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CHAPTER 8
AN OVERVIEW OF WOODY VEGETATION UTILISATION IN TEMBE ELEPHANT
PARK, KWAZULU-NATAL, SOUTH AFRICA

Abstract

A survey of woody plant species utilisation by elephants, large, medium and
small browsers, man and natural damage, was conducted in nine vegetation units of
Tembe Elephant Park, Maputaland, KwaZulu-Natal, South Africa. The study was
conducted primarily to assess the risk from elephant utilisation for the conservation of
the rare and diverse Sand Forest. Canopy removal was evaluated within two age
ranges, (a) recent, 12 months prior to the study and (b) old, more than 12 months prior
to the study. The overall density of utilisation was also evaluated. Results show that
recent canopy removal by medium and small browsers was intensive, followed by
elephant utilisation. However, older canopy removal values showed that elephant
utilisation marks accumulated and that trees were utilised repeatedly preventing them
from recovering. The overall density of utilisation showed that medium and small
browsers removed the regeneration class, while elephants opened gaps in the canopy
at a rapid rate. The extent of natural damage events appeared linked and possibly
amplified by elephant utilisation. We conclude that the vegetation units conserved in
Tembe Elephant Park are endangered by a combination of canopy removal by
elephant utilisation and sapling removal by small and medium browsers. This browsing
pressure could lead to the degradation of woodland to grassland as was found in east

Africa under high densities of animals.
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Introduction

A number of ecological problems have been documented relating to the over-
concentration of animals, whether the area is small and unfenced (Walpole et al. 2004;
Western In Press) or large and fenced (Eckhardt et al. 2000; Mosugelo et al. 2002).
Among them is the often-observed transformation of a woodland landscape into
shrubby grassland, or the suppression of woody vegetation growth (Bond and Loffell
2001; Western and Maitumo 2004; Wiseman et al. 2004). The problem of growing
animal populations confined to small reserves in Africa, and to a greater extent in

South Africa, has come to the forefront of conservation issues recently, because public,
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scientific, and conservation opinions are divided on the way to manage this problem
(Van Aarde et al. 1999; Lombard et al. 2001; Van Aarde and Jackson 2007), especially
when charismatic animals such as the African elephant Loxodonta africana
(Blumenbach 1797) are concerned.

The effect of growing animal populations is of particular importance when the
vegetation in these reserves is rare, rich in biodiversity, and unlikely to recover from
intense utilisation (Lombard et al. 2001; Guldemond and Van Aarde In Press; O'Connor
et al. 2007). This is the case in Tembe Elephant Park, a 300 km? reserve in
Maputaland where animal populations have been confined by fences since 1989, and
where the Sand Forest occurs. Sand Forest is considered one of the most valuable
vegetation types of the Maputaland — Pondoland — Albany hotspot of biodiversity found
along the east coast of southern Mozambique and South Africa (Van Wyk 1996; Van
Wyk and Smith 2001; Matthews 2006; Morley 2005; Guldemond and Van Aarde In
Press). Tembe Elephant Park was created with the dual mandate of preserving Sand
Forest and the last remnants of the Maputaland coastal plain elephant population
(Matthews 2006).

The elephant population was estimated at 179 animals in 2004 (Morley 2005),
and was expected to exceed 200 individuals by 2006, and there is now concern that
such numbers are affecting the Sand Forest (Guldemond and Van Aarde In Press), but
also the forest-like woodlands (Van Rensburg et al. 2000; Gaugris 2004) of the region.
There is growing fear that these changes could be irreversible due to the delicate
ecological balance that controls Maputaland’s vegetation dynamics (Van Rensburg et
al. 2000; Matthews 2006).

The present study investigates the utilisation of the woody vegetation by large
herbivore browsers in Tembe Elephant Park to determine the current level of utilisation.
Canopy removal and overall utilisation of woody species are investigated and
quantified within two different periods. Because elephant management is such a
contentious issue, elephant utilisation is explored in depth and the changes observed in

woody species utilisation since a similar study in 1994 are discussed.

Study area

The study area is situated in Maputaland, northern KwaZulu-Natal, South Africa
(-26.85° to -27.15° South and 032.35° to 032.60° East). Tembe Elephant Park covers
an area of 30 000 ha and was proclaimed in 1983 after negotiations with the local tribal
authorities. The management of the park was given to the then KwaZulu-Natal Bureau

of Natural Resources. The park was subsequently completely fenced in 1989. Little
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tourist development has occurred in the park and its main purpose was to preserve the
region’s rare wildlife (Kwazulu-Natal Nature Conservation Services 1997; Browning
2000). The park has also served as a barrier to protect the local people from elephants
raiding their crops. A full description of the topography, geology, soils, climate and
vegetation of Tembe Elephant Park is provided in Matthews et al. (2001).

The park is characterised by a sandy plain interspersed with ancient littoral
dunes with the Muzi Swamp running along the eastern boundary. It is covered by an
Open to Closed Woodland, with patches of Short Intermediate and Tall Sand Forest.
Maputaland lies on the southern boundary of the tropical zone. The summers are hot,
wet, and humid, while the winters are cool to warm and dry. Tembe Elephant Park
received a mean annual rainfall of 721 mm in the period from 1981 to 2003 (Matthews
2006).

Methods
Fieldwork

Surveys were done during the dry winter period of 2004 (May to October).
Rectangular plots were placed at least 50 m away from little-used management tracks
and at least 100 m away from more established tourist tracks to avoid road-induced
bias as much as possible. While the southern portion of the park is relatively well
covered by the road network, the northern part is less accessible and could not be
sampled in the same detail as the rest of the park. The exact geographical coordinates
(map datum: WGS 84, Lat-Long coordinates) of the middle point of all plots were
recorded by using a Global Positioning System (GPS) device.

Only woody species were evaluated and no other plant forms were recorded.
Woody plants in the present study were defined as all plants with an erect to
scrambling growth form and with a ligneous trunk. The methodology was designed to
evaluate the vegetation structure and the utilisation of vegetation by herbivores. Both
aspects were evaluated in 135 plots. Plot dimensions were density-dependent and
varied from a minimum of 15 m by 2 m to a maximum length of 45 m by a 19 m width.
Extremely dense stands of Short Sand Forest called for shorter and narrower lines than
the less dense Tall Sand Forest stands. By following this approach a similar amount of
information was gathered for most plots.

Plots were subdivided in two subsamples. All the woody plants with a height =
0.4 m were sampled in the whole area defined by the plot’s dimensions, while those
smaller than the defined cut-off were sampled in an area restricted to half that of the full

plot size. This was done by dividing the plot in two equal halves along its length and
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walking the first half recording both subsamples, while only woody species of heights =
0.4 m were sampled on the return leg. All woody individuals encountered in either
subsample were recorded, identified and measured. The genus and species name
were noted for each plant. The numbers of live and dead stems were counted and their
diameters measured at the level where the stem became regular above the basal
swelling. The plant height and the height to the base of the canopy (defined as the
height where the larger lowest branches supporting at least 10% of the canopy are
found) were then measured, followed by the largest canopy diameter (D1) and the
diameter of the canopy perpendicular to it (D2). Standing dead trees were also
measured, while fallen dead trees were imaginary reconstructed to estimate the size
and space occupied by the tree before it died and fell.

The herbivore or human utilisation of the vegetation was evaluated for each
plant. Any change or damage to the plant, i.e. canopy, trunk and roots, were
considered. The following parameters were evaluated for each plant (see Table 1 for
details of various items, note that Table 1 is informative, and all types and states
possibilities are presented, although they were not all utilised in the field):

o the state of the plant

o the type of damage / utilisation

o the presumed agent for the observed damage / utilisation

o the age of the damage

e the estimated percentage of material removed (canopy / bark / roots) by damage /
utilisation

e the growth response to the damage / utilisation

Whenever possible each utilisation episode was scored separately.

Data analysis

The data were captured in Microsoft Excel spreadsheets and subsequently
transformed into a database in Microsoft Access for ease of utilisation and analysis.
Software designed by Mr Bruce Page (School of Life and Environmental Sciences,
University of Natal, Durban, South Africa) was used to design the queries to analyse
the vegetation utilisation aspects.

The analyses presented further below in this section were conducted
independently for different agents. Agents were classified on the basis of the height of
utilisation rather than body size per se. The following categories of agents were
recognised:

e elephant
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Table 1 Codes used for evaluating the utilisation of vegetation by browsers, man and nafural damage in Tembe Elephant Fark, the coding is denved from a code database

used for other studies in KwaZulu-Natal, Northem Maputaland, South Africa, and only the codes relevant fo the present study are displayed

State of the woody plant as encountered

Noreral growdh

Wormal with branch regrowah from breakage

Pollarded (main stem snapped off, height reduced) — ree [ving, resprouting
Pollarded (man stem snapped olf, eight reduced) - ree Inang_ coppicing
Follarded (main stem snapped off, height reduced) - ree living, no grawth respanse
Pushed over, stern intact, stil parbally rooted - ang

Pushed over, stem parially broken - iving

Mastly norrmal growth with some hedge growth

9 Hedge growth from continuous., regular brmwsing

10 Cappice growth fram larger (older) dead stem

11 Coppece growth from sccurmlated browsing of young plant

12 Coppice growth from repeated fire

13 Coppce growth from repeated mosture sress

oM Senesrant

30 Tree dead - main stem partially broken

91 Tree dead - main stem complebely broken (poliarded)

32 Tree dead . main stem pushed over (partially uproated)

33 Tree dead - main stern debarked

34 Tree dead - main stem intact, accumulated branch remenal

35 Tree dead - debarking and branches / stems remaved

50 Tree dead - mtact - cause of death unknoam

51 Tree dead - intact - killed by maisture stress

52 Tree dead - mtact - dead from shadng

53 Tree dead - mtact - dead from high light

54 Tree dead - kiled by combination of moksture stress and branch remaval
55 Tree dead - kaled from combination of shading and branch removal

56 Tree dead - kiled by fire

B0 Tree dead - wtaly uprooted

T2 Top kill- dieback from debarkng

B0 Windfall

90 Leve = deciduous leal loss

81 Dying some branches still afve

82 Hedge growth from hurman wiksation

83 Tree dead. pushed over and broken, not uproated

B - W ot B oW oN =

Type of utilisation cbserved

Whale plant [canopy and roats) uthzed

‘Whale canopy utilized (roots stll intact in ground)
Lears and small teags removed

Leaves, bmgs, small branches, and large branches remaved
Branch ends bitten off

Leaves phucked off

Leaves strippad

Parts of leaves removed

4 Unbyyoung leaves and leat buds removed

10 Only mature leaves remaved

11 Only senescent beaves remaved

12 Bark remaved

13 Roots removed

M Flowers remaved

15 Fruit/ seeds removed

16 Dieback of man vertcal branches/stems from top down
17 Dieback of horizontal branchesibranch ends

18 Main stems ol

0 Aresental damags

21 Nouse notdamaged

22 Fire

2% Lightning

24 Pushed over and main stem broken

2% Pushed over and main stem mntact

B - @ ot B W o —

Agent [Agt) of utilisation
1 Elephant
1 Giraffe
3 Kudu
4 Eland
5 Black thinoceras
B Nyala
T Imgpala
8 Bushbuck
9 Grey dulker
10 Red duiker
M Sum

12 Unidentifiable mega brawsars (elephant, giraffe)

13 Unidertifiable largefmediem size browsers (kedu, myala, eland, e1c)

14 Uraderthable medurm/zmall =ive emamars (impala, ushbuek, doiker gte)
15 Maisture stress

16 Floodng
17 Shading
18 High ight inensity
19 Fire

20 Frost

21 Wind

22 Accidental
23 Unknowm
2 Human

25 Insects

26 Cane rat
27 Lightning
28 Canle

28 Porcupine
a0 Goats

Growth respanses (G.R.} to branch removal, stem breaking and debarking

1 Coppice growth
2 Wound regrowth
3 Main stern resgprouting
4 Nocoppice or regrowth - vigour appears unaftectsd
5 Mo coppice or regrowth - vigour appears reduced (tree dying)
B Hedge growth
T Mostly hedge growth with some normal growsh
8 Mosthy narmal growth with some hedge groweh
Ll Iree dead
Age of utilization (Age) Debarking - circumference (Brh.)
1 = | mmonth 1 1% 10%
1 =1-2 months 1 N%-28%
3 »2-4months 4 B%R-50%
4 =4 - B months 4 51%-75% of the circumference
5 =B=127months 5 TE%-90% of the stern rernoved
& =12-Mmonths B BI%-98%
T =Mmorths 7 100%
A Continunus Regulse s
Canopy volume removal Drebarking - stem height (Brk_)
1 1%.10% Percentage of Stem Height
T M%-25% 01 1%-10% )
3 E%-S0% 02 N%-25%
4 51%-75% 02 M%-50%
5 TE%-90% 04 S1%-75% of the height of stem
B o1 %-99 % 05 TE%-090% remaved
DB  B1%-100%

07 Whaole stern ples branches
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e undetermined large browsers (giraffe Giraffa camelopardalis (Linnaeus), elephant)

e undetermined medium browsers (such as: kudu Tragelaphus strepsiceros
(Pallas), eland Tragelaphus oryx (Pallas), black rhinoceros Diceros bicornis
(Linnaeus))

¢ undetermined small browsers (such as: suni Neotragus moschatus (Von Dueben),
red duiker Cephalophus natalensis (A. Smith), common duiker Sylvicapra grimmia
(Linnaeus), nyala Tragelaphus angasii (Gray), impala Aepyceros melampus
(Lichtenstein), bushbuck Tragelaphus scriptus (Pallas))

e man

e natural damage (all cases where the above agents could not be identified
positively or where a natural cause such as wind, drought, fire, lightning, light

conditions, was deemed the most likely reason for the observed damage).

A distinction was made in the analysis between utilisation events that only
affected the canopy volume and those that represented overall utilisation events, which
represented a combination of all utilisation events, including canopy removal but also
bark damage, stem or branch breakages, uprooting and other damages as listed in
Table 1. A further distinction was made to evaluate the canopy volume removal events
in time, and two periods were considered. Recent events represented all events within
the 12 months prior to when fieldwork started, while old events represented all events
that took place more than 12 months prior to the date when fieldwork started. The
overall utilisation events were not qualified in terms of time of utilisation / damage
events as above for canopy removal, due to the difficulty linked to reliably estimate and
represent a combined age of some of the utilisation / damage events other than canopy
removals.

The number of woody species utilised by an agent by vegetation unit was
evaluated, and expressed as a percentage of the total number of species sampled in
that vegetation unit. The number of woody species was evaluated and expressed for
recent and old canopy volume removal events as well as for overall utilisation events.

Plants were then classified into eight height classes (>0 to <0.1 m, 0.1 to <0.5
m, 0.5to <1.5m, 1.5 t0 <8.0 m, 3.0 to <56.0 m, 5.0 to <8.0 m, 8.0 to <12 m, 212 m)
selected to be representative of the local vegetation structure evaluated in previous
studies (Matthews et al. 2001; Gaugris 2004). The range of height classes that may
potentially be utilised by an agent was evaluated as the range of height classes where

any utilisation event was documented for that agent at any time in the present study,
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and formed the basis for calculating the total number of height classes available to that
agent. The total number of height classes available for an agent was calculated for all
woody species in a vegetation unit and represented the total number of height classes
available in a vegetation unit during the two periods defined above.

The canopy volume available and canopy volume removal per height class per
woody species in a vegetation unit were estimated by using the method of Walker
(1976) for estimating the percentage of the canopy volume removed. The number of
height classes where canopy removal events by an agent were observed was counted
at the vegetation unit level and expressed as a percentage of the total number of height
classes available to that agent. The number of height classes where at least 50% of the
canopy volume was removed and the number of height classes where 100% of the
canopy was removed were then established at the vegetation unit level. These
numbers were then represented as percentages of height classes utilised in a
vegetation unit where these canopy removal thresholds had been met within the range
of available height classes to the agent considered.

The total density of individuals and the density of utilised individuals by an
agent were calculated for all woody species in a vegetation unit, and a total density of
woody individuals available and total density of utilised woody individuals per height
class was derived for each woody species. The sums of these densities were used to
represent available and utilised densities at the vegetation unit level. The ratio of
utilised density to available density was expressed as an overall utilisation percentage
value per height class per vegetation unit. The number of height classes where
utilisation by the agent occurred was calculated and presented as a percentage of the
available height classes to the agent by vegetation unit. The number of height classes
where at least 50% of all woody individuals in one species were used and where 100%
of all woody individuals in one species were used were calculated and similarly
expressed as percentages of utilised height classes reaching these thresholds of the

total number height classes available to the agent.

Woody species selection by agent

Similar counts of number of height classes utilised by agent as above were
made, for recent and old canopy removal as well as overall utilisation, but restricted to
the woody species level. The total number of height classes utilised per agent (canopy
volume and overall utilisation), woody species and vegetation unit, the number of
height classes where utilisation is at least 50% and 100% (canopy volume and overall

utilisation) were counted. In order to rank the utilisation of these woody species, they
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were classified in decreasing order of total number of height classes used, total number
of height classes where utilisation was at least 50% and the number of height classes
where utilisation was 100%. For practical reasons only the first ten most utilised woody
species by agent were presented in this manuscript. However, the complete list of
woody species utilised by agent by vegetation unit is available from the author on

request.

Elephant utilisation evaluation

The case of elephant utilisation was evaluated in further detail. The overall
recent and old canopy removals per woody species were calculated as the percentage
of canopy removed (all height classed included) from the total available canopy (all
height classes sampled were included) at park level, and the species were ranked by
order of canopy removal intensity. A similar park level evaluation was done for the
overall utilisation. These results were presented in relation to the 13 species
documented as heavily utilised in 1994 by Matthews and Page (in Prep). These
authors classified the 13 species into three groups. Group 1 included species for which
canopy removal was = 50%, group 2 included species for which canopy removal was =
25% but < 50%, and group 3 included species for which canopy removal ranged from =
10% to < 25%. In order to document the utilisation by vegetation unit, the above

analysis was repeated at the vegetation unit level.

Results

The new Sand Forest classification presented in Chapter 1 of the present study
was followed. A total of 12 915 woody plants were evaluated in this study, and 168
woody species were sampled, or 84% of the woody species known to occur in Tembe

Elephant Park (Tembe Herbarium Collection Records).

Sand Forest association

In the Sand Forest association and the Afzelia quanzensis clumps, medium and
small browsers affected the greatest number of woody species as far as recent canopy
removal was concerned (Table 2). Small browsers also appeared to utilise most woody
species from the Afzelia quanzensis clumps. Recent canopy removal values showed
that elephants and large browsers utilised less species than the medium and small
browsers.

The older canopy removal values showed that the greatest number of woody

species where utilisation marks remain was from elephants and natural damage. The
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Table 2. The number of species utilised by various agents in the Sand Forest association of Tembe Elsphant Park, Maputaland, nothern KwaZul-
Matal, South Africa. Values are given for canopy removal (number of species where a percentage of canopy volurme (CV) was removed) for
the two periods evaluated (Recent: within 12 months prior to the study and Old: = 12 months prior to the study) and for the overall utilisation (O
L), including alf utilisation events, but time was undstermined

Vegetation unit — Afzelia quanzensis clumps  Shornt Sand Forest  Intermediate Sand Forest Tall Sand Forest
(VT 01.1.1) (VT 01.2.1) (VT 01.2.2) (VT 01.2.3)
Mo of Species sampled — 25 G0 1 a3
Mo of Species used by Age Type Murnber (%) Mumber (%) Murnber (%) Murnber (%)
Elephant Recent W 2 §.00 17 28.33 26 36.62 17 32.08
Old Y g 20.00 39 55.00 37 52.11 23 43.40
All ages ou 7 28.00 43 71.67 35 53.52 3 55.49
Large Browsers Recent cv ] 0.00 ] 0.00 ] 0.00 ] 0.00
Old W 0 0.00 1 1.67 0 0.00 1 1.89
All ages ou 0 0.00 1 1.67 0 0.00 1 1.89
Medium Browsers Recent [ g 20.00 25 41.67 33 46.45 20 37.74
Old [ 3 12.00 1 18.33 20 2817 g 15.09
All ages ou 5 20.00 28 46.67 37 52.11 27 50.94
Small Browsers Recent [ 19 76.00 25 41.67 35 43.30 20 37.74
Old [ 0 0.00 2 3.33 4 5.63 0 0.00
All ages ou 19 76.00 25 41.67 35 53.52 22 41.51
Man Recent [ 0 0.00 0 0.00 0 0.00 0 0.00
Old [ 0 0.00 2 3.33 4 5.63 0 0.00
All ages ou 0 0.00 2 3.33 a 7.04 0 0.00
Natural Damage Recent [0 0 0.00 12 20.00 17 2394 =3 9.43
Old [ 10 40.00 47 78.33 a1 71.83 28 52.83
All ages ou 10 40.00 a1 §5.00 52 73.24 29 54.72
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marks of utilisation from medium and small browsers were less noticeable after 12
months, especially in the case of small browsers where the number of woody species
showing signs of canopy removal disappeared altogether or was greatly reduced. In
the Short Sand Forest for example, the number of species utilised by small browsers
was reduced from 41.67% to 3.33% (Table 2).

The overall utilisation also showed that elephants used the greatest number of
woody species in the Sand Forest association and that small browsers are the greatest
users in the Afzelia quanzensis clumps. However, in the Sand Forest association,
marks from natural damage appeared to affect more woody species than any of the
other agents respectively (Table 2).

No recent canopy removal was recorded as being from human activities, and
only old signs of activity were observed (see Table 2). The human utilisation in Tembe
Elephant Park was ancient and no longer clearly visible. Human activity was only
observed along the boundaries of Tembe Elephant Park, and sites within the park were
free from human influence.

From an examination of the percentage of height classes utilised by the agent,
in the Sand Forest association, elephants utilised from 4.17% to 24.27% of the
available height classes in terms of canopy removal, in the past 12 months (Table 3).
There were hardly any signs of recent or old height class canopy removal by the large
browsers group. The medium browsers utilised from 11.11% to 25.91% of height
classes available to them during the 12 months prior to the study. The small browsers
used the greatest part of the canopy available to them in the Sand Forest, with up to
60.47% of the height classes available to them showing signs of utilisation (Table 3).
Recent canopy removal by way of natural damage was relatively low but up to 12.05%
of the sampled height classes were affected (Table 3).

In terms of old canopy removal, marks from small and medium browsers
disappeared with time as their share of utilisation was halved or fell below 1.0% of the
available height classes (Table 3). However, the signs of elephant use appeared to
persist for much longer and even to accumulate over time, as evidenced by the way the
number of height classes utilised by elephant was higher for the old period throughout
the Sand Forest association, as high as 38.96% of the available height classes for the
Short Sand Forest. Canopy removal has reached high levels, and up to 9.65% of
height classes in the Tall Sand Forest showed signs that utilisation had removed at
least 50% of the height class canopy volume, while a further 2.63% of height classes

were documented having suffered complete canopy removal (Table 3).
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Tabie 3. The number and percentage of height classes (HT) wtilised by the vanous agents in the Sand Forest associztion of Tembe Elephant Park, Maputatand, northern KwaZuwh-Natal South Africa. The number of height classes wtilised is represented in three ways, a total number of helght classes whilised within
the range utiised by the agent, the number of height classes in that range where wtiisation of at least 80% of the height class was observed for at least one species, and the number of helght classes where 100% of individuals in one height class were ublised for at least one species. Values are given for
canopy removal utilisation events (CV) for the two periods evaluated (Recent: within 12 months prior to the study and Old: > 12 months prior to the study) and for the overall utilisation (O U), including all utilisation events, but time was undatermined

Agent Range of height Age Type Vegetation units
clagses used Afzelia quanzensis clumps Short Sand Forest Intermediate Sand Forest Tall Sand Forest
VT O01.1.1) VT 01.2.1) VT01.2.2) VT 01.2.3)
NHCE™ Total HC HC use where HC use where  NHCS™ Total HC HC use where HC use where  NHCS™ Total HC HC use where HC usewhere  NHCS® Total HC HC use where HC use where
utilisation =50 % of HC used  100% of HC used utilisation =50 % of HC used  100% of HC used utilisation =50 % of HC used  100% of HC used utilisation =50 % of HC used  100% of HC used
Moy (%) (o) (%) (Mo} (%) (o) (6 (o) (%) (Mo} (%) (o) () (o) (%) (o) (%) o) (%) o) (%) (No) (%)
Elephant 02-07 Recent CY 48 2417 0 000 0 o0 154 19 1234 0 000 [t} 2060 &80 2427 0 0o 0 000 114 23 2018 o 000 0 0o
Old CW 48 5 1042 0 000 0 o0 154 B0 38.96 6 380 1 085 206 77 378 8 3@ 0 000 14 35 3070 1" 985 3 283
Allages  OU 48 7 1458 7 1458 4 B33 154 B7 4351 2 77 20 1299 206 BB 4175 29 1408 g 437 14 47 #1123 3 3188 23 2018
Large Browsers 03 .06 Recent CW 36 o 0o 0 000 0 o0 125 0 000 o 000 o 000 164 0 000 0 000 0 000 o0 0 000 o 000 o 0o
Old G 36 [} 0 o0oo 0 oo 128 1 080 0 000 [} 164 0 o0 0 0o 0 00oo 90 T 1m 0 000 [}
Allages  OU 36 0 0o 0 000 0 o0 125 1 080 0 000 [t} 164 0 00 0 0o 0 000 20 11 o 000 0 0o
Medium Browsers 02 - 06 Recent CY 45 5 11N 1 222 0 oo 46 32 2182 1 068 [} 193 50 2591 2 104 0 00oo 109 26 2385 2 183 [}
Old CY 45 3 BE7 1222 0 o0 146 12 822 1 068 [t} 193 28 1451 2 104 0 000 109 g 734 2 183 0 0o
Allages  OU 45 5 11N 4 B8B83 2 444 145 385 2397 12 822 10 B85 193 B4 3316 17 881 11 570 105 40 3670 21 1927 11 1009
Small Browsers 01.05 Recent CW 43 26 G047 0 000 0 o0 130 43 33.08 1077 [t} 173 B8 3931 1 058 0 000 95 30 3125 o 000 0 0o
Old CY 43 1 233 0 000 0 o0 130 0 000 o 000 o 000 173 423 0 000 0 000 95 0 000 o 000 o 0o
Allages  OU 43 6279 26 6047 21 48.84 130 43 33.08 21 16158 o 769 173 72 Me2 32 1840 11 BB 95 32 3333 23 2396 12 1280
Man 02 -07 Recent G 45 [} 0 o0oo 0 oo 154 0 o0oo 0 000 [} 206 0 o0 0 0o 0 00oo 114 0 0o 0 000 [}
Old CY 48 0 0o 0 000 0 o0 154 1 065 1 065 1 065 206 7340 1 049 1 043 114 0 0o o 000 0 0o
Allages  OU 48 0 0o 0 000 0 o0 154 2 130 0 000 [t} 206 8 388 1 049 0 000 14 0 0o o 000 0 0o
Natural Damage 01.08 Recent CY 49 0 0o 0 000 0 o0 183 15 320 1 081 1 081 22427 1208 0 0o 0 000 121 5 413 o 000 0 0o
Cld CW 49 14 2857 1 204 1 204 163 90 5521 2 123 1 081 224 123 5491 3 134 1 045 121 46 3802 o 000 o 0o
Allages  0OU 49 14 2BE7 13 28.53 9 1837 163 95 58.890 75 4788 44 27H 224 128 5704 90 4018 44 1984 121 49 4040 ki 21 17.36

MHCS* = Number of height classes sampled in the range used by the agent
HC = Height Classes
Mo = Mumber
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Old signs of human utilisation show that some canopy removal took place in the
past. The impression is given that human utilisation implied the complete removal of
available height classes (Table 3) as evidenced by the complete removal of height
classes in the Short and Intermediate Sand Forest. Signs of canopy removal from
natural damage showed that like elephants, natural damage marks appeared to
accumulate over time, and up to 55.21% of the available height classes were scarred in
the Short Sand Forest. Natural damage had the highest percentage of complete
canopy removal within height classes in most of the Sand Forest association (Table 3).

In terms of the overall utilisation, the values mirrored that of the old canopy
removal, although the percentage of height classes used was usually higher for all
agents. This was especially valid with regards to percentages of height classes where
utilisation was documented to affect 50% to 100% individuals in height classes.
Elephants completely utilised up to 20.18% (Table 3, Tall Sand Forest) of the height
classes available to them. In general, the values for natural damage were even higher,
indicating that many entire trees must have been damaged by this mechanism (Table
3).

Woodland vegetation group

With regards to the woodland communities, the number of woody species
utilised recently was once again greatest for small and medium browsers followed by
elephant (Table 4). The small browsers used more species in the Closed Woodland
Thicket and Sparse Woodland on Sand than any other agent, and used at least 50% of
woody species available in all woodland units. Natural damage affected less woody
species than other agent related utilisation in most instances, except for man and large
browsers.

With regards to old canopy removal, the number of woody species used by
elephants was greater than recent removals and remained visible (Table 4), while the
signs of utilisation by medium and small browsers were less or disappearing. Signs of
natural damage to woody species were abundant and more than 50% of woody
species showed signs of old natural damage in the Closed Woodland on Sand.

The overall utilisation of woody species showed that elephants used mainly the
Closed Woodland on Clay and on Sand and Open Woodland on Sand (more than 50%
of available woody species, Table 4). A similar picture emerged for the medium
browsers, while the overall woody species utilisation by small browsers was

consistently higher than 50% of sampled woody species in all woodland units. Natural
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Table 4: The number of species uhilised by various agents in the Woodland association of Tembe Elephant Park, Maputaland, northern KwaZuiu-Natal, South Africa. Values are given for canopy removal [number
of species where a percentage of canopy volume (CV) was removed) for the two periods evaluated (Recent: within 12 months prior to the study and Old: = 12 months prior to the study) and for the overall
utilisation (O U], including alf utilisation events, but time was undetermined

Vegetation Unit — Closed Woodland Thicket Closed Woodland on Clay Closed Woodland on Sand Open Woodland on Sand Sparse Woodland on Sand
(VT 02.1.0) (VT 02.2.0) (VT 02.3.0) (VT 03.1.0) (VT 04.1.09
Mo of Species sampled — 29 116 115 92 40
Mo of Species used by Age Type Mumber (%) Number () MNumber (%) Murmber (%) Mumber (%)
Elephant Recent % 5 17.24 54 46.55 40 34.78 30 3281 4 10.00
Old Y 10 34.48 g2 5345 B2 53.91 42 4565 1 2780
All ages ou 12 41.38 g9 59.43 b6 57.39 47 51.09 10 25.00
Large Browsers Recent o 0 0.00 1 0.86 g 4.35 11 11.96 0 0.00
Old Y 0 0.00 1 0.86 0 0.00 4 4.35 0 0.00
All ages ol 1] 0.00 3 249 5 4.35 14 15.22 1 2480
Meditnm Browsers Recent CW g 2759 66 56.90 B0 8217 43 46.74 11 2780
Cld %) 2 17.24 35 3017 37 3217 23 25.00 4 10.00
All ages ol a 2759 a9 7672 78 G7.83 G0 £5.22 15 3780
Small Browsers Recent % 16 8517 79 B3.10 76 £6.09 72 78.26 21 52.80
Old Y 1 345 2 172 4 3.48 2 217 2 5.00
All ages ou 16 8517 g2 70.69 a0 §9.57 73 79.35 22 55.00
Man Recent Y 1 3.45 1 0.86 3 281 0 0.00 0 0.00
Old Y 0 0.00 0 0.00 1 0.87 0 0.00 1 280
All ages ol 1 3.45 2 1.72 4 3.48 0 0.00 1 2480
Natural Damage Recent CW 1 3.45 28 24.14 20 17.39 38 41.30 7 17.50
Cld %) g 2759 56 48.28 B3 54.78 43 46.74 14 35.00

All ages ou g 2788 58 50.86 &7 58.26 52 56.52 16 40.00
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damage affected more than 50% of woody species available in the same vegetation
units that the elephants and small to medium browsers used.

There were recent signs of human utilisation of woodland vegetation types, as
evidenced by a number of species for which canopy removal was documented in the
Closed Woodlands. No human utilisation was observed in the Open or Sparse
Woodland on Sand.

In terms of recent canopy removal, small browsers appeared to utilise the
greatest number of height classes (Table 5). Values for the medium browsers were
slightly lower, and those for elephant utilisation even less. Utilisation by large browsers
was seldom encountered. Man utilised the canopy in some height classes in the three
closed woodlands, but hardly contributed to the total of utilisation. A noticeable number
of height classes had their canopies reduced through natural damage, especially in the
Open Woodland on Sand, where 31.14% of available height classes were affected. A
number of height classes had their canopies fully removed in the Closed Woodland on
Sand and Clay, the Open Woodland on Sand and the Sparse Woodland on Sand
(Table 5).

Old canopy removal events followed similar trends as for the Sand Forest,
whereby signs of utilisation by medium and small browsers tended to disappear (Table
5), whereas signs of utilisation from elephants and natural damage were emphasised.
The canopies from 0.58% to 4.00% of height classes in the Closed Woodlands and the
Open Woodland on Sand were completely removed by elephant. Natural damage
canopy removal affected approximately a third of height classes throughout the
Woodlands. Signs of old canopy removal by large browsers and man were low.

The overall utilisation of height classes values were generally higher than those
for canopy removal and the percentage of height classes where all individual were
used was noticeably higher especially by elephants (20.00%) in Closed Woodland
Thicket, and by natural damage (19.48%) in Sparse Woodland on Sand (Table 5).
Small browsers completely utilised height classes in more than 10.00% of the available
total throughout the woodland group (Table 5). Utilisation by man and large browsers

was low in general (Table 5).

Woody species selection by agent

A summary of the 10 (whenever possible) most utilised woody species by
vegetation unit was presented for the different agents in Tables 6 (elephant), 7 (large
browsers), 8 (medium browsers), 9 (small browsers), 10 (man) and 11 (natural

damage).
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Tabie & The number and percentage of height clzsses (HC) utilised by the vanous agents in the Woodland association of Tembe Elephant Park, Maputaland, northern KwaZulu-Natal, South Africa. The number of height classes wliised is rapresented in three ways, 2 total number of height clesses ubiised within the range whilised by the agent, the mumber of height classes in that
range where utilisation of at least 50% of the height class was obsenved for st least one species, and the number of height classes where T00% of individuals In ane height class were utilised for at least one speciss. alues ara given for canopy removal utilisation events (V) for the two penods evaivated (Recent: within 12 months prior to the study and Ol » 12 months
prior to the study) and for the overall utilisation (O U), Including all itilisation events, but tirme was undetermined

Agent Range of height ~ Age Type Vegetation units
classes uzed Closed Woodland Thicket Closed Woodland en Clay Closed Woodland on Sand Open Woodland on Sand Sparse Woodland on Sand
(VT 02.1.0) VT 02.2.0) (VT 02.3.0) (VT 03.1.0) VT 04.10)
WHCS* Total HC HC use where HC use where  NHCS* Total HC HC use where HC use where  NHCS* Tatal HC HC use where HC use where  NHCS* Total HC HC use where HC use where  NHCS* Total HC HC use where HC use where
utilisation >80 % of HC used  100% of HC used utilisation > 50 % of HC used  100% of HC used utilisation >0 % of HC used  100% of HC used utilisation >80 % of HC used  100% of HC used utilisation > 50 % of HC used  100% of HC used
(o)~ (%) Mo (%) (No} (%) (N} (%) (N} (%) (N} (%) (N} (%) (Mo} (%) (Noj - (%) (o)~ (%) Mo (%) (No} (%) (N} (%) (N} (%) (o) (%)
Elephant 0207 Recent  CV A0 9 1800 0 o0 0 o0 M2 W ’3A2 3 068 10289 3R 70 2108 2 060 0 o0 k4 52 N47 0 o0 0 o0 45 BT 0 00 0 o0
ol cy 80 17 3400 3 B0 2 400 342130 3|0 3 234 2 04 332110 3313 18 542 3 080 24 95 A0 g 315 1039 418 2162 2 2m 0 0m
Allages OV 500 21 4200 15 3000 102000 342151 15 92 B0 49 1433 3218 B/ 78 2349 341024 264107 4213 65 2549 31477 R 5 1081 6 81
Large Browsers 03 -06 Recent  CV 41 0 00 0 0m 0 o0 261 1038 0 00 0 0o X2 5 191 0 oo 0 00 188 12 BB 0 0m 0 o0 48 1208 0 00 0 0m
ol cy 4 0 o0 0 om 0 o0 261 1038 0 o0 0 oo 22 0 000 0 oo 0 oo 18 4 213 0 om 0 o0 8 0 0m 0 o0 0 om
Allages  0OU 41 0 noo 0 ooe 0 ooo ol 3 115 0 00 0 oo 262 a8 19 2 076 1 03 18 15 798 1 0483 0 ooo a8 1208 0 00 0 oo
Medium Browsers 02 -06 Recent  CV 50 16 3200 0 o0 0 o0 333131 3934 5 140 0 oo 37 15 B8 2 063 0 oo 26 91 %W 0 om 0 o0 7218 Bm 4 558 2 27
Old cy A0 11 2200 0 oo 0 o0 333 5 IBA2 5 180 0 000 37 B 177 2 063 0 o0 246 40 1628 0 o0 0 o0 724 B8 1B 0 o0
Allages  0OU 50 14 2800 9 1800 61200 333 183 8676 105 31583 51 1532 37 145 4574 60 1893 341073 46 122 4959 44 1789 2 854 2 778 8 111 7872
Small Browsers 01-05 Recent  CV 43 24 581 0 o0 0 o0 32150 4673 0 00 0 000 37 145 4574 1032 0 o0 243 145 B9F7 313 0 o0 73 34 4858 0 00 0 o0
old cv 4 1233 0 0m 0 o0 Enl 2 0R2 0 00 0 0o 74 1E 1032 0 00 43 14 576 0 0m 0 o0 738 BB 0 00 0 0m
Allages  0OU 43 26 6047 18 4136 15 3488 321 156 4BED 74 B30 37 1183 317 153 4826 78 2461 45 1420 243 148 BO91 oM/ 30 123 7334 485 26 3BE2 111507
Man 0207 Recent  CV a0 1200 0 0m 0 o0 342 1028 0 00 0 0o 3:O3 0m 0 oo 0 00 24 0 000 0 0m 0 o0 o0 0m 0 00 0 0m
ol cy 50 0 00 0 om 0 o0 3420 000 0 o0 0 oo 3R 1030 0 oo 0 oo k40 000 0 om 0 o0 2] 113 0 o0 0 om
Allages  0OU a0 1 200 0 oo 0 ooo 32 2 058 1 04 1 029 332 4120 0 000 0 0oo 254 0 noo 0 oo 0 ooo 7 1 135 0 00 0 oo
Natural Damage 01-08 Recent  CV a1 2 392 0 om 0 o0 3B/ 48 1318 E 165 513 I3 % 9 g 214 78 N3 8 311 6 220 3 10 7712 1548 5 1032 1190
0ld v a1 1B 337 0 oo 0 ooo 364107 2940 g 220 5 137 373 132 BB 12 3n 7 168 3 109 3883 10 366 4147 P23 B 4 5619 0 oo
Allages 0V A 17 1333 9 1765 6 1176 B4 13 32E8 a0 1374 2% B I3 13 B2 74 1984 48 1314 N3 1312 8% 63 2308 1842 T3 415 2 B/E 15 1948

MHCS* = Number of height classes sampled in the range used by the agent
HC = Height Classes
Mo = Nurnber
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Tahie 6 The 10 woody species most ubiised by elephants in Tembe Elaphant Fark, by vegetation unit and age of damage (for canopy volume removal only). Values given reflect the number of height classes (HC) where utilisation was reported (HC
01), as well as the number of height classes where wtilisation was = 50% (HG 02) and 100% (HC 03) of canopy removed or number of individuals ulilised within a height class, and the highest height class where damage was obsened (HG
04). Species highlighted In red represent situstions where at least one helght class was completely wtilised. Maputaland, northern KwaZulu-Natal, South Africa

(3%4

Mumber Yegetation Taxa Canopy Yolume removal < 12 months Taxa Canopy Yolume remaval > 12 months Taxa Overall Litilisation
unit HC 01" HC 02 HC O3 HC 04" HC 01*  HCO02* HCO03® HCO04™ HC01*  HCO02* HCO3®  HCO04™
1 WT01.1.1 Qchng barbosae 1 0 0 05 Afzeliz quanzensis 1 0 a 07 Boscia filipes 1 1 1 04
2 WT01.1.1 Tabemaemontana elegans 1 ] ] 05 Boacia filipes 1 ] 0 04 Maniliara concolor 1 1 1 05
3 WT01.1.1 - - - - - Manilizara concolor 1 ] 0 05 Cchna barbosas 1 1 1 05
4 WT01.1.1 - - - - - Sclerocraton integerrimus 1 0 0 05 Sclerocraton integermimus 1 1 1 05
5 WT01.1.1 - - - - - Vepris lanceolata 1 0 a 04 Afzelia quanzensis 1 1 0 07
G WT01.1.1 - - - - - - - - - - Tabetnaemontana elegans 1 1 0 05
7 WT01.1.1 - - - - - - - - - - Wepris lanceolata 1 1 0 04
1 WT01.21 Brachylaena huillensis 2 ] ] 04 Pteleopsis ryrtifolia 3 1 0 o7 Brachylaena huillensis 4 1 ] 0B
2 WT01.2.1 Strnychnos henningsii 2 0 0 05 Salacia leptociada 3 1 0 06 Pteleopsia myrtifolia 3 3 0 o7
3 WT01.21 Cassipowres mossambicensls 1 0 0 05 Brachylaena huillensis 3 0 a 0& Faydrax obovata 3 1 1 06
4 WT01.21 Cola greenway 0 0 05 Cola greenway! 3 0 a 0& Salacia leptoclada 3 1 1 06
5 WT01.21 Croton pseudopuichelius 0 0 03 Hymenocardia Wmoides 3 0 a 0& Cola greenway! 3 1 0 06
B WT01.21 Hymenocardia wWimoldes 1] 1] 04 Faydrax obovata 3 1] 0 06 Hymenocardia wimoides 3 1 1] 06
7 WT01.21 Lagynias lasiantha ] ] 05 Brachylaena discolor 2 1 1 06 Cleistanthus schiechten 2 2 1 o7
g WT01.2.1 Leptactina delagoensis 0 0 04 Cleistanthus schiechtern 2 0 0 o7 Lagynias lasiantha 2 2 1 05
9 WT01.21 Manilara discolor 1 0 0 05 Diafiue schiechter 2 0 a 0& Strychnos henningsil 2 2 1 05
10 WT01.21 Pavetta lanceolata 1 0 0 04 Drpetes arguta 2 0 a 0& Witex ferrigines 2 2 1 06
1 WTO01.22 Cola greenway 4 1] 1] 06 Cola greenway a 1] 0 06 Cola greenway a 1] 1] 06
2 WTO01.22 Drypetes arguta 4 ] ] 06 Brachylaena huillensis 4 1 0 06 Haplocoelum folioloswm 4 3 1 06
3 WT01.22 Dialiuen schlechter 3 0 0 o7 Hymenocardia Wnoldes 4 0 0 06 Brachylaena huillensis 4 0 0 06
4 WTO1.2.2 Haplocoslum foliolosurn 3 0 0 05 Grewla microthyrss 3 1 a 05 Dnpetes arguta 4 0 0 06
5 WTO1.2.2 Hymenocardia wmoides 3 0 0 06 Faydrax obovata 3 1 a 0& Hymenocardia wmoides 4 0 0 06
G WTO1.2.2 Balanites maughami 2 0 0 05 Fraeromylon obliguurm 3 1 a 0& Endhrophleurs lasianthum 3 3 2 06
7 WTO1.2.2 Boscia fllipes 2 0 0 05 Clelstanthus schiechten 3 0 a 07 Ftasroxylon obliquum 3 3 1 06
g WTO01.22 Brachylaena huillensis 2 ] ] 05 Croton pseudopuichelius 3 ] 0 04 Grewia miciothyrsa 3 3 ] 05
9 WTO01.22 Burchellia bubaling 2 ] ] 05 Dizliurn schiechten 3 ] 0 o7 Stnchnos decussata 3 2 1 0B
10 WTO1.2.2 Cassipowres mossambicensls 2 0 0 06 Drpetes arguta 3 0 a 05 Strychnos henningsil 3 2 1 06




cee

Tabie f continued

i

L
UNIVERSITEIT VAN PRETORIA

YUNIBESITHI YA PRETORIA

. UNIVERSITY OF PRETORIA
Qe

O W W m o e W R

O W M W m o e W R

O W m N m ot e W R

[== I NI R T ]

WT01.23
YT01.23
YT01.23
VT01.23
YT01.23
YTO01.23
YT01.23
VT01.23
WT.23
WT.23

YTO21.0
YTO21.0
YTO21.0
YTO21.0
YT021.0
YT021.0
VTO021.0
WTO2.1.0
WTO2.1.0
WTO21.0

WTO220
VTO0220
V0220
YT0220
YT 0220
VT 0220
WTO22.0
WTO22.0
WTO220
WTO220

VTO023.0
YT023.0
YT023.0
YT 0230
VT 0230
WTO23.0
WTO23.0
WTO23.0

Cola greenway

Diypetes arguta
Ptaeroxyion obliquum
Strychnos gerrari

Wepris lahceolsts
Acalyha glabrata
Cladosternon Firkii
Engthrosylurn emarginatuem
Aymenocardia wimoides

Lagynias fasiantha

Euclea natalensis
Afzelia quanzensis
Grewia microthyrsa
Rothmanmiz fischen

Sclerocroton integerrinmus

Afzelia qu SIS
Acacia b

Sclerocanss bives

Dialivmn schlechter
Payidrax locuples
Pteleopsis mytifolia
Tabemaemontana elegans
Terminalia sericea

‘Wepris flanceolata

Wermonia colorata

Bridelia cathatica
Tabemasmontana elegans
Enthroxiuen delagoense
Strchnos decusaata
Strychnos madagascanensis
Acacia burkei

Afzelia quanzensis

Sideroxyion inerme

[T R N )
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LW W W W W e

o 0 05 Colz greenwayi 4 o o 0B Colag greenway!

o 0 05 Balanites maugharmil 2 1 1 o7 Flasroxylon obliguurs

o 0 05 Cisistanthus schlechten 2 1 1 06 Balanites maugharmil

u] u] 06 Ptacroadon obliguurn 2 1 u] 06 Freleopsis mytifolz

u] u] 05 Preleopsis rytifolia 2 1 u] Jul} Stnechnos gereardi

u] u] 04 Acalyphs glabrata 2 u] u] 05 Cilalstanthus schiechter

o 0 05 Drpetes arguta 2 o o 05 Paydrax obovata

1] 0 04 Paydrax obovata 2 1] 1] 0B Stchnos decussata

1] 0 03 Stychnos decussata 2 1] 1] 05 Stychnos henningsil

1] 0 05 Stychnos henningsi 2 1] 1] 05 Dinypetes arguta

1] 0 o7 Euciea natalensis 4 1] 1] o7 Euciea natalensis

o 0 06 Tabernaemontana elegans 4 o o 06 Tabermasmaontana elegans

u] u] 04 Terminalis serices 2 1 1 06 Sclerocroton integerrimus

1] 0 06 Albizig acdianthifoliz 1 1 1 0B Terninalia setices

u] u] 05 Rhus gueinzii 1 1 u] 05 Afzeliz quanzensis
Afzelia quanzensis 1 o o 0B Albiziz adiznthifols
Combraturm molle 1 1] 1] 0B Grewiz ricrothyrsa
Paydrax locuples 1 1] 1] 04 Rhus gueinzii
Sclerocroton integerrimus 1 1] 1] 05 Rothmania fischeri
Sclerocansa birrea 1 o o 04 Sclerocanse birres

1 0 o7 Spirostachys africana 4 o o o7 Sclerocansa bires

u] u] o7 Stiychnos spinosa ) u] u] 06 Terminaliz sences

1 1 o7 Termninalis setices 5 u] u] o7 Stnpchnos spinoss

u] u] 05 Schotia brachypetalz 4 1 u] o7 Tabernasmontana elegans

1] 0 05 Acacia burkel 4 1] 1] o7 Acacia burker

1] 0 08 Afzelia quanzensis 4 1] 1] o7 Spirostachys africana

1] 0 04 Euclea natalensis 4 1] 1] o7 Alzelia quanzensis

1] 0 06 Sclerocanya birrea 4 1] 1] o7 Scholia brachypetala

o 0 05 Tabernaemontana elegans 4 o o 0B Euciea natalensis

o 0 05 Wepns lanceolsta 4 o o 06 Vepnis lanceolata

u] u] 06 Afzelia quanzensis 4 1 u] o7 Dialiure schiechiter

u] u] 06 Tabernaemontana elegans 4 1 u] Jul} Siclercmylon inerme

u] u] 05 Brideliz cathartica 4 u] u] Juls} Stnpchnos spinoss

o 0 06 Commiphora neglects 4 o o 0B Afzelia quanzensis

1] 0 08 Diatiure schiechter 4 1] 1] o7 Bricielia cathartica

1] 0 o7 ‘Vepris lanceolata 4 1] 1] 05 Dichrostachys cinerea

1] 0 o7 Acacia burted 3 1] 1] o7 Tabernaemontana elegans

o 0 o7 Combretum molie 3 o o 0B Commiphora neglecta
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Table 6 continued
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9 WT023.0 Margaritaria discoldea 2 0 0 04 Canthivem anatum 3 a 0 05 Veptis lanceolata
10 T 0230 Kimenia caffra 2 ] ] 04 Paydrax locples 3 0 ] 06 Strychnos madagascariensis
1 wT03.1.0 Terminalia sericea 4 0 0 06 Albizia versolor g 2 0 07 Albizia versicolor
2 WT03.1.0 Acacia burkel 3 0 0 07 Acaciz burki =3 a 0 a7 Strychnos madagascariensis
3 WT03.1.0 Combraturm molle 3 0 0 06 Strychnos radagascarensis =3 a 0 05 Acacia burkel
4 WT03.1.0 Strychnos madagascariensis 3 0 0 05 Terminalia sricea =3 a 0 a7 Terminalia seticea
a wT03.1.0 Acacia robusta 2 ] ] 06 Vangueria ifausta 4 1 1 06 Vangueria infausta
B wT03.1.0 Albizia versicolor 2 ] ] 05 Combraturemolie 4 0 ] 06 Sclerocansa birtea
7 wT03.1.0 Antidesma venosum 2 0 0 0B Dichrostacks cinerea 4 0 0 05 Sclerocraton integerirmus
8 WT03.1.0 Commiphora neglecta 2 0 0 04 Sclerocroto, integerrimus 4 a 0 05 Combretum molle
9 WT03.1.0 Dichrostachys cinerea 2 0 0 03 Sclerocanyshirrea 4 a 0 a7 Dichrostachys cinerea
10 WT03.1.0 Garciniz lvingstonel 2 0 0 05 Antidesma snosurm 3 1 0 05 Acacia robusta
1 wT04.1.0 Terminalia sericea 2 ] ] 05 Stnychnos radagascariensis 4 0 ] 05 Stnychnos madagascariensis
2 wT04.1.0 Acacia burkei 1 0 0 04 Stnychnos sinosa 2 1 0 04 Terminalia sericea
3 WT04.1.0 Dichrostachys cinerea 1 0 0 03 Terminalia sricea 2 a 0 05 Acacia burkei
4 WT04.1.0 Strychnos spinosa 1 0 0 oo Vangueria ifausta 1 1 0 04 Strychnos spinosa
g wT04.1.0 - - - - - Acacia burli 1 0 0 ] Albizia adianthifolia
B wT04.1.0 - - - - - Albizia adiathifolia 1 0 ] a7 Dialium schiechter
7 wT04.1.0 - - - - - Dialiurm sclechter 1 0 ] 06 Syzigium cordatum
3 wT04.1.0 - - - - - Dichrostacks cinerea 1 0 0 03 Vangueria infausta
9 WT04.1.0 - - - - - Euclea natznsis 1 a 0 a7 Dichrostachys cinerea
10 WT04.1.0 - - - - - Syzigium cedatum 1 a 0 05 Hirmenla caffra
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VT 01.1.1 = Afzelia quanzensis clumps
VT 01.2.1 = Short Sand Forest

VT 01.2.2 = Intermediate Sand Forest
VT 01.2.3 = Tall Sand Forest

VT 02.1.0 = Closed Woodland Thicket
VT 02.2.0 = Closed Woodland on Clay
VT 02.3.0 = Closed Woodland on Sand
VT 03.1.0 = Open Woodland on Sand
VT 04.1.0 = Sparse Woodland on Sand
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Table 7 The 10 woody species most utilised by large browsers in Tembe Elephant Park, by vegetation unit and age of damage (for canapy volume removal only). Values given reflect the number of height classes (HC) where wtilisation was
reported (HC OT), as well as the number of height classes where utilisation was = 50% [(HT 02) and 100% (RC 03) of canopy removed or number of individuals utillsed within a height class, and the highest height class where damage
was observed (HT 04). Species highlighted in red represent situations where at least one helght class was completely ubilised. Maputaland northern KwaZuwlu-Natal, South Africa

Mumber  “egetation Taxa Canopy Wolume removal < 12 months Taxa Canopy Wolume removal = 12 months Taxa Overall Utilisation
unit HCO1*  HCOZ  HCO03®  HC 04" HCO1*  HCOZ  HCO03®  HC 04" HCO1*  HCOZ  HCO03®  HC 04"

WT01.21 - - - - - Cola greenwayi 1 0 0 05 Cola greenwayi 1 0 0 05
WT01.23 - - - - - Afzelia quanzensis 1 0 0 06 Afzelia quanzensis 1 1 1 06

1 WT02.20 Stychnos madagascatiensis 1 0 0 05 Spirostachys africana 1 0 0 04 Combratum molle 1 0 0 05
WT02.20 - - - - - - - - - - Spirostachys africana 1 0 0 04
WT02.20 - - - - - - - - - Stychnos madagascatiensis 1 0 0 05

1 WT02.3.0 Ancylanthos montelrol 1 0 0 04 - - - - - Ancylanthos montelrol 1 1 1 04
2 WT02.3.0 Digltum schiechteri 1 0 0 04 - - - - - Trichilia emetica 1 1 0 06
3 WT02.3.0 Canthiurm armatum 1 0 0 04 - - - - - Digltum schiechteri 1 0 0 04
4 WT02.3.0 Trichilia emetica 1 0 0 06 - - - - - Canthiurm armatum 1 0 0 04
=3 WT02.3.0 Veprs lanceolata 1 0 0 06 - - - - - Veprs lanceolata 1 0 0 06
1 WT03.1.0 Stychnos spinoss 2 0 0 05 Brachylaena discolor 1 0 0 03 Stychnos spinoss 2 0 0 05
2 WT03.1.0 Acacia burkei 1 0 0 04 Combratum molle 1 0 0 05 Lagynias lasiantha 1 1 0 04
3 WT03.1.0 Brachylaena elliptica 1 0 0 04 Terminalia sercea 1 0 0 05 Acacia burkei 1 0 0 04
4 WT03.1.0 Commiphora neglecta 1 0 0 04 Veprs lanceolata 1 0 0 04 Brachylaena discolor 1 0 0 03
=3 WT03.1.0 Dichrostachys cinerea 1 0 0 04 - - - - - Brachylaena elliptica 1 0 0 04
53 WT03.1.0 Garcinia livingstonei 1 0 0 04 - - - - - Combratum molle 1 0 0 05
7 WT03.1.0 Hymenocardia wimoides 1 0 0 03 - - - - - Commiphora neglecta 1 0 0 04
8 WT03.1.0 Lagynias lasiantha 1 0 0 04 - - - - - Dichrostachys cinerea 1 0 0 04
9 WT03.1.0 Stychnos madagascatiensis 1 0 0 04 - - - - - Garcinia livingstonei 1 0 0 04
10 WT03.1.0 Terminalia sercea 1 0 0 04 - - - - - Hymenocardia wimoides 1 0 0 03
1 T 04.1.0 Terminalia sercea 1 0 0 05 - - - - - Terminalia sercea 1 0 0 05

VT 01.2.1 = Short Sand Forest

VT 01.2.3 = Tall Sand Forest

VT 02.2.0 = Closed Woodland on Clay
VT 02.3.0 = Closed Woodland on Sand
VT 03.1.0 = Open Woodland on Sand
VT 04.1.0 = Sparse Woodland on Sand
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Table 8. The 10 woody species most utilised by medium browsers in Tembe Elephant Park, by vegetation unit and age of damage (for canopy volume removal only). Values given reflect the number of height classes (HC) where
utilisation was reported (HT 07), as well as the number of height classes where wtilisation was = 50% (HT 02) and T00% (HG 03) of canopy removed or number of individuals wtilised within a height class, and the highest height
class where damage was obsenved (HC 04). Species highlighted in red represent situations where at least one height class was completely utilised. Maputaland, northemn KwaZuwlu-Natal South Africa

Ggee

Mumber “egetation Taxa Canopy “olume removal < 12 months Taxa Canopy Wolume removal > 12 months Taxa Overall Utilisation
unit HC 01" HC 02 HCO03® HCo4* HC 01" HCOZ* HC 03 HC 047 HCO1* HCO2* HCO3® HC 047
1 WT01.1.1 Tabermasmontana elegans 1 1 0 03 Tabermasmontana elegans 1 1 0 03 Catunatedarm spinoss 1 1 1 04
2 WTO01.1.1  Catunaregam spinosa 1 0 0 04 Catunaregam spinosa 1 0 0 04 Paydrax focuples 1 1 1 04
3 WTO01.1.1  Ochna barbosae 1 0 0 04 Ochna barbosae 1 0 0 04 Tabemasmontana elegans 1 1 1] 03
4 WTO111 Paydrax locuples 1 0 0 04 - - - - - Tricalysia lanceolata 1 1 1] 04
8 WT01.1.1 Tricalysia lanceolata 1 0 0 04 - - - - - Ochna barbosae 1 1] 1] 04
1 WT01.2.1 Tricalysia funodit 3 0 0 04 Brachylaena hulllensis 2 0 0 05 Tricalysia funodi 3 1 1] 04
2 WTO01.21  Brachylasna hulllensis 2 0 0 05 Pteleopsis myrtifolia 1 1 0 0z Oyanthus latifolius 2 1 1 04
3 WTO01.21  Oxyanthus latifolius 2 0 0 04 Acalynha glabrata 1 0 0 0z FPavetta lanceolata 2 1 1 04
4 WT01.21  Favetta lanceolata 2 0 0 04 Burchelia bubalina 1 0 0 04 Tricalysia lanceolata 2 1 1 04
5 WTO01.21  Salacia leptoclada 2 0 0 04 Casaine papiliosae 1 0 0 a5 Brachylaena hulllensis 2 i] i] 05
B WT01.2.1 Tricalysia lanceolata 2 0 0 04 Combretum molle 1 0 0 04 Salacia laptoclada 2 1] 1] 04
7 WT01.21  Pteleopsis myrifolia 1 1 0 02 Croton psewdopuichelius 1 0 0 03 Acalypha glabrata 1 1 1 0z
g WTO01.21  Acalypha glabrata 1 0 0 02 Hymenocardia wimoides 1 0 0 04 Cassine papliiosae 1 1 1 05
9 WTO1.21  Burchelis bubaling 1 a a 04 Ochna natalitiz 1 a a a5 Combreturm molle 1 1 1 04
10 WTO01.21  Cassine paplliosae 1 0 0 05 Paydrax obovata 1 0 0 05 Drypetes natalensis 1 1 1 03
1 WT01.22  Croton pseudopichellus 4 0 0 0s Croton pseudopuichelius 4 0 0 0s Croton pseudopuichelius 4 1] 1] 05
2 WTO01.22 Dngpetes arguta 3 0 0 05 Dwppetes arguta 3 0 0 s Drppetes arguta 4 1] 1] 05
3 WTO01.22  Hymenocardia wimoldes 3 0 0 06 Cola greenwayi 2 0 0 04 Hymenocardia wimoides 4 1] 1] 06
4 WTO01.22  Cola greenway! 2 0 0 04 Monodora junodii 2 0 0 05 Cola greenwayi 3 1] 1] 05
5 WTO01.22  Haplocoelum gallense 2 0 0 05 Salacla leptoclada 2 0 0 04 Drypetes natalensis 3 1] 1] 05
B WT01.22  Monodora junodit 2 0 0 05 Deinbolia oblongifolia 1 1 0 03 Brachylaena discolor 2 2 2 04
7 WT01.22  Favetta lanceolata 2 0 0 05 Strychnos decussata 1 1 0 04 Boscia filpes 2 2 1 05
8 WT01.22 Salacia lgptociada 2 0 0 04 Balanites maugharmil 1 0 0 04 Balanites mavugharmil 2 1 1 04
9 WTO01.22 Swegads zanzibariens's 2 0 0 04 Boscia filipes 1 0 0 03 Cassipolres mossarmblicensls 2 1 1 06
10 WTO01.22  Toddaliopsis bremekampli 2 0 0 05 Brachylaena discolor 1 0 0 04 Maonodora junodii 2 1 1 05
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WT0123
WT01.23
WT01.23
WT01.2.3
wT01.2.3
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WT0123
WT01.23
WT01.23
WT01.2.3

WT021.0
WT02.1.0
WT021.0
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WT0220
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WT0220
WT0220
WT0220
WT0220
WT0220
WT0220
WT0220

WT023.0
WT023.0
WT023.0
WT023.0
WT023.0
WT0230
WT023.0

Toddaliopsis bremekampii
Grewia microthyrsa
Ptaeroxylon obliquum
Salacia leptociada
Strychnos henningsii
Faydrax locuples

Rhus gueinzii

Cola gresnwayi

Dialiwrr schiectter

Grewia caffra

Euclea natalensis
Tabernaemontana elegans
Combreturm molle

Rhus gueinzii

Lagymias lasiantha
Faydrax locuples
Sciarocarsa birea

Terminalia sericea

Tabernasmontana elegans
Rhus guainzii

Flactronielia armata

Scutia myrting

Spirostachys africana
Strychnos madagascariensis
Stychnos spinosa

Zizlphus muctonata
Berchemia zeyher

Euclea natalensis

Sidarosslon inerme
Stychnos madagascariensls
Tabernacrmontana elegans
Vepris lanceolata
Flectronielia armata

Sapium integerrimum

Combreturm molle
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Haplocoelum galiense
Hiymenocardia uimoides
Ochna barbosae

Tricalysiz lanceolata

Euclea natalensis
Tabernaemontana elegans
Combreturm molle

Rhus gueinzii

Terninalia sericea

Spirostachys africana
Bercherma zeyher
Strychnos spinosa
Terminalia sericea
Vepris lanceolata
Clerodendrum glabrum
Rhus gueinzii

Acacia getrardii
Euclea natalensis

Gymnosporiz senegalensis

Sictarosslon inerme

Veprs lanceolata
Combretum molle

Strychnos decussata
Stnychnos madagascariensis
Tabernaemontana elegans

Diospyros Inhacaensis
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Balanites maughamii
Dnpetes arguta
Toddaliopsis bramekarmpil
Grewia micrtothyrss
Dnpetes natalensis
Strechnos henningsii
Acalypha glabrata

Cola gresnwayi
Ptaeroxyion obliquum

Salacia leptociada

Tabernaamontana elegans
Fuclea natalensis
Combreturn molle
Lagynias lasiantha

Rhus guainzii

Sclarocansa birea
Fsydrax locuples

Tenminalia sericea

Tabernasmontana elegans
Acacta burkel

Rhus gueinzii

Scutia myrting

Ziziphus mucronata
Diospyros Inhacaensis
Plactrontella arnata
Bercherma zeyhet
Dialium schischier!

Spirostachys africana

Tabernasmontana elegans
Sidarosason inarme
Dialur schischter!

Vepris lanceolata
Flectroniella armata
Sapium integerrimum

Strechnos madagascariensis
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WT023.0
WT02.3.0
WT02.3.0

wT03.1.0
T 03.1.0
WT03.1.0
WT03.1.0
wT03.1.0
WT03.1.0
WT03.1.0
wT03.1.0
T 03.1.0
WT03.1.0

wT04.1.0
T 04.1.0
T 04.1.0
wT04.1.0
wT04.1.0
T 04.1.0
WT04.1.0
wT04.1.0
T 04.1.0
T 04.1.0

Euclea natalensis
Hymenocardia wimoides

Hyperacanthus microphylius

Spirostachys africana
Strychnos madagascatensis
Terminalia seticea

Dizliver schlechtern
Dictrostachys cinerea
Garcinia iivingstonel
Gymnospona senegalensis
Rhus gueinzil

Sapium integermimum

Sclerocarya birres

Eucles natalensis

Terminalia sericea
Strychnos madagascaniensis
Pteleopsis myrtifolia

Acaciz burkel

Dialium schlechteri

Grawia ricrothyrsa
Hymenocardia wimoides
Hyphaene cotiacea

Ozoroa engler
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Dizliuen achiechter
Paydrax locuples

Tricalysia delagoensis

Dialium schiechten
Dichrostachys cinerea
Stnchnos madagascariensis
Stnichnos spinosa
Terminalia sericea

Acacia burkei

Bridelia cathartica
Catunaregam spinosa
Combraturm molle

Garcinia vingstonel

Pteleopsis myrtifolia
Acacia burkei
Diglium achiechter

Terminalia sencea
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Hyperacanthus microphyiius
Grewla caffra

Dinspyros inhacaensis

Spirostachys africana
Acacia burkel

Albizia versicolor
Combraturn rrolle

Stnychnos madagascariensts
Terminzlia serices
Tabemasmontana elegans
Bridelia catharica
Sclerocarya birrea

Garcinia lvingstonei

Terminalia sericea
Combreturn molle
Acacia Burkel
Dichrostachys cinerea
Canthivr inerme
Dizlium schlechteri
Grewia raicrothyrsa
Pteleopsis myttifolia
Sclerocanya birrea

Vangueria infawsta
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VT 01.1.1 = Afzelia quanzensis clumps
VT 01.2.1 = Short Sand Forest

VT 01.2.2 = Intermediate Sand Forest
VT 01.2.3 = Tall Sand Forest

VT 02.1.0 = Closed Woodland Thicket
VT 02.2.0 = Closed Woodland on Clay
VT 02.3.0 = Closed Woodland on Sand
VT 03.1.0 = Open Woodland on Sand
VT 04.1.0 = Sparse Woodland on Sand
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Tabie 9 The 10 woody species most utilised by small browsers in Tembe Elephant Park, by vegetation unit and age of damage (for canopy volume removal only). Values given reflect the number of height classes (HC) where
utilisation was reported (HG ), as well as the number of height classes where utilisation was = 50% (HC 02) and 100% (HZ 03) of canopy removed or number of individuals utilised within @ height class, and the highest height
class where damage was obsenved (HG 04). Species highlighted in red represent situations where at least one helght class was completely utiised. Maputaland, northern KwaZuli-Natal, South Africa
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Mumber Yegetation Taxa Canopy Yolurme removal < 12 months Taxa Canopy Yolume removal = 12 months Taxa Owerall Litilisation
unit HC 01" HC 02" HCO03® HC 04" HC 01" HC02® HC 03" HC04* HC 01* HC02* HCO3® HC04*
1 YT 01.1.1 COchng barbosae 3 1] 0 05 - - - - - COchng barbosae 3 3 1 05
2 WT01.1.1 Vepris lanceolata 3 0 0 04 - - - - - Vephis lanceolata 3 3 1 04
3 WTO01.1.1 Monanthotaxis caffra 2 0 0 03 - - - - - Bridelia cathantica 2 2 2 04
4 WT01.1.1 Ochna natalitia 2 a 0 03 - - - - Tricalysia lanceolats 2 2 2 04
=3 WT01.1.1 Tricalysia lanceolata 2 a 0 04 - - - Qchna natalitia 2 2 1 03
53 WT01.1.1  Boscia filipes 1 a 0 04 - - - Monanthotaxis caffra 2 1 1 03
7 WT01.1.1 Brideliz cathantica 1 0 0 03 - - - Boscia filipes 1 1 1 04
3 WT01.1.1 Canthium setifiorum 1 0 0 03 - - - Canthivm setifiorim 1 1 1 03
9 WTO01.1.1  Carissa tetramera 1 0 0 03 - - - Carissa tetramera 1 1 1 03
10 WTO01.1.1 Mystroxylon aethiopicum 1 a 0 04 - - - Migstrosylon asthiopicurm 1 1 1 04
1 WTO01.21  Salacia leptoclada 4 a 0 05 Tricalysia funodii 1 02 Tricalysia unodii 4 2 1 05
2 WT01.2.1 Tricalysia junodii 4 0 0 05 Vepris lanceolata 1 0z Salacia leptociada 4 1 ] 05
3 WT01.2.1 Brachylaena discolor 3 0 0 0B - - - Brachylzens discalor 3 2 2 i3
4 WT01.21  Cola greenwayi 3 a 0 04 - - - Tricalysia lanceolats 3 2 1 04
=3 WT01.2.1 Toddaliopsis bremekarmpl 3 a 0 04 - - - Cola greenwayi 3 1 0 04
53 WT01.2.1 Tricalysia lanceolata 3 a 0 04 - - - Toddaliopsis bremelampll 3 1 0 04
7 WT01.2. Bractylaena hulllensis 2 0 0 04 - - - Dngpetes natalensis 2 2 1 03
3 WT01.2.1 Croton pseudopuichelius 2 0 0 03 - - - Croton pseudopuichelius 2 1 ] 03
9 WT01.2.1 Drgpetes arguta 2 0 0 03 - - - Brachylaena huillensis 2 0 0 04
10 WTO01.21  Dnpetes natalensis 2 a 0 03 - - - Drpetes arguta 2 0 0 03
1 WT01.22  Cola greenwayi =3 a 0 06 Brachylaena huillensis 1 0 03 Drpetes arguta =3 1 0 05
2 WTO01.22  Dngpetes arguta a 0 0 05 Cola greenwayi 1 ] 0z Cola greenwayi 4 1 ] 05
3 WTO01.2.2  Dnpetes natalensis 4 0 0 05 Tarenna funodii 1 ] 03 Dwypetes natalensis 4 1 ] 05
4 WTO01.22  Trcalysia delagoensis 4 0 0 0B Tricalysia junodii 1 0 02 Hymenocardia Wnoldes 4 0 0 0B
=3 WTO1.2.2  Brachylaena hullensls 3 a 0 04 - - - Favetta lanceolata 3 1 1 04
53 WT01.2.2  Croton pseudopuichelius 3 a 0 04 - - - Salacia leptociada 3 1 0 04
7 WTO1.22  Hymenocardia wmoides 3 a 0 04 - - - Tricalysia delagoensis 3 1 0 05
g WTO01.22  Salacia leptoclada 3 0 0 04 - - - Uvatia caffra 3 1 ] 06
9 WTO01.2.2  Toddaliopsis bremelkarmpli 3 0 0 05 - - - Brachylzena huillansis 3 ] ] 04
10 WTO01.2.2  Balanites maugharmil 2 0 0 04 - - - Croton pseudapuichellus 3 0 0 04
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YT02.30
YT02.30
Y0230
YTO023.0

Drypetes arguta
Acalypha glabrata

Colz greenwayi
Dovyalis longisping
Drypetes natalensis
Hymenocardia Winoides
Ochna barbosae
Ftaeroxylon obliquum
Tricalysiz junodii

Boscia filipes

Eluclea natalensis
Tabernaemontana elegans
Grewla microthyrsa
Paydrax locuples
Sclerocroton integertimus
Acaciz burkel

Coddia rudis

Combretum molle
Lagynias lasiantha

Margartana discoidea

Acaciz gerrardii

Acaciz burkel
Berchemia zeyher
Elaeodendron croceum
Catunaregam taylon
Coddia rudis

Dialium schischier
Dichrostachys cinerea
Dowvyalis longisping
Enthroxylum delagoense

Dialurn schischten
Combraturm molle
Daibergia obovata
Grewia microthyrsa

Faydrax locuples
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i} u] 05 - - - - - Drypetes arguta

0 u] 03 - - - - Dovyalis longisping

0 u] 04 - - - - Dnpetes natalensis

1] u] 03 - - - - Fragroxylon obliguum

il i} 04 - - - - - Tricalysia junodii

1] u] 03 - - - - Hymenocardia Winoitdes

] u] 04 - - - - Acalypha glabrata

0 ] 04 - - - - - Oching barbosae

0 ] 03 - - - - - Cola greenwayi

0 u] 03 - - - - - Boscia filpes

0 u] a7 Stngchnos madagascariensis 1 0 0 03 Euciea natalensis

i} u] 04 - - - - Tabernaemontana elegans
0 u] 04 - - - - Grewia microthyrsa

0 u] 04 - - - - Stiechnos madagascariensls
1] u] 04 - - - - Soleracroton ntegertimus
0 u] 0z - - - - - Faydrax locuples

0 u] 03 - - - - - Acaciz burkei

i} u] 05 - - - - - Coddia rudis

0 ] 03 - - - - Combreturn molie

0 u] 03 - - - - Lagynias lasiantha

0 u] 04 Sclgrocanya birea 1 0 0 03 Faydrax locuples

0 u] 04 Stngchnos madagascariensis 1 0 0 03 Lagynias lasiantha

i} u] 04 - - - - Monanthotax's caffra

0 u] 04 - - - - Fteleopais myrtifolia

0 u] 04 - - - - Tricalysiz lanceolata

1] u] 04 - - - - Engthronylurm delagoense
0 u] 04 - - - - - Grewia caffra

0 u] 04 - - - - Gymnosporia senegalensls
i} u] 04 - - - - Stnichnos madagascariensis
0 ] 04 - - - - Bridelia cathartica

1 u] 05 Salacia leptoclada 1 1 1] 03 Tabernacrmontana elagans
0 u] 05 Stngchnos madagascariensis 1 0 0 02 Dialium schischteri

0 u] 04 Stngchnos spinosa 1 0 0 03 Enthroxylum delagoense
i} u] 06 Weprs lanceolata 1 0 i} 02 Grewia microthyrsa

0 u] 04 - - - - Dalbergia obovata
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Table 9 continued

53 WTO023.0  Stychnos madagascarensls 4 0 0 05 - - - - - Payidrax locuples
7 WT023.0  Tabermasmontana elegans 4 0 0 05 - - - - - Combratum molle
8 WTO023.0  Acacia burkei 3 0 0 04 - - - - - Vepris lanceolata
9 WTO023.0  Brdelia cathartica 3 ] ] 05 - - - - - Stnychnos madagascariens!s
10 WT023.0  Coddia rudis 3 0 0 04 - - - - - Mundulea sericea
1 WTO31.0  Garcinia lvingstonel =3 1 0 05 Stychnos madagascariensls 4 0 0 04 Strychnos madagascatiensis
2 WTO03.1.0  Stnchnos madagascariensis 5 0 0 05 Coddia rdis 2 0 0 03 Garcinia livingstonei
3 WTO031.0  Acacis burkel 4 0 0 04 Faydrax locuples 2 0 0 03 Strychnos spinosa
4 WTO031.0  Albizia versicolor 4 0 0 06 Clausena anisata 1 0 0 03 Dichrostachys cinerea
=3 WT03.1.0  Combretum molle 4 0 0 06 Dichrostachys cinerea 1 0 0 03 Sclerocroton integerimus
53 WTO31.0  Dichrostachys cineres 4 0 0 04 Garcinia lvingstonel 1 0 0 02 Acacia burkel
7 WT031.0  Scleroctoton integerimus 4 0 0 05 Spirostachys afticana 1 0 0 02 Combratum molle
8 WTO031.0  Stychnos spinosa 4 0 0 05 Terminalia seticea 1 0 0 03 Terminalia sericea
9 WTO03.1.0  Terminalia sericea 4 ] ] 05 Tricalysla lanceolata 1 ] ] 0z Albizia versicolor
10 WT03.1.0  Brachylaensa discolor 3 0 0 04 - - - - - Grewla caffra
1 WT04.1.0  Stychnos madagascarensls 4 0 0 04 Euclea natalensis 3 0 0 05 Strychnos madagascatiensis
2 WTO04.1.0  Acacia burkel 3 0 0 04 Stchnos madagascatiensis 2 0 0 03 Acacia burkei
3 YWT04.1.0  Dichrostachys cinerea 3 0 0 04 - - - - - Dichrostachys cinerea
4 WT04.1.0  Catunaregam taylon 2 0 0 03 - - - - - Catunaregarm tayion
g WT04.1.0  Combretum molle 2 0 0 03 - - - - - Combretum molie
53 WT04.1.0  Dialivm schiechten 2 0 0 05 - - - - - Pavetta gardenophyliz
7 WT04.1.0  FPavelta gardenophylia 2 0 0 03 - - - - - Strychnos spinosa
8 WT04.1.0  Stychnos spinosa 2 0 0 04 - - - - - Terminalia sericea
9 WT04.1.0  Terminalia sericea 2 1] 1] 04 - - - - - Boscia hipes
10 WT04.1.0  Boscia filipes 1 0 0 02 - - - - - Canthiur inerre
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VT 01.1.1 = Afzelia quanzensis clumps
VT 01.2.1 = Short Sand Forest

VT 01.2.2 = Intermediate Sand Forest
VT 01.2.3 = Tall Sand Forest

VT 02.1.0 = Closed Woodland Thicket
VT 02.2.0 = Closed Woodland on Clay
VT 02.3.0 = Closed Woodland on Sand
VT 03.1.0 = Open Woodland on Sand
VT 04.1.0 = Sparse Woodland on Sand
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Table 10:  The 10 woody species most utilised by man in Tembe Elephant Park, by vegetation unit and age of damage {for canopy volume removal only). Values given reflact the number of height classes (HG) where utilisation was
reported (HG OT), as well as the number of helght classes where utilisation was > 50% (HC 02) and 100% (HC 03) of canopy removed ar number of individuals utilised within a helght class, and the highest height class where
damage was obsened (HC 04). Specles highlighted in red represent situations where at least one height class was completely utilised. Maputaland, northern KwaZulu-Natal, South Africa

MNurnber “egetation Taxa Canopy %olume removal < 12 months Taxa Canopy Wolume removal = 12 months Taxa Crerall Litilization

unit HC 01 HCOZ® HCO03™ HC 04" HC 01" HCO2® HCO3® HC 047 HC 01" HCO02® HCO3" HCOo4"
1 VT 01.21 Brachylasna huillensis 1 o 1] 04 Brachylaena huillensis 1 0 o 04
2 WT01.2.1 Croton pseudopuichelius 1 1 1 05 Croton pseudopuichellus 1 0 il 05
1 WT01.2.2 Brachylasna huillensis 3 1 1 0& Brachylaena huillensis 3 0 o 0s
2 WT01.22 Hymenocardia wimoides 2 il 1] 06 Hymenocardia wimoides 2 0 il 06
3 WT01.2.2 Dizglivm schischter! 1 o 1] 0& Uwariz lucida 1 1 o 0s
4 WT01.22 Manilkara discolor 1 il 1] 06 Dialium schiechter 1 0 il 06
al WT01.2.2 - - Manilkars discoior 1 a 0 05
1 WTO21.0  Euclea natalensis 1 0 ] 04 - - Euclea natalensis 1 0 il 04
1 WT02.2.0  Vermonia colorata 1 0 u] 04 - - Balanites maughamii 1 1 1 o7
2 WT 0220 - - Vernonia colorats 1 a 0 04
1 WT02.3.0  Enthroxylum delagoense 1 0 05 Canthivm armatum 1 o 1] 02 Engthroxglum delagoense 1 0 o 0s
2 WTO023.0  Grewia microthyrsa 1 0 03 - - Grewia microthyrsa 1 0 il 03
3 WT02.3.0  Stychnos spinosa 1 0 03 - - Canthium armatum 1 0 u] 0z
4 WT02.3.0 - - Strychnos spinosa 1 0 u] 03
1 VT 04.1.0 Coddia rudis 1 o 1] 03 Coddia rudis 1 1 o 03

VT 01.2.1 = Short Sand Forest

VT 01.2.2 = Intermediate Sand Forest

VT 02.1.0 = Closed Woodland Thicket

VT 02.2.0 = Closed Woodland on Clay
VT 02.3.0 = Closed Woodland on Sand
VT 04.1.0 = Sparse Woodland on Sand
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Table T1.  The 10 woody species most utilised by natural damage in Tembe Elephant Park, by vegetation unit and age of damage {for canopy volume removal only). Values given reflect the number of height classes (HG) where uiilisation
was reported (HC 01), as well as the number of height classes where utilisation was > 50% (HT 02) and 100% (HC 03) of canopy removed or nurmber of individuals utillsed within a height class, and the highest height class
whete damage was observed (HG 04). Species highlighted in red represent situations where at least one height class was completely wtilised. Maputaland, northern KwaZulu-Natal South Africa
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Mumber “Wegetation Taxa Canopy Volume rernoval < 12 months Taxa Canopy Volume rernoval = 12 months Taxa Overall Utilisation
unit HC 01" HC02* HCO03* HC04* HC 01* HC02® HC 03" HC 047 HC 01F HC02* HC 03 HC 047
1 WT01.1.1 - - - - - Dialiven schiachter! 4 1 1 o7 Dialiven schilechter! 4 4 3 o7
2 WT01.1.1 - - - - - Veprs lanceolata 2 0 ] 06 Vepns lanceolata 2 2 ] 06
3 WT01.1.1 - - - - - Afzelia quanzensis 1 0 ] a7 Migstromylon asthiopicum 1 1 1 04
4 WT01.1.1 - - - - - Migstrosydon aethiopicum 1 0 ] 04 Sclerocanya birrea 1 1 1 o7
=3 WT01.1.1 - - - - - Cchna barbosae 1 a 0 03 Spirostachys afticana 1 1 1 05
53 WT01.1.1 - - - - - Sclerocanya birtea 1 a 0 o7 Strychnos decussata 1 1 1 05
7 WT01.1.1 - - - - - Spirostachys africana 1 a 0 0s Tabetnaemontana elegans 1 1 1 05
8 WT01.1.1 - - - - - Strychnos decussata 1 a 0 0s Toddaliopsis bremekarpii 1 1 1 04
9 WT01.1.1 - - - - - Tabernzemontana elegans 1 a 0 0s Afzellz quanzensis 1 1 0 07
10 WT01.1.1 - - - - - Toddaliopsis bramelkampii 1 a 0 04 Qchng barbosae 1 0 0 03
1 WT01.2.1 Engthrophiaurm lasianthurn 3 1 1 o7 Cola greenway’ 4 0 0 0B Praleopsis myifolia 4 4 1 o7
2 WT01.2.1 Salacia leptoclada 2 0 0 03 Pteleopsis myifolia 4 0 0 07 Cola greenwayl 4 3 0 0B
3 WTO01.21  Acalpha glabrata 1 0 0 04 Engthrophiaurm lasianthurm 3 1 1 07 Salacia leptoclada 4 2 1 05
4 WT01.2.1 Casslpoures mossambicensis 1 ] ] 06 Brachylaena huillansis 3 0 ] 0B Vepris lanceolsta 3 3 3 0B
=1 WT01.2.1 Ayperacanthus microphylius 1 ] ] 04 Claistanthus schiechter 3 0 ] o7 Peaydrax locuples 3 3 2 0B
B WT01.2.1 Leptacting delagoensis 1 ] ] 04 Dialiven schizchter! 3 0 ] o7 Cassipoures mossamblicens!s 3 3 1 0B
7 WT01.2.1 Pavetta lanceolata 1 ] ] 05 Hymenocardia wimoides 3 0 ] 06 Cleistanthus schiechten 3 3 1 o7
g WT01.2.1 Fteleopsis myrtifolia 1 ] ] 04 Faydrax locuples 3 0 ] 0B Toddaliopsis bremelampil 3 3 ] 05
9 WT01.2.1 Toddaliopsls bremelkampil 1 ] ] 03 Paydrax obovata 3 0 ] 0B Dialium achlechteri 3 2 1 o7
10 WT01.2.1 Tricalysia funodit 1 1] 1] 03 Plaeroxyton obliquum 3 0 1] 0B Hymenocardia Wmoldes 3 2 1 06
1 WTO01.22  Dwpetes arguta 4 0 0 05 Cleistanthus schiechter =3 a 0 03 Cleistanthus schiechter =3 4 2 03
2 WTO01.22  Cola greenwayi 3 0 0 05 Cola greenway! =3 a 0 08 Cola greenwsay! =3 3 0 06
3 WT01.2.2  Drnpetes natalensis 2 0 0 04 Hymenocardia wimoldes =3 a 0 o7 Hymenocardia wnoldes =3 3 0 07
4 WTO01.2.2  Hymenocardia wimoides 2 0 0 04 Brachylaena huillansis 4 a 0 o7 Salacia leptociada =3 2 2 06
=3 WT01.2.2  Pavelta lanceolsta 2 0 0 05 Croton pseudopwichellus 4 a 0 08 Drnpetes arguta =3 2 0 06
53 WT01.2.2  Salacia leptoclada 2 0 0 03 Dialiure schiechter 4 a 0 o7 Manilkara discolor 4 4 2 07
7 WTO01.22  Uwana lucida 2 0 0 05 Drgpetes arguta 4 0 0 0B Haplocoelum galense 4 4 1 o7
3 WTO01.22  Brachylaena huillensis 1 0 0 04 Drgpetes natalensis 4 0 0 0B Dngpetes natalensis 4 3 1 0B
9 WT01.22  Croton pseudopuichelius 1 0 0 04 Haplocoslum foliolosum 4 0 0 07 Toddaliopsis brermelarmpil 4 3 0 06
10 WTO01.2.2  Deinbollia oblongifolia 1 ] ] 03 Maniik ara discolor 4 0 ] o7 Dialiven schilechter! 4 2 2 o7




eve

Table 11 continued

<&

e}

-

Ty

g

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

1 WT01.23
WT01.23
WT01.23
WT01.23
YT01.23
WT0.23
WT0.23
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WT0.23
WT0.23
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1 WTO21.0
WTO021.0
WTO021.0
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WTO21.0
WTO21.0
WTO21.0
WTO0210
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WT0220
WT0220
WT0220
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WT0220
WT0220

L 1 = 1 T o

1 WTO230
WTO230
WTO230
WTO0230
WTO0230
WTO0230
WT0230
WT0230
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Balanites maugharmil

Cala greenwayi
Toddaliopsis bremekarmpi
Veprs lanceolata

Ziziphus mucronata

Fuclea natalensis

Acaciz burker

Coddia rudis

Diglivrn schischter
Stnychnos spinosa
Bridelia cathartica
Catunaregam taylon!
Combretum molle
Croton pseudopuichelius
Canthium armatum

Tricalysia lanceolata

Spirostachys africana
Stnpchnos madagascarensis
Canthium armatum

Albiziz versicolor

Acacia robusta

Brideliz cathartica
Cormniphora neglecta

Afzeliz quanzensls
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Cola greenway!

Dialium schiechter
Mewtonia hildebrandti
Vepns lanceolata
Acalypha glabrata
Cleistanthus schiechter
Dnpstes arguta

Grewla microthyrsa
Monodora junodi

Ftasrondon obliguurm

Fuclea natalensis
Faydrax focuples

Acaciz burkel
Tabernaemontana elegans
Terminaliz sericea
Mystrovglon asthiopicum
Combretum molle

Sclerocatya birrea

Acaciz burker
Spirostachys africana
Coddia rudis
VWarburgia salutatis
Acacia robusta
Combretum molie
Fuclea natalensis
Cchna barbosae
Cchna natalitia

Sclerocansa birrea

Spirostachys africans
Stnpchnos madagascarensis
Vepris lanceolata

Afzelia quanzensis
Combretum molle

Dialiurn schiechten
Siderowylon inerne

Albiziz versicolor
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Weprls fanceolata

Dizlium schischier
Newtoria fuldebrandti
Cola greenwa

Grewra microthirss
Tricalysia lanceolata
Cleistanthus schischten
Toddaliopsis bramelarmpli
Acalypha glabrata

Balanites maugharil

Euclea natalensis
Paydrax focuples

Acaclz burkel
Tabernaemontana elagans
Terminalia saricea
Wystrovasion aethiopicurm
Combratum malle

Sclerocansa birea

Acacla burke!
Spirostachys africana
Warburgis saltaris
Diafivm schiechter
Scleracana birea
Acacia obusta

Croton pseudopuichelius
Schotia brachypetala
‘Vepris lanceolsta

Catunaregam tayion

eprls fanceolata
Dizlium schischier
Commiphora neglacta
Sidaraxyion nerrme
Afzelia quanzensis
Combretum molle
Spirostachys africana

Bridelia cathartica
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9 YT 0230
10 YT 0230

wT03.1.0
wTO3.1.0
WTO3.1.0
wT03.1.0
wTO3.1.0
WTO3.1.0
wT03.1.0
wTO3.1.0
wT03.1.0
wT03.1.0

L S € T o =2 N 5 B O 5 B )

T 04.1.0
T 04.1.0
wT04.1.0
T 04.1.0
T 04.1.0
wT04.1.0
T 04.1.0
T 04.1.0
WT04.1.0
T 04.1.0
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Acalypha glabrata

Acacia burkel

Acacla burkel

Terminalia serncea

Albizia versicolor
Combratum molle

Strychnos madagascariensis
Zanthoxylum capense
Catunaregam taylori

Diglivm schiechter
Dichrostachys cinerea

Gymnosporia senegalensis

Euclea natalensis
Dichrostachys cinerea
Terminalia sericea
Combratum molle
Crotalaria monteirol
Mundulea sericea

Strnychnos madagascariensls
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04 Acacia burkel 3 0 0 07 Haplocoslum galense
o7 Bridelta cathartica 3 0 0 06 Toddaliopsis bremekarmpil
o7 Acacia burkei 7 2 2 o7 Terminalia sericea

a7 Albizia versicolor al a a a7 Albiziz versicolor

o7 Terminalla sericea 5 0 0 o7 Sclerocansa birea

05 Vangueria infausta 4 1 1 06 Acacia burkel

05 Combretum molie 4 1 0 06 Ziziphus mucronata
05 Catunaregam taylor 4 0 0 05 Combretum maolle

04 Dichrostachys cinerea 4 0 0 05 Catunaregam taylor
05 Rhus gueinziinzii 4 0 0 05 Dichrostachys cinerea
04 Sclerocroton integetrimus 4 0 0 06 Rhus guelnziinzil

04 Sclerocarya birrea 4 0 0 o7 Stnechnos spinosa

05 Dialium schiechter 3 1 0 06 Terminalia sericea

04 Strychnos madagascariensis 3 0 0 05 Stnechnos madagascatiensis
03 Terminalia sences 3 a a 05 Dialium schischter
0z Brachylaena discolor 2 2 0 04 Euclea natalensis

03 Acacia burkel 2 0 0 04 Dichrostachys cinerea
03 Dichrostachys cinerea 2 0 0 03 Brachylaena discolor
0s itex ferruginea 1 1 0 03 Mundulea serces

- Albizia adianthifolia 1 0 0 o7 Combretum molle

- Cormbratum molle 1 a a [IK] Acaclz burkel

- Euclea natalensis 1 0 0 o7 Albizia adianthifolia
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VT 01.1.1 = Afzelia quanzensis clumps
VT 01.2.1 = Short Sand Forest

VT 01.2.2 = Intermediate Sand Forest
VT 01.2.3 = Tall Sand Forest

VT 02.1.0 = Closed Woodland Thicket
VT 02.2.0 = Closed Woodland on Clay
VT 02.3.0 = Closed Woodland on Sand
VT 03.1.0 = Open Woodland on Sand
VT 04.1.0 = Sparse Woodland on Sand
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Elephant utilisation evaluation

The overall percentage of canopy removal by species for the recent and old
periods, and for the overall utilisation was presented in Table 12. More than 10% of the
canopy was removed for seven species during the past 12 months, while canopy
removal exceeded 10% for 65 species (39.15% of sampled species) during the old
period. More significantly, canopy removal was greater than 40% for nine species, and
greater than 50% for five of these species. Overall utilisation was = 10% for 99 species,
and > 50% for 29 of these species, meaning that more than 50% of the available
individuals were used for each of these woody species. For comparative purposes the
old canopy removal value was used to compare results with the 1994 study, because
recent canopy removal only documented one year of utilisation. Albizia versicolor
remained a highly utilised species and was still classified within group 1, with in excess
of 80% of the canopy removed, whereas Terminalia sericea and Albizia adianthifolia
canopy utilisation was lower and they fell within group 2. Sclerocarya birrea,
Spirostachys africana and Afzelia quanzensis had less than 10% of their available
canopy removed and therefore could no longer be classified into the original groups.
The remainder of species initially described were now within group 3. The values for
overall utilisation indicated that elephants utilised 127 species, or 75.60% of the
sampled woody species (1994 study value was 66.00%).

The species level analysis by vegetation units showed that recent canopy
removal was generally below 10% in the Sand Forest association except for the Tall
Sand Forest unit where three species had nearly 40% of their canopy removed (Table
13) but old canopy removal exceeded 10% for almost half of the utilised species (Table
14), with remarkably high values for six species of the Tall Sand Forest unit. Recent
canopy removal in the Woodlands (Table 15) exceeded 10% for two (50.00% of utilised
species in the vegetation unit), nine (16.66%), seven (17.50%) and four (12.90%)
species in the Closed Woodland Thicket, Closed Woodland on Clay, Closed Woodland
on Sand, and Open Woodland on Sand respectively. Phyllanthus reticulatus was
particularly utilised by elephants recently, as 94.50% of its canopy was removed in the
Closed Woodland on Clay. Old signs of canopy removal (Table 16) showed that
canopy removal was > 10% for the majority of utilised species in the Woodlands
(55.55% in Closed Woodland Thicket and Closed Woodland on Clay, 69.35% in Closed
Woodland on Sand, 62.79% in Open Woodland on Sand, and 70.00% in Sparse
Woodland on Sand). The Closed Woodland on Sand had the most species where

canopy removal was > 50% (9.67% of utilised species). Albizia versicolor was most

245
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Table 12: The recent [12 months prior to the study] and old (=12 morths prior to the study] canopy removal values dus to elephant utilisation, as well as the
overall utilisation of woody species linked to elephant wtilisation, the values represent the percentage of the canogy removed or the overall
utilisation of woody species by elsphant action for all vegetation units combined in Tembe Elephant Park, Maputaland, notthern KwaZulu-Natal
South Africa. Specles ave ranked by decreasing order of overall wilisation

LUtilisation Recent canopy volume rermoval Old canopy volume rermoval Crverall utilisation
rank (percentage of available canopy removed) (percentage of available canopy removed) (percentage of trees utilised)

1 Phyllanthus reticulatus 94.50 Lannes antiscorbutics 94.77 Bridelia micrantha 100.00

2 Clatostemon kirkil 2163 Albizia versicolor B 2.65 Clatostemon kirkif 100.00

3 Cordia caffra 17.80 Mystraxylon aethiopicurm 7337 Cordia caffra 100.00

4 Clausena anisata 1457 Dalbergia obovata 53.27 Lannea antiscorbutica 100.00

5 Tarenna supra-axilatis 11.82 Ptaeraxylon obliquum 50.04 Lantana rugosa 100.00

B Vangueria infausta 11.68 Brachyiaens discolor 49.31 Phyllanthus reticulatus 100.00

T Engthronelum delagoense 10.95 Antidesma venosum 44.56 Syzygium cordatum 100.00

8 Berchermia zeyher! 968 Leptactina delagoensis 40.59 Trichita emetica 87.91

9 Chastacme atistata 922 Ximeniz caffra 40.18 Albizia wersicolor 8295
10 Gardenia volkensii g.52 Canthium inerme 35.73 Ekebergia capensis G2.76
1 Sideroxyfon inerme 865 Tarenna junodii 29.83 Endhroxgum emanginatum 80.00
12 Zanthoxylurn lepriaur 8.39 Zanthosylurn leprieun 28.75 Witex ferrugines 62.34
13 Ochna barbosae 772 Ziziphus mucronata 2829 Ochna arborea 60.00
14 Tricalysia lanceolata 7.19 Bractyizens elliptica 2592 Gardeniz volkiensit B0.00
15 Paydrax locuples B.77 Terminalia serces H 2478 Sclerocaya bives 55.30
16 Ziziphus mucronata B77 Enthraxylum emarginatum 24.08 Afzela quanzensis 58.97
17 Engthroxylurn emargingtum B.01 Trichiliz emetica 23.28 Kimenia caffra 58.89
14 Deinboliiz obiongifoliz 5.68 Kraussia florbundz 2317 Manilkara discolor 58.26
19 Brachylaena discolor 5.52 Ehretia obtusiflora 23N Strychnos henmingsil A7.92
20 Bridelia cathartica 515 Garcinia livingstonsl 2222 Chaetacme aristata 5714
21 Lantana rugosa 5.00 Sclerocroton integerimus 2216 Antidesma venosum 54.52
22 Strechnos henmingsil 4.02 Dowyalis longisping 2167 Cassipoures mossambicensis 51.67
23 Garcinia vingstoned 375 Peltophorim africanum 21.27 Ptaeroxyion obliquum 49.25
24 Boscia filipes 364 Strychnos madagascariensis E 20.43 Garcinia fivingstonsd 438.44
25 Ochng natalitiz 3.48 Strichnos henningsi 20.47 Wanguerlz infausta 47.62
26 Albizia versicolor 347 Tabernaemortana elegans 19.93 Cralbia zimmerrmaniil 47.09
27 Vermomia colorata 345 Albiziz adiantfifolia I] 19.70 Warburgia salutaris 46.67
28 Lagynias lasiantha 3.42 Grewla mictothyraa 19.51 Wiightia natalensis 46.12
29 Strychnos spinosa 3.04 Strychnos spinosa 19.42 Tarenna supra-axilaris 4321
30 Vitex ferruginea 296 Vernoniz colorata 18.80 Acalwha sonderiana 40.00
kil Zanthoxyum capense 283 Schotia brachypetalz 16.68 Clerodendrirm glabrim 39.40
32 Combretum molie 275 Vangueria infausta 18.57 Lagynias lasiantha 39.33
33 Brachylzena ellptica 275 Hymenocardia wnoldes 18.29 Margaritariz discoides cry|
34 Leptacting delagoensis 252 Stichnos decussata 16.05 Stiychnos decussata 36.97
35 Cassipourea mossambicensis 248 Commiphora neglecta 17.78 Acacia robusta 36.65
36 Stychnos madagascariensis EI 242 Rhus gueinzii 17.60 Monodors funodii 36.58
I Acalsha sonderiana 230 Bridelia micrantha 17.50 Ziziphus mucronata 36.51
38 Elaeodendron transvaalense 225 Bridelia cathartica 17.43 Terminalia sericea 36.14
39 Afzeliz quanzensis 220 Acalpha sonderiang 17.43 Warnonia colorata 35.09
40 Marillsara discalor 213 Ochna arborea 16.71 Peltophorum africanum 3478
41 Schotla brachypetala 1.98 Pavetta gardenophylia 15.38 Burcheliia bubaling 34.40
42 Euclea natatensis 185 Grewla spp. 14.61 Pseudobersama mossambicensis  34.09
43 Terminalia sericea 191 Monodora junodi 14.33 Boscia filipes 33.80
44 Dngpetes arguta 1.86 Pteleopsis myrifoliz 1412 Engthroxylirn delagosnse 33.36
45 Manillara concolor 1.78 Wrightia natalensls 4.1 Tabermaemontana elegans 3329
46 Trichita emetica 1.76 Acacia gerardii 14.08 Ehretia obtusifiora 32.79
47 Tricalysla delagoensis 175 Mundules sericea 13.93 Engthrophiaurn lasianthurm 31.23
48 Warburgia salutanis 1.66 Canthium setiflorurm 1378 Marilkara concolor 30.83
49 Suregads africana 1.66 Euclea divinorurm 13.18 Tricalysia delagoensis 30.24
a0 Margaritariz discoides 1.64 Ochna natalitia 12.95 Grewia microthyrsa 29.99
a1 Acacia gerrardi 181 Dialium schiechter E 12,65 Pteleopsis myrtifolia 2968
52 Syzygium cordaturm 1.54 Siderosylon inerme 12.34 Bridelia cathartica 2817
53 Burchelliz bubaling 1.44 Cassipoures mossamblicensis 12.29 Cleistanthus schlechter 27.32
54 Hymenocardia wimoides 1.30 Combretumn molie 1223 Balanites maugharmii 2728
55 Sclerocansa bires 1.28 Cola greehway! 12.05 Suregads africanz 2B.67
56 Antidesma venosum 1.24 Acacia nilotica 12.05 Siderosxylan inerrme 26.55
a7 Sclerocroton integermimus 1.20 Euclea natalensis 127 Strpchnos spinosa 26.50
ata] Canthivum setifiorum 1.15 Syzigium cordatum 11.13 Combraturn mole 26.10
59 Hyphaene coriacea 1.14 Enthrophleum lasianthum 11.07 Sclerocroton integerimus 2575
G0 Diospyros Inhacaensls 1.10 Witex feruginea 10.91 Enthrococca berberidae 2510
61 Haplocoeium foliolosum 1.04 Chaetacme aristata 10.55 Rathmania fischer 25.00
B2 Rhus gueinzii 1.00 Acacia robusta 10.38 Eugenta nataltia 25.00
63 Hyperacarthus microphyiius 0.53 Acaciz burkel 1016 Tarenna junodii 24.87
B4 Cola greemwayi 0.91 Elasodendron transvalense 10.04 Strychnos gerrardii 24.87
B5 Grewia microthyrsa 0.91 Cleistanthus schiechter 10.03 Aymenocardia wimoides 2485
66 Pseudobersama maossambicensis 0.50 Sclerocansa bires H 2.7 Combretumn celastroides 23.98
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Table 12 continued

B7 Toddaliopsis bremeliamplt 0.89 FPsydrax locuples a.07 Mystroxpon asthiopicum 2363
ot Stychnos gerardl 0.85 Enthraxylum delagoense .01 Acaciz burkefl EI 2351
B9 Dichrostachys cinerea 079 Dichrostachys cinerea 8.9 Tricalgsia lanceolata 2324
7 Monodora funodii 077 Hyphaene conacea 8.74 Brachylaena huiliensis 2298
71 Digliven schlechter 0.77 Enthrococcs berberidae G.56 Leptacting delagoensis 2269
72 Fsydrax obovata 077 Diospyros inhacaensis 8.52 Psydrax obovata 222
73 Kimenia caffra 0.75 Drypetes arguta 8.08 Haplocoem foliolosurn 2213
74 Canthium armatum 0.70 Tricalysia delagoensis G.00 Digliven schlechter 221
75 Tabernaemontana elegans 09 Bractyiaena huillensis 743 Albizia adianthifolia 2093
7B Acacia burkel EI 0.50 Boscis filipes 7.34 Stychnos madagascatiensis 20.60
7 Brachylaena huiliensis 0.56 Elebergia capensis 6.82 Diospyros inhacaensis 2018
78 Ptaeroxyion obliquum 0.56 Balanites maugharmii B.71 Acacia nilotica 2016
79 Commiphora neglecta 0.55 Pseudobersama mossambicensis 6.43 Schotla brachypetals 18.82
80 Endhrococca berberidae 0.53 Combreturn celastroides 6.41 Commiphora neglecta 18.75
g1 Catunaregarn taylon 0.51 Spirostachys africans 6.31 Suregads zanzibariensis 16.51
g2 Spirostachys africana 0.47 Haplocoelum folioiosurm 5.99 Mewtonia hildebrandil 10.03
83 Acalmpha glabrata 0.46 Burchellia bubaling 570 Cola greenwayt 16.01
84 Coddia rudis 0.45 Lagynias lasiarntha 5.64 Rhus gueinzii 15.89
85 Vepris lanceolata 0.43 Afzeliz quanzensis 857 Elasodendron croceum 15.87
86 Dalbergia obovata 0.43 Fsydrax obovata 534 Drypetes arguta 15.83
a7 Ratfnannia fischer 0.35 Tricalysia flanceclata 5.25 Grewia spp. 1453
85 Favetta lanceolata 0.25 Diypetes natalensis 516 Toddaliopsis bremelkampl 1471
=] Wightia natalensis 0.28 Salacia leptocizds 4.89 Acacia gerrardl 14.59
a0 Croton pseudopuichelius 0.28 Manitisara discolor 4.52 Dinypetes natalensis 1427
a1 Acacia robusta 0.27 Uvaria lucida 4202 Spirostachys africana 1360
a2 Balanites maugharmil 0.22 Toddaliopsls brerel armpil 416 Canthivm setiflorm 1281
93 Suregada zanzibarensis 0.14 Newtonia hildebrandii 4.16 Kraussia floribunda 12.60
94 Tricalysia junodi 0.13 Clerodendrum glabrum 4.13 Elaeodendron transvalense 12.00
95 Pteleopsis rytifolia 011 Stagchnos gerrardi 4.03 Canthium armatur 1.85
96 Strychnos decussata 0.09 Zanthoxylurm capense 385 Uvaria lucida 11.45
97 Grewia spp. 0.04 Suregada africans 378 Psydrax Jocuples 10.68
jeia] Mundwies sericea 0.03 Catunaragarm taylor 3.58 Weprs lanceolata 10.46
jeiz] Cleistanthus schlechteri 0.02 Ochna barbosae 326 Canthiumn inerme 10.00
100 Dingpetes natalensis 0.01 Maniltara concolor 3.03 Qchng barbosae 985
10 Endhrophieurn lasianthum 0.00 Margaritaria discoidea 293 Zanthoxyhim capense 9.94
102 Uvaria lucida 0.00 Croton pseudopulchelivs 285 Mundwiea sericea 982
103 Canthium armatim 237 Lhvaria cafira 863
104 Hyperacanthus microphyiius 205 Berchernia zeyher! 8.33
105 Uvariz caffra 20 Hyphaene cotaces 8.14
106 Gardenia volkensil 1.96 Dichrostachys cinerea 7.78
107 Ozoroa engleni 1.93 Acalwha glabrata 7.E0
108 Suregads zanzibariensls 1.78 Hyperacanthus microphyiius 7.32
109 Eugeniz natalitiz 1.75 Euclea natalensis 712
110 Berchemia zeyher 1.78 Clausena anisata B.36
m Craibia zirwmermanni 173 Qchna natalitiz 5.86
12 Tarenna supra-axilans 1.63 Pavetta lanceolata 5.18
13 Vepris lanceolata 1.58 Brachylaena ellptica 5.03
114 Acalypha glabrata 1.49 Croton pseudopuichelivs 485
115 Rothmania fischen 1.07 Brachylaena discolor 460
1B Clausena shisata 1M Cormbratum rmikuzense 4.43
17 Coddia rucis 0.7 Ozoroa englen 4.19
118 Elaeodendron cioceum 0.61 Euclea divinorum 378
19 Warburgla saltaris 021 Salaciz leptoclada 3.07
120 Combratum mkuzense 0.03 Dalbergia obovata 258
121 Coddia rudis 234
122 Zanthoxum lepriaur 1.88
123 Pavetta gardenaphylla 1689
124 Dovyalls fongisping 165
125 Deinboliia obiongifoliz 1.36
126 Catunaregam tayion 075
127 Tricalyala junodii 0.53

MNata: the values in the highlighted boxes to the right of the species names represent the rankings of overall woody species utilisation in the form of canopy
rernoval from elephant observed by Matthews and Page (In prep) during a similar study conducted in 1994, Species were ranked in three groups based
on the canopy volurme reroval observed at that stage, a rank of 1 was given to species where canopy volume rernoval was = 50%, a rank of 2 was given
to species where observed canopy removal varied from 2 25% to 49%, while a rank of 3 represented species where observed canopy remaval ranged from
= 10% to 24%. The bold lines in the column separate these groups in the current sample.
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Table 13.  The recent {within 12 manths prior to the study] woody species canopy volume removal linlied to elephant utilisation observed in the Sand Faorest association of Tembe Elgphant Park,
Maputaland, northern KwaZulu-Natal Sowth Africa, in 2004, The woody species are ranked by canopy volume removal intensity at the vegetation unit level
Utilisation Recent canopy removal in the Recent canopy removal in the Recent canopy removal in the Recent canopy removal in the
Afzelia quanzensis clumps Short Sand Forest Intermediate Sand Forest Tall Sand Forest
rank {percentage of available canopy rermoved) {percentage of available canopy rermoved) (percentage of available canopy removed) {percentage of available canopy rermowved)

1 Tabernaemontana elegans 353 Tncalysia lanceolata 15.09 Bascia filipes 538 Endhroxylum emarginatum 3750
2 Cchna barbosae 340 Leptacting delagoensis 8.41 Stnichnos henningsil 486 Taranna supra-axilans 3750
3 Tricalysia delagoensis 3.97 Burchellia bubalinag 3.28 Fadrax locuples 37.46
4 Lagynias lasiantha 3.19 Cassipoures mossambicensls 2.88 Cladostemon kirkil 21.63
5 Wanifikara discolor 2.94 Manilkara discolor 1.95 Lagynias lasiantha 14.44
B Padrax obovata 237 Hymenocardia wimoides 1.72 Tricalysia lanceolata 7.33
7 Cassipowrea mossambicensis 2.34 Grewla microthyrsa 1.46 Cola greenway! 7.28
8 Tarenna supra-axilans 217 Owpetes arquta 1.45 Dwpetes arguta 6.85
9 Stnchnos henningsil 1.91 Haplocosium foliolosum 1.35 Vepris lanceolata 6.13

10 Dnipetes arguta 1.57 Tncalysia delagoensis 1.19 Toddaliopsis bramek armpil 5.07

11 Suwregada zanzibanens!s 1.47 Fasudobersama mossambicensis 0.50 Stnschnos gerrardil 5.00

12 Brachylasna hulllensis 0.63 Toddaliopsis bremekampii 0.74 Manilkara concolor 4.75

13 Cola greenwayi 0.66 Suregads zanzibariensis 0.48 Leptacting delagoensis 4.54

14 Favetta lanceolata 0.35 Brachylzena hulllensis 0.44 Stnychnos henningsil 3.37

15 WVitex feruginea 0.13 Cola greenway 0.42 Hymenocardia wimoides 219

16 Croton pseudopulchelius 0.09 Tricalysia junodii 0.37 Ftaeroxgion obliquumm 0.77

17 Hymenocardia wnoidas 0.08 Wrightia natalensis 0.29  Acalypha glabrata 0.23

18 Dizlium schlechten 0.24

19 Croton psewdopuicheiius 020

20 Favetta lanceolata 014

21 Balanites maugharmii 0.14

22 Fteleopsis rayrtifolia 0.05

23 Cleistanthius schiechien 0.03

24 Dnpetes natalensis 0.0z

25 Stnichnos decussata 0.02

26 Engdhrophleurn lasianthum 0.01
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Table 14:  The oid (more than 12 months prior to the study] woody species canopy volume rermoval linked to elaphant utilisation observed in the Sand Forest association of Tembe Elephant Park,
Maputaland, northern KwaZulu-Natal South Africa, in 2004, The woody species are ranked by canopy volume removal intensity at the vegetation unit Jevel
Ltilisation Old canopy rermaval in the Old canopy remaoval in the Old canopy removal in the Old canopy remaoval in the
Afzelia quanzensis clumps Short Sand Forest Intermediate Sand Forest Tall Sand Forest
rank (percentage of available canopy removed) (percentage of available canopy remaoved) (percentage of available canopy removed) (percentage of available canopy removed)
1 Sclerocroton integermimus 3780 Tarenna junodii 94.50 Leptacting delagoensis £8.56 Eliebergia capensis 94.50
2 Boscia filipes 17.50 Uvaria caffra g2.50 Engthroxelum emarginatum 3780 Fraeroxylon obliquum 775
3 Manilizara concolor 17.50 Monadora junodiy 37.84 Strychnos decussata 3497 Schotia brachypetala 76.56
4 Vepris lanceolata 0.45 Mewtonia hildebrandtil 37.50 Grewia microthyrsa 30.45 Tricalysia delagosnsis G250
=1 Strpchnos decussata 2452 Cassipoutea mossambicensis 2477 Boscia filipes 51.54
G Strpchnos henningsil 22.96 Sthschnos henningsit 21.15 Haplocoslum foliclosum B0.54
7 Clelstanthus schischier] 18.78 Rymenocardia wimoldes 20.54 Balanites maugharmil 217
g Ochna natalitia 18.73 Tricalysia lanceolsta 19.61 FPteleopsis myttifoliz 2050
9 Witex ferrugines 17.83 Dialiurn schischten 17.70 Ochna arborea 17.48
o Combretum celastronles 17.40 Suregada zanzibanensis 17.12 Stnichnos decussata 1706
" Boscia filipes 16.68 Ptaeroxydan obliquum 16.01 Stnichnos henningsil 16.92
12 Praeroxyion obliquum 16.66 Brachylaena hulllensis 14.71 Drypetes arquta 11.95
13 Pteleopsis myrtifolia 15.30 Wrightia natalensis 14.35 Paydrax obovata 9.75
14 Tricalysia lanceolata 13.24 Pteleopsis myrtifolia 12.96 Cola greenway! 5.58
15 Endthrophlenm lasianthum 12.89 Monadora junodii 1235 Acalypha glabrata 557
16 Cola greenwayi 12.82 Colza greenwayt 12.29 Manilizara concolor 5.00
17 Dinypetes natalensis 12.56 Burchelliz bubalina 11.18 Cilzistanthus schiechier 4.86
18 Dialium schlechtern 11.78 Salacia leptoclada 10.79 Leptacting delagoensis 478
19 Hymenocardia ulmoides 10.83 Tricalysia delagoensis 7.78 Monodora junodii 4.45
20 Lagynias lasiantha 1075 Cleistanthus schischten 727 HRymenocardia wiroldes 252
21 Drgpetes arquta 10.40 Haplocoelum foliolosum 722 Toddaliopsts bremekampll 0.80
2 Toddaliopsis bremekampll 217 Diypetes arguta 6.45 Salacia leptoclads 016
23 Cassipoures mossambicensis £.00 Pseudabersama mossambicensis 643 Stnichnos gerrardil 0.05
24 Wrightia natatensis 475 Combretum celastroides £.82
25 Grewia microthyrsa 464 Psaydrax obovata 565
26 Maniliara discolor 4.8 Uvaria fucida 4.84
7 Paydrax obovata 426 Manilizara discolor 417
28 Croton psewdopulchelius 374 Toddaliopsis bremebarmpil 392
29 Salacia leptociada 267 Enthrophieurs lasianthurm 340
30 Tarenna supra-axilatis 228 Boscia filipes 307
kil Cormbratum molle 162 Diypetes natalensis 305
32 Burchela bubaling 1.39 Hyperacanthus microphylivs 283
33 Paydrax locuples 1.39 Vitex Ferrugines 207
34 Uvaria lucida 1.29 Eugenia natalitia 1.75
35 Haplocosium foliolosum 1.25 Uvaria caffra 1.04
36 Ealanites maughamii 0.76 Croton pseudopuichellus 0.25
37 Erachylzena huiliensis 072 Mewtonia hildebrandtil 0.85
35 Wepts lanceclata 072
39 Acalipha glabrata 0.35
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Table 18 The recent (within 12 months prior to the study) woody specles canopy volume removal linked to elephant utilisation obsared in the Woodland association of Tembe Elgphant Park, northern Maputaland, KwaZulu-Natal, South Africa, in
2004, The woody species are ranked by canopy volume removal intensity at the vegetation unit Jevel.
Utilisation Recent canopy removal in the Recent canopy removal in the Recent canopy removal in the Recent canopy removal in the Recent canopy removal in the
Closed Woodland Thicket Closed Woodland on Clay Closed YWoodland on Sand Open Woodland on Sand Sparse Woodland on Sand

rank (percentage of available canopy removed) (percentage of available canopy removed) (percentage of available canopy removed) (percentage of available canopy remaoved) (percentage of available canopy removed)

1 Grewla microthyrsa 17.26 Phylianthus reticulatus 94,50 Bractylaena discolor a83.13 Commiphora neglecta 26.90 Dichrostachys cinerea 072

2 Afzeliz quanzensis 11.56 Vitex ferrgines 31.94  Albiziz versicolor 2199 Cordia caffra 17.50 Terminalia seticea 0.58

3 Rothrmania fischer 5.00 Maonodara junodii 2550 Gardenia volkensil 18.74 Canthiven satiflorm 14.23 Acacia hurkel 0.52

4 Sclarocroton integerirmus 250 Clausena anlsata 20.08 Qchna barbosae 16.41 Wangueria infausta 10.91 Stychnos spinosa 0.30
=3 Vangueria infausta 1936 Antidesma venosurm 1577 Brachylaena elliptica 9.06
53 Enghrowyurm delagoense 18.43 Chaetacme atistata 1467  Zanthoxylum leprisur 8.77
7 Ochina barbosae 1273 Hyperacanthus microphylius 1030 Acacia gerrardi 7.3
il Hyphaene coraces 11.15 Vernonia colorata 9.08 Garcinia livingstonel 7.20
9 Cchna hatalitia 10.05 Sideroxylon inerme 8.84 Syzigium cordaturm 451
10 Berchernia zeyheri 968 Deinbaollia oblongifolia 8.4 Dalbergia obovata 299
1" Ptaeroxylon obliquurn 957 Bridelia cathartica 7B9  Afzeliz quanzensis 299
12 Payidrax locuples 8.77 Balanites mavgharmii 7.44 Bridelia cathartica 249
13 Ziziphus muctonata 8.36 Terminalia seticea 7.04 Vepris lanceolata 2.36
14 Sclerocroton integetrirmus 753 Stychnos spinosa 5.89  Acacis robusta 229
15 Stnychnos madagascariensis b.47 Combraturn molie 5.80 Ziziphus mucronata 215
16 Euclea natalensis 5.42 Wangueria infausta 519 Strychnos madagascatiensis 1.72
17 Combraturmn molle 6.10 Engthrowylum delagoense 4.34 Terminalia sericea 1.64
18 Pteleopsis mytifoliz 877 Ximenia caffra 4.19 Trichilia emetica 1.4
19 Garciniz lvingstonel 5.40 Faydrax locuples 351 Hymenocardia wimaides 1.07
20 Lantana nigosa 5.00 Dialiue schiechter 303 Ankidesma venosum 0.99
21 Zanthoxylurm capense 452 Stychnos madagascariensis 246 Euclea natalensis 0.83
2 Dialiurm schiechten 4.18 Trichilia emetica 237 Selerocarya birea 0.8
23 Diospyros inhacaensis 415 Acalpha sonderiana 230 Sclerocroton integerrimus 0.74
24 Rhus gueinzii 402 Zanthowylum capense 223 Combratum molle 0.71
25 Sclerocarya birrea 3.82 Margaritaria discoidea 1.78 Strychnos spinosa 0.57
26 Afzeliz quanzensis 354 Afzeliz quanzensis 173 Acacia burkel 0.32
27 Tarenna supra-axilans 313 Acacia burkel 1.0 Brachylaena discolor 0.19
28 Haplocoslum foliolosum 312 Hymenocardia wimoides 1.24 Catunaregarm tayion 0.1
29 Stnychnos spinosa 305 Taberaemantana elegans 093 Dichrostachys clinerea 0.09
30 Croton pseudopichellus 294 Canthive armatum 078 Albiziz versicolor 0.0
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
a0
a1
a2
a3
54

Manilkara discolor
Dichrostachys cinerea
Elzecdendron transvalense
Schotia brachypetala
Suregads afticana
Warburgia salutars
Vemaonia colorata
Catunaregam tayion
Coddia rudis

Bridelia cathaitica

Vepris lanceolata
Balanites maugharmii
Spirostachys africana
Enthrococca berberidae
Acacia burkei

Acacla gerrardi

Acalpha glabrata
Terminalia sericea
Canthivem armatum
Toddaliopsis bramekarmpil
Tabernaemontana elegans
Acacia robusta

Suregada zanzibarensis
Grawia spp.

267
240
227
2.04
1.72
1.66
1.19
1.15
1.08
0.81
0.69
0.66
0.59
0.57
0.56
0.54
0.52
0.51
0.45
0.36
021
017
0.09
0.04

Sclarocroton integertimus
Tricalysia lanceolata
Tricalysia delagoensis
Zizlphus muctonata
Spirostachys afticana
Stychnos decussata
Dichrostachys cinerea
Veprs lanceolata

Euclea natalensis
Dalbergiz obovata

0.74
0.69
0.53
0.41
0.32
0.28
013
0.13
0.04
0.0

Mundules seticea
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Table 16: The ol (more than 12 months prior to the study) woody species canopy volume removal linked to elephant utilisation obsered in the Woodland association of Tembe Elgphant Park, northern Maputaland, KwaZulu-Natal, South Africa, in
2004, The woody species are ranked by canopy volume removal intensity at the vegetation unit Jevel.
Utilisation Recent canopy removal in the Recent canopy removal in the Recent canopy removal in the Recent canopy removal in the Recent canopy removal in the
rank Closed Woodland Thicket Closed Woodland on Clay Closed YWoodland on Sand Open Woodland on Sand Sparse Woodland on Sand
(percentage of available canopy removed) (percentage of available canopy removed) (percentage of available canopy removed) (percentage of available canopy remaoved) (percentage of available canopy removed)
1 Terminalia sercea 76.22 Mysstroxylon aethiopicum §0.09 Albizia versicolor 95.25 Albizia versicolor 70.87 Vangueria infausta 62.50
2 Rhus gueinzii 7294 Toddaliopsis bramekarmpil 44.84 Lannea antiscorbutica 9477 Ximenia caffra 70.64 Stychnos spinosa 51.40
3 Alhizia adianthifoliz 1974 Haplocoelum foliolosum 37.40 Terminalia sevicea B6.65 Antidesma venosum 4533 Terminalia sercea 30.36
4 Faydrax locuples 18.36 Trichilia emetica 3631 Stechnos gerrardi 64,74 Trichilia emetica 41.42 Stychnos madagascariensis 23.09
=3 Sclarocroton integerirmus 16.33 Grewla microthyrssa 35.38 Manilkara discolor 62.50 Canthiurm inerme 3749 Ximenia caffra 21.44
53 Tabemaemontana elegans 737 Albiziz versicolor 34.M Dalbergiz obovata 6210 Zanthoxylum laprieur 3006  Albiziz adianthifoliz 17.50
7 Afzeliz quanzensis 529 Manilkara discolor 34.82 Wangueria infausta 4939 Ziziphus mucronata 29,66 Syzygium cordatum 14.44
il Sclerocaya birea 4.41 Pteleopsis rmyrtifolia 3299 Cassipourea mossambicensis 44,82 Stychnos madagascariensis 2270 Dialiurn schlechter 9.16
9 Combratur molle 189 Ziziphus muctonata 29.55 Hymenocardia wimoides 4427 Acaciz gerrardi 2265  Acaciz burkel 032
10 Elasodendron crocewm 2747 Dowyalia longisping 4393 Stychnos spinosa 2174 Dichrostachys cinerea 012
1" Chastacme arstata 2641 Balanites mavgharmii 3748 Feltopharurm africanurm 1.3
12 Terminalia sericea 2473 Brachylaena eliptica 37.39 Strychnos decussata 19.36
13 Ehretia obtusiflors 2458 Schotia brachypetala 3707 Garciniz lvingstonel 18.19
14 Strychnos spinosa 21.03 Mystroxylon aethiopicum 3683 Albiziz adianthifoliz 18.01
15 Stnychnos madagascariensis 19.68 Mundulea sericea 35.05 Rothrania fischer 17.50
16 Schotia brachypetala 17.70 Hyphaene conaces 3256 Bridelia ricrantha 17.50
17 Enghrowyurm delagoense 17.51 Sclerocroton integerimus 3022 Wangueria infausta 17.13
18 Cassipowrea mossambicensls 17.50 Garciniz vingstonel 2721 Terminalia sericea 16.81
19 Euclea natalensis 16.55 Croton pseudopichelius 2588 Sclerocarya birrea 16.21
20 Vernonia colorata 16.31 Kraussia floribunda 2585 Sclerocroton integerrimus 16.05
21 Grewla spp. 14.96 Tabernaemontana elegans 2568  Acacia robusta 14.83
2 Sclerocarya birea 14.66 Vernonia colorata 2503 Afzelia quanzensis 14.07
23 Euclea divinorm 13.16 Diospyros inhacaensls 2384 Dizliuem schiechter 1379
24 Tabetnaemontana elegans 1273 Bridelia cathartica 2318 Spirostachys africana 13.36
25 Acacia gerrardi 12,50 Dichrostachys cinerea 2290 Combratum molle 12,58
26 Vangueria infausta 12,43 Rhus gueinzii 2236 Tabetnaemontana elegans 11.72
27 Acacia robusta 12.43 Cola greenwayi 20.94 Faydrax locuples 10.30
28 Boscia filipes 1241 Favetta gardencphylia 2038 Acaciz burkel 8.25
29 Acacla burkei 1233 Cormrmiphora neglecta 18.57 Dichrostachys clinerea 716
30 Acaciz nilotica 12.05 Qzoroa engleni 18.27 Syzygium cordatum 475
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3
32
33
34
35
36
37
38
39
40
4
42
43
44
45
46
47
48
49
a0
51
a2
a3
a4
95
a6
a7
58
59
60
61
62
63

Combreturn molie
Zanthoxylum capense
Bridelia cathartica
Elaeodendron transvalense
Payidrax locuples

STRY SPEC
Endhrococca berberidas
Catunaregarm tayior
Garcinia lvingstonel
Ochna nataltia

Croton pseudopwichellus
Spirostachys africana
Afzelia quanzensis
Dichrostachys cinerea
Ochna barbosae
Ptasraxylon obliquum
Balanites maughamit
Clerodendrurm glabrurn
Hymenocardia wimoides
Diglivm schiechtern
Suregada africana
Strychnos decussata
Canthium armatum
Sclerocroton integetrirmus
Rhus gueinzii

Tarenna supra-axilans
Coddia rudis

Sideroxton inerme
Bercheria zeyher
Clausena anisata
Acalpha glabrata
Vepris lanceolata

Warburgia salutans

12.05
11.83
10.64
1012
10.09
9.75
9.19
8.67
6.55
6.33
5.80
5.54
572
5.51
5.26
4.88
4.59
4.50
4.40
417
382
259
234
223
219
203
1.87
1.87
1.75
1.35
1.01
0.52
021

Acalypha sondariana
Stngchnos spinosa

Stychnos madagascariensis

Canthiven setiflorum
Acacia burkel
Combraturm molle
Qchna barbosae
Zizlphus muctonata
Euclea natalensis
Faydrax locuples
Ximeniz caffra
Sideroxylon inerme
Trichiliz emetica
Tricalysia delagoensis
Acacia robusta
Lagynias lasiantha
Spirostachys afficana
Afzelia quanzensis
Margartaria discoidea
Albizia acianthifolia
Canthivm armatum
Diialive schiechter
Veprs lanceolata
Cralbia zimmermannil
Engthronylum delagoense
Chaetacme anstata
Tricalysia lanceolata
Stnechnos decussata
Sclerocarya birtea
Zanthoxylum capense
Rothmania fischer

Grewiz microthyrsa

17.43
17.32
16.21
15.36
15.09
15.03
13.54
1317
13.06
13.03
12.84
12.58
10.86
§.15
6.09
527
3.82
375
3.18
274
2.44
2.06
1.90
1.74
1.43
1.22
1.05
0.9
0.78
0.65
0.57
017

Hymenocardia wimoides
Grawla microthyrsa
Gardenia volkensii
Brachylaena discolor
Mundulea setices
Euclea natalensis
Bridelia cathartica
Veprs lanceolsta
Combratum miuzense
Qzoroa englenil
Fteleopsis myrifolia
Rhus gueinzii
Commiphora neglecta

4.68
416
3.78
259
20
1.78
1.50
1.44
0.96
0.50
0.87
0.54
0.02
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heavily utilised in the Closed and Open Woodlands on Sand (> 70.00% canopy

removal)

Discussion

The degree of utilisation of the vegetation by browsers in Tembe Elephant Park
was rather intense. While elephant utilisation of trees is easily observed and has
previously been recorded (Van Rensburg et al. 2000; Matthews 2006; Guldemond and
Van Aarde In Press), browsing by medium and small herbivores in Tembe Elephant
Park was equally intense, if not more so in some instances. However, with regards to
canopy removal, there is a major difference in the way the agents affect the vegetation.
While medium and small browsers utilise many of the available height classes, their
actions leave little durable signs of utilisation as demonstrated by the decrease in old
damage marks. The more permanent marks were some broken branches from animals
such as kudu or nyala (van Eeden 2005). Elephants on the other hand leave a long-
lasting mark on the vegetation. Elephants usually defoliate by breaking branches, and
sometimes by breaking secondary or main stems, or even uprooting whole trees
(O'Connor et al. 2007). These marks accumulate over time as evidenced by the higher
percentage of height classes utilised in the old canopy removal.

In all Woodland vegetation units and to a lesser extent in the Sand Forest
association, small and medium browsers utilised all individuals in a sizeable portion of
the available height classes. Considering the size of these browsers, it is most likely
that the height classes completely utilised are the smaller ones, especially those
important for recruitment, such as seedlings and saplings. This could potentially limit
future recruitment of woody species (Shaw et al. 2002; Western and Maitumo 2004),
although the present study is not in measure to prove it.

The interesting question from the above is whether the utilisation levels are
sustainable or not. Other studies have shown that herbivory by small mammals is
usually not a limiting factor, although it may slow down regeneration in cases of high
densities (Barnes 2001; Walpole et al. 2004; Western and Maitumo 2004). In Kenya, in
the Masaai Mara National Reserve, 73% of woody species were utilised by small
browsers, and although they were not believed to have an effect on regeneration, they
were thought to be responsible for changes in species abundance, by facilitating some
invasive species (Walpole et al. 2004). The levels of overall utilisation by small and
medium browsers in Tembe Elephant Park are approaching such values, and therefore
the risk that further small and medium browser population increases would lead to

homogenisation of some vegetation units cannot be discarded. The homogenisation of
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Open Woodlands through elephant action in Tembe Elephant Park is discussed by
(Guldemond 2006) and the present study contends that this process could be aided by
the current level of herbivory by small browsers.

Elephant utilisation, as is well known, can be destructive (O'Connor et al. 2007;
Van Aarde and Jackson 2007). Elephants can shape landscapes and modify the
ecological balance of an environment by removing trees, thus creating conditions more
suitable for the herbaceous layer, which in turn becomes more fire-prone (Western and
Maitumo 2004; Birkett and Stevens-Wood 2005; O'Connor et al. 2007). The
implications of elephant utilisation are far reaching and need to be evaluated carefully
when an environment has specific conservation needs. In the present study, elephants
have removed some height classes for selected species completely. Unless the tree is
completely uprooted and utilised, most tree species recover from the utilisation event,
either by re-sprouting or coppicing. In time, the material removed during the utilisation
event is usually replaced. A problem occurs when a subsequent utilisation happens
before the previous one has been completely replaced. In that situation, the tree is
under greater stress, and if the utilisation is repeated regularly, hedging occurs. The
tree can be prevented from producing flowers and fruits in the normal way, and due to
its reduced size, it becomes more susceptible to utilisation by other browsers or
damage from fire (Styles and Skinner 2000; Barnes 2001; Bond and Loffell 2001;
Birkett and Stevens-Wood 2005).

In the forest and possibly a closed woodland environment, canopy gaps are a
driving mechanism for succession and are usually created through natural damage
such as wind, lightning, or the fall of a large old tree (Brokaw and Busing 2000; Paul et
al. 2004; Karlowski 2006). Depending on the size of the gap, it is subsequently re-
colonised by pioneer or late secondary species favoured by the access to light
(Babaasa et al. 2004; Karlowski 2006). In the case of Sand Forest, the constant
occurrence of small canopy gaps is thought to be the way Sand Forest regenerates
(Matthews 2006), and the sensitivity of Sand Forest is such that large gaps are thought
to favour re-growth of a suite of species different from Sand Forest (Matthews 2006).
Elephants are able to remove height classes of tall trees by pushing them over.
Although the action can be likened to gap creation (O'Connor et al. 2007), the main
difference lies in the frequency of the event. The present study shows that the scars of
elephant utilisation events accumulate, or in other words that the interval between
events is insufficient for the plants to recover. The elephant population in Tembe
Elephant Park grows at a rate of 4.6% per year (Morley 2005), and unless

management decisions are taken, the population will continue to grow until it
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supposedly regulates itself (Van Aarde et al. 1999; Van Aarde and Jackson 2007).
However, the level of self-regulation for Tembe Elephant Park is yet unknown. The
present study therefore assumes that the elephant population will continue to grow,
especially as the environment is suitable for young elephant growth (Mosugelo et al.
2002; Stokke and du Toit 2002; Smit et al. In Press), and becomes even more suitable
as adult elephants push over more trees and stimulate re-growth at a low level (Stokke
and du Toit 2002). With the current indication that utilisation events accumulate, and
the above assumption with regards to elephant population growth, it appears
straightforward that utilisation of vegetation by elephants will increase, and will become
a problem as described for other areas (Western and Maitumo 2004; Van Aarde and
Jackson 2007), if it has not already.

In an unfenced environment as idealised by the metapopulation concept,
natural migratory movements of animal populations, following rainfall and food
availability, should avail plants time to recover after an utilisation event (Van Aarde and
Jackson 2007). Likewise, low animal population numbers should ensure that repeated
use should be a rare event, and not the norm. However, in Tembe Elephant Park, the
fences have restricted such migratory movements for elephants, and the size of the
park does not allow simulated migratory movements for elephants (Van Aarde and
Jackson 2007). It therefore appears logical that repeated utilisation events would occur.
The implications in Tembe Elephant Park, especially in the Sand Forest, are that an
abnormally high rate of canopy gaps are created, which is considered a threat to the
Sand Forest conservation (Matthews 2006). Elephant damage in the woodland
environment will probably lead to a succession towards a grassland environment.
Elephant impact on woodlands in Tembe Elephant Park showed that elephants created
a more heterogeneous Closed Woodland environment but homogenised the Open
Woodland with a risk of forcing a succession towards Sparse Woodland (Guldemond
and Van Aarde In Press). This risk is increased in Tembe Elephant Park by the
presence of smaller browsers. Similar conditions have been shown to facilitate the
succession from woodland to grassland in East Africa (Western and Maitumo 2004;
Birkett and Stevens-Wood 2005).

The values for old canopy volume removal described in Table 12 reveal a
change in utilisation levels of the 13 species described as most utilised in 1994. Apart
from Albizia versicolor, for which canopy removal is extreme, most other species are
now within group 3. Two possible explanations could be given, one option is that
utilisation of these species has decreased altogether, while the other more plausible

option would indicate that as abundance of these species has decreased due to
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elephant utilisation since the 1994 study, and because of this lower abundance the
utilisation has consequently become less. The purpose of the present paper is
descriptive and a comparison of the results is not attempted here, however, the second
option appears most likely as the abundance of some of the species utilised was
documented as having fallen dramatically (see Chapters 6 and 7).

An interesting aspect in the present study is the intensity of utilisation-like
events caused by natural damage. The latter, includes all natural phenomenon that can
potentially break or even Kkill trees (wind, fire, lightning, moisture conditions, light
conditions, disease, etc.), which are part of a natural system under normal conditions
but also following some catastrophic events (Condit 1995; Whitmore and Burslem
1996; Lindenmayer et al. 2006). In the forests and woodlands of Tembe Elephant Park,
it appears that utilisation-like events from natural damage affect a considerable number
of species and also accumulate over time (Tables 2, 3, 4, 5) as in the case of animal
utilisation (Kraft et al. 2004; Conybeare 2004; Sheil and Salim 2004). This
accumulation is important in the Sand Forest and although lower in the woodlands, it
remains a concern. In the Short Sand Forest, the percentage of available height
classes removed completely nears 30.00% (Table 3). This value is extremely high for a
vegetation type where wind should not have much effect due to the lack of tall trees
that could break and fall, and where fire hardly occurs (lzidine et al. 2003; Matthews
2006). However, the abundance of plants and the height of this vegetation type make it
particularly suited to elephant utilisation as has also been observed in Addo Elephant
Park thicket vegetation (Lombard et al. 2001; Matthews 2006). In the present study the
hypothesis is proposed that animals and elephants in fact induce some of the

utilisation-like events contributed to natural damage.

Conclusion

An overview of the utilisation of woody vegetation in the Tembe elephant Park
is presented. While the scope of this paper is descriptive, potentially serious problems
are highlighted. In particular, it appears that elephant utilisation is creating gaps at an
un-natural rhythm, and combined with intense herbivory from the smaller browsers, this
process could force succession of Closed and Open Woodlands towards Sparse
Woodlands, and Sand Forest towards Woodlands. While the gaps created by
elephants are part of the natural dynamics of the vegetation of Maputaland, the current
rate of disturbance appears alarmingly high as evidenced by the percentage of height
classes that have been completely removed. The present study therefore concludes

that elephant utilisation in Tembe Elephant Park is problematic, especially combined
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with the current utilisation level of other browsing agents. Management authorities of
Tembe Elephant Park are strongly advised to take measures in order to limit animal
population growth, but also to force elephants out of sections of the park for periods
long enough to allow a recovery of the vegetation to a level where canopy removed by

utilisation is replaced before subsequent utilisation occurs.
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