Teaching the assessment of landscape function in the field: enabling the design and selection of appropriate restoration techniques.
David Tongway

Abstract

There are many groups in society interested in restoring disturbed landscapes, ranging from self-motivated community groups to big commercial enterprises.  Typically, while the goals are understood to some extent, the initial starting position is often characterized by too small a knowledge base and hence the selection process for choosing a restoration technique is not rigorous.  Landscape Function Analysis (LFA) is an in-the-field, indicator-based procedure that allows rapid assessment of how well a landscape works as a biophysical system.  The rapid conversion of raw field data into useful information is a key design feature. This enables restoration planners and practitioners to understand the effect of disturbances, and their drivers, so that appropriate techniques can be devised and implemented to attain restoration goals.  The same procedure can be used to monitor restoration progress, once significant and relevant milestones are identified that can be monitored over time. I will describe how I teach this technique in the field and recount how this enabled restoration practitioners to focus on the underlying disturbances.
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Dealing with disturbed landscapes and restoring them to defined and desired states is now a very broadly based activity in many societies, including Australia.  Typically, some final goal has been selected by each group, but often this is defined vaguely, and the expected or desired pathway from the initial state to the final state is not well defined.  I work with a range of such people, from local community groups to farmers, ranchers, government departments, consultants and mining companies, and have developed, in consultation with many people, a field-based procedure that assesses how well a landscape “works” or functions as a biophysical system.  This procedure makes it possible for the current landscape status, as a system, to be defined with a set of wide-ranging indicators and at several spatial scales.  The scope of the indicators enables the effect of prior disturbance on landscape function to be accurately assessed.  Possessed of this knowledge, groups can then select and design appropriate restoration techniques, based on repairing or reinstating defective processes, rather than just making something up or copying another groups work without adequate analysis as to whether the “borrowed” techniques will in fact be applicable.  The goal is to make the underpinning scientific knowledge and methodology available to people working ecological restoration who are not used to reading and adopting the concepts or data found in the scientific literature.

LFA is not just one more candidate in a long repertoire of procedures focused on biodiversity assessment or species number counts. LFA focuses on landscape processes expressed in space and time and is therefore useful in looking not only at “habitat quality” for specific species, but also for assessing the ecosystem goods and how this changes over time.  Because LFA data are collected at a range of scales, the contribution of particular species emerges as an additional delivery output. This is very useful in assessing the role of weeds in the landscape. In addition, the effect and role of abiotic components such as rocks and landform slope and shape are integral to the assessment.  LFA actively collects data from reference sites that represent respectively, the least and the most disturbed examples of the landscape to be restored, thus allowing relative dysfunction to be assessed and to focus on more precise restoration needs.  This can be summarized as “seriously seeking causes, not describing symptoms”.

LFA is comprised of three components: a conceptual framework that summarizes important functional processes, the field procedure and data spreadsheets, and an interpretational framework that enables practitioners to make decisions.  In a typical training course, the conceptual framework is introduced with an illustrated Powerpoint presentation, to make sure that all participants have had the principles articulated to them in a clear and logical way. This is followed by field sessions where the participants become familiar with the specific LFA indicators and see how these indicators represent all the processes described in the conceptual framework. The last teaching phase is to show participants how to key-in the raw data into a supplied spreadsheet and  then discuss the significance of computed indices of soil surface processes in the decision-making process.
The Conceptual Framework 
Figure 1 represents a simple but comprehensive sequence of processes that need to be evaluated, so that defective or missing landscape processes can be identified when study sites are compared with reference sites used as a benchmark for guiding restoration efforts. The numbered processes are later repeatedly discussed in the field with the participants, providing realism and grounding to the Figure, which otherwise may be skated over as “too scientific”.   I typically discuss this framework in five logical steps, characterized by the following questions:

(i) How much rainfall infiltrates into the soil and how of it much runs off?

(ii) Does water runoff cause plant litter soil transport off the site?
(iii) What is the nature of plant growth and of consumption by grazing management or fire? 

(iv) How do growing plants provide goods and services, such as effective nutrient cycling, and overland flow obstruction?  Are these enough to ensure self sustainability to the ecosystem?

(v) How can restoration procedures be implemented so that functioning is maintained in the face of threatening processes?

The conceptual framework does not identify specific threatening processes which tend to diminish landscape function, but rather these are discussed in the field in the light of the specific circumstances found there.  Threatening processes may be natural, such as sequences of unfavorable weather like storms or droughts; or initiated by humans such as tree or shrub clearing, grazing domestic livestock or the provision of artificial fertilizers.  These threatening processes can also be assessed in terms of their rate of action, frequency and/or duration, eg., rapid and rare such as storms or fire or slowly accumulative but persistent, such as grazing by domestic livestock or wild animals.  Each of these disturbances can be shown to affect one or more of the important processes needed for a self-sustaining ecosystem, often resulting in the loss of the environmental niche for desired species.  Clearly, “getting the habitat right” is an important step, but is often grossly overlooked.  
(insert Fig 1 hereabouts) 

The Field Procedure 
Immediately after the formal presentation of the conceptual framework, the class moves to a field situation where the principles are explained again, using the diagram in Figure 1, at the scale of the “hillslope” or “local catchment”.  This is the scale that most people are familiar with, and an appreciation of it is readily achieved by first traversing the hillslope from up-slope to down-slope, following the direction of overland water flow.  I provide a commentary on how to perceive landscape functioning in terms of biophysical processes, rather than just an array of plant species or turnover of plant assemblages across the gradient.  I point out locations where vegetation and associated litter form a “patch” where mobile resources tend to slow down or accumulate.  At this stage, no data are collected: the group needs to become comfortable with the dynamics of surface processes. The complexity and interactivity of landscape processes is revealed one scale at a time. The first landscape process to be evaluated in the field is the fate of rainfall: how is it partitioned into infiltration and runoff at the hillslope scale (process 1 in Figure 1).  Participants observe a selected slope and I identify and explain features such as bare crusted soil, patches or swards of grass, shrub thickets or trees in terms of the way they affect down-slope resource movement.  This is closely aligned with process 2: what evidence is there of particulate matter transport and deposition?  Participants are shown alluvial fans if erosion/deposition is an active process, or if little erosion is occurring, the absence of alluvium is pointed out at locations where it might occur. Thirdly, participants discuss offtake processes such as grazing regimes by domestic livestock or wild animals and fire history, in which resources are removed from the ecosystem. These indicators of processes one and two (water infiltration, run-off and soil erosion) are discussed as to their effectiveness.  The vegetation spatial distribution and the shape of the species present provide examples of the feedback loop in step 4 of Fig.1.  Wiens (2005) called this step “assessing locational heterogeneity”. 

By this time, the participants who often have a good local historical knowledge to begin with are gaining new perspectives in how to “read” landscapes with a structured observation system.

Next, the informal observations are crystallized as data reflecting Landscape Organization and collected on a provided data sheet from a line transect.  This is a special case of a line transect called a “gradsect” as it is specifically aligned with the slope gradient (Gillison and Brewer 1984).  This exercise provides a “map” of patches and inter-patches on the hillslope, as both the location and size are recorded.  The attention of the participants is repeatedly drawn to the manner in which the flux of vital resources is regulated by various landscape features (steps 1 and 2 in the Conceptual Framework).  Landscapes which largely retain those resources are characterized as “functional” whereas landscapes where resource outflow is evident are characterized as “dysfunctional” or “leaky” to some extent.  Participants become increasingly aware of the importance of recognizing and characterizing heterogeneity as a source of information about how well landscapes function.  This is very different from “crop agronomy” principles where unevenness may well be a sign of poor practice.  People vary in the rate at which these concepts are taken on board, but for a good proportion, the newly acquired skill is a revelation, and seeing their pleasure is very rewarding.

When the Landscape Organisation assessment is complete, a representative set of patches and inter-patches are selected for more detailed examination of surface processes which are expressed at the scale of “within a metre”.  This usually reveals processes at fine scale that the participants have not encountered before.  There are 11 indicators (Table 1) that provide information about the activity of processes identified in the conceptual framework.  Typically in training, the whole group attends to the salient features and classification of each indicator, referring to the method provided, which explains the process targeted by each indicator, making additional notes as personally required.  At least two contrasting patch types are worked through, as a group, typically on 1-m mini-gradsects co-located on the original hillslope scale gradsect.  This may take 15 minutes for each mini-transect, when I also invite questions and discussion, so that all members of the group become familiar with the concepts and informing capacity of the respective indicators.  Every process identified in the conceptual framework has at least one indicator informing about the status of the process (for example: active, moderate, deficient) and the conceptual framework is frequently referred to.  Each indicator is assigned to one of four to five defined and illustrated classes which each represent an ecologically significant range; precision assessment is not required.  With practice, nine of the 11 indicators can be assessed in less than 60 seconds, so that data acquisition can be quite rapid.  The slake test and the soil texture determination take a little longer. Typically three to five replicates are assessed for each patch type, so that statistical analyses, performed by the spreadsheet, have some credibility.  In the field, these indicators are assessed in an order which minimizes surface disturbance early on, so that later indictors are not compromised.  

[Insert Table 1 here]


Following this I ask the participants form groups of three to work through the 11 indicators on 1-m mini-transects I have set out.  I allow each group to assess all the indicators by themselves, in their own time, but step in on request, to resolve conceptual problems and to correct mis-classification.  This enables me to check on the success of the uptake of both the concepts of landscape function and the correct assessment of each indicator.  Groups of three make sure that everyone actively learns the procedure and that all questions are answered.  People who may be too shy to speak up in a large group usually do so in a smaller group of friends.
The field Procedure has now been through many iterations over about 200 training courses, so most ambiguities in the text have been removed.  This revision has been greatly assisted by commercial Consultants who use LFA frequently.  For example, to my knowledge, there are about 3,500 commercial transects in Western Australia, monitoring mine site restoration and pastoral management.
In later field sessions at other sites, the three-person groups gradually take on all aspects of locating a gradsect on the hillslope, conducting the landscape organization analysis where patch and inter-patch types and dimensions are recorded, and finishing up with a full replicated set of the 11 surface indicators.  At the end of the training, each three person group explains all its decisions to the full group, defending any challenges.  I am the final arbiter of correctness, which is always done with an explanation with reference to the conceptual framework.  Some people prefer to “follow a recipe”, and they need to be encouraged to re-orientate their thought processes, so that in future, they can solve their own assessment dilemmas by working things out from first principles.

Immediately after the field session, participants enter their raw data into an Excel spreadsheet provided, under instruction.  The spreadsheets are available at: http://www.csiro.au/services/EcosystemFunctionAnalysis.html   I emphasize that keying in their data on the day of assessment is really important, because this promptly converts data into information they can use immediately.  Many other monitoring systems do not compute new, emergent ecosystem properties so rapidly.  The spreadsheet performs some simple calculations and derives three emergent indices reflecting (i) soil stability or resistance to erosion, (ii) the infiltration/runoff characteristic of the surface and (iii) the nutrient cycling status.  Each indicator is used to its full informative capacity; some several times.  The spreadsheet presents these calculated indices as fine scale (single mini-transect means) and coarse scale (whole gradsect) means, so that information can be assessed on the day of data collection.  Use of a Personal Digital Assistant, with Microsoft Excel installed would enable these calculations be made in the field, if desired, so that computed values can be evaluated whilst still in the field.  This overcomes a very common problem in monitoring where raw data are not processed for weeks or months, so that the information content is not available for management decisions or changes.  I believe that it is crucial for monitoring data be converted as rapidly as possible into useable information, so that trends can be assessed and action taken, if necessary.  Participants constantly remark that seeing the data immediately take form as emergent information is very rewarding and empowering, compared to other monitoring techniques, where the data are processed at another time, or not synthesized into new information.  It is especially important that the field instruction takes place on the participants’ landscape, so that they see the value of being able to appreciate their restoration tasks with improved perspective.

Lastly, the significance of the information gained from the monitoring is discussed by referring to the computed data from reference sites, which represent the most functional (closest to the final goal of restoration) and the least functional (most disturbed version of the landscape being studied).  I use a logistic or “S” or sigmoidal curve to arrange the monitoring data on.  This curve shape permits the observer to understand the dynamic range of indicator values his/her landscape type falls within.  It also permits the identification of thresholds for each computed index that represent the onset of “self-sustainability” for that landscape type and the rate of progress when time series monitoring data are assembled.  I follow the lead of the researchers in “The Kruger Experience” (DuToit and others 2002) in calling this a “threshold of potential concern”.  If a landscape is under a disturbance regime, this threshold represents a functional status where quite small perturbation can cause major loss of function.  If the landscape is under restoration, it signals that the landscape has attained a functional degree that will not be reversed by a normal perturbation.

I provide a hard copy of a Field Procedures Manual, also available from the web at: http://www.csiro.au/services/EcosystemFunctionAnalysis.html which has worked examples of the interpretation curve in use.  The interpretation procedure is also used in assessing mine site rehabilitation and has been used to successfully arrange for partial bond return for having exceeded the threshold of potential concern (Lacy and Biggs 2008). This manual also contains additional procedures for specific issues, such as an assessment dispersive soil if more detailed information is needed at specific sites.
Data Reporting

It is important that the emergent numbers from each scale of landscape assessment be written into a coherent report, so that (i) in initial stages, appropriate restoration techniques, based on restoring defective processes can be designed and (ii) during the restoration stages, management can be promptly informed about progress towards the stated goals.  The Field Procedures Manual contains a wide-ranging set of questions, an appropriately selected sub-set of which would allow observers to write an essay about their monitoring experience.  It is this report that would be used to design appropriate restoration technologies, once the functional status of the disturbed land was understood to the degree possible with LFA.  The number and nature of the indicators ensures that the appropriate processes to restore are accurately selected.
Experiences with LFA training courses.
Typically, restoration practitioners have previously focused their attention on specific problems such as gully erosion, the presence of weeds, or the absence of particular plant species.  LFA encourages these people to look at the bigger picture and larger areas of land to identify the underlying reasons for the problem they are tackling.  Often, we are able to show that the cause of a particular problem is some distance from the most obvious manifestation of the problem, and that restoration treatments need to be located upslope, closer to the actual cause.  
Most people are also unfamiliar with the role soil properties have in providing a habitat or growth medium for specific plants or in vulnerability to erosion when not treated carefully.  During the course practitioners become proficient with simple, rapid field tests on soil that promptly inform them about effective (or ineffective) nutrient cycling and predisposition to gully erosion.  With sites affected by weeds, LFA causes the restoration practitioners to examine what might happen if all weeds are eliminated.  Sometimes weed species provide most of the resource regulation, so spraying out large areas of weeds might have unintended consequences.  Some practitioners may have identified excess runoff as problem needing attention and plan to create banks and ditches to redistribute water across the slope.  If they are then made aware by LFA that this plan would expose dispersive sub-soils that would quickly become gullies or tunnels, an alternative procedure, such as a brush-pack would be a wiser plan.

Some practitioners become even more curious about the underlying science, so I provide them with appropriate reading lists of books and papers.

LFA persuades practitioners to ask questions about the underlying effects of disturbance on landscape processes, prompts them to consider both the threatening and enabling processes and hence leads them to the rational selection of appropriate restoration techniques.
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Figure 1.  A conceptual framework, identifying crucial processes in evaluating landscape function/dysfunction, and in the order of assessment. [Modified from "Restoring Disturbed Landscapes: Putting Principles into Practice", by David J. Tongway and John A. Ludwig. Forthcoming from Island Press in Spring 2010. Reproduced by permission of Island Press, Washington, D.C.]

	Indicator Name
	Soil Surface Process assessed

	Rain-splash protection
	Splash erosion, physical crust formation

	Above-ground bio-cover
	Below ground biomass

	Litter biomass, origin and degree of decomposition
	Effectiveness of the nutrient cycle

	Cryptogam cover
	Soil stability, soil surface nutrient concentration

	Soil physical crust condition
	Mechanical disturbance, spontaneous crust breakdown

	Soil erosion severity
	Type and severity of soil loss

	Soil deposition abundance
	Abundance of alluvial deposits

	Surface retentive roughness
	Fine-scale resource accumulation, due to soil roughness and grass butt density

	Soil coherence
	Abundance of soil mobilised by a set of physical disturbances

	Soil stability to wetting
	Stability of surface soil when rapidly wetted

	Surface soil texture
	Rainfall infiltration as affected by soil particle size distribution


Table 1. Indicators of processes depicted in Figure 1.  These are assessed using protocols set out in “LFA Field Procedures at: http://www.csiro.au/services/EcosystemFunctionAnalysis.html
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