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AA conceptua l framewor k for vegetatio n 
monitorin gg by sequentia l mappin g 

J.A.M.J.A.M. Janssen & E.H. Kloosterman 

Ecologica ll  concept s and definition s 

Vegetationn is defined as a system of largely spontaneously growing plant populations, 
growingg in coherence with their state and forming part of the ecosystem together with the 
sitee factors and all other forms of life occurring in these sites (Schaminée et al. 1995c). It is 
perceivedd as a non-regular distribution of plants in the field, leading to discontinuities in 
spacee and time, which enable the distinction of boundaries. This is the traditional approach in 
Thee Netherlands, which is based upon the French-Swiss-School or Braun-Blanquet method 
(Braun-Blanquett 1964; Westhoff & van der Maarel 1978; Schaminée et al. 1995c). This 
approachh is also referred to as the community-unit theory by Werger (1973). The 
distinguishablee entities are called plant communities (in the concrete sense of the term) or 
phytocoenoses.. A plant community in the abstract sense (a vegetation type or phytocoenon) is 
aa collection of phytocoenoses, which are similar in their main features (Schaminée et al. 
1995c).. A vegetation type applies to an abstract description of a number of concrete plant 
communities,, while a concrete group of plants growing together in the field is called a 
vegetationn stand. 
Thee vegetation mapping methods that are used in this thesis are based on a holistic (or 
systems)) concept of landscape. A landscape is an area of the earth's surface with a 
characteristicc arrangement of ecosystems (Vos & Stortelder 1992), where an ecosystem is a 
complexx of plant communities, biota and the abiotic environmental factors. In a holistic 
approachh a landscape is considered as an integrated entity that is the result of a complex of 
interactivee factors: climate, geology, geomorphology, soil, water, vegetation, animals and man 
(Zonneveldd et al. 1979; Naveh & Liebermann 1984; Zonneveld 1995). The landscape 
(whichh vegetation is a part of) is mapped as land units, which are discrete, ecologically 
homogeneouss tracts of land at the scale level concerned (Zonneveld 1989). The land units 
cann be identified on aerial photographs or digital images. A land unit may consist of one or 
moree ecotopes, which are the smallest homogeneous parts of an ecosystem. A physiotope is 
thee abiotic part of an ecotope. 

Thiss perspective, in which landscape and vegetation are defined as an object or entity with 
boundariess (a location), static properties (attributes) and dynamic properties (processes) is 
calledd an object-oriented view (Molenaar 1993; Burrough & McDonnell 1998). In a 
differentt way, real world phenomena are perceived as fields with continuous variation with 
noo distinct boundaries (Burrough & McDonnell 1998). In vegetation science, such an 
approachh was developed in the 1920s in the United States (Gleason 1926). It is called the 
individualisticc concept. It stresses the continua in the distribution of plant species (Whittaker 
1962;; 1967). The discussion on the nature of vegetation boundaries applies to concrete 
boundariess between vegetation stands in the field (in the chorological dimension) and to 
abstractt boundaries of vegetation types (in the topological dimension) as well as to changes 
inn time (in the temporal dimension) (Westhoff 1974; Zonneveld 1974b; van der Maarel 
1976).. Presently, it is generally accepted that vegetation has both discrete and continuous 
boundariess in typology, space and time (Barkman 1990; Schaminée et al. 1995c). 
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Traditionally,, clustering or classification methods have been applied to model vegetation 
typologyy in a crisp way (Westhoff & van der Maarel 1978). Ordination may be used for 
modellingg the continuous nature of vegetation types (van der Maarel 1979; Barkman 1990). 
Besides,, since the 1980s fuzzy sets theory, introduced by Zadeh (1965), has been applied 
forr modelling the continuous nature of vegetation in the topological space (Roberts 1986; 
Moraczewskii  1993). 
Forr modelling the chorological dimension of vegetation (in vegetation mapping) 
traditionallyy crisp methods have been used. This results in a map in which areas of equal 
attributee value are delineated, called a choropleth map (Burrough & McDonnell 1998). The 
continuouss nature of vegetation in space has been modelled based on digital remote sensing 
imagess and fuzzy classification methods (a.o. Foody 1992a; 1996; Droesen 1999; Foody). 
Inn addition, fuzzy sets theory has been used for modelling uncertainties in the existence and 
locationn of objects in choropleth maps (Edwards 1994). 

2.2.. The conceptua l framewor k 

Withinn the context of this thesis, vegetation maps are made within a monitoring context. 
Monitoringg is defined as the systematic acquisition of data on biotic and abiotic 
componentss of an ecosystem over a time range (Kuyper 1990). In this thesis, sequential 
vegetationn maps are the data acquired in a monitoring programme. 
Forr optimal monitoring, the thematic, spatial and temporal resolution within sequential 
vegetationn maps must be geared to the information required by a nature manager. A 
conceptuall  framework has been developed which relates nature management questions, 
vegetationn patterns and landscape ecological processes (Janssen et al. 1996; Kloosterman et 
al.. 1997). This conceptual framework is shown in figure 2.1. 
Itt comprises three equally important components: 

 The management aim; 
 A vegetation map (with spatial and thematic information); 
 An ecological model. 

Sincee management as well as mapping deals with concrete areas, the information on a map 
ass well as the ecological interpretation of this information must be translated to concrete 
areass for which a particular management practice is imposed. In figure 2.1 this translation 
levell  is indicated by the word 'synthesis'. 

Inn the case of monitoring for evaluation or prediction, it is necessary to relate changes in 
vegetationn types to the management aims and activities in a concrete area. 
Thee translation of vegetation changes into changes in abiotic conditions and process 
developmentt is done by an ecological model. The ecological model consists of four steps: 
1.. The construction of a model regarding the effects of management activities on 

landscape-ecologicall  processes; 
2.. The subdivision of landscape-ecological processes into progress stages, which represent 

specificspecific (a)biotic conditions ((a)biotic factors); 
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Figur ee 2.1. Conceptual framework for monitoring 

3.. The definition of theoretical vegetation types that are indicative for the abiotic 
conditionss and the stages of the ecological processes, and, in this way, the construction 
off  vegetation succession series (cf. van Andel et al. 1993). 

4.. The reference of vegetation types on a map to the theoretical vegetation types in the 
successionn series. 

Inn general, succession series differ under different abiotic conditions. Therefore, an 
ecologicall  model has to be established for different processes and for different physiotopes 
(consistingg of a relatively homogeneous and stable combination of abiotic factors). Land 
unitss on a map have to be translated to physiotopes, to enable the definition of relevant 
processess and succession series. In the framework, physiotopes are used to make a 
connectionn between spatial/thematic units on a map and concrete management areas in the 
field.field. This means that the vegetation maps should contain information on the abiotic 
aspectss of a spatial unit (physiotope information), next to the information on the vegetation. 
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Vegetationn maps that are based on a landscape guided approach of photo-interpretation 
containn these two sources of information. 

Synthesis s 
Thee three previous components should be tuned in such a way, that the information on a 
map,, the information in the ecological model and the information requirements set by the 
naturee managers are interchangeable at a certain level. 
Too integrate the three components, three relations have to be established: 

 The land units on a map must be related to physiotopes; 
 The management aim and the occurring physiotopes have to be related to processes, 

developmentt stages and succession schemes; 
 The vegetation types on a map must refer to theoretical reference vegetation types that 

aree indicative for relevant development stages. 

Iff  maps are made for inventory purposes, it should be possible to translate vegetation or 
landscapee types on a map to reference types, which are utilised by the management. Such 
exampless are nature-target-types (Bal et al. 1995) or plant communities. Before the start of 
aa mapping programme the management aims should be known, in order to focus the 
mappingg method and scale to the vegetation or landscape types of interest. 

2.3.. Discussio n 

Thee conceptual framework is based on an object-oriented approach of vegetation and 
landscapee (see §2.1). So it is assumed that discrete spatial boundaries and discrete 
vegetationn types do exist and may be hierarchically ordered. However, the framework may 
alsoo be applied for a fuzzy way of allocating vegetation types to land units. 
AA holistic approach of landscape is applied, which means that vegetation is indicative for 
otherr ecosystem parameters. Indicative values of vegetation types and vegetation 
successionn series may be derived from literature. A problem in deriving ecological 
informationn from literature, if existing at all, is the validity of applying the theoretical 
informationn in a different area. The more detailed the information is, the less general 
validityy it wil l have. The information may be formulated at different hierarchical scales, 
rangingg from application in large areas and having a general meaning, to application in 
locall  situations and having a local validity. 
Inn this thesis, the framework of figure 2.1 is used in two ways. Firstly, it is used to establish 
aa relation between vegetation maps and management aims in chapter 8. The framework 
relatess the information of vegetation mapping and monitoring to the PSIR-framework of 
figuree 1.1 (see figure 2.2). In this way the vegetation maps can be used for inventory, 
evaluationn and prediction. 
Furthermore,, the framework is used to make statements on the suitability of remote sensing 
techniques.. This means that there is an assessment of the remote sensing techniques so to 
determinee whether they may be used to identify accurately geometric, thematic and 
temporall  attributes of parameters required for a specific nature management aim. 
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Figur ee 2.2. The position of the PSIR-framework of figure 1.1 within the conceptual framework for 
monitoring.. Responses result as a reaction on impacts. The information on impacts is 
providedd by translating information from maps to ecological processes in the conceptual 
framework.. This translation is done by vegetation development series. 

Itt is stated that the conceptual framework is not area specific and is broadly applicable for 
mappingg and monitoring in different ecosystems. If the relationships between pattern (on 
ann image or in the field), physiotope, vegetation type, steering processes and management 
aimss are known for a specific habitat, then, by using the conceptual framework, it is 
possiblee to forecast the consequences of impacts on communities and species and to relate 
changess in their patterns to changes in the environment. This wil l aid nature management 
considerably. . 
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