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ABSTRACT

In South Africa, the loss of wetlands and their associated benefits has been considerable. A need was
identified for a system that, using available information, would assist in achieving a balance between
local, mainly short-term benefits to individuals and spatially wider and longer term benefits to society.
Such a system, termed WETLAND-USE, was developed with the philosophy that:(1) wetlands have
been well demonstrated to supply several indirect benefits to society (e.g. water quality enhancement);
(2) the impact on these benefits can be described on a qualitative basis using field indicators that
characterize the wetland and the disturbance associated with a particular land-use; (3) this information
can be communicated to wetland users, which will contribute to achieving a desired balance, provided
there is an enabling organizational environment and due consideration is taken of the socio-economic

and organizational factors affecting wetland management.

The primary conceptual framework underlying WETLAND-USE was the pressure-state-perceptions-
policy framework, which depicts: the mode of use (i.e. the pressure); how this affects the state of the
system (including its underlying processes and the goods and services it delivers); which in turn shape
the perceptions that ultimately determine the policy pertaining to further use. This cycle is repeated
at a range of organizational levels from local to national and takes place within a particular socio-

economic context.

WETLAND-USE, which was designed for use by fieldworkers, and built using a rule-based, expert
system approach, has two main parts, dealing largely with biophysical and social aspects respectively.
Part 1, which guides the collection of data relating to the state of the wetland, assists in: (1) predicting
the likely impacts of disturbances associated with a proposed land-use (the pressure) on the wetland
state, and (2) providing ongoing management guidelines for particular land-uses. Part 2 assists in: (1)
describing the social, land tenure and policy contexts of the wetland; and (2) establishing and

maintaining organizational arrangements, local policy and management objectives and goals.

Several discrete investigations were required for the development and refinement of WETLAND-USE,
which was done in an iterative fashion. Initial discrete investigations fed into the development of a
prototype system which was refined through evaluation using a questionnaire survey and further
discrete investigations. The revised system was re-evaluated using a fieldworkshop approach and,

based on the performance of the system in the field, it was revised further to produce the final system.
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In the two initial discrete studies, protocols were developed for characterizing key physical
determinants of wetland functioning, notably: (1) degree of wetness, one of the primary functional
determinants, described in the field using readily identifiable soil morphological indicators (e.g. matrix
chroma and mottles) and (2) landform setting, which strongly influences local flow patterns and lateral
exchange of water and water-borne materials. Graminoid plant species composition and functional
groups (defined in terms of photosynthetic pathway) were then described in relation to the above
physical determinants, together with rainfall, temperature and soil texture, within wetlands spanning
a wide altitudinal range. This revealed that degree of wetness and altitude had the strongest influence

over the vegetation parameters examined.

An investigation into incorporating cumulative impacts into wetland decision making revealed that
consideration should be given to: wetland loss in relation to ecoregions and catchments, and the
relation of change in wetland extent, spatial configuration and context respectively to wetland function.
Current conservation initiatives in KwaZulu-Natal were shown to account poorly for cumulative
impacts on wetlands. Rules of thumb for making such considerations, given severe data limitations,
were developed with reference to the high tum-over of species along the altitudinal gradient observed
in the vegetation study. The "rules" were than applied to a case-study, the upper Mgeni catchment, as
part of an initiative to engage a diversity of stakeholders in wetland information gathering and use.
This resulted in the selection of priority wetlands in the catchment and an examination of the extent
to which integration had been achieved vertically (across hierarchical levels) and horizontally (across

organizations within particular hierarchical levels).

In order to broaden the range of land-uses accounted for by the WETLAND-USE prototype, it was
applied to a communally used wetland, Mbongolwane, and found to account poorly for the traditional
cultivation and vegetation harvesting practices encountered. WETLAND-USE was modified to
include a greater diversity of land-use types as well as enhancing its capacity to allow assessments to

be conducted using the system's general criteria, thereby making WETLAND-USE more robust.

In enhancing the capacity of WETLAND-USE to account for the social and organizational dimension
of wetland management, the involvement of local and outside organizations in influencing wetland
resource use in five sites was examined in relation to predefined frameworks. The sites, Mandlazini
wetland, Mbongolwane wetland, Blood River vlei, Ntabamhlope vlei and Wakkerstroom vlei were
chosen to represent a diversity of social contexts and management authorities. This revealed that in

communally used areas in particular, a wide range of organizations are involved to varying degrees in
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influencing the use of different wetland resources. The level to which the local organizational
environment contributed to sustainable use varied greatly among wetlands, but in all cases had
important deficiencies: (1) self-governing resource-management organizations were largely lacking
and in communal areas were weakening under contemporary conditions; and (2) although a formal
management system was in place in two of the five wetlands, it was largely absent in the remaining
three. There has been little involvement from extension services in facilitating local policy
development and in promoting alternative land-uses which have less pressure on the state of the
wetland. Local wetland management policy and collaboration among land-owners in wetlands under

multiple separate ownership such as Blood River vlei was identified as being particularly poor.

The evaluations of WETLAND-USE revealed that, in relation to the underlying philosophy of the
thesis, WETLAND-USE had been improved through field application and incorporation of the findings
of the discrete investigations. Nevertheless, important limitations of the study were highlighted,
including: its high level of reliance on expert opinion in the face of a paucity of empirical data relating
to the functioning of local wetlands and their attendant benefits (and how these are affected by
anthropogenic disturbances), and a particularly shallow representation of socio-economic factors. The

identification of these limitations was useful in highlighting key areas for further research
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PART 1
DEVELOPMENT AND OVERALL DESIGN OF THE DECISION SUPPORT SYSTEM

CHAPTER 1
INTRODUCTION

1.1 Motivation for developing a wetland management decision support system

Wetlands are considered to be one of the most globally endangered habitat types (Maltby, 1986). In
a survey of the need for biodiversity preservation action conducted among 200 South African natural
scientists the greatest number of respondents (38%) rated freshwater/wetland systems the highest. This
was well ahead of the next highest rated system, estuaries and lagoons (14%) (Preston and Siegfried,
1995). In South Africa there has been considerable loss of wetlands and their associated benefits to
humanity, primarily owing to agricultural development (e.g. drainage and pasture production) and poor
land use practices leading to erosion (Kotze et al., 1995). 113 gl_e Mfolozi catchment, for example, 58%
of the original wetland area is estimated to have been lost (Begg, 1988). This degradation of South
African wetlands is a concern now recognized by Government as requirin_g_urgent action (DEAT,
1997) and the protection of wetlands is considered fundamental to the sustainable management of

South Africa’s water resources (Wyte, 1995).

“In South Africa, despite the high conservation priority these systems are perceived to have, there has
been a deficiency of policy, broad management strategies, specific guidelines and research directed at
inland freshwater wetland conservation in particular (Breen and Begg, 1989; Kotze et al., 1995).
Regarding research, for example, for the period up to 1993, the DEAT wetland bibliography (van der
Walt et al., 1995) cites only 33 publications relating to marshes and swamps compared with over 400
publications relating to estuaries. Furthermore, government acknowledges that insufficient attention

has been given in the past to secure the effective management of the country’s wetlands in general

(DEAT, 1997).

The benefits that accrue from wetlands can be conveniently divided into direct benefits, (e.g. crops
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grown in a wetland) which accrue to individuals and indirect benefits (e.g. maintenance of
biodiversity), which generally have a benefit to wider society. Several reviews of the indirect benefits
of wetlands have been produced, including those of Reppert ez al. (1979), Adamus (1983), Sather and
Smith (1984) and Kotze and Breen (1994), and the indirect benefits commonly cited in the literature

are:

1. enhancement of water quality (Kadlec and Kadlec, 1979; Mitsch and Gosselink, 1986; Hemond
and Benoit, 1988; Hammer, 1992);

flood attenuation (Dugan, 1990);

streamflow regulation (Scaggs et al., 1991);

erosion control (Carter et al., 1978);

e B g bo

ecological (support of biotic diversity through the provision of habitat for wetland-dependent
fauna and flora) (Goodman, 1987; Preston and Bedford, 1988); and
6. global climate stabilization (de la Cruz, 1982; Gorham, 1992).

\ L

* Water, because of its mobility, has the characteristics of a “common property” resource and, because
'of its value to society, it is often “claimed” by individuals. Land, on the other hand, is easily bounded
in space in time and is more amenable to allocation[]?;_eing the interface of land and water, wetlands

have complex characteristics of ownershEFurthennorcg wetlands, at least those in riparian areas, are

important influence on downstream aquatic and riparian systems. This connectedness of wetlands in
the landscape and the complexities of ownership, together with the dynamic nature of wetlands,

complicate analyses of flows of goods and services and of costs and benefits.

Further complicating analyses is the fact that indirect benefits vary according to the primary spatial
area in which they accrue, referred to by Goulder and Kennedy (1997) as the “social endpoint” (Fig.
1.1). Although the spatial areas are obviously not restricted entirely to those given in Fig. 1.1,
wetlands control erosion primarily in the area that they occupy, and they enhance water quality,
attenuate floods and regulate streamflow in the downstream area, with their influence decreasing with
downstream distance. The contribution of wetlands to biodiversity support and climate stabilization

extend much further (i.e. from ecoregions to the entire biosphere).



D A, Wetland area: Erosion control

B. Downstream area: Water quality enhancement,
Flood attenuation &
Streamflow regulation

C. Ecoregion/biome/continent: Biodiversity support

D. The planet’s biosphere:  Climate stabilization

- Fig. 1.1 A conceptual diagram showing the primary spatial areas in which particular benefits

of wetlands accrue

When a wetland is transformed (e.g. drained for crop production) the goods and services it provides
are altered accordingly, with direct benefits often being gained at the expense of indirect benefits.
Although indirect benefits have tended to be undervalued owing to the indirect manner in which they
benefit society, as the amount of wetland remaining has steadily declined, increased recognition is
being given to these values and the costs incurred by society when they are lost (see DEAT, 1997).
Nevertheless, wetland use still tends to be planned from the restricted perspectives of individual
wetland users or TEE]_CI.O.WHCI‘S with specific interests (e.g. livestock grazing). Little attention is usually
éwen to the effects on those wetland functions which benefit society at large. It is suggested that an
fmpoz tant factor contributing to this “restricted view” is the lack of relevant information that is in a

form readily accessible to management practice.

s’

P
™

" Extending the original definition of the World Commission on Envuonmcm and Development

(WCLb _198?) and including the ideas of Goodland (1995) and Lawrence (1997), sustainable use (of
natural resources) is defined as “use which is within biological limits and meets the ecological, social
and economic needs of humans such that the future is not compromised for the present (a temporal
dinwn_s_ion) and geographic area(s) are not compromised for other geographic area(s) (a spatial
d;mension)" One of the pillars of the Ramsar convention is that of wise use of wetlands, which
according to the Ramsar Stmtcyc Plan 1997-2002 (Convention on Wetlands, 1998), is taken to be
synonymous with "sustainable use". The term sustainability, however defined, is sufficiently broad

that there will inevitably be conflicting interpretations, and more specific guidance for action is



required (Sunderlin 1995; Lawrence, 1997).

In the case of wetlands in South Africa, there is clearly a need for a system that, using the best
currently available information, would assist in making trade-offs between benefits derived by the
individual user and benefits derived by society at large (i.e. a system to promote the sustainable use
of wetlands). Rogers (1997a) contends that if science is to better serve management it must discard
the “strategy of hope” that good science will inevitably lead to informed management and develop an
explicit interface for technology development and transfer. Few managers (and extension workers
operating at the management interface) write in scientific journals, and scientists generally perceive
the non-scientific literature to be ”grey” and of limited value. Scientists and natural resource managers,
therefore operate from different world views, and specific attention needs to be given to the translation
of science into management practice (Berliner, 1990; Smith, 1993; Pullian, 1997; Rogers, 1997a). “To
manage” 1s “to be in charge of or to exercise control over” (McLeod, 1987) and in this study it is
clearly recognized that managers are more often than not local individuals with rights of use over a

particular area rather than being high-level planners.

The need for a system to support local management decisions for wetlands is further emphasised by
the results of a survey of extension workers in the study area (see Appendix A). This showed that
within KwaZulu-Natal, Free State and Mpumalanga there were very few wetlands reported which were
co-operatively managed by different land-owners or that had some form of management system with
measurable objectives that explicitly accounted for indirect benefits to society. Appendix A also
indicates that there has been a low level of involvement by extension workers in the development of

local policy and in promoting the sustainable use of wetlands.

1.2 The underlying philosophy and objectives of the thesis

Recognizing the need to address the conflict between the direct and indirect beneficiaries of wetlands,

the philosophy underlying the thesis is the following.

1. It is desirable to have a balance between the direct benefits derived by local users and the

indirect benefits to society.
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2 Wetland systems can be assumed to have several indirect benefits through the various services

that they provide (e.g. water quality enhancement).

3. Qualitative and semi-quantitative descriptors relating to wetland functioning can be used to
assess, on a qualitative basis at least, the impact of particular land-uses on these benefits, and
these assessments can be made using a generic system, which includes generic land-use
categories with assumed associated features. (For example, annual ryegrass pastures require
the annual disturbance of soil, the addition of nutrients through fertilization and drainage

channels to prevent prolonged soil saturation.)

4, The concepts and details of the above assessments can be readily understood by extension

workers who will be able to communicate this to wetland users.

5. The above will contribute to achieving a balance between direct and indirect benefits, provided
that consideration is also given to the economic, social, organizational and institutional factors

affecting wetland management.

The overall goal of the thesis is to examine the above philosophy through the/development and testin

of a system to support wetland management decisions. The specific objectives are the following.

1 Develop, through the incorporation of current knowledge and expertise, p system for use by

extension workers in supporting wetland management-decisions.

2 Undertake investigations necessary to enhance the biophysical and social considerations of the
system.

3 Evaluate the system and re-examine the underlying philosophy of the thesis in the light of the
evaluation.

The type of wetland examined is freshwater palustrine wetland, with palustrine referring to non-tidal
wetland dominated by persistent emergent plants (e.g. reeds) emergent mosses or lichens, shrubs or
trees (Cowardin et al., 1979). The study area, which encompasses much of the higher rainfall inland

areas in South Africa with a summer rainfall pattern, is shown in Fig. 1.2.
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Fig. 1.2 Location of the study area, comprising the eastern coastal slope (SE.d) and Northern

escarpment (SNE.]) wetland regions of South Africa as defined by Cowan (1995a)



1.3 Structure of the thesis

The thesis chapters are grouped into three main parts. Part 1 begins by dealing with the motivation for
the thesis, its underlying philosophy and its objectives. It then describes the development and the
conceptual bases of a decision support system, termed WETLAND-USE, which is the central focus

of the thesis.

An important component of the thesis is the synthesising and organizing of current scientific literature
and expertise in a manner useful to management rather than the scientific activity of gathering and
interpreting primary data. However, certain key biophysical and social considerations of the system,
givenin Part 2, were identified as requiring specific investigation. Biophysical considerations include:
hydrology and soils; landforms; vegetation; the landscape context of wetlands; and the effect of small-

scale, traditional use of wetlands.

X Hydrology is the primary driving variable determining the structure and functioning of
wetlands (Mitsch and Gosselink, 1986). Thus, in order to manage a wetland so as to account
for its functioning and associated values it is necessary to characterize a wetland’s hydrology.
As long term data are generally lacking this is usually impossible to do directly and it is

therefore necessary to use the best surrogate available, namely soil morphology.

* The landform, through its influence on both surface and subsurface water movement, has a
strong influence over hydrology and it is therefore also considered necessary that landforms

be characterized (Semenuik, 1987; Brinson, 1988).

* Hydrology, together with other important driving variables (notably climate) has an important
influence on system structure and functioning through its influence on vegetation (e.g. by
affecting photosynthesis and nutrient cycling) (Mitsch and Gosselink, 1986). It is therefore
considered necessary to examine how the hydrology/soil characterization relates to vegetation

pattern and how this varies among wetlands under different climatic conditions.

» In order to assess the impacts on a wetland and its associated benefits, wetlands should be
considered in a broad landscape and catchment context rather than being restricted solely to
features of the particular site (Brinson, 1988) and it 1s therefore necessary to examine how

these broad-scale considerations can be made.



A paucity of local data, understanding and protocols for all of the above aspects require specific
investigations for each. A further investigation is undertaken of land-use practices at a case-study
wetland under communal use. This is motivated by the fact that such land-uses were poorly accounted

for in comparison with land-uses typically associated with commercial farming enterprises.

It is recognized that a key element of achieving sustainable use of natural resources is taking due
consideration of social factors (WWF, 1993a). Social, and specifically organizational, influences on
the use of wetlands are investigated in the remainder of Part 2 using a hierarchical approach. At the
lower level, the organizational context of a single case-study wetland is examined in detail. Atahigher
level, five study sites, including the initial site, are described and compared at a lower resolution and

recommendations made based on the two studies.

In Part 3, various performance-related aspects of the WETLAND-USE, such as its internal consistency
clarity, and repeatability are evaluated and refinements made based on these evaluations. Finally, the
objectives of the thesis and its underlying philosophy are re-examined, the scientific contribution of

the thesis discussed and recommendations given for further research.

The logical sequence in which the different investigations and system developments were conducted,
together with the inter-relationships among the different elements of the thesis are shown in Fig.1.3.
The investigations reported in Chapter 1 to 5 (which focus on biophysical aspects), together with the
knowledge gained from a review of the literature (Appendix B) were used in the development of the
prototype WETLAND-USE system (Kotze ef al., 1994a and b; Appendix B). Its evaluation, reported
in Chapter 12, revealed that in order to refine the system, further investigations were required, namely
those reported in Chapters 6 to 9 (further biophysical aspects) and in Chapters 10 and 11
(social/organizational aspects). The system was then revised and re-evaluated (Chapter 12) and
conclusions drawn (Chapter 13). In the following Chapter details of the approach used in developing
the system are described. A comprehensive glossary of terms used in the thesis appears in Appendix

D, Part 1, page 60.
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Fig 1.3

The logical sequence and inter-relationships of the different research components conducted for the thesis.
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CHAPTER 2
CONSTRUCTION OF WETLAND-USE

21 Background to the chosen approach

Justification for the choice of a rule-based, expert system approach for developing a decision

support system for wetland management

Knowledge in the environmental disciplines is scattered throughout various organizations and literature
sources and a large proportion is not in a form suitable to be used directly for management or planning
purposes. Consequently, the publication of scientific papers can no longer be regarded as a satisfactory
end-product of research (Berliner, 1990). This is certainly true concerning knowledge about the
response of wetlands to different land-use practices in South Africa. Furthermore, Smith (1993)
emphasises that much of the information and knowledge of how wetlands function is of a qualitative

nature.

Thus, there is a need to present this knowledge and expertise in a form which is easily accessible to
managers. Modelling and, in particular, user-friendly expert system models are seen as an effective
means of reaching this end (Starfield and Belloch, 1986). Expert systems have been developed for a
wide range of natural resource management problems. In South Aftica, these include those of:
O'Keeffe et al. (1987) for classifying rivers according to their conservation status; Starfield et al.
(1987) for predicting, on a qualitative basis, the effects of salinity fluctuations on the biota of Lake St.
Lucia; Murphy (1988) for providing advice for decision makers undertaking preliminary environmental
assessments of water-related resort developments in the South-Western Cape coastal zone; Berliner
(1990) for determining suitable stocking rates for grazing herbivores and providing advice on bush
clearing; and Bailey et al. (1993) for assisting with fire management decisions for Pilanesberg National

Park.

An examination of systems designed specifically to provide wetland ménagers and planners with
decision support was undertaken. This showed there to be numerous systems developed for evaluating
wetland functional values (e.g. Wetland Evaluation Technique [WET]: Adamus et al., 1987; Minnesota
Wetland Evaluation Methodology [WEM]: US Army Corps of Engineers, 1988; and Method for the
Comparative Evaluation of Nontidal Wetlands in New Hampshire: Ammann and Stone, 1991). Since
it is necessary to account for wetland functions in order to meet the objectives of: (1) assisting decision
makers in making land-use choices for wetland landscape units; and (2) for recommending how the

given units should be managed, these techniques were of relevance to this study.
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However, Maltby (1991) notes that “Wetland evaluation techniques are heavily biassed towards the
developed world and especially to the United States. In particular, there is no account taken of human
populations that rely on wetlands for immediate resource needs”. This statement is confirmed by the
fact that in a comprehensive review of wetland evaluation techniques, Adamus (1991) found that none
of the methods were capable of assessing suitability of wetlands for particular uses, generating
performance standards (e.g best management practices) or predicting the impact of particular uses. In
the United States, such assessments (e.g. land-use suitability) are made using intensive site specific
investigations and/or the best professional judgement. This is feasible as there are many wetland
experts available to conduct assessments, and resources are less limiting for conducting such
assessments. In South Africa, however, there is a lack of both wetland specialists and funding. In
addition, as is the case in many developing countries, there is more use made of the natural resources
provided by wetlands. Thus, the need for a wetland management decision support system is likely to

be greater in South Africa than in the United States.

It should be emphasised, though, that the intention of WETLAND-USE is not to replace professional
judgement and intensive site-specific investigations where they are required. Instead, it is designed
to assist nature conservation and agricultural extension workers and other fieldworkers with general
biological or agricultural training who are required to conduct assessments and give wetland

management recommendations in their day-to-day tasks.

Agricultural and nature conservation extension services (who are the primary users for which the
system is designed) were involved throughout the development of WETLAND-USE to ensure that the
system addressed their most important management recommendation requirements. There was a strong
consensus that these extension services lacked readily available information for making
recommendations relating to wetland management decisions. Given this situation and the fragmented
and generally shallow nature of the information about wetland management and land-use in South

Africa, it was decided that a rule-based expert system approach would be the most feasible

methodology.

What is an expert system?

An expert system may be defined as a system (usually a computer program) that exhibits, within a
specific knowledge domain, a degree of expertise in problem solving that is comparable to that of a
human expert, by exploiting a knowledge base and a reasoning mechanism (Guida and Tasso, 1989;

Indignizio, 1991). Indignizio (1991) points out that while the computer and computer programming
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support the implementation and solution of any expert system, they are not the essence of expert
systems. In fact, as illustrated by Indignizio (1991), one can develop expert systems and derive
conclusions from them through a strictly manual approach. Expert systems of a kind, used by Chinese
engineers for disseminating expertise concerning the construction of dams and waterways, were in
existence several thousands of years ago. Indignizio (1991) contends that the single major factor in the
construction of an expert system is the formation of the knowledge base or, more accurately, the
formation of a model of the knowledge base. The primary task in expert system development, then,
is to acquire and represent, in the knowledge base, the rules employed by a human expert in solving

a particular problem (see following Section).

The basic process involved in using an operational expert system is that the user provides the expert
system with information and receives expert advice. Internally, the expert system consists of two main
components: the knowledge base containing the knowledge and the inference engine (reasoning

mechanism) which draws conclusions (Fig. 2.1).

Expert system
_ . . - Kdeledge-'bas'g _
Expertise g e e L
interface .. |
| Ihfcrn*:_"_iléc_ engiQE; ;_'

Fig. 2.1 The basic concept of an expert system (adapted from Kulikowski, 1989)

The user-interface facilitates the exchange of information and expertise. As the problems typically
addressed have no mathematical solutions, expert systems usually rely on inference to achieve a
solution. Thus, an essential requirement of the user-interface should be the ability to explain the
system's reasoning so that it can be checked (Giarratano and Riley, 1989). An additional desirable
feature of this component is the ability of the user interface to tailor the level of help support or

guidance according to the level of experience or expertise of the user.
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Important characteristics of expert systems (given by Forsyth, 1984; and Hayes-Roth, 1985) include:

1. restriction to a specific domain of expertise (e.g. the diagnosis of a particular disease);

2. the separation of facts and the inference mechanism (i.e. the knowledge is not hard coded into the

deductive procedure);

3. the ability to explain their train of reasoning to the user in a comprehensible way;

4. the utilization of uncertain knowledge; and

5. the ability to solve problems quickly.

WETLAND-USE cannot, strictly speaking, be considered an expert system because:

1. the knowledge base, although represented using a consistent format, is not separated from the

inference engine, and both are part of a single unit; and

2. thereis certainly no single expert for the problems that are being addressed in this study. Although
this is not an obligatory requirement of an expert system, it is characteristic of most expert systems.
Even when the chosen knowledge domain was broken down into sub-problems, identifiable experts
were often not found. Thus, a lot of the knowledge base was derived through synthesising literature
information and modifying components from existing wetland evaluation models, primarily WET

(Adamus, et al., 1987).

However, a general expert system approach was adopted for the development of WETLAND-USE,
the knowledge being represented in the form of "if-then" rules, with the reasoning clearly displayed.
The knowledge is represented in such a way that it can be readily incorporated into an expert system
shell. The primary sources of knowledge for deriving the knowledge-base for WETLAND-USE were

the scientific literature (see Appendix B) and consultation with experts.
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Constructing an expert system

Expert systems are constructed through a process termed knowledge engineering which is executed
by a knowledge engineer. The term knowledge engineering was coined by Feigenbaum (1980) and
refers to the task of accumulating information from a human expert or other source (knowledge
acquisition) and coding it into a knowledge base as a precise set of facts and rules (knowledge
representation) (Giarratano and Riley, 1989). An iterative process is characteristically involved in the

development of an expert system (Fig. 2.2).

Knowledge aquisition

Knowledge representation l

Fig. 2.2 Development of an expert system (adapted from Giarratano and Riley, 1989)

The knowledge engineer begins by establishing a dialogue with the human expert in order to elicit the
expert'sknowledge. This step, which often proves considerably more problematic than it appears, may
be achieved using several means (e.g. simply asking the experts to explain how they reach the given
conclusions or asking them to proceed through the decision making process of a series of examples)

(Forsyth, 1984; D'Agapeyeff, 1989).

Next, the knowledge engineer codes the knowledge explicitly into the knowledge base. The expert

then evaluates the expert system and gives a critique to the knowledge engineer who revises the
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system. This process iterates until the system's performance is judged to be satisfactory by the expert
(Giarratano and Riley, 1989). Where literature is the primary knowledge source, this iterative process
is not possible. However, comment concerning specific sections of the model was sought from
specialists in the following fields:
1. land-use assessment,

. grazing management,

. water quality management,

. wetland-dependent species,

2

3

4

5. soil conservation,
6. impact assessment,

7. goal-maintenance systems, and
8

. social assessment.

The feed-back generated by their appraisals of the relevant sections of the model was used in

subsequent revisions.

An expert system often starts as simple and incomplete, and through this iterative process evolves into
the more organized and complete final system (Waterman, 1986). Thus, even a very "naive" system,
used to generate feedback for directing further construction of the knowledge base, may be extremely
valuable. This approach was used in the study, with the initial system being represented by the
demonstration prototype and the more complete, but not yet finalized, system by the full prototype (see

Section 2.2).

Depth of knowledge representation

Knowledge can be represented at different levels or depths, depending on the degree to which causal
relationships are accounted for (Berliner, 1990). Deep knowledge, which is mechanistic in nature, is
concerned with insight into mechanisms and processes. In contrast, shallow knowledge is built from
empirical data and is not concerned with explaining why something occurs (Giarratano and Riley,
1989). For example, it is possible to build a medical expert system with shallow knowledge as follows:

IF you have a fever THEN take an aspirin.
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The system does not describe the fundamental biochemistry of the body and why aspirin decreases
fever but, nevertheless, is able to give useful advice. Shallow knowledge bases typically consist of a
set of heuristic rules. An heuristic rule is a "rule of thumb" which may help in finding a solution but
is not guaranteed to do so as a mathematical formula is guaranteed to find a solution. Heuristics are
very important in expert system building because the problems that expert systems are best suited to
solving are typically ill-defined such that an mechanistic solution does not exist or is too inefficient
to be practicable. By contrast, heuristic rules are not well suited to representing deep causative

knowledge (Coulsdon et al., 1987; Giarratano and Riley, 1989).

Ways of representing knowledge

There are various ways of representing knowledge, including: production rules, frames and semantic
networks. A production rule is of the type: IF A THEN B, where if precondition A is fulfilled then
conclusion B is assumed to hold true (Ally and Combs, 1984). Each rule is identified by a name.
Following the name is the IF part of the rule. The section of the rule between the IF and THEN part
of the rule is called by various names such as antecedent or conditional part. Although frame-based
systems are good at representing descriptive knowledge, production systems are often better for
representing problem-solving expertise because experts tend to find that this formulation comes
naturally to them (Rich, 1983). In addition, production systems are relatively simple to construct and

new rules may be added to account for new situations without unduly disrupting the rest of the system

(Murphy, 1988).

Knowledge representation based entirely on rules tends to become clumsy and difficult to manage in
systems with very many rules (Berliner, 1990). Frames provide a means of organizing knowledge into
separate structures. Each frame is centred about an object with properties of the object (or class of

objects) occupying positions in the frame called slots (Rich, 1983).

Semantic nets comprise nodes which represent objects, concepts or situations and arcs which connect
the nodes and express the relationship between the nodes (e.g. is-a, has-a) (Giarratano and Riley, 1989).
Semantic nets lack a means of embedding heuristic information and, like any tool, they should not be
distorted into a universal tool but should be used for things they do best, i.e. showing binary

relationships (Giarratano and Riley, 1989).
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2.2 The construction of WETLAND-USE based on the expert system development process

Four primary phases based on those of Guida and Tasso (1989) and Kulikowski (1989) were involved
in the development of WETLAND-USE:

1. problem identification and conceptualization, and choice of the knowledge domain;

choice of modelling approach and technique;

demonstration prototype construction;

full prototype construction; and

voR W

revised prototype (*“final system”).

Phase 1: problem identification and conceptualization

The first phase involved identifying precisely the problem to be addressed (given in Chapter 1) and
finalizing the main functional and technical specifications of the system. The problem to be addressed
was chosen in close co-operation with the potential users of the system and its design was set to try and

meet the requirements of the chosen problem (see Chapter 1).

Choice of the knowledge domain, which leads on directly from identifying the problem to be
addressed, is a critical task in the development of an expert system (Prerau, 1989). One of the biggest
pitfalls in expert system building is to choose a problem that is too broad to handle adequately
(Waterman, 1986). The problem of wetland management is extremely broad. Consequently, it calls

for a narrowing of the model's focus. In the case of the prototype system, this was been done by:

1. restricting the geographical area over which the model 1s assumed to be valid to the KwaZulu-Natal
Midlands, which falls within the core study area (see Fig.1.2);

2. limiting the land-uses considered to some of those which are most common in the study area;

3. lLimiting the hydrological and ecological benefits considered; and

4. limiting the organizational/management context.

Although benefits considered remained the same, the scope was broadened to some extent when

revising the prototype by:

1. including a wider geographical area (see Fig. 1.2), which encompasses portions of the Free State,
Mpumalanga and KwaZulu-Natal provinces;

2. increasing the land-uses considered, notably by including land-uses associated with non-
mechanized agriculture in communally used wetlands; and

3. adding social and organizational considerations, which were largely absent in the prototype.
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Phase 2: choice of modelling approach

A fundamental question addressed in this second phase is whether or not an expert system approach
is an appropriate means of solving the problem that has been identified. Some general guidelines may
be followed in deciding this. First, there obviously needs to be an expert or expertise available for the
identified problem. Second, if the expertise is not or will not be available on a reliable and continuing
basis then there is a need to capture the expertise. If the domain of expertise is readily accessible and

inexpensive there may be no need for an expert system (Prerau, 1989).

Third, if the information required for solving the problem is scattered across a wide range of
fragmented sources, there is a need for consolidating it, as well as possibly providing advice on how

best to access this information. An expert system approach is well suited to achieving this.

Fourth, the problem should preferably be solved with heuristics rather than algorithms. Problems

solved with algorithms would be better handled by a system that uses conventional programming.

Fifth, the problem domain should be reasonably well understood, unless one of the primary reasons
for constructing the model is to reveal knowledge gaps and prioritize future research. There are many
poorly understood resource management problems where basic research would assist greatly in
improving the decision making process. Nevertheless, decisions concerning these poorly understood
management problems need to be, and are currently being, made. Decisions do not wait for the
outcome of research but rather are based on "current wisdom" (Breen, 1992). The building of expert
systems for these problems may appear futile, given the poor knowledge bases they will be using.
However, even if they do not directly improve current management decisions, they will nevertheless
still be of value in that the process of explicitly stating the assumptions on which the current
management decisions are based, and which of these assumptions have adequately been demonstrated
to be true, facilitates identification of the most important research priorities (Starfield and Bleloch,
1986; Berliner, 1990; Breen, 1992). This may assist greatly in directing future research efforts to

those areas that are likely to yield the greatest returns.

Considering that: (1) in South Africa, wetland management information is scattered and not readily
available; and (2) wetland management problems are poorly understood and better solved with
heuristics than with algorithms, the decision was taken to build the prototype version of WETLAND-
USE as a manual rule-based model that could easily be incorporated into an expert system shell. Smith
(1993) recommends a rule-based approach for assessing the functions of wetlands because it makes

use of qualitative information that is often the only type of information available and is compatible



19

with the limited time and resources available for conducting assessments.

Phase 3: construction of the demonstration prototype

The main goal of this phase was to obtain an insight into the complexity of the system by focussing
on a selected sub-problem, namely the land-use: planted pastures. This prototype also assisted in:
1. modifying and expanding the design identified in the first phase;

2. choosing descriptors; and

3. designing the output format of the model and its explanation and reasoning facility.

Phase 4: full prototype construction

According to Guida and Tasso (1989) the full prototype, although satisfying the functional acceptance

criteria specified in phase 1, is not the final output since:

1. it has yet to be installed in the real operational environment but is operating in a laboratory

environment;

2. ithasonly been tested with realistic data samples prepared by the system designers with the support

of the domain experts and users (i.¢. it has been verified but not yet validated in a "field situation");

and

3. itis still embedded in the development environment and is generally not as efficient and reliable

as requested.

This was true for the WETLAND-USE prototype (given in Appendix C) and in Chapter 12 it is
reported that application of the prototype in the field by users revealed important shortcomings in its

layout and ease of use.

Phase 5: construction of the revised system

The evaluation and revision of WETLAND-USE were closely interlinked and were conducted in an
iterative fashion (see Fig 2.3, which expands on Fig 1.3 with particular reference to evaluation of
WETLAND-USE). The results of the various evaluations and how they were incorporated into

successive revisions of the system are discussed in Chapter 12.
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WL-USE Prototype

User survey Verification by author Identification of further studies

v

Conduct further studies (see Chapters 6-11)

/

Revised WETLAND-USE First Draft

!

Application of the First Draft by field Circulation for comment
workers in two field workshops

Revised WETLAND-USE Second Draft

Y
Repeatability testing through independent Circulation for comment again

application of the Second Draft in thely
Y

WETLAND-USE Final Draft

Fig. 2.3  Flow diagram showing the successive evaluations and refinements undertaken in revising
WETLAND-USE

The revision of the prototype was undertaken by modifying existing components as well as by adding

new components to the system, namely social/organizational assessment and goal maintenance

components (see Appendix D, Part 2). It is important to note that the components in Part 1 are in a

more advanced state of development as they have been used in an operational environment whereas

the components in Part 2, which were added to the prototype, have been used only to a very limited

extent in the field.

Once the prototype had been produced, the researcher was in a position to have a better understanding
of the issues being addressed. This provided the basis on which to examine critically the system in
relation to its underlying conceptual frameworks, an exercise which assisted in clarifying the system’s
various components and how they related to each other. This and the overall structure of WETLAND-

USE are discussed in the following Chapter.
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CHAPTER 3
THE CONCEPTUAL BASES AND DESIGN OF WETLAND-USE

3.1 Introduction

As elaborated on in Chapter 1, when a wetland is disturbed by humans (e.g. through drainage and crop

production) the goods and services it provides are altered accordingly, with goods commonly being

gained at the expense of services. The inter-relationships and feedback mechanisms between wetland

users and the wetland and the stream of goods and services that it delivers are complex and

multidimensional. In order to deal, on a conceptual basis, with these relationships and mechanisms

it has been necessary to disaggregate them through the use of specific frameworks dealing with

particular biophysical and social aspects. The following frameworks contribute to varying degrees to

the conceptual bases for WETLAND-USE:

1. the pressure-state-perceptions-policy framework;

2. a patch dynamics/disturbance framework (the primary framework for representing the internal
biophysical dynamics of the wetland);

3. economic valuation frameworks; and

4. aproperty rights framework.

These frameworks were aggregated to provide the overall conceptual basis for WETLAND-USE, a
system for managing patch dynamics and disturbance of a wetland in order to accommodate, on a
sustainable and equitable basis, the goods and services supplied by a wetland. The objectives of this

chapter are the following.

1. Briefly outline the above frameworks.

2. Describe the overall design and individual components of WETLAND-USE.

3. Examine how the four primary frameworks underlying WETLAND-USE were incorporated into
WETLAND-USE and, in the process, how they were integrated with the other frameworks.
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The intervention of external organizations in the use of natural systems by local people was represented
by a modification of the pressure-state-response framework, which follows a cause-effect-social
response logic and was developed by the Organization for Economic Cooperation and Development
(Hammond et al., 1995). According to the pressure-state-perceptions-policy framework, management
and use of a natural system generates pressures which result in modifications to the state of the system,
and this in turn modifies perceptions. It is these perceptions which direct the formulation of policy,
which in turn provides the principles guiding the regulation of management and use of the system (Fig.
3.1) (Rogers and Naiman, 1997).- @y is defined as afpurposive cour% of actiofi based on currently

acceptable social values, followed in dealing with a problem or matter of concern, and predicting the

22

The pressure-state-perceptions-policy framework

An outline of the primary frameworks underlying WETLAND-USE

state of affairs which would prevail when that purpose has been achieved (Hart, 1995).

Fig. 3.1
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Management systems

Pressure-state-perceptions-policy framework (after Breen et al., 1997a).
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It is contended that it is not an overall one dimensional measure of “state” (e.g. ranging from totally
delgraded to pristine) that influences the perceptions of stakeholders but rather the flow of goods and
services (and associated costs and benefits) that they observe to be delivered by a wetland. Thus, two
further items are required that make goods and services explicit in the framework (Fig. 3.2). It should
also be noted that the linkages (represented by the arrows) are considered to be just as important as the
elements (represented by the boxes) as they describe how a particular element is influenced by a

preceding one.

S PERCEPTIONS P / POLICY /
b ¥

DEMAND FOR
COODS AND SERVIEES

WIERLENTIOMS =, PARTCUAR BN

WD BV WEZANMD P b

&
P / / 7
/ STATEOF WETLAND // < RLSSURE /
/ /

Fig. 3.2 Modified pressure-state-perceptions-policy framework.

The outside organizational influence on the pressure-state-perceptions-policy cycle may be described
in terms of intervention in these different components. To intervene is to take a decisive role (which
may or may not be considered intrusive) in order to determine events. As elaborated further in Section
10.2, in the above cycle there ar@orms of intervention based on the particular points at
which intervention takes place (Fig 3.2). Interventions at point 1 influence the perceptions of users,

primarily by alerting them to the impacts of particular land-uses on the stream of goods and services
from a system, especially those which are less tanglble accrue remotely arsd/or after a long time.
Interventions at point 2 and point 3 assist in the deuQLgMQf_pnthand influence the demand for
particular wetland benefits respectively. Interventions at point 4 encompass regulations to influence
how the demand for a particular wetland benefits is translated finto typg and le;LQﬂuse. Interventions
at point 5 include physical measures (e.g. erosion control structures) to reduce the impact of a particular
type and level of use that has been carried out. Interventions directly in the goods and services supplied

by a wetland are not included in Fig. 3.2 as these are determined indirectly by influences on the

wetland’s state.

Pressure cannot be defined in isolation of the system under scrutiny. Depending on the internal structure
of the system and its context, what is a high pressure for one system may be a low pressure for another
system. For example, a disturbance of the soil in a wetland with soils having high erodibility may have

a considerably greater pressure than an equivalent disturbance of a wetland with soils of low
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erodibility. Similarly, a given disturbance of a wetland may result in a higher pressure on the wetland
if all of the wetland area in the surrounding landscape was disturbed than if it was not, owing to the

interconnectedness of wetlands in the landscape (see Chapter 7).

Certain forms of pressure are commonly associated with particular socio-economic contexts. In the
large-scale commercial context, wetlands are characteristically disturbed through dams and associated
deep flooding and through mechanized cultivation involving drainage channels and the addition of
fertilizers. In the small-scale, communal context dams are generally lacking and wetlands are
characteristically disturbed through cultivation by hand without major artificial drainage channels and

the addition of chemical fertilizers (see Chapter 9).

Wetland patches and associated processes have a perceived value as a result of the goods and services
that they deliver, which varies according to the nature of the wetland. This also varies according to

the context of those viewing the wetland, which may be grouped broadly into:

1. local people with rights of use, including private tenure (large-scale commercial farmers) and
communal tenure (subsistence/small scale farmers) situations;
2. downstream beneficiaries; and

3. society in general, considered at provincial, national and global levels.

The same patches may be perceived and valued very differently depending on from which of these
contexts it is being observed, and on additional factors such as the economic and educational status of
users. It is therefore necessary to accommodate different users’ perceptions. A permanently saturated
patch of Phragmites australis reeds, for example, is generally of little value to a commercial farmer
but in a communal subsistence context is often an important source of roofing material. Direct users
of the wetland are likely to vary according to the degree to which they are informed of the impact of
use on the services and future goods provided by the wetland rather than being motivated primarily by

goods to be derived in the short term. Again, this may depend on a host of factors.

Policy is a purposive course of action based on currently acceptable social values, followed in dealing
with a problem or matter of concern, and predicting the state of affairs which would prevail when that
purpose has been achieved (Hart, 1995). Smith (1996) indicates that the fundamental issues of policy
are essentially those posed by Lasswell (1950) for the study of politics, namely: who gets what, when
and how? At the level of an individual one has one’s own personal values that influence actions
relating to a particular concern (e.g. wetland use). On a collective basis, a group of people may have

shared values. There is plenty of empirical evidence to show of individuals, sharing agreed-upon
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guiding principles, and developing policy for their group. The larger and more heterogenous the group,
however, the less personal involvement individuals are likely to have in the development of policy for
the group (i.e. policy becomes more "remote") and the less likely there is to be full agreement on the
policy. Group members may nonetheless be guided by the policy by virtue of having broad support
for its principles and out of a sense of loyalty to the group, but not necessarily because they agree
exactly with all the details of the policy. Local “policy makers” have personal involvement with the
specific wetland. In contrast, at higher organizational levels “policy makers” are spatially separated
and more divorced from the wetlands for which they are developing policy. A wetland and its local
users is not a closed system, and local policy development is also likely to vary greatly in the extent

to which it is influenced by higher level policies.

The pressure-state-perceptions-policy framework is commonly used for characterizing situations at
broad organizational scales. In this thesis, however, it is proposed that it may be applied at several
different levels in the form of a nested hierarchy of interconnected pressure-state-perceptions-policy
sub-systems (Fig. 3.3). Asindicated in the previous paragraph, the extent to which the various levels
are linked may vary considerably. The focus of this thesis is on the application of the framework at
the local level. Nevertheless, it was necessary to give attention to how this lower level relates to higher
levels in order to place the local situation in a broader context. As one moves from local to national,
a wider range of contexts is likely to be encompassed and the emphasis of the particular elements will
change. In many cases, wetland resource users and advisors operating at a local level are not aware
of policies developed at a higher organizational level, even if their own guiding principles are similar
or the same as those contained in the higher level policy. The temporal dimension may also be
encompassed in the pressure-state-perceptions-policy framework through representation of repeating
cycles. For example, a high pressure may result in a changed state, which is observed and alters the
perceptions of users, and this in turn leads to a changed policy that ultimately results in a reduced

pressure.

The local organizational context obviously has an important influence over the development of policy.
By way of example, the situation at Blood River is contrasted with that at Mbongolwane in Chapter
11. Blood River includes over 50 different land-owners managing their own privately-owned wetland
portions largely independently, with very little co-operation in most spheres of management.
Mbongolwane, a communa-lhb; used wetland, has a tradition of consensus and a history of operating
;Ee; and conflict resolution that is administered through a tribal organizational hierarchy, albeit with
many inherent problems (see Chapter 10 and 11). Thus, even though the level of formal education of
the users is much lower and the number of wetland users far greater than at Blood River, mutually

s
agreed on explicit policy is likely to be more readily developed for Mbongolwane.
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Fig. 3.3 A nested hierarchy of pressure-state-perceptions-policy frameworks.

The pressure-state-perceptions-policy framework includes both biophysical and social elements, and
is more inclusive than the other frameworks to be discussed. Although this is at the expense of depth
of those elements represented, it provides a "skeleton" on which to hang other frameworks, giving

depth to the particular elements and linkages below which they are positioned.

3.2.2 Patch dynamics and disturbance theories

7 In the United States and elsewhere, there has recently been a shift in biological conservation and

mahﬁgement from the conservation of single species and their habitats toward conservation and
management of the interactive networks of species and large-scale ecosystems on which species depend
(Ostfeld et al. 1997). The ecosystem approach offers an effective way to conserve poorly known

species and habitats as there are too many species to deal with them individually (Meyer, 1997,
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Franklin, 1993).  Several authors (e.g. Pickett and White, 1985; Ostfeld ez al., 1997; Rogers,1997a)
argue that the linked concepts of patch dynamics and disturbance theory provide useful conceptual

frameworks for understanding ecosystem processes.

Patch dynamics theory

A patch is a spatial unit which differs from its surroundings in nature and appearance (Kotliar and
Wiens, 1990). Patches vary in size, shape, internal homogeneity, boundary conditions and thus
discreteness as well as in their spatial configuration relative to other patches. On different scales, a
patch may be a continent, a wetland, or a pool in a wetland. An array of patches may be seen as a
mosaic at a particular scale. Recognition that patchiness changes in time leads to the concept of “patch
dynamics” and that patches may be nested within one another leads to the concept of “hierarchical

patch dynamics” (Rogers, 1997a).

Ostfeld et al. (1997) suggest that the concept of patchiness may effectively link new views in ecology
to new approaches in conservation. Although, as yet patchiness has no complete or unified theory it
can serve as a conceptual tool to accommodate several important aspects of ecological systems.
Patchiness makes the spatial matrix of ecological processes more explicit; it highlights the fluxes of
organisms and materials; and encompasses the dynamics of entire mosaics, their composite parts and
the edges/ecotones of these parts; and is applicable to various scales (Forman and Gordon, 1986;
Ostfeld, et al. 1997). Because of the patchy distribution of wetlands (see Begg, 1988) and many
wetland associated biota (Sjogren, 1991; Gibbs, 1993) as well as the characteristically dynamic nature

of many wetlands (Rogers, 1997b) a patch dynamics framework has specific relevance to wetlands.

Although the terminology used is somewhat different, the general concept of patch dynamics is
certainly not confined to the discipline of ecology and has been used for some time by soil scientists
and geomorphologists. Strahler and Strahler (1973), for example, outline a framework for the analysis
of soils and landscapes which is expressed in the following terms.

1. Systems (patches) possess boundaries, either real or arbitrary.

2. Inputs and outputs of energy and matter cross system boundaries.

3. Systems possess pathways of energy transport and transformation associated with matter within the

system.
4. Within systems, matter may be transported from place to place or have its physical properties

transformed by chemical reaction or change of state.
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5. Open systems tend to attain a dynamic equilibrium where rate of input equals rate of output.
However, where input or output rates change the system tends towards a new dynamic equilibrium
state, with the transitional state depending on the sensitivity of the system.

6. The greater the storage capacity within the system for a given input, the lower the sensitivity of the

system.

It is proposed that the concept of patch dynamics also assists in linking ecological and social elements
for several reasons. Human activities in industrialized and developing countries are continuing to
impose patchiness on landscapes by dividing and fragmenting contiguous natural areas. Social factors
are patchily distributed. For example, in South Africa, as in many developing countries, one finds stark
and sudden spatial changes in socioeconomic conditions. Property rights, even within a similar socio-
economic context, are spatially patchy and often shifting in time. Furthermore, there is no fundamental
general difference in terms of the contemporary template between wetlands in different social contexts
(e.g. communal areas and private areas). Thus, there 1s no apparent reason why the schemes for

defining patches should not be equally applicable to wetlands in a range of social contexts.

Our ability to detect environmental heterogeneity is partly a function of the scale of the investigation.
Scale encompasses both “grain”, the size of individual units of observation, and the “extent”, the
overall area included in the study. The same terminology can be used to describe organism response.
The grain of organism response is the finest scale at which an organism responds to patch structure
while the extent is the largest scale of heterogeneity to which an organism responds. The notion of
scale has always been intuitive to ecologists but its formal treatment has been largely restricted to
hierarchy theory (see O’Niel ez al., 1986; Rogers and Bestbier, 1997). Addressing scale in an explicit
manner is also seen as one of the means of linking frameworks dealing with biophysical and social
elements respectively. For example, conventional economics characteristically deals with short time
horizons (years to decades) while patch dynamics would also encompass much longer time scales (e.g.

decades to millennia).

To manage patch structure and dynamics it is necessary to recognize the determinants of patch
structure in a given landscape. The geological template defines the physical and chemical resource
base of ecosystems, which are reworked over time by the primary physical forces of wind, water,
gravity and heat and by biological processes (e.g. biomass accumulation) and interactions of organisms
(including life history, population and community processes) to generate a contemporary template

(Rogers, 1997a). Human activities are commonly an additional factor having an important influence
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on patch structure and dynamics, and managers are increasingly required to manage for changes in

heterogeneity introduced by human activities.

Two approaches that have patchiness as a central concept in their frameworks are: metapopulation
theory and landscape ecology (Wiens, 1997a). Metapopulation theory views a population as a set of
spatially separated sub-populations that are linked by dispersal. According to metapopulation theory
local populations may suffer extinctions, but under the right conditions, colonization from other sub-
populations will re-establish populations in those patches before all of the local sub-populations

become extinct (Gilpin and Hanski, 1991; Hanski and Gilpin, 1997 ).

Landscape ecology emphasises the spatial structure of entire landscape mosaics, and is frequently
practised at broad spatial scales, Its distinguishing feature as a discipline, however, is the focus on
explicit spatial patterns and interactions, which is applicable to any scale of investigation (Wiens,
1997a). Although landscape ccology has no well-defined theoretical framework, the structure of a
landscape mosaic and the response of organisms to that structure are commonly described within four
themes: patch quality, boundaries, patch context and connectivity. It is important 1o stress that
landscape structure is organism specific (e.g. what is a highly fragmented landscape to one kind of

organism may be relatively homogenous to another) (Wiens, 1997b).

Disturbance theory

A disturbance is any relatively discrete event in time that disrupts ecosystem, community or population
structure and changes resources, substratum availability, or the physical environment (Pickett and
White, 1985). This is a purposefully generalized definition, and matters of scale and process will have
to be specified in each case as the level of disturbance described relates to the spatial and temporal
scale of observation. Several variables (given in Pickett and White, 1985) can be used to measure a

disturbance regime, including:
* area disturbed;

* gpatial distribution (in relation to geographic, topographic and environmental gradients);

" Although several variations on the metapopulation model have been described, general conditions for
metapopulation persistence are that: local breeding populations occupy relatively discrete habitat patches; no
local population is so large that its expected lifetime is long relative to the metapopulation as a whole;
population dynamics are asynchronous among local patches; and habitat patches (i.e. sub-populations) are not
so isolated that recolonization of empty, suitable patches is prevented by distance alone (Hanski and Gilpin,

1997).
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*  frequency (mean number of events per time period);

* intensity, referring to the physical force of the event per area per time (e.g. heat released per area

per time period of fire);
* synergism (effects on the occurrence of other disturbances); and

* severity (of impact on the organism, community, or ecosystem).

A descriptor not included by Pickett and White (1985) is the timing of the disturbance (e.g. in relation
to phenological or hydrological cycles), which may have important consequences for the outcome of

the disturbance.

Disturbance theory also includes a description of the parameters that respond to disturbance. These
include: system structure, which refers to the amount and deposition of biomass relative to the
substratum and the degree of connectedness of the biomass to the substratum; the amount of resources
available to the organisms at a particular site; life history strategy, which refers to the genetically
determined rate of growth, allocation of assimilate, structure, and timing of life cycle events of
organisms; competitive abilities of the involved organisms; and the landscape composition and

configuration (Pickett and White, 1985).

Although no coherent disturbance theory exists, two major hypotheses are current in the literature on
disturbance (Peet et al., 1983; Pickett and White, 1985). The first is the intermediate disturbance
hypothesis (see Connell, 1978; Grime, 1979) which states that species richness will be greatest in
communities experiencing some intermediate level of disturbance. The second hypothesis states that
where disturbance recurs more frequently than the time required for competitive exclusion, richness
should be maintained (Huston, 1979). Both of these statements leave much unspecified (e.g. what is

considered to be a “high” level of disturbance) (Pickett and White, 1985).

Disturbance theory, together with a patch dynamics framework, assists in characterizing (in biophysical
terms) the nature of a particular use of a wetland (i.e. the pressure) and how this in turn affects the
nature or state of the of the area disturbed. It is focused on biophysical factors and does not deal with
the socio-economic context and consequences of particular anthropogenic disturbances. In other

words, it does not deal with questions encompassing perceptions and motivations that lead to a
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particular use (and associated disturbance) nor does it deal with how the consequent change of
biophysical state affects the value to humans of a particular disturbed area. For these questions to be
addressed requires disturbance considerations to be embedded within a socio-economic framework/s
(see later discussions). Nevertheless, factors affecting the internal nature and dynamics of patches will
also influence the choice of land-use options. Hydrology, which is the primary determinant of the
internal functioning, structure and composition (e.g. the assemblage of plants it supports) of wetland
patches, in tum also determines the resources a particular patch would supply without major
anthropogenic modifications to the system. For example, Phragmites australis, which provides an
important source of thatch material in particular social contexts, generally occurs in patches subject
to permanent inundation or soil saturation. Internal dynamics factors will also determine the degree
to which a patch will need to be modified (which is a fundamental component of the pressure applied
to the wetland) in order to carry out a particular agricultural or other development. For example, in
order for ryegrass to be cultivated in a permanently saturated patch it would require extensive
modification because ryegrass has a low tolerance to anaerobic soil conditions, while its cultivation

in a temporarily saturated patch would require considerably less modification.

3.2.3 The economic valuation of wetlands

Choices between alternative uses of natural areas frequently have to be made (WETLAND-USE is
designed to assist in this type of choice). Should a given wetland area, for example, be drained and
converted to cropland, or should it be maintained in its natural state? When an individual or group
chooses among alternative uses of a natural area, they indicate (at least implicitly) which alternative
is deemed to be worth more (Goulder and Kennedy, 1997). As many of the services delivered by
natural systems are commonly not accounted for, these systems are often undervalued (Costanza et al.,
1997; Daily, 1997). Philosophical bases and empirical frameworks for assessing values of natural
areas are required in order to address this situation. The philosophical bases provide the means to
articulate what constitutes the source of value, and empirical frameworks provide techniques for the

measurement of value, as defined according to the chosen philosophical bases.

Two contrasting philosophical bases for valuing nature can be identified. The intrinsic rights approach
puts all other living things on a moral plane comparable with that of humans. In contrast, the
utilitarianism approach values natural areas insofar as they confer satisfaction to humans.
Utilitarianism does not rule out the possibility of making substantial sacrifices to protect and maintain

other living things. However, it asserts that we can assign value (and therefore help other forms of life)
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only insofar as humans take satisfaction from doing so (Goulder and Kennedy, 1997). Conventional
economics endorses the utilitarianism approach. Economics is the study of how, with or without the
use of money, scarce resources are allocated to produce, distribute, and consume various commodities
(goods and services) over time among various groups of people (Leitch, 1983). In economics,
wetlands are viewed as composite assets that, through their functioning, provide many different goods

and services which are of benefit to humans.

Economic values related to biological systems can be categorized according to their underlying
motives. Common components of total economic value are motivated by current direct and indirect
use, possible future use, and existence value (Fig 3.4) ( Pearce and Turner, 1990; Turner, 1991). Direct
values refer to the tangible outputs or products (e.g. crop sales from a drained wetland) that directly
benefit humans. Indirect benefits derive from the functioning of natural systems (including
enhancement of water quality, erosion control, streamflow regulation and maintenance of biotic
diversity) and result in the indirect support and protection afforded to people, economic activity and
property (Turner, 1991). Option values concern possible future use. An option value is an expression
of preference for the preservation of a certain environment against some probability that the
individual(s) will make use of it at a later date (Leitch and Shabman, 1988). Option not to foreclose
on access to the resource includes the popular perception of biodiversity as a future source of new
pharmaceuticals. Existence value is the value placed on an environmental resource which is apart
from any actual or potential use of the good (Pearce and Turner, 1990). In other words it derives from

the sheer contemplation of the existence of the resource (Goulder and Kennedy, 1997).

While ecological goods and services are not entirely synonymous with direct and indirect benefits
respectively, goods are by definition of direct benefit to users and most services are of indirect benefit
in that they do not require the active involvement of the recipient. When a wetland is developed (e.g.
drained for crop production) it provides a completely different set of goods and services: direct benefits
are often gained at the expense of indirect benefits. The valuing of ecosystem services is complicated
by the fact that many services are not directly expressed in market prices and are positive externalities.
The flood control, water quality enhancement, and habitat provision services provided by wetlands are
usually external to the parties involved in the market decision as to whether and at what price a habitat
will be sold. Asaresult, natural areas tend to be sold too cheaply in the absence of outside intervention

since the value of these services is not captured in the price.
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Fig.3.4 Components oftotal economic value of biological resources (after Turner, 1991; and Pearce

and Moran, 1997).

Various empirical methods are available to determine the magnitude of the different categories of
value. These may be classified as “direct” or “indirect™. Nearly every method assumes that the value
of a given natural amenity is revealed by the amount people are willing to pay or sacrifice in order to
enjoy it. Willingness to pay for a given good or service (including people’s actual payments in market
transactions, as well as more indirect measures such as hypothetical markets) is therefore regarded as
the measure of satisfaction. It is important, however, to distinguish between marginal and total value
associated with the willingness to pay for particular goods and services (Goulder and Kennedy, 1997).
Economists regard the prices that people are willing to pay as indicators of marginal value, which
refers to the value they place on the last unit purchased. For example, consider what someone would
be willing to pay for residential water in a given month. He/she is likely to pay a relatively large sum
for the privilege of consuming the first cubic metre, as forgoing it would deprive him of even the most
fundamental uses of water, notably drinking. The next cubic metre, which would allow additional

opportunities (e.g. an occasional shower), is unlikely to be worth as much. Thus, the marginal value

? Direct methods measure the monetary value of environmental gains (e.g. enhanced water quality or
improved scenic views). Examples of such methods include: the use of market prices (e.g. to value the
service a wetland provides as habitat for commercially harvested fish); the travel cost method, where the
time and money spent travelling to a particular site is used as a proxy for willingness to pay; and contingent
valuation methods, where a hypothetical market is created and decisions are contingent upon this market,
and people are asked what they are willing to pay for a benefit. (See Oellermann et al. (1994) where
contingent valuation methods were applied to Wakkerstroom.) Indirect methods include: the least cost
alternative to replace a good or service (notably water quality enhancement) which is used as a proxy for
economic value; and damage cost avoided analysis, where a wetland service (notably flood attenuation) can
be valued in terms of the cost of property damage which would occur if the wetland were no longer
providing the service (notably flood attenuation).
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of water, the amount that one is willing to pay for each successive increment, falls steadily. Many real-
world circumstances involve the actual or proposed alteration or loss of part of a natural area. Thus,
itis often more important to know the change or loss of ecosystem value associated with such loss than
to know the total value of the entire original area. Even if the delivery of a service is independent of
area (counter to fact), the loss of value associated with the service yielded by a particular natural area

may depend (on economic grounds) on how much of the total area is extant (Goulder and Kennedy,

1997).

Benefit-cost analysis provides a framework for determining the net benefits associated with a particular
project or development. Traditional benefit-cost analysis gives the same ethical status to every
person’s valuation. Although the key role of benefit-cost analysis in the valuation of ecosystems is
acknowledged, Goulder and Kennedy (1997) point out that fundamental issues of fairness and
distribution are ignored. Thus, benefit-cost information needs to be accompanied by a recognition of
the distribution of benefits and costs, both across the current generation and between current and future
generations. Furthermore, the translation of some consequences in benefit-cost analysis is often neither
well understood nor broadly accepted (Stewart et al., 1997). Scenario-based Policy Planning (SBPP)
provides a possible tool to assist in addressing such issues. This tool incorporates diverse and
conflicting objectives into public policy evaluation in a systematic and coherent manner by providing
a uniform framework for handling and comparing tangible and intangible goals of society without
reducing these to monetary or similar terms (Stewart ef al., 1997). However, whatever tool is used
several ethical questions need to be faced. Who decides how much weight should be given to the well
being of future generations, as compared with that of the current generation? Should those more
informed have more influence in decision making than those less informed? These questions cut to

the centre of society and the relationship between organizations (including the state) and individuals.

Valuation ultimately refers to the contribution of an item to meeting a specific goal (i.e. a value is
stated in relation to a goal being served). In conventional economics, a commodity is valuable to the
extent that it contributes to the goal of individual welfare, as assessed by willingness to pay. Other
goals, and therefore other values exist. Three broad goals relating to managing economic systems

within the context of natural life support systems have been identified (Daly, 1992):

1. assessing and ensuring that the scale of human activities within the biosphere is ecologically

sustainable;
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2. distributing resources and property rights fairly, both within the current generation and between this

and future generations (i.e. ensuring equitability); and

3. efficiently allocating resources as constrained and defined by items 1 and 2 above, and including

marketed and non-marketed resources, especially ecosystem services.

Thus far the discussion has been on efficiency, and although methods for valuation relative to the
efficiency goal are well developed, methods relative to the other two goals need much further
development (Costanza and Folke, 1997).  Within generation equity is dealt with later in the
discussion on property rights. While the three goals are in some senses independent, it is useful to
integrate them and their consequent valuations. Integrating multiple goals or criteria is complicated

by the fact that there are no clear-cut, unambiguous, systematic solutions (Arrow and Raynaud, 1986).

Conventional economic valuation is based on a social decision-making rule sometimes referred to as
“consumer sovereignty”. This means that individual consumer preferences, whatever they happen to
be and how they are formed, should determine relative value. This rule embodies the assumption that
tastes and preferences are fixed and that the economic problem consists of optimally satisfying these
preferences. Costanza and Folke (1997) identify a continuum of degree of preference endogeneity
states. Atone extreme, preferences are both fixed and given (i.e. stated preferences of individuals are
accepted at face value as indicative of the individual’s welfare). Further along the continuum,
preferences may change but no attempt is made to change them in an explicit or systematic way as
preferences are regarded as highly individual and there is no justification in environmentalists or
anyone else telling individuals what there preferences should be. Still further along the continuum is
the state referred to as “‘democratic preference change” where, so long as a democratic process,
including safeguards for individual rights of people, is in place then questioning and criticizing

individual’s sincerely felt current preferences is acceptable.

If “democratic preference change” is considered acceptable, how should the three goals of
sustainability, fairness and efficiency be integrated? In the conceptual model proposed by Costanza
and Folke (1997) both economic models and ecological models are embedded in a larger social process
that encompasses the setting and monitoring of goals. (This is essentially the structure of the pressure-
state-perceptions-policy framework) Ostrom (1990) recommends that in order to operationalize
democracy at least a two-tiered structure should be used. This is necessary in order to eliminate
“preference inconsistencies” between the short term and the long term and between local and global

goals. There must first be general, democratic consensus on the broad long-term goals of society. At



36

this level “individual sovereignty” holds in the sense that the rights and goals of all individuals in
society must be taken into account, but in the context of a shared dialogue and discussion aimed at
achieving the broadest consensus possible. Once these have been developed they can be used to limit
an