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ABSTRACT

This study of the impact of elephants, Loxodonta africana (Blumenbach), in private
-r'esewes in South Aifrica’s lowveld region aimed to determine the sizes and species
__ of woody plants most often affected by eiephants and the prnpomon and sever:ty of
elephant umpact on the marula tree Sc[erocarya birrea. The study was conducted in
three parts; vegetation quadrats in areas where elephants had beer foraging, direct
_ébs'ervé'tion of the feeding behaviour ~f hand-raised elephants, and transects to

~ sample'S. birrea across the study areas. To distinguish preferences, the frequency

of elephant impact on each species was compared with the frequency with which it
was encountered by the elephants. I the vegetation quadrats, 1 found that | |

' uproctmg and leaf stripping were infrequent in all sizes of stems.. Main stem
. breakage aﬁected stems loss: than 30 cm in diameter whereas branch breakage a_ncl_ B
~ bark stripping increased with increasing size. Favoured species were Combreium

| _collinum,' A¢acia gerrardi, Albizia harveyi, Sclerocarya birrea, Dalbergia |
néelano_:éylon, and Plerocarpus rotundifolivs. Nofable among neglected species
were Acacia tortifis, Terminalia prunfoides, and Terminalia sericea which are
favoured food items for elephants elsewhere, Other common species which were
not selected by slephants were Acacia exuvialis, Cassine transvaalensis, Ehretia
amoena, Euclea natalensis and Securinega virosa. Behavioural observation |
revealed that hand-ralsed efephants favoured eating Sclerocarya birrea, Combretum
apiculatum, and Aracla nigrescens. The elephants stripped bark from A, nigrescens
and . birrea, Assessment of marula trees revealed that slephant impact killed
fewer than 2% of stems during the preceding season, Fewer than 24% of trees had
current season breakage or bark removal. Main stem breakage'was found in stems
smaller than 40 om in diameter. Ring barking was concentrated on the lafger size
classes, white the smailer size classes escaped any detectable form of elephant
impact.
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CHAPTER 1, INTRODUCTION
1.1 Background |

The relationship between e!epharits and trees has become known as the “el'eph'arit
_problem” in many Aftican conservation areas. Increasing densities of elephants are
often blamed for decreasing woodlands but the exact dynemace of this reiattonsh;p
have evaded acologists and managers for many years '

| As early as 1963, fears wers voiced that elephant numbers were becoming

artificially 'h.igh- in national parks and that insreases in population size threatened to -~~~

"drastically after whole biotic communities within those areas” (Corfield 1973).
Poeching’ reversed this trend in many countries where ivary hunting went.

| unchecked but with the ban on trade in wory and recent improvements in law
enforcement, the problem of high e!ephant denstty is resurfacmg throughout the
contlnent ' o

| High elephant deneity combiried with unusuel-!y'.lew rainfall in 'the. drought of 1'97(_)- '
1971 in Tsavo National Park in Kenya caused the death of almost one half of the

‘park's 14 Q00 elephants (Corfleld 1973). Irripr_eved iJnder’stan'ding of elephant
impact on the environment is necassary in order to preveni such die-offs and,’

~ wherever possible, to anticipate and prevent snvironmental damage inflicted by
heavy elephant pressure by maintaining elephant numbers at a leve! which the local
vegetation can tolerete. in Kenya, historical records and recent iong-term scientific
studies provide evidence that natural cycling between woodland and grassland
occurs as a result of the combined impacts of e[ephants and fire (Dubhn 1992), A
model of the interactions of fire, elephants, and woodlands from data recorded in
Zambla predicted similar cycling (Caughley 1976) but has not been proven. If such
oycles exist, periodicity is on the order of 20 to 200 years which may be _
unacceptable recovery times from the polnt of view of a land-owner or park manager
who does not want to see the landscape alterad. Keeping the landscape staticisa
disruption of cycling, but human settiements and industrialized or cultivated areas

“which obetruct natural migration pathways have already disrupted the 'eystem. For



.theee reasons end others management dGClSlQnS muet be undertaken to prevent
. loee of woodland Defnning the elephant "carrymg capacity” is very subjectwe end :

s 'oontroversy has erlsen over the soaentlfic basis for elephent quotas presoribecl for

| 'proteol,nd areas,

ln nger Nelsonel Park, the oellmg for the elephant populetlon wag fl F xecl at?7 OOO - '_ '

8000 individuals for the 2 000 000 ha reserve, The aXcess was auled annually. As.

' -'elephent numbers underwent drastic decline | in ather parts of the' ,.ontlnent and o
questions erose about the humanenese of culllng elephants, the conlmued culling ol"_..
the Kruger elephents oeme under sr-rutmy (Welker 1991) '

. '.Ae' an elternative-to eUIll’ng’. elephent p"ress!ure can be‘ all‘evlet-d b‘y lnt'roducing" or

| reetorlng elephants to oiher protected areas. The importance of eiephente as a :

- tourist ettrectlon makes them a very veluable commodsty (Moore 1e91) As.
leglsletion rnacle it poesﬂale for prwete landowners to purchase elephante end _

: 'improved technology faolllteted movement of live enimels more and more pnvate

'_renoh__es expreesed interest in keep:_ng_ elephants (Mulder 1991,Andereon___1991). - .

many cases, guidelines for stocking rates do not exist, or do not take into account.
the natu'rel'rete _'of- inore,ase of herds, and the elephente mey.hevean undesireble :

~ . effect on the land (De Villiers et al. 1991). Private landowners are now be"ginnlng'to' :

~ see the'ooneequences of introducing elephants onto their land: miany owners rep'or't
& drastic decline of lerge trees in certain sections of their propertles Others are
- pleaeed with the decrease of woody vegetation brought about by the heevy
browsmg and uprooting done by the herds’ beceuse it improves wslbilzly for game
vuewmg ' ' '

L

1.1.1 Elephant Feeding 'Eeol.ogy_

Elephants are selective foragers at the lendscape, habitat. species, and plant levels.
“The diet comprises mainly grasses, herbs, shrubs, and trees (Bernee 1983} but the

_ proportlon of each in the diet changes seasonally and spet:el ly. In northweetern

- _Ugenda grass levels as hlgh as 94% of the droppmgs end 80-80% of overall
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stomach content were reported, but in woodland and bushiand, levels around 30-
- 50% are _niare "cypical {Laws et al, 1975).' Trees and shrubs which elephants o
preferentiany feed upon include membé'rs of the genera Acacia, Azim'a,' Balanites,
Baphla, sorme Brachystegia, _Comb;etum, Colophospermum, Cordia, Dalbergia,
Grewla, _Maerua, Pandera, Terminalia and Uapaca, whereas Boséia,- Burkea,
Capparfs, Diospyros, Malia and Protea spp. are rarely eaten (Vasey-F itzgeral_d
1973, Laws af al. 1975, Owen-Smith 1988). H_ypothes_és for elephént food choice
include nutritional content (either for energy, protein, fibre, or minerals) and
mec_ha‘nical bro;:ertias which render the plant easy {o eat, |

- Food s_eleétion is known to shift seasonally and nutritional intake also uhdergcs'as :
variation, In Uganda, the year round average intake for an elephant was 8.4%
protein, 1.5% lipid, 43.5% carbohydrate, 35.7%.fib_re, and 11.0% inorganic ash (dry
- weight). Thase levels varied Mth‘ rainfall, with protzin changing the most _'
B signiﬁcantly;'fmm 12% after rains to 5% during the dry season (McCullagh 1869 in
Lawsefal1978). = - | o |

Foad Is a significant factor governing movements and distribution of slephants in
semi-arid zones and food availability Is determined largely by the spatial and

~ temporal pattern of rainfall (Leuthold and Sais 1973). Elephants Cbngregate bl
permanent water supplies in the dry season, and disperse during and after rain

~ (Leuthold and Sale 1973, Jachmann and Croes 1991 ). Within an area, emphasis on
browsing rather than grazing is most extreme during the dry season (Anderson and
Walker 1974, Jachmann and Croes 1991, Dublin 1992). Human madifications of
the anvirdnrﬁenﬁ can intensify use of particular areas by disrupting traditionat .

~ elephant pathways and preventing elephants from making large scale movements in
response to resource supply. |

Elephants typically pluck entize plants or bundles of vegetation, remove bark,

heavlly browse young saplings (Laws ef al, 1975) or push over entire tress, Some
studies show that elephants have the greatest impact upon younger age classes of
trees by b »asing seedling mortality and inhibiting seedling growth (Barnes 1983,
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Jachmann and Croeb 1991, Dublin 1992, Tchamba 1995) while others (Croze 1974)
report no bias in size class eaten, Vutnerabnl:ty of saedhngs htgh nutrition and low
fibre, and possibly low concentrations of secondary compounds may increase their
‘susceptibility to being eaten (Barnes 1983), The possible benefit of elephant as
‘combatants of bush encroachment has been suggested by DiiTolt (1891),

Eaphants do not affect the vegetation equally: adult and subadult male slephants
typically have a greater impact on woody vegetation thar juverilles and calves {Guy
- 1876). Some studies have shown a dichotomy in tres pushing between adutt male
and female; males pushed 54 trees and females 17 trees in 365 hours of
observation (x #'19.641 p-< 0.001) in Sengwa Vatley, Zimbabwe (Guy 1976). 'Thei
number of trees pushed per day is extremely variable from place to place; from 0.15
trees par hour of observation I Sengwa Valley (Guy 19?6) tc 0.02 per hour inthe
Serengeti National Park (Croze 1974). - - |

Elephant utilization of vegetation has been quantified by dietary, behavioural or

~ vegetation based research. Feeding behaviour and physiological studies have |

employed examination of faecal matter or stomach contents, observing bite size and

rate, and vegetation-based methods have included examining trees for broken

branches, missing bark, tusk marks or other 31gn (De Villiers et al. 1991, Barnes
1979, Lews ef /. 19785),

1.4.2 Plant Respcnses to Elephant Utilizatio-n

Owing to their mass, their dietary needs, and thelr habit of uproot:ng trags, breaking
branches and stripping bark, eiephants are capable of Jtering trees more notloeably
than any other vertebrate browser. Tre . which are affected by elephants may be
weakened to the point that the ability to withstand drought, insect borers, fuhgi, or
fire Is compromised (Vesey-Fitzgerald 1973, Thomson 1975), -

- Trees which have compansatory growth or coppice may respond positively to
browsing with a net incregse in primary production (Laws ef 2/. 1975). Woody
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plants which have. a spieading canopy and multiple stems (shrubs} are more
resilient to breakage by elephants than woody plants with branches low to the -
~ ground and with one or two stems (Vesey-Fitzgerald 1973).

Trees fypical'ly-initiate seasonal growth on standing biomass or by resprouting from

below ground storage. Timing of herbivory on feaves has a strong influence or the

trew's response (Owen-Smith 1988), as cons;umption of early growth may feduc_:e

' g_rowth'potentiél fdr_:the reét of the season by removing the tissues hecessa"ry for
capturing more photosynthetic energy and fueling growth,

Elephant use of browse is related to grass avallability and therefore the rate at

which trees are depleted is strongly dependent upon any events which alter grass

avaiiability (Dublin 1992). Megaherbivore populations are slow to respond to

. environmental changes. Their large body size and long gestation times buffer

~ population sizes against rapid fluctuation {Owen-Smith 1988). When resources
chume depletad via exploitation compstition, or environmental stress, consumers
are prohe to starvation, But when alternative resources are available, population |
collapse can be delayed or avoided (Owen-Smith. in prep.). Elephants are capable

of switching to alternative food items, so tree loss is unnkely to have an immediate
reaction in elephant numbars. The alternative food is likely tr be of lowar quality,
requiring higher intake to sustain the same level of nutrition, but the consumer, in
this case elephant, can stilt maintain high population numbers.

Etephant pres_suré on trees increases during drier, colder periods due to poorer
quality of grasses, It is likely to decrease during the growing season when fresh
greén grass growth is available, Anything which leads to destruction of the grass
layer will cause increased slephant reliance on the woody layer, High intensity
grazing by other herbivores or fit . may instigate such a shift in diet (Dublin 1992).
Obstructing elephant migration routes will also increase pressure on frees by
preventing elaphant movement fnllowin_t_g rainfall (Croze ef &/, 1981),

Differential mortality ameng tree specles used by elephants may -rﬁeflect differences
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ln resource needs of the elephants For example tn southern Tanzé;nla, elephants s
~ make use of Acecra albida's shade; fruits and leaves during the dry season when -

- resources are in short supply and feed on Commiphorz ugoge_ns:s throughout the |

year but do not rely upon the latter for shade during the dry seasoh'(Bemes 1983), - |

: Since elephants affect trees so differently, it is erroneous fo exteqd impact date from o

- ong *pecles fo another o '

o Tree léSs'ls 'undeeil-eble fro;ﬁ meny points of view. Reas'pns include aesthetic,
. 'econamlc and ec 1loglcal :mpoﬁence (Barnes 1983, Laws &f al. 1975) Trees
provide shade, fru:ts browse, and fallen leaves for herblvorpus and delrltworous
. crgenlsms and pley an essentlal role | ln the flow of nutrients wathm the system
. {Barnes 1983). In some ceees absolute size ar. i species GGmeSlﬂon of .
- woodlands can chenge when elephant pressure is intense (Pellew 1983), hut
'_ elephants are rionetheless an eesentlal part ef their ecoeyetem (Du‘l‘olt 1991)
: Feedmg preference for certain species can cause a net decli ine of those species B
whlle permlttlng expansion of loss palatable spemes (Laws et al. 1975) The o
unbrowsed trees may be unpaletable to all browsers thereby oecreesmg the overall
B browse avallable to unguletes and depressmg the heterogenelty of the area |
(Moolman and Cewllng 1994) Alternatively, elephants can sal some plents wluch

are relatively unpalatable to other mammals (Viljoen 1991). Furthermare, slephants -

prevent thicket formation, open up paths to choice food spots and create waterhales
(Viljoen 1991). Elephant browsing can maintain low-growing shrubs and stlmulate

- coppicing at @ height accessible to smaller sized browsing animals (Guy 1981

Viljoen 1991). Elephants are also credited with contributing to energy and mineral

cycles by'pUShlng ov « trees, preventing spread of veld fires by creating wide patﬁs;
forming pans by wallpwmg, and enhanheing seed germ:natlon m dung (DuToit 1 991 .
Vifjoen 1991). - |



MGadd S _ I '_ Page?

1.3 Previous Studies of Elephant Impact on Woody Vegetation

_ Stu'dies_of venetation impact by elephants have been conducted at n’umereu_e sites |
~ throughci Atrica, but the findings seem to be highly site-specific,

An -assees_ment of 328 live bachab trees Adansonia digifata in Ruaha National Park,

Taniania revealed that 219 _(6_5%) had been ring-barked (Barnes 1980). Although it

s Impossible to link tree decline with elephant impact without direct evidencs, only
10 trees uy%re found In the 0-24 year age-ciass which is t3 largest ege classina
stable or ihereasing population. The damage to the baohabs was incurred mostly

' during the dry ssason, when elsphants were most reliant on baobabs as a food
source. During a five year periad when rainfall rema:ned constant but elephant

“density increased due_tq tmmlgratlon, the density of Acacia a}bn_da tress decreased
by 72% in one catchment -eree and 84% in -eriother (-Ber_n'e's 1 QéS). Froman

- gesthetic point' of view, this loss is also significant, as the shady riverine groves of

‘A, albida were once a tourist attfaction“. Commiphora ugogensis trees were believed
to have suffered a 95% decresse in density over 15 years {Barnes 1988). N

in the Chobe National Park and surround'ings, the ocourrence of affected plants and
biomass remaval from the canopy were independerit of ele'phent density (Ben- |
- Shahar 1998). Stem diameter was significantly correlated with degree of biomass
removal from eech species. Ce~occurrence of riew and old elephant feeding scars
on the same trees revealed repeated usage by elephants. . '

1.1.4 Analyzing Utilization Preferences _

Herbivores may eat or not eat plants for several reasons. Among these are
- metabolic considerations (nutrients and secondary metabolites), physical deterrents
(thorns or spines), environmental conditions affecting either plant or animal (soit
nutrient and light avallability), or previous defoliation (Owen-Smith and Cooper
- 1987b), and accessibility, |
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| ~ Scientists typically describe herblvare preferences for plant species using one of
several expressions which relate the frequency with which the animal feeds on the
. species to its availabllity. Preferred foods are those which are proportionately more
 frequent in the'diet than in the avallable environment (Petrides 1975). For reasons
discussed in Owen-Smith and Cooper (1 987a), many commonly used expressions
of food preferences are ambiguous, hava difficult to calculate confidence limits, and
are subject to the interpretation of the investigator Preference ratings dascribe

o 'preﬁemmaf#ar a faod SpBOiSS by dividing the percentage of the species which has

been fed Wpon to its relative abundangs In the environment (Petrides 19‘?5)
Preferenga ratings > 1indicate prefarred or favgured items whereas ratings <1 are

- intetpretted as negleated or avoided items. Where feeding behaviour is recorded
and a spemﬁa measure of Iocal vegetation camposition-. }ailabte site-based
apoeptance may better describe species "favoured” by the animal { Owen-Smiith and
Cooper 1987a) because it Is limited to vajues between 0 and 1 and has a less
arbitrary, though still subjectwe delineat:on batween preferred and non-preferred

- 1tems_

145 Valuable Tfées -

i additien to their acological importance, traes can be essential to the aesthetic
appearance of an area, Park management in the Serengsi National Park regarded

“gonservation of the Acacla fortilis woodland as high priority, in part because of its
attrgctiveness to tourists (Pellew 1983). Agacia albida trees In Ruaha National park
were valued shade trees (Barnes 1985), Managers in the sastern lowveld regard
the marula trew, Sclerocarya birrea, 8s a crucial element of the scenery and are
hesitant to acquire more elephants if elephants jeopardize the abundance of these
frees (L, Sussens, pers, comm.), '

The marula tree Is a mamber of the Anacardiaceas family, which includes mangos,
cashews, pistachios, and other eoo'namically important trees (Voh Teichman et al.
1986). It is found threughout the eastarn low altitude regions of southern Africa and
is among the most highly valued of indigenous trees (Coates Palgrave 1877). lis



lesves and bark are used for medici'n'éi'pufpbses {Shone 197 in Von Teichman ef

. -_al. 1986), the oft of its seeds has cosmatic uses, and various piant parts are used o
o mﬁgm seramanies by Tonga, Tsonga and Venda peoples (Coates PalgraVe |
1 g7y T Yo matula trée's edible fruit can be consumed directly, processed into juice -
' er fermwnted into varlaus alcoho!ic beverages (pers obs. ) |

of i%s ﬁapularlty, the tree is harvested for fuel wood on communal lands in |
aﬁga and Nartharn Provinoes (pers, obs. ) The tree has been declared a

ham qamhihﬂed cuttlng of live frees (pers. obs.). Trees which have sconomic value

. '-‘_ e It Bouth Africa (Coates Palgrave 1977) and many local authorihes o

L f.waarrarﬂ wnservaﬁan forﬁnancial reasons. Marula trees are a desired and valuabte o

. ] r@a@um ant:l itis important to establish Nhether cnnservation of the species is
ipatiths wﬁ%ﬁ eonservatim of elephams |
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1.2 Proj-ect Wotivation

'Maasurements of the type and extent of woadland alteration are necessary in order y
| | _to accurately clocumant elephant depletuon of woody vegstation. Recently
~ introduced elephant herds in prwate wildlife reserves in the eastern lowveid of
| ._'Snuth Africa provided the opportunity fo examing elephant fmpact on woody
vegetation in somewhat controlled condltlons, the elephant populatlon size was

- known and remained constant throughout the study period.

1.3 'Objeeti-ves

1 To detarmlne which spemes of woody plants are prone to elephant impact.

2 To determlne whlch sizes of woody plants are most susceptlbla to elaphant | _

| |mpact | | .

3. To document elephant |mpacl on the smallest size classes of wiody plants

_4 To determine the proportlon of marula trees Sclerocarya birrea which have been' -
affected by elephanls.

- 8 To determme the rate at Wthh marula trebs have been affected by elephants,

1.4 Hypotheses

1 Locally occurring woody plant genera likely to be severely impacted wilf include
Acacia, Balanites, Combretum, Dalbergla, Grewia, Sclerocarya and Terminalia
species,

2 Species which are known to be preferred browse elﬁewhere (listed ln
Hypothesis 1 will experisnce heavy impact in small size classes. Species which
only experiénce bark removal will be utllized only in tha Jarger size classes.

'3 Elephant use of marula trees, S, birrea, Is related to proximity to road and

presence of fruit. R
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18 Terms m- Abbreviations

N m m“]mp}aet“ will be used to descﬁbe all forms of blamass Ioss or alteraﬂon

e 'ii’l_‘r@*ludfe% loss to leaf plucking, braakage ring—barking, bask stri pping, anﬂ

t m gouging. Uﬂﬂzgﬁcm will refer speclﬂcally to oonsumptian while damage wili

N -'-;mpwrmag or dasiroying without any evidence of bai ¢ eaten.

- Batkstripping

. centimetre

&t aﬁi
hectare ' _
Cn preparation |
 Kilometre
Leaf stripplng .
" metre S
| ~ Main stem breakage

" pers. obs, personal observation
pers. comm, pe_"rsona_i co’mmu-ni-catiqh
RE Ringbarking |
TG S “Tusk gouging

- unpubl. unpublished

UF‘RO_OT.' Tree broken at br beiow ground !eve! "
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- '_1 6 StndyAreas -

'Tha study was conducted on three prapemes in the eastern Iowveid of the
o Mpumalanga and Northern Provinses of South Afnca (Flgufe 1.1). The three study L

'3 aroas were loss than SOkm apart The properties are approx;mately 20-30km west

of the eastern border to the Kruger National Park, between the Phalaborwa and .

' Orpen gates The reglon is charactenzed by flat to undu(atmg topography Moat |

o .precipﬁatmn oocuUrs dunng the summer months of October Nnvember January. and =
o Fesbruary (Agncultural Researc.h Council unpubl data) - ' '
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Figure 1.1 Map of study areas,
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- Rasearch on'wild elephants was conducted between August and December 1996 on
the Kapama and Thormybush Prwate Game Reserves, Both propemes have fent:ed .
) penmeters alephants did not migrate outsnde of the game reserve and poputatlon

| - dens:ty did not fluctuate during the course of my study. On both properties, the |
. elephantswere said to spend more time in certain areas, but durmg this study, they '

R tranffSed t_ha entire space avai lable to them,

. Reseamh on two hand-reared e!ephants tcok place between August and Pecember -
1996 on Tshukudu Private Game Reserve. The sub;ects were both ning year old |
_elephants Wthh were purchased as two~year old calves and were habituated to

. humansz

Kapama Wildlife Reserve is situated at 24°22'S and 31°04'E, 500 m abm mean
gea level, Mean annual rainfall between July 1983 and June 1996 was 511 mm .
‘8D =177 mm, fmax = 950 mm during 1995-96, min = 240 mm durmg 1991‘-92)
(mricultural Research COUI‘ICII unpubl data).

Kapama h'éd 21 eiephants on approximately 7 000 hectares (overali density = 0.30
“elephants per km?). Eighteen were subadults and three were youngsters (two fess
‘than one year old). All were purchased from the Kruger National Park. Atfirst, six
youngsters were relsased on Kapama in 1992 and were initially very agitated,
moving rapidly through the bush and were rarely seen by visitors. With the addition
of older cows and & bull in 1994, the herd became calmer and settled in tha northern
- portion of the reserve. o | | )

- When asked about specific concerns about the elephants’ behawour, Kapama
managers were concerried about & deciine in the number of blg trees on the-
property. o
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1;6.‘2 | Thomybush

Thornybush Private Game Reserve is located at 24”22'8 and 31°11'E, 500 m above
- mean sea level. Mean annual rainfall between July 1992 and June 1996 was-

| o 5093mm (SD 298 mm, max = 985 mm during 199'3599 mm - 335 mm- during 1993-

- '94)(Agrmu1turaf Ressarch Council, unquf data). - | -

f Thornybush had 3 totel of 21 elephants ont 7 500 ha {overalf densuy 0 28
“elephants per kim?) which typically stayed in two separate herds plus twa roaming
males. A herd of nine animals wes purchased in 1293 from Mabula Game Lodge.

. The 'herdwé?s well settied and could ba approached by vehicle. A second group of

L 11 animals was p_urchased in 1994 from Kruger National Park, This herd was

B initially r_e’la'tiv_e'ly u'npredictabl'e in both ranging behaviour and reaction to peopls
and vehicles, 'but at the time of this study was easily bbser'véd from a vehicle, - _
Though both herds had dominant femaies wh[ch led tha herds were relatlvely young
with all animals less than 25 years of age. The two bulls on the property were also -
not fully mature, :

Thormnybush management personnel expressed _co'ncem about elephants klll'in"g
large trees, '

1.6.3 Tshukudu

 Tshukudu Game Reserve is located at 24°15'S and 30°55'E, 500 m above mean
sea level. Mean annual rainfall between July 1'989 and June 1996 was 414mm

- (SD 147 mm, max = 666 mm durmg 1995—96 min = 179 mm during 1991-92)
(Agricultural Research Council unpubl, data)

Tshukudu had no wild elephants on the property. Two elephants were purchased
as orphans from a cull from Kruger National Park in February 1990. ‘The male and
female were eslimated to have been born In 1988, Initially the animals were kept in
a boma, but at the time of the sturly were only confined by the property's perimeter
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- fence and an axcrosure around tha main ladge, ‘When purchased the elephants

~ were aggressive towards all people. After repeated contact, they became

accustomed to the campany of one Tshukudu employee to the point that they _
| fnlloweci him wherever he went, With age, the two became more mdependent but _ -
both still recognized the employee and the female was parhcuiarly dependent on -

- human attentior:, seeking out human company. and physucal contact, During this
study the alaphanta foraged freely but ware occasicmaliy glven feed cubss by the |

tandowners. The two also ate small amounts of discardad vegetable refuse which

- was dumpad it the bushes outside the main lodge. '

- When asked if the e‘iépha!'nts WEare causing any Pmbléms’, th'e land owners sald that
they were -'céuaing notic_eable damage by breaking trees. The owners expressed

- goncern a’buut the marula t'reés which they said the elephants were 'knockihg n\ief
Becauss the elephartts Were accustomed to Interaction with people and seemed to |
seek out tumairs attention, they stayed close to the lodge during the day and may
have been causing a dispmpaﬁionate_amou_nt of damage in the vicinity of the ladge;_ _



M Gadd - - - _ . Pageir

1.7 Overview of Methods
1.7.4 Quadrats on Elephant Paths

In the first part of the study, | assessed vegatation quadrats in areas which

~ elephants had just passed through in order to measure elephant impact on woody

~ plants, By examining all woody plant stems in the vicinity of fresh elephant Impact, 1
was able to address quést!ons about the habitat and vegstation, he type and extent
of impact, _:énd differences In impact on each species and size of woody plant.

1.7.2 Hand-Raised Elephant Observation

The second part of the study was devoted to behavioural observation of two
hand-raised slephants. By pairing the vegetation-based research with dicect -
observation of elephants at close range | was also able to identify and quantify their -
intake of the smallest size classes of woody plants more precisely than is possible

by foliowing elephants at a distance. Efephants which were accustomed to human
beings and could be approachad on faot allowed the opportunity to obtain
information on the exact woody plaht I_ntaké, especially of piant species or sizes
which would be difficult to identify from a distance, |

1.7.3 Survey of & Valuable Tree Species

A detailed survey of ;'e'ie_phant impact on a single tree species was a logical |
accompaniment to the vegetation and behavioural studies. At many slephant areas
in the reglon, fand ownars and managers' were congerned about the loss of large
trees due to pushing or bark remaval by elephents (M. Peel, pers. comm.). In my
study areas, managers ware most frequently concerned about the destrustion of
__ !arge trees, and the marula tree specifically, The marula tree Sclerocarya birrea, a
species valued by humars, is also favoured by elephants.' Localized elephant use
of marulas could give an inaccurate impression of the overall extent of damage to
the population on each property, so a survey was designed to sample the sub-
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 population at each area. In areas which have had slephants for several years, ftis
impossible to pinpoint the time scale of elephant impact, but Kapama, Thormybush
and Tshukudu only recently obtained elephants, s the rate of damage could be
established. o | o
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' CHAPTER 2. IMPACT OF ELEPHANTS ON VEGETATION ALONG FEEDING _
PATHWAYS

-2 Introduction

Between 03 September 1996 and 28 November 1996, vegetation quadraté on
elephant foraging paths were surveyed on Kapama, Thornybush and Tshukudu
Game Reserves. in all, 13 052 individual waody stems were enumerated measurad
_and assessed for elephant impact, ' '

Efephants affected woody vegetation by uprooting stems, breaking main stems or
 branches, and stripping berk or leaves. These types of impact were examined for
patterns in sizes and spacles of woody plant stems commonly affected. The degree
to which elephants used different specles was analyzed by comparing the incidence
of impact to the overall abundanca of the plant. Many of the spacies which are
known to ba used by elephants elsewhere in Africa (section 1.3) coincided with
species with high incidences of impact at my study areas, but some species were
surprisingly under<utilized in comparisan to other studies. '

2.2 Materials and Methods

Wild elephant herds at Kapama and Thorriybush Game Reserves were located by
looking for fresh elephant spoor from a vehicle, Only tracks or dung which were
 bslieved to be Jess than 12 hours old were followed, thereby (imiting t_h'e scope of
the study to elephant impact during the late night and early moming hours. From
the f:oint at which elephant tracks were intercapted, the tracks were foliowed
towards the animals. If the animals were visible or audible from the road, the tracks
were not followed unti! the animals had moved out of sight and out of hearing range
s0 as to minimize risk of injury to researchers and to prevent d:sturblng the animals
and altering their behaviour, '
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During a preliminary obssrvation 'period prior to the start of data collection, it was -
determined that direct observation of feeding behaviour of wild slephant herds was

- not possible; even herds which could be approached clcsely' could not be seen

clearly, nor followad directly owing to the d_e'nse vegetation in't'he area. However,

traes freshly broker! by elephants were easily found, Although the path of a single

~ animal could not be followed, patches of impact were easily located. In most cases,

- sites of impact were close enough togethar that an elephant at one site could have

‘had access to all the vegetation in between the two sites: so although the exact path |

was hot known this sufficed as a measure of vegetation available 1o the foraging

elephant(s). By connecting the two nearest neighbouring sites of impact, a path was
inferred to allow assessment of plants in the vicinity of the elephant(s) and, of those, |
which were eaten or broken. R

| Sample quadrats of 5 m radius at Sequentiél '_pbints alongy the -p'utative féeding
pathway were assessed. | spaced quadrats 15 m apart to reduce autocquelatiun |
betw_eén the sampling sites. _The line connecting the visible areas of elephant use
'w'a's constructed by placing ih_e' 0 m mark of a measuring tape at the first sign
(broken branches or -_brcvk.eh tree visible from rdad) and laying the taps along the
frac..s, dung and broken Vegeta_tton. ‘The quadrats were then centred ét the 10 m
mark, and then the 25 m, the 40 m, and the 55 r1 mark, and so on until {a) the sign
was no longer traceable; or (b) five sequential quadrats wers assessed, The centre
polnt of the 5 m cirule was at the appropriate metre mark on the tape. Quadrats
were surveyed shortly after the elephants moved through, so fresh sign was
obviaus: broken branches still had living leaves and exposed stems were still wst.

“For the first nine weeks, each game reserve was visited once per Week, and during
the last three weeks (10-12) only Kapama and Thotnybush were visited. During 33
field days devoted to this part of the survey, 243 5 m circle quadrats were surveyed
~ on 56 indepandent fe‘eding- paths. Owing to inclement Weather. time constraints,
 difficulty in'f’in'di'ng elephant spoor, the number of quadrats varied from 4 to 18 per
day.
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Fresh breakage and gouges in the immedi_at‘e viginity of other damage were -
assumed to also be caused by elephants. Old damage was recorded in a separate
category and is likely to include some damege inflicted by other animals so is not
 included in this report. | | | -

All live or Just—killed wz:od‘y plants with at least half of the main stem basé inside the
quadrat were included. If multi-stemimed shrubs were partral}y in, only the stems
with bases inssde the quadrat were Inciuded. “The survey was based on number of
stems, rather than the number of distinct individuals, so no attempt was made to
disthUISh multlple trees from multi-stemmed individuals. Afl woody plants withln
the quadrat were identified to species level, measured and classified. The |
circumference of the main stem above the basal swelling was measured to the
. nearest centimetre. PIants smalier than 2 om In carmimference were classified as .
2 em. The height of each tree was visually estimated o the nearest 0.5 m. N

Biomass loss dus to eleph'ant's' was categorized into five :categc:iries: 1} uprooting, 2.“3
tmain stem breaking, 3) -brar_a_ch breaki'ng_-, 4} bark stripping, ahd 5) leaf stripping
{after Ishwaran 1983, McDanald 1992,' Wagkernage' _1'992). The haight of impact
point {if any) was estimated to the nearest 0.5 m. Where entire branches or stems
were broken off, th_e-circumf:erence and reight of these breakage points were
recorded, The proportion of the ovsrall clant which was removed was visually -
estimated (after Anderson and Walker 1674). Breakage was categorized as branch
breakage (BB) when the stem had forked'.lnto two or more branches. Pi‘dportion
was visually estimated as the fraction of biomass which had been removed, judging

- from the size of the break in relation to the remalning branches at the break point. If
ali above-ground blomass was removed, breakage was categorized as 100%,
HMowever, treas capable of coppicing or initiating growth from below-ground hiomass
were not necessarily killed by total main stem b_reakage. o |

Basal cover and stem diameter were caleulated from the stem circumference
measured in the fisld. Woady plants are grouped info size classes by the stem
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diameter above the basal swelling for the purpcse'nf_d'.‘-'scussioh. Stems with &
diameter of 2 cm or less (0-2 cm tlass) will be referred to as "seedlings".

El.ephanf brefeieht_:es_ for sach s_be¢ies_cannot ba assesSed.without takirg . N
“avallability into account. Site-based acceptance frequencies (Owen-Smith and
Cooper 1987a) were calculéted for each specles using tha'foll'owing equation:

Number of vegetaﬁan quadrats in which the specias |
was aatan or damaged by elaphants : o

LI

| Numbrer of vegetation quadrats m wl'ich the spesles was present

- Acceptance frequenmes can ra_nge__from Oto 1. The r‘naximum possible acceptance o

. fnequahcy'(aorrespohding to & spacies which is eaten or damaged in 100% of N

quadrats) s 1.0. The meen acceptance ratio for each species was calculated by

| _pabllng the number of quadrate _wlth' impact from all three game reserves and

dividihg It by th 3 pooled number of quadrats in which the species was pregent on il
- three game reserves. Data were analyzed using the number of quadrats in which

- the specles was prasent rather than the number nf stems to reduce autncnrrelatian

| %2 tésts (?.:ar ’1996_) were used to test -fbr significant diffare'nces between _sitéabﬂa_sed -
- acceptance frequericies for each woody plant species at each property,

_'Taanamy follows Coates-Palgrave 1983 and Van Wyk 1984,
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23 Results
23.1 Local Vagetatiori

' During the survey, 80 dtstmct specles were found, representmg 51 genera and 25 .
- famllies (See Appendix A for scientiﬁc names, commion names, families and. -
authors). l—_‘.ive additional spe_cies were identified fo genus level. E;ghty-slx stems
- could not be Identified to genus or spacies level (0.66% of total stems in sample). In

- most _t_:ase_s,' these unidentifisble plants were leafless iand flp\a.ierless 50 _specimehs .
wéré ot taken. However, thase repraseﬁted such a small percentage of the total B
“sample ih_at ihey are unllkely_tof have sigriiﬁ_cantly_ influenced the results, -

232 CommunityStucture

* The mean stem density for tfa three properties combined was one stem per 1.46m?,
or 6 829 stems - km'®. Basal cover on an-threé_prcpértleé was less than 0,2% (Table
2.1). Tshukudu _had the lowest stem densﬁy it the highast basal cover dus to-
large, but relatively few, stems . Stem densities ranged from 7670 ha™t at Kapama,
to 41:45 ha! at Tshukudu. Ste;rh basal cover ranged from 10.57 m® ha'* at |
Thornybush to 16.69 m? har! at Tshukudu. "

Table 2.1. Number and density of woody plant stems at each study area,

‘Kapama___Thomybush ___ Tshukudu

* Quadrats o o 104 o3 48
~ Independent paths __— 22 - 24 S [
Area sampled (m?) 8168 7304 3612
Total stams ‘ . 6265 5290 1497
Basal cover (m?) - 1080 7.72 - 603
% of ground covered with stems - 0,43% 0A1% - 017%
Stems per hectare 7870 7243 - 4145

Coverage_berhectare (m? ha‘) . 1822 1087 1669
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At aﬂ three study areas the smailest size cfasses were best represantad and bigger B

trees were tess commcn (Tabla 2. 2) See Appendlx 2 for suze ciass percentages for
. .-'eanh species. - '

- Tab{fezz Size 'cl-as'fs distribution of woody plants on ea'ch; property.

% Thombush % Tshukudu %
- BT% - 3304 B4% 9852  B4%

o 14% . 593 1% . 94 8%
5% 194 4% 3B 2%
0% 14 0% 1 1%
0% . 3 . 0% 8 1%
0% 2 0% 9 1%

24% 1089 21% 881  28%

% .1 % 6 0%

mﬁmd#olfus (T ab!a 2. 3)
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Table 2 3, Dommant 25 woody plant species according to pooled basal cover at
Kapama Thornybush and Tshukudu Game Reserves. '

Woodyspesies  Sumofarea % of woody cover
Sclerocarya birea | ) 268 C10.94%
Acacia gerrardii .~ 246  10.05%

~ Acatia nigrescens o . 238 | 9.70%
- Gombretum collinum 210 - 8.55%
Combretum apiculatum 480 . 7.33%
Dalbergia melanoxylon 128 5,.22%

~ Plorocarpus rotundifolius 128 o B14%
- Combratum hereroense 093 3.76%
Albizia harveyl | | 0,87 o 3.54%
Lannea schweinfurthii - | - 077 3.12%

- Terminafia seficea 0.68 | 2.67%
Ormocarpum trichocarpum 0,60 - | 2.45%

- Combratum imberbe | ) 0,52 - 213%
Dichrostachys cinereg - 0.52 2.42%
Strychnos maclagascarierisis 0.40 - 1,65%
Acscia tortilis ' - 038 - 1.55%
Peltophorum africénum 087 © 1.49%
Maytenus heterophylia 0.36 1.48%
Commiphora mollis | 035 © 1.43%
Grewia monticola - 0.34 1.37%
Bolusanthus speciosus | 0.33 - 1.38%
Acacia exuvialis : 0.31 1,25%
Combretum zeyheri 028 1.13%
Lonchocarpus capassa ' 026 ~ 1.058%

Euclea divinorum -~ 028 - 1.04%

'When examined by total number of stems rather than by basal cover, species with
smaller stams ranked higher (Table 2 4}, However, 17 of the 25 most common
Speuzes by number of stems ware also amoug the 25 daminant species according to
basal cover, so there was substantial overlan Species which were dominant by |
number of stems but not by area were Cassine fransvaalensis, Glssus cormfoha,_
Ehretia amoena, Grawia bicolor, Grewia flavescens, Grewia hexamita, Grewia
villosa, and Securinega virosa. Conversely, species which were dominant by area
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but not by stem numbers were Acacia fortilis, Bolusanthus speciosus, Combrefurn
imberbe, Commiphora mollis, Lannea schweinfurthii, Lonchocarpuse capassa,
Peltophorum africanum, and Sclerocarya birrea. Grewia flavescens had the most
stems, followed by Dalbergia melanoxylon and Grewia monticol. |

Table 2.4. Dominant 25 woody plant species according 1o pooled number of stems .~
at Kapama, Thomnybush and Tshukudu Game Reserves. |

"Woodyspecles  Totalstems % of all stems
Grewia flavescens . | 878  8.73%
Dalbergia melanoxylon 782 5.84%
Grewia monticola | 782 5.84%
- Strychnos madagascariensis | 689 5.28%
Combretum apiculatum . 625 4,79%
Combretum collinum . 595 4.56%
Ormocarpum trichocarpum . 586 4.49%
Plerovarpus rofundifolius | 576 o 441%
Ehratia amoena 539 | 4.13%
~ Acacia gerrardii ' B3 - 4.06%
Combretum hereroense 501 3.84%
Acacia exuvialis 495 - 3.79%
Grewia bicolor . 448 3.42%
Acacla nigrescens _ 414 3.17%
Albizia harveyi 390 2.99%
Securinega virosa . | . 387 2.97%
Dichrostachys cinerea R 379 2.90%
Maytenus heterophyila - . 348 2.67%
Euclea divinorum | | 828 248%
. Clssus corifolia | 289 2.29%
Combretum zeyheri | 240 1.84%
 Grewia hexamita 174  1.33%
Terminalia sericea 189 1.29%
Grewia villosa | 141 1.08%

Cassine transvaalonsis - 114 _0.87%
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_ Kapama Game Rese*ve "i8 dominated by Combretum collinum and Acaoia e
* gerrardii {Table 2.5). Acacia éxuvialis, Acacia tortiis, Bolusanthus speciosus, - |

L Combretum :mberbe, Euclea d}vinorum and Grewra monticola were less cormmon

~than inthe other areas. Ba?amtes maughanﬁrwas commion at Kapama but not found .
- _'eisewhere | o | | e

B | Table 2.5, Wcody species abund_anbe_ by 6véra!.l basal cbver'at K'apam"_a Game
- Reserve \noludes only species which contributed >1% of overall basal cover.

: SPBGi'e_s -

Total stem area % of grouncl anvered % of tetal woody L

Rank R . (mﬂ_§1ﬁsm S bgsgeclg_s .. planteover .

1 . Combretumcolinum 1711 0.02% - 15,78%
.2 Mveolagomerdf 088 C o 8bf% . 90Y%
'3 Peracarpus rofandifolivs oo pg8 0.04% 9.03%
-4 Combretwm eploulatum . - 08§ S 00t% - 822%
8 Dalbergla mélanoxylon - 087 ' 0.01% - U B28%

6 Alblzla hatveyl . A 1] B 001%. = 5.96%
7 Tetminalia sericea . 045 . 001% . A15%

8 . Lannea sohwelnfurthli . 044 . - 0.01% ' 4.12%

9  Stryohnos madagascariensis -~ 040 - 000% . 375%

10 -~ Combretum hersroense - B - ©000% - 328%

11 Ormocarpumtrighocarpym - 08%  000% . 326%
12 | Aoacia nigrescens o os0 000%  278%

13 . Combretumzeyhei o027 - - 0.00% o 249%
14 - Lonchocarpus capassa . 025 ¢ 000% - 231%

15 - Dichrostachys cnerea’ - 021 0O0% - 182%

16 Commiphara molis | 04¢ L 000% 0 AT79%

17 Solerocarya bimsa 048 S 000% . 1.73%

18  Pelophorum africanum S 08 DOO% . - 1LTI%
18 Balanites maugnamili S 044 - 0,00% o 1.82%
20 Maytenus haterophyﬂa o ba2 _000%. - 1.08%

ToTAL o0 oa%



.Thomybush wm d»manated by Acacia savanna, Acecia tortﬂis Combretum |
imberbe, Com L‘zayhen Comnﬂphora moi!fs Lannea schwemfun‘hk
...onchowpus aapassa and Strychnos madagascanens:s were less common than in
| the overall rankfngs (Table 2, 6) Dicspyros mespﬂ!form!s and Z:z:phus mucronata |
were more cm'rmon at Thomybush than at the other two areas ' '

Tab’le 26 -W_chy species ébﬁndance by 6.vé_rali basai 'covef ét -Thbknybush Game

 Reserve. Includes only spacies which cpntributed_ﬁ% of ouera'n_-b'as_-ai cover, .

Tota! stam area (m’)'." o %ofground %oftnta[ w:mdy

Rank Specxes _ N | 0”304 2 -
4 Aoceola gerrardi - _ 1.34 .- 0.02% 1738%
2 Acsclgnlgrescens - 072 00f% - 9.38%
3 Dalbergls melanoxylon - a8t 0D1% - . T8B%
4 Combretum apledigtum - - - . - 88 . 001% - BBB%
8 Combrefumhersroense -~ . 048 S 00% - 825%
6 Soleroosrya bimea _ o4t - 001% - 520%
7 Combretumeolinum ... 084 O 000% - - 4.30%
8 Bolusenthus speciosus R | DO0% 3.89%
9  Plorevarpus rofundifoliis - 029 o60% - . 87%
10 Dichrostachys vinerea . 028 S 000% - 3.25%
11 Maylenus heterophylla . -024 000% . 316%
12 - Ormocarpum frichocatpum 024 - 000% - 815%
A3 - Albiziaharvedd _ S A . 000% 268%
14 Terminalia sericea - : o021 . 000% - R86%
16 Euclea divinorum 020 0.00% 2.56%
18 Peltophorum africanum 048 - 000% o 2.28%
17 Grewlamonticola - .« 047 - 0.00%. 2.22%
18 Acacla exuviafis | | 047 000% 219%
.18 - Diospyros mespiliformls . 0,16 0.00% @ 201%
20  Zixphus mucronata . et DOD% - - 1T78%
Growia flavescens —— 009 000% _  120%

iNn
==

CWOTAL T yga otk
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Tshukudu was dommated by a smaller subset of woody plants than the other two
- reserves. lts dominant specles Sclerocarya birrea, covered almast twice the overall
basal cover of any species on the other two sites (34.64% in companson to 16.76%
at quama and 17 39% at Thornybugh). The seoond mast common species at
- Tshukudu, Acacia mgrescens, also covered more area than the most dominant
- specles elsewhers. Cordia spp. were common at Tshukudu but nc:t at Kapama or
_Tharnybush | | | |

| Table 2.7, Woady spacies abundance by overall basal ccwer at Tshukudu Game
. Reserve, Inoludes only specues which contnbutad >1 % of overall basal cover

| Bl “Total stent area (m?) % of o T— % of total woody
Rank Sriaclas -’ B ) g ody

_ - . of.ﬁi&m.w__mgele_s_* .piant cover
1 Selsrocarya bimea - 2,08 o DO0e% . 3484%
2 - Acacanigreseens - 1.3 | 0.04%  2048%
3 - Combretum Imberbe - . BaT. o 001% 7.82%
4 Cowbretumapiculatum. . . 040 - % &%
& Aoavialonills o D38 00I% 630%
6 Lonheaschweinfthi 020 . 001% A%
7 Acacla gerrerdi . ' 0.14 0,00% 282%
'8 Avaclaexuvially - - 042 : - 0.00% 207%
§  Commiphora molfs B X1 8 o 000% O 1B0%
10 Combrelum hereroense - Dog 0.00% o 148%
11 Grewlamonficoln | 0,08 0.00% 1.39%
12  Coclasp. o - 807 - 0.00% 1.10%
13___ Dichrostachys cinerea . 00e 000%  __  101%

JOTAL 6.03 Y
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23.2 Elephaut Impact on Different Size Classes
‘Uprooting

~ Fewer .th_ah 1% of all stems were uprooted {Table 2.8) and less thah 0.5% of all
stéms in any size clags. Three stems in the smallest size cfass (0-2 cm) were
uprooted, two in the 2-5 cm class, six in the 5-10 om class, and one inthe 20 om
class. No stems greater than 20 om diameter were uprooted, |

Main Stem _Eireak'a_ge R

‘Main stem breakage affected 66 stems (0.51%) and was canfiriéd to stems less than
30 om in diameter (Table 2.8), The 10-20 cm and 20-30 om size classes |
experienced the highest pe_rcehta’ges of main stem braakage, with 4% and 10% of N
the stems broken respectively. The smallest three size classes had main stem
breakage, but the abun_dance of stems I these classes maintained the overalt
perceiitages at less than 1%, |

Branch Breakage

By far the most common farm of elephant impact was branch breakage, which was
apparent on 222 of 13 052 stems (1.7%, Table 2.8). Incidence of branch breakage
steadlly increased as the size of the stem increased: climbing from less than 1% in
the <2 em glass, © 15% in tha 40-60 cm class, to almost half of all stems in the
>50 em class. | | | A

Bark Stripping

Bark was stripﬁed from five stems In the present survey '(<D‘.-U4% of all stems, Table
2.8). Bark stripping was found only on stems greater than 10 om diameter, -



Comeews . A
 Leaf Stripping
. Sixty-fires stems had leaves stripped from them (0.48%, Table 2.8). The number of

stems with leaf stripping decreased with diameter, but was proportional to the
- number of stems in each class,



Table 2.8, Number and percentage of stems ineach s:ze class affected by uprooting, MSB (mam sm. brea!qage), BB (branch
braakage), BS (bark stnppmg), or LS (laaf stﬁppmg) at Kapama, '!‘hmnybush and Tshukudu. ' :

Diameter =~ @ Stems  Stemswith - Stemgwilfh - Stemswith. = Stems'with .
s | % uproote: | 3 BB %wieBE _BS %wihBS IS %wilslS
0.00% . 38  048%
- 0.00% 11 . 037%
© 0.00% 0.50%
0.58% 0.77%
2.50% 2.50%
0.00% 0:00%
0.00% 7.69%
14.20% _0.00%
004% 63 . 048%

11 0.14%
62 2.09%
81  574%
47 9.02%
4 10.00%
2 12.50%
_ . 2 1538%
000% 3 4286%
222 1.70%

.m..x_.gc;_u.w_md@
Blo =0 - n oD

TJOTAL 13052 12 0.09%

-~ .
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233 Elephant Impact At the Species Level
-Upraoiing_

| | The 12 steme which were uprooted were from five species affectmg no mnre than

- 2.5% of stems in any one species (Tabla 2 9) A!bizia harveyi had six stems
uproc:ted '

_Tab{e 2. 9 Woody plant species uprooted by e‘ephants at Kapama. Thornybush
‘and Tshukudu |

pecies ___________  Total Stams Stems uprooted % of stems uprooted

Lannea schwefnfurfh:f A - A0 : 1 . 250%
_ Albizlg harveyi ... .. 8o - . - & 154%
Ormocarpum frichpcarpum .~~~ . 586 : 2 03e%
. Stryohings madagascarfansfs S ess o4
- UNKNOWN o .. B8 2 L 2.3%%
JOTAL 13082 12 '

ago%

oAs%
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Main Stamsljgﬁmakage

_ Pag_§ M

Sixty-six stems from. 1-9 '-spa'cies were broken at_-thé niain stem (Table 2.10). One
species, Rhus gueinzi, suffered main stem breakage in one of three stems. Acacia
gerrardii had the greatest number of stems broken, with 23 of its 530 stems broken

“@a%).

'Tabla 2, 10 Woody plant spacies with frash main stem breakage at Kapama

e

Thomybush and Tshukudu

S : Stems with main % of stems with mam

 Rhus guelnzhi 3 1 33,33%
Lannea discolor 13 Ki L 788%

- Acatia gerrardl 530 23 U 434%
Commiphora mollls = 108. 2 . 188%

. Lonchooarpus capassa 74 1 1.35% .

" Terminalia sericea ' - 168 2 1.18%
Grewia monticola - 762 I 118%
Albizia harveyi 390 4 1,03%
Combretuin collinum 585 3 CA0%

- Ziziphus muocronata 110 - 1 091% -
Mundulea sericea 14 1 - 0.88%
Dalbergla melanoxylor 7682 .. B .. 0,66%
Plorocarpus rofundifolius 576 3 {.82%
Ormocarpum frichocarpum 586 -8 - 0.34%
Dichrostachys cinersa 379 1 0.26%
Acaola nigrescens - 414 1 024% .
Grewia bicvlor 448 1 - 0.22%
Combrefum hereroense 501 1 0.20%
Combretum aplculatum_ 825 _ A 0.16%, -

— 13052 _ 5

| TOTAL . .

0.51%
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' Branch Breakage

o Branchas were broken on 31 of the 80 specles found in the survey (Table 2.11). A

 total of 222 stems had fresh branch breakage (1.7%). Ximenja caffra had the
'_.hlghest percentage of branch breakage w:th two of five stems aﬁacted Branch
- breakage affected almost all commen specres 19 of the 30 most common species .
- (by basal cover ar by abundance) had branch breakagea Among commo; species,
- 8. birrea, D. melanoxylon, and o colfmum had branch breakaga on >5% of gtems.

Albizia harueyi A. gerrardd D, c!neraa, F. mtundifnl:us Q. tnchocarpum, 7 B
. heterophyla, A. nfgresc:ens, c. zeyheri and G. monticols were the cormmon spscfes |

with branch breakage on 1-5% of stems. Euclea dfvinorum, 7. sericea, C,
apicufatum, C hereroense, C. cornifoﬂa, S. madagascanens:s, . bicolor, and G
' ﬂavescens were common species thh branch braakage on fewer than 1% of stems -_
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_- Tabie 2. ‘11 Woody plant species with branch braakage at Kapama Thornybush

and Tshukudu.

Species Total stems Number of stems with % of stems with
S hranch hreaka e___ braken branches
Ximenfa caffra 5 2 ' - 40,00%
Sclerocarya birrea . - 34 6 1765%
Schotia brachypetala 13 1 - 789%

“Rhus pentherl - 14 1 ALY

~ Combretum imbetbe - 18 1 - B.25% -
Daibergia melanoxylon 82 44 BT7% -
Combretum coflinum . 505 32 5.38% .
Diospyros mespiliformis LN 1 AT8%
Albizia harveyl - 300 18 4.82%
Acacla gerrardli 520 2 4.15%

~ Commiphora molis 108 4 S B0%
Dichrostachys cinerea 379 12 L 3AT% -
Grewia hexamita B A4 5 2.87%
Pterocarpus rotundiiofius 576 15 2,60%
Ormocarpum trichocarpum 586 S 2,30%
Peltophorum africanum 43 1 2.33%
‘Commiphora glandulosa 92 2 247%
‘Maytenus heterophylla 249 7 2.01%
~ Ziziphus mucronata 110 2 1.82%
" Acacla nigrescens 414 6 1.458%
Combretum zeyher! 240 3 1.25%

- Cordia monvica 81 I - 1.23%
Grewia monticols 762 9 1.18%
Eucléa divinorum. 325 2 0,62%
Terminalia sericea 169 1 0.59%
Combretum spleulatum 625 3 0.48%.
Combrelum hereroehse 501 2 - 040%
Cissus comifolia 200 1 0.33% -
Strychnos madagascariensis 589 2 - 029%
Grewia bicolor | 448 B 022%
- Grewig flavescens 878 1 C01%
TOTAL . 13052 222 1.70%
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| Bai'_k 'sti’ipplrig

Only five stems had fresh rmg—barklng or bark stnpping inthe vegetatlon quadrats o
Three of the sterns were Lannea dfscolor (three of 13, 23%), one was Acacia

| fnrgre.scens (orie of 414 0 2%), and one was Dalberg:a melanoxy!on (one of 762
-0, 1%) . ' ' S '

~ Leaf Stipping

Sixty-three sterns {0.48% of the 13 052 total stems) of 15 species had leaves
stripped from them by _elebhahté '{Table.z.-'m),' More than half of the stems found
 with leaf stripping were Albizia harveyi, affecting 8.7% of the sample of 390 stems.

The less eoirmon C glandu!osa had thrae of 92 stems (3.3%) stripped and L |

' 'schweinﬁlrthu had one of 40 stems leaf strtpped (2. 5%) !ncludmg A, hawey;, 12 of
the most common species had Ieaf strippmg M. heterophylla C. zeyhen, _
_ colfinum, G, hexamita, D. melanoxyfon, D. cinerea, A n:grescens P rofundafohus, O. _ |
o tnohacarpum, C. ap;culatum and G montlcola o
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‘Table 2 12. Woody p!ant species Wlth |eaf strlppmg on Kapama Thornybush and
'Téhukudu

Number of stems with % of stems with leaf

Spocies — Total stems - leafstripping _____ stripping
Alblzia harvey} - 1350 o 34 8.72%
Commiphora glandulosa 92 3 S 2.26%
Lannea schweinfurthli 40 -1 2.50%
Maylenus heterophylla o 349 X 1.72%
Bolusanthus speclosus : ) T3 1 137%
- Combrefum zeyheri - 240 -3 1.25%
‘Combretumn collinum o - 585 4 0.87%
Grewla hexamita : 174 1 057%
Dalbergla melanoxylon ' ' 762 4 0.52%
Dichrostachys cinerea ' 379 1 0.26%
Acacle higrescens - 414 1 0,24%
Plerocarpus rotundifolius o - 576 1 O 0AT%
Ormocarpum trichovarpim - B . 1 017%
Combretum apiculatum 825 1 . 018%
Growia montieola S 762 1 __0A3%
83 0.48%

CTOTAL___ e 13052

2.3.4 Species Most Prone to Impact

Rhus gueinzii and Xi menia caffia éach had elephant impact in one of two quadrats
where they occurred (SA-O 5, Table 2.13). Forty-eight specles had no elephant
|mpact whatsoever,

Only one species had acceptance frequencies at individual game reserves which
‘were _si__gnificanﬂy different from the pooled acceptance frequencies: Mayfenus
heterophylia (x* =695, df =2, p =0.08). M. heterophylla was accepted in the only
quadrat where it was found at Tshukudu {SA=1.00), and in two of 23 quadrats at
Kapama (SA=0.08) and three of 29 quadrats at Thornybush (SA=0.10), respectively
(See Append ix 4 for acceptance fraquencies at each study area), |
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Table 2.13. Pooled acceptance frequencles and rankings for woody plant 's'pecies
from Kapama, Thomybush and Tshukudu,

Rank Species " © Quadrats with  Quadrats with new Acceptance
_ — _ species  impact on species
1 - Rhusgueinzii . 2 1 0.50
1  Ximenlacafira o i 2 1 0.50
3 Lo sprefum collinum - - 56 27 0.48
A Acaclagerrardi . 104 37 0.38
S8 Rhuspentherl ' 3 _ 1 033
6  Lanneadiscolor w B _ 2 0.29
7 Albizia harveyli ' _ 75 20 0.27
8  Sclerocaryabimea 24 8 - D25
9 Dalbergla melanoxylon ; 82 21 0.23
10 Plerocarpus rotundiiolius- ' . 48 10 ' 0.21
11 Combretum imberbe : 5 1 0.20
11 Schoflabrachypelala S 1 1 020
13" Grewia hexamita = 21 4 0.19
14  Strychnos madagascatiensis ' 22 3 0.14
15 Commiphora mollis | 38 5 0.13
16 - Commiphora glandulosa 16 2 0.13
17 Maylepus heferophylia - - 53 53 0.41
18  Qrmocerpum trichocarpum ' 80 g 0.11
19 Combretum zeyherl o 19 2 0.11
20 Grewla monficola ' 96 - 10 0.10
21 Acacianigrescens . 88 9 0.10 -
22 - Cotdia monoica ' 10 1 0,10
22 Larinea schweinfurthit : 20 2 0,10
24 Dichrostachys cinerea o _ 84 8 0.10
25  Diospyms mespliformis B i 0.09
28 Terminalia sericea 27 2 0.07
27  Pelfophorum africanum 14 1 0,07
28  Lonchocarpus capassa . 18 4 0.06
29  Ziziphus mucronata 51 3 0.06
30 - Bolusanthus speciosus o 18 1 0,06
31 Combretum apiculafum 87 4 0.05
32  Combreium hereroanse 72 3 0.04
33  Grewiabicolor o 53 2 0.04
34  Mundulea sericea 28 1 0.04
35  Euclea divinorum -1 2 0.03
36 Cissus comifolls - 39 1 0.03
37  Grewia flavescens _ _ 6 1 0.02
UNKNOWN _ ' 33 4 0.03
38 Acacla exuvialls _ o 67 9 Q
a8  Acacia karroo 1 _ S
38 Acacia nilofica 4 0
»

38  Acaclasp. R 0
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Rank Species - o Quadrats with Quadrats withnew  Acceptance
SR - species __imbact on species = .
38 Acacla tortills _ o 1 ' 0 0
38  Balanites maughamii 8 0 0
88  Berchemla zeyheri 14 D R
88  Bridelia cathartica 1 0 0
38 - Canthium sp. 5 o 0
. 38 Catlssa-edulls : 5 0 0
38  Cassla senepelersiana 1 0 I
- 38 Cassine aethiopica ' 3 D 0
38 Cassine transvaalensis . 20 0 0
.38 - Combretummolle R 0 S0
38  Commiphora airicana 1 0 0
38 . Commiphora neglecta 8 0 o
38 Cordia sp, 1 0 0
38 - Crofon menyhartii B 0 . a
38 Dombeya rofundifolia 7 0 0
38 - Ehretla amoera 45 0 1}
38  Ehrefia tigida 7 0 0
38 . Erythring lysistemon - A 0 0
38 Eutlea nalalensis 20 0 0
38 - Eucles racemosa 2 0 0
38 - Euphorbia sp. -1 ] 0
88  Gardenia volkensii 13 0 0
38 - Gossypium herbacium 1 0 0
38 Grewia villosa - B 0 0
a8 Hippacratea sp. 3 0 o
38 Maerua angolensis 1 0 0
as Masrug sp. 1 0 D
38  Manitkera mochisia 5 0 0
38 Maytanus senegsalensis 4 0 0
38  Nuxia oppositifolia 1 0 0
38  Oleaouropasa 1 0 0
38  Ozoroa paniculosa 1 0 o
38  Qzoroasp, 1. 0 0
38  Ozoroa sphaerpcarmpa 1 0 0
38  Pappea capensis 4 0 0
38 Pavalta catophyila 1 0 0
38 ' Pavetasp. 2 0 0
38  Profasparagus sp. 15 0 o
38  Rhusdentata 1 0 0
48 Rhus rehmannfana 8 ¢ o
38  Rhyssp. ' 5 - 0 0
38 Seturinega virosa 51 Q 0
38  Spirostachys africana 3 0 0
3 0 0

38 Terminalig prunioides
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2.4 Discussion
-~ 24.9  Relationship Between Impact Type and Stem Size

Stem size obviously has soms boaring on the suéceptibility of woody plants to -
elephant inﬁbact Stems smaller than 30 cm diameter were Suscept'ble to main stem
breakage but this type of breakage was most prevalent inthe intermediate diameter
classes (1 O-SOcm) and not in smaller stems. Stemns larger than 30 cm In diameter
_ showed_ no main stem breakage by elephants.

©The percentage of ste'm:s with brokean branches increased with increasing stem
diameter. One explanation for this is that branching is a function of stem girth; as
~trees grow in basal d:ameter they also grow more brariches which provides more
. Opportunity for breakage. A second exp!anat]on is that these oider trees display |
- more acoumulated damage than the younger ones, but this is unlikely since only
fresh breakage was included. Barries (1979) and Weyarhasuser {1985) agreed that
. elephant damagé to baohabs, Adansonia digitata, increased with size but nated that -
~ the likefihaod of tree death decreased.  Weyerhaeuser (1985) reported that the
mean size of killed trees was much smaller than the mean size of the overall
populatlon Baobab trees accumulated damage over time but gaaned resmenca with
increasing size, '

Bark stripping was éxtremely uncommon and was limited to trees with stems greater
than 10 cm diamster. Elephants were observed stripping bark from trees and the
 force used to push the tusk Into the bark of the tree appeared substantlal snorigh to

~ push over small planis (pers. obs.). Furthermore smalier plants have less bark
available, so may have been ignored by e shanis.

Ina vegetation impact study on Aslan elephants, Elephas maximus, lshwaran
(1983) reporied paak frequencies in bark pesling in trees between 4 and 64 cm in
diameter, whereas bark stripping in my study was found only on trees greater than



M Gadd L ' _ | Page 42

10 cm in diameter. Anderson and Walker (1974) also found that African él_ephants
damaged bark of larger trees primarily.

Croze (1974) found that e!ephant feeding on trees in the Serengeti was a function of
~ abundance: feeding on each size class was proportional to the a_bundancé of that
- size class in the environment, with the exception of seedlings which may be hidden
or inaccessible. At Kapama, Thornybush, and Tshukudu, certain typas of feeding
(e.9. possibly leaf stripping) were & functi-n of abundances. Branch breaking, on the
 other hand, was directly proportional to diameter, but inversely proportional to
aburdance, Similarly. Pellew (1983) reported that slephants in the Seronera
woodlands of the Sarengetl fed dtsnroportionately upon the larger size-classes and
the sma;l~to~medlum size mature canopy trees.

The most numerous size class in my study areas was the 0-2 om diameter group,

- Percentage of tress with maln ster breakage reached a maximum in the 20-30 cm
diameter class. Herlocker (quoted in Pellew 1983) hypothesized that when the
greatest tras density was in the 30-70 cm group, elephant impact was greatest in
the diam'eter rangs of 15-50 om, with a peak at 30 cm.

Many authors have expﬁcitly or impliditly linked the decrease of certain tree species
to elephant destruction of certain sizes. Leuthold {1977) atiributed the decrease of
the Lake Manyara populations of A, fortilis and Commiphiora species to destruction
of mature trees and removal of recrultment-age trees, He simultanepusly'repcirted
an abundance of regeneration potential seedlings, Implying that slephants have
some role in prevehting replenishment of mature trees. Ruess and Halter (1890)
reported that elephants contributed to high mortality rates of mature A. fortiis treas
and that despite an abundance of young trees, the trees failed to grow beyond 3-4m
high. Their investigation Indicated that giraffe browsing, not elephant browsing, was
responsible for the fallure of trees to 1wach canopy height. ‘The data from the
present study indicate that the smallest stems were relatively free from elaphant
impact, The 0-2 tm size class experiencad uprooting, main stem breakage, branch
breakage and leaf stripping, but on fewer than 1% o: stems in eash impact 'typa.
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Pellew (1 983) repnrted theit sters less than 1 m in height wele largely ignored by
elephants in the Serengeti. In contrast, Van Wyk and Fairall {1969) came to the

_'conclusxon that in the Kruger Park, shrubs (stems less than 1.75 m high) were | )
'utllised more frequantly than trees, except in areas where shrub concentration had e
been diminished due o fire or other factors. In the current smway, small stems wera |
not Igﬂorad but they werc not heavily browsed nor brokar, |

- Tha severity of elephant impact on each size class was spacies speciﬂc alang the
Linyanti riparian zone (Wackemagal 1962). Mortallty rates were highest among the
220 om diameter stems of Dichrostachys cineres, the 20-50 om specimens of.
 Lenchocarpus capassa, Peltophorum africanum and Terminalia serices, and in the
4-80 o diametar specimens af Termfnaila prudioldes.

E\klu;lencé from the vegetation quadiats that traes in excess of 30 om diameter are.
uniikely to ba broken st the main stem leads to the logical conclusion that trass may
reach & th_nes-hold size, beyond which they are tao big to be pushed over or broken _
- at the maln ster. Similerly, Psllew (1983) reported that large trees were too big to
be pushed over, but pointéd out that they cauld still be ting-barked, in contrast,
Wackermeage! (1992)_found that tree felling was most common in the two largest
clagses in his Study: 81% of all trees folled were in the 20-50 em diameler range,
while the remaining 19% of felled trees were in the largest size class (greater than
50 cm diameter). Faster dacay times for amall tra'es, and inconspicuousness of
“small failen trees may heve biased these data (Owen-Smith, pers. comm.), -Anather
ex_planatic:h is that éom_a of these larger trees fall bacause of senascence or other
non-elephant cause and were mistakenly attributed to élephants. '
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24.2 Relationship Between Impact Type and Species

The types of elephant impact | found reflectrd palatability to a degree. Leaf |
stripping was primarily restricted to palatable, thorn-less specles. Main stem
breakage was most common in species known to be preferred by elephants.. Branch
breaking Included a mixture of palatable and non-palatable species; some probably
broken and eaten, others broken unintentionally or for nbn-feédin‘g purposes.

Bark stripping affected only five stems of three palatable species which is too small
asample to draw coniclusions. There was no evidence of non-feeding related tusk
marking, as hypothesized by Eisenberg and Lockhart '(1 972, as cited in Ishwaran
1983) who questioned whether tusking might be usad for marking paths and tracks.
The vegeta{ion -quédrat_s in the present study were on fesding pathways so even if

- African elaphants do mark pathways across areas where they do not feed they
would niot have been found in this study. '

In the present study, very little ring-barking occurred and no tree species appeared.
to be a particular target for bark removal, Wackernage! (1692) reported that

" ring-barking was prevalent In Acacia erivloba, A. nigrescens, D. mespﬂfformis and
most canopy tree speciés. This disparity may be explained by one or all of three
reasons: 1) the different vegetation and envirorimental factors of the areas; 2) the
time factor (immediate vs. accumulated demage); and 3) the fact that my surveys
were conducted after an extremely wet year and elephants were hot ag reliant on

" woody vegetation as they may be In harsher environments or time periods,

24.3 Specles Susceptibility

Distinguishing betwaen prefeire: and non-preferrad species is subjective, l-;or
spacles with adequate sample sizes and similar acceptance frequencles at all three
sites, | believe acteptance frequencies above 0.20 denote highly preferred species.
The highest frequancies (0.50) in my survey were for two species which were found
in only two quadrats which Is too small to be tested with acceptance fraquencies.
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However, | would designate Combretum collinum, Acacia gerrardii, Albizia harveyi, .
Sclerocarya birrea, Dalbergia me!arioxyfon, and Plerocarpus rotundifolius as highly
preferred species because all scored apesptance frequencies above 0.20 and were
found in a substantial number of quadrats, Notable among the species neglected by
elephants (with acceptance frequencies of 0) were Acacia exuvialis, A. fortilis,
Cassine transvaalensis, Enrefia amoena, Euclea natalensis, and Securinega virosa,
all of which were among the most common species, but appear to be rarely or never
eaten by elephants at Kapama, Thormnybush and Tshukudu. In addition,
Ormocarpum trichocarpum, Strychnos madagascariensis and Ziziphus mucronata
were all major substituents of the woody plant layer, but were rarely utilized by
elephants. Stem size may confaund the conclusions from species preferences since
some species may have been prone to elephant impact simply by having a '
predominance of stems in the size classes favoured by elephants{ For example, |
lack of use of Acacia fortilis could be attributed to the dearth of stems smaller than 5.
o in diameter. Solerocarya birrea may have have shown much greater usage by
elephants than Acacia nigrescens owing to the abundance of large individuals of the
former,

- Acacia species
Of the six Acacia species found in this study, only A, gerrardii was highiy praférred
(SA = 0.38). Acacia nigrescens was also eaten occasionally, but A, exuvialfs, A.
karoo, A. nilatica arid A, tortills were free of ‘eléphant impact. This low pr’eference Is
“surprising since Acacia spp. are often among the first to undergo visible decling in
areas with high elephant densities

Aéacia gerrardii was among the most sommon and tha most accepted of all species
in the present study. The species had elephant impact in 37 of 104 quadrats

{SA = 0.36). Impact was limited to branch breaking and main stem breakage, Inthe
nearby Kruger Natlonal Park, A. gerrardii was occasionally subject to heavy
elephant browsing (Van Wyk and Falrall 1969),. "
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At Kapama, Thornybush and Tshukudu, elephants broke main stems and branches
and leaf strippad Acacia nigrescans, but it was not highly preferred (8A = 0.10). -
Elsewheres in southern Africa, A. nigrescens is heavily used by elephants. In the
- Linyanti River area of northem'Botswana, A. nigrescens was frequently bark B
stripped and uprooted (Wackernage! 1992), Anderson and Walker (1974} recorded
bark stripping in 77.8% of A. nigrescens steh'ls in the Sengwa research area. In the

* Kruger Nationial Park; Acacia nigrescens was frequentiy completely uprooted or
: destroyed {Van Wyk and Fairall 1969).

' Acscia nilotica was present at all study areas, but was not affected by elephants.
Vanh Wyk and Fairall (1969) reported only infretjuent heavy elephant impact on A,
ni!oﬁca in the Krus;er Park.

Elephants had no impact on the 33 Acacia tortilis stems encounterad In my survey.
Acacia tod‘ﬂis is the priinary spacies of concem in the Sercnera woodland inthe.

- Serengeti National Park, Tanzania (Croze 1974, Ruess and Halter 1980, Pellew
1983). Dougias-Hamilton (1972, In Leuthold 1977) and Vesey-Fitzgerald (1973)
documented serious bark stripping of A. fortilis. Along the Letaba River in the
Kruger National Park, A. torfifis sufferad branch breakage on greater than 50% of all

‘stemns in both small (<6 om circumference) and larger stems (6-128 &m
circumference\) and a high incidance of bark peeling. Qverall, 84% of A. tortilis
stems had some type of damage (McDonald 1992),

| Balanites spp.

Balanites maughamii was the only member of the genus found in the study areas. i
- was restrictsd to Kapama Game Reserve and was never eaten or broken by
elephants. This contrasts with the heavy elephant usage of congener Balanites
aegypliaca In Zimbabwe (Guy 1981) '

Combretum spp.
Of the six Combratum species found in the survay. two ware preferred three were
eatan but not praferred, and ane was completely untouched, Combretum collinum
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had the highest acceptance fféquency (0.48) of all the common spocies, with
elephant impact in 27 of 56 quadrats. Combretum imberbe was the second most
preferred of the Combreft~ . cles with an acceptance frequency of 0.20, but was
relatively uncommon. Combretum zeyher, C. apiculatum, and C. hereroense had
impact, but at very low levels. G, molle was only found in two quadrats and had no -
elephant 'im"pact. Other studies have found differential preference among the _
‘Combretum species. In Sengwa, Anderson and Walker (1974) found that although
Combrefum élaeagnoides and C. mossambicense were co-dominanit in the
Baikiaea-Baphia vegetation communities, the former was elephant damage_d on 86%
of stems and the latter only 5.8%. Van Wyk and Fairall (1968) reported that C. |
apiculatum, C. hereroense, C. imberbe and C. zeyheri In the Kruger Park frequently
had elephant breakage. | '

Anderson and Walker (1974) reported ring barking in 81.9% of stems of Combretum
imberbe. Moroka (1984 in McDonald 1992) reported bark stripping of C. imberbe In
43% of trees in Chobe in Botswana, and McDonald reported 66% in Kruger Park |
ripa. ian habitat. Combretum imberbe was never ring barked In my vegetation |
‘quadrats (n = 16) nor In direct behavioural obsarvations of the hand-raised
elephants {Chapter 3). Anderson and Walker's and McDonald's studies wera
conducied it riverine vegetation, Possibly C. imberbe is more accessible or more
susceptible to elephants in the riparian zone than in the higher parts of the catena |
studied, '

Dalbergla melanoxylon _

Dalbergia melanoxylon was one of the species with the greatest fraquency of
impact; the species had impact in 21 of 92 quadrats, representing an overall
acceptance ratio of 0.23, it was subject to every recorded form of elephant impact
except uprooting. Elephants broke branches on stems of D. melanoxylon more than
any other species; 44 of its 763 stems showed branch breakage. Five stems were
broken at the main stem, four were leaf stripped, and one was bark stripped, This
substantial degree of usage of the specieé is in agreement with findings elsewhere,
Anderson and Walker (1974) found D. melanoxylon and Combretum spp. to be the
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most heavily damaged trees (55-88% old elephant damage) in Colophospermum
-mopane-Combretum-Acacia communities. - In the Kruger National Park, Van Wyk

. _and Fairall {(1968) reported that 2. melanoxylon regularly experienc'ac_j severe

damage and was often uprooted. | may not have found uprooting of D. melanoxylon
if this impact is relatively rare or if it only happans during particularly dry periods.

Dichrostachys cinerea

Despite being a very commion species in the survey, Dichrostachys cinerea had a
low acceptance ratio (0.10). It experlenced only a small amount of branch breakage
{3.2% of its stems), main stom breakage (0.3%-)' and leaf stripping {0.3%). In rmost
of the quadrats at Kapama, Thornybuéh and Tshukudu, D. cinerea was present only
as small-stemmed shrubs, less than 3m in height, with faw stems in the size classes
most heavlly used by elephants, which could preclude its appearance as a favoured
species. In the Kruger Natlonal Park, D. cinerea is a significant component of the
elephant's diet in some places (Van Wyk and Fairall 196’9), but the qua!ity'arld
quantity of alternative food at my study areas may be related to the appa*ent laick of
reliance on this spec!es

Diospyros mespiliformis

" McDonald (1982) found that Diospyros mespiliformis suffered the most extensive
elephant impact In his study area and concluded that it must be a‘favounte food item
of elephants. My date indicate the opposite. In only one instance was D.
mespiliformis broken and the broken pieces were found lying on the ground, riot
eaten The discrspancy could be due to harsher env:ronmantal conditions during
McDonald's study period or variation in habitat use between rlvarlne areas
(McDonald 1992) and toplands (my sites) '

Grewia spp.

Grewia bicolor, G. flavescens, G, hexamita, and G. monticola were all tsed by
elephants during my study at acceptance levels of <0.20. Only G. villosa shnwed no
impact in the vegetation quadrats (but it was a component of the hand-raised
elephants diet, Chapter 3). Van Wyk and Fairall (1969) also found heavy utilization
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* of Grewia bicolor, G, hexamita, and G. monticola in all places where the species
oceurred in the Kruger Park. In the Sengwa Wildlife Research Area, G. fiayésdéns
“was uprooted by elephants so frequently that its overall abundance decreased |
(Anderson and Walker 1974, Cumming 1881). In lhe'present study, G. ﬁa'vesce_n_s

was virtually ignored by elephants which broke only.one of 878 stems..

Ldnchocarpus capassé _ _
In my study, L. capassa never suffered bark damage and had only one of 74 stems
affected in any way (branch breakage). McDonald {(1992), Moroka {1984), and

- Anderson and Walker (1974) all reported damage in L. capassa. Anderson and

Walker (1974) found bark damage in 78.6% of L. capassa stems.

Pterocarpus rotundifolius |

" Pterocarpus rotundifolius is known fo be used by elephants {(VanWyk and Fairall
1969) and was likewise favoured by the Kapama, Tshukudu and Thornybush
 elephants. Plerocarpus rotundifolius had the tenth highest acceptance frequency

- (0.21), Three of 576 of P. rofundifolius stems were broken at the main stem, and 15
had fresh b_iranc:h breakage. In almost all césas, the -el_ephant's chewed the bark off
- ofthe 'br'ok_en branches, then dropped the branches without eating the leaves or the | ]
woad. '

Sclerocarya birrea |

Sclerocarya birrea had a high incidence of branch breakage (17.7% of stems) and
the eighth highest acceptancs ratio (0.25). Elephants did not uproot it, break it at
{he main stem, or strip its bark in any of the 24 vegetation quadrats where it
ocourred. In a study of elephant impact in Sclerocarya birrea, Anogeissus
lelocarpus and Lannea humilis woodland in _\_Na'za National Park, Gamaroon, 86% of
Stlerocarya birrea trees were not browsed, 14% were demaged (less than 75% of -
tree removed) and none was seriously damaged (75-100% of trea removed or
upraoted entirely) (Tchamba 1995). Van Wyk and Fairall (1969) reporied elephant
use of 8. birrea {caffra) especiully in the southsrn region of the Kruger Park. Owen-
Smith (1988) wrote the extent of elephant bark damage and felling of S. birrea in the
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Kruger Park was a source of concern to park ménager‘s Data from the végétatim

quadrats confirm that 8. birrea is favoured brows:ng for elephanis (see Chapter 4for
comprehenswe S. birrea survey).

Securinega virosa E - |
Secaﬁnega' virosa was & very commaon species In my study but never experienced
elephant impact and is apparently neglected by elephants. Tchamba (1995) came
to the same conciusion in his study site in Waza, Cameroon, where S. virosa
comprised 8% of the woody vegetation but had no elephant use. Guy (1976)
_repor'ted '-that'elephan'ts showed strong négative selection for S, virosa. In areas of
intense elephant Use and regular fires, S, virosa was one of the species lo increase
in number at the cost of the more palatable and more f:re—suscept:ble A tOI‘fIIIS (Guy
- 1981). ' ' '

Termina!fa spp. |
Comparad to the degree of utilization elsawhere T. seficea had a very low
acceptance frequency in the present study. Wackernagel (1992) and Anderson and
Walker (1674) reported high levels of elephant use on Terminalia sericea,
describing it as the most favoured tres species in the Combretum-Terminalia
savahna, but this was not the case in my study. Anderson and Walker (1974) also
reported that although T. sericea was once the dominant species by stem area, &
combination of elephant utilization and fire demage led to a severa decline in T
sericeé population numbers, Of 169 stems found in my quadrats, two had main
 stem breakage, and one had branch breakage: less than 1.7% of the total, in the
three instances where T. sericea was broken It was not eaten. Terminalia
- prunioldes was relatively uricommon. Elephants did not have any impact on it In any
of the thres quadrats where it was found (but hand-ralsed elephants did eat it,
Chapter 3). ' :
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CHAPTER 3. ELEPHANT FEEDING BEHAVIOUR
3.1 lntfo_dur_:tion

Most assessments of targe mammal-plant interactions are done using one of two

- separate methods: vegetation surveys or behavioural observation. Past studies of
elephant impact encountered the problem that data taken without direct observation
oVeriookéd seedling mcirtality because little or no sign remained (Croze TQM)
Behavioural obsarvations of wild herds are limited in their accuracy by consiraints
on appmachability and visibility, so small plants are often unintentionally overlooked |
and food ltems eate_n infrequently by the subject animal are oritted. Close-up
observation allows more accurate recording of exact food intake (Dublin 18982). In
order to get a better estimate of the impact of elephants on woody vegetation in
lowveld réS_et"V_as’, the vagetation surveys {Chapter 2) were complemented by dirsct
behavioural observation of two hand-ralsed nine year old elephants. The following
pages diseuss the importance of woody -p’lahts in the elephants' diet, preferences for
different woody species and the rate of seediing consumption. |

3.2 Materials and Msthods

One male and one female hand-raised el'ep'hant at Tshukudu Game Reserve could
be approadhed‘ to within an arm's reach, but were usually followed at a distance of
‘approximately 10 m, By recording their activities | could directly record impéct on
woody plants o any size. In order to estimate vegetation composition, and to permit |
comparison witn the wild -herds | repeated the vegetation quadrats uséd on the wild
elephant paths {saction 2.2) at sites where | directly abserved and recorded the -
hand-raised elephants feading. '

Continuaus focal animal observation te'chniqaes were employed (Altmann 1974) for
consecutive ten minute perieds between 08:00 and 13:00 one day perweek, Ona
few occasions, the elephants stopped foraging when tourists approached, so thase

~ ten minute periods were removed from the data, Ieadang to discontinuous
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observatlons On the first and last observation days (3!9/96 and 16/11/96), a fi i ald
a531stant was not avallable 50 only one alephant was observed. ' o

During the observation periods, every feeding event was manually recarded on data

shaets, A trained assistant followed one elephant while | followed the other. The |
two elephants were observed at the same time whenever possible. The elephants

usually foraged together; rarsly more than 100 m apart, '

Each bite or trunkful of vegetation was termed a "feeding event”. Each item the
animals ate was identified and each feeding event was categorized according to
how the elephant handled the food item: Handling methods were trurk full of
vegetatlon, trunk full loosened by kicking plant with foat, or bitten directly with
mouth,

When the elephants removed bark from trees with their tusks, the number of tusk
gouges was recorded, Tusk gouging was recorded and analyzed sep'arately from
feeding events because the bark which was ramoved was not always consurried.

Woody plants were identified to species whenever poséible. When it was not
possible to identify plant species as the elephants foraged, a sample was taken for
later identiﬁcatioh Grasses and sedges were not identified to species level.
Faadlng on grasses or sedges was recorded as a slngle category in order to
compare grass intake with browse intake, Feeding on other items (dung, dirt, dead
wood) was noted, but wais not Included in the analyses,

Vegetation quadrats were sampled using the 5 m circle method described ir
section 2.2. The quadrat sites were chosen as the midpoint, 1.e. the 5 minute mark,
| of ten minute observatior: periods. If no woody plants were consumed during a ten
minute interval, no quadrat was done. During the initlal observation periads, my
assistant and | tried to do vegetation quadrats immediately after the corresponding
behavioural observatlon period, However, this gave the elephants sufficient time to
maove away and sometimes they could not be found again, Inorder to be more - |
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observat:ons On the first and last observatmn days (3!9!96 and 16/1 1!96) a field
- assistant was not available so only one elephant was observed.

During the observation periods, every feading event was'manuéliy recorded on data
sheets. A trained assistant followed one elephant while | followad the other. The

two elephants were observed at the same time whenever possible, The elephants
| usually foraged together, r'arely'mOre than 100 m apart,

Each bite or trunkful of vegstation was termed a "feeding event”. Each item the

animals ate was identified and gach feeding eve'nt was -categorizted éccording to

how the elephant handied the food item. Handling methods were trunk full of

vegetation, trunk full loosenad by klcking plarnit with foot, or bitten dlrectly with
mcuth

When the elephants removed bark from trees with their tusks, the number of tusk
gouges was recorded. Tusk gouging was recorded and analyzed separately from
feeding events because the bark which was removed was not always consumed,

Woody plants were identified to species whenever possible. When it was not
possible ta identify plant species as the elephants foraged, a sample was taken for
later identification. Grasses and sedges were not identified to species level,
”Feeding on grasses or sedges was recorded as a single category in urder to
compare grass intake with browse intake. Feeding on other items (dung. dirt, dead
woc:d) was noted, but was not included in the analyses, ' '

Vegetation quadrats were sampled using the 5 m circle method described in

section 2.2, The quadrat sites were chosen as the midpoint, i.e. the 5 minute mark,
of ten minute observation periads. if no woody plants were consumed during 2 ten
minute Interval, no quadrat was done. During the Initlal observation periods, my
assistant and | tried to do vegetation quadrats immediately after the corresponding
behavioural cbservation period. However, this gave the elephants sufficient time to
move away and sometimes they could not be found again. In order to be more
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~ efficient and to avoid wasting time séafbhing for the ariimals, the eiephants were

foitswed continuously, and the vegetation quacirat locations were merked with

~ clothespins. The marked quadrats were examined at the and of the day.

To assess differences in hand-raised elephant selection of food species, 1 used a
selection index (S1) to compare feeding events on & species to the frequency of its
cuourrence inhe area. Site-based acceptance frequencies (as used to analyze the
vegetatiqh-qua’drats in secﬂon 2.3) were not appropriate since plarit-spaciesfuse
was based on the number of foeding events by the elephant rather v.an on the
number of plant stems affected. Instead the preferances of the female and mala
were calculated as a ratio of the contribu{ion of a plant spacies to the diet
(proportion of all feeding events) to the frequenry of occurrence of that species in
the area (proporhon of 46 quadrats): . '

H

| Sl = pmportlon af all feading events on each woody species

_ oceurrence of the woody species in a6 quadrats

The proportion of ail feeding events on each woody species is simply the number of
feeding events on the woady species divided by the total number of feeding evenis
during obs‘érvation periods (female = 3296 evénts, male = 8751 ev'e'nts). The .
nurnber of woady stems was not iIndependent due to the patchy nature of species
distribution so woody species occurrence was the proportion of quadrats in which
the gnecies was present rather than the proportlon of total stems. Spemes which
were present in all 46 quadrats had a frequen_cy of occurrence of 1.0, while species
prosent in half the quadrats had a frequency of occurrence of 0.5. For example, the
* female fed on Grewia monticola 330 times and it was found in 23 quadrats. This
yields a ratio of 0.10/0.5 for an Sl of 0.20, ‘The male fed on G. monticola 225 times,
 yielding a ratio of 0.06/0,5 for an S! of 0.12. The mean Sl is therefore (0.20+0.12)/2
=0,16. The x?test (Zar 1996) was used to tes} or significant differences between
the selection index value for each woody species for the male and the female.
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3.3 Restilts
3.3.1 Feeding Behaviour

The hand-raised slephants were observed one morning per week for 10 weeks,
 resuiting in & tota! of 10 observation days. The female elsphant was observed for
1730 minutes and the male fc. 1760 minutes. During this tims, the female took -
3296 mouthfuls of vegetation and the male took 3751 mouthfuls; together, 7047

- feeding ev,e_nts were recorded (Table 3.1). The most common handling méthod was
trunk fulls (76% of all foeding events), followed by trunk fulls with Kick (16%). Leaf
 stripping and motith biting contributed fower than 10% of all feeding events.

Table 3.1. incidences of eaoh handlmg rmethod by two hand-rarsed elephanta
_ durlng 10 observation days. - -

Handllng method © Numberof occurrences Parﬁaﬁ'tage of all feading events

Trunkfulls . T 75.7%
“Feunk fulls with kick . 1119 . 15.9%
Leaf stripping - ' | 488 ' 6.9%
Mouth bites _ 15 o 15%
Totel feedingevents . 7047 o o

The animels ate 31 known specias of woody plants. Ten feéding avents were on
spacies which could not be identified. In addition to woody plants, the elephants ate
grass, alfalfa, weeds, creeping vines. uﬁderground tubers, stlcrs and wood, dirt,
rocks, elephant dung, and one parasitic archid (Plicosepalus amplexicalus) from the
branch of an Acacia nigrascens, Grass and alfalfa consumption accounted for 53%
to 95% of dally feeding activites (see Figure 3.1).
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Waody plams accounted for 775 feeclmg events by the female (23. 5% of feedlng

o ~ events) arwd 743 feedmg events by the male (198%) For the purpose of elucidaﬁng -

feeding differences among woody plant spacues all nan-woody p]ants were
excluded from the following analyses. '

3.3.2 _'_Favbumd Woody Spesies

Thé femé-la_'and the male _;e'lqphént ate '_S_cferqaa’zyébfrr_ea more frequently than érjny '_ .
other waody species (Female: 155 of 775 feeding events, Male: 267 of 743 feeding

events, Figure 3.2), fou'owed closely by the Grewia spp.: . bicolor, G. monticola, -
anda third unknc:-wn Grewfa which was sither bicolor, monticola or a hybrid of the

- two (J Rushworth pars. comm) The next most frequently eaten woody spec:a'a

were Acacia nfgrescens, Combretum ap:culatum, Maytenus heterophyﬂa

» Combratum .'mberbe, Casslna fransvaafansrs AlbIZJa harveyf C:ssus cornifolia, and B

Dichrostachys cinerea.
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Salsction indice_s'w_are not calculated for woody species 'w'hir.:h oceurred in fewer -
than five \kegetati_o_n quadra'ts. Mean selection index values ranged from 0 to 1.07
(Table 3.2). There were no significant differences in the female and male selection
 index values _fo?_any species (x? test, all x*<2.09, df = 1),

Table '3.'2. ' Reléti»*e abuhdance in the woc *y plant layer, contrib_ution to harid-raised
elaphant diet, and selsction .index_(-S'l_) for each wqcicéy'_-plant spéc‘iés at Tshﬁkudu. u
Note: N/A is reported for species which were eatén‘_ in behavioural observations but
1 wver occurred in vegetation quadrats. B

Specles ___ Quadrats . Piant oceurrence Female diet_Male dist__ Hean Si

Acacia exuvialis 16 8% 21% 1% . 002
Acacla gerrardi - 4 % s -
Acacia nigresceris 22 48% 14% 8% - 020
Acacia nilofica 1 2% : o -
 Acacia senegal 0 0% 1% -
- Acacla foriilis " A% M 0.07
" Alblza harveyi - 3 % 4% 1% -
Cassine fransvaalensis 0 D% _ 3% -
~ Clssus cornifolle 1 24% - &% 2% 042
Combretum apiculatum 14 30% 8% % 0.28
- Combrstum collinum : 1 2% % -
Combretum hereroense - 2% . -
Combretum imberbe 1 2% 6% - 3% -
Gommiphora glandulosa 4 &% @ 2% C -
Commiphora moliis 5 1% 1% 0.05
- Cordia monoica 1 2% -
Corufia sp. _ 1 - 2% - _ -
Dalbergla melanoxylon 1 2% .
Dichrostachys cinerea 17 37% 2% 2% 0.05
Ehrefia amoena 1 2% ' -
Euphorbla sp. 1 2% _ -
Gossyplum herbaclum 1 2% -
Grewlo bicolor 8 20% 6% 7% - 033
Grewla flavescans 1 24% % - 006
Grewia haxeamita 1 2% 2% 2% T -
Grewia monticola 23 50% 10% 6% 0.16
-Grewia sp, 0 0% 3% 6% -
Grewla villosa 8 17% 1% 1% 0.04
Lannea schwalnfurthll 6 13% 1% 1% 0.08
Lonchocarpus capassa 1 2% 1% -
Magrua parvifolia o 0% <% . 1% -
Maerug sp. 1

2% 1% <1% -
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© Menlikera mochisla 1 2% -
Maytenus heterophylia . 2% T 1% 8% -
Ormtocarpum trichocarpum 3 7% <% <% 0 -
Ozorag panicuoss 0 0% % <%

- Pelfophorum afiicantim - 1 2% 4% . - e
Profasparagus sp. 1 2% o
Sclerocaryabirea - - - 12 6% - 20% %% 107
Seourinega virosa 2 4% e

 Slercullarogersif. 0 0% % <%~
- Terminalia pmnfo!des -2 4% 4% -

. UNKNOWN . 6 3% 1% 5% . 023
 Ximenia cafita : o 2% . -
Zizlphus mucronata 4 9% S-S

a5 3 N _

 TOTAL

333 _irnpact On-Seedl.Ing's-'

* Ten seedlings (stems smaller than 2 cm dianie{er) were eaten during the 3490
minutes of observatlon Four seedlings were eaten befcre the species could be

_ idgntified. The remammg six seedlings comprised one seedling each.of A.

_' nhigrescens and D, cinerea, and four sesdlings of M. heterophylla. Total seadling
. consumptlon amounted to fewer than 0. 14% of all feeding events,

From data | obtaine'd from the vegstation qUadr'ats at Tshukudu (Table 2.7), - |
seadlings accounted for 64% of the vegetation in the area. The ratio of the
‘incidence of feeding events on ‘seedlings (0.14%) tc the relﬂti‘re frequency of
' -seedlinqs (84%) is . 0022 :



. '3.3;4 Bark -Remval-'i

The female e.!ephant removed bark from trees wﬂh her tusks 54 tlmes and the male
removed bark with his tusks 39 fimes durur-g the course of the study Six woaay -
plant specles were subject to tusk gouging (Table 3.3), Bark was removed and
eaten from A. nfgresc:ens, A tortihs G mont:cola 8. birres, and S brachypetala
Bark removed from L, schweinfurthi was no_t eaten. Tusk gouging was somewhat
episodic: all tusk gougas on A, nigrescens, A, tortills, G. monticola, and 8.

- bmchypatala were on smgle trees. Sclerocarya b!rrea was tusk gnuged on .
numerous accasnons and on numsrous lndwlduai treas A maxlmum of 32 tusk
-gouges on one S, b:rrea tres were observeci P

Table 3.3, 'ln'ci_denca“éf bark removal from trees by two hahd-r‘aise_d_ slepiants,

_' Species : _ ‘Number of tusk gouges - % of all tusk gouges

Acacia nigrsscens - B T - 33%
Accia tortlis 2 %
- _Graw!a monticola - 2 2%
Lannea schwelniurthil - R 1 A%
| Scloroceryablrea 84 58%
~_Schotla brachypeta!a 3 S

o~~~ =




L

M Gadd _ o _ _ . Page 61

3.4 Discussion
3.41 Diet Composition

The hand-raised elephants were accustomed to, and even sought out, human

| fattehtiqn. They stayed -amqnd'areas with people rather than making use of the

whole praperty available to them. They ranged further from the lodge compound
during the evening and night, but because of the time of day | abserved them, 1 -
ceuld only document the species they fed on around the lodge. Therefore, the |
number of species recorﬂed in their diet during the obSeNation periods must be

- regarded as an absolute minimum of what t_ﬁey would hormally consume, Similarly,
the vegetation'quadrats were based on the sama locations where the animals were

observed, so are also limited in their sGopé. Considering this_, the elephants ate 31
of 43 woody species encountered during the study. '

Barnes (1982) reported that the number of browse species recorded in the diet of
wild bull elephants at Ruaha increased with the number of feeding records, in other
words, the number of food species recorded is 'Iikely to be a function of observation
time. Keeping this in mind, Tshukudu elephants ate at least 31 woody plant species
during the 3490 minutes of obsarvation whereas the Ruaha elephants fed ona -
maximum of 12 spécies during any one season (Barnes 1982). In addition to the
obvious explanation that the Tshukudu elephants may have a more spesies diverse
diet, the ease with which the Tshukudu elephants were observed probably allowed

- improved recording of the plants they consumad,

Elephants are most relfant on woody species during the dry season (Barnes 1982,
Lindsay 1994). My study began at the end of the dry winter and proceeded into the
r-ainy summer seasan, but the year preceding the study was the wettest ysar iri _
recent history {see also rainfall data in section 1.5.1), so reliance on woody plants
was probably much lower than usual. ! anticlpate that during drier seasons and
drier years, elephants would consume mare species of woody vegetatlon and would
also have a heavier impact on preferred species. ' |
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The Tshukudu elephants were heauiy reliant on grass, whlch cemprlsed 57-95% of |
: dall_y feedmg e\(ents. Hand-raised calves in Tsavo East in ¥enya ate grass 78, 3% '
of the time they were feeding in natural settings, while nearby free-living calves ate
grass 77.5% of the time (McKnight. 1995) This high leve! of grass 'een'sumptit)n in
~ the Tshukudu elephants is somewhat surprasmg since southern African elephants -
are expected to be more dependent on the abundant woody Iayer' Van Wyk and
Fairall (1969) reported that woody. wacles were far more |mpertant in the diet of
elephants tiving in the Kruger National Park than these Iiwng in the more apen
savanna of East Africa. If eleohants are rellant on low quallly browse their bedy
condition may deterlorate in the mid to late- dry season in Ruaha, Barnes (1982)
reperted that woody browse contributed about 80% of the diet of female elephants,
and was accompanied by a noticeable loss of body condition. In spite of limiting
their own movements to a heavily utilized periphery around the inhabited areas, the
'- | Tshukudu elephants were able to eat a diet primarl ly of grass threughout the study
period, ‘ '

Mel(night (1 995) reported that after grass, creepers were the most frequently eaten
food iterm of hand-raised slephants (5_-1-8% of the feeding activities), followed by

- woody species (2% to 8% of feeding activities). In my study, woody species were
the _secehd most important food item in the diet of the Tshukudu elephants,
amounting to 5% to 43% of feeding events per day.

 34.2 Favoured Woody Species

By quantity, the elephants consutned Sclerocarya birrea, Grewia bicolor, G.

" monticola, Combretum apiculatum, and Acacia nigrescens most often. Both the

female and the male elephant fed on each of these five specaes in more than 5% of
feeding events on woody plants,

The selaction index values show Sclerocarya birrea ta be the highest ranking
species (S1=1.07), followed by Combretum apiculatum (S = 0.28), and Acacia
nigrescens (S1=0.20). Each of these three spacies comprised more than 5% of



! feedmg events in the diat of the male and the female elephants as well as havmg
~ high selection indi_ces, therefere are both important and favoured food items.

343 Impacton Seetlings

Stems smaller than 2 om in diameter were a very miror part of the elephants' diet
(0.14% of all feeding events] Seedlmgs ware eatee in extremely small amounts by o
cemparieon to thelr overall availability and dld net appeartobea preferred food
item. The eeedilng size class did not appear to be senously affected by elephant

_ feeding “When wcedlends decrease in'size or density, eiephant removel of young .
saphngs is often suggested as an: explenatlen (Lawe el al 1975, Barnes 1983
Jachmann énd Croes 1 991). The present study indicates that elephant brewsing
alone had very little effect on woody species compesntxen at the eeedllng level
Previeue studies have suggested that elephents have the greatest impect upen

seedllngs (Barnes 1983, Jachmann and Croes 1991), but other studies have feund o
that seedlings were not being depieted by elephants As mentioned in section 244, -

Pellew (1983) found that elephents did not eat or destroy stems less than Tmin
height. in a study of Acacia tortilis at Lake_Manyara, Tanzania, Mwalyosi (1987)
‘reported that smalier trees were .les's_sueeepti_ble' to being killed than large frees.
_ Jachmanh and Bell (1 9_85') hypothesized that elephants forage on smaller st_eme
only when woody stems in the favoured 2-3m height group are not present.
Anything which reduces the amount or quality of grass available to elephants
causes an increass in elephant intake of woody species (Dublin 1992). In
combination with fires and heavy browsing by other herbivores (Pellew 1983), |
elephants may feed heavily on eeedlmgs, but this was not presently ewdent at
Tshukudu, - o
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‘344 Bark Removal

Bark removal by elephants can kill woody plants d ireotly or by increasing
susceptibility t& fire or to infection by boring insects (Weyerhat ser 1985, Barnes

~ 1980). The Tshukudu elephants most frequently removed bark from S. birrea (54
tusk gouges), followad by A. nigrescens (31 tusk gouges). The elephants removed

o bark from A, tortifis, G. monticola, L. schwemﬁ:rthri and S. brachypetafa only on

srng!e occasions In all cases, fewer than 3 strips of bark were peeled off My
interpretation i is that the elephants gouged the trees with their tusks then tasted or
smelled the bark and founct it undesirable. Bark stripping does have a seasonal -

| ‘component, possibly oolncudmg with sap rising (Guy 1981). On the snngle occasion
that A, nigrescens had bark removed, both elephants removed and ate bark_untni the
tree was denuded of bark to 3.5 m. The consumption of A. nigrescens is similar to
reports from the Kruger National Park, where the species was in decline in some
areas due to heavy utilization by elephants, particulariy bark stripping and felling -

~ (Van Wyk and Fairall 1969, OWenés_mith 1988)." More than half of the A. nigrescens
trees near the Linyanti river in Botswana had bar_k stripping on greeter than 50% of
the circumference. The uniqueness of thi.s event during my observations may '
indicate that bark .stripping of A. 'nigre,scen's is also highly seasonal, Sclerocarya
b_irree_'was repeatedly the target of bark stripping. Tusk gouging varied from one to
32 gouges on a single tree, Severe bark stripping again confirms reports in the
Kruger Park that elephants have heavy impact on S. birrea (Van Wyk and Fairall
1969, Owen-Smith 1988), '

Many species which are commonly bark stripped elsewhere were not stripped by
“elephants during the present study. Acacia fortilis was tusk gouged, but extremely
infrequentiy ih comparison to its abundance at Tshukudu, Elsewhere in Africa,
- elephants extensively remave the bark from. .. tortilis (Anderson and Walker 1974,
Croze 1974, Pellew 1983, Mwalyosi 1987). Combretum imberbe was bark stripped
in 82% of stems found in the Sengwa Wildlife Research Area (Anderson and Walker
1974). Terminalia prunioides had bark removal in 50% of stems found along the
Linyanti rivet (Wackernagel 1992). In addition to limited observation time,
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o seasonality of bark ramoval and. preva!ence of alternate food may have precludecl

o prominent bark stripping durlng my study
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CHAPTER 4 THE IMPACT OF ELEPHANTS ON THE MARULA TREE |
SCLEROCARYA BIRREA

4.1 Introduction

- Marula trees Sclerocarya birrea have great economic, cultural and aesthetic value,
Furthermo'ré. théy were found in this s'tudy to be the dominant tres species i -‘;‘ne
area in terms of overall bass! cover (Chapter 2). Managers of protected areas,

- game rangers and tourlsts wade!y believe that elephants preferentially eat or break
marula trees and attention is c'ten focused on s "destructive” habit ( pers obs.},
My primary objectuve was to aecartasn the fraction of marula trees that had been
damaged or killed by elephants at Kapama T‘nornybush and Tshudeu Game

Reserves.

Elephants are known to walk on dirt and paved roads and it has been sugges)fed-
that they may in fact browse more héavily on piant's in the immediate vicinity of
roads (Van Wyk and Fairall 1969). Large broken trees visible from roads perpetuate
this belief, but the theory has not been rigorously tested. Thus, a secondary aim
wass to establish whether roadside damage is representative of overall damage, or
-whether elephants push over more trees riear roads. In the following pages, | will
discuss the marula tree density, srze class distribution, percentage of fruit-bearing
trees, and extent of utilization by elephant in the three study areas,

| 4.2  Materials anc_i. Methods |

Botween 6 December and 13 December 1996, ihidy 1 000 x5 m quadrats were
surveyed at each of the three game reserves. The =pro'p.e_rtie's were divided into
blocks delineated by roads or cutlines. - Fifteen blocks oh sach property were

* sampled with one transect inside the block and the second transect on the block
adge {the road encircling the block).
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Tshukudu Private Game Reserve had 15 dfs'tinc‘t blocks, but Kapama and
Thornybush had 144 and 129 blocks respectively, so a random number generator
was used to select sample blocks, Sampling was stratified to include a
fepresentative number of blocks in each of the geographtcany dlstmct SBCtiOI‘IS of
the propertles

The starting polint for the transect was chosen at random, 'genera_l ly at the first point
at which the block was intercepted by vehicle. My fleld assistant and | counted the
nurmber of steps required to travel 1 000 in ih similar terrain beforehand and paced

- off the transect length. In_te_rnal transects began approximately 10 m from the
roadside and were oriented randomly by picking & Jistant fandmark or reference
point and heading towards It witholit avelding thickets or other obstacles. If internal |
blocks were less than 1 000 m in length and roads had to be crossed, counting was
stopped and resumed In the contiguous block 10 m from any road edges.

Roadside transects were adjacent to one edge of the road encircling the block and
extended from the road adge to 5 m Inside the block. If blocks were less than
1 000 min perlmetar the road transect was extended onto the adjacent block,

The diameter above the basal swelling of every marula tree within the 1 OOOIx 5m
'strip was measured. Tree height was estimated to the nearest 0.5 m. Each tree
was examined for presence/absence of frult, presence of bark damage, and
prasence of branch breakage. When bark damage was present, the minimum and
maximum height of damage, percent of circumference and percent of total bark
removed between ground leve! and '3m were no'te_d.' When breakage was present, it
was categorized as main stem breakage, branch breakage, and/or old branch
breakage. Breakage qualified as branch breakage, rather than main stem
breakage, when ths stem had forked into two or more branches below the breakage
“polnt, The proportion of the overalt plant which was removed was visually estimated
as the fraction of biomass which had been removed, judging from the size of the
break in relation to the remaining branches at the break point (after Anderson and
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_ Walker 1974). Mam stem breakage was 100% removal of abave-graund biamass
but dld ot necessanly mean the tree had been kiiled, |

Rabent or cur‘reht season indpaé,t 'w'as distinguished from old 'impat:t' by the pinkish -
il eshy colour of the exposed %tem in the former. Exposed stems which had |
weathered over time were grey inf-lde and were categorized as old lmpact

fnthe :cl[owlng pages, the marula tmes are dascussed with respect to presence or

absence of fruit rather than as male and female becausa small or smkly femate
trees may not have borne frult but were :nd:stingu;shable from male trees.

The x‘ test (Zar 19@6) was used o detect slgmflcant dlfferances between the

" pumber of trees on each property, and incidence of breakage on fruiting and nan— '

o frmtmg trees. 'Each pair of transects (inside and road) h_a_d a comnion startmg point
50 a paired t-test (Zar 1996) was used to test for a significant difference in the
~ incldence of elephant impact on marula trees inside and onh the edgé of blocks.
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43 Resu’lf?s

"A‘tblal of 615 méfula- trees were found. Tshukudu had the highest density of marula
trees of 1567 trees km?, Tho'm'ybu'sh had 1527 trees km?, and Kapama had 1007 .
trees km®, Mean + 8D of the number of trees was. 1367 £31241. The differenca in C
densuty was mgniﬂcant at the 0.05 Ievel {%® =142. 79 df = 1) '

431 Population characteri-sti_cs_ o
'Tha sma!iest size class loss than 10 cmin stem dlameter accaunted far an average

of 8% of the population (Figure 4.1). The 3040 cm size class was the most.
numerous size on two of the three pmpertlas amoun'u ng to 81% at Thcrnybush and

 44% at Tshukudu. Trees greater than 80 om in diameter were rare on all three

" prqpertles, armnounting to less than 1% of the overall s_am:ple. _
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 Figure 4.1. Sclerocarya birrea size .distribmion at Kapaiﬁa, Thomyhush and_Tshukudu.Game Reserves o
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_ 4-3-2 Bark .Damagéi .

in total, 59 trees had ewdence of bark damage (9 6%) (Flgure 4, 2) Forw trees had o
o recent bark stripping or ring barking (6.6% of all trees), 14 bore smgle tusk gouges
- (2.2% of all trees), and an additional fi ive had old bark ramo_val (0.8%).

- None of the 45 trees In the smallest size class, 0-10 cm in diameter, had any bark
- damage whatsoever. Of the 30 trees In the sample greater than 50 om in diameter,
‘seven (3%) had batk damage. Only five trees were greater than 80 cm in dlametar, o
one of which had been bark«stripped ' '

n t'ci_ial. four- malfula tr.e'es_ wlth' fing—bérkihg by elephanis wem'ciead. “Three of :tﬁ_e .
- " four trees had bark completely r’émmﬁ_ed from ground level to 3m. ‘The fourth dead
 tree had 50% of the bark surface fo 8m removed. However, it was almost
- contiguousiy ring-barked (90%) at one height. Eiephants had completsly strlpped |
~the bark from a f:fth tree from ground Ievel to 3am, but it was still ahve and bearing _
fruit. ' ' - - '

" Five trees with 50% -bark_ removed to & --h‘el'gh't of 3m, but less than 75% contiguously
at any height, Were still alive TreésWith 25-33% bark rem'uvai also appeared
viable, bearlng leaves and, in some cases, fruit. Thres trees with old bark ramnva!
up to 2o% overall appearsd to be healthy '
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M Tress with main stem breakage
Trees with branch breakage

[ Trees with bark damage

. [& Trees with old branch breakage

Percentaga of size class affected

16% 1

et 20 2030 Cssa0 480 50+
‘Diameter above basal __swelrmg {c_m} :

anure 42 Percentage of Sclerocarya birrea irees in each size class w;th mam stem breakage branch breakage bark remuval or
ald branch breakage
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| 433 Breakage

Elephants broke the main stems of 18 marula trees (3% of all trees) during 'th_e_year -
 prior to the suirvey. OF these 18 broken trees, seven had visib'le'new green jeaves

. sprouting from the broken stem, and were obviou'sly het_kille_'d. '_All_'-trees- with broken -
main stems were smaller than 40 cm in diameter (Figure 4.2). Trees inthe 10-20,
20-30, and 30-40 cm size categories were most heavly affected with main stem

S breekage However, aven the most severely affected class (10~20c:rn) had fewer

o than 6% of stems broken.
- --Elephants reeentiy'bi‘éke'branches on an additional 68 of the 615 trees (11%). -
Branch: Jreakage was least frequent in the 0-10 cm size ciass (Figure 4,2, Size |

classes greater then 10 cm in diameter hed branch breekage on 9 to 17% of stems

| Old branch breakage was evident on 45% of trees (Flgure 4, 2), but was particularly

| '”dtfflcult to attribute to e!ephants because elephant damage was vartuany |
“indistingulshable from breakage due to other forces, such as wind or lightning. The

| incidence of branch breekage increased with mcreaeing diameter; old breakage |
Yose from 4% i small stems {0 appruxlmately 50% of stems in trees greater than -
N 30 om in dlameter | |
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433 Breakage

' Elephants bmke the main stems of 18 merula trees (3% of all trees] durlng the year .

 prior to the survey. Of these 18 broken trees, seven had visible new green leaves
| sprouting from the broken stem;, and were ebwous!y not kllled AIE frees with broken

- main stems were smaller than 40 o in diameter (Figure 4 2) Trees in. the 10-20,
20-30, ‘and 30-40 cm size categories wera most heavily affected wnth I‘Mn stem - | -
- breakage However, even the mest severely affected class (10—20cm) hed fewer ';_ -
. _tban 6% of stems broken

Elephants recently broke branchas on an additional 68 of the 616 trees (11%). -
- Branch breakage was least frequerit in. the 0-10 om size class {Figure 4.2). Size |
. ciasses greeter than 10 cmin d:ameter had branch breakage on 1o 17% of stahs o

- Old brench breakage was ev!dent on 45% of trees (Flgure 4.2), but wes parttcutarly -
* difficult to attribute to elephants because elephant damege was vitually |
indlstinguishable from breakage due to other forces, such as wind or lightning. The- .
__ incidence Q"’ﬁ;é’hch' b'reakege in'creesed with increasing diameter; bld breakege o
rose from 4% in emell stems to eppraxlmate!y 50% of stems in trees greater than
" 30cmin diameter. ' ' o .
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4.3'..4_ 'severity:qf_areakégé

_ _Extent of breakage for the 86 mar‘ula trees wnh recent branc:h or mam stem
- breakage was estimated (Figure 4, 3) '

- _The great majority of trees had no branch breakage whatsoever (529 of 6’1 5 trees "

B86%). Breakage of 1-24% of all branches was found on 31 trees (5.0% of all frees).
- Twenty trees had _25-49%-0f_branches brc_:ke_n (3.3% of all tregs), _Breakage from

. 80-74% was found on 15 trees (0.2%). One tree had 75-99% breakage. Of the 66

trees with fresh branch breakage, onie had all of its branches broken (100%) and

~ was dead; Including the 18 tress with main stem breakage 19 trees had 100%
damage. |

As notet_;l 'in'i_s_éct_ion 4.’3.3. :séven. 6f the 19 treés WEth.'! 00% breakage had rié.w o

coppice r'egrowth':a'nd had ndt"béeh Killed. All 67 trees with branch breakage iess

than 100% were still alive, T wo trees with 60% of their branches broken, three with
66% and one w;th 75% still appeared healthy '




MGadd : : _ o Paga?5 '

e b

——— -

#

&

ol

Paercentage of S. birrea trees {n = 645)

1% -

0 1-24% 2549% | 50-74%
' Extent of breakage

Figure 4.3. Severity of branch or main stem bfeékage on 615 Sclerocarya birrea trees.
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4.3.8 !mpbftancé _iif Rdads' __

In 45 interior and 45 road trensecis, four road transects had no marula trees. Th_a‘ |
45 interior transects included 363 marula stems (59% of total), while the roadside
blocks had 252 trees (41%). The difference betwaen the number of trees inside
each block and along the road of each block was not s;gmflcant (paired twc—tail t
test, t=0. 011 p > 0.05). There was no signiﬁcant differance between the fraction nf
~ frees with elephant ;mpact msnde the blocks or a!ong the rcad (pafred two~ta|| t-tast,
b= 0058 p>005) | | |

4.3.6 Impor_tanca :of- Fruit

Fruiting trees amounted to 36% of the overall population. Sixtéen of 615 trees (3%)
 were leafless (dead or regrowmg from coppice) and did not bear any fruit, but’ were
asmgned to a third category of unknown fru;ting status

Trees with and withuut fru:t suﬁered nearly identlca! mcudences of bark damage and
branch breakage (Table 4.1). Sixteen trees which were severely broken or dead
“had unknown fruiting status, but did hot significantly alter the percentage of trees
with impact when pocled with sither the non-fruiting or fruiting trees (y* = 0.0002
when pooled with the non-fruiting trees, x* = 0.0983 when pooied thh the fruiting
trees; both atp > D. 05) - |

Table 4.1. Percentage of fru lt—bearing marula trees and mmdence of recent
elephant impact.

| __‘-i"éeu Bark Damage %of‘l’rees Branch Breakage %of Trees _

Frt 228 22 e8% 134 503%
No Fruit - M o0% 216 57.5%
Unknown 18 3 188% 1 6B8%

YOTAL 615 s 98% 381 58T%
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4.4 Discussion _
 4.4.1 Population Characteristics

The dearth of trees smaller than 30 om in diameter is reason for concern since many
tree- speniesl haye more individuals in the smalier classes. Young seediings may '
uridergo’ hign.mortality, and S. birrea seedlings in particular, are highly palatable '
and may »e kilted by herbivores when not prctected by other'vegetfiati'oh (W’aikar ef
al 198%). The clumped nalure of marula seedlings could lead to undercounting or

- underrepresentation in my randomly chosa_r'l transacts, but the little information that
is available on the population dynamics 3of_S. birrea seems to Indicate that the

- species typically has few trees in the smallest size classes. Ina sur\fey of the S..
birrea population in the Hylsviey Provincial Nature Reserve, Walke_r ef al (1 986)
found a ma'rkedly_unstab[e populatidn structure with na immature trees and no |
svidence of successful regeneration. Size classes between 125 and 300 cm
circumference (40-95 cm diameter) were evenly repreSenied, but an absence of
trees smaller than 50 cm circumference (16 cm diameter) led the authors to the

* conclusion that successful regeneration was highly episodic. A later publication
suggested that marula trees were introduced to Nylsviey by sarly human settlers
and the species struggled to maintain itself naturally (Scholes and Walker 1993). A
survey in Waza National Park, Cameroon._-whera S. birrea is a dominant _Species,
also revealed very weak regeneration and recruitment classes; regeneration
accounted for less than 1% of trees (2 of 203), recruitment size trees amounted to
22% (44 of 203) and mature made up 77% (157 of 203) (Tcharmba 1995).

This populatioh size structure is not atypical for southern African trees.
Wackernage! (1992) found similar béll-shaped distributions, most like the marula
trees here, in Combretum hereroense, C. molle, Colophospermum mopane, Croton
megalobotrys, Peltophorum "afﬁcanum, Terminalia sericea, and T, pruniof‘_des.'

~ McDonald (1992) reparted a dearth of small stems but abundant large stems in

- populations of Adsdfa fortilis, Diospyros mespil;'fbrmis, Combretum imberbe,
Lonchocarpus capassa, Croton megalobotrys, Ficus sycomorus, and Trichilia
emelica. '
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In addition to the risk of insufficient regeneration, elephant pressure may be
- exacerbated when trees grow ™ even-aged cr even-sized stands. This-
p_henomenon has been implicat tedina die-off of Acacia xant! 1ophloea in Ambusell
‘National Pa'rk_ in Kenya (Young and Lindsay 1988). Environmental factors which _
can impede tree growth for an extended period include shade, fire, browsihg, 50l
chemiétry and w{f ) fi:ontent_. W_hen the trees are relaaéed from these suppressing
factors, even-sized stands of different aged trees form, Such stands are known to
~occur in many East Adrican treas, and . Jniformity in sizefage dlstribution may render
them highly susceptible to size-specific stressors, fike elephant feeding; increased
- water salinity or other micro-climatic changes (Young and Lindsay 1988). The
‘8. bitrea sub-populations at Kapéma Thornybush, and Tshukudu show énough
~ varlation in size that thelr resilience to elephants does not appear to be
compromised by evarn-sized stancls '

4.4.2 Bark and Branch Damage

During the year prior to my study, elephants broke branches of 11%of marula trees;

 broke the main stems of 3% of tre  and -rempved bark from 10% of trees. Elephant
impact contributed to the deaths of 12 trees (<2%): seven trees died from main stem
breakage, one from branch breakage, and four from bark stripping.

Branch breakage and bark stripping increased in frequency with increasing stem
sizes. Elfephants broke branches in all size classes, whereas bark stripping only
affected trees greater than 10 cm in diameter and main stem breakage was confined
to stems smaiier than 40 cm diamater. o

There was no evidence of dlspmportlonal impact on the smaller size classes. If
small trees wers ring barked and killed, little sign wouid remain, but elephants
observed in this study did not frequently eat small marulas {pers. obs., Chapter 3)
" so minor elsphant impact on the smailer classes is not'unexpect'ed‘ _
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Evidence from my study indicates _Eh_at S, birrea may withstand up to 50% ring
barking from ground level to 3m high, but is likely to succumb to ring barking in

- excess of 50%. Contiguity of bark removal may also affact the ability of the tres to
 persist, | |

Trees died from branch breakage by elephants cnly when 100% of branches were
broken. All 67 trees with less than total branch breakage appeared heaithy. Most
- trees with broken branches had fewer than 50% of their total branches broken (51
trees, or 8.3% of the sample). Breakage of small branches is likely to have be an

under-reparted owing to the ineonspicuousness of such scars. The marula tree was
faund to be capable of coppieing after maln stem brsakage

443 Importance of Roads and of Fruiting

Proximity to roads appeared to have no significant'effect on either density of marula
- trees or frequency of use by ere_ph'ants. Frulting did not appear to encourage or
discourage use by elephants,

4.4.4 Accumulation of Damag'e |

The results of this study must be interpreted bearing in mind that reinfall in the
precading yaar was extremsly high and elephants may have been less reliant on
woody vagetat_ion'- than is normally the case (Barnes 1979, 1980).

Qld branch breakage was svident on 45% of the sampled population of ocferocalya
kirrea. Annual breakage affected 14% of the population and bark stripping affected
an additional 10%, Elephant usage resulted in death of 2% of the marula tree |
population, | |

The number of trees with old bark stripping (0.8%) was iower than predictad by the
pecurrence of fresh bark strlpping (9‘6%). Bark stripping can weaken trees to the
point that they fall over or break (Weyerhaueser 1985), If trees did collapse from
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 old bark stripping they have besn recorded as old main stem breakage. Some
trees are capable of regrowing bark over the exposed stem, e. g Acacia nigrescens

- (Wackernage! 1992), which | did observe in some S. birrea stems, but 1believe it is
more iikely that I mistakenly attributed old da'mage to the current season, Current
branch breakage also exceeded accumulated branch breakage if branch breakage
is visible for more than three years. Alternatively, elephants coula have besn using
8. birrea more extensively in the past year, but in light of the abundant rainfall and.
high qual:ty grass, { beheve this is unlikely,

Elephant Impéct on Sclerocarya bin'ea was higher at Kapama, Thornybush and
Tshukudu Game Resarves than elsewhere in the tree's range, In a survey of marula

. trees in Waza, Cameroon, Tchamba (1995) fourid cumulative impact of 14% of the

S. birrea population, which is much iower than the 45% cumulative impact | found.

Trees in the present study appeared to be capabie of surviving any breakage less |
than 75% of branches, and some even survived 100% breakage. When trees were
‘affected, lass than 25% of the fres's bioinass was removed in 36% of cases. Less
than 50% of the tree’s biomass was broken in 59% of breakages. At the level of the
Individual tree, one year's impact of 25% is unlikely to kilt the tree. However,
repeated breakage on the same tree could lead fo its demise.

If elephant impact Is accumuleted at a rate which exceeds annual growth on a given
marula tree, it is not sustainable for the individual tree. Without knowing marula
growth rates, It is difficult to estimate how quickly biomass is gained. However, if
slephants affect 14% of trees each year, and select different trees every year, an
Inclividual marula tree may suffer branch breakage only every seventh year, The

- typical damage level in this study was <50% of the tree's biomass. It is possible that
the individual tree will have recovered from the Initial biomass loss in the period
between impacts ahd damage to it wil therefore not accumulate beyond the
talerable level of 756%, '
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At the population level, the currant fevel of éiéphant'impact appears sustainable; |

regeneration and recrultment stage frees did nct appear to be depleted anda
substam;a! number of reproduc{ng treas ware found
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CHAPTER 5. CONCLUSIONS
5.1. Impact of elephants on woody vegetation along feading pathways

Conclusions . . _ _ S

The first part of this study aimed to provide information on the type and extent of
impact on woody vegetation caused by recently-introduced efephants in three study
areas. Vegetation quadrats in areas where elephants had been feeding were
successful far measuring the vegetation available to the elepha_nts;_and astablishing
species and sizes of woedy plants eaten or broken by elephants. |

~ The first section of the study showed size-related trends in elephant impact types.
Branch breakage and leaf stripping affected stems of ail sizes, The frequency of
“branch breakage increased with increasing stem diameter. Main stem breakage
was most common in stems smailer than 30cm diameter. The incidence of bark
stripping increased in étems_ larger than 10cm in diam_eteh 'Elephants apparently
-had very little impact on seatllings.

Data from the vegetation quadrats revealed that certain common species are broken
or eaten more frequently and more severely then others. in agreement with the
findings of researchers elsewhers, Combretum collinum, Acacia gerrardii, Albizia |
harveyi, Sclerocarya birres, Dalbergia melanoxylon, and Plerocarpus rotundifolius
were spacies favoured by elephants. It was surprising to find that elephants had
 impact on Acadia fortils, Terminalla sericea, and Terminalia prunioides very
infrequently, whereas in other parts of Airica, these are species which elephants
browse extansively, With_in ceﬁaln genera, there was wide variation in impact
levels. Elephants frequently broke the stems or branches of Acacia gerrardii and A.
nigrescens but rarely or never altered A. exuvialis, A. nilotica and A, fortilis,
Elephants also showed preferences for Combretum colinum and C. imberbe, but
neglacted C. apiculatum, C. hereroense, and C. zeyheri,
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Limitations _ _ o _ _

This study was conducted after-a period of exceptionally high rainfall. Since
elephants are more reliant upon woody s‘pedies during dry periods, elephant impact
during drier times could be much heavier. Impact may increase in severity and shift
or expand to include a wider diversity of species, Data were collected from August
to December and do not reflect changes in species use which may occur with
seasonai change. o ' '

The vegetation quadrats fiad an inherent bias towards areas with elephant'impact
_sinée they were placee, specifically on feeding pathways. Therefore the quadrats
were not representative of ove_rail elephant impact on the e_ntiré property, and
impact '_rates and severity could not be extrapolated over the entire area. The
methods were, however, sufficient to fulfll the objective of identifying target sizes
and species. - o

Elephant density was relatively low at all three of my study areas, Increased
elephant pressure may lead to different selectivity and magnitude of impact on
wondy vegetation. -

6. Elephant feeding behaviour

Congclusions
Behavioural observation of hand-raised slephants gave insight into the relative
impbrtanca of woody species in the diét, how elephants affect particular rees, and
which trees suffer more severe biomass removal as a result of this feeding. Grass
was the major constituent of the eiephants' diet throughout the study and they were
not as reliant on woody species as anticipated, The lele'phants ate Acacia
nigrescens, Combretum apiculatum, Grewia bicolor, G. monticola, and Sclerocarya
birrea most frequently, but in rétation to the abundance of each species, S, birrea,
Combretum apiculatum, and A. nigrescens were the most preferred species. The
" hend-raised elephants remo-ed sizable portions of bark from stems of Acacia
nigrescens and 8, birrea. Although seedlings were the most common size of woody
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~stems in the area where they foraged, the eiephants ate seediings very mfrequently, '
fewer than 0.2% of alt feeding events.

~ Limitations .

Interpreting the acolaguca! impltcations of the observed behaviour proved to be quite
difficult. Each feeding o_bservation was hot paired directly with a vegetation quadrat
 betause t;uadfats were only done once every ten minutes, so the cbmparison of '
feeding event frequency to species abundance was less exact than 1 would have

liked. The young age and unnaiural behaviour of the harid-raised animals has
unknown effects on their similarity fo wild herds w[th respect to impact on woody
vegetatlon ' '

-5,3. The impact of elephants on the marula tree Sclerocarya birrea

Conclusions |

A survey of Sclerocarya birrea was designed to determine how seriously trees of this

species have been affected by slephants. {found that elephants broke or bark

stripped 24%of the marula trees in the preceding year. Elephants killed 3% of the

sampled trees during the preceding year by completely removing bark or breaking

the main stem or all branches. However, individual trees were found to withstand

removal of up to 75% of branches and most branch breakage was not severe, If

~ elephants revisit the same trees though, the trees may bacome seriously damaged,
Smaller rarula trees were relatively free from elephant damage while bigger trees

were increasing iy'more_ prone to branch breakage and bark strippihg. Intermediate

sized trees were most susceptible to main stem breakage, but showed some

- cypacity to regrow by coppicing. Neither fruiting nor pmximlty to road had any
significant effect on elephant impact, - '

Limitations _ |
Fresh elephant Impact was greater than predicted from incidence of old impact, so
- fresh impact may include some older impact. The frequency of fresh impact is -
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therefore brdbably éxaggerafed. Estimates of annual damage therafore err towards
- over-gstimating rates and may include an additional year of impact.

' §.4. Complementarity

- The vegetation quadrats, heh_avioural observations, and marula tree survey allowed |
synthesis of Information which would have been overlooked when assessing each
study independently.

The vegetation -qUadrats_énd behavioural observations both provided insight into
‘how elephants eat woody vegetation and the resultant consequences for the woody
vegetation, Sclerocarya hirrea was the only species found to be highly preferred by
vegetation-based acceptance frequencies and by behaviour-based forage index
values. Feeding on Grewia villosa and Terminalia prunioides was not evident in
vegetation quadrats, but was seen In behavioural observations of hand-raised -
elephants, Similarly, some species appeared to be favourite forage items of the
hand-raised elephants, but the vegetation data indicated that they were not
favoured relative to their abundance: for example, Grewia bicolor, G. flavescens, G.
hexamita, and G. monticola. Leaf stripping was frequently abserved during my
behavioural observations and is probably undetraported in thie vegetation quadrats
because it was inconspicuous. | |

The marula survey was an extension and expansion of the vegstation quadrats and
behavioural studies to include a detailed assessment of elephant impact on a single
species at a large geographic scale. The size distribution of the various impact |
types on S. birrea were very similar to the distribution of impact types on all species -
in the vegetation quadrats. In additioh to pinpointing the level of impact on marula
trees, this segment of the study provided unique mmght into the tree's ability to
survive breakage and bark str!ppmg
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5.5 Recommendations

Long-term"rncmitoring is necessary to detect c_hang_e in size and species composition
of the vegetation. The data from the current survey are a baseline to which future
data can be compared. Variation due to forges other than elephant pressure is

~ bound to oceur, but Unusual trends should be detectable. Furthermore, this study
revealed which species were currently undergoing the most use by elephants and
these species can be varefully regulated as indicators of change. | believe any of
the species highlighted as preferred in sither the site-based acceptance frequencies
or the forage index may be good lndlcators of elephant use in the future. |f future
vegetation surveys reveal severe decrease in the area of woodlands or density of
treas, it may be important to assess the contribution of other factors to the decline
as well. The effects of elaphant utilization on the woody layer can be intensified by
combination with fires or Intensive use by other browsing ungulates.

Further investigatiori of the nutritional differences in preferred and non-preferred
plants would be very interesting. A strong preference for some Acacia and
Lombretum spp and not for others may reflect undar[ylng b:ochemical or structural
differences. '

A study which more thoroughly integrates feeding behaviour and vegetation

'avai'lability would be extremely valuable. Expan'di'ng the duration of the observation

over entire days and across seasons would also provide useful information on daily
and seasonal variation in bath habitat choice and food cholce. '

~ Foliow-Up studies would b extremely valuable to elucidate details of marula tree
population dynamics, A single survey is insufficient to provide the necessary
information to calculate survivarship and growth in marula traes, Without
knowledge of the capacity of the species ta replenish itself, it is difficult to determine
~ what level of use by elephants is sustainable. Repeating the marufa free surveys at
Kapama. Thcrnybush and Tshukudu a number of years from now would provids
interesting Information on both the tree population and the tevel of slephant impact,
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' If repeat studies confirm a declme inthe marula tree popuiat:on excluding
 elephants from selected areas (as is currently done on some of the game reserves)
 may enhance marula SUI"ViVOI‘ShIp Data from my study tndlcate that selectively
 excluding eiephants from selected areas should counter mortality of seedlings and’
* mature trees: smali trees could be protected from early removat and medium sized
- frees cczuld be atlowed to graw beyond the criticai sizas. most susceptibte o ma!n
. stem breakage ' -
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APPENDIX 1. Scientific, common, and family names of speries found in the
vegstation quadrats at Kapama, Thornybush or Tshukudu Game Reserves.
Nomengclature according to conventions used in Coates Palgrave (1977) and Van

Wyk (1 984).
Genus spacies _Author __Cominoin name: Family
Acacia exuvialis Verdoorn Flaky thom Mimosaceae
Acacia gorrardli Benth, Red thorn ‘Mimosacess
Acacla’ karroo Hayne Sweet thorn Mimosaceae
Acacia nigrescens Ofivar Knobthorn Mimosaceas
Acachs nilotica (L) Willd, ex Dallls  Scented thom Mimosaceae
Acacla sp. . . | Mimosaceae
~ Acacia tortilis {Forsk.) Hayne Unitrella thorn Mimosaceae
Albizia harveyl Fourn. Commion false thorn  Miniosaceas
Balanifes madghamii Sprague Torchwood Balanitacese
Barchemia zeyher! (Sondér) Grubov  Red vory Rhamnacese
Bolusanifiis  speclosus * (Bolus) Harms Tree wisterla Fabaceag-
Bridelia cathartica Bertol. f, Knobhy bridella Eupharblaceae
‘Canthium  sp. . Rublacese
Carlssa edulls Vahi Numnum Apocynuceas
Lassla senspelersianae  (Bolle) Monkey pod Cagsalplpiaceaw
_ Cassine aelhivpica "!‘hunb. Kuobdobarry ‘Celastragoae
Gassine transvealensics  (Burtt Davy) Transvaalsaffron  Celastrageae
Clssus comifolia Wild grape Vitacese
Combretum  apiculatum - Sonder - Red bushwillow Combretaceae
: : ' Rhodestan
Combretum  cofinum Fresen, bushwillow Combretacena
Combretum - herercence Schinz Russet bushwillow  Combretaceas
‘Combretum  imbatbe Wawra Leadwood ~ Combrefaceas
Combretum  molle R.Br.exG.Don - Velvetbushwilow  Combretaceae
_ Large-frulted
Combratum  zeyherl Sonder bushwillow Combretacsas
CQommiphora  &fricana (A. Rich.) Engl. Halry corkwood Burseraceae
Tall common '
Commiphora  glandulosa {Schinc) corkwood Bursetaceae
Commiphora  mollis {Cliver) Engl. Velvat corkwood ~ Burseracesas
Commiphora  neglecla Verdoorn Sweet-root corkwood Bursaraceas
Cordfa monoica Roxb. ~ Snot batry ‘Boraginactse -
Cordia sp. Boraginaceae
Croton manyherti Pax Raugh-leaved sroton

Euphorblacese
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Genus species _Author - Commion name Family

 Dalbergla - melsnoxylon Guillemin & Perrottet Zebrawsod Fabaceap
Dichrostachys - cinerea (L) Wight & Am - Sickisbush Mimosacese
Diospyros mespliformis Hochst. 8xA.DC.  Jackalbarry Ebenaceas
Dombeys rotundifolla {+ochst)y Planchon Witd pear - Sterculiaceas
Enrelia amoena Klotzsch “ Sandpaper bush Baragihaceae
 Ehrelia . Tglda {Thunb,) Druce Puzzle bush Boraginaceaa
Ervihrina lysistemon E. May. Gomman cora! tree  Linaceas
Euclea divinorum Hiern Magle guarr Ebsnacyae
Euclea . natalensls A.DC. Natal gua! " Ebenaieas
Euclea racsmosa Murray Bush guani Ebenacsae
Euphorbia P I _ Euphorblaceas
Gardania voikensif K. Schum, Transvaal garderla  Rublaceas
Gossyplum  herbacium | Wiid cotton _
Grewia bicolor Juss,: White ralsin Tilaceas

L Square-stemmed =

. Grewia flavescens Juss,  raisin Thiagsas
Grewla hexamita Burret Glant ralsin Tiliaceaa
Grewia monticola Sonder Sitver ralsin.  Tiliageae
Grewls  villosa Willd, Matlow raisin Tiiaceae
Hippeeratea  'sp. Paddle-pod Celastracene
Lannea discolor (Sonder) Engl.  Liveslong Anacardiaceas
Lannea schwelnfurthii ~ (Engl.) Engl. False marula ~ Anacardisiceas
Lonchocerpus  capasse Rolfe Apple-leaf ~ Fabacoue
Maerua angolansis pe. Bead-bean Capparaceas
Maerua sp. . Capparacens
Manitkera mochisia {Baker) Dubard Lowveld milkherry  Sapotacese’

S (Ecklon & Zeyher) - o .

Maytents heterophylla -NK.B,Robson ~ Common spike thomn  Celastraceas
Mawtenus senegalensls (Lam.) Exel! Red spike-thorn Celastracese
Mundulea sericea ~ {Wilid.) Chav, Cotitbush " Fabacoze
Nuxia oppositifolia ~ (Hochst) Benth. River nuxia Loganiaceas
Olea europeea L. Olive Oleaceae
Onmocarpum  trichocatpum  (Taub.) Engl. Gaterpillar pod Fabaceas

_ _ {Sonded) R. & A, - .
Ozoros paniculosa Fernandes Resin trae Aracardiaceae
Ozoroa 5P, ' Anacardiaceas

o - _ Bastard surrant resin . :

Czorog sphaerocarpa R, & A.Fernandes  tree Anacardiaceae
Peppea cepensls - - Ecklon & Zeyher  Jacket plum Sapindaceas
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 Ziziphus

. mucronata

Willd,
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Genus _species - Author Commonpame __Family

Pavetta  calophylla . o - Bride’s bush - Rublageas
Pavelta Ep. . _ _ ' . Rubiacm
 Pelfophorum  efricenum  Sonder Wospngwattle . Ceesalpiniacese

Protasparagus sp. o . Wild asparagus Asperagaceae
 Pterocerpus  rofundiblivs - - (Sonder) Druce RoundJeafed klaat  Fabaceae

- Rhus dentafa Thunb., Nana-berry . Angcardiaceas = .

- Rhus __'gueinzi:‘ Soﬁder ' --Thomykarae s Angioardiaceas .
Rhus . penthen - Zahibr. _Common crov-berty Anacardlacese

~ Rhus ' rehimaniiena . Engl. - - Bluntleaved curcant Anacardlacese

- Rhus 5P, L o C 7 Anacardiacess
‘Schofls  brachypstala  Sonder Waeplng boer bean Caesalphiaceae
Solerocarys  birrea {A: Rich.) Hochst ~ Marula. -  Anacartiasess

o (Roxb sx\Nllg) |
Becurinega . virosa Pax& K, Hoffm, . White-berry bush -~ Euphorblacexe

" Splrostachys - africana Sonder Tambolt EBuphorblacese

 8frychnos - muadagascariensis Pcrrai- o " Black monkey pranga.i.oganiaceaa '

. Terminafla  prunides  C.Lawson Lowveld cluster-feaf Combreta~uae |
Tomminala ~ serices Bumh,exDC. Siver cluster-leaf _c::ri'lbr'etac'eae o
Xirenia caifre " Sonder Sourplum _ ~ Olacaceae

Buffato thorn Rhamnacess
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APPENDIX 2. Woody species abundance by number of stems, pooled from
vegetation quadrats at Kapama, Thornybush and Tshukudu Game Reserves.

Rank Species

N Stems __ %of all stems
1 Grewls flavescens 878 8.73%
2 Dalbergia melapoxylon 762 5.84%
2 Giowla monticola _ 762 - 5.84%
4 Strychnos madagascariensis 889 - 5.28%
5 Combretum apiculatum 625 4.79%
6 Combretum collinum 595 4.56%
7 Ormocarpum trichocatpum 586 4.49%
8 Plerocerpus rotundifolius 5716 4.41%
9 Ehretls emoena 539 4.13%
10 - Avecla gerrardif 530 4.06%
Ry Combretum heraroense 501 3.84%
12 Acacis exuvialls 405 3.79%
13 Grewis bicofor 448 3.42%
14 Aecacla nigrescens 414 3.17%
15 Alblaia herveyl 380 2.99%
16 Seocurinsga virosa 387 297%
17 . Dichrostachys tlnerea 379 2.80%
16 Maytenus heterophylla 349 267%
19 Euclea divinorum 325 2.49%
20 Clssus carifolia 200 2.20%
21 Combretum zeyher 240 1.84%
22 Grewia hexaiita 174 1.33%
23 Terminiaila saricea 169 1,29%
24 Grewia vifloss 41 1.08%
25  Cassine fransvaalensis 114 D8T%
25  Mundulea sericea 114 0.87%
27 Ziziphus mucronats 110 0.84%
28 Commiphora molfis 108 0.63%
29 Commiphora glandulosa 92 0.70%
30  UNKNOWN 86 0.66%
.81 . Cordia motvica 81 0.62%
32 Euclea natalensis 78 0.60%
33 Lonchocarpus capassa 74 0.57%
34  Bolusanthus speciusus 73 0.56%
45  Ehratia riglde 89 0.53%

. Pags ok
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%ot all stems

Spacies o  Stems

Rank
38 Maytenus senegafensia 87. 0.51%
a7 Gardenia volkensil Kl 0.36%
38 Manilkara mochisia 46 '0.35%
39 Paltophorum africanum B © 038%
40 Lannea schweinfurthii A0 0.31%
41 Protasparagus sp. a8 0.20%
42 . Balanites maughamil 37 0.28%
42 Gerlssa edufls . 37 0,28%
44  Sclerocarys birres _ 34 0.26%
45 - Acaciatoriils 83 0.25%
46 Berchemia zeyher! - 28 0.21%
5 Rhus rehmanniena o 7 0.21%
48  Canihiumsp, o 26 0.20%
49  Maeruasp. o2 017%
80 Diospyros mespliiformis 21 - 018%
50 Terminalia prunivides 21 D.16%
52 Hippoorafeasp, 18 0.14%
53  Cassine asthiopica 17 0.13%
54 Combretum imberbe ' 16 0.12%
55  Rhussp, ' 18 0.11%
55  Rhus pentheri | 14 0.11%.
57  Lannoea discolor | 13 0.10%
57  Scholia brachypatala 13 0.10%
59  Euphorbia sp. 11 0.08%
59 Pappua cepensis " 0.08%
61 Dombeya rotundifolls - 10 0.08%
61 Ozoroa sphaerdcaipe 10 0.08%
63 Cordia sp. _ 9 0.07%
B3 Crofon menyharil 9 5.07%
63 - Erythrina lysistomon 9 0.07%
88  Commiphora neglecta 7 0.05%
87  Gossyplum herbacium 6 0.05%
67  Pavaita calophyla & - D.05%
69 Acaclaniiotica 5 0.04%
69 Splrostachys africana - 5 0,04%
89 Ximenls cafira 5 0.04%
72 Pavetta sp. 4 0.03%
73 Rhus dentata 3 0.02%
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Rank Specles

__Ste

NG

" ofallstems

73

78

75
75
75
M
7

79

78

e

78
9.
79

Rhus gueinzi
Acaciakazroo

- Ccmbratum molle
Euciaa racemoss

Ozoroa sp; -

© Acacla ;.‘_p. :

Brici ¥a cethartics

Cassla senepetersiana
Commiphora africara
‘Masrua angolensis

Nuxid oppositifolia

Olsa europaca __
Qzoroa panfoulose

4o S e A A NN W

0.02%

0.02%
0.01%
0.01%

0.01%
9.01%
0.01%
O 001%

002%
002%
0.02%

0.01% .
0.01%
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APPENDIX 3. Size class distnbutlon of each woody p!ant specnes mcluded inthe vegetaflon quadrats Size classes are grouped

by diameter (in cm).
| | Total SIZECLASS
Species - -  Stems <2 25 5° 1020 2030 3040  40.50 50+
Acacia exuvialis ' 495 51%  44% . 5% 1% -
Acaclagemardi = ' 530 3% 16%  32% . 19% 1% 0%
- Acacla karroo 2 100% ' ' -
Acacia nigrescens 44 6%  18% 2%, 5% 1% 1% 0% 1%
Acacia nilotica 5. 6%  40% L |
Acaciasp. 1 100%
Acacia foriiiis .33 2% 42% 3% 18%  15%
Albizia harveyi | 390 58%  14% 8% 8% 0%
 Balanites maughamii 37 59% - 24%.  14% 3%
Berchemla zeyheri 22 6%  39% _ '
Botusanthus speciosus 73 2% 2%  38%  19%
Brideffa cathartica i 100%
Canthium sp. 26 85%  15%
Carissa edulis 37 8% 8% 3%
Cassia senepelersiana 1 100% -
Cassine aeifiopica - 17 100%
Cassine transvaalensis 114 - B2%  16% 2%
Cissus comifolia : : 299 292% 8% 0%
Combretum apicutaium S 825  42% 2% . 27% 0% 1%
35%  23%  10% 1% 0%

_ Comibretfum colfinum 595

3%
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Total | SIZE CLASS
" Species | Stems <2 285 540 10-20 2030 3040 40-50. 50+
Combretum hereroense 501 63%  12% 2% - 4% 0% 0% -
Combretum imberbe 16 31%  56% 6% 6%
Combretum mofle - 2 50%  50% | |
Combretum zeyheri 240 63%  19%  16% 3%
Commiphora efiicana 1 100%
' Commiphora glandulosa o2 9%  17% 2% 1%
Commiphora moliis 108 45% 21% 21%  11% 1%
Commipliora neglecta 7 43%  20%  14% 4%
Corulia monoica Bl 40%  47% - 14%
Cordia sp. . 78% 2%
Crofon menyherti 9  B89%  11% '
" Datbergia mefanoxyion 762 56% 2%  17% 5% 0%
Dichrostachys cinerea 378 39% 7% 2% 2% .
Diospyros mespififormis 21 5%  19% 10%  10% 5%
Dombeya rotundifolia 10  40%  50% 10%
Efretia amoena 539 94% 5% 1%
Ehrefia rigida 69 96% 3% 1%
Erythrina lysistomon g 100% _ _
Eticlea divinorum 325 65%  25% 9% 2%
Euclea natalensis 78 82%  14% %
Eticlea racemosa 2 100% '
Euphorbia sp. 1 100%
Gardenia volkensii a7 T2% 2% 6%
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Tofal ~ SIZECLASS |
Species | Stems <2 25 540 - {0-20 _ 20-30 3040 40-50 50+
Gossyplum herbacium 6 100% | | | o
Grewia bicolor 446  69%  28% % 0%
Grewia flavescens g78 88% 12% 1%
 Grewla hexamita 174 1% 2% 8% 1%
Grewia monticofa 762 67%  29% 3% 0%
Grewia villosa 141 99% 1%
. Hippocratea sp. 18  94%  B%
Lannea discolor 13 46% 8% 38% 8% -
Lannea schwelnfurthii 40 45% . B%  13%  18%  10% 3% 5% -
Lonchocarpus capassa 74 59% 1% W% 7% 3% 1%
Maerua angolensis | 1 100% '
. Maeruasp. 22 100%
 Menilkera mochisia 46 35%  50%  13% 2%
Mayfenus heterophylla 349  48%  40% 10% 2%
Maytenus senegalensis 87 100% .
Mundulea sericea 194 &% 4% 2%
Nuxia oppositifolia 1 100% -
Olea etiropaea 3 - 100%
Ormocarpum trichocarpum 586  55% @ 28% @ 16% 1%
Ozoroe paniculosa 1 100%
Ozoroa sp. ' 2 100%
Ozoroa sphaerocarpa 10 100%
1 100% '

SR
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Total SIZE CLASS
Species Stems <2 25 540 1020 2030 3040 4050 50+
Pavetta calophylla 6 100% _ ' : : C :
Pavettasp. 4 5% 25% |
 Pelfophorum aficanum 43 21% - 23%  23%  28% 2% 2%
Profasparagus sp. 38 100% '
Precocarpus rofundifolius 576 45% . 26% @ 22% 7%
Rhus dentata ' 3 100%
Rhus gueinzii 3 100% __ o
Rhus pentheri 14 3%  43% 1A% 7%
Rhus rehmanniana 27 3% 30% 2% 1%
Rfis sp. ' 15  67%  33% '
Schotia brachypetaia 13 7%  23% :
Sclerocarya birrea 4 % 6% 6%  15% . 24% 9%
Securinega virosa - |7 80%  18% 1% '
Spirostachys africana 5  B0% 20%  20%
Strychnos madagascariensis 689  64%  28% % 0%
Terminalia prunioides 21 88% 4% _
Tenminafia sericea 168  46% 18% 20% 5% 1%
. UNKNOWN 86  57%  37% &%
Ximenia cafira 5 40% @ 20%  40%
Zizlphus mucronata 110 41%  26% 3% 2%
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APPENDIX 4. Acceptance frequencies for each woody species at eath study area and at ali areas combined (pooled). SA= szte-
based acceptance frequency.

TPOOLED  KAPAMA  THORNYBUSH  TSHUKUDU

sr<cles G St SA Jwhe smw SA Gme Sww SA G Sww A
B _ ___ impast _ _ impast e fmpact . mpact
Acatia exuvialis ' : 67 0.00 8 - 0.00 a3 - -D.00 18 - 0.0D
Acscia gerrardii - 104 37 038 45 18 040 B 19 038 4 0:00
Acacia karoo 1 0.00 1 000 | CNA - NA
 Acacia nigrescens: 85 g 010 30 3 040 36 1 pe3 . 2 5 023
Acacia nilofica 4 000 2 000 1 ooo 4 0.00
Acaciasp. B 0.00 . o0 - NIA U N
Acacie tortiis - on 000  ONA L NA 11 000
Atbizia harveyii 75 20 027 42 6 038 3 4 @13 3. 0.00
Balanites maughamif 8 0.00 8 goo . .. - NA S NIA
Berchemia zeyheri 14 0.00 8 0.00 6 oo NA
Bolusanthus speciosts 8 . 1 008 2 1 050 % ogy . PIA
. Bridefia catharfice 1 000 1 Y. NA | A
Canthiumsp. - 5 6.00 2 oos 3 0,00 - A
Carissa edulis 5 0.00 3 0.00 2 oo NA
Cassia senepefersiana 1 0.00 1 000 O ONA - NIA
Cassine aethiopica . 3 0.00 2 0006 1 - ppo- : NTA -
 Cassine fransvaslensis 20 000 9 0.00 1M 000 - . NR
' Cissus comnifolia 39 1 ©e3 23 0.04 5 0.00 1 0.00
. Combrefum apiculatum 87 39

4 005 3 008 4 o000 14 1 007
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Species

~ TSHUKUDU
Qouadrats Quadrats

KAPAMA o

Quadrats Quadrats  gp

withsp.  with new witisp.  with niew
impact - ima_ ct

POOLED
Quadrats Quadrats.

THORNYBUSH _
_.Quadrats Quadrats
- withsp.  withnew withsp. with pew

Combretum collinum

Combretum hereroense
Combrefum imiberbe
Combrefum molle
Combretum zeyherf
. Commiphora africana
Commiphora glandulosa
'_Cbmmbara mollis

Cordia monoica -
Cordia sp.
Crofon menyharti

| Dalbergia melarioxylon

- Dichrostachys cinerea
. Diospyros mesplliformis
Dombeya rofundifolia
Ehretia amoena
Ehrefia toida

 Etythrina lysistemon

SA

21 048 7 2. 048 8 4 050 1

3 004 28 - 2z o074 . 1 002

1 0620 2 . . po0 2 -

000 1 g0 1 0,00

2 o1 17 2 04% R 1 ¥

| 0.00 T spo0 - - NA

2 o013 8 1 om

38 5 013 27 5 o048 |
6 - 0.00 2 - 0.00. 000

10, . 1 010 71 .14 . 000 1

000 S NA CNA 1

0.00 1 B e |

21 . 028 51 15 029 40 6 015 1

019 3 3

1 009

0.00

45 0.00

ﬁ-\.@ Moty Rjg;'

= £.00 5

& e

i+ o017 5 . 0.00

' 5,00 & . 000
poe 27 Y. S
000 - 8 000
0,00 . NA
B R S S
6o - 11 - 080
000 S Na

ﬂ;.gﬁdﬂ

8 2 008
20 0.00
Tz 0.00

-,
]
8
SRR 30 JEGN- N

1.1 I

0600 4 4

049 % 3 008 17 - 2

000

000

1.00
N/A
N
" NIA
025 -
- 000
NA
G,00

o oege
- NA

-0.00

942
NA

CNA
0.00
/A

NA

oA
RV
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. POOLED KAPAMA ' THORNYBUSH  TSHUKUDU
Species. Gmie Gemik  SA Qmine Omise A Omiwe Owis i Omink Gmi g
0.08 - CowA WA 1 0.00
0.00 4 800 9 : 8.00 ' NiA
000 CoowA . NA 1 0.00
004 29 000 15 1 607 8 1 049
0.02 24 004 31 | 000 11 o000
0.9 16 - 028 go0 0.00
18 0a0 29 007 0.09 23 4 047
0.06 A N/A 000
000 3 000 | NA | NIA
' o.00 ~ NA
1 e 8 1 8T
- 0.00 1 B 1. B
0.00 ' NI | ' oo0 . NA
0.00 N ONA 1 0.00
0.00 2 ~ boo 2 b.0o 1 000
6 ot 23 2 o008 28 3 010 i 1 100
0.00 2 0.00 2 C.00

-3
3

Ezgpﬁo:bﬁasp.
Grewia hexamita

- S X ]
W s
I
re

—

o

040 5 oo

Y
o
8
wdy
[41)
-
.‘l:'.t ;
&
= N DN

Mayfenus heterophyla
- Mendulea sericea
' Nuxia cpposiifolia

0.00 o oNm 1 000
o0 . Nm 1 op0 |

8 241 40 7 018 37 2 005 | 3 S T
000 000 | R MA

g
.'v-r-g-A-akg.hg-m-s-agg'ﬂwm'gﬁa%mﬁ-u
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3
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~ POOLED ~ KAPAMA THORNYBUSH TSHUKUDU
Species e winoew SR Sinen wimsew SA  Ginen winnmw  OP Simer wibnew OA
_ : ' _fmpact = e tIPRCE — impact _ lmpact :

Qzoroasp. | 1 0.00 1 0.00 I S NA NA
Ozoroa spheerocarsa 1 9.00 1 B £ ] ' T ONA NA
Pappea capensis 4 0.00 ' N 4 _ 0.00 : . NA
Pavetta catophylla 1 - 0.00 + 080 | NA | NA
Pavetiasp. 2 6.00 2 000 O NA ' NIA
Pelophorum afiicanum 14 1 007 8 000 5. 1 . 020 1 - poo
Protasparagus sp. 15 - . 0.00 9 088 5 _ 0,00 1 . Q.00
Perocarpus rotundiolitis 48 0 p2t 32 7 oz 16 3 Dag ONA
Rhus dentafa 1 000 NA 1 0,00 N/A
Rhus gueinzii 2 T 6.50 o N/A .2 050 ' o N/A
Rbws penthert 3 t 033 1 0.00 2 1 050 . NA
Réus rehmanniena & £.00 3 0.00 3 oo NA
Rhussp.. 5 0.00 2 0.00 3 0.00 - WA
Scholia brachypefafa 5 1 020 N/A 5 1 o020 N
Sclsrocarya bimet 24 0.25 4 000 . 8 038 . 12 3 025
Securinega virosa 51 0.00 30 | oo0 18 | o0 2z 0.00
Spirostachys africana 3 0.00 1 Y 2 oo | N/A

. Strychnios madagascariensis 22 3 014 @ 22 3 014 - NA NA
Terminalla prunivides. 3 6.00 1 . 000 : NA 2 0.00°
 Terminalfa sericea 27 2 0n7 18 ‘2 o4t 9 000 . _ NA
UNKNOWN 33 1 0.03 23 1 004 4 po0 & 000
Ximenia caftra | 2 1 0.50 - MR F 1 100 1 000
Ziiphus mucronsita 51 3 008 K. 1 odf1 38 2 005 - 4 . 000
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