further contributing factor.

It is emphasised that the primary drivers of wetland loss and degradation (i.e. the underlying social, economic and political reasons for change) should be addressed in unison with efforts to address the resultant proximate drivers of this loss and degradation. Hollis (1992) stressed the need to address the social, economic and political pressures in the following manner:

“This loss and degradation is rooted in social, economic and political pressures. These operate behind a chimera created by the immediate causes of wetland loss whilst the apparent causes of wetland loss, such as the oft quoted agriculture intensification and tourism, etc, are merely the outward expression of the underlying factors.”

The underlying causes of wetland loss and degradation (primary drivers) listed by Hollis (1992) that are most relevant to tropical wetlands are: lack of public and political awareness of wetland values; lack of political will for wetland conservation and restoration; over-centralized planning processes; historical legacies of land tenure and use; weak and poorly resourced conservation institutions; sectoral organisation of decision making; and alliances that promote policies and studies rather than action. Hollis (1992) further stressed the need to address these drivers:

“There has to be an offensive on the social, economic and political causes of wetland loss and degradation.”

3. Conceptual framework for wetland management

Given the complex of issues that affect wetland policy and management it is proposed that wetland management is contained within a framework that supports integration and learning and covers both primary and proximate pressures. The Ramsar Convention has proposed the development of a conceptual framework for this purpose (http://www.ramsar.org/key_res_viii_07_e.htm). It is anticipated that this will build on substantial effort over the past decade to develop adaptive management approaches for environmental management. As a prelude to developing the conceptual framework it is possible to examine existing concepts and frameworks and exemplify key features and issues that could be incorporated into a future model. 

It is further anticipated that any such conceptual framework for wetland management will need to encompass all major issues that affect wetlands (e.g. the status and trends within wetlands; primary and proximate drivers of change; management scenarios and responses; technical methods and data management; and the well-being of people through the provision and maintenance of wetland services). In particular it is proposed that the framework should link causes of adverse change with the maintenance of the ecological character of the wetlands and the well-being of people. In this respect the framework should encourage the identification of strategies or interventions to maintain or restore links between wetlands and people and hence support the wise use of wetlands. As the concepts of wise use of wetlands and maintenance of the ecological character of wetlands are central to the Ramsar Convention these are described below as a prelude to considering a broader ecosystem-related model provided by the Millennium Ecosystem Assessment, and an integrated approach for wetland inventory, assessment and monitoring developed by Wetlands International. 
The wise use of wetlands has been defined within the Ramsar Convention (Davis 1994) as: 

“….their sustainable utilisation for the benefit of humankind in a way compatible with the maintenance of the natural properties of the ecosystem.”
Hence, wise use of wetlands involves maintenance of their ecological character, as a basis not only for nature conservation, but also for sustainable development. Thus, the concept of wise use encourages the integration of human activities and maintenance of the ecological features of wetlands. This is expressed within the definition of ecological character adopted by the Convention in 1999 (www.ramsar.org/key_guide_list_e_htm#iii):

“The sum of the individual biological, chemical and physical components of the ecosystem and their interactions that maintain the wetland and its products, functions and attributes.”

Therefore the ecological character of a wetland comprises:  i) the biological, chemical and physical components of the wetland; ii) the ecological processes that maintain the wetland; and iii) the services derived from the wetland (products, functions and attributes).  Therefore wise use comprises:               i) maintenance (restoration) of the biological, chemical and physical components of a wetland;            ii) maintenance (restoration) of the ecological processes that maintain the wetland; 

and iii) sustainability (restoration) of the services derived from a wetland. 

4.

4. Framework for wise use of wetlands

The Millennium Ecosystem Assessment (www.millenniumassessment.org) is an international assessment that aims to improve the management of the world's natural and managed ecosystems by helping to meet the needs of decision-makers and the public for peer-reviewed, policy-relevant scientific information on the condition of ecosystems, consequences of ecosystem change, and options for response. It will provide information and build capacity to provide information and will be undertaken by a large group of experts over a four-year period from April 2001. 

As a component of this assessment a complex conceptual framework has been agreed (www.millenniumassessment.org/en/meetings/design.workshop.2.summary.pdf). The framework can operate at multiple scales and contains four components – primary drivers, proximate drivers, ecosystems and their services, and well-being and poverty reduction (Figure 1).  The framework also illustrates the focus on ecosystem services and the well-being of human is at the centre of the assessment. That is, it is recognised that maintenance of ecological systems is intertwined with the provision of ecosystems services that support the well-being of people. This applies as equally to wetlands as it does to other ecosystems. 

It is also contended that by making more strongly the connection between human well-being and the provision of ecosystem services a stronger basis for conserving ecosystems will emerge. Thus, it is necessary to demonstrate that ecosystems and their services are intricately linked and that attempts to degrade one will lead to the loss or degradation of the other. That is, the primary and proximate drivers that operate on wetlands will affect the well-being of people through the loss or degradation of the ecosystem services that the wetland provides. 

These services are taken to be provisioning (food, fresh water, fibre, fuel, other biological products), regulating (climate regulation, disease control, flood control, detoxification), enriching (spiritual, recreational, cultural, aesthetic, inspirational) and supporting (soil formation, nutrient cycling, pollination). Whilst the terminology is different the services described correspond to the products, functions and attributes of wetlands as defined by the Ramsar Convention (Finlayson 1996b; www.ramsar.org/key_res_vi.1.htm). Thus, the ecosystem framework can be seen as supporting the Ramsar Convention by strengthening the link between wetland goods and services (comprising products, functions and attributes) and the well-being of people. It is anticipated that further development and application of the ecosystem assessment framework to wetlands will encourage further conservation and management of wetlands in order to maintain their basic ecological character and the provision of goods and services. To do this effectively it will be necessary to address both the socio-economic (primary drivers) and biophysical (proximate drivers) causes of wetland loss and degradation.

Figure 1. Framework for ecosystem assessment as proposed by the Millennium Ecosystem Assessment.

 

5. Ramsar approaches wetland inventory, assessment and monitoring

Wetland inventory, assessment and monitoring have been increasingly addressed in international and national fora in recent years. Much of the international effort has been directed towards supporting the concept of wise use of wetlands espoused under the Ramsar Wetlands Convention and supported by Wetlands International and its partners (Finlayson et al. 2001a). This has resulted in a number of international meetings and agreement on priorities for wetland inventory, assessment and monitoring. These are reported below as the basis for developing a holistic approach for wetland management through the provision of accurate and reliable information. It is noted at the outset that the provision of accurate and reliable information has been identified as a crucial step for effective wetland management (Dugan 1990; Finlayson 1996a). 

This information is presented in support of proposals for the acceptance of standardised terminology and the adoption of comparable approaches for obtaining and reporting information necessary for effective wetland management. In doing this information has been drawn from a number of international wetland projects. Foremost amongst these are: i) a global review of wetland inventories (GRoWI) for the Ramsar Convention (Finlayson & Davidson 1999, Finlayson et al 1999); ii) a framework for conducting wetland risk assessment as an integral component of management planning processes (van Dam et al. 1999); iii) frameworks for monitoring adopted under the Ramsar Convention (Finlayson 1996b) and the Mediterranean wetland initiative (MedWet) (Finlayson 1996c, Grillas 1996, Tomas Vives & Grillas 1996); and iv) a framework for a hierarchical approach to wetland inventory in Asia (Finlayson et al 2002a).

In support of similar proposals Finlayson & Davidson (2001) reviewed past recommendations and considerations for wetland inventory, assessment and monitoring and identified practical steps for developing effective programs that could supply information in a timely manner for wetland managers. The latter built on the outcomes of workshops held during the 2nd International Conference on Wetlands and Development, Dakar, Senegal, November 1998 (Finlayson et al 2001a). Recommendations from five previous meetings were broadly consistent and covered the following common themes: i) collection of long term data on wetlands; ii) standardisation of techniques, guidelines and manuals; iii) provision of training; iv) reviewing gaps and co-ordination of data collection; v) developing and making greater use of networks; and vi) developing means to audit existing effort.

The consistency of the recommendations was attributed to, in part, a degree of consistency of attendance and participation of personnel from or associated with Wetlands International (Finlayson & Davidson 2001). However, as the conferences were held in different locations it is also likely that many other interests were also represented. Further, the nature of the meetings became much broader with an initial focus on waterbirds extending to waterbirds and their habitats, and then to wetlands and their management. Thus, the outcomes are taken to represent a decade of a developing and expanding interest in wetlands and an increasing awareness that wetland inventory, assessment and monitoring was either needed or, where it existed, was inadequate.

Finlayson & Davidson (2001) also reported that there was little evidence that past recommendations had been widely implemented. A major exception was provided by the Mediterranean wetlands program (MedWet), which has now contributed substantively to standardising techniques for wetland inventory (Costa et al 1996) and monitoring (Tomas Vives 1996). The success of the MedWet program is illustrative, but it should not shield the reality that this success has not been widely replicated. Other regional conferences and workshops have not succeeded in this manner and further wetland inventory, assessment and monitoring is still urgently needed (see reports in Finlayson & Spiers 1999). Thus, to achieve further improvement in wetland inventory, assessment and monitoring, processes that can translate recommendations into action are also needed. The workshops held in Dakar, Senegal, 1998 (Finlayson et al. 2001a) took these problems into account and attempted to present some practical outcomes that could assist in the development of more effective wetland inventory, assessment and monitoring programs. The outcomes of this workshop (Finlayson et al. 2001b) are discussed below along with some more recent advances.

An important starting point in considering wetland analyses was to distinguish between inventory, assessment and monitoring as the terms are used inconsistently. Working definitions reported by Finlayson et al. (2001b) and adopted by the Ramsar Convention in 2002 (www.ramsar.org/key_res_viii_06_e.htm) are:

Wetland Inventory: the collection and/or collation of core information for wetland management, including the provision of an information base for specific assessment and monitoring activities.

Wetland Assessment: the identification of the status of, and threats to, wetlands as a basis for the collection of more specific information through monitoring activities.

Wetland Monitoring: Collection of specific information for management purposes in response to hypotheses derived from assessment activities, and the use of these monitoring results for implementing management. (Note that the collection of time-series information that is not hypothesis-driven from wetland assessment should be termed surveillance rather than monitoring.)

The relationship between these concepts is shown in Figure 2. The approach and the scope of activity for inventory, assessment and monitoring as separate components of the management process differ substantially, but these are not always well distinguished in implementation projects. Importantly, wetland inventory and wetland monitoring require differing types of information and, whilst wetland inventory provides the basis for guiding the development of appropriate assessment and monitoring, wetland inventories repeated at given time intervals do not constitute monitoring.





Figure 2.  Concepts of wetland inventory, assessment and monitoring (taken from Finlayson et al. 1999, 2001b, and www.ramsar.org/key_res_viii_06_e.htm).

This model has been expanded by Humphrey et al., Finlayson et al. (2002b) and Finlayson & Lukacs (2003) with the inclusion and elaboration of the concept of multiple-scalar analyses. Thus, the model shown in Figure 3 illustrates the model proposed by Humphrey et al. (2002) for multiple scale inventory and monitoring. That is, inventory and monitoring are being undertaken at multiple scales and are linked by assessment processes that may or may not be undertaken at the same scales. In effect this reflects the reality of many assessment processes that have not been extended to embrace multiple scale processes. Finlayson & Lukacs (2003) have extended the concept further (Figure 4) and propose that assessment should be conducted at scales directly appropriate to the scales used for the inventory and monitoring associated with the same event or events. The challenge is to extend these concepts into practice, noting that this is likely to only occur within an adaptive management framework where effective links are made between ‘learning’ and ‘doing’.

Figure 3. Framework for wetland inventory, assessment and monitoring proposed by Humphrey et al. (2002).






Figure 4. Framework for wetland inventory, assessment and monitoring proposed by Finlayson & Lukacs (2003).







The models presented above (Figures 2-4) can be summarised as: wetland inventory is used to collect information to describe the ecological character of wetlands; wetland assessment considers the pressures and associated risk of adverse change in ecological character; and wetland monitoring, which could include survey and surveillance (Finlayson 1996 b,c), provides information on the extent of any change. As all three steps – inventory, assessment and monitoring – are important data gathering exercises any “Wetland Assessment System” should comprise components of each; the extent of each being determined by individual management needs and the extent of existing information. In light of the definitions given above from Finlayson et al. (1999, 2001b) and the above comments Humphrey et al. (2002) proposed that the term “Wetland Assessment System” was redundant and should be replaced with the more encompassing term “Wetland Inventory, Assessment and Monitoring System (WIAMS).

6. Wetland Inventory

The need for standardised and updated information for wetlands is illustrated by a comparison of wetland areas in the wet-dry tropics of northern Australia undertaken by Lowry & Finlayson (2002). Using six different data sources they showed that estimates of the extent of wetland area in the wet-dry tropics ranged from 4,727 to 89,704 km2.  Reasons for this range of values include differences in habitats considered as wetlands and differences in scale and interpretation, possibly related to the purpose of the original analysis and the nature of source information. There is also very little information on the extent of loss and degradation of tropical wetlands and indeed whether former (lost) wetlands are still being included in wetland inventory based on poor information and an absence of ground corroboration. As noted above, major discrepancies in the information supplied from wetland inventory were outlined in an international workshop to identify practical techniques for wetland inventory (Finlayson et al. 2001b) and further described in an analysis of global wetlands and wetland inventory (Finlayson et al. 1999). These authors recommended the adoption of standardised approaches for wetland inventory in relation to specific and separate purposes.

In response to such discussions and recommendations, the Wetlands Convention in November 2002 adopted a draft framework for planning a wetland inventory (http://www.ramsar.org/key_res_viii_06_e.htm). This comprised 13 steps (Table 1) with special attention given to core data fields (Table 2) and multiple-scale and hierarchical analyses as initially outlined in a draft protocol for an Australian wetland inventory (Finlayson 1999) and a framework for an Asian wetland Inventory (Finlayson et al. 2002a).

In conjunction with the development of the framework for wetland inventory (Table 1) the international non-governmental organisation, Wetlands International, developed a comprehensive approach for wetland inventory in Asia (Finlayson et al. 2002a). This expands on the data categories shown in Table 2 and encompasses a hierarchical and multi-scalar approach for mapping wetland units (Figure 5) using a GIS and appropriate imagery and other data. The concepts behind this approach are based on a continuum of technical steps – inventory, assessment (including risk assessment) and monitoring – that are contained within a management prescription (plan) that provides linkages between all information collecting steps and management actions, including education and public awareness as needed. 

Table 1. Steps in the framework for planning a wetland inventory adopted by the Ramsar Wetlands Convention.
	1.
	State the purpose and objective

	2.
	Review existing knowledge and information

	3.
	Review existing inventory methods

	4.
	Determine the scale and resolution

	5.
	Establish a core or minimum data set

	6.
	Establish a habitat classification

	7.
	Choose an appropriate method

	8.
	Establish a data management system


	9.
	Establish a time schedule and extent of resources


	10.
	Assess the feasibility & cost effectiveness

	11.
	Establish a reporting procedure

	12.
	Establish a review and evaluation process

	13.
	Plan a pilot study


Table 2. Core data elements identified in the framework for planning a wetland inventory adopted by the Ramsar Wetlands Convention. The core data are separated into two components: Bbiophysical and managerial data.

	Biophysical data

	Site name (official name of site and catchment)

	Area and boundary (size and variation, range and average values)

	Location (projection system, map coordinates, map centroid, elevation) 

	Geomorphic setting (where it occurs within the landscape, linkage with other aquatic habitat, biogeographical region)

	General description (shape, cross-section and plan view)

	Climate – zone and major features

	Soil (structure and colour)

	Water regime (periodicity, extent of flooding, source of surface water and links with groundwater)

	Water chemistry (salinity, pH, colour, transparency, nutrients)

	Biota (vegetation zones and structure, animal populations and distribution, special features including rare/endangered species)

	Managerial data

	Land-use (local and in the river basin and/or coastal zone)

	Pressures on the wetland (within the wetland and in the river basin and/or coastal zone)

	Land tenure and administrative authority (for the wetland critical parts of the river basin and/or coastal zone)

	Conservation and management status of the wetland (including legal instruments and social or cultural traditions that impinge on the management of the wetland)

	Ecosystem values and benefits (goods and services) derived from the wetland (including products, functions and attributes and, where possible, their worth to humans)

	Management plans and monitoring programs (in place and planned within the wetland and in the river basin and/or coastal zone)


Figure 5.  Hierarchical framework for wetland inventory (from Finlayson et al. 2002a)










When considering the above framework it is necessary to remember that wetland inventory is undertaken for many reasons. Therefore, the framework is generic and not all steps or data fields are necessarily applicable to all inventories. The framework provides a basis for making decisions that suit the purpose of any individual inventory. The framework does not provide a technical recipe for an inventory; individual decisions are required to choose or develop a suitable technical method. Different methods may be needed for different purposes, such as: l
isting particular wetland types in an area; listing wetlands of local, national or international importance; describing the occurrence and distribution of wetland taxa; describing the occurrence of natural resources such as peat, fish or water; establishing a baseline for measuring change in ecological character; assessing the extent and rate of wetland loss; and promoting awareness of wetland values.
7. Wetland Assessment 

Effective wetland management is largely dependent on the effective assessment of major pressures that will affect the wetland. In recent years there has been a move towards structured risk assessment to complement other analyses and the provision of information for management purposes.  The Ramsar Wetlands Convention has been at the forefront of this effort and in 1999 formally adopted a structured risk assessment procedure (www.ramsar.org/key_res_vii.10e.htm) based on an earlier procedure developed by van Dam et al. (1999).  As with all risk assessment procedures this is designed to provide managers with the best available information and to provide guidance on management options (or risk reduction steps). The procedure adopted by the Convention for wetland risk assessment is shown in Figure 6.  It contains the following broad steps:

1. Identification of the problem - identify the nature of the problem and develop a plan for the remainder of the assessment, including the objectives and scope. 

2. Identification of adverse effects – evaluate the likely extent of adverse change.

3. Identification of the extent of the problem – estimate the likely extent of the problem.

4. Identification of the risk – integrate the results from the above steps.

5. Risk management and reduction - make decisions to minimize the risks without compromising other societal, community or environmental values. 

6. Monitoring – verify the effectiveness of the risk management decisions. 

This procedure has been used to assess the risk associated with cane toads (Bufo marinus) (van Dam et al 2001) and with Mimosa pigra (Finlayson et al. 2001c) in northern Australia. The outcomes from these assessments were used to provide advice for risk management and monitoring of both species. A further analysis using the same procedure was undertaken of the likely impact of water development activities in a river basin in northern Australia (Begg et al. 2001). In this instance the risk assessment framework was used to predict the likely consequences of a particular land and water development scenario that could be considered at some stage in the future. That is, it was used to assess management options before further decisions on land and water uses were made. 

As a part of the process of undertaking these assessments information gaps an inadequacies were identified. This is an essential component of the risk-based approach as it ensures that the assessment is conducted within the confidence bounds provided by the information sources. In the absence of quantitative information and/or reliable predictive models the information provided by such assessments could be used to assist management by identifying uncertainties associated with major issues. The Ramsar risk assessment procedure also recommended the adoption of appropriate early warning systems to support the outcomes of the assessment, that is, to provide further information for management purposes, especially in the face of major uncertainties in the assessment. 
Based on an analysis of the critical challenges facing aquatic and wetland habitats in Australia (Australian Society for Limnology 2000 - www.asl.org.au /asl_poldoc_challenges.htm) the following can be considered important in northern Australia wetlands: provision of surface and groundwater for environmental benefits; pollution and contamination; salinisation; drainage and in-filling; grazing; invasive species; and climate change and sea level rise. Management of all these issues could potentially benefit from structured risk assessments. Further, given the commonality between wetlands in many tropical regions information from such assessments could be used to assist managers elsewhere, noting that the differences between locations also need to be considered.  













Figure 6.
Framework for wetland risk assessment (updated from van Dam et al. 1999
8. Wetland Monitoring

The Ramsar Convention has also developed a framework for assisting with the design of wetland monitoring programs (Table 3 and Figure 7; www.ramsar.org/key_res_vi.1.htm).  This was developed in unison with the Mediterranean Wetland Programme (MedWet) (Finlayson 1996b, c). The framework applies to all forms of monitoring (e.g. changes in the area of a wetland, the ecological health of a wetland, or the underlying reasons behind the loss of wetlands). As such it is not prescriptive. That is, it is not a recipe for a particular type of problem or a particular type of wetland. It presents a series of steps that will assist those charged with designing a monitoring program make decisions suitable for their own situation. 

In presenting this framework it was stressed that even a well designed monitoring program could have little value if the information that is collected is not utilised or does not influence the management process for that locality or site (Finlayson & Mitchell 1999). Ideally, the locality or site will be subject to a management plan that provides the means of responding to the information obtained from the monitoring program. If a formal or official management plan does not exist or is not being effectively implemented it is critical that mechanisms to make use of the information collected from a monitoring program are identified and developed.

A number of early warning indicators have also been developed for the assessment of aquatic ecosystems (van Dam et al. 1999). For the purposes of the Ramsar Convention (www.ramsar.org/key_guide_risk_e.htm) these were placed into three broad categories: i) Rapid response toxicity tests; ii) Field early warning tests; and iii) Rapid assessments. A general description of early warning indicators, including potential limitations, suitable for water quality assessment is outlined in Table 4. 

Table 3. Summary of key points to consider when using the framework for designing a wetland monitoring program.

	Identify the problem or the issue
	State clearly and unambiguously in relation to the known extent and most likely cause, identify the baseline or reference situation that exists or is required, and establish the most likely threshold of change that could be accepted.

	Set the objective
	Based on the step above and provides the basis for collecting the information through attainable and achievable time periods for monitoring and to elicit managerial responses.

	Establish the hypothesis
	Supports the objective and can be tested by the methods adopted, including statistical analyses in line with acceptable levels of change identified before the monitoring commences.

	Choose the methods & variables
	Specific for the problem and able to provide sufficient information to test the hypothesis, that is, able to detect the presence of and assess the significance of any change. Thus, they are suitable for obtaining the results necessary to identify or clarify any change and for showing the most likely cause or need for further investigation. 

	Assess the feasibility & cost effectiveness
	Determine whether or not the program, including reporting of the results can be done regularly and continually within the context of the management planning processes and financial resources available.

Assess factors that influence the sampling program: availability of trained staff; access to sampling sites; availability and reliability of specialist equipment; means of analysing and interpreting the data; usefulness of the data and information; means of reporting in a timely manner.

Determine if the costs of data acquisition and analysis are within the budget and that the budget is available and/or renewal as appropriate.

	Conduct a pilot study
	Test and fine-tune the method and specialist equipment being used, assess the training needs for staff involved, and confirm the means of analysing and interpreting the data. This does not imply that all likely conditions and variations that may be experienced over an extended period are assessed, but it does imply that the operators have confidence in the procedures and their ability to respond to adverse conditions.

	Collect the samples
	Staff should be trained in all sampling methods before the project begins, including the necessary documentation required: such as, date and location, names of staff, sampling methods, equipment used, means of storage or transport of samples, all changes to the methods, and general observations.

Samples should be processed within a timely period and all data documented: date and location; names of staff; processing methods; equipment used; and all changes to the protocols.


	Analyse the samples
	Sample and data analysis should be done by rigorous and tested methods and all information documented: date and location; names of analytical staff; methods used; equipment used; data storage methods

	Report the results
	Interpret and report all results in a timely and cost effective manner. The report should be succinct and concise and indicate whether or not the hypothesis has been supported and contain recommendations for management action, including further monitoring.

	Evaluate the project
	Formally and openly review the effectiveness of all procedures and where necessary adjust or even terminate the program. The latter should not be seen as a failure if it is done for valid reasons. 





















Figure 7. Framework for designing a wetland monitoring program

Table 4. Role and possible limitations of types of early warning indicators

	Type of response and role
	Potential limitations

	Rapid response toxicity tests

Laboratory toxicity assessment of sensitive whole organism responses (eg growth, reproduction) with rapid turn-around of results.

They are predictive tests that potentially enable timely and flexible management actions (eg determining a safe dilution for discharge of effluents of changing composition) to be implemented.
	
Ecological relevance of measured sub-lethal responses (eg growth, reproduction) has generally not been established.

	Field early warning tests

Field measurement of sensitive sub-lethal organism responses through monitoring or assessment.

They can provide pre-emptive or preventative information so that substantial and ecologically important impacts are avoided.
	
Ecological relevance of measured responses (especially biochemical biomarkers) has generally not been established.

	Rapid assessments

Standardised, rapid and cost-effective monitoring of various forms can provide ‘first-pass’ assessment of the ecological condition of sites over large areas.

Broad coverage has potential to identify 'hot spots' and hence pre-empt and prevent similar occurrences elsewhere.
	
Output is usually coarse and generally only detects relatively severe impacts.


Ideal attributes of early warning indicators have been summarised in a modified form by van Dam et al. (1999), and accepted by the Ramsar Convention in 1999 (www.ramsar.org/key_guide_risk_e.htm ), as presented below. 

To have potential as an early warning indicator, a particular response should be:

i. anticipatory: should occur at levels of organisation, either biological or physical, that provide an indication of degradation, or some form of adverse effect, before serious environmental harm has occurred,

ii. sensitive: in detecting potential significant impacts prior to them occurring, an early warning indicator should be sensitive to low levels, or early stages of the stressor,

iii. diagnostic: should be sufficiently specific to a stressor, or group of stressors, to increase confidence in identifying the cause of an effect,

iv. broadly applicable: should predict potential impacts from a broad range of stressors,

v. correlated to actual environmental effects/ecological relevance: knowledge that continued exposure to the stressor, and hence continued manifestation of the response, would usually or often lead to significant environmental (ecosystem-level) effects (see section 5.3 above),

vi. timely and cost-effective: should provide information quickly enough to initiate effective management action prior to significant environmental impacts occurring, and be inexpensive to measure while providing the maximum amount of information per unit effort,

vii. regionally relevant: should be relevant to the ecosystem being assessed,

viii. socially relevant: should be of obvious value to, and observable by stakeholders, or predictive of a measure that is,

ix. easy to measure: should be able to be measured using a standard procedure with known reliability and low measurement error,

x. constant in space and time: should be capable of detecting small changes, and clearly distinguishing that a response is caused by some anthropogenic source, not by natural factors as part of the natural background (ie high signal to noise ratio),

xi. nondestructive: measurement of the indicator should be nondestructive to the ecosystem being assessed.

The importance of the above attributes cannot be over-emphasised, since any assessment of actual or potential change in ecological character will only be as effective as the indicators chosen to assess it. However, an early warning indicator possessing all the ideal attributes cannot exist, as in many cases some of them will conflict, or will simply not be achievable. 

The ecological relevance of an early warning indicator has also been considered. As shown in Figure 8 the concepts of early warning and ecological relevance can conflict. As an example, biomarker responses can offer exceptional early warning of potential adverse effects as they indicate exposure to a pollutant(s), but there exists very little evidence that observed responses result, or culminate in adverse effects at an individual level, let alone the population, community or ecosystem level. Therefore, they cannot be considered ecologically relevant. If the primary assessment objective is that of early detection, then it is likely that it will be at the expense of ecological relevance, while the opposite would probably apply if knowledge of the ecological significance of effects was considered paramount. It is important that these distinctions are clear for wetland risk assessment: when identifying the effects of a stressor, ecological relevance will take precedence over early warning capability, while the opposite will often apply during the latter monitoring phase.
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Figure 8. Relationship of ecological relevance and early warning capability to measurable biological responses 
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