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Abstract

We developed a technique to detect wildlife species with remote sensing imagery, in support of nature management. The spatial occurrence of wildlife was recorded in the seasonal swamps of the Okavango Delta during bi-weekly transect sampling. Wildlife showed clear distinctions in habitat use. Overlaying the locations of animals from field observations on a geo-referenced Landsat TM image (January; rainy season) or ETM+ image (September; dry season), we derived average digital values per band from pixels with estimated animal locations. Next, we applied discriminant function analysis, using TM and ETM+ bands as predictor variables to generate seasonal sets of discriminant functions. These functions, based on linear combinations of predictor variables, maximized the distance between species mean vectors. The clearest distinction among species groups was obtained in the wet season when using three TM bands (5, 4 and 3). This set of predictor variables correctly classified pixels corresponding to elephant occurrence in 55% of relevant cases, to impala (72%) and to zebra (74%). However, classifications of other species, like giraffe and lechwe,  were less successful. In the dry season, the clearest difference was obtained between giraffe and lechwe, but not among other species. Here, only one band (ETM 6_1) provided the largest discriminating power. Increased field sampling efforts and better estimation of animal locations in the field will contribute to further improve this approach. We conclude that this technique might work well in predicting the occurrence of several animal species, particularly in areas with contrasting landscape features or habitats. 

INTRODUCTION

Animal species typically use many parts of the landscape for food, shelter and movement. Multi-species animal communities consequently show various degrees of overlap in their use of the landscape in savannas (e.g. Lamprey, 1963; Hirst, 1977), tropical wetlands (e.g. Vesey-Fitzgerald, 1960; Sheppe and Osborne, 1971), temperate climates (e.g. Wydeven and Dahlgren, 1985), and boreal zones (e.g. Cairns and Telfer, 1980). Sympatric habitat use may lead to competition or to resource partitioning at nested levels of landscape elements, plant communities, plant species, or even plant parts. Environmental factors like rainfall and soil nutrient status may help explain biodiversity at continental and regional scales, while resource specialism, resource manipulation, and exclusive use of niches could help explain diversity at regional and local scales. However, these suggestions are still little more than hypotheses and lack field evidence.

Nature conservation and management needs information on the spatial occurrence of animal species, and on the ecological processes which distinguish these species from one another to be able to predict where species of interest are likely to occur. Many studies have linked the occurrence of animal species in marine, aquatic and terrestrial habitats to remotely sensed spectra. This is normally done through an intermediate step, by first creating a habitat or vegetation map, with or without the application of expert knowledge or GIS rules (e.g. Ormsby and Lunetta, 1987; Menges et al., 1998, McShea et al., 2001). The end product is typically a habitat suitability, or an animal occurrence map for a single species. Hepinstall and Sader (1997) first appeared to have directly linked ground data on a multiple species animal group with satellite imagery. Their technique removed the costly and time-consuming step of creating a habitat map before modelling species occurrence.

In this paper, we explore a technique to detect individual wildlife species within a large herbivore community using remote sensing imagery at a local (100 km2) scale, in anticipation of being able to extrapolate our results to a sub-regional scale (10 000 km2). We are particularly interested in assessing whether niche partitioning in a large herbivore community can be made visible - and later predictively modelled - directly using satellite band information, acknowledging that it is impossible to visualise individual animals or even animal groups. The seasonal swamps of the Okavango Delta in Botswana offer a suitable community of ten large herbivore species in a matrix of savanna woodlands, grasslands, and floodplain. We overlay known locations from these animal species from field work in the seasonal swamps on Landsat pixels. Next, we apply a multi-variate statistical technique to segregate the species locations in multi-dimensional space, only based on Landsat band information. We use ecological information about the species to a posteriori explain the results of the multi-variate clustering procedure. We acknowledge contrasting seasons and associated habitat availability and vegetation changes, so we applied our study to both wet (rainy) and dry (flooding) season circumstances. This technique is different from habitat suitability mapping, since it omits the need for supervised habitat classification. If successful, the technique may aid in cost-effective patrolling of large conservation areas. 

METHODS

Animal species

The large species of herbivores included in this study were (1) the grazers:  buffalo (Syncerus caffer), Burchell’s zebra (Equus burchellii), blue wildebeest (Connochaetes taurinus), tsessebe (Damaliscus lunatus) and red lechwe (Kobus leche); (2) the mixed feeders:  elephant (Loxodonta africana), impala (Aepyceros melampus) and baboon (Papio hamadryas; dry season only); and (3) the browsers:  kudu (Tragelaphus strepsiceros) and giraffe (Giraffa camelopardalis). Total large herbivore densities were estimated at 40 km-2 (rainy season; Klop and Van Goethem, 2001) to 75 km-2 (dry season; Slot, 2002) large herbivores. Impala made up over 60% of those densities.  
Field observations

We recorded the spatial occurrence of large herbivore species in the seasonal swamps of the Okavango Delta during bi-weekly transect sampling from November 2000 until August 2001. The transects included (i) grass and sedge covered lower floodplain, (ii) grass covered upper floodplain, (iii) dry grassland, (iv) open woodland, including riparian woodland, with mixed woody species and a well developed herbaceous stratum, and (iv) mopane woodland with a poorly developed herbaceous stratum (Smith, 1989; Bonyongo et al., 2000). The rainy season (avg. 450 mm of rain) extends from October to April, which co-incides with the growing season of the vegetation. The floods inundate the floodplain in the dry season, with a peak in August, which renders the lower floodplain and most of the upper floodplain inaccessible to large herbivores then. The transects were located in the vicinity of the University of Botswana's field camp, and included parts of Chief's Island and Croc's Island. Animal species, herd size, compass bearing, and vegetation type were noted, as well as the UTM co-ordinates of the location from which the observation was made (Garmin 12-XL GPS, ellipsoid Clarke 1880, datum Cape). The distance between the observer and the animal/s was estimated. Distance estimation was practiced by different observers prior to both rainy season (Klop and Van Goethem, 2001) and dry season (Slot, 2002) observations. 

Landsat imagery

The estimated locations of animals from field observations were overlayed on a geo-referenced Landsat TM image (January 1998, 174-74; rainy season; Van Hasselt, 2002) or ETM+ image (September 2000, 174-74; dry season; Breeuwer, 2002). In each case, we included observations of 6 weeks before, and up to 6 weeks after the respective dates of the Landsat imagery. We then derived average digital values per band from pixels with estimated animal locations. This gave two sources of spectral information: within-species and between-species (Figure 1), for each TM band. Although impala pixels show fairly high values in band 5, in contrast to giraffe and lechwe pixel values, there is little apparent variation among species' TM values for any of the bands. 
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Figure 1.  Example of within-species (error bars around TM band mean values per species) and between-species (four TM bands clustered by species) variation in DN values of four landsat TM bands (January 1998) from large herbivores in the Okavango delta, based on 2000/2001 rainy season field locations of large herbivores. Animals included here are zebra (Zeb), impala (Imp), wildebeest (Wild), tsessebe (Tse), elephant (Ele), giraffe (Gir), lechwe (Lech), buffalo (Buf), and kudu (Kud).

Discriminant analysis

A one-way ANOVA was used to determine which TM or ETM+ Landsat bands were best able to distinguish between different animal species. These bands were stepwise introduced as predictor variables into discriminant function analysis (Huberty, 1994), to generate a rainy and a dry season set of discriminant functions, each of which has the form of a multiple regression equation. Linear combinations of the predictor variables generate a set of discriminant functions, also called canonical functions, that maximize the distance between species centroids and thus provide the best discrimination among species. This was visualised in a graphic form, with canonical functions forming orthogonal axes, and species centroids as scattered points in the diagram. We then applied an a posteriori classification of pixels to pseudo species. A posteriori classification of individual pixels - each of which represents a herbivore observation - can be considered as a test of accuracy for the discriminant analysis, since it uses classification functions to determine to which pseudo species each pixel most likely belongs. Classification functions produce classification scores for each case (animal location; pixel) and for each pseudo species. Each case was classified to the pseudo species (like 'zebra', 'impala', or 'wildebeest') for which it had the highest score. The classification scores for each pseudo species were compared to the original observations for that species in a two-way table of original and a posteriori pseudo species scores. 

Dry season analyses were repeated using the same band combinations as in the wet season, to achieve a certain degree of uniformity in the analyses. We also explored the use of prior versus equal probabilities, which relates to weighing the number of observations of each species (prior probabilities) or equalising the weight of all species, regardless of the number of observations (equal probabilities). All statistical analyses were performed in SPSS v. 10.

RESULTS

Field observations showed strong inter-species variability in herbivore vegetation use in the rainy season, when lechwe were only observed on the lower floodplain, while giraffe were only observed elsewhere (Figure 2). Elephant and giraffe were among the few species that frequented on the upper floodplain. Inter-species variability was less pronounced in the dry season. More herbivores made use of the upper floodplain then, and woodland was also more frequented, at the expense of the inundated lower floodplain (Figure 3). 
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Figure 2. Use of vegetation types by large herbivores in the seasonal swamps of the Okavango delta, rainy season 2000/2001. Open woodland and mopane woodland are lumped into one category of woodland here.

Discriminant analysis appeared most successful in statistically segregating species in the rainy season, when using three TM bands (5, 4 and 3).  
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Figure 3. Use of vegetation types by large herbivores in the seasonal swamps of the Okavango delta, dry season 2001. Open woodland and mopane woodland are lumped into one category of woodland here. Baboon was added as a herbivore species, but did not significantly affect the results of the analyses.  

The canonical discriminant function graph of field observations of large herbivore species and their centroids (Figure 4) showed a strong separation between zebra and impala on the first axis. The second axis separated wildebeest and elephant on the one hand from giraffe on the other hand. Surprisingly, lechwe appeared close to giraffe in this graph, although giraffe was observed to mainly frequent woodland, and lechwe lower floodplain (Figure 2). The set of predictor variables correctly classified the majority of pixels corresponding to zebra occurrence in 74% of all cases, to impala (72%), and to elephant (55%). Of all other species, wildebeest pixels were least accurately classified (10%); overall accuracy was 43% (Table 1). 
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Figure 4. Canonical discriminant function graphs of rainy season field observations of large herbivore species and their centroids in the seasonal swamps of the Okavango delta, based on three Landsat TM (1998) bands (5, 4, and 3). The first canonical axis distinguishes mostly between zebra (left) and impala (right). To illustrate this distinction, the zebra and impala clusters are ellipsed in red and green respectively. The second canonical axis distinguishes mostly between wildebeest and elephant (bottom), and lechwe and giraffe (top). 

Table 1.  Classification of Landsat TM (January 1998) pixels of 143 original animal observations (column "Obs.") to pseudo species following discriminant analysis, rainy season 2000/2001. Pixels originally associated with zebra, impala, and elephant sightings were often correctly assigned to the respective pseudo species, but others - notably pixels associated with wildebeest – were mostly  [image: image5.wmf]Function 1
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incorrectly assigned. 

In the dry season, the clearest difference was obtained between giraffe 

and lechwe, but not among other species. Here, only one band (6_1) provided the largest discriminating power. Other band combinations (e.g. 3 and 6_1) added a second canonical axis, but did not significantly improve the discriminating power among the herbivore species (Figure 5). The use of dry season ETM bands 3, 4 and 5, for comparison with the wet season analysis, provided species distribution patterns along the two respective canonical axes that differed from wet season results, but were similar to the patterns obtained with band 6_1. Giraffe and tsessebe were associated with high reflection values in band 3; elephant and buffalo with high band 
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Figure 5. Canonical discriminant function graphs of dry season field observations of large herbivore species and their centroids in the seasonal swamps of the Okavango delta, based on two Landsat ETM+ bands (6_1 and 3). Values in the legend refer to the canonical coefficient of each species in function 1. The first canonical axis distinguishes mostly between lechwe (left; most cases are grey ellipsed) and giraffe (right; most cases are yellow ellipsed). The second, non-significant canonical axis distinguishes mostly between zebra (bottom), and buffalo and kudu (top). 

4  reflection values. Wildebeest and tsessebe were associated with low band 4 reflection values. Impala remained well centered in all analyses. The elimination of lechwe from the data set did not change the canonical species distribution patterns. 

The a posteriori classification step in dry season discriminant analysis was strongly influenced by large differences in numbers of observations (199 observations for impala, versus < 50 for other species). Using prior probabilities, pixels were assigned to only two a posteriori pseudo species: 'impala' and 'lechwe' (Table 2). Most pixels originally associated with impala were often correctly assigned to the 'impala' pseudo species; all other pixels were assigned to either the 'impala' or 'lechwe' pseudo species. This is an artefact based on the large number (199) of impala observations. When equal group sizes were assumed, then very few correct classifications occurred (14%) in a posteriori pseudo species. Using the equal probability option, giraffe and lechwe pixels were often correctly classified, with 71% and 82% of the relevant pixels respectively, but all other species scored very low accuracies, from 0% for zebra, wildebeest and kudu, to 11% for elephant. Overall accuracy improved to 23% (Table 3). Most pixels originally associated with giraffe or lechwe were now correctly assigned to the 'giraffe' or 'lechwe' pseudo species respectively; most pixels originally assiged to impala we now incorrectly assigned to the 'giraffe' pseudo species.

Table 2.  Classification of Landsat ETM+ (September 2000) pixels of 394 original animal observations (column "Obs.") to pseudo species following discriminant analysis with prior probabilities, using band 6_1, dry season 2001. 
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Table 3. Classification of Landsat ETM+ (September 2000) pixels of 394 original animal observations (column "Obs.") to pseudo species following discriminant analysis with equal probabilities, using band 6_1, dry season 2001.
DISCUSSION

The large contrasts in observed rainy season herbivore vegetation use was to a large extent reflected in the canonical separation of species centroids, and also to some extent in the a posteriori classification of pseudo species. Dry season herbivore observations in the field suggested a more generalistic vegetation use among the species, in line with other work (e.g. Hirst, 1977). This was reflected in a poorer canonical separation of species centroids, and in a similarly poorer a posteriori classification of herbivores in pseudo species. Separate data analysis (not shown) suggested that the inclusion of an additional herbivore species in the dry season, baboon, did not influence our results negatively. 

Our results on vegetation use by the herbivores is largely in line with other studies (e.g. Field and Laws, 1970; Sheppe & Osborne, 1971; Hirst 1977). However, two ecologically interesting results in the outcome of the discriminant analysis warrant further attention: the low accuracy in wildebeest pseudo species membership, and the giraffe-lechwe paradox of similar pixel reflections in the wet season. The wildebeest observed on our transects were usually solitary males, which make use of rather small patches of low grass, which are mixed with taller grasslands. These patches also include slightly elevated old termite hills on the upper part of the floodplain. We suggest that the level of resolution of both our fieldwork and the Landsat imagery is not adequate for detecting these species-specific characteristics. The rainy season giraffe-lechwe paradox will be subject to a separate error analysis, in which one outcome is already clear: giraffe and lechwe do occupy very different parts of the landscape, which are not even spatially close (Malinga, in prep.). This suggests that neither field observations nor data analysis were erroneous, but rather characteristics of the vegetation and/or the soil where those animals were observed happen to provide similar reflectance values, even though the landscape elements associated with giraffe (mixed woodland and mopane woodland near grassland wich includes annual grass species) and lechwe occurrence (mainly lower floodplain) are dissimilar. 

The discriminant analysis technique appears sensitive to unequal numbers observations across herbivore species. One clear disadvantage of the technique is that it forces animals to occur in distinct and separate pseudo species, while animals do overlap their respective habitats in the field. Hence, misclassifications in pseudo groups are not necessarily ecologically incorrect classifications. 

The multi-variate approach to species - data theme classifications deletes the costly and time-consuming step of creating a habitat map before modelling species occurrence. This is also the case with a probabilistic approach (e.g. Griffiths et al., 1993; Hepinstall and Sader, 1997). The habitat of a large herbivore species is almost always a fuzzy set of vegetation units, making habitat boundaries fuzzy too, in turn making mapping of habitats arbitrary. Besides, the low accuracy of around 50% when  mapping vegetation in a heterogeneous landscape like the Okavango delta (Breeuwer, 2002) even suggests that it is advisable to omit this intermediate step if the aim is to  predict animal species occurrences in the field. 

Hepinstall and Sader (1997) predicted the occurrence or absence of 14 bird species (27%) out of a limited set of 52 rather common species. That set, in turn, formed only a small selection of the 150 species of which distribution data were available. Their study included the use of a Normalised Difference Vegetation Index (NDVI), as well as an NDVI-derived spatial texture variable, in addition to bands 3, 4 and 5. Our succes in correctly classifying the more common large herbivore species, based on pure spectral information from their location of occurrence, is of a comparable magnitude, ranging between 20% (dry season) and 30% (rainy season). We expect this accuracy to further improve with the application of, for instance, NDVI data next to raw band values. 

Griffiths et al., (1993) included GIS rules in their probability of occurrence calculations for two bird species, and they provided an accuracy for British golden plover predictions of 57%, and for curlew of 80%. Our dry season accuracies are comparable for two species (giraffe and lechwe), without having applied GIS rules. Hence, we expect that the inclusion of GIS rules – based on ecological knowledge about the species – may further increase the accuracy of, for instance, giraffe and lechwe during the rainy season . 

We detected a wet-dry gradient in the trend of species distribution for all bands used (3, 4, 5, and 6_1) in our dry season discriminant analyses. The sequence of animals on the first axis was very similar (lechwe < elephant < tsessebe < giraffe), irrespective of the band which contributed most to canonical function 1. Function 2 provided no significant improvement in the discrimination power in any of the cases. Lechwe are significantly associated with the lowest and partly inundated, hence wet parts of the landscape. Wildebeest, elephant and buffalo have a focal distribution on the wetter part of the dry landscape above the floodplain, while tsessebe and giraffe favour the dry parts on the catena. Impala and zebra are ubiquitous. As the delta appears to be undergoing a drying phase (Ringrose et al., this volume), this would imply a habitat reduction for those species preferring wetter environments.

Current studies in our group further analyse the rainy and dry season results, specifically to elucidate the lechwe - giraffe paradox in the rainy season (Malinga, in prep.), and to better relate discriminant analysis to ecological differences among the vegetation units (Van Bommel et al., in prep.). Also, increased field sampling efforts and better estimation of animal locations in the field will contribute to further improve this approach.

Our aim was to explore a technique to indirectly detect the occurrence of individual wildlife species within a large herbivore community with remote sensing imagery at a local (100 km2) scale, in anticipation of being able to extrapolate our results to a sub-regional scale (10 000 km2). We have been able to make partitioning of vegetation use visible for several herbivore species at landscape and vegetation levels, especially during the rainy season, when niche differentiation is known to be large. We propose that such partitioning can be modelled using variables available through remote sensing, and that further improvements should include the use of ecologically relevant variables like NDVI, next to increased field sampling efforts and more accurate estimation of animal locations in the field. We conclude that this technique might work well in predicting the occurrence of species with a moderate or high abundance, except for rare or generalist species, in areas with contrasting landscape features or habitats. When better developed, the technique may aid in support of anti-poaching actions, in support of wildlife-based tourism, and in improving the management of endangered species
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		ku		8						ku		20
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				Obs.:												Predicted pseudo species membership:

								"Zebra"		"Impala"		""Wildeb.""		"Tsess."		"Eleph."		"Giraf."		"Lechwe"		"Buff."		"Kudu"		Total

				Zebra				17		2		1		-		3		-		-		-		-		23

				Impal				1		21		1		-		6		-		-		-		-		29

				Wilde				7		4		2		-		8		-		-		-		-		21

				Tsesse				2		5		-		0		2		-		-		-		-		9

				Eleph				4		9		-		-		16		-		-		-		-		29

				Giraffe				3		2		-		-		-		0		2		-		-		7

				Lechw				2		1		-		-		2		-		3		-		-		8

				Buffa				3		1		1		-		3		-		1		0		-		9

				Kudu				1		6		-		-		1		-		-		-		0		8

																										143
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				wet season:								dry season:

		ze		23						ze		18

		im		29						im		199

		wi		21						wi		21

		ts		9						ts		13

		el		29						el		18

		gi		7						gi		41

		le		8						le		39

		bu		9						bu		10

		ku		8						ku		20

										ba		15

				143								394

		wet:		Obs.:												Predicted "species group" membership:

								"Zebra"		"Impala"		""Wildeb.""		"Tsess."		"Eleph."		"Giraf."		"Lechwe"		"Buff."		"Kudu"		Total

				Zebra				17		2		1		-		3		-		-		-		-		23

				Impal				1		21		1		-		6		-		-		-		-		29

				Wilde				7		4		2		-		8		-		-		-		-		21						0.962962963

				Tsesse				2		5		-		0		2		-		-		-		-		9						0.724137931

				Eleph				4		9		-		-		16		-		-		-		-		29						0.5517241379

				Giraffe				3		2		-		-		-		0		2		-		-		7						0.0952380952

				Lechw				2		1		-		-		2		-		3		-		-		8

				Buffa				3		1		1		-		3		-		1		0		-		9

				Kudu				1		6		-		-		1		-		-		-		0		8

				Baboo

																										143

		dry:		Obs.:												Predicted pseudo species membership:

								"Zebra"		"Impala"		""Wildeb.""		"Tsess."		"Eleph."		"Giraf."		"Lechwe"		"Buff."		"Kudu"		"Bab"		Total

				Zebra				0		17		-		-		-		-		1		-		-		-		18

				Impal				-		188		-		-		-		-		11		-		-		-		199

				Wilde				-		18		0		-		-		-		3		-		-		-		21

				Tsesse				-		13		-		0		-		-		0		-		-		-		13

				Eleph				-		16		-		-		0		-		2		-		-		-		18

				Giraffe				-		40		-		-		-		0		1		-		-		-		41

				Lechw				-		28		-		-		-		-		11		-		-		-		39

				Buffa				-		10		-		-		-		-		0		0		-		-		10

				Kudu				-		20		-		-		-		-		0		-		0		-		20

				Baboo				-		15		-		-		-		-		0		-		-		0		15

																												394

								Classification Results

								all animals, prior prob group size												band 3, 4 en 5

												Predicted Group Membership

										Animal		'zebra'		'impala'		' wildebeest'		'tsessebe'		'elephant'		'giraffe'		'lechwe'		'buffalo'		'kudu'		'baboon'		Total

								Original		zebra		0		17		0		0		0		0		1		0		0		0		18

										impala		0		188		0		0		0		0		11		0		0		0		199

								Count		wildebeest		0		18		0		0		0		0		3		0		0		0		21

										tssesebe		0		13		0		0		0		0		0		0		0		0		13

										elephant		0		16		0		0		0		0		2		0		0		0		18

										giraffe		0		40		0		0		0		0		1		0		0		0		41

										lechwe		0		28		0		0		0		0		11		0		0		0		39

										buffalo		0		10		0		0		0		0		0		0		0		0		10

										kudu		0		20		0		0		0		0		0		0		0		0		20

										baboon		0		15		0		0		0		0		0		0		0		0		15

								%		zebra		0		94.4		0		0		0		0		5.6		0		0		0		100

										impala		0		94.5		0		0		0		0		5.5		0		0		0		100

										wildebeest		0		85.7		0		0		0		0		14.3		0		0		0		100

										tssesebe		0		100		0		0		0		0		0		0		0		0		100

										elephant		0		88.9		0		0		0		0		11.1		0		0		0		100

										giraffe		0		97.6		0		0		0		0		2.4		0		0		0		100

										lechwe		0		71.8		0		0		0		0		28.2		0		0		0		100

										buffalo		0		100		0		0		0		0		0		0		0		0		100

										kudu		0		100		0		0		0		0		0		0		0		0		100

										baboon		0		100		0		0		0		0		0		0		0		0		100

								50,5% of original grouped cases correctly classified.
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Sheet1

		

				wet season:								dry season:

		ze		23						ze		18

		im		29						im		199

		wi		21						wi		21

		ts		9						ts		13

		el		29						el		18

		gi		7						gi		41

		le		8						le		39

		bu		9						bu		10

		ku		8						ku		20

										ba		15

				143								394

		wet:		Obs.:												Predicted "species group" membership:

								"Zebra"		"Impala"		""Wildeb.""		"Tsess."		"Eleph."		"Giraf."		"Lechwe"		"Buff."		"Kudu"		Total

				Zebra				17		2		1		-		3		-		-		-		-		23

				Impal				1		21		1		-		6		-		-		-		-		29

				Wilde				7		4		2		-		8		-		-		-		-		21						0.962962963

				Tsesse				2		5		-		0		2		-		-		-		-		9						0.724137931

				Eleph				4		9		-		-		16		-		-		-		-		29						0.5517241379

				Giraffe				3		2		-		-		-		0		2		-		-		7						0.0952380952

				Lechw				2		1		-		-		2		-		3		-		-		8

				Buffa				3		1		1		-		3		-		1		0		-		9

				Kudu				1		6		-		-		1		-		-		-		0		8

				Baboo

																										143

		dry:		Obs.:												Predicted pseudo species membership:

								"Zebra"		"Impala"		""Wildeb.""		"Tsess."		"Eleph."		"Giraf."		"Lechwe"		"Buff."		"Kudu"		"Bab"		Total

				Zebra				0		2		-		3		-		10		2		-		-		1		18

				Impal				-		3		-		9		5		112		41		22		-		7		199

				Wilde				-		-		0		-		-		11		9		1		-		-		21

				Tsesse				-		-		-		1		-		9		2		1		-		-		13

				Eleph				-		1		-		1		2		5		5		3		-		1		18

				Giraffe				-		1		-		7		-		29		3		1		-		-		41

				Lechw				-		1		-		-		1		3		32		2		-		-		39

				Buffa				-		-		-		1		-		4		4		1		-		-		10

				Kudu				-		-		-		2		1		10		4		3		0		-		20

				Baboo				-		-		-		-		1		7		5		1		-		1		15

																												394

								Classification Results

								all animals, prior prob group size												band 3, 4 en 5

												Predicted Group Membership

										Animal		'zebra'		'impala'		' wildebeest'		'tsessebe'		'elephant'		'giraffe'		'lechwe'		'buffalo'		'kudu'		'baboon'		Total

								Original		zebra		0		17		0		0		0		0		1		0		0		0		18

										impala		0		188		0		0		0		0		11		0		0		0		199

								Count		wildebeest		0		18		0		0		0		0		3		0		0		0		21

										tssesebe		0		13		0		0		0		0		0		0		0		0		13

										elephant		0		16		0		0		0		0		2		0		0		0		18

										giraffe		0		40		0		0		0		0		1		0		0		0		41

										lechwe		0		28		0		0		0		0		11		0		0		0		39

										buffalo		0		10		0		0		0		0		0		0		0		0		10

										kudu		0		20		0		0		0		0		0		0		0		0		20

										baboon		0		15		0		0		0		0		0		0		0		0		15

								%		zebra		0		94.4		0		0		0		0		5.6		0		0		0		100

										impala		0		94.5		0		0		0		0		5.5		0		0		0		100

										wildebeest		0		85.7		0		0		0		0		14.3		0		0		0		100

										tssesebe		0		100		0		0		0		0		0		0		0		0		100

										elephant		0		88.9		0		0		0		0		11.1		0		0		0		100

										giraffe		0		97.6		0		0		0		0		2.4		0		0		0		100

										lechwe		0		71.8		0		0		0		0		28.2		0		0		0		100

										buffalo		0		100		0		0		0		0		0		0		0		0		100

										kudu		0		100		0		0		0		0		0		0		0		0		100

										baboon		0		100		0		0		0		0		0		0		0		0		100

								50,5% of original grouped cases correctly classified.
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				Lower floodplain		Upper floodplain		Woodland		Grassland				sum

		Zebra		0		3		13		2		18		36

		Impala		7		22		129		41		199		398

		Wildebeest		1		7		11		2		21		42

		Tsessebe		1		2		4		6		13		26

		Elephant		3		1		11		3		18		36

		Giraffe		2		0		34		5		41		82

		Lechwe		16		21		0		2		39		78

		Buffalo		0		2		3		5		10		20

		Kudu		2		1		16		1		20		40

		Baboon		0		0		12		3		15		30

				Lower floodplain		Upper floodplain		Woodland		Grassland

		Zebra		0		17		72		11		100

		Impala		4		11		65		21		100

		Wildebeest		5		33		52		10		100

		Tsessebe		8		15		31		46		100

		Elephant		17		6		61		17		100

		Giraffe		5		0		83		12		100

		Lechwe		41		54		0		5		100

		Buffalo		0		20		30		50		100

		Kudu		10		5		80		5		100

		Baboon		0		0		80		20		100





Dry season

		



Lower floodplain

Upper floodplain

Woodland

Grassland

Animal species

Number of observations



Sheet2

		



Lower floodplain

Upper floodplain

Woodland

Grassland

Animal species

Vegetation type use (%)



Sheet3

		





		





occurence impala per vegetation type


walked transects


0


20


40


60


80


100


120


impala


number of observations


lower floodplain


upper floodplain


grassland


woodland


mopane




herbivore occurence per vegetation type


walked transects


0


5


10


15


20


25


zebra


wildebeest


tsessebe


elephant


giraffe


lechwe


buffalo


kudu


baboon


species


number of observations


lower floodplain


upper floodplain


grassland


woodland


mopane




0


5


10


15


20


25


Zebra


Impala


Wildebeest


Tsessebe


Elephant


Giraffe


Lechwe


Buffalo


Kudu


Animal species


Number of observations


Lower floodplain


Upper floodplain


Woodland


Grassland




MBD0001C5D5.xls

Chart1


			Zebra			Zebra			Zebra			Zebra


			Impala			Impala			Impala			Impala


			Wildebeest			Wildebeest			Wildebeest			Wildebeest


			Tsessebe			Tsessebe			Tsessebe			Tsessebe


			Elephant			Elephant			Elephant			Elephant


			Giraffe			Giraffe			Giraffe			Giraffe


			Lechwe			Lechwe			Lechwe			Lechwe


			Buffalo			Buffalo			Buffalo			Buffalo


			Kudu			Kudu			Kudu			Kudu





Lower floodplain


Upper floodplain


Woodland


Grassland


Animal species


Number of observations


0


1


8


14


3


0


22


4


5


1


8


7


3


0


6


0


3


4


20


2


0


2


4


1


8


0


0


1


4


0


2


3


0


0


5


3





Wet season


			


						Lower floodplain			Upper floodplain			Woodland			Grassland


			Zebra			0			1			8			14			23


			Impala			3			0			22			4			29


			Wildebeest			5			1			8			7			21


			Tsessebe			3			0			6			0			9


			Elephant			3			4			20			2			29


			Giraffe			0			2			4			1			7


			Lechwe			8			0			0			1			9


			Buffalo			4			0			2			3			9


			Kudu			0			0			5			3			8


						Lower floodplain			Upper floodplain			Woodland			Grassland


			Zebra			0			4			35			61			100


			Impala			10			0			76			14			100


			Wildebeest			24			5			38			33			100


			Tsessebe			33			0			67			0			100


			Elephant			10			14			69			7			100


			Giraffe			0			29			57			14			100


			Lechwe			89			0			0			11			100


			Buffalo			44			0			22			33			100


			Kudu			0			0			63			38			100








Wet season


			





Lower floodplain


Upper floodplain


Woodland


Grassland


Animal species


Number of observations





Sheet2


			





Lower floodplain


Upper floodplain


Woodland


Grassland


Animal species


Vegetation type use (%)





Sheet3


			








			








Number of observations

Imp Wild Tse Ele Gir

Animal species

I ldd ebhtlolh

Lech Buff Kud

O sporobulus

W water

O river and reeds
M lower floodplain
W upperfloodplain
B woodland

O grassland












_1105447929.bin

_1105440810.xls
Chart5

		Zebra		Zebra		Zebra		Zebra

		Impala		Impala		Impala		Impala

		Wildebeest		Wildebeest		Wildebeest		Wildebeest

		Tsessebe		Tsessebe		Tsessebe		Tsessebe

		Elephant		Elephant		Elephant		Elephant

		Giraffe		Giraffe		Giraffe		Giraffe

		Lechwe		Lechwe		Lechwe		Lechwe

		Buffalo		Buffalo		Buffalo		Buffalo

		Kudu		Kudu		Kudu		Kudu



Lower floodplain

Upper floodplain

Woodland

Grassland

Animal species

Vegetation type use (%)

0

4.347826087

34.7826086957

60.8695652174

10.3448275862

0

75.8620689655

13.7931034483

23.8095238095

4.7619047619

38.0952380952

33.3333333333

33.3333333333

0

66.6666666667

0

10.3448275862

13.7931034483

68.9655172414

6.8965517241

0

28.5714285714

57.1428571429

14.2857142857

88.8888888889

0

0

11.1111111111

44.4444444444

0

22.2222222222

33.3333333333

0

0

62.5

37.5



Chart1

		Zebra		Zebra		Zebra		Zebra

		Impala		Impala		Impala		Impala

		Wildebeest		Wildebeest		Wildebeest		Wildebeest

		Tsessebe		Tsessebe		Tsessebe		Tsessebe

		Elephant		Elephant		Elephant		Elephant

		Giraffe		Giraffe		Giraffe		Giraffe

		Lechwe		Lechwe		Lechwe		Lechwe

		Buffalo		Buffalo		Buffalo		Buffalo

		Kudu		Kudu		Kudu		Kudu



Lower floodplain

Upper floodplain

Woodland

Grassland

Animal species

Number of observations

0

1

8

14

3

0

22

4

5

1

8

7

3

0

6

0

3

4

20

2

0

2

4

1

8

0

0

1

4

0

2

3

0

0

5

3



Wet season

		

				Lower floodplain		Upper floodplain		Woodland		Grassland

		Zebra		0		1		8		14		23

		Impala		3		0		22		4		29

		Wildebeest		5		1		8		7		21

		Tsessebe		3		0		6		0		9

		Elephant		3		4		20		2		29

		Giraffe		0		2		4		1		7

		Lechwe		8		0		0		1		9

		Buffalo		4		0		2		3		9

		Kudu		0		0		5		3		8

				Lower floodplain		Upper floodplain		Woodland		Grassland

		Zebra		0		4		35		61		100

		Impala		10		0		76		14		100

		Wildebeest		24		5		38		33		100

		Tsessebe		33		0		67		0		100

		Elephant		10		14		69		7		100

		Giraffe		0		29		57		14		100

		Lechwe		89		0		0		11		100

		Buffalo		44		0		22		33		100

		Kudu		0		0		63		38		100





Wet season

		



Lower floodplain

Upper floodplain

Woodland

Grassland

Animal species

Number of observations



Sheet2

		



Lower floodplain

Upper floodplain

Woodland

Grassland

Animal species

Vegetation type use (%)



Sheet3

		





		





Number of observations

Imp Wild Tse Ele Gir

Animal species

I ldd ebhtlolh

Lech Buff Kud

O sporobulus

W water

O river and reeds
M lower floodplain
W upperfloodplain
B woodland

O grassland








_1099206385.doc
[image: image1.wmf]ANIMAL


11


10


9


7


6


5


4


3


1


Mean TM value + stdv


180


160


140


120


100


80


60


40


20


BAND


stdv


TM2


stdv


TM3


stdv


TM4


stdv


TM5





