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Abstract 
A comprehensive system has been designed to serve as a basis for 

rangeland condition and grazing capacity assessment. It is impor- 
tant that research information and knowledge be transferred to 
land managers in the most usable form. An approach has therefore 
been developed by which different computer technologies are 
combined to produce a unique and user friendly package for direct 
application by the grazing industry. The system can be applied 
universally, regardless of the pool of quantitative knowledge that 
exists. This is of special importance for the evaluation and moni- 
toring of the many rangeland systems not yet understood and 
quantified. 
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Several techniques have been developed for assessing the condi- 
tion and capability of rangelands (e.g., Dyksterhuis 1949, Tueller 
and Blackburn 1974, Haydock & Shaw 1975, Foran et al. 1978, 
Christian et al. 1978, Tainton et al. 1980, McKeon et al. 1982, 
Vorster 1982, Barnes et al. 1984, Foran et al. 1986, Mosley et al. 
1986, Uresk 1990). These techniques make use of data such as the 
ecological status of species and their forage production potential, 
and production simulation models. However, these data and mod- 
els (stochastic) are extremely limited and localized. The extrapola- 
tion potential of the techniques is, therefore, also limited and a 
particular technique would in most cases only be of real value in the 
area where it was developed. 

A need therefore existed to develop acomprehensive system that 
would enable rangeland scientists to compile a data base for all 
existing relevant data that are required for the assessment of condi- 
tion and grazing capacity in different homogeneous grazing areas. 
A requirement was that the system has to be developed in such a 
way that, once the data base is completed, an assessment of the 
condition and grazing capacity of any management unit in the area 
under consideration would be possible. 

Implementation of such a comprehensive system will require 
large amounts of data from different disciplines, the use of various 
analytical procedures, and the ability to effectively interpret the 
results. Further needs were therefore to develop computer software 
that: 

-would be able to accommodate the knowledge and expertise 
on vegetation condition and production related aspects in one 
convenient and efficient package, and 

-that would form a uniform mouthpiece for the various sub- 
disciplines, allowing a dynamic flow of information to the end 
user, across the usual barriers of information dissemination. 

The aim of this paper is therefore to describe an approach by 
which different computer technologies are integrated and used to 
produce an effective and user friendly tool for rangeland planners 
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and managers. Although the ultimate success of the system will 
depend upon accurate and reliable subsystem models, the level of 
sophistication and accuracy of the models used in the system are 
not of primary concern in this paper. They are mainly applied for 
illustrating the approach, and could be modified or replaced with 
more sophisticated models that might be available for a particular 
area of interest. However, the models that are used in this system, 
could serve as a basis for implementing the approach in non- 
quantified and lesser understood rangelands. 

Preliminary Considerations 

Traditionally most analytical procedures used for condition and 
grazing capacity assessment are those in which mathematical equa- 
tions/models are used, which require specific input data to pro- 
duce a specific answer. Input data requirements vary considerably 
depending on the model and are often difficult to obtain. lnterpre- 
tation of the answer of a model is dependent on model assumptions 
and deficiencies embedded in the calculations. A specialist is there- 
fore necessary for meaningful deductions and application of the 
answer. 

The proper administration of the data input requirements of 
models can be improved by the use of a data base. The proper 
accommodation of the required data greatly enhance the efficiency 
of model execution. A data base also allows the user to inventory 
what is available, and when archiving data, built-in quality control 
ensures the highest level of data integrity. The data required for 
specific calculations can be extracted as required by the applica- 
tion. However, the extraction of data is still done on the initiative 
of the user. In view of the difficulties with interpretation of model 
results mentioned earlier, this can be a further source of the reduc- 
tion in use of the application. 

Partial solution to these problems can be overcome by the use of 
expert systems. The knowledge base which serves the expert sys- 
tem, is technically a data base that holds specific information and 
rules about a certain subject. The expert system is based on empiri- 
cal knowledge of heuristics, generalizations, assumptions, analo- 
gous procedures and judgements on the basis of human decision- 
making criteria (Schildt 1987). Thus the heuristic knowledge and 
reasoning process of specialists can be embedded in the software 
application. In the strictest sense this still implies an empirical 
model with limitations in quantifying the total system. The qualita- 
tive information of the knowledge base can not substitute quantita- 
tive research results. However, the heuristic powers of the expert 
system in conjunction with models and data bases can serve as a 
substitute in the absence of a specialist in assisting the user in 
interpreting and applying final results. 

A system has therefore been developed to accommodate all of 
the above in an attractive package that will aid the rangeland 
industry in the most dynamic way possible. 
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Fig. 1. Schematic presentation of the basic components and types of data required for range condition and grazing capacity assessment and improvement. 

System Structure 
When the condition of a particular management unit has to be 

assessed, it will first be necessary to be able to define the area in 
which the unit is situated. For this is a sound understanding of the 
delineation of the broad land categories, into different relatively 
homogeneous grazing areas will be required. Second, to be able to 
statistically compare the composition of the management unit with 
those on the degradation gradient, in order to determine its ecolog- 
ical status, the changes in composition during the processes of 
degradation will also have to be understood. 

A basic framework was therefore constructed which describes 
the different components and types of data that would be required 
for a condition and grazing capacity assessment system (Fig. 1). 
The first module includes a breakdown of the broad land catego- 
ries into different areas that will be relatively homogeneous with 
regard to factors such as soil type, topographical position in the 
landscape, and climate. Within each of these relatively homogene- 
ous areas, different compositions (degradation or seral stages- 
Fig. 1) would further occur as a result of different management 
practices. Some of these compositional changes would be revers- 
ible, while others would not be able to recover to the original 
composition, due to differences in the recovery potential (e.g., 
large changes in soil conditions). In more arid areas, large compo- 
sitional differences also occur due to seasonal variation. Further, 
the particular sequence and timing of climatic events also leads to 
multidirectional transitions during the processes of change (Wes- 
toby et al. 1989). All these factors could therefore result in a large 
variety of plant compositions to occur in the different homogene- 
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ous grazing areas. Quantification of these compositions and inter- 
pretations with regard to their position in the processes ofdegrada- 
tion and recovery are prerequisites for the development of an 
objective condition assessment system. 

Each one of the different compositions would be expected to 
have a different production potential, as determined by its compo- 
sition and various environmental conditions. The various factors 
reducing this potential yield to effectively available phytomass, are 
indicated in the second module of Figure 1. The portions that are 
not available (e.g., unpalatable material, phytomass loss through 
natural disappearance or insect consumption, etc.), will have to be 
taken into account in determining the grazing capacity of a particu- 
lar management unit. 

Interpretation of the condition and grazingcapacityassessments 
allows the user to define possible management options to improve 
the condition and therefore grazing capacity of the rangeland. For 
example, if vegetation was degraded to such an extent that its 
recovery is restricted by unfavorable soil conditions (e.g., eroded 
surfaces), land reclamation would probably be the only manage- 
ment option to improve the grazing capacity of the particular 
management unit. 

The framework briefly outlined above, was not only used to 
determine the type of data that will be required, but also to define 
the structure detail of the total system. 

The objectives, technologies, and components of the total sys- 
tem are depicted in Figure 2(a). The integration of the three com- 
ponents, the expert system, simulation models, and knowledge/- 
data base is shown. In the software industry these components are 
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Fig. 2. A schematic presentation of the integration of computer technologies and components for the development of a user friendly system for range 
condition and grazing capacity assessment. 

often distinctly separate units. In this context, however, it should 
be seen as one complete system in which it is not always possible to 
define exactly in which component one is operating. 

In principle the separation between the model and expert system 
components is based on the fact that fundamental principles des- 
cribing species performance by means of mathematical relation- 
ships are model components. As previously mentioned, the expert 
system includes the heuristic knowledge on the basis of human 
decision-making criteria. A further unique feature of the system is 
that the data base forms an integral part of the knowledge base. 
This allows the expert system to act as a supervisor to the novice 
when interrogating the data base. These main components of the 
system are outlined in Figure 2(b). 

The expert system component is a forward chaining, rule-based 
system. It initially addresses questions around habitat/location, 
time of the year, and the phenological state of the vegetation. This 
sets up the input data requirements from the data base and identi- 
fies the appropriate models to be used. Once the range condition is 
assessed, the expert system guides the user in deriving the potential 
stocking rate. 

Expert systems normally consist of an inference machine and a 
knowledge base (Schildt 1987). In the present system the inference 
model was developed by a team of rangeland ecologists, and is 
fixed because of the application of the system in a specific region. 
However, the user is allowed to update and/or modify the data 
bases from within the inference machine. As this is an interactive 
system, the expert system also allows the user to inspect and/or 
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update the data base at any time during the processing procedures. 
The models contained in the model component were constructed 

from applied research in order to accomplish the objective to assess 
the range condition and grazing capacity of a management unit or 
region. These include: 

l the weighted average condition assessment model (Bosch et al. 
1989a); 

l graphical descriptive models of vegetation functional groups 
on degradation gradients (Bosch 1989, Bosch and Kellner 
1991); 

l the ecological index production simulation model (Bosch and 
Booysen 1988); 

l a series of accounting models for determining the effectively 
available phytomass; and 

l a model for determining the grazing capacity. 
The use of graphical descriptive models is an unique feature 

being utilized in this system. A calculated answer is not only 
presented to the user as a value, but it is also put into perspective by 
means of a graphical representation of a degradation gradient and 
its associated changes in vegetational and other features. The 
expert system is again applied in supervising the novice in model 
inspection and/ or modification at any point during processing. It 
also ensures the highest level of data quality control. 

The knowledge/ data base is constructed by means of the expert 
system. For each region identified in the initial part of the inference 
model, a separate data base is created. The expert system deter- 
mines the type, number and length of elements building up a record 
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in the data base as a function of the number of growing seasons and 
phenological stages identified. When loading the data base, the 
expert system’s function is to guide the user in an orderly fashion 
through the data base and provide a graphical indication of the 
progress. Data pertaining to the data base is specific to the objec- 
tives of assessing range condition and grazing capacity. These 
include: 

l The ecological status of a species-A value on a scale from 0 
(associated with severely degraded vegetation) to 100 (asso- 
ciated with lightly to under-utilized conditions), obtainable 
from quantitative gradient studies (Bosch et al. 1989a; Bosch 
and Kellner, 1991) or expert knowledge (e.g., grazing experi- 
ments and literature); 

l Production class-Species are classified into 30 production 
classes (from large tufts, high producers to small tufts, low 
producers); 

l Preference class (palatability) on a scale from 0 (totally unpal- 
atable) to 1 (very palatable) as a function of season and pheno- 
logical stage; 

l Defoliation threshold: Allowable percentage defoliation by 
which maximum regrowth will be ensured; 

l Phytomass loss through insect consumption (expected percen- 
tage) as a function of season and phenological stage; 

l Disappearance of material through the natural phenological 
cycle (expected percentage) as a function of season; 

l Unavailability of forage due to competition between feral and 
domesticated animals-Percentage loss to feral animals in the 
presence and absence of domesticated animals; and 

l Animal consumption rates in kg/day. 

Integrative Use of the Data Base, Models, and Expert Sys- 
tem: An Illustration 

The integrative use of the different computer technologies is 
illustrated by means of a practical application of the total system in 
the Mitchell grasslands of western Queensland in Australia. 

The minimum field work requirement before using the system, is 
a survey of the management unit/ paddock under consideration. In 
this example the condition and grazing capacity of a paddock in 
the Julia Mitchell grasslands (Bosch et al. 1989b) is to be deter- 
mined. Species composition data were collected during July 1989 
in an area representative of the vegetation of the paddock. Nearest 
plant recordings were made at 200 points, using a step point 
method (Mentis 1981). 

Range Condition Assessment 
On program start-up, the expert system identifies the particular 

relative homogeneous grazing area in which the paddock is situ- 
ated, as well as the time of the year in which the survey was 

~Select a Ralativr Homogeneous Grating Area’ 

Char& MItchelI 
Roma MItcheN 
Barkly Mitchell 
CunnamuMa MItchelI 

Select with 1 and ! , activate with 4 
FI - Add F2 - Edit F3 - Delete 

Fig. 3. Self constructed menu (by means of F-keys) for the selection of the 
relative homogeneous grazing area under consideration. 

Fig. 4. Menu for selection of the time of the year in which the botanical 
survey was conducted. 

conducted. Seven relatively homogeneous grazing areas in the 
Mitchell grasslands of western Queensland (Fig. 3), and 2 main 
seasons were identified (Fig. 4). In the case of this example, the user 
selects the Julia Mitchell homogeneous grazing area, and the cool 
season. The expert system passes this information onto the data 
base in order to present the user with all the available species data 
for the particular area. It also ensures that the appropriate models 
will be used for all further calculations. 

The expert system now supervises the user in selecting the 
appropriate species from the data base, which were encountered 
during the field survey. The percentage abundance of each species 
is entered by the user. At this point the user can inspect the species 
composition that was entered and edit the data where necessary 
(Fig. 5). 

COWlWN ASSESSMENT 

Fig. 5. Frame used for selecting the species encountered in a survey and 
entering their percentage abundances. 

On completion of this step the composition information indi- 
cates to the weighted average condition assessment model which 
information to extract from the data base. In this case the ecologi- 
cal status values of the individual species are extracted and the 
condition of the vegetation in the particular management unit is 
determined by calculating the sample vector (position of unit on 
the appropriate gradient) that was obtained by the weighted aver- 
age of the species vectors (ecological status values) (Bosch et al. 
1989a). 

Display of Condition Assessment Result 
After determining the condition of the management unit, the 

expert system accesses the appropriate graphical descriptive deg- 
radation model, and displays the result on this model (Fig. 6). This 
step facilitates the ecological interpretation of the condition 
assessment in terms of the ratio between functional species groups 
(palatable, unpalatable, invader species, etc.), possible trends and 
recovery potential. The result for the paddock under consideration 
indicates that the paddock is moderate to moderate severely util- 
ized. Perennial grasses, of which Astrebla lappacea is the dominant 
species, form the most important functional group of the total 
composition. Psoralea spp. is associated with overgrazed condi- 
tions (Pressland 1984). The relatively high percentage abundance 
of this species explains the positioning of the paddock slightly 
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Fig. 6. Display of the condition assessment on the graphical descriptive 
degradation model for winter compositions in the Julia Mitchell 
grasslands. 

Un-So: Underutilized to severely overutilized 
PC: Range condition (position on gradient) 
Domains 1 and 2: See text 

towards the more degraded section of the gradient. The soils are 
not eroded or compacted and the vegetation is representative of the 
first domain of attraction (Bosch and Kellner 1991). Recovery of 
the vegetation would be possible through normal grazing man- 
agement procedures, e.g., strategic rest to ensure an increase in the 
seed production of the perennial species. 

At this point various options are available to the user. First, 
direct access can be obtained to the data base and information in 
the base can be modified. For example, if new research data are 
available on the ecological status of the species, the data in the data 
base can be updated. Second, the composition of the vegetation in 
the management unit can be changed (e.g., if required, the species 
that are poor indicators of range condition can be removed to 
reduce the noise in the data). Third, the graphical descriptive 
model can also be updated when additional knowledge becomes 
available. The last option is to continue to the next module for the 
assessment of the capability of the vegetation in the particular 
management unit under consideration. 

Grazing Capacity Assessment 
The rainfall for the total growth season or specific season of 

interest for the area under consideration is entered by the user. The 
production model extracts the relevant input data (production 
classes of species contributing to composition under considera- 
tion) from the data base and together with the amount of rainfall, 
determines the total phytomass production that could be expected 
from the vegetation in the particular condition state. In the case of 
the paddock in the Julia Mitchell grassland, an average seasonal 
(cool months) rainfall of 153 mm was entered and the expected 
total potential yield was calculated as 790 kg/ ha (Fig. 7). 

This value is presented to the user with the options of either to 
change the model, or to replace the calculated production result to 
a value obtained from an external resource (e.g., from a more 
sophisticated model). Direct access can also be made to the data 
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IIy Copoblllty Assessment 

Production class I : 89.200 X 
Production class 2 : 7.400 x 
Production class 3 : 0.400 x 

II 

Potenttat Yield : 790 Kg/ha 

FI Model F2 Soacles F3 External FIO Continua 

Input progress 
0 100 x 8 

Fig. 7. Estimation of expected potential yield. 
(F-keys: see text). 

base to modify the species data if required. 
As mentioned before, not all phytomass produced is effectively 

available to the grazing animal. Continuing with the determination 
of the grazing capacity of the particular rangeland under consider- 
ation consists of a continuous shuttle between the expert system 
and data base. In this process the series of accounting models are 
used for the calculation of the various components of phytomass 
loss or non-availability until the net phytomass available to the 
grazing animals is reached (Fig. 8). 

: 

CapabIlIty Assessment 

Total Potential Yield = 790 Kg/ha 
Unpalatable Biomass = I57 

Defoliatlon Thrssshold Biomass m 149 
Disappearance Loss Biomass = 54 

Insect Consumption Biomass =I 
Feral and native animal consumption -43 

Domestlc animal consumption =O 
Nsft Biomass = 386 

FI F2 ~Dd36 F3 External FIO Continue 

I 

Input progress 
0 100 x 

Fig. 8. Results of the calculations of phytomass loss or non-availability. 
(F-keys: see text). 

The accounting procedure utilizes the values in the data base, 
which are based on either expert opinion or hard data. However, it 
is acknowledged that the nature and interaction of these compo- 
nents are more complex and should be quantified by means of 
mathematical relationships. An effective model dealing with all 
these components as defined in this system could not yet be identi- 
fied. If any particular calculated value proves to be unsatisfactory, 
the user is allowed to substitute such a value with one from an 
outside source. 

Another option available to the user is the ability to inspect the 
data in the data base that were used for a particular calculation. 
For example, the preference classes of each species that were used 
for determining the amount of unpalatable phytomass in the pad- 
dock under consideration can be inspected and/or edited (Fig. 9). 

After completion of the calculations to determine the amount of 
effectively available phytomass, the grazing capacity of the pad- 
dock/management unit is calculated (Fig. 10). The domestic 
animal consumption value that is used in the calculation is set on 
1.2 kg per day, resulting in a potential stocking rate for dry Merino 
ewes. If the stocking rate for other animal types or classes has to be 
determined, the daily consumption rate can be edited as required. 
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- Edlting Sprcles Preference Classes - 

Astrebla 
Panlcum 
Digitaria 
Psorelea 
lseilema 
Darcus 
Portulaca 

Oreo Flow Seed Dry 

Select wlth and , activate With Fl 
F2 - STOP F3 

Input progress 

Fig. 9. Inspection of preference classes of each species during their differ- 
ent phenologicsl stages, for the purposes of editing. 

Capabitlty Assessment ) 
Total Potential Yield - 790 Kg/ha 
Unpalatable Biomass - I57 
Defoliatlon Thresshold Biomass = 149 
Disappearance Loss Biomass = 54 
Insect Consumption Biomass =I 
Feral and native animal consumption = 43 
Domestic animal consumption ‘0 
Nett Biomass = 386 

Potential Stocking Rate of the Paddock = 0.9 sheep/ha 

FI Consmo F2 F3 Edit hp. FIO Continue 

Fig. 10. Result of the potential stocking rate of the paddock under 
consideration. 

(F-keys: see text). 

Discussion and Conclusions 

The system that was used to illustrate the integrative approach 
has specifically been designed for the purposes of condition and 
grazing capacity assessment of rangelands in which ephemeral 
populations (seasonal variation) are important. The factors that 
are used by the expert system to select the appropriate parts of the 
data base and models for the various calculations are those that 
determine main floristic differences within a specific biome, vege- 
tation type, or land system. The factors could therefore differ for 
different areas. For example, in certain areas the rainfall zone or 
topography might be more important than the season of the year 
(which was used for designing a system for the Mitchell grass- 
lands), in determining the data base that will be used. Application 
of the system in another area would therefore require an adjust- 
ment of the inference model of the expert system to include those 
factors that are determining major floristic differences in such an 
area. New data to populate the data base, as well as restructuring of 
the data base to accommodate new rules, will be required. 

The system further uses a particular condition assessment tech- 
nique. Although more sophisticated techniques are available 
(Bosch and Kellner 1991), the weighted average approach that is 
used in this package has the advantage that it can be applied even in 
the absence of quantitative data. If data are not available for the 
quantitative determination of the ecological status of species, it can 
be qualitatively determined by means of expert knowledge, as the 
position on the degradation gradient where a particular species 
would be expected to have its highest abundance. 
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This advantage also applies to all other input data, which could 
come from either experimental data, or expert knowledge. Range- 
land managers can not wait until a full quantitative understanding 
of the plant:animal:environment interaction has been developed 
for all rangelands before a system of this nature is implemented. 
This approach allows for the implementation of measures based on 
our existing knowledge. 

Continuous quantification of the data inputs and refinement of 
models in the package should, however, be an integral part of the 
implementation process. Application of the system is an effective 
way to reveal the noise in the system, such as unreliable models and 
nonscientifically based hypotheses/data. By applying and eval- 
uating the system in the field situation, extension officers and 
rangeland managers could become involved in the refinement pro- 
cess. Their feedback would assist the researchers and knowledge 
engineers to refine the models or to define new research objectives 
to improve the input data for the various calculations. This mutual 
interaction between the researcher and the users is seen as an 
on-going process to use, evaluate, and improve the system. It will 
also assist to overcome the gap between theory and practice, in 
ensuring that research information and guidelines are transferred 
to extension, and subsequently the land managers, in the most 
usable form. 

The user friendliness of the software is an important factor to 
ensure its wide acceptance and use. This also conforms to the 
requirements of rangeland evaluation and monitoring programmes 
outlined in the recommendations of the International workshop on 
Land Evaluation in Addis Ababa (Siderius 1984): i.e. that the 
results, guidelines, etc. be made available in forms understandable 
to the land user, extension officer and the decision maker. The user 
friendly expert guidance built into the programme and the use of 
graphics to enhance human comprehension are important fea- 
tures, increasing the practical value of the package. 

The approach to combine various computer technologies into 
one system seems to be an effective way to provide the industry 
with useful software. The main advantages of the system can be 
summarized as follows: 

. The interdisciplinary approach of the system ensures that all 
aspects are considered and not only the main components 
normally emphasized by specialists in a particular field; 

l integrating the various computer technologies optimizes the 
efficiency of the use of the computer medium, in contrast to 
using any one of the technologies individually; 

l the present state of knowledge can be utilized immediately 
without elaborated costs before a workable system is available; 

l the various stages of qualitative and quantitative data invite 
easy participation of specialists of various disciplines to con- 
tribute their knowledge in the section of the system where their 
discipline applies, without having to understand the total 
system; 

. the system is developed in such a way that knowledge can easily 
and inexpensively be accommodated; 

l the mouthpiece for decision making, extension and education 
is unified but based on the opinions of all experts concerned; 
and 

l the system can be applied universally, regardless of the pool of 
quantitative knowledge that exists. 

These advantages are of special importance for the evaluation and 
monitoring of the many rangeland systems not yet understood and 
quantified. 
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