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Introduction
Weak attempts to apply the scientific method may paradoxically improve our understanding if 
these encourage further robust scientific engagement that recognises the pitfalls of earlier attempts 
(e.g. Hayward et al. 2015; Stephens et al. 2015). Here we use an example of a diet study of African 
buffalo Syncerus caffer that had starved to death (De Graaff, Schulz & Van der Walt 1973), and 
whose findings were anomalous and initially accepted, only to be challenged later (Landman & 
Kerley 2001; Novellie, Hall-Martin & Joubert 1991). With this we aim to resolve the debate around 
buffalo as browsers or grazers in grass-limited Eastern Cape thicket, South Africa.

Based on their digestive anatomy, Hofmann (1989) classified large ruminant herbivores along a 
continuum from browsers through intermediate feeders to grazers. Following this classification, 
buffalo are specialist grazers, adapted to forage on grasses (as opposed to browse for browsers, or 
a mixture of grass and browse for intermediate feeders) that are rich in plant cell walls (or fibre). 
Although both the nutritional and physiological bases of Hofmann’s classification have been 
questioned (e.g. Gordon & Illius 1994; Robbins, Spalinger & Van Hoven 1995), most empirical 
evidence of the food of buffalo corresponds neatly with the grazing-type digestive system. Thus, 
across their range in eastern and southern Africa, buffalo diet is dominated by grasses (e.g. Cerling, 
Harris & Passey 2003; Codron et al. 2007; Jarman 1971; Lamprey 1963; Perrin & Brereton-Stiles 
1999; Prins 1996; Sinclair 1977). However, in the succulent thickets of the Eastern Cape, De Graaff 
et al. (1973), using rumen content analysis of buffalo that had died in a drought, showed an 
overabundance of browse in buffalo diet. They presumed that this was a response to low grass 
availability at the time and proposed that these buffalo should be considered browsers rather than 
grazers. This led to a number of studies on the food of buffalo in the region (Landman & Kerley 
2001; Tshabalala, Dube & Lent 2009; Watermeyer, Carroll & Parker 2015), each aimed at testing the 
extent to which buffalo switch their diet between browse and grass. Importantly, Landman and 
Kerley (2001) concluded that De Graaff’s methods were inappropriate for testing diet because 
their study animals died during a pronounced drought and probably as a consequence of excessive 
browse to which they were not adapted (Novellie et al. 1991). Despite this, De Graaff’s browse-
dominated diet continues to be used as a foundation for hypotheses on the diet of healthy animals 
(Tshabalala et al. 2009; Watermeyer et al. 2015). As a consequence, the debate around the feeding 
strategy of buffalo in thicket has not yet been settled.

Despite extensive evidence that African buffalo Syncerus caffer are grazers, De Graaff et al. 
using rumen content analysis of animals that had starved to death proposed that buffalo in 
grass-limited Eastern Cape thicket should be considered browsers. Although these anomalous 
findings were initially accepted, but later challenged, the browse-dominated diet continues to 
be used as a foundation for hypotheses on the diet of healthy animals. Consequently, the 
debate around buffalo as browsers or grazers in thicket has not yet been settled. We describe 
the diet of buffalo in the Addo Elephant National Park and include data from other published 
work from the region to test the importance of grass in buffalo diet. We show that the diet is 
dominated by grasses, even in grass-limited thicket, and that browse species are seldom 
dominant foods. Thus, there is no empirical evidence to corroborate the notion that buffalo 
switch their diet to browse when grass availability is low. In an attempt to advance our 
understanding of buffalo foraging in thicket, we reiterate that De Graaff’s work is not a valid 
measure of buffalo diet in succulent thicket and that additional testing of the browser–grazer 
hypothesis is not needed.

Conservation implications: Our results confirm that buffalo are grazers, rather than browsers, 
in grass-limited Eastern Cape thicket. Thus, additional testing of the browser–grazer hypothesis 
for buffalo in the region is not needed.
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Here we describe the diet of buffalo in the grass-limited 
succulent thickets of the Addo Elephant National Park. The 
specific question addressed was how important is grass in 
buffalo diet in thicket, taking into account other published 
work from the study site and region (De Graaff et al. 1973; 
Landman & Kerley 2001; Tshabalala et al. 2009; Watermeyer 
et al. 2015). To end off, we consider how our findings influence 
research perspectives on buffalo resource use in succulent 
thicket specifically.

Methods
Study site
We conducted the study in the Main Camp section (then 
covering 120 km2) of the Addo Elephant National Park, 
South Africa. During the study, the area supported roughly 
300 buffalo and a diverse grazing herbivore community of 
plains zebra Equus quagga, common warthog Phacochoerus 
africanus, eland Tragelaphus oryx and red hartebeest Alcelaphus 
buselaphus, and numerous browsers.

The region is semi-arid with 260 mm – 530 mm rainfall 
annually (333 mm over the study period), peaking in late 
spring (November) and early autumn (March) and experiences 
frequent droughts. Vegetation comprises mostly succulent 
thicket types (70%), which are evergreen, 2 m – 4 m high and 
dominated by the tree-succulent Portulacaria afra (Mucina & 
Rutherford 2006). These thickets are characterised by a high 
diversity of growth forms: drought-resistant succulents 
(e.g.  P. afra), low trees (e.g. Euclea undulata, Schotia afra and 
Sideroxylon inerme) and spinescent woody shrubs (e.g. Azima 
tetracantha, Capparis sepiaria, Carissa spp., Gymnosporia spp. 
and Searsia spp.) contribute the bulk of plant biomass, 
whereas  the understory hosts dwarf succulents, forbs and 
geophytes. Although grass availability is generally low and 
unreliable between years (Stuart-Hill & Aucamp 1993), some 
species (e.g. Cynodon dactylon, Digitaria eriantha, Eragrostis 
spp., Panicum spp. and Sporobolus spp.) may be seasonally 
abundant in secondary grasslands (covering roughly 15% 
of  the study site) and where intensive utilisation by 
elephants  has removed the canopy shrubs (Landman 
et al. 2014).

Diet composition
We determined the diet of buffalo by identifying plant 
epidermal fragments in faeces (Sparks & Malechek 1968). 
Reference slides of the epidermal tissues of potential food 
items at the site were available from Landman and Kerley 
(2001) and Landman, Schoeman and Kerley (2008). Holechek, 
Vavra and Pieper (1982) described the accuracies and biases 
of the technique.

Between January and September 2007, we collected 15 fresh 
faecal samples in each of the four austral seasons, for a total 
of 60 samples. Seasons were identified based on patterns of 
temperature, rainfall and frost. Faeces were collected 
opportunistically from apparently healthy buffalo in family 
groups located throughout the study site, oven-dried and 

prepared following Landman and Kerley (2001) and 
Landman et al. (2008). We identified 100 epidermal fragments 
to species-level per faecal sample and treated each sample as 
an independent observation. The diet is described as the 
frequency of occurrence of all the recorded plant species.

Data analyses
To assess the adequacy of our sample size, we generated a 
mean randomised (50 iterations) accumulation curve of 
plant species recorded per faecal sample. However, because 
this curve did not reach a clear asymptote, we estimated 
total dietary richness with a non-parametric species 
richness estimator (Foggo et al. 2003). Differences between 
observed and expected counts provide an estimate of the 
variation in dietary information at the upper limit of 
sampling effort.

We generally combined the seasonal data and described the 
diet in terms of principal diet items and by grouping all plant 
species into broad growth form categories (i.e. grasses, 
woody shrubs, succulents, forbs and climbers). Principal diet 
items are those foods consumed in the greatest quantities and 
were identified as the plant species that contributed > 3% of 
the diet (Landman & Kerley 2001; Tshabalala et al. 2009). 
ANOVA procedures (Tukeys’ test) were used to test for 
differences in growth form categories and the number of 
plant species recorded in the diet across seasons. Data were 
inspected for deviations from normality and homogeneity of 
variances prior to analyses.

To develop broader insight into the range of buffalo diet in 
succulent thicket, we draw data from two previous studies 
at the study site (De Graaff et al. 1973; Landman & 
Kerley 2001) and two others in the region (Great Fish River 
Nature Reserve – Tshabalala et al. 2009; Kwandwe Private 
Game Reserve – Watermeyer et al. 2015). Because De 
Graaff’s study animals died during a drought, we use their 
data only to support the presence of plant species already 
recorded.

Results and discussion
This study identified 37 plant species in the diet of buffalo in 
60 faecal samples (Table 1). These species accounted for 
roughly 79% of the estimated richness at the upper limit of 
sampling effort, suggesting that our sample size was 
adequate to describe the diet. Although the observed richness 
is comparable to that recorded previously (e.g. Landman & 
Kerley 2001; Tshabalala et al. 2009; Venter & Watson 2008), 
17 species were new to the diet in thicket and the study site 
specifically (Table 1). Importantly, > 80% of the browse 
species recorded in the rumen samples of De Graaff et al. 
(1973) were not recorded in the diet anywhere else in the 
region. By combining our data with those from others in the 
region (Landman & Kerley 2001; Tshabalala et al. 2009), we 
show that buffalo have a relatively broad diet – 44 plant 
species – exceeding that of other grass-eating ruminants in 
thicket (e.g. eland, red hartebeest – Kerley & Landman 2006). 
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Thus, buffalo foraging may rely on more plant species 
than  previously thought, and we contribute towards 
understanding its role in succulent thicket and the Addo 
Elephant National Park specifically.

Based on their characteristic grazing-type digestive system 
(Hofmann 1989), grasses contributed the bulk of the diet 
(mean = 75.6%, s.d. = 12.7%) in our study. The remaining 
browse comprised woody (mean = 23.6%, s.d. = 12.2%) and 
succulent (mean = 0.8%, s.d. = 2.2%) shrubs and climbers 
(mean = 0.1%, s.d. = 0.4%), with few browse species 
contributing sufficiently to the diet to be considered dominant 
(i.e. > 3%). Instead, principal diet items were characterised by 
grasses across study populations (Table 1). Our results are 
within the range of mean grass consumption by buffalo in the 
region (71.9% – Landman & Kerley 2001; ± 75% – Tshabalala 
et al. 2009; 93.1% – Watermeyer et al. 2015) and support all 
previous work on their food resources (e.g. Cerling et al. 
2003; Codron et al. 2007; Jarman 1971; Lamprey 1963; Perrin 
& Brereton-Stiles 1999; Prins 1996; Sinclair 1977), including 
that from other grass-limited habitats (Venter & Watson 2008) 
considered marginal to buffalo (i.e. Nama-Karoo, Boshoff, 
Landman & Kerley 2016).

Seasonal variations in diet are well described, particularly as 
buffalo increase their utilisation of browse towards the dry 
season when grass availability and quality decline (e.g. Prins 
1996; Sinclair 1977; Tshabalala et al. 2009; Watermeyer 
et al. 2015). Although we found no seasonal differences in the 
contribution of browse to the diet in our study (range across 
seasons: 19.7% – 30.0%; F3,56 = 2.25, P = 0.09), we detected a 
gradual increase in diet breadth (from 19 spp. to 35 spp.) 
towards the dry season that coincided with an increase in the 
utilisation of browse species (from 26% [spring] to 54% 
[summer] of plant species recorded; F3,56 = 4.22, P = 0.009). 
These findings follow the predictions of optimality theory 
which predicts that a loss of preferred foods (such as grasses 
for buffalo – Prins 1996; Sinclair 1977) would cause an 
increase in the utilisation of less nutritious, non-preferred 
foods (Owen-Smith & Novellie 1982). Thus, despite the fact 
that we had no information on food availability and could 
not test food preferences per se, we presume that the broader 
diet and increased utilisation of browse species during the 
dry season reflects changing diet with changing grass 
availability and quality.

From our results, it is clear that buffalo diet is dominated by 
grasses, even in grass-limited succulent thicket (Landman & 
Kerley 2001; Tshabalala et al. 2009; Watermeyer et al. 2015). 
Although the diet might include browse in varying quantity 
between seasons, depending on the availability and quality 
of grass, browse species are seldom dominant foods and 
many are probably incidentally utilised as parts of larger 
mouthfuls. Thus, with the exception of the findings of De 
Graaff et al. (1973), there is no empirical evidence to support 
the notion that buffalo switch their diet to browse when grass 
availability is low (Cerling et al. 2003; Codron et al. 2007; 
Jarman 1971; Lamprey 1963; Perrin & Brereton-Stiles 1999; 
Prins 1996; Sinclair 1977; Venter & Watson 2008). Instead, De 
Graaff’s work generated confusion in our understanding of 
buffalo foraging in thicket through poor experimental design. 
Even though such weaknesses can undermine science and 
management (e.g. Hayward et al. 2015; Stephens et al. 2015), 

TABLE 1: Plant species identified in the diet of buffalo in the succulent thickets 
of the Eastern Cape, South Africa.
Plant family Plant species % Diet  

(mean ± s.d.)
Previously recorded 

in the diet

Grasses
Poaceae Aristida diffusa 2.8 ± 3.0 2

Cenchrus ciliaris 10.2 ± 6.2 2
Cymbopogon pospischilii 5.6 ± 3.0 2, 3
Cynodon dactylon 3.7 ± 2.7 2, 3
Digitaria eriantha - 3
Eragrostis curvula 8.3 ± 4.7 2, 3
Eragrostis obtusa 4.0 ± 3.7 2, 3
Eustachys paspaloides 5.4 ± 3.8 -
Fingerhuthia africana 4.1 ± 3.7 -
Melica decumbens 1.1 ± 1.6 -
Melinis repens - 2
Panicum deustum 13.6 ± 3.0 2, 3
Panicum maximum 1.3 ± 2.4 -
Pennisetum clandestinum 5.5 ± 4.5 2
Setaria neglecta - 3
Setaria sphacelata 0.1 ± 0.7 -
Sporobolus fimbriatus 3.2 ± 2.6 3
Stipa dregeana 2.0 ± 3.1 -
Themeda triandra 4.7 ± 3.3 2, 3
Tragus berteronianus < 0.1 ± 0.3 -

Woody shrubs
Anacardiaceae Searsia longispina 12.7 ± 8.6 2

Asparagus crassicladus 0.9 ± 1.6 2
Asparagus striatus 5.3 ± 3.8 1
Asparagus suaveolens 0.1 ± 0.6 2
Asparagus sp. 0.4 ± 2.5 -

Boraginaceae Ehretia rigida subsp. silvatica < 0.1 ± 0.1 -
Capparaceae Cadaba aphylla - 2

Capparis sepiaria var. citrifolia 1.8 ± 3.2 1, 2, 3
Maerua cafra 0.1 ± 0.5 -

Celastraceae Gymnosporia capitata 0.1 ± 0.5 -
Ebenaceae Euclea undulata - 1, 3
Euphorbiaceae Clutia affinis 1.6 ± 2.4 -
Fabaceae Acacia karroo 0.1 ± 0.4 2, 3
Malvaceae Grewia robusta 0.1 ± 0.3 2, 3
Salicaceae Dovyalis caffra 0.2 ± 0.7 -
Plumbaginaceae Plumbago auriculata - 3
Ptaeroxylaceae Ptaeroxylon obliquum < 0.1 ± 0.3 2, 3
Solanaceae Solanum tomentosum var. 

tomentosum
0.2 ± 0.8 -

Succulents
Crassulaceae Crassula ovata < 0.1 ± 0.3 2

Crassula perforata subsp. 
perforata

0.5 ± 1.7 -

Euphorbiaceae Euphorbia sp. 0.1 ± 0.4 -
Portulacaceae Portulacaria afra 0.2 ± 1.0 1, 2, 3
Climbers
Cucurbitaceae Kedrostis nana var. zeyheri - 2
Vitaceae Rhoicissus tridentata 0.1 ± 0.4 -

Note: Please see the full reference list of the article, Landman, M., Kloppers, K. & Kerley, 
G.I.H., 2018, ‘Settling the browser–grazer debate for African buffalo in grass-limited Eastern 
Cape thicket, South Africa’, Koedoe 60(1), a1465. https://doi.org/10.4102/koedoe.
v60i1.1465, for more information. 
For this study, we present the mean percent contribution to the diet ± s.d. and include 
information on the presence or absence of plant species from (1) De Graaff et al. (1973), (2) 
Landman and Kerley (2001) and (3) Tshabalala et al. (2009).
Bold values show principal diet items.

http://www.koedoe.co.za
https://doi.org/10.4102/koedoe.v60i1.1465
https://doi.org/10.4102/koedoe.v60i1.1465


Page 4 of 4 Original Research

http://www.koedoe.co.za Open Access

this might still improve our understanding if it encourages 
additional robust interrogation. For buffalo in thicket, 
additional testing confirmed what was already known about 
their diet, which probably limited our ability to develop 
broader insights because our approaches were motivated by 
a single hypothesis. Thus, in an attempt to advance our 
understanding of buffalo foraging in thicket, we reiterate the 
conclusions of Landman and Kerley (2001) that De Graaff’s 
work is not a valid measure of buffalo diet in succulent 
thicket and that additional testing of the browser–grazer 
hypothesis is not needed.

Conclusion
Our study questioned the importance of grass in buffalo diet 
in grass-limited Eastern Cape thicket. We show that the diet 
is dominated by grasses, even in grass-limited thicket, and 
that browse species are seldom dominant foods. Thus, there 
is no empirical evidence to corroborate the notion that buffalo 
switch their diet to browse when grass availability is low. 
With this we argue that additional testing of the browser–
grazer hypothesis for buffalo in the region is not needed.
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