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Abstract: Understanding the diet of herbivores is a crucial factor for the manage-
ment of wild animals in natural ecosystems. The aim of this study was to establish
the forage selection by the greater kudu (Tragelaphus strepsiceros) in different
seasons in Garura communal area management programme for indigenous
resources (CAMPFIRE) project adjacent to Umfurudzi Park, Zimbabwe. The direct
observation method was used to collect data on the woody species foraged by the
greater kudu, where field observations were conducted to determine woody species
consumed by the greater kudu at the feeding sites across two seasons, dry
(September to October 2015) and wet season (December 2015 to January 2016).
A total of 17 out of 38 woody species were recorded as being preferred by the
greater kudu. There was no significant difference in the diversity, acceptance and
availability of forage by greater kudu across seasons. The main five commonly
utilized woody species across both seasons were Ficus coronata, Savanna
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dwababerry, Dalbergia nyassae, Gymnosporia senegalensis and Bauhinia petersiana.
Results revealed that seasonality did not have any influence on forage selection on
woody species in the study area.

Subjects: Animal Behaviour; Animal Ecology; Biodiversity & Conservation

Keywords: abundance; acceptability; availability; browsing; foraging behaviour; herbivores;
woody species

1. Introduction

The greater kudu (Tragelaphus strepsiceros) is one of the largest antelopes of the world and of
great economic value. The greater kudu are browsing ruminants found through much of Eastern
and Southern Africa even outside of conservation areas (Skinner & Smithers, 1990). The greater
kudu mainly browse on woody plant leaves and forbs plus some fraction of grass material (Owen-
Smith, 1993, 1979). This implies that some herbivores, like the greater kudu, do not feed on plants
at random, but display marked food preferences (Colebrook, Black, Purser, Collins, & Rossiter,
1990). Feed preferences can be attributed to relative spatial and temporal availability of particular
plants (Belovsky and Schmitz, 1991).

Bergstrom (1992) suggested that there is an active interaction between browsers and woody
plants, in that woody plants respond to browsing and have an impact on foraging or feeding
behaviour. Browsers have been shown to choose plants with high growth rates over plants with
slow growth rates (Danell, Huss-Danell, & Bergstrom, 1985). Selection of diet items may sometimes
be a function of quality and other times a function of quantity (Shipley, Illius, Danell, Hobbs, &
Spalinger, 1999). Foraging behaviour is an important ecological process that describes the relation
between plant communities and herbivores. This foraging behaviour is influenced by various plant
characteristics such as plant availability, plant chemical composition and plant defense; as well as
animal factors including body size, digestive physiology, and experience (Pellew, 1984; Owen-Smith
& Cooper, 1987). Further, Rooney et al. (2000) states that the degree of ungulate browsing on
a woody species clearly depends on their inherent preferences, which in turn may vary in response
to local differences in plant abundance and palatability.

The feeding strategy of herbivores is continually modified as the availability and nutritional
quality of food items varies seasonally and between and amongst species (Owen-Smith, 1994;
Senft et al.,, 1987). The diet assessment of herbivores is, thus, important for the understanding of
resource requirements and provides insight into herbivore impacts on an ecosystem as well as
animal populations (Parker & Bernard, 2006; Tanentzap et al., 2009).

The feeding ecology of free-ranging greater kudu has been researched extensively in some non
miombo woodland ecosystem and in protected areas, including research into diet selection
(Codron et al., 2007; De Garine-Wichatitsky, Fritz, Gordon, & Illius, 2004; Hooimeijer et al., 2005;
Owen-Smith, 1994; Owen-Smith & Cooper, 1987). However, limited knowledge exists on the
foraging of greater kudu in miombo woodlands and in community managed protected areas.
Since the greater kudu were introduced in Garura communal area management programme for
indigenous resources (CAMPFIRE) project adjacent to Umfurudzi Park, Zimbabwe in 2011 there is
a dearth of information on how the species utilises its habitat. This study therefore aimed to
establish the forage selection by the greater kudu in different seasons in Garura CAMPFIRE project
adjacent to Umfurudzi Park, Zimbabwe.
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2. Materials and methods

2.1. Study area

Garura CAMPFIRE Project area which is 50 ha in extent lies in the Maramba District of Mashonaland
East Province and it is also an ecotourism project dominated by miombo woodland. The study area
is adjacent to Umfurudzi Park, Zimbabwe. The study area is found in Natural Region IV at an
altitude range of 940 to 960 m. The area receives erratic rainfall ranging from 450 to 900 mm
annually (Chimanikire, Chikwari, Manyevere, & Mutawarira, 2005). Maximum temperatures are
recorded in summer ranging from 24°C to 30°C and minimum temperatures are recorded during
winter ranging from 19°C to 23°C.

Red soils which are shallow to moderately shallow on middle to upslope positions are common.
The vegetation is dominated by Bauhinia thonningii and Diospyros kirkii, with Terminalia sericia,
Parinari curatellifolia and Ficus capensis also being part of the vegetation classification of the area
(Muposhi et al. 2016). Also the area contains Brachystegia boehmii and Julbernardia globiflora as
part of its vegetation, thus classifying it as a miombo woodland (White 1983). Large herbivores in
the study area include eland (Taurotragus oryx), greater kudu and giraffe (Giraffa camelopardalis)
(Munyaka & Gandiwa 2018).

2.2. Data collection

The study population consists of 12 greater kudu individuals which were observed for foraging
records. Forage availability and acceptability were used as indices of forage preference. To
determine the forage preference of the greater kudu, the direct observation method was used
to collect data on foraging (Mills 1992). Since the greater kudu is mainly active during the early
morning and late afternoon, data was collected during these day periods. Four hour sessions
were undertaken for observations of greater kudu in the day sessions, such that 2 hours were
completed during the morning (06:00-08:00 hrs) and 2 hours in the afternoon (14:30-16:30 hrs).
Feeding animals were observed from a distance of 50-300 m to avoid disturbing them, with the
aid of 10 X 40 Nikon binoculars and a stop watch to observe the feeding time. A greater kudu
was recorded as foraging when it was bitting twigs, stripping and picking leaves from a woody
species. A focal animal was randomly selected from the feeding herd and each animal was
observed for a maximum of 15 minutes after which a new observation was done. If a greater
kudu started browsing on a different tree, it was recorded as a new observation and time
would be reset.

A feeding record was defined as each instance in which one plant was consumed by 1 animal
during a particular scan. Therefore, if 10 greater kudu were foraging on the same tree during
a scan, there would be 10 feeding records for that species for a scan. After records were made and
the greater kudu had left, the feeding site was visited to verify the browsed species. A total of 60
(20 m x 20 m) plots were established in order to collect an inventory of plant species present in
areas where greater kudu foraged. Woody species composition in the plots was recorded taking
note of both the browsed and non- browsed species.

Data collection was conducted between October 2015 and January 2016. Observations were
grouped into two seasons: dry season (September and October) and wet season (December and
January). The selected woody species were used to establish forage preference of the greater
kudu.

2.3. Data analysis

Data were first tested for normality using the Shapiro-Wilk test and data conformed to the
normality assumptions. Preference was quantified by calculating preference indices (acceptability
and availability) of the species in the diet of greater kudu. Based on the woody species selected by
the greater kudu, acceptability and availability was determined using the following approaches as
described by Magome, Cain lii, Owen-Smith, and Henley (2008); availability: number of plots in
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which the woody species was present divided by the total number of plots (n); and acceptability:
number of plots in which the woody species was eaten divided by the number of plots in which the
species was present. To test for any variations in the forage indices of woody species across
seasons, independent samples t-test was performed using the Statistical Package for Social
Sciences version 16.0 for Windows (SPSS Inc, Chicago, USA).

3. Results

A total of 38 woody species were recorded from the feeding sites of greater kudu in the study
area during the study period. Of these species, greater kudu were observed to have selected
about 17 and 16 woody species for the dry and wet season respectively. Diversity of the selected
woody species was similar across the seasons, i.e., dry season (1.40 * 0.78) and wet season
(1.54 + 0.78) (t test, df = 58, t value = -0.67, P = 0.500).

Most trees in the Fabaceae family were not acceptable or preferred species by the greater kudu
during the study period. The availability (dry season (0.41 + 0.16) and wet season (0.46 * 0.22)
(t = -1.00, df = 58, P = 0.320)) and acceptance (dry season (0.36 * 0.21) and wet season
(0.40 £ 0.21) (t = —0.69, df = 58, P = 0.500) of woody species foraged by greater kudu between
the dry and the wet season were not significantly different.

During the dry season, Dalbergia melanoxylon, Ficus coronata, Savanna dwababerry, Dalbergia
nyassae and Gymnosporia senegalensis were the top 5 woody species that were highly preferred
(Table 1). These species showed the highest acceptance frequencies thus these were highly
preferred. In the wet season, the top 5 most accepted species were Flacourtia indica,
Dichrostachys cinerea, Gymnosporia senegalensis, Savanna dwababerry and Bauhinia petersiana
with Flacourtia indica appearing to be highly preferred. Generally most of the woody species
were commonly utilized across all seasons. The top five commonly utilized species across both
seasons were Ficus coronata, Savanna dwababerry, Dalbergia Nnyassae, Gymnosporia senegalensis
and Bauhinia petersiana. Some species were uniquely utilized in either one of the seasons. For
example, Trichilia emetica and Combretum paniculatum were only accepted in the dry season while
Grewia monticola was only accepted in the wet season.

4. Discussion

Our results showed a non-significant difference in species diversity across the seasons in the study
area. High disturbance as a result of browsing and herbivore trampling has been reported to
negatively influence species diversity (Mukaru & Mapaure, 2012). Further, our results showed
that during the dry season, unarmed woody plants such as Dalbergia melanoxylon, Ficus coronata,
Savanna dwababerry, Dalbergia nyassae and Gymnosporia senegalensis were mostly preferred
species for forage. This corroborated with the results of a study by Owen-Smith and Cooper
(1987), where unarmed plants (without thorns) such as Combretum species became utilized
relatively more than the Acacias and other prickly species as the dry season advanced.

In the dry season, Acacia tortilis and Acacia nigrescens which were the most abundant food
source in the area were not part of the highly accepted species. Bryant and Kuropat (1980)
attributed the non preference of such species to their ability to produce secondary chemical
compounds for defence which deterred kudus. The low acceptability of the Acacia species might
also be due to the species having less forage material as Acacia species lose their leaves in the dry
season. Our study findings collaborate with those of Arnold (1981) who revealed that herbivores
select diets based on the concentration of nutrients relative to toxins rather than on their
abundance.

Tree species in the Apocynaceae family were non-browsed by greater kudu in this study, and
according to Van Wyk and Gericke (2000) trees in this family have been described to have a low
acceptability, probably due to the strong resinous smell that is released when their leaves are
browsed. The selection of C. mopane browse by greater kudu, particularly during the dry season, is
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Table 1. Seasonal availability and acceptance of woody species selected by the Great Kudu in|

Garura CAMPFIRE project area

Species Family Dry season Wet season
Availability® | Acceptability® | Availability® | Acceptability®
Dalbergia melanoxylon Fabaceae 0.03 1 0.13 0.25
Ficus coronata Moraceae 0.27 1 0.23 0.95
Savanna dwababerry Annonaceae 0.37 0.73 0.17 0.84
Dalbegia nyassae Fabaceae 0.37 0.73 0.1 1
Gymnosporia senegalensis Celastraceae 0.43 0.58 0.07 2
Ximenia caffra Olacaceae 0.5 0.53 0.3 0.5
Bauhinia petersiana Fabaceae 0.6 0.5 0.17 0.86
Trichilia emetica Meliaceae 0.2 0.5 - -
Burkea africana Caesalpiniaceae 0.3 0.44 0.17 0.8
Diospyros mespiliformis Ebenaceae 0.23 0.43 0.17 0.2
Acacia tortilis Fabaceae 0.67 0.4 0.4 0.83
Flacourtia indica Salicaceae 0.43 031 0.1 0.96
Colophospermum mopane Fabaceae 0.53 0.25 0.2 1
Combretum paniculatum Combretaceae 0.13 0.25 - -
Dichrostachys cinerea Fabaceae 0.5 0.2 0.17 0.92
Acacia nigrescens Fabaceae 0.63 0.16 0.7 0.29
Grewia monticola Malvaceae - - 0.17 0.2
Julbernardia globiflora Fabaceae - - - -
Terminalia stenostachya Combretaceae - - - -
Diplorhynchus condylocarpon Apocynaceae - - - -
Tamarindus indica Fabaceae - - - -
Brachystegia boehemii Fabaceae - - - -
Bolusanthus speciosus Fabaceae - - - -
Terminalia sericea Combretaceae - - - -
Catunaregum taylorii Rubiaceae - - - -
Bauhinia toementsa Fabaceae - - - -
Strychnos innocua Loganiaceae - - - -
Diospyros senensis Ebenaceae - - - -
Combretum paniculatum Combretaceae - - - -
Commiphora mossambiscensis Balanitaceae - - - -
Pseudolachnostylis Phyllanthaceae - - - -
maproumeifolia
Albizia amara Fabaceae - - - -
Lecaniodiscus fraxinifolous Sapindaceae - - - -
Lonchocarpus capassa Fabaceae - - - -
Xeromphis obovata Rubiaceae - - - -
Euphobia cooperi Euphorbiaceae - - - -
Hexalobus monopetalus Annonaceae - - - -
Antdesma venosum Euphorbiaceae - - - -

“Number of plots in which the woody species was present divided by the total number of plots (n)

®Number of plots in which the woody species was eaten divided by the number of plots in which the species was present.
- denotes not applicable or not available
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mainly due to the availability of this forage, when most other savanna species are leafless (Kos
et al,, 2012). The nutritional value of mopane browse also causes it to be habitually selected by
greater kudu during the dry period (Hooimeijer et al., 2005), when concentrations of secondary
metabolites such as tannins and phenols are relatively low in leaf tissues (Kohi et al., 2010;
Wessels et al., 2007).

Some woody species were utilized only in the dry season such as Trichillia emetica and
Combretum paniculatum. In a study carried out by Owen-Smith and Cooper (1989) on greater
kudu, it was noted that kudus increased their use of evergreen plants during the course of
the dry season in the Nylsvley Nature Reserve, Limpopo Province. This might also have been
the case on these two woody species as they are also evergreen woody species that were
only foraged on during the dry season. Kok and Opperman (1980) explains that deciduous
plants shed their leaves in the dry season and forage resources become scarce, therefore
browsers may alter their food preferences. They go on to state that the less palatable,
evergreen species that were not utilized during the wet season increase in importance as
food reserve during the dry season. Therefore in this study, a shortage of foliage retained on
woody plants in the dry season might have led the Greater kudu to revert to Trichilia emetica
and Combretum paniculatum for forage species. In the wet season, Combretum paniculatum
was not accepted for forage by the greater kudu, according to Owen-Smith (1993) species in
the Combretaceae family commonly show high contents of total polyphenols in their foliage
during the wet season. This might have contributed to the avoidance of this species in the
wet season.

5. Conclusion

The greater kudu in Garura CAMPFIRE area selected a wide spectrum of woody species.
Unarmed woody plants were the mostly preferred as they were readily available. Greater
kudu can uniquely utilize some woody species only in any one of the seasons as revealed in
this study. Species availability has no greater influence on the acceptability of woody species
by greater kudu. In this study, seasonality did not have any influence on forage selection as the
acceptance of woody species did not vary significantly across the seasons. We recommend for
continued monitoring of the species habitat utilisation and vegetation changes in the study
area.

Citation information

Cite this article as: Forage preference of the greater kudu
(Tragelaphus strepsiceros) in a miombo woodland adja-
cent to Umfurudzi Park, Zimbabwe, Ruth R. Chinomona,
Edson Gandiwa, Victor K. Muposhi, Never Muboko & Maria
S. Moyo, Cogent Environmental Science (2018), 4:
1559461.

Acknowledgements

We thank the Wilderness Africa Trust (Hippo Pools) man-
agement committee and Hippo Pools Camp Staff for the
opportunity to undertake this project and all the support
throughout the field work.

Funding

The authors received no direct funding for this research.

References

Arnold, G. W. (1981). Grazing behaviour. In F. W. Morley
(Ed.), Grazing Animals (pp. 79-104). Amsterdam:
Elsevier Scientific Press.

Belovsky, G. E., & Schmitz, O. J. (1991). Mammalian her-
bivore optimal foraging and the role of plant
defenses. In R. T. Palo, & C. T. Robbins (Eds.), Plant
defenses against mammalian herbivory (pp. 1-28).

Competing Interest
The authors declares no competing interest.

Author details

Ruth R. Chinomona*

E-mail: ruthchinomona@yahoo.com
Edson Gandiwa®

E-mail: egandiwa@gmail.com

Victor K. Muposhi®

E-mail: vkmuposhi@gmail.com

Never Muboko®

E-mail: nmbok@yahoo.co.uk

Maria S. Moyo?

E-mail: Maria@hippopools.co.zw

! Department of Wildlife Ecology and Conservation,
Chinhoyi University of Technology, Private Bag 7724,
Chinhoyi, Zimbabwe.

2 Hippo Pools Wilderness Camp, 24 Sandringham Drive,
Alexandra Park, Harare, Zimbabwe.

Boca Raton, FL: CRC Press.

Bergstrom, R. (1992). Browse characteristics and impact
of browsing on trees and shrubs in African savannas.
Journal of Vegetation Science, 3(3), 315-324.
doi:10.2307/3235756

Bryant, J. P., & Kuropat, P. J. (1980). Selection of winter
forage by subarctic browsing vertebrates: The role of
plant chemistry. Annual Review of Ecology, Evolution
and Systematics, 11, 261-285.

Chimanikire, T., Chikwari, E., Manyevere, A., &
Mutawarira, A. (2005). Soils of the proposed
Mutawatawa/Chikono Dam irrigation project (Soils

Page 6 of 8

www.manaraa.com


https://doi.org/10.2307/3235756

Chinomona et al., Cogent Environmental Science (2018), 4: 1559461
https://doi.org/10.1080/23311843.2018.1559461

¥ cogent.-environmental science

report No: A682). Chemistry and Soil Research
Institute.

Codron, D., Codron, J., Lee-Thorp, J. A., Sponheimer, M., De
Ruiter, D., Sealy, J., ... Fourie, N. (2007). Diets of
savanna ungulates from stable carbon isotope com-
position of faeces. Journal of Zoology, 273(1), 21-29.
doi:10.1111/jz0.2007.273.issue-1

Colebrook, W. F., Black, J. L., Purser, D. B., Collins, W. J., &
Rossiter, R. C. (1990). Factors affecting diet selection by
sheep. V. Observed and predicted preference ranking for
six cultivars of subterranean clover. Crop and Pasture
Science, 41(5), 957-967. doi:10.1071/AR9900957

Danell, K., Huss-Danell, K., & Bergstrom, R. (1985).
Interactions between browsing moose and two spe-
cies of birch in Sweden. Ecology, 66(6), 1867-1878.
doi:10.2307/2937382

De Garine-Wichatitsky, M., Fritz, H., Gordon, I. J., & Illius, A. W.
(2004). Bush selection along forage pathways by sym-
patric impala and greater kudu. Oecologia, 141, 66-75.
doi:10.1007/s00442-004-1630-3

Hooimeijer, J. F., Jansen, F. A., De Boer, W. F., Wessels, D.,
van der Waal, C., De Jong, C. B,, ... Knoop, L. (2005).
The diet of kudus in a mopane dominated area,
South Africa. Koedoe, 48(2), 93-102. doi:10.4102/
koedoe.v48i2.96

Kohi, E. M., de Boer, W. F., Slot, M., van Wieren, S. E.,
Ferwerda, J. G., & Grant, R. C,, ... Prins, H. H. T. (2010).
Effects of simulated browsing on growth and leaf
chemical properties in Colophospermum mopane
saplings. African Journal of Ecology, 48, 190-196.

Kok, O. B., & Opperman, D. P. J. (1980). Feeding-behavior
of giraffe Giraffa camelopardalis in the Willem pre-
torius game reserve, orange free state. South African
Journal of Wildlife Research, 10(2), 45-55.

Kos, M., Hoetmer, A. J., Pretorius, Y., de Boer, W. F., de
Knegt, H., Grant, C. C,, ... van der Waal, C. (2012).
Seasonal diet changes in elephant and impala in
mopane woodland. European Journal of Wildlife
Research, 58(1), 279-287. d0i:10.1007/s10344-011-
0575-1

Magome, H., Cain Tii, J., Owen-Smith, N., & Henley, S. R.
(2008). Forage selection of sable antelope in pila-
nesberg game reserve, South Africa. Southern African
Wildlife Journal of Wildlife Research, 38(1), 35-41.
doi:10.3957/0379-4369-38.1.35

Mills, M. G. L. (1992). A comparison of methods used to
study food habits of large African carnivores. In D. R.
McCullough, & R.H. Barrett (Eds.), Wildlife 2001:
Populations (pp. 1112-1124). London: Elsevier
Applied Science.

Mukaru, W. C., & Mapaure, 1. (2012). Impacts of large
herbivores on plant species diversity and range con-
dition around watering points in waterberg plateau
park, central Namibia. Journal of Research in
Conservation Biology, 1, 41-48.

Munyaka, T.V. & Gandiwa, E. 2018. An Assessment of
Forage Selection by Giraffe Introduced into
Umfurudzi Park, Northern Zimbabwe. Scientifica,
2018. doi:10.1155/2018/9062868

Muposhi, V. K., Chademana, T. C., Gandiwa, E., & Muboko,
N. (2016). Edge effects: Impact of anthropogenic
activities on vegetation structure and diversity in
western Umfurudzi Park, Zimbabwe. African Journal
of Ecology, 54(4), 450-459.

Owen-Smith, N. (1979). Assessing the foraging efficiency
of a large herbivore, the kudu. South African Journal
of Wildlife Research, 9, 102-110.

Owen-Smith, N. (1993). Comparative mortality rates of
male and female kudus: The costs of sexual size
dimorphism. Journal of Animal Ecology, 62(3),
428-440. doi:10.2307/5192

Owen-Smith, N. (1994). Foraging responses of kudus to sea-
sonal changes in food resources: Elasticity in
constraints. Ecology, 75, 1050-1062. doi:10.2307/
1939429

Owen-Smith, N., & Cooper, S. M. (1987). Palatability of
woody plants to browsing ruminants in a South
African savanna. Ecology, 68(2), 319-331.
doi:10.2307/1939263

Owen-Smith, N., & Cooper, S. M. (1989). Nutritional ecol-
ogy of a browsing ruminant, the kudu (Tragelaphus
strepsiceros), through the seasonal cycle. Journal of
Zoology, London, 219, 29-43. doi:10.1111/
jz0.1989.219.issue-1

Parker, D. M., & Bernard, R. T. (2006). A comparison of two
diet analysis techniques for a browsing
megaherbivore. Journal of Wildlife Management, 70
(5), 1477-1480. doi:10.2193/0022-541X(2006)70
[1477:ACOTDA]2.0.CO;2

Pellew, R. A. (1984). The feeding ecology of a selective
browser, the giraffe (Giraffa camelopardalis
tippelskirchi). Journal of Zoology, London, 202, 57-81.
doi:10.1111/j.1469-7998.1984.tb04288.x

Rooney, T. P., McCormick, R. J., Solheim, S. L., & Waller, D.
M. (2000). Regional variation in recruitment of hem-
lock seedlings and saplings in the upper Great Lakes,
USA. Ecological Applications, 10, 1119-1132.

Senft, R. L., Coughenour, M. B., Bailey, D. W.,
Rittenhouse, L. R., Sala, O. E., & Swift, D. M. (1987).
Large herbivore foraging and ecological hierarchies.
BioScience, 37(11), 789-799. doi:10.2307/1310545

Shipley, L. A,, Illius, A. W., Danell, K., Hobbs, N. T., &
Spalinger, D. E. (1999). Predicting bite size selection
of mammalian herbivores: A test of a general model
of diet optimization. Oikos, 84, 55-68. d0i:10.2307/
3546866

Skinner, J. D., & Smithers, R. H. N. (1990). The mammals of
the southern African subregion. Pretoria: University of
Pretoria.

Tanentzap, A. J,, Burrows, L. E,, Lee, W. G., Nugent, G.,
Maxwell, J. M., & Coomes, D. A. (2009). Landscape-

Page 7 of 8
www.manaraa.com


https://doi.org/10.1111/jzo.2007.273.issue-1
https://doi.org/10.1071/AR9900957
https://doi.org/10.2307/2937382
https://doi.org/10.1007/s00442-004-1630-3
https://doi.org/10.4102/koedoe.v48i2.96
https://doi.org/10.4102/koedoe.v48i2.96
https://doi.org/10.1007/s10344-011-0575-1
https://doi.org/10.1007/s10344-011-0575-1
https://doi.org/10.3957/0379-4369-38.1.35
https://doi.org/10.1155/2018/9062868
https://doi.org/10.2307/5192
https://doi.org/10.2307/1939429
https://doi.org/10.2307/1939429
https://doi.org/10.2307/1939263
https://doi.org/10.1111/jzo.1989.219.issue-1
https://doi.org/10.1111/jzo.1989.219.issue-1
https://doi.org/10.2193/0022-541X(2006)70[1477:ACOTDA]2.0.CO;2
https://doi.org/10.2193/0022-541X(2006)70[1477:ACOTDA]2.0.CO;2
https://doi.org/10.1111/j.1469-7998.1984.tb04288.x
https://doi.org/10.2307/1310545
https://doi.org/10.2307/3546866
https://doi.org/10.2307/3546866

Chinomona et al., Cogent Environmental Science (2018), 4: 1559461
https://doi.org/10.1080/23311843.2018.1559461

- cogent.-environmental science

level vegetation recovery from herbivory: Progress
after four decades of invasive red deer control.
Journal of Applied Ecology, 46(5), 1064-1072.
doi:10.1111/jpe.2009.46.issue-5

Van Wyk, B. E., & Gericke, N. (2000). People’s plants:

A guide to useful plants of Southern Africa. Pretoria:

Briza Publications.

Wessels, K. J., Prince, S. D., Malherbe, J., Small, J.,
Frost, P. E., & VanZyl, D. (2007). Can human-induced
land degradation be distinguished from the effects of
rainfall variability? A case study in South Africa.
Journal of Arid Environments, 68(2), 271-297.
doi:10.1016/j.jaridenv.2006.05.015

White, F. (1983). The vegetation of Africa. Natural
resources research 20. Paris: UNESCO.

C o g ent O a © 2019 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.

You are free to:

Share — copy and redistribute the material in any medium or format. Adapt — remix, transform, and build upon the

material for any purpose, even commercially.

The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.
@ No additional restrictions

You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Environmental Science (ISSN: 2331-1843) is published by Cogent OA, part of Taylor & Francis Group.

Publishing with Cogent OA ensures:

Immediate, universal access to your article on publication

High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online

Download and citation statistics for your article

Rapid online publication

Input from, and dialog with, expert editors and editorial boards
Retention of full copyright of your article

Guaranteed legacy preservation of your article

Discounts and waivers for authors in developing regions

Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Page 8 of 8
www.manaraa.com


https://doi.org/10.1111/jpe.2009.46.issue-5
https://doi.org/10.1016/j.jaridenv.2006.05.015

© 2018 The Author(s). This open access article is distributed under a Creative
Commons Attribution (CC-BY) 4.0 license. This work is licensed under the
Creative Commons Attribution License creativecommons.org/licenses/by/4.0/
(the “License”). Notwithstanding the ProQuest Terms and Conditions, you may
use this content in accordance with the terms of the License.

www.manaraa.com





