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Abstract  
 
Dry-season counts of diurnal raptors were performed in the wet season in the agricultural region in 

northern Cameroon along several road transects (total = 900 km), while assessing general land cover 

characteristics and land cover characteristics of the raptor habitats. 9 common diurnal residential 

raptor species (Milvus migrans, Elanus caeruleus, Melierax metabates, Falco alopex, Butastur 

rufipennis, Necrosyrtes monachus, Buteo auguralis, Gyps rueppellii, Aquila wahlbergi) have been 

analyzed for their land cover preference at microhabitat scale regarding several land cover 

characteristics: agriculture, woodland, village, herbaceous layer, trees and shrubs/bushes.  

Overall all raptors, except Necrosyrtes monachus and Milvus migrans, showed, on a microhabitat scale 

level, a significant preference for a high percentage of natural woodland. Conservation of the 

woodland areas within the agricultural region is thus important for preservation of many raptors: only 

the scavenging raptors living of dead animals and refuse dumps significantly prefer villages above 

woodland and agricultural fields. Human presence may not be a problem for several raptors, but their 

activities might.  

For cover with agriculture and trees, there is a wide variety in preference, varying from a low level 

(resp. 0-20% and 0-30 trees/hectare) to a high level (80-100% and >120 trees/hectare). On a 

microhabitat level, many of the investigated raptors seem to prefer a small cover of herbaceous layer 

above a larger cover, indicating that on a small scale, grazing can be possibly be positive for raptors, 

when bare soil is surrounded by areas with more grass. Regarding bush/shrub density, there was little 

variation in the area (88% having a cover of 0-20%), where only Necrosyrtes monachus and Buteo 

auguralis showed a significant preference for respectively a low to high cover. Maintaining a diverse 

landscape with a wide diversity in land cover characteristics is thus expected to be crucial for 

conservation of raptors.  

Through field experiments, I investigated the effect of very local land cover characteristics on the 

presence of prey animals for raptors, during the dry season. Literature shows that a wide variety of 

food types are eaten by different raptors. Analysis in 4 different land use types revealed that in each 

land use type, grasshoppers had a statistically significant positive correlation with the grass cover. In 

natural woodland, average grasshopper numbers found were significantly higher than in villages and 

cotton plantations. Differences are expected to be larger in the growth season (wet season): in the dry 

season no significant differences were found between the intensive (cotton) plantations and the 

extensive (sorghum plantations), regarding grasshopper densities. For other types of prey animals, no 

significant relations have been found regarding land cover characteristics. Only in general, 

significantly more lizards were present in villages compared to the other three land use types.  

 
Résumé 
Les comptages en saison sèche des rapaces diurnes ont été effectué en saison des pluies dans le nord 

de la région agricole du Cameroun le long de plusieurs tronçons de route (un total de 900km) tout en 

évaluant les caractéristiques générales de couvertures du sol ainsi que celles des habitats des rapaces. 

Neuf espèces communes de rapaces diurnes résidente (Milvus migrans, Elanus caeruleus, Melierax 

metabates, Falco alopex, Butastur rufipennis, Necrosyrtes monachus, Buteo auguralis, Gyps 

rueppellii, Aquila wahlbergi) ont été analysé quant à leurs préférence de couverture du sol au niveau 

du micro-habitat en utilisant plusieurs caractéristiques: agriculture, régions boisées, strate herbacée et 

buissons/arbustes. 

Tout les rapaces, sauf Necrosyrtes monachus et Milvus migrans, on démontrés au du micro-habitat une 

préférence significative pour un haut pourcentage de région boisées naturelles. La conservation des 

régions boisées situé à l'intérieure de la région agricole est donc importante pour la préservation de 

plusieurs rapaces: seul les rapaces charognards se nourrissant d'animaux mort et de détritus préfèrent 

significativement les villages au détriment des régions boisées et des champs agricoles. Pour plusieurs 

rapaces la présence humaine n'est probablement pas un problème, mais leurs actions pourraient l'être. 

Pour la couverture avec agriculture et arbres, il y a une grande variété en ce qui à trait à la préférence, 

variant d'un niveau bas (resp. 0-20% et 0-30 arbres/hectare) jusqu'à un niveau élevé (80-100% et >120 
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arbres/hectare). Au niveau du micro-habitat plusieurs des rapaces étudiés semblent préférer une 

couverture herbacée de petite taille aux couvertures plus grandes, indiquant qu'à petite échelle, le 

pâturage pourrait être positif pour les rapaces lorsque qu'un sol dénudé est entouré d'endroit avec plus 

d'herbes. En ce qui a trait à la densité d'arbustes et de buissons, il y avait peu de variations dans la zone 

étudiée (88% ayant une couverture de 0-20%) où seulement Necrosyrtes monachus and Buteo 

auguralis avaient une préférence significative respectivement pour une couverture basse et haute. On 

peut donc s'attendre à ce que maintenir un paysage diversifié avec une grande variété de 

caractéristiques de couverture de sol soit crucial pour la conservation des rapaces.  

À l'aide d'expériences sur le terrain, j'ai étudié l'effet de caractéristiques de couverture de sol localisées 

quant à la présence de proies pour les rapaces durant la saison sèche. La littérature montre qu'une 

grande variété de type de nourriture sont mangé par les différent rapaces. Des analyses dans quatre 

différent type d'utilisation de sol on démontrées que dans chacun des cas les sauterelles avait une 

corrélation positive statistiquement significative par rapport à la couverture herbacée. Dans les régions 

boisées naturelles le nombre moyen de sauterelles était plus élévé quant dans les villages et les 

plantations de coton. On s'attend à ce que les différences soit plus grandes pendant la saison des pluies, 

lors de la saison sèche aucune différences significatives ont été trouvées entre les plantations intensive 

de coton et les plantations extensives quant à la densité de sauterelles. Pour les autres type de proies, 

aucune relations significative n'a été trouvée quant aux caractéristiques de couverture de sol. 

Cependant, en général plus de lézard sont présent dans les villages que dans les autre types de paysage. 
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Chapter 1 Introduction 

 

1.1 Background 

Many national parks throughout the tropics have failed to reverse the rapid decline in biological 

diversity, with at the root of this decline the ineffective state of protection against encroachment of 

biological diversity (Mayaka, 2002; Nepal & Weber 1995; Neumann, 1992). Raptor populations have 

been recognized as a good indicator species in savannah landscapes, revealing land use changes and 

other perturbations in natural ecosystems (Martin, 1987, Newton, 1979; Rondeau & Thiollay, 2004) 

since they are vulnerable to human disturbance, persecution and contamination and the species 

diversity covers a wide range of savanna ecosystems. Raptors are usually conspicuous, at the top of 

food chains and sensitive to contaminants and disturbance (Newton, 1979), thus often have specific 

high ecological requirements with little human influence. Research done by Sergio et al. (2005;2006) 

indicates that conservation focusing on top predators can be ecologically justified since it helps 

maintaining a broader biodiversity. Their research showed that sites occupied by (largely different) 

raptor species are consistently associated with high biodiversity. “The biodiversity at these sites”, 

occupied by these predators, “is more extensive than it is at sites selected at random, or at sites 

occupied by species from lower down the trophic pyramid (insectivorous or herbivorous species, for 

example)” (Sergio et al., 2005). This assumption can however not be made for all types of habitat (e.g. 

areas with high tree densities as rainforests), since it is important that the birds are wide ranging and 

operate habitat choices at the landscape scale (Sergio et al.,2004).  

 

Previous studies of seasonal raptor abundance and diversity (Thiollay, 1976; 2001; 2006; 2007) in 

Central West Africa have shown that a large proportion of West African raptor species migrate along 

different longitudinal gradients according to rainfall patterns. The West African raptor community is 

augmented by Palearctic species during the northern winter. A large proportion of resident and 

migratory raptor species of the West African savanna zone have significantly decreased in numbers 

during the last two decades: 12 raptor species occurring in the region are now listed on the 2008 IUCN 

Red List (IUCN, 2008). Thiollay (2007) mentions woodcutting, overgrazing and agricultural 

intensification as likely reasons for the decrease of raptors in the Sudan-Sahel zone of West Africa, 

since these factors reduce food availability and the availability of suitable nested sites, which are the 

most important determinants of habitat quality for breeding raptors (Newton, 1979). As human 

activities have widely different environmental consequences which can be additive, difficult to 

disentangle and often are at landscape scale (Thiollay, 2006), it is difficult to accurately determine 

which factors underlie the current decline in raptor species and abundance.  

 

Analyses of the degree to which land use changes affect resident and migratory raptors is, however, a 

prerequisite for an understanding of the causes for raptor decline. In other ecological zones, raptor 

abundance and diversity is proven to be a direct reflection of the state of the environment with its 

biodiversity (Nijman, 2001). In Savannah Woodlands, the large bird community has been used as an 

indicator for habitat and wildlife conservation (Thiollay, 2007), although the exact relation between 

environmental deterioration and raptor abundance is not yet known.  

To predict what measures are necessary for raptor conservation, a better understanding of the relation 

between land cover characteristics and raptor abundance and diversity is crucial. Residential and 

migratory raptors are possibly in need of very different landscapes, but since for this research only 

data of the wet season (without migratory birds) is available, the focus of this research lies at the 

residential birds. Investigations by Thiollay (2007) showed that for several raptor species, certain 

specific habitats (e.g. open grasslands in floodplains and gallery forests) appear to be crucial. By 

gathering knowledge regarding vital environmental parameters on a micro scale, for raptors in the dry 

savannah areas, it is possible to determine which areas need to be protected to maintain a high 

biodiversity and thus good ecological health of the area. More knowledge about the importance of 

these areas could also help in emphasizing the conservation of these habitat types.  
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Recent observations in northern Cameroon suggest that the response of raptors to land use changes is 

more complex than illustrated by short-term surveys. Information of population declines has usually 

been obtained by comparing past and present distributions (Brown, 1991). Until now, only large-scale, 

long term road-counts have been performed in northern Cameroon by Thiollay. Between 1973 and 

2000 he performed road counts (Thiollay, 2001), indicating a large decline of raptors in this area, 

where habitat modification probably due to the rapidly increasing human pressure explained most 

changes. In his research, only large habitat differences have been taken into account, e.g. the 

differences between protected and unprotected areas, and not the specific differences within each of 

these land use types. For the different land use types Thiollay (2001) made generalizations regarding 

natural habitat type, thus not fully explaining why raptors are only in specific places within these 

habitats. The exact micro scale determinants of raptor abundance and diversity have therefore never 

been investigated in West-Africa, while this is necessary to identify more effective conservation 

measures for the rapidly decreasing raptor populations in the Sudano-Sahelian region. Not only is this 

necessary regarding the gathering of knowledge on raptor response to land use associated change, but 

this is also important for the conservation of a vulnerable group of birds, and other vulnerable species. 

 

How raptors react to local changes is therefore not fully known. Each raptor species has its own 

preference in habitat type (Thiollay, 2007), due to e.g. diet differences and nesting availability, making 

it important to gather information about several raptor species with different preferences.  

This research gives the unique possibility to study the resident raptors in Cameroon. The status of 

raptors in Europe is relatively well known as a result of fairly extensive and detailed grid surveys and 

monitoring programs, however, there is little known about their status in Africa (Tucker, 1995). This 

study (taking only the wet season into account, thus only the residential birds as migratory birds are 

not present at that time) is part of a larger study covering several seasons and years, which will, for the 

first time, give a year round overview of raptor response to land use change in West Africa. These 

insights are crucial for identifying more effective conservation measures of rapidly decreasing raptor 

populations in the Sudano-Sahelian region. 

The overall aim of this research is therefore to investigate the exact impact of land use on a micro 

scale on the abundance of a selection of abundant residential raptor species within one habitat type, 

linking the abundance of raptors to characteristics of the land as e.g. density of the herbaceous layer, 

tree density and prey.  

 

1.2 Research questions 
 

1. What is the habitat preference of common residential diurnal raptors, and the exact role of 

different land cover characteristics on a micro scale? 

a) What are the land cover characteristics of the habitats of the common residential raptor 

species?  

b) What is the preference in land cover characteristics of the common residential raptors, 

comparing raptor habitats with the available habitat. 

c) What factors explain the differences in the presence of species of prey in several different 

common land use types? 

 

1.3 Hypotheses 

 
It is expected that the results of this research will show a large difference in preference of raptors, 

where most raptors (except scavengers) will be present in areas with a high percentage of natural 

woodland with a high herbaceous cover (little grazing). Less raptors are expected in villages or 

agricultural areas, since increasing human pressure explained most changes on the larger scale, in the 

research of Thiollay (2001). On a smaller scale, as in this research, similar trends are expected, 

indicating that not only large scale changes are of importance on the raptor populations, but also the 

smaller scale changes. 
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With changing habitats and increasing cultivation, and residential raptors being dependent on a stable 

supply of food (Thiollay, 1977), I expect relatively uncommon areas with high percentages of natural 

woodland, high tree densities and a dense herbaceous layer to be very important to many raptor 

species, indicating the importance of preservation of these areas.  

Raptor presence is expected to be strongly linked to presence of prey, where I expect the more natural 

habitat types to have the largest numbers of locusts, birds and lizards.  

 

1.4 Structure of the report 
First, a general description of the study area is given in paragraph 2.1. My approach includes a 

separate method for each of the three sub questions, where paragraph 2.2 gives an explanation of each 

of the methods used for investigating the three sub questions.  

Paragraph 2.3 gives information about the statistical methods used for the data-analysis to answer each 

of the questions. 

Results are displayed in chapter 4 in the same order as the sub research questions, starting with 1a, 

then 1b and ending with research question 1c. The report ends with a discussion and conclusion:  

paragraph 5.1 (discussion) discusses the outcome of this research in comparison to expectations and 

previous studies, and paragraph 5.2 gives a conclusion with a short summary of the results. 

Chapter 2 Methods 
 

2.1 Study area 

Fieldwork was carried out in Cameroon (West Africa) from October-January 2008. The area surveyed 

covered the North- and Extreme North provinces of Cameroon (see Figure 1), where 900 kilometer of 

transects have been driven in the Sudan Savannah. 

The study area extends across Garoua and 15 km North of Mora, between 9°28‟N - 11°04‟N and 

13°40‟E - 15°24‟E, where the climate is characterized by a six months long rainy season, from May 

until October, receiving 800 to 900 mm of rain per year (Holtzman, 1988; Latimer Clarke Corporation 

Pty Ltd, 2000). Mean annual temperature reaches 28°C, where temperatures can rise to over 40 

degrees Celsius in March-May and the lowest temperatures of approximately 15 degrees Celcius 

during the nights in January.  
 

The study area lies in the cultivated parts of the Sudanian savannah zone. The main vegetation zones 

in the North and Extreme North province of Cameroon include the Mandara mountains along Nigeria 

(highest peak = 1442 m), the Benoue river plains in the south, the Logone river inundation zone along 

the Chad border near lake Maga and the Sahel in the central northern region (Louette, 1981; Letouzey 

1968, Thiollay, 2001). This area focuses only on the agricultural area, including the Mandara 

mountain area and the northern lowland region (>9° latitude, see Figure 1), where the original 

vegetation was dry/savanna-woodland, dominated by broadleaf trees (Thiollay, 2001; Appendix I). 

Table 1 shows the exact distances of each of the road transects driven. 
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Figure 1. Map of the North and Extreme North province of Cameroon, where the black Lines indicate the road-transects 

driven.  

The Sahel in the northern lowland region extends from Lake Chad to the edge of the Adamawa 

plateau. The Mandara Mountain region lies in the Extreme North province of Cameroon, and is one of 

the more agriculturally, environmentally and ethically diverse regions of West Africa (Campbell, 

1981). The region covers a wide variety of agriculture, where many people still grow crops using 

traditional methods, while cash crops (especially cotton) are also grown. Since there is this wide range 

in farming in the Mandara Mountains region, from near-subsistence farming to highly incorporated 

farming (Zuiderwijk, 1998), this area is a good area to explore the effect of differences in land use on 

the raptor populations. 

 
Table 1. Overview of the specific road transects driven with their total length in 

kilometers, where transects start at the first city/village mentioned, driven over the 

connecting roads in the direction of the second city/village.  

Habitat Transect Km 

Sudan Agriculture (515 

km) 

>9° 

Maroua-Mora 60 

Waza-Mora (last 15 km) 15 

Pete-Kosa 25 

Maroua-Maga 38 

Maroua-Lara 52 

Yagoua-Moutourwa 142 

Maroua-Figuil 110 

Garoua-Figuil 91 

Mandara Agriculture 

(385 km) 

Mora-Meri 46 

Zamay-Guider 86 

Mokolo-Rhumsiki-Guider 253 
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The region investigated for this research is thus the Mandara Mountain/Northern Lowland region, 

lying in the North and Extreme North province in Cameroon. Since birds of prey are expected to have 

different preferences regarding land use according to the region they are staying, the 

Mandara/Northern lowland region was chosen as it is relatively homogenous with a comparable soil 

type (Aubert & Tavernier, 1972) and vegetation composition.  

In this Mandara Mountain/northern lowland region, areas with large different characteristics, e.g. 

protected areas (the Waza National Park; the Benoue National Park), lake Maga with it‟s floodplains 

and savannahs lying on a lower latitude than 9° latitude (the dry climatic zone extends between about 

9° and 15° latitude; Hepburn & Radloff, 1998) are not used in this research since such large variations 

within the area might largely affect the raptor preferences (see Figure 1).  

 

The northern part of Cameroon is quite densely populated, with a high growth rate (in 1993 an annual 

5.1%) has the highest proportion of cultivated lands and a high deforestation rate (Mayaka, 2002; 

Thiollay, 2001). Main crops grown in this area, where cultivation is now a dominant feature, are 

sorghum, millet, cotton, groundnut, cassava and locally maize or onions (using irrigation). The 

original vegetation type consisted of savanna/dry-woodland with a high grass cover, dominated by 

broadleaf trees. Fields are currently dotted with isolated trees (e.g. Adansonia, Bombax, 

Butyrospermum, Khaya, Acacia), which are often pruned for fodder/firewood (Thiollay, 2001). 

Currently natural woodlands are fragmented, reduced and degraded by cattle grazing, fires and wood 

cutting. In and outside the protected areas, hunting pressure has largely reduced wild mammals and 

game birds (Thiollay, 2001).  

 

2.2 Data collection 
 
Raptor counts were performed along the road during October until January, extending this dataset with 

data which was earlier gathered in the dry season of 2008 (May-October). All counts took place along 

transects (see Figure 1) between 8.00 am and 14.00 pm when diurnal raptors are most active.  

 

This research used road transects to identify and count raptors from a slow moving 4x4 vehicle. An 

average speed of 40 km/h was maintained for spotting; however, all sightings were verified with our 

vehicle at a standstill. One or two observers were usually on each side of the car. 

Surveys along roads have historically been used as an index to the relative abundance of wintering 

raptors, but also to determine habitat and perch preferences and estimate total populations of birds of 

prey (Andersen et al., 1985; Burnham et al., 1980). Monitoring of demographic parameters can yield 

clues regarding underlying demographic mechanism that may drive a decline in numbers (Gregory et 

al., 2004).  

 

Paragraph 2.2.1 explains the method used when a raptor was seen; paragraph 2.2.2 explains how land 

cover characteristics have been collected when spotting a raptor and gives an overview of how the 

average land cover was sampled; paragraph 2.2.3 shows what methods were used for prey counts in 

four different habitat types. 

 

§ 2.2.1 Raptor presence and characteristics (Figure 2) 
Along every transect, for each observed bird, the type of bird seen with the naked eye (with a 

maximum of 950m) has been written down on the datasheet as shown in Appendix III. Binoculars 

have been used to aid with species identification (not necessarily to extend the search-range of view). 

Furthermore, the number of raptors, as well as the GPS locations (Garmin GPSMAP 60), habitat 

features (see §2.2.2) and behavior of the bird (sitting/circling/gliding/flighting/hunting) has been 

written down (Appendix III and IV).  

 

Only raptors sitting, circling or hunting have been taken into account, since birds gliding or in active 

flight do not show a preference for the area, since they might fly over it looking for suitable habitat. 

 



17 
 

 
Figure 2. Road-transects have been driven, where for each raptor that was spotted the type of bird together with the land 

cover characteristics of the area 1 hectare vertically projected underneath the raptor have been written down. For an 

indication of the overall habitat type, land cover characteristics were also written down every kilometer, giving average 

numbers of cover/hectare next to the road.  

Duplication of sighting was uncommon since many birds were perching on poles/trees, sitting on the 

ground or circling above a certain area. Any bird suspected to be recounted due to their direction and 

movement were not counted.  

 
§ 2.2.2 Land cover characteristics 
When a raptor is spotted on a certain location (Figure 2), habitat type has been estimated for an area of 

1 hectare vertically projected underneath the raptor. For this, the datasheet of Appendix III has been 

used where several land cover characteristics were written down, as shown in Table 2. Land cover 

characteristics were estimated by sight by mostly one and the same person, where binoculars have 

been used to aid for estimation at distance.  

 

To obtain detailed information about the present habitat types in the transect areas, the vehicle was 

stopped every km (starting at 0 km). These locations have been sampled randomly and independently. 

Left and right of the road half an hectare was analyzed for the same habitat characteristics as after 

spotting a raptor (see Table 2 & Figure 2).  

 
Table 2. Variables used to describe the land cover characteristic of the raptor habitats (1 hectare vertically projected 

underneath every spotted raptor) and the average habitat type (1 hectare, measured every kilometer of each transect). 

Land cover characteristics Description  

Agr (%) Percentage of agricultural area 

Wd (%) Percentage of woodland, where woodland covers everything except 

villages or agricultural areas 

Vil (%) Percentage of village 

Hbs (%) Percentage of herbaceous layer cover, where the herbaceous layer 

consists of grasses, forbs and ferns (non-woody plants without a 

perennial stem) 

H2O (%) Percentage of water 
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LT (nr/hectare) Number of large trees per hectare 

Bush (%) Percentage of area covered bushes  

 
For analyses regarding preference of raptors comparing raptor habitats with available habitats, land 

cover characteristics have been divided into 5 categories (0-20%, 20-40%, etc. ) for all land cover 

characteristics except village, where only 2 categories exist (uninhabited: village=0/ inhabited: 

village>0). The maximum number of trees per hectare found in the area was, for analyses, taken as a 

100% cover, where also 5 categories were made. 

 
§ 2.2.3 Prey counts 
Prey presence has been examined regarding the number of grasshoppers (small (<3 cm)/medium (3-6 

cm)/large (>6 cm)), lizards and birds (pigeon/bee-eater/roller/other small birds; for datasheet, see 

appendix V). Sampling of the prey animals was by visual counts as described below (see Figure 3).  

 

Maroua has been taken as the starting point for the prey counts, where several months (nov - feb) 

during 6 days counts from +/- 7.30-12.00 am have been performed in the direction of Mokolo, Mora 

and Lara. Prey counts were done in sorghum plantations, cotton plantations, woodland and villages, 

where every month 27 measurements were done for each of the four land use types.  

 

The sites for measurements were chosen at random, where e.g. after visiting the first sorghum 

plantation along the transect, the first cotton plantation 500 meters after the sorghum plantation has 

been chosen. The distance between the sorghum and cotton plantations and also between the natural 

woodland and villages always had to be at least 500 meters, to make sure the sites were randomly 

chosen. For the monthly repetition, GPS coordinates of the assessment locations were written down.  

 

 
Figure 3. Prey counts have been done by randomly choosing different habitat types (sorghum and cotton plantations, villages 

and natural woodland areas). Prey counts have been done over an area of 100 meters (2x50 meters) within each land use type, 

where, to make sure areas were chosen at random, the distance between sorghum and cotton fields (and villages and natural 

woodland) is at least 500 meters. 

Prey counts were done by walking in a perpendicular line of 50 meters regarding the road, while 

counting the grasshoppers and lizards, then walk 25 meters parallel to the road without counting, and 

50 meters straight back to the road while counting (see Figure 3).  
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Small and medium sized grasshoppers were counted until 2 meters from the line and large 

grasshoppers and lizards until a distance of 5 meters from the line (since these are more sensitive 

regarding disturbance of the observer). These measurements were followed by observations of the 

land-cover characteristics, as shown in Table 3, and bird counts (birds flying over during 30 seconds). 

 
Table 3. Variables used to describe the land cover characteristic within the four different land use types (sorghum, cotton, 

village and woodland). Percentages and numbers are all within an area of 50 * 25 meters (Figure 3). 

Land cover characteristics Description  

Crop cover (%)* Percentage of agricultural area 

Grass cover (%) Percentage of area covered with grasses 

Bare soil (%) Percentage of bare soil 

Grass height (cm) Average grass height  

Crop height (cm)* average crop height  

Shrub cover (%) Percentage of the area coverd with shrubs 

Tree (nr) Number of trees within the plot  

Harvest (+/-)* Before (+) or after (-) harvest  

Green (+/-)* With (+) or without (-) green leaves 
* only measured in sorghum and cotton plantations 

2.3 Data analysis 

Only the raptor species present in the area of investigation (see §2.1) with a number of birds larger 

than 20 have been taken into account, since a large sample size is necessary for accuracy of the 

statistical analysis. Birds have been size-categorized, where three distinct categories have been made: 

small for falcon/kestrel sized birds, large for greater eagles and vultures and medium for the birds in 

between. Scavengers (vultures) are shown separately since they have different diet requirements. 

Appendix VII gives an overview of the categorized and exact sizes of the different raptor species used 

for the analysis, next to a detailed description of their diets.  

 

For the first research question an overview is given regarding the average land cover characteristics of 

the areas where the different birds were found (sitting/circling or hunting), together with their relative 

standard deviation. Significant differences between raptor species have been analyzed, using a 

Bonferroni ANOVA test (SPSS 12.0). 

 

One of the principal relationships which permits species to coexist is differential resource selection 

(Rosenzweig, 1981). Species are often assumed to select resources that are best able to meet their 

energy requirements. High quality resources are therefore expected to be selected more than low 

quality ones (Manly et al., 1993). Since resources are not generally uniformly available in nature, use 

may change as availability changes. For this reason, used resources have to be compared to available 

resources, to be able to come to valid conclusions regarding resource selection.  

Use is said to be selective when resources are used disproportionately to their availability (Manly et 

al., 1993). Manly et al. (1993) describes the usage of a resource as "that quantity of the resource that is 

utilized by an animal (or population of animals) in a fixed period of time".  

Habitat selection may be among a continuous array of habitat attributes (Manly et al., 1993), such as 

agriculture density, shrub density, tree cover, etc. Many factors contribute to selection of resources 

(Peek, 1986), including population density, habitat patch size, competition with other species, etc. 

Such factors are not covered in this research, where the attention is restricted to measuring the degree 

whether a resource is selected or avoided.  

 

Therefore, to answer the second research question regarding the habitat preference of the residential 

raptors, the resource selection function of Manly et al. (1993) is used, which is a function giving a 

value for a resource unit (e.g. 0-10, 10-20, 20-30 trees), proportional to the probability of that unit 

being used. It is specialized to a single categorical variable (Manly et al, 1993; Osborn, 2005).  
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The selection ratio is Ou/Eu 

where  Ou= observed use of a habitat by a raptor species 

 Eu= expected use of a habitat by a raptor species  

 

The ratio is defined by the equation:  

wi = ui+ / (hi * u++) 

wi = the selection ratio using totals for all raptors of one species during the wet season for habitat type 

i 

ui+ = the count of raptors of one species using type i habitat during the wet season 

hi = the total count of type i habitats during the wet season. 

u++ = the total count of fixes for all raptors of each species in all habitats during the wet season. E.g. 

with 5 categories: sum of the u/h for all 5 categories.  

 

This study compares the proportional habitats preferred by raptors with the relative abundance of these 

habitats in the local environment, providing an indication as to what habitats are preferred/avoided by 

which raptor species, following Manly et al. (1993). In order to make conclusions about a significant 

preference, a chi-square test is done to test for comparing the observed use (Ou) and the expected use 

(Eu). Although the expected use is estimated according to land cover characteristics of plots next to the 

road, which are not completely representative due to e.g. cultivated areas being disproportionally 

represented next to the road, it is still expected to give an indication value of how the habitat in general 

looks like. This method has been used since accurate satellite-data of the area is not available, and 

therefore there is currently no method to give a more accurate detailed description of the research area. 

 

Regarding the third research question, multivariate linear regression has been used to explain prey 

presence with the measured environmental variables. Using ANOVA, significant differences between 

the 4 habitat types has been researched.  

 

A 5% level of significance is chosen for all tests. 
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Chapter 3 Results 
 
The total number of diurnal raptor species found in the area was 34 (Appendix VI). Only raptor 

species counted with a number ≥ 20 individuals were included in this study: Black kite (Milvus 

migrans), Black-shouldered kite (Elanus caeruleus), Dark chanting goshawk (Merlierax metabates), 

Fox kestrel (Falco alopex), Grasshopper buzzard (Butastur rufipennis), Hooded vulture (Necrosyrtes 

monachus), Red-necked buzzard (Buteo auguralis), Rüppell‟s vulture (Gyps rueppellii) and 

Wahlberg‟s eagle (Aquila wahlbergy). These 9 raptor species will from now on be indicated as the 

„common‟ raptor species, by their English name (see Appendix VII for photo‟s and diet of these 

birds).  

3.1 Raptor habitats 

Each of the common species were found in areas with certain land cover characteristics. The mean of 

all values, together with the relative standard deviation (100*sd/mean) are shown in Table 4 to give an 

estimate of the land cover characteristics of the areas where the birds were found. The presence of 

water is not shown in the table since the amounts of water in the area were very low, thus averages are 

all around zero with a large relative standard deviation (max of 761.5).  

 
Table 4. Mean land cover characteristics along the transects where the 9 common raptors were found, with their Relative 

Standard Deviation (±RSD). Habitat is described using % agriculture (Agr), woodland (Woodl), village (Vill), herbacious 

layer (Hbs), number of trees/hectare (Tree) and % bush (Bush).  
Bird Agr  

(%) 

 ±RSD 

Woodl  

(%) 

±RSD 

Vill  

(%) 

±RSD 

Hbs  

(%) 

±RSD 

Tree  

(nr/ha) 

±RSD 

Bush  

(%) 

±RSD 

Small birds 

Black-

shouldered kite 

33 99.1 60 66.8 7 243.3 37 85.0 14 87.3 13 131.8 

Fox kestrel 43 72.4 40 78.3 8 134.0

5 

28 102.9 17 136.5

5 

5 175.0 

Medium birds 

Black kite 43 68.4 40 72.0 16 179.3 25 89.9 38 55.7 4 196.5 

Dark chanting 

goshawk 

32 91.2 58 57.1 9 217.7 40 74.5 16 78.9 13 126.0 

Grasshopper 

buzzard 

38 86.8 65 52.9 3 216.0 30 77.6 27 80.2 11 110.7 

Red-necked 

buzzard 

23 129.3 58 71.9 4 231.5 39 82.6 16 94.1 18 116.4 

Large birds 

Wahlberg‟s 

eagle 

49 81.2 26 144.9 5.6 298.7 29 120.7 58 64.8 13 107.3 

Large birds (scavengers) 

Rüppell‟s 

vulture 

22 121.4 69 51.3 9 162.1 14 140.9 13 133.2 6 155.2 

Hooded vulture 31 82.7 37 78.9 38.2 160.5 31 81.9 30 62.0 4 171.3 

 

Appendix VIII shows the Bonferroni ANOVA test, of which the significant differences are highlighted 

below: 

 

Agriculture 

The vultures are mostly found above areas with low numbers of agriculture, where Rüppell‟s vulture 

shows a significant lower number of agriculture than Black kite, Fox kestrel and Wahlberg‟s eagle. 

Areas where Hooded vulture were found only have a significant lower agriculture cover than Fox 
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kestrel. Black kite has often been seen along roads, searching for road-kills, while agriculture cover is 

often high along the roads for easy access. 

 

Woodland 

Hooded vulture, Black kite and Fox kestrel are found in areas with a small percentage of woodland, 

where the Black kite and Fox kestrel only show significant lower numbers of woodland compared to 

the Red-necked buzzard and Rüppell‟s vulture (Fox kestrel does have a significant higher preference 

compared to the Hooded vulture), and Hooded vulture differs significant with all species (except Red-

necked buzzard and Rüppell‟s vulture). Red-necked buzzard and Rüppell‟s vulture are found in areas 

with a significant high cover of woodland, compared to most of the other species. 

 

Village 

92 percent of the Hooded vulture spotted flew above village, where they flew above areas with a 

significant lower village percentage compared to all other raptor species, except the Black kite. 

 

Herbaceous layer 

Rüppell‟s vultures flew above areas with a lower herbaceous layer than all other species, where it 

showed significant differences with the Black-shouldered kite, Dark chanting goshawk, Hooded 

vulture and the Red-necked buzzard. 

 

Trees 

Wahlberg‟s eagle flew above areas with a significant higher number of trees compared to all the other 

raptor species. The Hooded vulture and Black kite also showed a significant preference for a high 

number of trees compared to all others except the Grasshopper buzzard, only also significantly lower 

than the Wahlberg‟s eagle.  

 

Bush 

Black kite, Hooded vulture and Fox kestrel were found in areas with a low cover of bush, where for all 

three species, cover with bush is significantly lower than for all the other birds except the Rüppell‟s 

vulture. The Red-necked buzzard shows a preference for a high cover of bush, significantly higher 

than the earlier mentioned three, together with the Rüppell‟s vulture. 

 

3.2 Habitat preference 

Differences in utilization do not imply differences in selection or preference because a rare preferred 

habitat may not be utilized as much as an abundant, less preferred, habitat (Manly, 1993). Thus, 

measures of habitat selection have to take into account how much of each kind of habitat is available 

to the birds.  

 

The following table, Table 5, shows, for all 9 common raptors, the calculation of the Manly-selection 

ratio (SR), for each categorized land use characteristic. The numbers in grey give the Manly-selection 

ratio. The Habitat availability (HA), the Observed Use (Ou) and the Expected Use (Eu) give additional 

information: availability of a certain land use characteristic, the number of birds found in an area and 

the number of birds expected to be found, regarding the Habitat Availability. 

  

Table 6 gives additional information about the exact preference: it shows the outcome of Pearson‟s 

Chi-squared test of independence, comparing the Observed Use and the Expected use as shown in 

Table 5, since not all variations in the Manly‟s Selection Ratio indicating selective resource use are 

significant. Table 6 also shows, for the significant preferences, the exact preference of the birds (--/-

/+/-/+/++) regarding the different land-use characteristics (following from the Manly‟s Selection Ratio 

shown in Table 5. 
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 Table 5. Raptor habitat preference, showing the Habitat Availability (HA), Observed Use (Ou), Expected Use (Eu) and the Manly‟s Selection Ratio (SR). HA is the relative part of the area composed of that land 

use characteristic in the study area. Ou gives the number of times a raptor was located in a particular habitat type, Eu the expected number of raptors in an area with certain land cover characteristics (HA*total 

number of each bird species spotted), and the SR gives a number for the total preference of the raptor. Selection ratio: if resource use is nonselective, all SR values are equal and the value is simply the relative 

resource availability: for 5 categories this means all values are approximately 20, for 2 categories values (village) are near 50. This table does not show significance in preference, this is shown in Table 6. 

   Small  Medium  Large Large-vultures 

Land cover 

characteristics 

HA  Black-shoul 

dered kite  

Fox kestrel  Black kite  Dark chanting 

goshawk  

Grasshopper 

buzzard 

Red-necked 

buzzard 

Wahlberg’s 

eagle 

Rüppell’s 

vulture 

Hooded vulture  

   Ou(Eu) SR Ou(Eu) SR Ou(Eu) SR Ou(Eu) SR Ou(Eu) SR Ou(Eu) SR Ou(Eu) SR Ou(Eu) SR Ou(Eu) SR 

Agr 0-20 % 0.42  16 (13) 27 41 (50) 15 12 (18) 13 16 (14) 23 19 (19) 19 16 (10) 38 10 (11) 10 33 (21) 44 181 (152) 20 

Agr 21-40% 0.17  4 (5) 17 8 (20) 7 6 (7) 16 7 (6) 25 6 (8) 15 1 (4) 6 2 (4) 5 3 (8) 10 176 (61) 48 

Agr 41-60% 0.18  3 (6) 13 42 (21) 36 12 (8) 31 4 (6) 13 10 (8) 23 4 (4) 22 2 (5) 5 1 (9) 3 49 (65) 13 

Agr 61-80% 0.16  8 (5) 33 17 (19) 16 11 (7) 28 5 (5) 19 6 (7) 16 0 (4) 0 0 (4) 0 12 (8) 42 44 (58) 11 

Agr 81-100% 0.06  1 (2) 11 10 (7) 26 2 (3) 13 2 (2) 20 4 (3) 28 2 (1) 33 11 (2) 80 0 (3) 0 11 (22) 8 

                     
Vill = 0  0.41  22 (13) 76 66 (48) 65 19 (18) 53 23 (14) 75 35 (18) 83 18 (10) 84 13 (10) 61 29 (20) 68 32 (148) 12 

Vill >0 0.59  10 (19) 24 52 (70) 35 24 (25) 47 11 (20) 25 10 (27) 17 5 (14) 16 12 (15) 39 20 (29) 32 329 (213) 88 

                     
Wd 0-20 % 0.28  6 (9) 14 48 (33) 34 16 (12) 29 4 (10) 9 7 (13) 12 2 (6) 7 12 (7) 45 12 (14) 21 100 (101) 20 

Wd 21-40% 0.17  2 (5) 8 10 (20) 12 0 (7) 0 3 (6) 11 5 (8) 14 1 (4) 6 0 (4) 0 1 (8) 3 30 (61) 10 

Wd 41-60% 0.15  0 (5) 0 5 (18) 7 10 (7) 31 5 (5) 21 1 (7) 3 0 (3) 0 1 (4) 7 2 (7) 6 20 (54) 8 

Wd 61-80% 0.13  2 (4) 10 7 (15) 11 3 (6) 12 3 (4) 14 8 (6) 29 2 (3) 16 0 (3) 0 4 (6) 15 54 (47) 23 

Wd 81-100% 0.26  22 (8) 67 48 (31) 37 14 (11) 28 19 (9) 45 24 (12) 43 18 (6) 71 12 (7) 48 30 (13) 55 157 (94) 40 

                     
Hbs 0-20 % 0.37  16 (12) 30 71 (44) 39 21 (16) 33 12 (13) 17 21 (17) 28 11 (9) 25 17 (9) 32 39 (18) 65 187 (134) 36 

Hbs 21-40% 0.17  2 (5) 7 9 (20) 11 16 (7) 47 6 (6) 19 11 (8) 32 3 (4) 15 1 (4) 4 5 (8) 18 33 (61) 12 

Hbs 41-60% 0.17  4 (5) 14 12 (20) 14 2 (7) 6 7 (6) 22 8 (8) 21 2 (4) 10 1 (4) 4 3 (8) 11 107 (61) 39 

Hbs 61-80% 0.21  7 (7) 22 21 (25) 21 3 (9) 8 5 (7) 13 5 (9) 12 4 (5) 16 0 (5) 0 2 (10) 6 28 (67) 9 

Hbs 81-100% 0.07  3 (2) 26 5 (8) 15 1 (3) 7 4 (2) 30 1 (3) 7 3 (2) 35 6 (2) 60 0 (3) 0 6 (25) 5 

                     
Bush 0-20 % 0.88  26 (28) 15 113 (104) 64 41 (38) 63 29 (30) 16 39 (40) 27 15 (20) 5 19 (22) 15 47 (43) 35 352 (318) 63 

Bush 21-40% 0.07  4 (2) 27 5 (8) 36 2 (3) 37 2 (2) 14 5 (3) 43 4 (2) 18 5 (2) 50 0 (3) 0 5 (25) 11 

Bush 41-60% 0.02  1 (1) 20 0 (2) 0 0 (1) 0 3 (1) 71 1 (1) 30 3 (0) 46 1 (1) 35 2 (1) 65 4 (7) 26 

Bush 61-80% 0.01  1 (0) 38 0 (1) 0 0 (0) 0 0 (0) 0 0 (0) 0 1 (0) 31 0 (0) 0 0 (0) 0 0 (4) 0 

Bush 81-100% 0.01  0 (0) 0 0 (1) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (4) 0 

                     
Tree 0-30 0.57  26 (18) 61 105 (67) 25 11 (25) 2 24 (19) 45 21 (26) 7 16 (13) 47 6 (14) 1 41 (28) 25 149(206) 5 

Tree 30-60 0.35  5 (11) 19 7 (41) 3 11 (15) 4 8 (12) 24 18 (16) 9 6 (8) 29 1 (9) 0 6 (17) 6 119 (126) 7 

Tree 60-90 0.07  1 (2) 20 3 (8) 6 18 (3) 31 2 (2) 31 4 (3) 10 1 (2) 24 13 (2) 21 0 (3) 0 75 (25) 23 

Tree 90-120 0.01  0 (0) 0 1 (1) 13 3 (0) 63 0 (0) 0 0 (0) 0  0 (0) 0 3 (0) 33 2 (0) 69 18 (4) 65 

Tree >120  <0.01  0 (0) 0 2 (0) 54 0 (0) 0 0 (0) 0 2 (0) 73 0 (0) 0 2 (0) 44 0 (0) 0 (0) 0 0 
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Table 6. Preferences in land-use characteristics for the 9 common raptors, comparing the Observed Use and Expected Use 

(see Table 5) using a χ2 (Pearson‟s Chi-Squared) -test. Only significant preferences are shown (p<0.05), with their p-values. 

Empty spots in the table indicate that there is no significant difference between observed and expected value, thus no 

significant preference. When significant, preference is shown in --/-/+/-/+/++ (5 categories, similar to the categories in Table 

5) or + / - (for 2 categories of village). When preference varies, the strongest preference is shown first. Appendix IX gives a 

more detailed overview with all the chi-square and p-values.  

Land 

cover 

charac-

teristics 

Black-

shouldered 

kite 

Fox 

kestrel 

Black 

kite 

Dark-

chanting 

goshawk 

Grass-

hopper 

buzzard 

Red-

necked 

buzzard 

Wahlberg‟s 

eagle 

Rüppell‟s 

vulture 

Hooded 

vulture 

Agr 

 

  +/-, ++
2
    - -, ++

5 
++

2 
- - , +

2 
- , - -

2 

Vill 

 
-

1
   -

1
    -

1
   -

2
   -

2  -
2 +

2
 

Wd 

 
++

2 
 ++, - -

2 
+/-, - -

3 
++

4
 ++

2 
++

2 
++, - -

1
 
 

++
2 

++
2 

Hbs 

 

 - -
2 

- , - -
2    ++, - -

2 
- -

2 
 +/-, - -

2 

Bush 

 

     +/-, +
2   

- -
2 

Tree 

 

  ++, - -
2 

 +, +/-
2 

- -, +/-
1 

++
1  

++, +
2 

 +, - -
2 

 +, +/-
2 

*the degrees of freedom in the tests are always 4 (5 categories), except for village with 2 categories: this has only 1 degree of 

freedom. 

 1 p<0.01, 2 p<0.001, 3p=0.01,4p=0.02 , 5p=0.04 

 

Table 6 shows the significant preferences of each of the common raptor species regarding each of the 

land cover characteristics. For more detailed information about all the chi-square and p-values, see 

appendix IX. Above table shows the exact preference in 5 categories, from lowest to highest: -- /- /+,- 

/+ /++ (only for village only – or +, similar to categories in Table 5) of each of the common birds of 

prey.  

 

Agriculture 

Over half of the raptor species show a certain preference regarding agriculture, where birds show a 

preference for a high agriculture cover (80-100%) or a very low cover of agriculture (0-20%). 

Rüppell‟s vulture is the only threatened species (IUCN, 2008: Appendix I), showing the strongest 

preference for a low cover of agriculture.  

 

Village 

Almost all raptor species show a significant preference for areas with no villages. Typically, solely the 

Hooded vulture, was significantly found in areas inhabited by humans. The Black kite and Wahlberg‟s 

eagle do not show a significant preference regarding uninhabited or inhabited areas. 

 

Woodland 

All raptor species except Black kite show a significant preference regarding woodland cover, where 

these species show a preference for a high cover of woodland (80-100%), while only 26 percent of the 

area has such a high woodland cover. Fox kestrel, Black kite and Wahlberg‟s eagle also show a 

preference for a very low woodland cover (0-20 %).  

 

Herbacious layer 

A significant preference for a very low cover of the herbaceous layer is found for over half of the bird 

species. The largest part of the area (37%) consists of this low cover of herbaceous layer, indicating 

that many birds do not have problems with this. Wahlberg‟s eagle is the only birds showing a 

preference for a high cover of herbaceous layer (as well as a preference for a low cover), and Hooded 

vulture a preference for not only a low cover but also a medium cover (40-60%). 
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Bush/shrub cover 

Not many birds show a preference for bush cover. Only the Red-necked buzzard shows a preference 

for a relatively high density of bushes, while only 3 percent of the area consists of this high density of 

bushes. Hooded vulture again shows an exception with a preference for a low density of bushes. 

 

Tree cover 

Many birds show a significant preference regarding tree density, which is very broad.  

Preference reaches from very low (0-30 trees/ha) to very high (>120 trees/ha) and everything in 

between. Most species that show a preference do prefer 60 or more trees/ha (while only 8 percent of 

the area has this high tree density).  

 

As shown in the results above, many birds show significant preferences for the different land cover 

characteristics, while none of the bird species show an exact similar preference compared to another 

bird species. The common raptor species do show a similar tendency in preference regarding the 

different land cover characteristics, though mostly there is a large spectrum in preference. Species are 

most sound in preference regarding woodland (significant preferences for a large percentage of 

woodland) and village (significant preferences for uninhabited regions, except the Hooded vulture).  

The two scavengers (Rüppell‟s vulture and Hooded vulture) also show large differences in preference: 

Hooded vulture is mostly found in inhabited areas, while Rüppell‟s vulture shows a large preference 

for more natural areas with a high percentage of woodland.  

 
Table 7. Mean percentages of agriculture and woodland of the observed areas for all of the 9 common raptors together, at 

different distances from the road. The values are shown for 2 groups: smaller and larger than 250 m perpendicular distance 

from the road, and smaller and larger than 500 m perpendicular distance from the road.  

Perpendicular distance to the road Agriculture mean % Woodland mean % 

0-250m. 36,45% 41.73% 

≥250m. 28.91% 51.69% 

   

0-500m. 35.05% 43.05% 

≥500m. 21.07% 69.10% 

 

For agriculture, for a distance of 0-250m and 0-500m from the road, the average percentage of 

agriculture where the birds are found is higher than the percentage for raptors found at >250m and 

>500m from the road. When the perpendicular distance to the road increases, the average percentage 

of woodland for both groups increases and agriculture decreases, as shown in Table 7.  
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*p<0.05. **p<0.01 1 p=0.163. 2 p=0.171. 3 p=0.504. 4 p=0.505. 5 p=0.628. 6  p=0.128. 7 p=0.401. 8 p=0.220. 9 p=0.452. 

 10 p=0.091. 11 p=0.150. 12 p=0.324 

3.3 Prey counts 

The correlation between grass cover and bare soil > 0,9, therefore bare soil has not been used in the 

linear regression analysis. All months are grouped together, since the differences between the months 

are represented by differences in land cover characteristics. 

The following table (Table 8) shows the environmental variables explaining the presence of 

grasshoppers. Grasshoppers are shown in three size categories (small/medium/large) as well as the 

total number of grasshoppers.  

Table 8: Relation between numbers of grasshoppers (small/medium/large/total) traced in each of the 4 land usetypes 

(sorghum/cotton/village/woodland). Coefficients show the relation between the number of traced grasshoppers and several 

significantly explanative environmental variables (Beta; Table 3). Constant is the constant in the equation, whereas the table 

shows the unstandardised coefficients for the environmental variables. R Squared Change shows the squared value of the 

multiple correlation coefficient, showing what part of the variation in grasshoppers is explained by the model.  

Location Grass-

hoppers 

(nr) 

Constant Grass cover 

(%) 

Shrub 

cover 

(%) 

Harvest 

(before/

after) 

Grass height 

(cm) 

R
2 

Sorghum small 3.232** 0.183**    0.100 

Sorghum medium 1.311** 0.097**    0.197 

Sorghum large 0.191
1 

0.18*    0.057 

Sorghum total  4.734** 0.297**    0.149 

Cotton small 0.171
2 

0.244** 0.164* 1.336*  0.367 

Cotton medium 0.239
3 

0.395**    0.465 

Cotton large 0.095
4
 0.130**    0.373 

Cotton total  1.928** 0.797*    0.477 

Village small 0.621
5 

0.456**   -0.178** 0.384 

Village medium 1.350
6 

0.219**   -0.093* 0.262 

Village large 0.205
7 

 0.024**   0.130 

Village total  2.456
8 

0.703**   -0.285** 0.420 

Woodland small 0.072
9 

0.067**    0.388 

Woodland medium -0.234
10

 0.130**    0.532 

Woodland large 0.541
11 

0.108**    -.095 

Woodland total  0.379
12 

0.305**    0.446 

Only grasshoppers showed a relation with land cover characteristics. Abundance of birds and lizards 

which were counted could not be significantly explained by the measured environmental variables, 

thus not included in the regression.  

The following figure (Figure 4) shows, for all months and all plots, the mean number of traced 

grasshoppers (Figure 4a) and lizards (Figure 4b), together with their standard deviation. 
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Figure 4: (a) average Total number of grasshoppers traced in each of the 4 land use types with their standard deviations (b) 

average total number of lizards traced in each of the 4 land use types with their standard deviations. 

 

For grasshoppers, significant differences exist between: 

 sorghum and village: sorghum has a significant higher number of grasshoppers compared to 

village (p=0.002). 

 cotton and woodland: woodland has a significant higher number of grasshoppers compared to 

cotton (p=0.009) 

 woodland and village: woodland has a significant higher number of grasshoppers compared to 

village (p<0.001) 

 

No significant differences for grasshoppers exist between woodland and sorghum, cotton and sorghum 

and cotton and village.  

For lizards, significant differences only exist between village and the rest: village has a significant 

higher number of lizards compared to the other 3 land use types (p<0.001). Exact values of the 

Bonferroni ANOVA regarding grasshoppers and lizards are shown in Appendix X. 
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Chapter 4 Discussion and conclusion 
This chapter gives an interpretation of the results, regarding the main- and sub-questions of this 

research. Paragraph 4.1 starts with a discussion, discussing the results itself and the results in relation 

to previous studies. Paragraph 4.2 shows a short concluding summary of the results and tries to answer 

the main question, ending with a summary of recommendations.  

 

4.1  Discussion 

By investigating the cultivated areas in the North/Extreme North province of Cameroon, this research 

provides a useful reference regarding inhabited areas with large human influences. Assessing the exact 

preference of raptors in this research relies strongly on the type of area chosen for the research: 

protected areas, floodplain areas or areas with little agriculture are expected to show complete 

different preferences for the raptors, compared to the cultivated areas, which have been investigated. 

Protected areas and nutrient-rich floodplains are quite rare: the study area used in this research is 

representative to a large extend for the human-impacted agricultural habitats of West- and Central 

Africa (see Appendix VII: map of natural vegetation in Africa).  

I focus on 9 resident species to assess the impact of differences in land cover on those. Formerly, most 

savannah raptor species were widespread, even common, in both South, West and East Africa. During 

the last 4 decades, serious declines of eagles and vultures have been documented in South and West 

Africa (Mundy et al., 1992; Thiollay 2001, 2006), due to land cover changes. 

 

Effect of human pressure: villages and agriculture 

In my study area, Hooded vulture strongly prefers inhabited areas over woodland and agricultural 

areas. In research of Thiollay (2007), Hooded vultures also showed a significant preference for 

cultivated areas: they are often associated with human settlements and agricultural fields. Black kite is 

the only raptor in this research showing no significant preference for woodland areas, as confirmed by 

earlier research of Thiollay (2007). Both Hooded vultures and Black kites are therefore expected to 

suffer less from an expansion of human settlements, since both their diets are focused on scavenging, 

where Black kite was often spotted searching for dead animals along the roadside and Hooded vultures 

near the refuse and open-air slaughter houses. Hooded vultures are usually not molested by humans 

(Thiollay, 2001), thus the very alarming decline in the number of this species in several West African 

countries as observed by Thiollay (2007) and Rondeau and Thiollay (2004) is not simply logically 

explained by the increase of human settlements. Causes of the decline are thus still speculative: 

incidental killing of vultures during poisoning operations of jackas or hyena‟s, as well as 

indiscriminate uses of rodenthicides, pesticides or vetinary medicines could be attributing to the 

decline (Thiollay, 2006). The decline in number has therefore little to do with the habitat preference, 

but is expected to be mostly linked with other important matters such as reproductive success and 

survival.  

 

Three of the common raptor species (Hooded vulture, Rüppell‟s vulture and Red-necked buzzard) 

show a significant preference for a low agricultural cover, indicating the importance of keeping areas 

clear of agriculture. Hooded vulture favors inhabited areas over agricultural areas, as discussed earlier. 

Rüppell‟s vulture searches for food by soaring over suitable open habitat reaching large distances 

away from its nesting cliff (GRIN, 2008). It feeds on large game species, which are mostly found in 

natural areas, consistent with its preference for woodland areas over inhabited and agricultural areas. 

A previous study (Thiollay, 2007) with a larger division in habitats, indicated the same, where 

Rüppell‟s vultures were mostly recorded in protected areas with high numbers of woodland, less 

frequently in peripheral areas and never in cultivated areas. In this research focusing on microhabitats, 

Rüppell‟s vulture not only shows a preference for very low numbers of agriculture but also a high 

cover (60-80% of agriculture). Since this species feeds on large game species, it possibly also feeds on 

these species outside of the natural woodland areas. The Red-necked buzzard breeds in wet season and 

needs trees for nest availability (GRIN, 2008), while tree densities are generally low in the agricultural 

areas. This species is known to use many secondary habitats (GRIN, 2008) and thus not only shows 
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significant preference for a small agricultural cover, but also a large agricultural cover (80-100%). Fox 

kestrel and Wahlberg‟s eagle both also show significant preferences for agricultural areas. Fox kestrel 

nests on rocks and was often spotted flying above and near rocky hills, where it‟s preference might be 

partially due to the agricultural areas surrounding these hills instead of specifically favoring 

agricultural fields. Wahlberg‟s eagle breeds during the wet season and needs nest availability (GRIN, 

2008). It‟s ecology does not seem to explain its preference for a large agricultural cover (80-100%), 

but might be related to the availability of food in the agricultural fields in the wet season. For the 

Black-shouldered kite, even though Mendleson (1997) observed that the Black-shouldered kite 

showed, in general, an increase in southern African populations in response to the conversion of large 

areas of woodland to agricultural uses, this species does not show a significant preference regarding 

agriculture while assessing the micro-habitats.  

In the light of these results, it is important to take into account that foraging birds might, in this 

research, show a different preference for cultivated areas than there actually is, since cultivated areas 

are disproportionately represented along transect roads for easy access, and therefore actual agriculture 

cover in the area might be overestimated. Because of the high numbers of agriculture present along the 

road, and birds observations are carried out from the road, birds might be more associated with 

agriculture than they actually are. This assumption is verified by the data of this research: raptors 

further from the road are more likely to be found above woodland compared to agriculture (Table 7). 

Taking all the 9 common raptors into account, the average percentage of agriculture gets lower, the 

further away the raptors were seen from the road, while the average percentage of woodland increases, 

the further away the raptors were seen from the road. 

 

Woodland 

Regarding the total woodland cover, all species, except Black kite, show a significant preference for a 

large woodland cover (80-100%). Only 26 percent of the total area consists of these „natural‟ areas 

(with mostly low grass and little shrubs/trees due to the high grazing and woodcutting intensity around 

and in between villages). With the current population growth, these areas are expected to become less 

abundant in the near future (Mayaka, 2002; Thiollay, 2001). Rüppell‟s vulture and Red-necked 

buzzard show a significant higher preference for woodland habitats, compared to most of the other 

species, which is in one line with their low preference for agricultural areas. In research of Thiollay 

(2001), most declines in raptor populations between 1973 and 2000 in northern Cameroon were 

explained by the rapidly increasing human pressure (causing habitat changes and chemical control 

operations). Locusts are known to be a major source of food for many raptors and fairly reliable 

indicators of the abundance of other prey of these raptors (Thiollay, 1978), where the average level of 

locust population was, in my research, found to be highest in woodland (compared to villages, 

sorghum- and cotton plantations). For protection of raptors, small woodland regions in between the 

agricultural fields are thus important to maintain. 

 

Herbaceaous cover 

Rüppell‟s vulture was found in areas with a significant lower herbaceous layer than all other species. 

Five of the common raptors show a preference for a very low cover of the herbaceous layer, indicating 

that raptors seem to select for areas with a low cover of the herbaceous layer. Although I captured a 

significantly higher proportion of birds (the observed number), compared to the expected number, in 

areas with a small herbaceous layer, it is unlikely that birds actually favor areas with, in general, this 

small herbaceous layer. Herremans & Herremans-Tonnoyr (2000) for instance, speculate that the most 

important factor affecting raptor populations in Botswana is loss of herbaceous cover through 

livestock grazing. There might thus be some level of microhabitat selection by birds within an area, as 

indicated by outcome of this research: on a small scale they may look for bare spots, nearby areas with 

a thick herbaceous layer, making it easier to find and catch their prey (locusts and mice/rats are more 

available), as suggested by Martin (1997) and Simmons (2000). Finding the raptors above open areas 

therefore does not necessary indicate that raptors are generally favoring overgrazed areas with a small 

percentage of herbaceous cover. Possibly, these raptors select for a decreased grass cover in areas with 

an overall high cover. This needs further examination, where I recommend using larger plots with 

different densities of herbaceous layer, and scan circling and hunting raptors for their preference in 

between and within these plots.  



31 
 

Exact estimations of herbaceous cover were sometimes difficult, especially for birds present in areas 

far from the road, leading to sometimes rough estimations. Observations regarding the transects (every 

km) and the cover underneath the raptors were made by one and the same person, reducing possible 

differences in opinion regarding the cover. Nevertheless, for birds present at larger distances from the 

road, exact estimates were sometimes difficult, where factors such as a slope, trees or villages 

blocking the view also contributed to a certain degree of inaccuracy in measuring. This is expected to 

have the largest impact on the estimations of the herbaceous layer and shrub density, since the number 

of trees, agriculture, woodland and village are easier to distinguish at a larger distance from the road. 

For more accuracy in these land cover characteristics, I therefore advise to use plot-measurements or 

satellite SPOT imaging for future research. With larger scale plot-measurements as mentioned earlier, 

or satellite images (SPOT, 2009), exact present land cover characteristics can be analyzed more 

accurately, also for researching the micro-habitat selection.  

 

Bush/shrubs and trees 

For 7 out of 9 species, no significant preference was detected regarding bush/shrub density. This is 

possibly due to the fact that most of the area (88 percent) had a very low shrub cover: between 0 and 

20 percent. Observed presence of raptors in the areas with a high shrub density is often higher than 

expected, although the preferences are almost never significant. Only the Red-necked buzzard showed 

a preference for higher densities of bush/shrubs. This species is considered to be vulnerable to a 

degradation of woodland (GRIN, 2009), thus preferring more natural areas with little grazing/logging. 

Hooded vulture was the only bird showing a preference for a low bush/shrub density, which is 

confirmed by its preference for villages, where bush/shrub percentages were much lower (0-20% 

village has an average of 7.86% bush/shrubs versus 20-100% village with an average of 2.64% 

bush/shrubs).  

 

Regarding tree density, Wahlberg‟s eagle was found in areas with a significant higher number of trees 

compared to all the other raptor species. There is a wide variety in preference regarding tree density, 

where species as Grasshopper buzzard and Wahlberg‟s eagle show preference for a high number of 

trees, and Dark-chanting goshawk and Rüppell‟s vulture prefer a low tree density. Fox kestrel 

significantly prefers a high as well as a low tree density, showing that there is also a large interspecies 

variety. Research of Thiollay (2007) already showed a significant negative correlation between wood 

cutting and the abundance of large vultures and eagles, but not with any other species group, while 

outcome of this research shows that kestrels and buzzards also might be influenced by grazing and 

wood cutting. My results indicate that there is a large amount of variation in preference between bird 

species where it is important to keep a gradient in tree densities existing.  

It is also important to take into account that in e.g. dense woodland, the method used for this research 

might give a different preference regarding trees, since birds sitting in trees are generally more 

difficult to see. Not only do trees influence general visibility, but trees near the road also block the 

sight of birds sitting in trees further from the road (flying birds can often easily be seen up to 900 

meters, while birds sitting in trees can only be spotted near the road). In this research 43 percent of the 

area consisted of a tree density of >30 trees/hectare, and less than 2 percent a tree density of more than 

90 trees per hectare. Preferences for woodland for raptors showing a preference for high tree densities, 

as e.g. Wahlberg‟s eagle may thus be even stronger than they seem.  

 

Residential birds usually show a strong selection pressure for site fidelity. Knowing the surroundings 

well is necessary to obtain safe shelter, enough food and avoid predators (Alerstam & Enchel, 1979). 

This research only looks at different land cover characteristics independently, while it might be crucial 

for a bird to have several land cover characteristics at a certain high level. Not only nesting availability 

and food, but at the same time little competition with other birds and safe shelter has to be present at 

the same time. This research might show a low preference for bush/shrubs, though they might only 

favor bush/shrubs in combination with e.g. a high number of trees and high grasses. Preferences like 

this cannot be adequately shown with the method used in this research and therefore, for investigating 

these exact preferences, further investigation in patches might be more suitable, writing down all the 

exact values of different land cover characteristics in certain small areas.  
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Birds show a higher activity in the morning and late afternoon. When a transect starts with an open 

landscape and ends in a forest area (after noon), this might influence the preference of raptors, since 

not many raptors are spotted during the hottest period of the day. This effect is difficult to avoid: this 

research tried to avoid this by making sure that within one transect (one day), there were no extreme 

differences in land cover characteristics.  

Birds may also hunt nearer to potential nesting areas to ensure that they have the opportunity of 

settling on good territories, when settlement eventually occurs (Amar & Redpath, 2005). Areas they 

highly favor for hunting might not be similar to the areas where the birds were found, since these 

hunting areas might not be suitable for settlement (or have a strong competition for settlement). Thus, 

inter-species competition, or even intra-species competition, can cause preferences to differ from the 

exact optimum.  

The projection under the bird as done in this research might have sometimes been too small to actually 

say something about a birds preferences, thus in future research a description of the surroundings on a 

bit of larger scale might be better for capturing the habitat they actually favor. It is also important to 

know more about the actual areas necessary to maintain viable populations of birds of prey (Thiollay, 

2007), thus not only the characteristics, but also minimum size (which can only be investigated at a 

larger scale). For instance, regarding tree logging: when this continues at a high rate, there may still be 

many small patches with a large number of trees, but when patches are too small for maintaining 

viable populations, only presence of these patches may not be enough for the raptors to stay and 

reproduce.  

For this research, 9 raptors have been studied, where only 1 raptor had the IUCN global Red List 

status of Near Threatenened (Rüppell‟s vulture; IUCN, 2008). For further investigation, I recommend 

researching the exact preferences of the more threatened species. The outcome of this research does 

however give a good indication to where the focus on conservation may lie for the more common 

raptor species present in the agricultural regions, which are expected to change rapidly in the future, 

due to rapid population growth in these regions.  

 

Prey abundance 

Grasshoppers almost always showed a significant relation with grass cover: the more grass, the higher 

the number of grasshoppers found in the area. Insect food availability also played an important role on 

insects in research of Njiforti (1997), where grazing and ploughing compromises locust reproduction 

(Baker, 1985). For each of the four investigated habitats (sorghum plantation, cotton plantation, 

village and woodland), grass cover had the largest explanative value for the grasshopper densities 

found. The total number of grasshoppers differed significantly between several of these habitats, 

where the highest number was found in woodland (significantly higher than sorghum and cotton), after 

that sorghum (significantly higher than village), cotton and then village. Since 6 out of 9 of the 

common species feeds on grasshoppers (Appendix VI), grasshopper abundance is expected to be very 

important for raptor species. Since rats and mice also form a large part of the diet of many raptors, it is 

recommended that in further research, these prey densities are also taken into account.  

 

No significant differences are found between sorghum and cotton fields, though the average number of 

grasshoppers is higher in sorghum, and sorghum does not have a significant lower number than 

woodland, while cotton does have a significant lower number than woodland. Next to that, cotton and 

village did not differ significantly, while sorghum had a significantly higher number of grasshoppers 

compared to village. Millet and sorghum together with cotton are the principal cultivated species, 

while cotton is the only one grown intensively. Cotton growing requires the use of fertilizers (mineral 

and organic) and also pesticides, for the most part insecticides (Vaissayre & Cretenet, 2008). For the 

extensive cultivation, use of herbicides is relatively rare, where weeding is a purely manual operation. 

With cotton not much herbicides are used either, but all the families of insecticides have been used on 

cotton in Africa. Due to this use of insecticides, lower numbers of prey would be expected in these 

cotton fields, compared to sorghum fields. Farmers growing cotton might also use pesticides on their 

nearby sorghum plantations, spreading the effect of these cotton plantations. Further research, 

investigating the exact influence of the increase of intensive agriculture on raptors is therefore strongly 

recommended. Not only influences of the cotton fields itself, but also influences of these new 

agricultural practices on the extensive traditional plantations.  
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Differences in grasshoppers between sorghum- and cotton plantations were not significant, which 

might also be due to the timing of the prey counts: they were done in the dry season, when cotton is 

harvested (and not in the time of growth, when insecticides are used). The incidence and severity of 

pests and pathogens is variable within and among seasons (Cardwell et al., 1997), making pesticide 

use variable as well. Currently this research is continued for an all year round overview, to say more 

about the actual influence of these insecticides. Locusts are known to be a major source of food for 

many raptors and fairly reliable indicators of the abundance of other prey of these raptors (Thiollay, 

1978), thus it is expected that a further increase in intensive cultivation of cotton will have a negative 

impact on the raptor population. Differences in prey availability possibly also exist between cotton and 

sorghum plantations, which is also necessary to take into account. Regarding land cover characteristics 

and raptor preference, it is also important to take these differences in extensive and intensive 

agriculture into account. This research planned on taking these differences into account, but the 

method used was not sufficient to apply a good analysis, thus for further research I recommend to take 

the cotton cultivation into account, since large effects on prey species of the raptors are expected, thus 

also on the raptors itself.  

 

Regarding lizards, no relation was found between environmental variables and presence, but there was 

a significant difference between the number of lizards found in village, compared to sorghum, cotton 

and woodland. Villages have high numbers of lizards, as well as other (domestic) animals 

(goat/sheep/chicken/rats/mice) and garbage and offal, explaining why certain species also hunt in 

and/or around villages. 

 

4.2 Conclusion 

 

Residential birds in the agricultural areas in northern Cameroon are found across a wide range of land 

cover characteristics. The results of this research indicate that, in the agricultural areas, the focus of 

conservation on a small scale should lie on maintaining/stimulating a diverse landscape with a wide 

range in land cover characteristics. The current increase in fragmentation, reduction and degradation 

by cattle grazing, fires and woodcutting could largely influence the raptor populations current present 

in the region. Without a policy restricting the increase of villages, agricultural areas and tree logging, 

many raptor species might need to migrate to other areas, since outcome of this research shows, in 

general, a strong preference for the more natural (woodland) areas, a broad range in preference 

regarding agricultural areas, a strong preference for the uninhabited areas (except for Black kite and 

Hooded vulture, respectively not significantly preferring a high percentage of woodland and 

significantly preferring villages) and a wide range in preference regarding tree densities. On a 

microhabitat level, many raptors seem to prefer a small cover of herbaceous layer above a large cover, 

indicating that on a small scale, grazing can also be positive for raptors. This is possibly due to the fact 

that hunting for animals (e.g. locusts/rats/mice) can be easier on a bare soil than a soil covered with a 

thick grass layer. Since high numbers of grasshoppers are generally found in areas with a large grass 

cover, large scale grazing may not be favorable for the raptor prey species and thus not for the raptors 

itself.  

 

For some species a reduction in woodland area and increase in villages and agriculture does not 

necessarily have to be very harmful, but since this research focuses on a wide range of raptors, and the 

9 raptor species chosen for this research are only a small representation of the total raptor populations 

(and thus preference), it is important to take each of the raptor preferences into account, and thus keep 

a wide array of land cover characteristics present in the area. Human presence may not be a problem 

for many raptors (e.g. Hooded vulture), but their activities might.  

 

In woodland, a significantly higher number of grasshoppers is found compared to intensive 

agricultural areas (cotton) and villages. No significant differences were found in the number of 

grasshoppers regarding intensive and extensive (sorghum) agriculture, though herbicide and pesticide 

application in intensive agriculture is highest in the wet season, while measurements were done during 



34 
 

the dry season. Since grasshopper densities depend on grass cover, not only application of pesticides, 

but also application of herbicides in these intensive agricultural areas, might affect the grasshopper 

populations. The effects of intensive agriculture such as cotton is therefore expected to be very 

important on species of prey and thus animals higher in the food chain. Since raptors are expected to 

prefer areas with a large prey species availability, and grasshoppers are known to be fairly reliable 

indicators for other prey of these raptors, maintaining prey species is important for many raptors. 

Further research regarding these differences between extensive (traditional) and intensive (cotton) 

agriculture is therefore recommended.  

 

Overall conclusion 

Concluding, management aimed at conservation of natural woodland areas in between the agricultural 

areas, keeping intensive agriculture from taking over the traditional extensive agriculture, maintaining 

the scarce forest regions with high tree densities, keeping a gradient in herbaceous layer, and minimize 

growth in villages, is likely to be most effective for keeping a wide range of residential diurnal raptors 

in the area.  

 

Summary of recommendations for further research:  

 Analyses of more accurate and exact land cover characteristics around raptors by plot-

measurements or SPOT image (satellite images). 

 Investigating both extensive and intensive agriculture separately, and also the influence of 

intensive agriculture on the traditional extensive agriculture (both small scale as larger scale). 

 Investigate raptor presence in patches, to investigate linked preferences (e.g. a linked 

preference for a high tree density and grass cover, while there is no preference for each of 

these individual land cover characteristics). 

 Investigate the presence of mice and rats in areas with a different land use, next to the 

grasshopper, lizard and bird presence. 

 Extend the prey presence research for the wet season, when grass starts to grow and pesticides 

are used in cotton plantations. 
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Appendix I: Raptor species of Northern Cameroon 

 

SAGITTARIIDAE  Migratory1 Resident1 Redlist 

Sagittarius serpentarius Secretarybird  X  

ACCIPITRIDAE     

Aviceda cuculoides African Baza  X LC 

Pernis apivorus European Honey-buzzard  X LC 

Elanus caeruleus Black-winged Kite  X LC 

Chelictinia riocourii African Swallow-tailed Kite  X LC 

Milvus migrans Black kite  X LC 

Haliaeetus vocifer African Fish-eagle  X LC 

Neophron percnopterus Egyptian Vulture X  EN 

Necrosyrtes monachus Hooded vulture  X LC 

Gyps africanus White-backed Vulture  X NT 

Gyps rueppellii Rüppell’s Griffon  X NT 

Gyps fulvus Eurasian Griffon X  LC 

Torgos tracheliotus Lappet-faced Vulture  X n.n. 

Trigonoceps occipitalis White-headed Vulture  X VU 

Circaetus gallicus Short-toed Snake-eagle X  LC 

Circaetus beaudouini Beaudouin’s Snake-eagle  X VU 

Circaetus cinereus Brown Snake-eagle  X LC 

Circaetus cinerascens Banded Snake-eagle  X LC 

Terathopius ecaudatus Bateleur  X LC 

Circus aeruginosus Western Marsh-harrier X  LC 

Circus macrourus Pallid Harrier X  NT 

Circus pygargus Montagu's Harrier X  LC 

Polyboroides typus African Harrier-hawk  X LC 

Kaupifalco monogrammicus Lizard Buzzard  X LC 

Melierax metabates Dark Chanting-goshawk  X LC 

Melierax gabar Gabar Goshawk  X LC 

Accipiter tachiro African Goshawk  X LC 

Accipiter badius Shikra  X LC 

Accipiter ovampensis Ovambo Sparrowhawk X  LC 

Butastur rufipennis Grasshopper buzzard  X LC 

Buteo rufinus Long-legged Buzzard X  LC 

Buteo auguralis Red-necked buzzard  X LC 

Aquila clanga Greater Spotted Eagle X  VU 

Aquila rapax Tawny Eagle  X LC 

Aquila nipalensis Steppe Eagle X  LC 

Aquila heliaca Imperial Eagle X  VU 

Aquila wahlbergi Wahlberg's Eagle  X LC 

Hieraaetus spilogaster  African Hawk-eagle  X LC 

Hieraaetus pennatus Booted Eagle X  LC 

Hieraaetus ayresii Ayres's Hawk-eagle X  LC 
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Polemaetus bellicosus Martial Eagle  X LC 

Lophaetus occipitalis Long-crested Eagle  X LC 

     

PANDIONINAE     

Pandion haliaetus Osprey X  LC 

FALCONIDAE     

Falco naumanni Lesser Kestrel X  VU 

Falco tinnunculus Common Kestrel  X LC 

Falco alopex Fox kestrel  X LC 

Falco ardosiaceus Grey Kestrel  X LC 

Falco vespertinus Red-footed Falcon X  NT 

Falco cuvierii African Hobby  X LC 

Falco biarmicus Lanner Falcon  X LC 

Falco cherrug Saker Falcon X  EN 

Falco peregrinus Peregrine Falcon X  LC 

Falco pelegrinoides Barbary Falcon  X LC 
 

1Ferguson-Lees & Christie, 2001 

 

IUCN-Redlist 2008 

EN Endangered species 

VU Vurnerable species 

NT Near threatened species 

LC Least concern, not threatened species 
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Appendix II:  Map of natural vegetation in Africa 

 

 
 

Source: CIA, 2009.  
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Appendix III:  Raptor sheet  
 

Transect:    Date:     Time: 

 

 

Time  Km  Species  N Age  GPS GPS ppd Agr Wd Vil Hbs H2O LT/bush Behavior 
    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 

    :              Sit/circ/glide/flight/hunt 
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Appendix IV:  Habitat sheet 
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Appendix V: Prey counts sheet 

 

 

No./ 

GPS  

Cotton/Sorghum 

/Village/Nature 

Small 

GHopper 

Medium 

GHopper 

Large 

GHopper 

Lizards Sm. Birds Pigeon Bee-

eater 

Rollier Crop 

cover 

Grass 

cover 

Bare 

soil 

Grass 

height 

Crop 

height 

Shrub 

cover 

trees Harvest 

(+/-) 

Green 

(+/-) 

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   

      /                   
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Appendix VI:  List of spotted raptors with number of counts 
Raptor species Number of spotted 

raptors 

African coocku-hawk 2 

Ayres hawk eagle 2 

Bateleur 1 

Bedouins snake eagle 1 

Black kite 43   

Black-shouldered kite 32   

Booted eagle 3 

Brown snake-eagle 5 

Dark chanting goshawk 34 

Egyptian vulture 2 

European honey buzzard 1 

Fox kestrel 118  

Gabar goshawk 19 

Grasshopper buzzard 45 

Grey kestrel 13 

Gymnogene 4 

Hooded vulture 361 

Lanner falcon 10 

Marsh harrier 1 

Red-headed merlin 1 

Red-necked buzzard 23  

Rock kestrel 4 

Rüppell’s vulture 49 

Shikra 5 

Swallow tailed kite 3 

Tawny eagle 4 

Wahlberg’s eagle 25 

Western marsh harrier 7 

White-backed vulture 2  

 
The raptor species marked bold and red have been used in this research (N≥20) as the „common 

raptors‟ 
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Appendix VII: 9 ‘common raptors’: photo’s, size and diet.  
 

 

Below, the 9 „common raptors‟ are listed with name and photo, size and diet.  

 

 

Regarding size, the L gives the range of the species‟ total length (in cm); S gives the range of the 

wingspan (in cm) and T shows the range of the length of the tail (in cm). Next to this, the overall size 

category is shown, with the possible size categories being small, medium or large. Size classification 

has been done following the book Raptors of the World (Ferguson-Lees and Christie, 2005), with 

small for falcon/kestrel sized birds, large for the greater eagles and medium for the birds in between. 

When only scavenging, birds are shown separately since they have different diet requirements. 

General diet is also shown for each of the 9 common birds of prey, following the information of the 

Global Raptor Information Network (GRIN, 2008). 

 

 

Black-shouldered kite (Elanus Caeruleus) Small: 

L= 31-37 cm; S = 77-92 cm; T = 11-15 cm 

©Ralph Buij 

Diet:  

Feeds mainly on small rodents, but also takes 

some reptiles, insects and occasionally birds. It 

may descend from perch to capture prey by 

quartering. Follows grass fires to prey on 

invertebrates flushed by the flames. 

 

 

 

 

Fox kestrel (Falco alopex) Small:  

L= 32-38 cm; S= 76-88 cm; T= 18-21 cm 

©Ralph Buij 

Diet: 

Feeds mainly on small ground vertebrates (lizards, 

small mammals and birds) and insects, which it 

captures by descending to the ground from a 

perch. Also catches insects on the wing, especially 

around grassland fires.  
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Black kite (Milvus migrans) Medium (partially scavenger): 

L= 46-60 cm; S = 120-140 cm; T = 21-29 cm 

 

©Deborah Winkel 

Diet:  

Very opportunistic feeder, especially prone to 

feeding on road kills (including other kites), dead 

fish along shorelines and visiting trash dumps and 

stockyards. Also feeds on young, sick or injured 

birds, small mammals, frogs, lizards and insects. 

Frequently hunts in flocks and may pirate prey 

from other raptor species and from each other.  

 

 

 

Dark chanting goshawk (Melierax metabates) Medium: 

L= 42-50 cm; S= 86-104 cm; T= 20-23 cm 

 

©Deborah Winkel 

Diet:  

Feeds on dwarf mongooses, squirrels, mice, birds 

(up to the size of a guinea fowl), snakes, lizards 

and insects. Carrion is also taken. This species has 

been observed using foraging Ground Hornbills 

and honey badgers as „beaters‟, perching just 

ahead of them and snatching prey that they flush. 

Also often attends grass fires to capture fleeing 

prey. 

 

 

Grasshopper buzzard (Butastur rufipennis) Medium: 

L= 39-44 cm; S= 92-106 cm; T=16-18 cm 

©Ralph Buij 

Diet:  

Feeds mostly on large insects, which it captures 

on the ground after descending from a perch, or in 

short aerial pursuits. In Niger (Jensen et al., 

2008), they fed almost exclusively on 

grasshoppers on the ground or either swooping 

down from trees to grab them on the ground, or by 

walking and catching the grasshoppers with their 

feet. Congregates at grass fires or insect 

emergences. 
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Red-necked buzzard (Buteo auguralis) Medium: 

L= 42-50 cm 

S= 105-127 cm 

T= 17-21 cm 

©Ralph Buij 

Diet:  

Feeds on small animals, including insects, reptiles 

and mammals. Forages from a perch or soaring, 

diving to the ground in pursuit of prey.  

 

 

 

 

Wahlberg’s eagle (Aquila wahlbergi) Large: 

L= 53-61 cm; S= 130-146 cm; T= 21-25 cm 

©Ralph Buij 

Diet:  

Preys on small animals, including bush squirrels, 

rodents, small mongooses, young hares, many 

types of birds, lizards, small snakes and frogs. 

Birds are most frequently taken prey in most 

areas. Hunts from a perch or stoops on prey from 

the air.  

 

 

 

Rüppell’s vulture (Gyps rueppellii) Large, scavenger: 

L= 86-97 cm; S = 226-255 cm; T = 26-30 cm 

 

©Ralph Buij 

Diet:  

Associates with large game species and feeds in 

large numbers at carcasses, usually with other 

vulture species. Individuals defending their space 

are often very aggressive.  
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Hooded vulture (Necrosyrtes monachus) Large, scavenger:  

L= 54-66 cm; S = 150-180 cm; T = 21-24 cm 

 

©Deborah Winkel 

Diet:  

Feeds on carrion, including dead fish and small 

mammals, birds eggs, trash, excreta and insects 

(including flying termites). Soars low over open 

country in search for food, or perches along edges 

of forests and rivers. This species is airborne 

earlier in the day than other vultures and it often 

the first to find its food. It is subordinate to other 

vulture species at carcasses.  
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Appendix VIII: Bonferroni ANOVA 
 

Black kite 1 

Black-shouldered kite 2 

Dark chanting goshawk 3 

Fox kestrel 4 

Grasshopper buzzard  5 

Hooded vulture 6 

Red Necked buzzard 7 

Rüppell‟s vulture 8 

Wahlberg‟s eagle 9 
 

Bonferroni                                Multiple Comparisons 

Dependent 

Variable 

(I) Species - 

number 

(J) Species - 

number 

Mean 

Difference 

(I-J) 

Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

AGR 1 2 10.153 6.674 1.000 -11.27 31.57 

3 11.607 6.561 1.000 -9.45 32.66 

4 .940 5.092 1.000 -15.40 17.28 

5 5.905 6.097 1.000 -13.66 25.47 

6 11.959 4.612 .349 -2.84 26.76 

7 20.329 7.385 .218 -3.37 44.03 

8 21.331
*
 5.974 .014 2.16 40.50 

9 -5.628 7.190 1.000 -28.70 17.45 

2 1 -10.153 6.674 1.000 -31.57 11.27 

3 1.454 7.041 1.000 -21.14 24.05 

4 -9.213 5.698 1.000 -27.50 9.07 

5 -4.248 6.611 1.000 -25.46 16.97 

6 1.806 5.273 1.000 -15.12 18.73 

7 10.175 7.815 1.000 -14.91 35.26 

8 11.178 6.498 1.000 -9.68 32.03 

9 -15.781 7.631 1.000 -40.27 8.71 

3 1 -11.607 6.561 1.000 -32.66 9.45 

2 -1.454 7.041 1.000 -24.05 21.14 

4 -10.667 5.565 1.000 -28.53 7.19 

5 -5.702 6.496 1.000 -26.55 15.15 

6 .352 5.129 1.000 -16.11 16.81 

7 8.721 7.718 1.000 -16.05 33.49 

8 9.724 6.381 1.000 -10.76 30.20 

9 -17.235 7.532 .807 -41.41 6.94 

4 1 -.940 5.092 1.000 -17.28 15.40 

2 9.213 5.698 1.000 -9.07 27.50 



51 
 

3 10.667 5.565 1.000 -7.19 28.53 

5 4.966 5.009 1.000 -11.11 21.04 

6 11.019
*
 3.032 .011 1.29 20.75 

7 19.389 6.516 .109 -1.52 40.30 

8 20.391
*
 4.859 .001 4.80 35.98 

9 -6.568 6.294 1.000 -26.77 13.63 

5 1 -5.905 6.097 1.000 -25.47 13.66 

2 4.248 6.611 1.000 -16.97 25.46 

3 5.702 6.496 1.000 -15.15 26.55 

4 -4.966 5.009 1.000 -21.04 11.11 

6 6.054 4.520 1.000 -8.45 20.56 

7 14.423 7.328 1.000 -9.10 37.94 

8 15.426 5.903 .330 -3.52 34.37 

9 -11.533 7.131 1.000 -34.42 11.35 

6 1 -11.959 4.612 .349 -26.76 2.84 

2 -1.806 5.273 1.000 -18.73 15.12 

3 -.352 5.129 1.000 -16.81 16.11 

4 -11.019
*
 3.032 .011 -20.75 -1.29 

5 -6.054 4.520 1.000 -20.56 8.45 

7 8.369 6.148 1.000 -11.36 28.10 

8 9.372 4.352 1.000 -4.60 23.34 

9 -17.587 5.912 .109 -36.56 1.39 

7 1 -20.329 7.385 .218 -44.03 3.37 

2 -10.175 7.815 1.000 -35.26 14.91 

3 -8.721 7.718 1.000 -33.49 16.05 

4 -19.389 6.516 .109 -40.30 1.52 

5 -14.423 7.328 1.000 -37.94 9.10 

6 -8.369 6.148 1.000 -28.10 11.36 

8 1.003 7.226 1.000 -22.19 24.19 

9 -25.957 8.260 .063 -52.47 .55 

8 1 -21.331
*
 5.974 .014 -40.50 -2.16 

2 -11.178 6.498 1.000 -32.03 9.68 

3 -9.724 6.381 1.000 -30.20 10.76 

4 -20.391
*
 4.859 .001 -35.98 -4.80 

5 -15.426 5.903 .330 -34.37 3.52 

6 -9.372 4.352 1.000 -23.34 4.60 

7 -1.003 7.226 1.000 -24.19 22.19 
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9 -26.959
*
 7.027 .005 -49.51 -4.41 

9 1 5.628 7.190 1.000 -17.45 28.70 

2 15.781 7.631 1.000 -8.71 40.27 

3 17.235 7.532 .807 -6.94 41.41 

4 6.568 6.294 1.000 -13.63 26.77 

5 11.533 7.131 1.000 -11.35 34.42 

6 17.587 5.912 .109 -1.39 36.56 

7 25.957 8.260 .063 -.55 52.47 

8 26.959
*
 7.027 .005 4.41 49.51 

WD 1 2 -17.638 7.175 .511 -40.66 5.39 

3 -18.208 7.053 .361 -40.84 4.43 

4 -6.690 5.474 1.000 -24.26 10.88 

5 -17.926 6.554 .230 -38.96 3.11 

6 8.921 4.958 1.000 -6.99 24.83 

7 -30.586
*
 7.939 .005 -56.07 -5.11 

8 -27.734
*
 6.422 .001 -48.34 -7.12 

9 .874 7.729 1.000 -23.93 25.68 

2 1 17.638 7.175 .511 -5.39 40.66 

3 -.570 7.569 1.000 -24.86 23.72 

4 10.948 6.125 1.000 -8.71 30.61 

5 -.288 7.106 1.000 -23.09 22.52 

6 26.559
*
 5.668 .000 8.37 44.75 

7 -12.948 8.401 1.000 -39.91 14.01 

8 -10.096 6.985 1.000 -32.51 12.32 

9 18.513 8.203 .875 -7.81 44.84 

3 1 18.208 7.053 .361 -4.43 40.84 

2 .570 7.569 1.000 -23.72 24.86 

4 11.518 5.982 1.000 -7.68 30.72 

5 .282 6.983 1.000 -22.13 22.69 

6 27.129
*
 5.513 .000 9.44 44.82 

7 -12.379 8.297 1.000 -39.01 14.25 

8 -9.526 6.859 1.000 -31.54 12.49 

9 19.082 8.096 .673 -6.90 45.07 

4 1 6.690 5.474 1.000 -10.88 24.26 

2 -10.948 6.125 1.000 -30.61 8.71 

3 -11.518 5.982 1.000 -30.72 7.68 

5 -11.236 5.384 1.000 -28.52 6.04 
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6 15.611
*
 3.259 .000 5.15 26.07 

7 -23.896
*
 7.005 .025 -46.38 -1.42 

8 -21.044
*
 5.223 .002 -37.81 -4.28 

9 7.564 6.766 1.000 -14.15 29.28 

5 1 17.926 6.554 .230 -3.11 38.96 

2 .288 7.106 1.000 -22.52 23.09 

3 -.282 6.983 1.000 -22.69 22.13 

4 11.236 5.384 1.000 -6.04 28.52 

6 26.847
*
 4.858 .000 11.25 42.44 

7 -12.661 7.877 1.000 -37.94 12.62 

8 -9.808 6.345 1.000 -30.17 10.56 

9 18.800 7.666 .519 -5.80 43.40 

6 1 -8.921 4.958 1.000 -24.83 6.99 

2 -26.559
*
 5.668 .000 -44.75 -8.37 

3 -27.129
*
 5.513 .000 -44.82 -9.44 

4 -15.611
*
 3.259 .000 -26.07 -5.15 

5 -26.847
*
 4.858 .000 -42.44 -11.25 

7 -39.507
*
 6.609 .000 -60.72 -18.30 

8 -36.655
*
 4.679 .000 -51.67 -21.64 

9 -8.047 6.355 1.000 -28.44 12.35 

7 1 30.586
*
 7.939 .005 5.11 56.07 

2 12.948 8.401 1.000 -14.01 39.91 

3 12.379 8.297 1.000 -14.25 39.01 

4 23.896
*
 7.005 .025 1.42 46.38 

5 12.661 7.877 1.000 -12.62 37.94 

6 39.507
*
 6.609 .000 18.30 60.72 

8 2.853 7.768 1.000 -22.08 27.78 

9 31.461
*
 8.879 .015 2.96 59.96 

8 1 27.734
*
 6.422 .001 7.12 48.34 

2 10.096 6.985 1.000 -12.32 32.51 

3 9.526 6.859 1.000 -12.49 31.54 

4 21.044
*
 5.223 .002 4.28 37.81 

5 9.808 6.345 1.000 -10.56 30.17 

6 36.655
*
 4.679 .000 21.64 51.67 

7 -2.853 7.768 1.000 -27.78 22.08 

9 28.608
*
 7.553 .006 4.37 52.85 

9 1 -.874 7.729 1.000 -25.68 23.93 
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2 -18.513 8.203 .875 -44.84 7.81 

3 -19.082 8.096 .673 -45.07 6.90 

4 -7.564 6.766 1.000 -29.28 14.15 

5 -18.800 7.666 .519 -43.40 5.80 

6 8.047 6.355 1.000 -12.35 28.44 

7 -31.461
*
 8.879 .015 -59.96 -2.96 

8 -28.608
*
 7.553 .006 -52.85 -4.37 

VIL 1 2 9.694 10.454 1.000 -23.86 43.25 

3 7.192 10.277 1.000 -25.79 40.17 

4 7.959 7.977 1.000 -17.64 33.56 

5 13.229 9.549 1.000 -17.42 43.88 

6 -22.084 7.224 .083 -45.27 1.10 

7 12.467 11.568 1.000 -24.66 49.59 

8 7.489 9.357 1.000 -22.54 37.52 

9 10.563 11.262 1.000 -25.58 46.71 

2 1 -9.694 10.454 1.000 -43.25 23.86 

3 -2.502 11.029 1.000 -37.90 32.90 

4 -1.735 8.925 1.000 -30.38 26.91 

5 3.535 10.355 1.000 -29.70 36.77 

6 -31.778
*
 8.259 .005 -58.29 -5.27 

7 2.773 12.241 1.000 -36.51 42.06 

8 -2.205 10.178 1.000 -34.87 30.46 

9 .869 11.953 1.000 -37.49 39.23 

3 1 -7.192 10.277 1.000 -40.17 25.79 

2 2.502 11.029 1.000 -32.90 37.90 

4 .767 8.716 1.000 -27.21 28.74 

5 6.037 10.175 1.000 -26.62 38.69 

6 -29.276
*
 8.033 .010 -55.06 -3.49 

7 5.275 12.090 1.000 -33.53 44.08 

8 .297 9.995 1.000 -31.78 32.38 

9 3.371 11.798 1.000 -34.49 41.23 

4 1 -7.959 7.977 1.000 -33.56 17.64 

2 1.735 8.925 1.000 -26.91 30.38 

3 -.767 8.716 1.000 -28.74 27.21 

5 5.270 7.846 1.000 -19.91 30.45 

6 -30.043
*
 4.748 .000 -45.28 -14.80 

7 4.508 10.207 1.000 -28.25 37.27 
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8 -.470 7.610 1.000 -24.89 23.95 

9 2.603 9.859 1.000 -29.04 34.25 

5 1 -13.229 9.549 1.000 -43.88 17.42 

2 -3.535 10.355 1.000 -36.77 29.70 

3 -6.037 10.175 1.000 -38.69 26.62 

4 -5.270 7.846 1.000 -30.45 19.91 

6 -35.313
*
 7.079 .000 -58.03 -12.59 

7 -.762 11.478 1.000 -37.60 36.08 

8 -5.740 9.246 1.000 -35.41 23.93 

9 -2.667 11.170 1.000 -38.52 33.18 

6 1 22.084 7.224 .083 -1.10 45.27 

2 31.778
*
 8.259 .005 5.27 58.29 

3 29.276
*
 8.033 .010 3.49 55.06 

4 30.043
*
 4.748 .000 14.80 45.28 

5 35.313
*
 7.079 .000 12.59 58.03 

7 34.551
*
 9.630 .013 3.64 65.46 

8 29.573
*
 6.817 .001 7.69 51.45 

9 32.647
*
 9.261 .016 2.92 62.37 

7 1 -12.467 11.568 1.000 -49.59 24.66 

2 -2.773 12.241 1.000 -42.06 36.51 

3 -5.275 12.090 1.000 -44.08 33.53 

4 -4.508 10.207 1.000 -37.27 28.25 

5 .762 11.478 1.000 -36.08 37.60 

6 -34.551
*
 9.630 .013 -65.46 -3.64 

8 -4.978 11.318 1.000 -41.30 31.35 

9 -1.904 12.938 1.000 -43.43 39.62 

8 1 -7.489 9.357 1.000 -37.52 22.54 

2 2.205 10.178 1.000 -30.46 34.87 

3 -.297 9.995 1.000 -32.38 31.78 

4 .470 7.610 1.000 -23.95 24.89 

5 5.740 9.246 1.000 -23.93 35.41 

6 -29.573
*
 6.817 .001 -51.45 -7.69 

7 4.978 11.318 1.000 -31.35 41.30 

9 3.073 11.006 1.000 -32.25 38.40 

9 1 -10.563 11.262 1.000 -46.71 25.58 

2 -.869 11.953 1.000 -39.23 37.49 

3 -3.371 11.798 1.000 -41.23 34.49 
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4 -2.603 9.859 1.000 -34.25 29.04 

5 2.667 11.170 1.000 -33.18 38.52 

6 -32.647
*
 9.261 .016 -62.37 -2.92 

7 1.904 12.938 1.000 -39.62 43.43 

8 -3.073 11.006 1.000 -38.40 32.25 

HBS 1 2 -12.732 6.157 1.000 -32.49 7.03 

3 -14.973 6.052 .489 -34.40 4.45 

4 -3.148 4.697 1.000 -18.22 11.93 

5 -5.281 5.624 1.000 -23.33 12.77 

6 -6.315 4.254 1.000 -19.97 7.34 

7 -14.717 6.812 1.000 -36.58 7.15 

8 11.042 5.510 1.000 -6.64 28.73 

9 -4.526 6.632 1.000 -25.81 16.76 

2 1 12.732 6.157 1.000 -7.03 32.49 

3 -2.241 6.495 1.000 -23.09 18.60 

4 9.584 5.256 1.000 -7.28 26.45 

5 7.451 6.098 1.000 -12.12 27.02 

6 6.417 4.864 1.000 -9.19 22.03 

7 -1.985 7.209 1.000 -25.12 21.15 

8 23.774
*
 5.994 .003 4.54 43.01 

9 8.206 7.039 1.000 -14.38 30.80 

3 1 14.973 6.052 .489 -4.45 34.40 

2 2.241 6.495 1.000 -18.60 23.09 

4 11.825 5.133 .775 -4.65 28.30 

5 9.692 5.992 1.000 -9.54 28.92 

6 8.658 4.731 1.000 -6.52 23.84 

7 .256 7.120 1.000 -22.59 23.11 

8 26.014
*
 5.886 .000 7.12 44.91 

9 10.447 6.948 1.000 -11.85 32.74 

4 1 3.148 4.697 1.000 -11.93 18.22 

2 -9.584 5.256 1.000 -26.45 7.28 

3 -11.825 5.133 .775 -28.30 4.65 

5 -2.134 4.620 1.000 -16.96 12.69 

6 -3.167 2.796 1.000 -12.14 5.81 

7 -11.569 6.011 1.000 -30.86 7.72 

8 14.189 4.482 .058 -.19 28.57 

9 -1.378 5.806 1.000 -20.01 17.26 
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5 1 5.281 5.624 1.000 -12.77 23.33 

2 -7.451 6.098 1.000 -27.02 12.12 

3 -9.692 5.992 1.000 -28.92 9.54 

4 2.134 4.620 1.000 -12.69 16.96 

6 -1.033 4.169 1.000 -14.41 12.35 

7 -9.436 6.759 1.000 -31.13 12.26 

8 16.323 5.445 .101 -1.15 33.80 

9 .756 6.578 1.000 -20.36 21.87 

6 1 6.315 4.254 1.000 -7.34 19.97 

2 -6.417 4.864 1.000 -22.03 9.19 

3 -8.658 4.731 1.000 -23.84 6.52 

4 3.167 2.796 1.000 -5.81 12.14 

5 1.033 4.169 1.000 -12.35 14.41 

7 -8.402 5.671 1.000 -26.60 9.80 

8 17.356
*
 4.015 .001 4.47 30.24 

9 1.789 5.454 1.000 -15.71 19.29 

7 1 14.717 6.812 1.000 -7.15 36.58 

2 1.985 7.209 1.000 -21.15 25.12 

3 -.256 7.120 1.000 -23.11 22.59 

4 11.569 6.011 1.000 -7.72 30.86 

5 9.436 6.759 1.000 -12.26 31.13 

6 8.402 5.671 1.000 -9.80 26.60 

8 25.759
*
 6.665 .004 4.37 47.15 

9 10.191 7.619 1.000 -14.26 34.64 

8 1 -11.042 5.510 1.000 -28.73 6.64 

2 -23.774
*
 5.994 .003 -43.01 -4.54 

3 -26.014
*
 5.886 .000 -44.91 -7.12 

4 -14.189 4.482 .058 -28.57 .19 

5 -16.323 5.445 .101 -33.80 1.15 

6 -17.356
*
 4.015 .001 -30.24 -4.47 

7 -25.759
*
 6.665 .004 -47.15 -4.37 

9 -15.567 6.481 .596 -36.37 5.23 

9 1 4.526 6.632 1.000 -16.76 25.81 

2 -8.206 7.039 1.000 -30.80 14.38 

3 -10.447 6.948 1.000 -32.74 11.85 

4 1.378 5.806 1.000 -17.26 20.01 

5 -.756 6.578 1.000 -21.87 20.36 



58 
 

6 -1.789 5.454 1.000 -19.29 15.71 

7 -10.191 7.619 1.000 -34.64 14.26 

8 15.567 6.481 .596 -5.23 36.37 

TREE 1 2 24.162
*
 4.652 .000 9.23 39.09 

3 21.844
*
 4.573 .000 7.17 36.52 

4 21.680
*
 3.549 .000 10.29 33.07 

5 11.389 4.249 .271 -2.25 25.03 

6 8.444 3.214 .317 -1.87 18.76 

7 22.386
*
 5.147 .001 5.87 38.91 

8 24.888
*
 4.164 .000 11.53 38.25 

9 -19.704
*
 5.011 .003 -35.79 -3.62 

2 1 -24.162
*
 4.652 .000 -39.09 -9.23 

3 -2.318 4.907 1.000 -18.07 13.43 

4 -2.483 3.971 1.000 -15.23 10.26 

5 -12.773 4.607 .206 -27.56 2.01 

6 -15.718
*
 3.675 .001 -27.51 -3.92 

7 -1.776 5.447 1.000 -19.26 15.71 

8 .726 4.529 1.000 -13.81 15.26 

9 -43.866
*
 5.319 .000 -60.94 -26.80 

3 1 -21.844
*
 4.573 .000 -36.52 -7.17 

2 2.318 4.907 1.000 -13.43 18.07 

4 -.165 3.878 1.000 -12.61 12.28 

5 -10.455 4.528 .764 -24.99 4.08 

6 -13.400
*
 3.574 .007 -24.87 -1.93 

7 .542 5.379 1.000 -16.72 17.81 

8 3.044 4.447 1.000 -11.23 17.32 

9 -41.548
*
 5.249 .000 -58.40 -24.70 

4 1 -21.680
*
 3.549 .000 -33.07 -10.29 

2 2.483 3.971 1.000 -10.26 15.23 

3 .165 3.878 1.000 -12.28 12.61 

5 -10.290 3.491 .119 -21.49 .91 

6 -13.235
*
 2.113 .000 -20.02 -6.45 

7 .707 4.542 1.000 -13.87 15.28 

8 3.209 3.386 1.000 -7.66 14.08 

9 -41.384
*
 4.387 .000 -55.46 -27.30 

5 1 -11.389 4.249 .271 -25.03 2.25 

2 12.773 4.607 .206 -2.01 27.56 
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3 10.455 4.528 .764 -4.08 24.99 

4 10.290 3.491 .119 -.91 21.49 

6 -2.945 3.150 1.000 -13.05 7.16 

7 10.997 5.107 1.000 -5.39 27.39 

8 13.499
*
 4.114 .039 .30 26.70 

9 -31.093
*
 4.970 .000 -47.04 -15.14 

6 1 -8.444 3.214 .317 -18.76 1.87 

2 15.718
*
 3.675 .001 3.92 27.51 

3 13.400
*
 3.574 .007 1.93 24.87 

4 13.235
*
 2.113 .000 6.45 20.02 

5 2.945 3.150 1.000 -7.16 13.05 

7 13.942
*
 4.285 .043 .19 27.69 

8 16.444
*
 3.033 .000 6.71 26.18 

9 -28.148
*
 4.121 .000 -41.37 -14.92 

7 1 -22.386
*
 5.147 .001 -38.91 -5.87 

2 1.776 5.447 1.000 -15.71 19.26 

3 -.542 5.379 1.000 -17.81 16.72 

4 -.707 4.542 1.000 -15.28 13.87 

5 -10.997 5.107 1.000 -27.39 5.39 

6 -13.942
*
 4.285 .043 -27.69 -.19 

8 2.502 5.036 1.000 -13.66 18.67 

9 -42.090
*
 5.757 .000 -60.57 -23.61 

8 1 -24.888
*
 4.164 .000 -38.25 -11.53 

2 -.726 4.529 1.000 -15.26 13.81 

3 -3.044 4.447 1.000 -17.32 11.23 

4 -3.209 3.386 1.000 -14.08 7.66 

5 -13.499
*
 4.114 .039 -26.70 -.30 

6 -16.444
*
 3.033 .000 -26.18 -6.71 

7 -2.502 5.036 1.000 -18.67 13.66 

9 -44.593
*
 4.897 .000 -60.31 -28.88 

9 1 19.704
*
 5.011 .003 3.62 35.79 

2 43.866
*
 5.319 .000 26.80 60.94 

3 41.548
*
 5.249 .000 24.70 58.40 

4 41.384
*
 4.387 .000 27.30 55.46 

5 31.093
*
 4.970 .000 15.14 47.04 

6 28.148
*
 4.121 .000 14.92 41.37 

7 42.090
*
 5.757 .000 23.61 60.57 
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8 44.593
*
 4.897 .000 28.88 60.31 

BUSH 1 2 -8.756
*
 2.206 .003 -15.84 -1.67 

3 -8.785
*
 2.169 .002 -15.75 -1.82 

4 -.781 1.683 1.000 -6.18 4.62 

5 -6.967
*
 2.015 .021 -13.43 -.50 

6 .168 1.525 1.000 -4.72 5.06 

7 -14.560
*
 2.441 .000 -22.40 -6.73 

8 -2.215 1.975 1.000 -8.55 4.12 

9 -8.776
*
 2.377 .009 -16.40 -1.15 

2 1 8.756
*
 2.206 .003 1.67 15.84 

3 -.029 2.328 1.000 -7.50 7.44 

4 7.975
*
 1.884 .001 1.93 14.02 

5 1.789 2.185 1.000 -5.22 8.80 

6 8.924
*
 1.743 .000 3.33 14.52 

7 -5.804 2.583 .898 -14.10 2.49 

8 6.541 2.148 .087 -.35 13.43 

9 -.020 2.522 1.000 -8.12 8.08 

3 1 8.785
*
 2.169 .002 1.82 15.75 

2 .029 2.328 1.000 -7.44 7.50 

4 8.004
*
 1.839 .001 2.10 13.91 

5 1.818 2.147 1.000 -5.07 8.71 

6 8.953
*
 1.695 .000 3.51 14.39 

7 -5.775 2.551 .860 -13.96 2.41 

8 6.570 2.109 .069 -.20 13.34 

9 .009 2.490 1.000 -7.98 8.00 

4 1 .781 1.683 1.000 -4.62 6.18 

2 -7.975
*
 1.884 .001 -14.02 -1.93 

3 -8.004
*
 1.839 .001 -13.91 -2.10 

5 -6.186
*
 1.656 .007 -11.50 -.87 

6 .949 1.002 1.000 -2.27 4.17 

7 -13.779
*
 2.154 .000 -20.69 -6.87 

8 -1.434 1.606 1.000 -6.59 3.72 

9 -7.995
*
 2.081 .005 -14.67 -1.32 

5 1 6.967
*
 2.015 .021 .50 13.43 

2 -1.789 2.185 1.000 -8.80 5.22 

3 -1.818 2.147 1.000 -8.71 5.07 

4 6.186
*
 1.656 .007 .87 11.50 



61 
 

6 7.135
*
 1.494 .000 2.34 11.93 

7 -7.593 2.422 .064 -15.37 .18 

8 4.752 1.951 .544 -1.51 11.01 

9 -1.809 2.357 1.000 -9.37 5.76 

6 1 -.168 1.525 1.000 -5.06 4.72 

2 -8.924
*
 1.743 .000 -14.52 -3.33 

3 -8.953
*
 1.695 .000 -14.39 -3.51 

4 -.949 1.002 1.000 -4.17 2.27 

5 -7.135
*
 1.494 .000 -11.93 -2.34 

7 -14.728
*
 2.032 .000 -21.25 -8.21 

8 -2.383 1.439 1.000 -7.00 2.23 

9 -8.944
*
 1.954 .000 -15.22 -2.67 

7 1 14.560
*
 2.441 .000 6.73 22.40 

2 5.804 2.583 .898 -2.49 14.10 

3 5.775 2.551 .860 -2.41 13.96 

4 13.779
*
 2.154 .000 6.87 20.69 

5 7.593 2.422 .064 -.18 15.37 

6 14.728
*
 2.032 .000 8.21 21.25 

8 12.345
*
 2.389 .000 4.68 20.01 

9 5.784 2.730 1.000 -2.98 14.55 

8 1 2.215 1.975 1.000 -4.12 8.55 

2 -6.541 2.148 .087 -13.43 .35 

3 -6.570 2.109 .069 -13.34 .20 

4 1.434 1.606 1.000 -3.72 6.59 

5 -4.752 1.951 .544 -11.01 1.51 

6 2.383 1.439 1.000 -2.23 7.00 

7 -12.345
*
 2.389 .000 -20.01 -4.68 

9 -6.561 2.323 .175 -14.02 .89 

9 1 8.776
*
 2.377 .009 1.15 16.40 

2 .020 2.522 1.000 -8.08 8.12 

3 -.009 2.490 1.000 -8.00 7.98 

4 7.995
*
 2.081 .005 1.32 14.67 

5 1.809 2.357 1.000 -5.76 9.37 

6 8.944
*
 1.954 .000 2.67 15.22 

7 -5.784 2.730 1.000 -14.55 2.98 

8 6.561 2.323 .175 -.89 14.02 

*. The mean difference is significant at the 0.05 level. 
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Appendix IX: Chi-square values of the preference 

 
Table: Significance of preference in land-use characteristics, comparing the Observed Use and Expected Use (see Table 5) 

using a χ2 (Pearson‟s Chi-Squared) -test. χ2 shows the chi-square values, and p-values show whether there is significance in 

preference: significant preference exists when p<0.05 (cells with p<0.05 are in bold), where when significant, preference is 

shown in --/-/+/-/+/++ (5 categories, similar to the categories in Table 5) or + / - (for 2 categories of village). When 

preference varies, the strongest preference is shown first. 

Land cover 

characteristics 

 Black-

shoulder

ed kite 

Fox 

kestrel 

Black 

kite 

Dark-

chanting 

goshawk 

Grass-

hopper 

buzzard 

Red-

necked 

buzzard 

Wahlbergs

‟ eagle 

Rüppell‟s 

vulture 

Hooded 

vulture 

Agr χ2 4.25 30.41 7,21 1.24 1.63 10.29 66.77 22.99 232,26 

 p 0.37 0.002: 

+/-, ++ 

0.13 0.87 0.80 0.04:  

- -, ++ 
0.002: 

++
 

0.002: 

- - , +
 

0.002: 

- , - - 

Vill* χ2 10.19 10.88 0.18 9.98 25.16 13.20 1.25 6.70 154.12 

 p 0.001: 

-   
0.002: 

- 
 

0.67 

 

0.001: 

- 
0.002: 

-
 

0.002: 

-
 

0.26 0.002: 

  - 
0.002: 

+ 

Wd χ2 31.57 35.24 12.47 16.67 22.03 33.16 17.74 34.83 81.12 

 p 0.002: 

++ 
0.002: 

 ++, - -
 

0.01: 

+/-, - -
 

0.02:  

++ 
0.002: 

++ 
0.002: 

++ 
0.001: 

 ++, - - 
 

0.002: 

++
 

0.002: 

++ 

Hbs χ2 4.29 28.32 21.19 2.04 6.22 3.21 27.04 38.87 113.26 

 p 0.36 0.002: 

- - 
0.002: 

- , - - 

0.73 0.18 0.52 0.002: 

 ++, - - 
0.002: 

- - 
0.002:  

 +/-, - - 

Bush χ2 3.52 6.81 2.32 8.68 2.01 21.74 7.45 5.82 28.62 

 p 0.47 0.14 0.67 0.07 0.73 0.002: 

+/-, + 

0.11 0.21 
0.002: 

- - 

Tree χ2 7.90 56.41 98.76 9.98 15.85 1.74 142.34 21.69 173.12 

 p 0.09 0.002: 

 ++, - - 
0.002: 

 +, +/- 
0.001: 

- -, +/- 
0.001: 

++
 

0.78 
0.002: 

++, + 
0.002: 

 +, - - 
0.002: 

 +, +/- 

*the degrees of freedom in the tests are always 4 (5 categories), except for village with 2 categories: this has only 1 degree of 

freedom. 

 1 p<0.01 
1 p<0.001 
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Appendix X: Bonferroni tests; grasshoppers and lizards 
 
0=sorghum, 1=cotton, 2=nature (natural woodland), 3=village 

 

Bonferroni test regarding total number of grasshoppers: 

(I) 

type_s_

c_n_v 

(J) 

type_s_

c_n_v 

Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

0 1 2.750 1.578 .494 -1.44 6.94 

2 -2.685 1.705 .696 -7.21 1.84 

3 6.094
*
 1.711 .002 1.56 10.63 

1 0 -2.750 1.578 .494 -6.94 1.44 

2 -5.435
*
 1.705 .009 -9.96 -.91 

3 3.344 1.711 .308 -1.19 7.88 

2 0 2.685 1.705 .696 -1.84 7.21 

1 5.435
*
 1.705 .009 .91 9.96 

3 8.779
*
 1.828 .000 3.93 13.63 

3 0 -6.094
*
 1.711 .002 -10.63 -1.56 

1 -3.344 1.711 .308 -7.88 1.19 

2 -8.779
*
 1.828 .000 -13.63 -3.93 

*. The mean difference is significant at the 0.05 level. 

 

Bonferroni test regarding total number of lizards: 

(I) 

type_s_

c_n_v 

(J) 

type_s_

c_n_v 

Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

0 1 -.065 .485 1.000 -1.35 1.22 

2 -.090 .524 1.000 -1.48 1.30 

3 -7.188
*
 .526 .000 -8.58 -5.79 

1 0 .065 .485 1.000 -1.22 1.35 

2 -.025 .524 1.000 -1.41 1.36 

3 -7.124
*
 .526 .000 -8.52 -5.73 

2 0 .090 .524 1.000 -1.30 1.48 

1 .025 .524 1.000 -1.36 1.41 

3 -7.099
*
 .562 .000 -8.59 -5.61 

3 0 7.188
*
 .526 .000 5.79 8.58 

1 7.124
*
 .526 .000 5.73 8.52 

2 7.099
*
 .562 .000 5.61 8.59 

*. The mean difference is significant at the 0.05 level. 

 


