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 Abstract 
 
Sexual body size dimorphism results in different nutritional needs and hence different feeding 
habits for males and females in many ungulates. To increase the knowledge about these habits 
and at the same time gain knowledge on which to base management of animal populations in 
nature reserves, this study examines differences in feeding behavior between males and 
females of a big browsing antelope, the greater kudu (Tragelaphus strepsiceros), in a small 
nature reserve in Botswana. The fieldwork was conducted during the late dry season, from 
July to October 2010 by observing kudu from a 4x4 vehicle. Time of three different kudu 
activities (feeding, vigilance and other), number of bites for each feeding bout, browsing 
height and vegetation type in each browsing patch was recorded. No significant difference 
was found between male and female kudu in vegetation choice, browsing height, bite 
diameter, bite rate and vigilance time. Both sexes browsed significantly more in their upper 
height range, and males also browsed significantly more in their lowest range. Both sexes 
increased their time spent on other activities with the proceeding of the dry season, suggesting 
that the kudu needed an increasing amount of time for finding food. My results invite to 
further studies of behavior differences between the sexes of browsers. 
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Introduction 
 

African wildlife tourism  

Africa is one of the strongest growing tourist markets in the world. Tourist arrivals to Africa 
increase with 5.6 % a year, which can be compared to an increase of 3.1 % worldwide 
(Shorrocks 2007). The main reason for traveling to Africa is to see wildlife in its natural 
habitat. Botswana in southern Africa, with the rich wildlife of the Okavango delta and Chobe 
National Park among others, also gets its share of tourists. In 2003, this country with less than 
2 million inhabitants (UNICEF 2010) had 975 000 tourist arrivals (Shorrocks 2007). There is 
a lot of nature to explore, as about 45% of Botswana’s land area is at least to some extent 
protected. The protected areas include national parks, various nature and game reserves and 
wildlife management areas (Ministry of Environment, Wildlife and Tourism 2007). Small 
nature reserves in the more densely populated southeastern parts of the country are becoming 
increasingly popular with tourists. They are easy to access and therefore especially attractive 
for those coming to Botswana for business purposes, still wanting a chance to see wildlife. 
They are also important for local citizens who want to experience and learn about nature.  
 
The main reason for people to visit the small reserves is to see wildlife, and it is therefore 
important for the reserves to have a high diversity and density of animals. However, the sizes 
of the animal populations need to be monitored, and knowledge is required so that their needs 
are fulfilled. One of the more popular animal sightings is big-horned males of large antelopes. 
This is why it is also preferable with a high fraction of older males of these species in the 
reserves, as they have the biggest horns. It is consequently preferable with knowledge not 
only about the different animal species, but also of the different sexes of the species. The 
reserves must, based on existing knowledge, make decisions about management that 
maintains the balance in the reserve. Animal populations should be big enough to satisfy 
tourists and small enough to prevent over-exploiting of local resources.  
 
Sexual segregation 

Ungulates have different nutritional needs depending on their size. The smaller species do not 
need so much food and can therefore afford to search for food with high protein. Larger 
species need more food, and their diet thus has high fiber content, as such food is more 
abundant (Shorrocks 2007). This type of differences in nutritional requirements can also arise 
within the same species, if there is a size difference between the sexes. This size difference is 
called sexual body size dimorphism and is a result of sexual selection. In many ungulates, 
males fight each other to gain access to females. Traits that give males an advantage in these 
fights, for example larger size and bigger horns, are therefore selected. Sexual body size 
dimorphism results in different feeding habits (Clutton-Brock et al. 1987, Stokke & du Toit 
1999, 2002) leading to males and females residing in different areas. Browsers have been 
shown to be especially prone to increase their sexual segregation with increasing body size 
differences (Mysterud 2000).  
 
The red deer (Cervus elaphus), a grazer, is one of the most studied ungulates regarding sexual 
segregation. The sexes live segregated for most of the year, and Clutton-Brock (1982) 
concluded that the reason for this was their different nutritional needs. Later, more theories 
about the reasons of sexual segregation have been discussed; the most important ones are 
listed below.
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Sexual dimorphism–body size hypothesis or the nutritional needs hypothesis 
This hypothesis is also called the Jarman-Bell principle after those who first proposed it. It 
states that although an optimum diet for all ungulates is rich in plants with high protein and 
low fiber content, animals of different sizes have different tolerance for diets of different 
compositions. The nutritional need of an animal is related to the metabolic weight, which is 
the animal’s weight to the power of 0.75. The digestive tract is, however, linearly related to 
the animal’s total weight. Consequently, larger animals can eat more in relation to their body 
weight than small animals. Larger animals also have a longer retention time and do not need 
to extract so much energy and nutrition per food unit as small animals. Hence they can extract 
more nutrition from a poor food source (Demment & van Soest 1985). Small animals have a 
higher metabolic rate than large animals, and have a higher requirement of protein and energy 
per unit body mass per day than larger animals (Bell 1971). As small animals have a shorter 
retention time, they seek out food that has a higher digestibility and contains higher amounts 
of protein and energy like fruits and flowers (Geist 1974). Therefore, small animals can 
sustain on a diet that is of high quality but low quantity, and large animals can sustain on a 
diet of lower quality and high quantity (Bell 1971, Geist 1974, Demment & van Soest 1985). 
 
According to this hypothesis, smaller females can tolerate a smaller amount of food, but need 
food of higher quality whereas males can tolerate a lower quality of food, but need large 
quantities. Another reason for females to feed on higher quality and lower fiber forage is 
because of their higher nutritional needs when pregnant and lactating (Mysterud 2000).  
Because of these differences the sexes feed in different areas. This was observed in red deer 
on the Scottish island Rhum when males used lower quality habitats than females did 
(Clutton-Brock 1982).  
 
Indirect competition hypothesis 
In grazers, intake of forage is partially limited by the incisor arcade breadth in periods of 
limited food supply. In periods of low resource levels, females outcompete males only when 
males are larger, and hence have a larger incisor arcade breadth. This is because females have 
an advantage in each bite being a larger fraction of their daily metabolic requirements 
(Clutton-Brock 1987), as explained in the previous section. Therefore, males of red deer 
chose different areas than females to forage in. 
 
Reproductive strategy hypothesis 
Each sex chooses areas to reside in that maximize their reproductive success. Albeit, males 
choose habitats with such forage that improves their body condition and growth. This gives 
them an advantage in fights with other males. According to this hypothesis, females choose 
areas with fewer predators over high quality areas, as this helps their offspring survive 
(Mysterud 2000, Loe 2006). 
 
Hypotheses concerning weather sensitivity, social interaction and activity budget have also 
been discussed (Main et al. 1996, Pérez-Barbería 1999, Loe et al. 2006). Several of the 
theories mentioned here have been tested in various ways, proving or refuting their 
significance (Main et al. 1996, Mysterud 2000), but the most probable explanation to sexual 
segregation is that several factors contribute to it (Loe et al. 2006, Pérez-Barbería 1999).  
 
Browsing height 

Because they are taller, males have the ability to browse higher than females. Kudu and other 
browsers with big horns can also use their horns to break off branches above their reach 
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(Owen-Smith 1993a). Males may also be expected to browse higher because of intraspecific 
competition with females at lower heights, which have been suggested in elephants (Stokke & 
du Toit 2000). In grazers, the intraspecific competition is referred to as the incisor breadth 
hypothesis (Clutton-Brock et al. 1987) or the indirect competition hypothesis (see above) 
which states that females may, due to their smaller body size, outcompete males in areas with 
lower standing crop. The reason for this is that the males need to have a bigger bite size in 
order to satisfy their daily metabolic requirements in the equal number of bites as the females. 
Thus, it is not possible for males to graze economically in areas with a short sward. In 
browsers the same principle applies, but in a different way. Because of sexual size 
dimorphism, the different sizes of males and females give them different browsing 
possibilities and the displacement instead takes place on a height scale. The browsing of 
females at a certain height leads to less food available at that height, the amount still being 
enough for females but not for males. Males are thus outcompeted and are forced to browse 
higher in the canopy (Clutton-Brock et al. 1987, du Toit 1995).  
 
Bite diameter and bite rate 

Bite size in grazers increases with the breadth of the incisor arcade (Clutton-Brock et al. 
1987). In browsers, bite size characterized by bite diameter increases with body size, although 
also the characteristics of the browsed plant species are important (Wilson & Kerley 2002). 
This fact should also apply to size differences between the dimorphic sexes of one species. 
Thus, males should have a bigger bite diameter than females.  
 
In sexually dimorph grazers and browsers, females have in some cases been found to have a 
higher bite rate than males, especially when they are lactating (Ruckstuhl 2003, Pérez-
Barbería 1999, Ginnett & Demment 1997). Also studies of species that are not sexually 
dimorph show higher bite rate in lactating females (Neuhaus & Ruckstuhl 2000, 2002). The 
reason for this seems to be their higher nutritional needs (Neuhaus & Ruckstuhl 2002). 
 
Time spent on vigilance, feeding and other activities 

Individual vigilance decreases with increasing group size (Roberts 1996) and different 
theories have been suggested to explain this. When in a larger group, the animals take turns in 
being vigilant and thus the individual spend less time on it (Pulliam 1973). But as the group 
gets larger, competition for forage also increases; hence one hypothesis states that competition 
forces individuals to use more time for foraging, decreasing time being vigilant (Dalerum et 

al. 2008, Périquet 2010). There is also a possibility that predation risk for the individual 
animal simply decreases with increasing group size and therefore vigilance also decreases 
(Roberts 1996). A study by Périquet (2010) reveals that greater kudu adapt the time spent on 
vigilance according to group size and presence of predators. However, vigilance can be 
affected differently in the sexes. In impala, females look out for predators while males look 
out for other males simultaneously as they watch females in their herd. Therefore, female 
vigilance is more affected by group size than male vigilance in, for example, impala 
(Shorrocks 2005). On the other hand, a bigger herd could attract more rival males and 
therefore lead to more vigilance in the male.   
 
As females and young have a higher predation vulnerability compared to males, a sexual 
difference in vigilance behavior can be expected. The driving force in this difference can be 
the female instinct to protect the young (Burger & Gochfeld 1994), the smaller size in females 
and young (Burger & Gochfeld 1994), related to seasons (Ginnett & Demment 1997) or the 
group composition and vicinity to other animals of the same species (Cameron & du Toit 
2004).  
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Depending on how much time is spent on vigilance or foraging, predictions about time spent 
on the other categories can be made. Less need for vigilance leads to an increase in time spent 
foraging and doing other activities, like grooming. On the other hand, an increased need for 
foraging leads to a decrease in vigilance and, primarily, in other activities (Dalerum et al. 
2008). 
 

Aims 

In this report, I aim to increase the knowledge on which to base management in smaller nature 
reserves through studying differences in feeding behavior between the sexes in one of the 
more common animals, the greater kudu (Tragelaphus strepsiceros). 
 
I have mainly focused on differences between male and female kudu: (1) in browsing height, 
(2) in bite diameter and bite rate when feeding, (3) in proportion of time used for vigilance. I 
also want to see if there are any differences between the sexes in time spent on vigilance as 
the dry season proceeds. As a background to my focus questions, I want to see if males and 
females choose to feed in different vegetation types, as this makes it easier to compare the 
sexes in my main focus area. 
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Methods 
Study site 

Fieldwork was carried out in Mokolodi Nature Reserve (24o45’S, 25o55’E) 15 km south of 
Gaborone, the capital of Botswana. The reserve is fenced and covers approximately 4500 ha. 
The area where the reserve resides today was a cattle farm with high cattle density until 1986 
(Bråten 1997). The history of cattle grazing has probably had a large impact on the reserve’s 
vegetation (Bråten 1997), which today consists of mixed shrub and tree savannah (Bekker & 
de Wit 1991). The altitude varies between 1000-1300 m above sea level with most of the 
lowland in the middle and south and small hills along the reserve’s borderlines (Bekker & de 
Wit 1991). The soil type is very shallow to moderately deep varying from rocky, rough slopes 
to sandy clay loams. The soil color ranges from greyish brown to dark red (de Wit and 
Nachtergaele 1990). 
 
There are three main habitat types: the Spirostachys habitat in lowlands and along riverbeds, 
the Acacia habitat on gentle slopes and Combretum habitat along the hill slopes and tops. The 
habitat types are dominated by the species Spirostachys africana, Acacia tortilis and 
Combretum apiculatum, respectively. The Spirostachys habitat has large trees and bare 
ground with fine textured soil. The Acacia and Combretum habitats have a larger number of 
trees overall, most of them being smaller than trees in the Spirostachys habitat. The more 
rocky ground in Acacia and Combretum habitats is covered with grass, especially in the 
Combretum habitat. There are no area figures on the extent of the different habitats, but the 
Spirostachys habitat has previously been estimated to cover the smallest area (Skarpe et al. 
2000). In total, I identified 53 different tree species in the reserve, 8 of these represented 71 % 
of all trees in the study. 
 
The climate in southern Botswana is sub-tropical with the highest monthly temperature mean 
of 32.6°C in January and the lowest of 3.9°C in July. Ground frost occurs on average 26 
days/year. Rains occur from November to March with a mean annual rainfall in Gaborone of 
538 mm. A small number of heavy storms make up most of the precipitation (Bråten 1997).  
 
In the annual animal counting conducted in 2009 the reserve had 152 greater kudus, along 
with 16 other species of browsers and grazers like giraffe (Giraffa camelopardalis), 
wildebeest (Connochaetes taurinus) and impala (Aepyceros melampus) (table 1). The reserve 
has two cheetahs (Acinonyx jubatus) and several spotted hyenas (Crocuta crocuta) in 
enclosure. A few brown hyenas (Hyaena brunnea) are known to reside in the reserve, and 
leopards (Panthera pardus), previously known to be present in in the area, have been caught 
on motion-activated camera in the reserve during 2010 (Lincoln Njiru, personal 
communication). Until recently, the reserve also had four domesticated elephants. 
 
Mokolodi is popular with tourists who come to Gaborone and have many non-consumptive 
activities like game drives and horseback safaris. The tourism activities finance environmental 
education in the reserve for the schoolchildren of Botswana. Research in cooperation with the 
University of Botswana and overseas researchers is also conducted in the reserve. 
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Table 1. Animals in Mokolodi 2009. Food pref. = Animal food preference (Br=browser, Gr=grazer, Mix= 
intermediate mixed feeder), shoulder height, weight and year reintroduced (n/a= data not available) from Skinner 
& Chimimba 2005, Estes 1991 and Bråten 1997. Dens. = Number of animals in the reserve provided by Lincoln 
Njiru, personal comm. (n/a= data not available). 
English name Scientific name Dens. Food 

pref. 

Shoulder 

height (cm) 

Weight (kg) Reintroduced 

    M F M F  

Eland Tragelaphus 

oryx 

40 Mix 170  150 700  460 1993-94 

Gemsbok Oryx gazelle 32 Gr, 
Br 

120 n/a 240  210 1992 

Grey duiker Sylvicapra 

grimmia 

 

n/a Br n/a n/a 17 17 No 

Giraffe Giraffa 

camelopardalis 

 

22 Br 304  274 1192  828 1993 

Lichtensteins 
Hartebeest 

Alcelaphus 

lichtensteinii 

 

22 Gr, 
Br 

123 125 177  166 1992 

Hippopotamus Hippopotamus 

amphibius 

 

2 Gr 150 144 1546  1385 n/a 

Impala Aepyceros 

melampus 

 

311 Mix 91  89 55  41 No 

Klipspringer Oreotragus 

oreaotragus 

 

n/a Gr, 
Br 

n/a n/a 11 13 No 

Greater Kudu Tragelaphus 

strepsiceros 

 

152 Br 135 120 257 170 No 

Mt. reedbuck Redunca 

fulvorufula 

 

n/a Gr, 
Br 

n/a n/a 31 27 No 

Ostrich Struthio 

camelus 

 

40 Gr n/a n/a n/a n/a n/a 

Square-lipped 
rhino 

Ceratotherium 

simum 

 

9 Gr 180 177 2200  1600 1994 

Steenbok Raphicerus 

campestris 

 

n/a Br, 
Gr 

n/a n/a 11 11 No 

Warthog Phacochoerus 

africanus 

 

28 Gr 68 59 80 57 n/a 

Waterbuck Kobus 

ellipsiprymnus 

 

4 Gr 120 n/a 260 n/a 1991-92 

Blue 
Wildebeest 

Connochaetes 

taurinus 

 

106 Gr 147 135 250  200 1993 

Plains Zebra 
 

Equus quagga 74 Gr 133 133 313  302 1991 
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Study animal 

The greater kudu (Tragelaphus strepsiceros) is the second largest browsing antelope. It is 
common in southern Africa and widespread also outside of conservation areas. The kudu has 
a clear sexual size dimorphism when fully grown, males measuring ca. 135 cm at shoulder 
height (Estes 1991) and weighing on average 300 kg (Owen-Smith 1993a) compared to 
females measuring approximately 120 cm (Estes 1991) and weighing 200 kg (Owen-Smith 
1993a). The male horns are the largest amongst the antelopes measuring on average 120 cm 
and make the kudu a tourist attraction. Females with their offspring form herds including 
about 7 animals (du Toit 1995); these groups also include a male during rutting season. 
During other seasons the males are solitary or gather in bachelor groups with a mean of 4 
individuals. (Estes 1991, Owen-Smith 1993b). Kudus mainly browse on woody plant leaves 
and forbs (Owen-Smith 1993a). In the wet season, the kudu spends 70 % of its time eating, 
15 % walking between feeding patches and 15 % standing or doing other activities (Owen-
Smith & Novellie 1982).  
 
Field work 

The fieldwork was conducted during the late dry season, from July 16th to October 2nd 2010.  
Observations of kudu were made from a 4x4 vehicle, dividing searching time equally in each 
of the three main habitats. When a mature kudu was spotted feeding, I started observing it 
with binoculars, noting sex of animal, group size and composition. The animal’s activities 
were recorded using a stopwatch and divided into three categories: time spent feeding, time 
spent vigilant and time spent on all other activities (for example walking, resting and 
scratching). Number of bites for each feeding bout, browsing height (recorded as nearest kudu 
body part, table 2), species of the browsed tree and habitat type were also recorded. The 
observations continued for 15 minutes or until the animal walked out of sight. 
 
After observations were finished, a circular plot of 50 m2 (4 m radius) was placed where the 
kudu had been browsing. The purpose of the plot was to collect data about vegetation type 
and trees in feeding patches chosen by kudu. I have only used the data to get an overview of 
possible differences in vegetation choice between males and females. Elin Orvendal will 
provide detailed analyses of male and female use of vegetation and feeding species in her 
master thesis. The plot was placed so that it included as many newly browsed trees as 
possible. Vegetation type for the plot was recorded, and trees with more than 50 % of their 
canopy within the plot were measured. Canopy diameter was measured in two different 
directions, so that coverage area could be calculated. The diameters of three randomly 
selected fresh bites were measured on each newly browsed tree in the plot using a vernier 
caliper. To see that the results were not just coincidence, I placed a control plot with the 
center 50 meters from the middle of the feeding plot, 90 degrees to the right of the walking 
direction of the observed kudu when it left the plot. The distance was paced out. If the control 
ended up on a dust road or another area where placing a plot was unsuitable, the distance was 
instead paced out 90 degrees to the left of the kudu’s walking direction.  
  
Statistical analysis 

Browsing height, bite diameter, bite rate and vigilance 
Statistical analyses for browsing height, bite diameter, bite rate and time spent on vigilance 
were all performed in Minitab 15. Mean figures for browsing height in both females and 
males were estimated from mean shoulder height in both sexes; males 135 cm, females 121 
cm (Estes 1991) (table 2). As the data for browsing height are nominal, Chi-square test was 
used to analyze differences between males and females. To see preferred browsing height for 
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each sex, Chi-square Goodness of fit test was used. If an animal had been browsing at 
different heights, the height first observed was used in the analysis. As I made too few 
observations in the categories knee, chest, shoulder and neck, these were merged in different 
ways when running the tests to prevent type 1 error.  
 
Data on bite diameter, bite rate and vigilance were tested for normality. If the data were not 
normally distributed, the non-parametric Mann-Whitney test was used in the analysis. If 
normally distributed, Two-sample t-test was used. The data for bite diameter and bite rate of 
the two sexes were analyzed using Two-sample t-test and Mann-Whitney test, respectively. 
Furthermore, the data for proportion of time spent on vigilance, feeding and other activities 
was arcsine-transformed prior to statistical testing. Differences in vigilance time between the 
sexes were then analyzed using Mann-Whitney test, and differences in feeding time and time 
spent on other activities using Two-sample t-test. To examine if there was a relationship 
between the progress of the dry season and time spent on the different activities by males and 
females, regression analysis was performed on vigilance time, time spent feeding, time spent 
on other activities and day number of the study.  
 
Table 2. Browsing height estimated from mean shoulder height 135 and 121 cm for male and female kudus, 
respectively (Estes 1991). 
Browsing height Estimated female height (cm) Estimated male height (cm) Estimated average height (cm) 
Foot 10 10 10 
Knee 45 50 50 
Chest 85 100 90 
Shoulder 121 135 130 
Neck 150 160 150 
Head 165 175 170 
Above head 175 185 180 
 
Vegetation choice 
The Ordination methods: multivariate analyses 

Multivariate analyses are statistical methods useful when analyzing communities and relating 
them to environmental factors. One type of multivariate analyses is the ordination methods. 
These methods display similarity and dissimilarity between samples (response variables), and 
show the relationships between samples and environmental variables (predictors). This is 
done by finding the axes of largest variation in the community composition for a set of 
samples and visualizing it in an ordination diagram. Two different gradient analyses are used: 
the indirect gradient analysis and the direct gradient analysis. The indirect gradient analysis 
searches for the largest total variation in the species data. This is then used as the first 
ordination axis. The direct gradient analysis finds variation that can be explained by linear 
combinations of included environmental variables which is used in constructing ordination 
axes. Indirect gradient analysis is best to use when the total variation in the species 
composition is most important while direct gradient analysis best illustrates the variability 
explained by supplied environmental variables. The indirect analysis shows variation in the 
data set without including the environmental variables, but these can still be fitted on top of 
the diagram, as help for interpretation. The most common analyses used in the program 
package CANOCO 4.5 are shown in table 3 (Lepš & Šmilauer 2003).
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Table 3. The different models and types of gradient analysis in the program package CANOCO 4.5 (Lepš & 
Šmilauer 2003) (Modified from Wallgren 2001).  

 Indirect gradient analysis Direct gradient analysis 

Linear model 
PCA Principal Component 
Analysis 

RDA Redundancy Analysis 

Unimodal model 

CA Correspondence Analysis CCA Canonical Correspondence 
Analysis 

DCA Detrended Correspondence 
Analysis 

DCCA Detrended Canonical 
Correspondence Analysis 

 
There are two different models of species responses to environmental gradients; linear and 
unimodal (table 3). In the linear model species correspond with the assumed model of linear 
response and is suitable for data sets with a short gradient. The unimodal model expects that 
the species has an optimum on the environmental gradient and more appropriate for data sets 
with a relatively long gradient. In addition to deciding which type of analysis to use, one must 
decide which model to use. This is decided by using the gradient length of the axis in a 
detrended analysis: DCA analysis. The length of the axis shows diverseness in the community 
composition. If the longest axis is shorter than or equal to 3 SD (standard deviation) units, it is 
suitable to use the linear model. If it is longer than or equal to 4 SD units, it is instead 
appropriate to use a unimodal model. If the length of the axis is between 3 and 4 SD units 
both models can be used. In a direct gradient analysis, the significance of the predictors’ 
relationship to the response variables can be tested using forward selection with Monte Carlo 
permutation (Lepš & Šmilauer 2003). 
 
 In the ordination diagram, samples are displayed as points and environmental variables as 
arrows, the length of the arrows indicating the importance of the variable. When interpreting 
an ordination diagram, the most important rule is “proximity implies similarity”, meaning that 
samples closer to each other are more similar, in this case plots closer to each other are more 
similar regarding species composition and cover or abundance. Similarly, the environmental 
gradients are more important in those samples, which are closest to them (Lepš & Šmilauer 
2003).   
 
Ordination method used 

To see whether there is a difference in vegetation and species coverage between feeding 
patches of males and females, the coverage of each tree species was calculated in each plot 
(“kudu plot” and “control plot”) at each site. A multivariate analysis method was used, 
producing an ordination diagram in the multivariate program package CANOCO 4.5. When 
using Detrended Correspondence Analysis (DCA), the length of the axis was 4.548, which 
showed that a unimodal model should be used for the analysis. For each sample, I have 
recorded the habitat type. These habitat types were fitted as external variables in my indirect 
ordination. Habitat types are not environmental variables; they don’t affect the species 
composition in the sample. Therefore, I don’t want to include my external variables in the 
analysis, but instead fit them in the diagram to aid in interpretation. With these criteria, I 
chose to analyze my data with the Correspondence Analysis (CA). 
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Results 
 
During 77 days, I recorded data on 92 different sites and made 103 observations of kudus, 
whereof 62 were females and 41 males. 
 

Vegetation in browsing sites 

Vegetation does not differ between areas browsed by the different sexes (figure 1). A great 
part of both male and female sites were in Combretum habitat (left).  
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Figure 1. CA ordination diagram showing the relationship between female (circles) and male (boxes) feeding 
sites and the habitat types (Spi=Spirostachys, Com=Combretum, Aca=Acacia). Filled symbols are kudu sites and 
empty control sites. Species are symbolized by triangles. A.eu=Acacia erubescens, A.me=Acacia mellifera, 
A.to=Acacia tortilis, B.fo= Boschia foetida, C.ap=Combretum apiculatum, D.ci=Dichrostachys cinerea, 
E.ri=Ehretia rigida, E.sp= Euclea sp., G.sp=Grewia sp., M.sp=Maytenus sp., S.af=Spirostachys africana, 
T.ca=Tarchonanthus camphorathus. 
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From the biplot it seems that females showed a tendency to feed in sites with more coverage 
of the species Acacia mellifera (lower right corner) and males chose sites with high coverage 
of Acacia tortilis (figure 1). Based on the recording of which tree species the observed kudu 
was browsing I observed a broadening of the diet towards the end of the dry season, mainly 
among males. 
 
Browsing height 

Most observed kudus of both sexes browsed at foot (20-30%), head (15-20%) or above head 
height (~30%) (figure 2). Males browsed significantly more at foot and above head height 
while females browsed significantly more at above head height (table 4). Kudus browsing at 
foot height were mostly foraging on fallen leaves. I found no difference in browsing height 
between males and females (table 5). 

 
Figure 2. Frequency of male and female kudu browsing at different heights. 
 

Table 4. Chi-square goodness of fit test for male (M) and female (F) browsing height (Brow. Height). Cont. to 
Chi-square=Contribution to Chi-square. 

Sex 
Brow. 

Height 
Observed 

Cont. to 

Chi-

square 

(%) 

Expected 
Chi-

square 
N df P 

M 

Foot 12 29 

6.83 13.29 41 5 0.02 

Knee/Neck 4 9 
Chest 3 16 

Shoulder 3 16 
Head 7 0 

Above 
head 

12 29 

F 

Foot 13 6 

10.33 11.55 62 5 0.04 

Knee/Neck 7 9 
Chest 5 24 

Shoulder 7 9 
Head 12 2 

Above 
head 

18 49 
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Table 5. Chi-square test of male and female kudu browsing height. Df= 3, p=0.77. 
Browsing height  Male Female Total 

Foot 
Observed 12 13 25 
Expected 9.95 15.03 
Chi-square 0.42 0.28 

Knee/Chest/ 
Shoulder/Neck 

Observed 10 19 29 
Expected 11.54 17.46 
Chi-square 0.21 0.14 

Head 
Observed 7 12 19 
Expected 7.56 11.44 
Chi-square 0.04 0.03 

Above head 
Observed 12 18 30 
Expected 11.94 18.06 
Chi-square 0.00 0.00 

 
Bite diameter and bite rate 

There was no difference between the sexes in neither bite diameter or bite rate (table 6). The 
mean bite diameter was around 2.5 mm in both sexes (table 6) and varied between 1.2 and 5.4 
mm in males and 0.8 and 4.8 mm in females (table 6, figure 3). Mean bite rate was 
approximately 15 bites/minute in both sexes (table 6), and it varied between 1.2 and 54.6 
bites/minute in males and 0.6 and 69 bites/minute in females (figure 4). 

 
Figure 3. Frequency of male and female kudu mean bite diameter. 



16 
 

 
Figure 4. Frequency of male and female kudu bite rate. 
 
Table 6. Statistical comparison between male and female bite diameter and bite rate. 
 N Mean Median Stdev Type of test df P 

Male bite diameter (mm) 20 2.63 2.39 0.65      Two sample t-test 39 0.23 Female bite diameter (mm) 22 2.38 2.18 0.68      
Male bite rate (bites/min) 23 15.29 12.60 11.61 Mann-Whitney 63 0.84 Female bite rate (bites/min) 42 15.11 12.90 12.37 
 
Time spent on vigilance, feeding and other activities 

The average percentage of time spent on vigilance was the same in females and males. 
Females appeared to spend more time on feeding than males, and males appeared to spend 
more time on other activities (table 7). However, these differences were not significant when 
testing proportion of time spent (table 8). The main observed behavior in the category “other” 
was walking. 
 
Table 7. Time spent on the three different activities by female and male kudu. 
Sex Mean vig. 

time (s) 

% of mean 

total time 

Mean feed. 

time (s) 

% of mean 

total time 

Mean other 

time (s) 

% of mean 

total time 

Male 23.07 10 127.62 55 47.05 35 
Female 28.70 11 130.68 59 57.19 30 
 
Table 8. Statistical analysis of the different activities, comparing male and female kudu. 
 N Mean Median Stdev Type of test df P 

Vigilance Male 40 0.06 0.06 0.24 Mann-Whitney 100 0.67 Vigilance Female 62 0.06 0.02 0.30 
Feeding Male 40 0.55 0.61 0.00 Two sample t-test 71 0.42 Feeding Female 62 0.60 0.63 0.00 
Other Male 40 0.33 0.27 0.12 Two sample t-test 72 0.26 Other Female 62 0.26 0.25 0.08 
 
There was a significant relationship between time spent on other activities by both sexes and 
the proceeding of the dry season (table 9). Both sexes spent less time on vigilance and 
feeding, and more time on other activities as the dry season proceeded (figures 5 and 6). It 
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seemed, although not fully significant (p=0.07), that males reduced their feeding time as the 
dry season proceeded. 
 
Table 9. Relationship between the time spent on different activities and the  
proceeding of the dry season. 
Relationship Pearson correlation p 

Male vigilance time vs. day no. -0.14 0.40 
Female vigilance time vs. day.no. 0.10 0.42 
Male feeding time vs. day no. -0.29 0.07 
Female feeding time vs. day no. -0.19 0.15 
Male other time vs. day no. 0.36 0.02 
Female other time vs. day no. 0.33 0.01 

  
Figure 5. Relationships between percentage of time spent by male kudu on the different activity categories and 
the proceeding of the dry season. 

 
Figure 6. Relationship between percentage of time spent by female kudu on the different activity categories and 
the proceeding of the dry season. 
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Discussion 
 
Vegetation in browsing sites 

Vegetation does not differ in areas browsed by males and females (figure 1), although females 
seemed more prone to feed in sites with more coverage of the species Acacia mellifera. Most 
of these occasions were recorded in the end of August and the beginning of September when 
Acacia mellifera started flowering. The females seemed to have a special preference for the 
flowers, which is logical due to their high protein content (Geist 1974). Other trees also 
started flowering in September, and leaves started sprouting. I did not expect these early 
leaves, and it is possible that the results had been different, if my observations had begun 
earlier in the dry season and finished before the leaf sprouting, or data had been enough to 
analyze the two seasons separately. The similarity of the vegetation in feeding patches chosen 
by males and females indicate that they have comparable food preferences. However, food 
choice in different scales, and thus also similarities and dissimilarities between the sexes 
varies over time. In a study in the Kruger National Park, South Africa, du Toit (1995) 
discovered that male and female kudu were less segregated in the dry season. He concluded 
that there is no competition for forage between the sexes, and that this cannot be the reason 
for sexual segregation in the park. It would be interesting to see if this is also the case in 
Mokolodi. If it is, the kudus should be more segregated in the wet season. 
 
I observed broader diets in the kudu with the proceeding of the dry season, as mainly males 
were recorded feeding on the evergreen species Euclea, which is usually avoided, towards the 
end of September. The reason for this is probably less availability of leaves on the species 
they feed on earlier in the dry season. A broader diet late in the dry season was also observed 
by Owen-Smith (1994).  
 
My results indicate a tendency in kudu of both sexes to mainly browse in the Combretum 
habitat. This preference is, however, not statistically tested, due to lacking data of area for the 
different habitats. Even if all habitats in the reserve have species the kudu prefer to feed on, it 
may be that the Combretum habitat harbors most of the species the kudu prefers, making the 
search for forage shorter if kudu spend more time there. The choice of habitat can also be an 
adaptation to leopards being present in the reserve, as the leopard is one of the main kudu 
predators (Owen-Smith 1993a) and prefers to hunt in habitats with less dense vegetation 
(Balme et al. 2006). Skarpe et al. (2000) found a higher browsing pressure on trees in the 
Spirostachys habitat in Mokolodi, and suggests that this is a preferred feeding habitat of 
browsers, probably kudu (Skarpe, personal communication). The reason for the difference 
between these two studies can be that the browsing occurred during different times of the 
year. In my study I recorded twig biting which is most common in the late dry season. The 
other reason may be that the browsing pattern has changed during the last 10 years. Elin 
Orvendal has looked more into details of kudu male and female use of vegetation and tree 
species in her master thesis (Elin Orvendal, unpublished). 
 
Browsing height 

The results of my study show no difference in browsing height between the sexes. The reason 
could be that there is enough food for both sexes on their preferred browsing heights and 
males therefore have no need for browsing higher in the canopy to get enough forage. This 
should be the case according to the indirect competition hypothesis. The fact that my 
browsing height measurements are relative, e.g. male above head height is a bit higher than 
female above head height (table 2), also needs to be considered. This could mean that females 
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actually are browsing about 10 cm lower than males when browsing in their highest range, 
meaning that there actually is a difference (although small) in browsing height. 
 
The possibility that there is enough food for both sexes on their preferred browsing height has 
also been discussed by Stokke & du Toit (2000) when they found that elephant males have the 
same browsing height as family groups. The sufficient forage for kudus is also underlined by 
a study on giraffe showing that males browse higher than females to raise their feeding 
efficiency, as there are more shoots at a higher level in the canopy (Ginnett & Demment 
1997). 
 
Both male and female kudu browsed significantly more in their highest (1.75-1.85 m) range 
during the study period. Males also browsed significantly more in their lowest range (0.1 m). 
Most of the times I observed a male kudu browsing on a low height in the early dry season, it 
was feeding on fallen leaves. The shift to their highest range appears to have taken place later 
in the dry season, probably because the food in the lower heights had then become scarce. 
Furthermore, there is competition with mixed feeders like impala at lower heights. A high 
mean browsing height in kudu during the dry season has also been observed by du Toit (1990) 
in Kruger National Park, South Africa. He found that kudu, impala and steenbok had a higher 
mean feeding height in the dry season than in the wet season. He suggests that this is a result 
of the reduced forage available in the herbaceous layer at this time. He also found that the 
most common feeding height for kudu, regardless of season and sex, was lower than 1.2 
meters. With my estimations, this suggests that they spend most of their time feeding below 
shoulder height (table 1). It would be interesting to examine the feeding height of kudu in 
Mokolodi also in the wet season, to see if average feeding height over both seasons is equally 
low there. A factor that speaks in favor of this is the elephants that until recently have been 
present in the area. The elephants did not browse freely, but forage for them was taken from 
the reserve and this may have affected height of the trees in a similar way as if they were 
browsed. Elephant browsing has been shown to create so called “browsing lawns” for smaller 
browsers. Trees browsed by elephants, and hence of lower height, were preferred by kudu in 
Chobe National Park (Makhabu et al. 2006). 
 
Bite diameter  

My study revealed no difference between the sexes in bite diameter. As a large proportion of 
the foraging observed was on fallen leaves, where no bite diameter could be recorded, it may 
be that a larger sample size of twig biting might reveal a difference between sexes in bite 
diameter. Although not fully comparable, studies of grazers have also shown similarities in 
bite size between the sexes (Clutton-Brock 1982, Brown et al. 2010). Clutton-Brock (1982) 
suggests that in grazers, the difference in bite diameter should be proportional to the 
difference in incisor breadth between the sexes. He found that male red deer have 8 % bigger 
incisor breadth than females. A difference between the sexes should also be present in 
sexually dimorph browsers, since bite diameter increases with body size (Wilson & Kerley 
2002). Bigger bite diameters in males have been found in elephants and giraffes (Stokke & du 
Toit 2000, Ginnett & Demment 1997). Ginnett and Demment (1997) have observed a bigger 
difference in bite diameters in the wet season. The reason for this is that the animals have a 
greater possibility to choose the size of their bites when there is more shoots available. 
Especially males tend to increase their bite sizes in the wet season (Ginnett & Demment 
1997). 
 
As my data set was not big enough to analyze bite diameters separately for different tree 
species, such differences, imposed for example by defense mechanisms like spinescence, have 
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not been taken into account in this study. Spinescent species have been shown to have smaller 
bites than unarmed species (Wilson & Kerley 2002, Skarpe et al. 2006); this might have had 
an effect on the bite diameter data.  
 

 

Bite rate 

I found no difference in bite rate between the sexes. Similarities in male and female bite rate 
have also been presented in studies of sexually dimorph grazers like red deer and Rocky 
Mountain bighorn sheep (Ovis canadensis) (Clutton-Brock 1982, Brown 2010). The bite rate 
range in my study was slightly higher in females (figure 4), revealing a possibility that the bite 
rate might have been higher in females with a larger data set. A higher bite rate in females 
than in males is probably due to their higher nutritional need during lactation, as pointed out 
by Neuhaus & Ruckstuhl (2002a, 2002b). The females were, however, not lactating at the 
time of my study, which could also explain my results. Higher bite rate in females has been 
shown in grazers like Rocky Mountain bighorn sheep (Ruckstuhl et al. 2003), Soay sheep 
(Ovis aries) (Pérez-Barbería 1999) and in sexually dimorph browsers like giraffe (Ginnett & 
Demment 1997). In studies of species that are not sexually dimorph, there has been no 
difference in bite rate between the sexes (Ruckstuhl & Neuhaus 2009, Ruckstuhl & Neuhaus 
2000). Nevertheless, Ruckstuhl & Neuhaus (2000) found that lactating females of plains zebra 
had a higher bite rate than both non-lactating females and males, and Ruckstuhl & Neuhaus 
(2009) found that female African oryx (Oryx gazella) with calves have a higher bite rate than 
females without calves. These two examples again emphasize the higher nutritional need of 
lactating females. 
 
Time spent on vigilance, feeding and other activities 

I found no significant difference in vigilance time, feeding time or time spent on other 
activities between the sexes (table 8). The reason for the equal vigilance can be that the kudus 
of Mokolodi are not that exposed to predators. Even if leopards jump over the fence into the 
reserve, this could have started recently or maybe is happening on such an irregular basis that 
the kudus have not yet adapted to it. As leopards rather pray on calves and immature animals 
(Owen-Smith 1993a), groups with such individuals (that is female groups) should be more 
vigilant than male groups, because they are more vulnerable.  
 
Equality in vigilance between the sexes has been published mainly regarding species that do 
not display sexual size dimorphism like African oryx and plains zebra (Ruckstuhl & Neuhaus 
2009, Neuhaus & Ruckstuhl 2002a). The studies show that the similarity in body size also 
means similarity in activity budgets and that the equally high vigilance reflects the important 
role of the stallion in keeping the herd together. This is not a possible explanation for my 
results, as these species are not sexually segregated as the kudu are. In giraffes, females have 
been shown to be vigilant more frequently than males, but the total vigilance time is the same 
for both sexes (Cameron & du Toit 2004). This is explained by the overlooking of the social 
factors, which have a stronger role in giraffe vigilance than previously thought. It might be 
one of the reasons why the individuals subject to higher predation risk do not display the 
expected higher vigilance rate (Cameron & du Toit 2004). Social factors can be an overlooked 
reason for equal vigilance between the sexes also in kudu, and can be an interesting subject 
for future research. 
 
The time spent on other activities (for example walking, resting and scratching) significantly 
increased with the proceeding of the dry season in both sexes. This may be caused by an 
increased time spent searching for food as it became scarcer later in the dry season. My 
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activity categories did not separate search for food from walking, and thus these categories 
may have been unintentionally mixed up, explaining the somewhat illogical result. Total 
foraging time (feeding and searching) should increase as the dry season proceeds because of 
decreasing availability and quality of food. This has been observed by Owen-Smith (1994). 
As the total foraging time increases, the kudu have to decrease the time spent on vigilance and 
time spent on other activities (Dalerum et al. 2008). If many of the kudu activities recorded as 
“other” actually was search for food and should have been placed under the “feeding”-
category, the feeding category might have been increasing instead of decreasing over the dry 
season. If “search” had been classified as a separate category it might have explained the 
almost significant result (p=0.07) of males reducing their feeding time as the dry season 
proceeded. 
 

Conclusion 
 
There were no major differences in the late dry season between male and female kudu in 
Mokolodi Nature Reserve regarding selection of feeding sites or feeding behavior as browsing 
height, bite rate, bite diameter or vigilance time. Kudus of both sexes browsed significantly 
more in their highest range, males also in their lowest range. Most kudus observed browsing 
on low heights were feeding on fallen leaves. Both sexes increased their time spent on other 
activities with the proceeding of the dry season, possibly suggesting that the kudu needed 
more time for searching for food (walking). Generally, the results of my study on greater kudu 
were not in line with the previously stated theories about differences in feeding behavior 
between the sexes of browsers. This is notable and invites to further studies of this subject in 
greater kudu. Differences in bite rate and bite diameter deserves to be further examined, as 
there is a possibility that a bigger data set on twig biting (as different from picking of fallen 
leaves) might have shown clearer results. It would also be interesting to perform the same 
study in Mokolodi in the wet season as many studies of kudu compare wet and dry season. A 
comparison between the seasons would shed even more light on kudu feeding behavior in 
smaller reserves. 
 
The results of this study will increase the knowledge on which to base management of greater 
kudu populations in small nature reserves. With more knowledge about the different behavior 
of the sexes, it will be easier to fulfill nutritional needs of the animals regardless of season. 
This will help the nature reserves to continue to be an excellent source of information for 
schoolchildren and tourists in Botswana. 
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