
 

Relation between herbivore abundance, 

herbivore diversity and vegetation 

diversity 
 

Andreas Lundgren 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Andreas Lundgren 
Degree Thesis in Biology 15 ECTS 
Bachelor’s Level 
Report passed: 2018-05-01 
Supervisor: Bent Christensen 



 



Abstract 
 
 
 
 
Biodiversity has been described as an important factor for an ecosystem’s ability to maintain 
ecosystem functions. This report aim to investigate the relationship between herbivore 
abundance and the diversity of habitat vegetation, as well as the relationship between 
herbivore species diversity and diversity of vegetation, in an area that was considered to be 
inhabited by more herbivores than the vegetation could support. The study took place in the 
game and wilderness reserve Limpopo Lipadi in south-eastern Botswana. The method used 
was game counting through game drive observations and waterhole observations within 
different vegetation types. The results of regression analyses showed a positive relation 
between herbivore species diversity and the diversity of the vegetation, as well as a positive 
relation between herbivore abundance and the diversity of the vegetation. The results from 
regression analyses are in line with previous studies, but t-tests were unable to prove a 
significant difference in herbivore diversity, herbivore abundance and vegetative diversity 
between the different vegetation types. This contradicts ecological literature and may be 
caused by the area being within an extreme environment with high fluctuations of 
temperature and precipitation and the area being inhabited by more herbivores than the 
vegetation can support. 
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1. Introduction 
 
 

1.1 Background 
 
The importance of biodiversity, either within plant species or herbivores, for ecosystem 
processes has been proven in numerous studies. One such study was conducted in the French 
Mediterranean region and showed that areas that have a larger diversity of both plants and 
herbivores are more resilient toward invasive species. It was concluded that this is, at least 
partly, a consequence of plant species having made use of more niches in the environment 
and thus leave less room for the exotic species, and partly due to herbivores being less 
selective about their foraging thus preferring invasive species as forage (Prieur-Richard et al. 
2002). While this study mainly shows that a high biodiversity is better at defending its own 
biodiversity, there are other studies that signify the importance of species diversity toward 
outer aspects as well. Gamfeldt et al. (2008) writes that natural systems with high diversity of 
plants, bacteria and grasses are performing more ecosystem functions. Furthermore, the 
study shows that the more diverse systems will continue to perform their ecosystem functions 
when species related to these functions are removed because there are other species that 
fulfill the same function within the ecosystem (Gamfeldt et al. 2008). 
 
African savannahs and bushvelds are important for people as a means to procure natural 
resources, but they are also an important habitat for plenty of wildlife (Edson 2011; Bothma 
2010). These are heavily affected by fires and animal foraging, both of which occur both 
naturally and induced by people through cattle farming and controlled fires. The productivity 
of grasses and plants are affected by seasonal changes, where productivity may be high 
during the wet seasons but drop significantly during dry seasons. Heavy foraging may cause 
local changes on the plant community turning the bushvelds into a landscape closely related 
to a desert. A changing climate may lead to longer and harsher dry periods, and more intense 
wet seasons may lead to destructive erosions of the ground level vegetation (Skoog 2005). In 
southern Africa a certain part of the savannah landscape is named the Mopane Veld after its 
most prominent tree species, Mopane (Colophospermum mopane). The Mopane veld is 
characterized as an extreme environment with a strong seasonal variation and a dry climate. 
Compared to other savannah vegetation types the Mopane veld is considered rather species 
poor. Out of three studied areas within the Mopane veld, the area around north-eastern 
South Africa, and thus the area around the Botswana border, was considered slightly lower in 
vegetation diversity compared to the other two areas (Siebert 2003). 
 
Pastor and Cohen (1997) suggest that herbivores choose their habitat as a result of the 
available vegetative production in that area. The herbivores are consumers of the vegetation 
and different herbivores consume different species of plants which in extension suggests that 
a diversity in vegetation can affect a diversity in the herbivory species composition (Pastor 
and Cohen 1997). Other studies suggest that there are a number of factors that determine the 
herbivory species’ choice of habitat including ability to see predators and safety from 
predation (Rogers 2016). Food availability of an area may determine whether or not the 
animals of a certain species remains or migrates from or to the area. However, when foraging 
possibilities suffer, which may be caused by seasonal changes, many species will seek to 
change their chosen habitat even if this means losing a certain safety from predation (Fryxell 
and Sinclair 1988). When the population numbers of herbivory species are above the capacity 
of the vegetation to produce foraging opportunities, a similar migration may take place. 
Furthermore the lack of productivity within the area may factor in how far and how large part 
of the population migrates (Grant et al. 2014). In 2015 the Limpopo Lipadi game reserve 
introduced lions (Panthera leo) to the reserve with the aim to lower the herbivore pressure 
on the primary production. The introduction of lions showed results within two years as a 
game count showed a decrease in numerically dominating species such as impala, zebra and 
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wildebeest. However, it has not been noted that the introduction of a new predator has 
changed the herbivore species choice in habitat and no statistical analysis has been made on 
the effects on herbivore diversity (McFarlan 2018). 
 
An area’s diversity of vegetation and palatability of the forage determines how many grazers 
and browsers that area can support. Different species will forage on different parts of the 
vegetation but when the herbivores are above the carrying capacity of the area, species that 
are normally not within the same niche may become competitive. Due to differences in 
height, the kudu (Tragelaphus strepsiceros) and impala (Aepyceros melampus) do not 
usually browse at the same shrubbery but when the vegetation is too scarce to support the 
entire populations their choice of browse may be restricted and will thus force them to 
compete against each other (Bothma 2010). Bohlin (2000) suggest that an interspecies 
competition of resources is negative for all species involved as they will lack the resources 
needed to grow as big a population as possible. Gauses’ principle states that two species with 
the exact same ecological niche cannot coexist within the same area as one will always 
outcompete the other (Bohlin 2000). 
 
The factors that cause changes in the relation between herbivores and vegetation does not 
only come from the vegetation but may also be caused by the herbivores. By using a standard 
model of three species Bohlin (2000) shows that the existence of a consumer will create more 
diversity in the community of the producers if the consumer feeds on both primary producers 
to some extent. By reducing the numbers of a more dominating species the consumer will 
allow the less competitive species to develop a population due to less competition (Bohlin 
2000). However, studies show that there are more factors that affect the outcome of a 
herbivore-plant relation. It has been suggested that the diversity of the plant community is 
dependent on the species of herbivore and the general abundance of herbivore species that 
forage in the area. Furthermore, there are other disturbances such as fires and man-induced 
disturbance may interact with herbivore disturbance to shape a different outcome than 
increased diversity within the plant community (Olffa and Ritchieb 1998). Both the model 
and the studies agree that herbivory disturbance does in fact have an effect on the plant 
species community and that diversity of herbivores may have a significant effect on the 
diversity of the primary producers. 
 

1.2 Aim of study 
 
The aim of this study is to examine how the species diversity of plants within the different 
vegetation types affect the herbivore community in the wildlife reserve Limpopo Lipadi. This 
is done by answering the questions: (i) how does the abundance of herbivore individuals 
relate to vegetation diversity, and (ii) how does the diversity of herbivore species relate to 
vegetation diversity? 
 
 
The hypotheses for the first question are: 

• H0: abundance of herbivores in low vegetation diversity = abundance of herbivores in 
high vegetation diversity 

• H1: abundance of herbivores in low vegetation diversity ≠ abundance of herbivores in 
high vegetation diversity 

The hypotheses for the second question are: 

• H0: diversity of herbivore species in low vegetation diversity = diversity of herbivore 
species in high vegetation diversity 

• H1: diversity of herbivore species in low vegetation diversity ≠ diversity of herbivore 
species in high vegetation diversity 
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2. Method 
 
 

2.1 Site description 
 
This study has been carried out within Limpopo Lipadi game and wilderness reserve. The 
reserve is located within the mopane veld in southern Botswana, just north of the South 
African border and west of the Zimbabwe border (figure 1). 
 

 

Figure 1. Map over Limpopo Lipadi game reserve with vegetation types and its position within Africa. 
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It encompasses approximately 22,450 ha including 14 km of the Limpopo river which acts as 
the Botswana-South Africa border in the area. The landscape has previously been subjected 
to farmlands, livestock and hunting. It is currently estimated that the herbivores within the 
reserve are too many to be supported by the area’s vegetation. The weather of the area has 
been uneven during the last years. The precipitation has varied from 230 mm to 485 mm in 
the last 6 years (figure 2). 
 

The monthly precipitation is heavily seasonal where the months of May through September 
have little to no rain and the remaining months may see precipitation numbers of up to 245 
mm (figure 3). 
 

Because of the low precipitation, a high temperature that occasionally reaches 44 °C in the 
shade, and a soil that has a low carbon content and water-holding capacity, the area where 
the reserve is located is considered to be part of the southern African arid bushveld climate. 
The reserve facilitates a research center that has identified a number of different vegetation 
types with regards to tree, plant and grass species (McFarlan 2018) (table 1). 

Figure 2. Annual precipitation. Adapted from data in McFarlan 2018. 

Figure 3. Monthly precipitation during 2017. Adapted from data in McFarlan 2018. 
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2.2 Observational studies 
 
The observational studies were done over a three-week period (19th March – 8th April 2018). 
The reserve was divided into eight transects and eight waterholes of specific interest. 
Observational game drives and waterhole-hide observations were conducted at each transect 
and waterhole twice. The transects were examined by driving through every road within that 
area at a maximum speed of 20 km/h and stopping at each observation for at least 2 minutes 
to account for any individuals that may have been hidden from view initially. The waterholes 
were examined by staying inside a nearby hide for 3 hours in the early morning and the late 
afternoon when animals were expected to be active. 
 
The species were identified using a field guide (Carruthers et al. 2016). The species that were 
too difficult to identify due to size and/or distance have been noted as Unidentified species. 
These unidentified species belong to the family of either squirrels or mongooses. To avoid 
counting the same individuals several times individual characteristics were noted whenever 
possible. In large herds the characteristics of the dominant male were noted. When a herd 
was seen several times the largest count of individuals was assumed correct because other 
observations may have missed a number of individuals. 
 

2.3 Statistical analysis 
 
The data regarding animals gathered during the observational studies has been spatially 
analyzed using ArcMap. Within the program the data has been geographically distributed 
according to their respective coordinates and then analyzed against vegetation data received 
from the research center (McFarlan 2018). Using a number of references from local studies 
(Coates and Downs 2006; D’ammando 2016; Furstenburg 2005; Estes 2004; Murray 1982; 
Ngene et al. 2017; Smuts 1975; Somers et al. 1994; Toit 1990) home ranges have been 
identified from the observational points and the home ranges have then been analyzed 
concerning the different vegetation types they contain. The number of each species’ observed 
individuals has then been divided among the vegetation zones depending on the percentage 
that each vegetation cover within the species’ home range. 
 

Table 1. Vegetation identification number with respective Shannon-Wiener 
index and the classification of high- or low index numbers. Adapted from 
data in McFarlan 2018. 
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The herbivore diversity has been examined using a Shannon-Wiener index (hereafter written 
as SW-index) by calculating each species’ part of the entire observed herbivory community 
within each vegetation type. The index has been calculated using the formula -1(p*lnp) where 
p is the percentage of the species’ distribution within the area and ln is the natural logarithm. 
T-tests were used to test differences between groups of high vegetative diversity and low 
vegetative diversity. A regression analysis has been used to test the relation between 
herbivore species diversity and vegetative diversity, as well as herbivore abundance and 
vegetative diversity. Standard error calculations, t-tests and regression analyses have been 
carried out in Excel. 
 

3. Results 
 
 

3.1 Relation between herbivore species diversity and vegetation 

diversity 
 
A t-test showed no significant difference in herbivore species diversity between the six 
vegetation classes with the lowest SW-index, 2-3.25, and the six vegetation classes with the 
highest SW-index, 3.35-4.8 (p=0.21). The mean values of herbivore diversity differed from 
0.97 SW-index within the low diversity vegetation, to 1.06 within the high diversity 
vegetation (figure 4). 
 
 
 

 
 
However, a regression analysis showed a significant (p=0.003) positive relation between the 
diversity in mammalian herbivore species and the diversity in vegetative species with an r2-
value of 0.12 (figure 5). 

Figure 4. Mean values of herbivore diversity in relation to vegetation diversity. 

Error bars show ± SE. 
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3.2 Relation between herbivore abundance and vegetation diversity 
 
A t-test showed no significant difference in herbivore abundance between the six vegetation 
classes with the lowest SW-index, 2-3.25, and the six vegetation classes with the highest SW-
index, 3.35-4.8 (p=0.088) (figure 6). 
 
 

 
 
 
 

Figure 5. Herbivore diversity index as a function of vegetation diversity 

Figure 6. Mean values of herbivore abundance in relation to vegetation 

diversity. Error bars show ± SE. 
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However, a regression analysis showed a significant (p=0.017) positive relation between the 
abundance in herbivore individuals and the diversity in vegetative species with an r2-value of 
0.079 (figure 7). 
 

 
 

4. Discussion 
 
 
The results from the t-test showed no significant difference between the different vegetation 
types when it comes to herbivore species diversity. This is in contrast to the conclusion from 
Pastor and Cohen (1997) which suggests that a high diversity in vegetation supports a high 
diversity of herbivore species. However, the regression analysis showed a significant positive 
relation between herbivore diversity and vegetation diversity and this is further supported by 
the fact that several species were only observed in vegetation types with high diversity 
(appendix 2). The different results from the t-test and regression analysis may be the result of 
a low number of observations or because certain vegetation types are outliers of the mean 
values. 
 
Fryxell and Sinclair (1988) suggest that species may migrate from their otherwise chosen 
habitat when the foraging possibilities reach a critical level. The regression analysis shows 
that the herbivore species diversity is consistent with the vegetation diversity even when the 
area is inhabited by more individuals than the carrying capacity allows. These results may not 
directly contradict those of Fryxell and Sinclair’s study as individuals may have migrated 
while the diversity has remained the same. The t-test could not prove a significant relation 
(p=0.088) between abundance of herbivores and the diversity of the vegetation and thus a 
displacement of herbivores against the foraging possibilities may have occurred that was not 
represented in this study. Bothma (2010) writes that areas with higher vegetative diversity 
will show a higher number of herbivores. Bohlin (2000) further support this correlation and 
offers a conclusion that herbivores alter the vegetative species composition by foraging the 
more competitive species, thus leaving space and nutrients for less competitive ones. While 
the observations within this study showed a difference in abundance between the different 
vegetation types, only the regression analysis support such a statement. However, the non-
significant result of the herbivore abundance t-test does not disprove the existence of a 
correlation between high vegetative diversity and high herbivore abundance but may be 
generated by other factors such as lacking data, local differences and recent changes in 
climate. 
 

Figure 7. Herbivore abundance as a function of vegetation diversity 
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Gauses’ principle states that two species with the exact same ecological niche cannot coexist 
in the same area. Furthermore, Bothma (2010) suggest that species may alter their foraging 
choices, and thus to some extent of their ecological niche, when foraging possibilities are 
scarce. The study presented in this report shows that areas with higher species diversity in 
vegetation support a higher species diversity of herbivores. This supports the previous 
theories as the larger number of ecological niches and increased foraging possibilities for 
different species may cause the higher diversity in herbivore species. 
 
The fact that the herbivores in the reserve are above carrying capacity seems to have had no 
significant impact on the relation between herbivore diversity and vegetation diversity as 
these are still in line with studies from ecological literature (Bothma 2010; Skoog 2005; 
Bohlin 2000). However, the t-test of herbivore diversity in relation to vegetation diversity 
showed no significance which may mean that there are other factors playing a part in 
deciding the effect that vegetative diversity has on herbivore diversity. Such factors could be 
predation or visibility of possible predators as suggested by Rogers (2016), or a consequence 
of low foraging possibilities as a result of the area keeping more herbivores than the 
vegetation can support. Further studies regarding predation, climate and bio-productivity are 
needed to find whether or not such factors are significant to the result of herbivore diversity. 
Bothma (2010) suggests that an area with too low productivity to support the herbivores may 
promote an interspecies competition of foraging possibilities and that this may eventually 
lead to the extirpation of the less competitive species. Seeing how the Limpopo Lipadi reserve 
has had little more than a decade to rehabilitate the wildlife it is possible that the end result 
of the reserve’s mega herbivores being over the carrying capacity is yet to be revealed. 
 
The Mopane veld is characterized as extremely seasonal between wet and dry seasons 
(McFarlan 2018). This study was carried out during the end of the wet season which may 
mean that it is not representative for the area under the full duration of the year. It is possible 
that the species of mega herbivores would gather in larger numbers close to waterholes or 
rivers in the area when water is scarce. Furthermore, the area around Limpopo Lipadi has 
seen drastic changes in precipitation the last few years which may have played a large part in 
changing the vegetation in the area. The data on vegetation used in this study has been taken 
from a data collection from 2015 and the actual vegetation may have been altered since then. 
However, the area within the reserve is constantly surveilled by a research center that should 
have found drastic changes within the last two years if such exist. 
 
In conclusion this study shows that there is a positive relation between herbivore diversity 
and vegetation diversity, as well as a positive relation between herbivore abundance and 
vegetation diversity, but the t-tests could not support the significant results given by the 
regression analyses. Thus, the null hypotheses of both questions could partly be rejected as 
the regression analyses show a significant relation between the different factors while the t-
tests could not reject the null hypotheses. 
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Appendix 1. Data from observational study 
 
 
During the period 19th March to 8th April 10 species of herbivores were observed and 

identified. The observational studies resulted in 103 observations with a total of 625 

individuals across 10 species (table 2). 
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Appendix 2. Complete table of vegetation type distribution within herbivore species’ 
home range 
 
 

 

Species Home range 
radius (ha) 

Vegetation ID 

 1 2 3 4 6 7 8 9 10 11 12 13 

Bushbuck 268       0,64 1,36     

Elephant 45000 0,01 0,05 0,01 0,63 0,01 0,07 0,01 0,33 1,16 0,02 0,03 0,59 

Giraffe 9476 0,14 0,46 0,8 6,05 0,09 0,63 1,05 3,16 11,25 0,2 0,28 5,67 

Impala 643  7,61  91,63  0,62 18,83 69,74 169,11  6,375 52,4 

Kudu 2646  0,34  0,88   0,32 1,46 3,24  0,05 0,69 

Steenbok 444    0,81   0,47 1,72     

Warthog 276    2,52   1,47 5,04     

Waterbuck 1032    0,7791     0,2193    

Wildebeest 2100 0,5 1,15 0,32 9,45  1,04 1,86 6,54 27,85 0,16 0,35 13,86 

Zebra 7227 0,29 0,92 0,16 12,09 0,17 1,26 1,37 6,32 22,5 0,4 0,56 11,33 

Totalt 0,94 10,53 1,29 124,84 0,27 3,62 26,02 95,67 235,33 0,78 7,645 84,54 

Table 3. Vegetation type distribution per observation of herbivore as well as home range radius distance in hectares 
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Appendix 3. Map with observation sights 
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Appendix 4. Vegetation types’ dominating tree species 
 
 

 

 
Vegetation ID Dominating tree species 
1 C. mopane, A. senegal 
2 C. mopane, C. apiculatum, G. monticula, G. bicolor 
3 C. mopane, G. bicolor 
4 D. cinerea, A. tortilis 
6 G. flava, T. prunoides 
7 G. monticola, C. mopane 
8 C. mopane, C. apiculatum, G. monticule, G. flava 
9 T. prunoides, C. mopane 
10 C. mopane, C. apiculatum, G. flava, D. cinereal 
11 G. bicolor, C. apiculatum 
12 C. mopane, C. apiculatum, G. monticula 
13 C. mopane, D. cinerea 

Table 4. Dominating tree species within each vegetation type 
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