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SUMMARY
We report on studies that successfully map the distribution of plant species as well as parameters
indicative of the quality of forage for herbivores. We show that rangeland and wetland species and
types may be discriminated and mapped using GIS and hyperspectral remote sensing. Using artificial
medium, as well as field experiments, insect herbivore growth is positively related to nitrogen
content, while significantly higher abundance of large herbivores occurs on nutrient enriched sites in
southern Africa. Plant nitrogen concentration is shown to be significantly related to a shift in the red
edge as well as key wavelength absorption points. Finally the reflectance of other leaf biochemicals
associated with forage quality (P, K, Mg, Ca) are also discriminated and mapped..
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INTRODUCTION
Research in ecology has revealed that, both the quantity (biomass) and quality (the foliar
concentration of nitrogen, phosphorous, calcium, magnesium, potassium and sodium) of grass are
important factors influencing the feeding patterns and distribution of wildlife and livestock in savanna
rangelands (Drent & Prins, 1987; McNaughton, 1990; McNaughton & Banyikwa, 1995; Prins, 1989;
Prins, 1996). Therefore, mapping the quantity and quality of tropical grasses is critical for
understanding wildlife distribution patterns.
However, the causative parameter for herbivore species richness and abundance is difficult to
ascertain – high correlations can be obtained between herbivore species richness and abundance and
many biophysical parameters (e.g. soil nutrients, climatic factors such as rainfall and temperature, net
primary production, solar insolation, etc) as well as vegetation quality and quantity. This complicates
the identification of causative factors.
Why is it important whether we can map the distribution of vegetation species? A herbivore may eat
a small variety of plant species (eg. giant panda) or be a generalist (eg. goat). In addition, plant
species may be attractive at different times of the year to a particular herbivore. Thus knowledge of
plant species distribution is basic to understanding an individual animal’s choices, as well as habitat
suitability for herbivore species. The quantity and quality of biomass available for consumption by a
herbivore is obviously linked to species. Quality and quantity parameters change over time
(seasonally or inter-annually). Thus, quantity and quality are also interesting parameters to map in
addition to species, as these parameters provide insights about the density and diversity of herbivores.

MAPPING PLANT SPECIES
Hyperspectral imagery (HYMAP) was flown in the summer of 2000 over the Island of
Schiermonnikoog, The Netherlands. The imagery was radiometrically calibrated using the empirical
line technique, and geometrically corrected to ground control points using differential GPS. Laser
altimetry data were made available by Rijkswaterstaat, and were processed to yield slope and terrain
position information. Additional information (viz. ecological expert knowledge and vegetation
spectra) was collected during a combined fieldwork campaign, where the required floristic data and

field spectrometer (using a GER 3100) data were collected. The vegetation classification, and the
spectra of the vegetation types, were used as input for the classification of vegetation types from the
airborne hyperspectral imagery (HYMAP). Two new GIS algorithms were written (in IDL): A terrain
position classification algorithm suited for salt marsh environments and a Bayesian expert system.
The Bayesian expert system was modified in order to use a spectral angle mapper (SAM)
classification of the hyperspectral imagery as well as terrain information (i.e., slope, terrain position
and elevation). The last part of the project encompassed the comparison of a new expert system
approach with a traditional vegetation map produced using air photo interpretation generated using
the Braun-Blanquat method. The accuracy of the maps were assessed, as well as an efficiency
analysis of the alternative techniques, permitting recommendations for improvement of the mapping
and monitoring procedure in terms of efficiency, objectivity and repeatability. Details of the methods
can be found in the project report (Skidmore, Schmidt et al. 2001).
It was proven that each of the 16 salt-marsh vegetation types had a characteristic spectral signature
(Schmidt and Skidmore 2002; Schmidt and Skidmore 2003) (Figure 1). In addition, a better
understanding has been gained about those parts of the electromagnetic spectrum that offer the
greatest information content for discriminating between and identifying vegetation types. We also
show that continuum removal (which is widely applied in geological hyperspectral applications) has
mixed results when applied to vegetation spectra.

Figure 1: Vegetation spectra superimposed on grey scale showing the number of significant
differences between mean reflectance at each band. High grey scale frequency translates to a
wavelength with excellent discriminatory power between species.

From this study we conclude that there is a lot of information in reflectance spectra collected in the
field, but extracting the information relevant for vegetation studies is a difficult task. The timing of
the field sampling and the acquisition of the remotely sensed data is important, since the properties of
vegetation change in a relatively short time. It is shown that the reflectance of some vegetation types

are statistically different, and with high quality calibration it is anticipated that vegetation species may
be identified from spectral libraries.
Mapping vegetation using conventional methods is time consuming and expensive. An expert
system used five input maps considered important in influencing the distribution of vegetation. The
first was a spectral angle mapper (SAM) supervised classification of hyperspectral (HYMAP) image.
The other map layers were derived from a digital elevation model and represented elevation, slope
gradient, aspect, and topographic position. From knowledge of vegetation distributions, the
relationships between the vegetation units and the five data layers were quantified and used as rules in
a rule-based expert system. The thematic layers accessed from the GIS provided data for the expert
system to infer the most likely vegetation unit occurring at any given grid cell. The vegetation map
output by the expert system compared favorably with a conventional landscape guided map generated
using aerial photograph interpretation.

Figure 2a: Spectral angle mapper (SAM) classification of the HyMap image – map accuracy 40%
Figure 2b: combined SAM, terrain and expert knowledge – map accuracy 62%

FOLIAR QUANTITY ASSESSEMENT
Net primary production (NPP) is the net amount of carbon captured by land plants through
photosynthesis each year. In a series of modeling experiments, (Hazeltine 1996) proved theoretically
that NPP is roughly proportional to APAR on a seasonal and annual basis, thereby validating the
empirical observations of (Monteith 1972; Monteith 1977). FPAR (the fraction of photosynthetically
active radiation that is intercepted by green vegetation) is a fundamental variable for the prediction of
NPP and hence biomass production. It is possible to estimate FPAR using NDVI (Sellers, Los et al.
1994; Sellers, Los et al. 1996) and to estimate biome-averaged global FPAR values against observed
monthly maximum FPAR, with an r2 of 0.76 (Hazeltine 1996).
However, a problem limiting the application of remote sensing to map the quantity of tropical
grasses is that NDVI saturates at higher canopy density - the saturation level is usually reached at
about 0.3 g cm –2 (Mutanga and Skidmore 2003). In other words, the widely used vegetation indices
(such as NDVI) asymptotically approach a saturation level after a certain biomass density or LAI
(Tucker 1977; Sellers 1985; Clevers 1994), thus yielding poor estimates of biomass during the
productivity peak of seasons. Results from (Said, Skidmore et al. in press) used regional data from
Africa to demonstrate that the NDVI response is linear in areas of intermediate rainfall but shows
little variation at high and low rainfall (Figure 3). This empirical result confirms why poor results
have been obtained with NDVI over arid and forest regions, though in grasslands and savannas NDVI
can yield reasonable estimates of LAI or biomass.

Figure 3: Relationship between rainfall and NDVI; a poor correlation in the very arid and humid
regions of East Africa (Said et al. in press).
For a grassland in the Kruger National Park, (Mutanga and Skidmore 2003) tested the utility of the
widely used vegetation indices for estimating biomass (in particular NDVIs involving all possible two
band combinations between 350 nm and 2500 nm were tested). Results of this analysis are presented
in form of R2 for each λ1 (350 nm to 2500 nm) and λ2 (350 nm to 2500 nm) pair, in Figure 4.

Figure 4. Map showing the correlation coefficients (R2) between biomass and narrow band NDVI
values calculated from all possible combinations spread across λ1 (350 nm to 2500 nm) and λ2 (350
nm to 2500 nm)

Figure 4 (Mutanga and Skidmore 2003) show that biomass information is not only contained in the
red absorption trough and near infrared wavelengths. Most narrow bands selected by the indices
(Normalised Difference Vegetation Index, Transformed Vegetation Index, Simple Ratio) that yielded
the highest correlation with biomass are located in the red edge slope. The red edge position also
yielded a higher coefficient of determination with biomass as compared to the standard NDVI
(Mutanga and Skidmore 2003). In summary, the key finding was that, at higher canopy density, grass
biomass may be more accurately estimated by vegetation indices based on narrow wavelengths
located in the red edge slope than the standard NDVI involving bands located in the near infrared and
the red absorption trough.

FOLIAR QUALITY ASSESSMENT
There is generally a strong positive correlation between leaf nitrogen concentration and
photosynthesis (as long as other factors such as water availability or light are not limiting) (Field and
Mooney 1986). Of the nitrogen found in a leaf, a large fraction (over 50%) is contained in the carbonfixing enzyme ribulose biphosphate carboxylase. It is therefore not surprising that there is a strong
positive correlation between photosynthetic capacity and leaf nitrogen content.
The enhancing effect of increased nitrogen supply on dry matter production as well as protein
(including vitamin B compounds) is well established in the agricultural literature (Marschner 1995).
Using artificial medium, as well as field experiments, insect herbivore growth is positively related to
nitrogen content (Lincoln et al. 1982), while significantly higher abundance of large herbivores
occurs on nutrient enriched sites in southern Africa (East 1984; Owen-Smith and Danckwerts 1997).
Foliar nitrogen concentration has been shown as an important environmental factor (Coe 1983). The
relationships between leaf chlorophyll concentration, leaf nitrogen concentration and nitrate
concentration in petiole sap are strong, and linear (Vos and Bom 1993).
Turning to a resource that large herbivores more typically consume (i.e. native grass in South Africa
Kruger Park), obtaining adequate protein from vegetation is a critical parameter determining success
of an animal. For example, Dublin (1995) demonstrated that the elephant shifts from a grass diet
during the wet season to a woody species diet during the dry season, as the latter maintains a higher
percentage of crude protein (13-17%). In contrast, the crude protein of long grasses declines from
about 11% to 3% over the course of the dry season. (Mutanga and Skidmore 2003) measured the
reflectance of a native grass species Cenchrus ciliaris grown under three nitrogen levels. They
demonstrated that higher canopy nitrogen concentration in African native grass is significantly
correlated with a shift of the red edge to longer wavelengths.
Recently (Mutanga and Skidmore 2004) demonstrated that grass foliar chemistry may be
successfully mapped. In this case, nitrogen was predicted from hyperspectral imagery (HyMap) flown
over a test area in the Kruger National Park. They further showed that a fenced area (Roan Camp),
which had been treated with a burnt and an unburnt area, had a noticeable difference in foliar nitrogen
concentration. The burnt area had a significantly higher foliar nitrogen content.

CONCLUSION
It is demonstrated that techniques are being designed to map both resource quantity and quality.
These techniques will in the future allow change in resource quantity and quality to be estimated,
thereby facilitating improved estimates of total resource availability from season to season. These
environmental features are known to determine the behaviour and survival of herbivore populations,
as well as species richness. Such results may be combined using spatial-temporal models in a GIS to
better understand the resources available to large herbivores, the response of large mammals to these
resources, and to assist in the management of herbivores.
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