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ABSTRACT

The need to conduct research on the impact of elephant on the environment prompted the construction
of exclosures along two of the most important rivers in the Kruger National Park. Scientific research
on these exclosures along the Sabie and Letaba rivers addresses how patterns of spatial and temporal
heterogeneity of the riparian zone are affected by fire, flood and herbivory. To further assist this
research programme, a vegetation survey was conducted at the Nkhuhlu exclosure site along the
Sabie River to classify and map the vegetation of the area. This will provide baseline data to assess
future changes in vegetation and floristic patterns due to small-scale environmental factors created
by the presence/absence of herbivory and fire. Phytosociological data were analysed to identify plant
communities and subsequent mapping units. Five plant communities, ten sub-communities and four
variants were recognised and described in relation to prevailing soil forms. Differences in species
richness, diversity and community structure of the plant communities are clearly articulated.

Keywords: Sabie River, biodiversity, savanna, riparian vegetation, vegetation mapping

Management of the Kruger National Park (KNP) is, now
more than ever before, facing the challenge of dealing with
an increasing elephant population in a way that will satisfy
not only a series of stakeholders and interested parties but
also a large proportion of the public, both nationally and
internationally. The moratorium on elephant culling was
introduced in 1994 and ever since elephant numbers steadily
increased by approximately 6% per annum. Certain preferred
areas within their home ranges started to show signs of adverse
impacts related to increasing elephant densities, usually in the
form of tree debarking and pollarding. Such impacts were also
recorded several decades ago based on research and monitoring
work conducted by Coetzee et al (1979), Engelbrecht (1979),
Viljoen (1988), Trollope et al (1998), and Eckhardt et al (2000).
The idea of erecting exclosures was therefore directly related to
the elephant management problem that was present since 1979,
but only became visible recently. The exclosures were built to
develop an understanding of spatial and temporal heterogeneity
patterns around the riparian zone, and how these are affected
by fire and herbivory. The application for funding, of which
the largest amount was contributed by the National Science
Foundation of the United States of America, was strengthened
by the flood in 2000, which created unexpected opportunities
to investigate ecological processes associated with the post-
flood legacy. While the funding agreement stipulated that the
riparian and transitional zones should receive the necessary
attention, the area of interest was extended to include the whole
catenal sequence from the rivers to the crests.

The Nkhuhlu exclosures in the south of the KNP form part of a
set of exclosures that were built in 2002 to determine the effect
of two important ecosystem modifiers, namely elephant and
fire, by excluding them from the ecosystem, while at the same
time trying to understand how river ecosystems recover after
large infrequent disturbances. The exclosures consist of six
treatments, namely 1) a fully fenced area (70 ha) excluding all
herbivores, divided into a burn and no-burn block; 2) a partially

fenced area (44 ha) excluding only elephants and giraffes, also
divided into a burn and no-burn block; 3) an unfenced area
(25 ha) protected from fire only; and 4) a buffer area to the
south and east of the exclosures subjected to fire and herbivory.
The main objective is to understand the effect of the different
treatments on vegetation patterns, associated biota, soil
moisture and nutrient cycling. The topography with its specific
soil and vegetation types can be divided into recognisable units,
representing crests, mid- and footslopes, and valley-bottoms.
These larger units, also referred to as patches, are key elements
of various research projects, including a detailed soil inventory
(Paterson & Steenekamp 2003). Some of the completed and
current projects investigated the dynamics of large woody
debris piles (Pettit et al 2006; Pettit & Naiman 2006; Pettit &
Naiman 2007a; Pettit & Naiman 2007b), biogeochemistry and
plant productivity in riparian ecotones (Jacobs 2003), effects of
browsing and season on defence and growth of woody plants
(Scogings 2005), and regeneration ecology of selected woody
species in the absence and presence of herbivory and fire
(Wilson 2003). Most of the research projects conducted so far had
to rely on broadly-defined vegetation units to provide spatial
context since no ‘formal’ vegetation classification existed for
the Nkhuhlu exclosures. The need for this type of classification
prompted this project, thereby producing a hierarchical
classification comprising zonal and azonal plant communities.
This detailed vegetation classification, interpreted in terms of
environmental factors, will hopefully contribute to improved
interpretations and better understanding of patch dynamics at
various spatial scales as driven by the absence and presence of
herbivory and fire.

STUDY AREA

The study area is located approximately 18 km downstream
of Skukuza along the Sabie River, directly opposite Nkhuhlu
picnic site. It comprises an area of 139 ha, divided into smaller
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FIGURE 1
Vegetation map of the Nkhuhlu exclosure site
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units, each of which is subjected to a different treatment as
discussed above. The mean annual rainfall is approximately 561
mm as measured at Skukuza, while the mean daily temperature
is 21.9 °C, ranging from 5.6 °C in winter to a high of 32.6 °C in
summer (Weather Bureau 1986).

Soils vary between shallow sandy soil directly overlying
weathering rock on the crests and deep sand to sandy loam
along the Sabie River. The footslopes consist primarily of sodic
patches that are characterised by sodium-rich duplex soils. Due
to the high nutrient status animals favour these patches, which
often results in overgrazing of the herbaceous layer.

The vegetation of the Nkhuhlu exclosure site falls under the
‘Thickets of the Sabie and Crocodile Rivers’ landscape described
by Gertenbach (1983). This vegetation type is also referred
to as the Acacia nigrescens—Combretum apiculatum association
(Gertenbach 1983), with Acacia nigrescens, Combretum apiculatum,
Grewia bicolor, G. flavescens, Dichrostachys cinerea, Euclea
divinorum, Terminalia prunioides, Spirostachys africana and Acacia
grandicornuta as differentiating woody species of which all of
the above are conspicuously present at the Nkhuhlu exclosure
site. Gertenbach (1983) identified two variations within this
type, both strongly represented at the Nkhuhlu exclosure site.
They include the Acacia grandicornuta-dominated bottomlands
and the Combretum apiculatum-dominated uplands. Coetzee
(1983) identified the Sabie River valley as Tropical Arid Granitic
Lowveld, which includes five different vegetation types
(landscape units), all of which are well represented within the
Nkhuhlu exclosure site. Bredenkamp and Van Rooyen (1991)
mapped and described the riparian vegetation of the Sabie
River. Both major plant communities identified and described by
Bredenkamp and Van Rooyen (1991) are represented along the
riparian zone within the Nkhuhlu exclosure site, although not
all smaller variations have been observed, especially not those
overlying rhyolite. On a national scale, the Nkhuhlu exclosure
site forms part of the Granite Lowveld vegetation type (SVI 3)
within the Lowveld Bioregion of the revised vegetation map of
South Africa, Lesotho and Swaziland (Mucina et al. 2005).

METHODS

Classification and mapping

Relevés containing detailed floristic and habitat data were
obtained from 74 stratified random sample plots identified
from 1 : 5 000 aerial photographs. Surveying was done within
the full, partial and unfenced areas, the 400 m buffer zone and
the ‘sacrificial zone’ (i.e. the narrow strip between the Sabie
River macro-channel and the riverbank, in most instances
the reed bed). Within each sample plot (20 m x 20 m in size),
all plant species were recorded and a cover-abundance value
was assigned to each species according to the Braun-Blanquet
scale (Mueller-Dombois & Ellenberg 1974). Plant species names
conform to those of Germishuizen and Meyer (2003). Vegetation
structure for each plot was described using field observations
and Edwards’s broad-scale structural classification (1983).
Other data recorded for each sample plot include tree height,
slope and rock cover.

Plot data was entered into a vegetation database in the
TURBOVEG program (Hennekens 1996b). A first approximation
of the vegetation classification was obtained by the application
of the Two-Way Indicator Species Analysis (TWINSPAN) (Hill
1979) in the MEGATAB computer program (Hennekens 1996a).
Braun-Blanquet procedures were used to further refine the
resultant classification. This final product is presented in a
phytosociological table (Table 1). Results from the classification
and subsequent refinement were used to construct a 1 : 5 000
vegetation map for the Nkhuhlu exclosure site (Figure 1).

Mapping was done up to the sub-community level in ArcMap™
of the Esri ArcGIS 9.1® computer package. To improve the
understanding of the map in terms of the topography, the
distribution of the plant communities is presented in a profile
drawing (Figure 2) which was constructed using Corel Draw
Suite 9°.

Floristic analysis

Floristic data was analysed to strengthen floristic comparison
across mapping units and is therefore presented on sub-
community level. Alpha diversity (species richness) for each
sub-community (mapping unit) was calculated as the mean
number of plant species in all relevés that constitute the sub-
community (mapping unit). Shannon-Wiener diversity indices
were used to combine species richness and relative abundance
among species (Barbour et al 1987) for comparison across
mapping units. The Braun-Blanquet cover abundance scale was
converted to percentage cover, and the mean cover per species
within the plant community was taken as its abundance value
by using the midpoint value conversion (Mueller-Dombois
& Ellenberg 1974). Mean vegetation cover percentage (MCP)
was determined for each species in each community. MCP is
the sum of a species’ percentage cover in all the relevés of a
community, divided by the total number of relevés for that
community (species cover was determined using the following
conversion from the Braun-Blanquet scale: r = 0.5%; + = 1%;
1 3%;2a = 8%;2b =18%; 3 = 37%). Richness per life/growth form
was also calculated per community and grouped under one of
the following in accordance with Germishuizen and Meyer
(2003): trees, shrubs, climbers, succulents, forbs, graminoids
and annuals.

RESULTS

Classification and mapping

A hierarchical classification of the Nkhuhlu data set before
refinement revealed five main plant communities, which
include 10 sub-communities after refinements. They include
the following:

1. Sporobolus nitens—Euclea divinorum Dry Sodic Savanna

1.1 Adenium multiflorum—Acacia grandicornuta Sodic Bushveld
1.2 Evolvulus alsinoides—Dichrostachys cinerea Sodic Patches

2. Enneapogon scoparius—Combretum apiculatum Dry Mixed

Savanna

2.1 Melinis repens—Combretum zeyheri Crest Bushveld

2.1.1 Xerophyta retinervis variant

2.1.2 Acacia exuvialis variant

2.2 Urochloa mosambicensis—Cissus cornifolia Shrubby Bushveld
2.3 Themeda triandra—Acacia nigrescens Tall Bushveld

2.3.1 Ptaeroxylon obliqguum variant

2.3.2 Themeda triandra typical variant

3. Jasminum fluminense—Spirostachys africana Riverine Forest

3.1 Tricalysia lanceolata—Dalbergia melanoxylon Streambank Woodland
3.2 Manilkara mochisia-Diospyros mespiliformis Riverbank Woodland
3.3 Lippia javanica—Gymnosporia senegalensis Riverbank Scrub
4. Echinochloa colona—Litogyne gariepina Seasonal Pan

5. Phragmites mauritianus—Vernonia glabra River Reedbed

5.1 Cynodon dactylon—Breonadia salicina Rocky Reedbed

5.2 Dactyloctenium geminatum—Ficus capreifolia Sandy Reedbed

These plant communities are distributed throughout the
Nkhuhlu study area of which some extend over the borders and
are shared by different exclosure types (Figure 1).

Vegetation mapping was done up to the sub-community level
where the distribution of units is neither too locally scaled nor
overlapping. The resultant map (Figure 1) shows that some
communities have a limited distribution range, such as the
Evolvulus alsinoides—Dichrostachys cinerea Sodic Patches (1.2) and
the Echinochloa colona—Litogyne gariepina Seasonal Pans (4). The
limited distribution of these communities can be attributed to

http://www.koedoe.co.za

Vol. 50 No.1 pp. 126 - 144

KOEDOE

28

n 90UBIJS pue uolleAIasuo) ealy pPaldaloid uedljy



Siebert & Eckhardt

odeospue] oy} JO 15910 2y} 0} PIGISALI IOATY 1qeS 2y WoiJ eare Apnis 9y Jo ojyoid eorydeidodo) e Suoje sontunwiwoos jueld ay) Jo uoneoo]

¢ 34dnold

Ve

sapiosoydodded enpiuyos
ealiq eAEo0IeS!
wiiemaide wnesquie)
asuejejey Wnalued|
ebnfiynw ersoyds)
sipunsiad eibAziie |

sinjeune. ejlydosax

euueaes uado
Aleje1apojy

14

w gze

pues Aweoj
Ajlenelb ‘mojjeys

esolus|9

ieBIA SOy
snojwebu | uoiAxousjew
SNASIP0JBIG eibiagieq
ejeuosonw
BINING| BAIDY snydiziz
SUBISBABY
[eBauas epesy Bmai
seplousie | esugoiaiay
snnajong wnesquioy
erojubayul suaosasbiu
sueydeg BIOBOY
euesLe
wniouAlp esfong i sAyoejsonds
puejpoom
puejgniys | pasojo
uado moT Ajejelapoy
g> ol
w 0ze weLe
SNoaJed|ed
‘weo|
weo| pues
Apues doap pues deag]
Ajerelapopy
nBejuopy
/puejEmS | Jeapeo

eolyoueud eneyoy
supsadn sniadio
eypuewa evelbiq
eaLg eAIga0IRS
sueosasbiu eeay
sjjeiAnxs ejesy
winjejnoide wnjaiquoy

leyfez wmjesquion

BUUBABS POSOP
Ajolesapoly

Sl

wgee

pues Aweo|
Ajjanelb ‘deap
Ajeyelapow
/Mojieys

Aeaoid
/esoiud|s)

eauq BAieaciaRs BafURYIBY BlIBpLG uoyfjoep uopouk)
BUBILUMOIGaU BroJOBIPU) eauq el oquagqu %)
susjed siosed eeong BisigoOW 0
CEVETES a %) wnjuepy eueaye eyebny WniouAIp eepng eioyeided snajy eiqe|b eluowep
WEHUUED-E Bioedy EBlpuew) epawayy susjiu MEEEOQW wmsnap wnaued de jo] ZO—\_‘EQB COVOEAQ
wmeuiisb
] ) sisuades eadded espng a BlEIX8A BUBIA
sieInxe eoely | easeun g bi eueoE SAyoejsonds esoLiA esbbanjy susquInooid Xepl| | BUIOIES BIDELGSIG
snuegunew
BifOJILLIOD SNSSID suaosalbiu ejoedy eedy soihdsoig eosenef eiddr] 'l |
puejpoom paso|d
PpuUBINIYS PasO|d BUUBABS Paso|d euueaes uado 0} pasoja puB|gnIys pasojo | pagpeal pasojd | pagpaal A3ool
Ajeyeiopop Alejeiapopy Ajoye1apoly Alerelapop Kjsjesopop Aja1eiapojy usdQ
ol S S G> S G> 0e
W yze W gzg-0ce wolz wzele wole wGel w €oe
pues Aweo|
Aljerelb ‘daap pues Aweo weo| Apues Wweo| pues weo| pues weo| pues weo| pues
Ajlesopow | fjjanelB ‘mojleys | snosieojed ‘deaq / pues daag / pues daaq / pues daaq / pues daaqg
/Mojleys
Allenolp
/esoius|9 | yedsiy/esoius|D nbejuopy JEETNTo) 1eapieo 1eapieo 1eapleo

SSUDLIINY WINUILISE

|2uueyocIoRW

1oAY aiqes

:salvads
juepoduw

rainjonns
uonejabap

19102 %20y %

eapmnly

:sainjesy 10§

w0} 108

9JU3I0S pue UOIleAIasSuU0) ealy Palialold uedl)y

/lwww.koedoe.co.za

http

Vol. 50 No.1 pp. 126 - 144




Nkhuhlu Enclosures Site

African Protected Area Conservation and Science

+ + 7+ + + + qloH aleaul| wnwisoidy
+ T ]2 EENIN ©901I8S BlRUIWISL
+ + 4+ ]+ + qloH sadi|y esajobipu|
+TTT |++1T qusH winjeuls) WnIpuspoIs|d
+ + o+ + + 4+ + T+ + T+ + 0+ qieH BURIUO|YID BUIBWIWOD
P + oo+ ++ T ' welo suadai siulsN
+ + [+ + TR T+ + + |+ EEIIN 11ayhez wnyaiquod
G dnouib saloads
+ + + + 4+ T+ T+ T+ |+ 4+ + + + + o+ 4+ 4+ + + renuuy susqguindsp eluoyalqiod
+ + + + + + + + o+ + fenuuy esojuawol ewodlg
+ |+ + 4+ B p aniys erensold elueylen
+ + + + + + o+ o+ I R E p gniys elojluibeioq eluuBWISH
+ + + + + 4 + R ) Y + [enuuy ealpul eydAfeoy
+ + + T+ ++++ T+ T |+ +T quaH euelUMOIgaU BlajobIpu|
+ e T e + 4+ + T|e+ "+ T+ ++ " ++ + 1 wes snuedoos uobodesuum
+ dnoub saioads
+ + + + + + + T T + quaH ©INans| eAlaY
+ o+ o+ + . + EEIIN |lebauss eioedY
+ T + + o+ (s) qiaH snojwehu snasipolald
+ + + + + + + qnys snaoelas snberedsy
+ + + + EEIIN nzuianb snyy
+ + o+ + EEIIR ©I110]IU BI0RdY
+ + + : + + ++ +[T T+ + 0+ lenuuy saplouls|e SN|NAJOAT
¢ dnoub sajoads
+ + + + + AT A+ gloH euoloun eisjobipul
1 + + + o+ + qniys eleldes enoyss
+ + + + + + |+ ++ T aqniys xuisAy esoihd
+ o4 T T + lenuuy su1se.Ia) snnqLL
+ + + 4+ o+ T+ 4+ qnuys sisusjeeasuel) snberedsy
+ T+ + + T+ o+ + + Jaquiid esojuawo} sedde)
+ + + + ++ T+ o+ o+ a1Aydoa saployiuloeAy elIaInaSURS
B T T (s) paniys WNJORHINW WNIuspy
z dnoub sajoads
+ + o+ + [+ + T+ lenuuy eUISaWISY BIR|NIIO0d
T T + 7+ + o+ o+ qloH eljoyliBaul sireydalg
+ + T+ "+ + T p gqniys wnueslye-oJisne uojingy
+ T T + T+ " +++ 4+ wei snAyoeisouow uobodolayug
++ T+ T+ |+ o+ + o+ + + + + + " +|TT+ TTITTT EETN sisuaded eadded
+ + T+ T AT+ aniys wnaelsaquez wnzobiyy
+ TT1 TT+Te+e " + welin suayu snjoqoiods
+ o+ + T+ e - +leeTeRTR+T EEIIR elnuiodlpuelh eloeoy
T dnoub sa1dads

v § 1|0 L € 0 |€E€T89VCTLSYECOB6|0OYB8LTO09(CTB8T69¢08L|S06(6.C.T69S969V€SV8EC6|8 9 € 9|SYvVECCTT8L
A 9 v |L9T1 VITTTTT |LS€E€CCTLLO99GSSSYV|EEC999SSVY VY V9€EEEECCT|CCT|S S S C99rvvreecce sa10ads 0G

zee TEZ ¢Te TT°¢
'S Ts (4 €¢e e TE €c 4 TC T TT
a3da33d | d3gd33d anydos ANVIdOOM ANVI1dOOM a’l3nHsSNg S3IHOLVd
AANVS AMO0Y | NVd | INVEHIAIL MNVAH3IAIY MNVENVYIHLS d13IAHSNg 11vL AgdNUHS d13AHSNE LS3HO0 21a0sS |A13AHSN4E 21dos

9118 2INSO[OXd N[YNIPIN oY) Jo sontunwwod jueld [[e Sunuosaidar ajqe) [eo150[0190501AYJ

T3ngvl

130

KOEDOE

Vol. 50 No.1 pp. 126 - 144

/lwww.koedoe.co.za

http



Siebert & Eckhardt

++ + 93l wnnbijqo uojAxoiaeld
1T dnoib saloads
+ 1 co 1 + o+ + welo sueoalpel eojyoouylog
+ + o+ o+ + T + + qI3H ejeige|b seona
+ + T+ + + + + welo saploiyouad uobodeauug
+ e + + : + + Jaquid iuidjed eiduwreysajeq
T + + + + o+ EEIIN oouley e|oedy
T + eT + + [+ T |+ + welo eloydoyoil) snsoibelg
+ + R T T+ 4+ [+ o+ + + + + welo SUaIsaUERD BPHSHY
0T dnoub saloads
+ + T + + Te  ++ + + + welo se|awolo|yd snsolbes3
+ + T + + 4+ o+ + 4+ + + EEITR lIyunjuismyos eauueT]
TT+  + ++[+++ "+ + |+ welo esolrenbs elyireuobod
++ + 0+ + ' + + + U+ 4+ T TT O+ [+ O+ qieH 1aloq wnwsyiuesiyreby
+ + o+ + + o+ o+ |+ + qieH ensiy esqgqeld
PR HE T ]+ o+ qleH stisadni sniadAD
e + 0+ € e TTTHETT wei saploloydodded enpiuyos
6 dnoub saloads
+ o+ + o+ o+ o+ + Jaquiin eso||IA elsewng
+ + + . + + + 4+ o+ + Jaquid eleluspLl) snssidloyy
+ 0+ T+ o+ + + (s) saquud ®Bl|0JIpuUN}Ol SNSSID
+ +|+ ++ 0+ + EEIIR sisualreasefepew souyaAns
+ + + o+ + + + qnuys elyyed BIUBWIX
T++ 1T + + + e welo suajed snolad
+ o+ 4T (s) Jaquuid BI|0}IUI0D SNSSID
g dnoib saloads
+ + + 0+ T+ paniys ®©l|0JIpJ0d BpIS
+ + + + 0+ o+ quaH snJojsniqo sniadA
+ o+ + o+ qniys BI}JRD SIXRIoYIURUON
T+ C o4 lenuuy saplosow|w ejslioaeweyd
4+ 4+ |+ + + qiaH saploladAd snuadAD
+ o+ + o+ + + |+ qlaH elabinpue|b eluveWIaH
+ o+ o+ |+ + + + + + + + 4+ ++ o+ ]+ [enuuy ©2IYoURUAD BINRYO
, dnoub sajoads
. 4 I+ o+ + qiaH eljojysnbue awos|D
+ + B + p aniys eAyoeisAyoelq eisjobipul
P ] + + o+ o+ + welin asualereu wnajued
+ |t o+ EENN snsolvads snyjuesnjog
+ + T o+ |+ r+T T + + o+ T QIeH ebnlynw eisoiydaL
+ + + 4+ + + + "+ + + + e+ v+ qJaH esoajoelq elbAziwaH
+ 1 ‘l+qe qlaH sInJaunal elhydoiax
9 dnoib saloads
v G T|]0 L € 0 |E€ET89VCTLSYECO6|0YB8LT09|CT8T69C08.L|S06(6.L2.T1T69G969V€E€SV8|€C6(8 GG € 9|GVvVPECCT8L
L 9 v |L9T vyTTTTTT |LS€E€ECCT|ILLI99GSGSSSYVIEETZ|I999SS YV VOEEEEZZT|IZCCT|S S S 2|99V PPreEETcT sajoads 0G
[x4 TeC 2T1e T7T°¢
'S TS (0874 €€ e TE €¢ cc x4 T TT
a3ga33ad | da3gd33ad andos ANVI1aoOM ANVYT1dOOM al13aAHsSNg S3IHOLvd
AAQNVS AMO0d | NVd | INVEHIAIL MNVEHIANIY MNVENVIHLS aT13AHSNg 17VvL AddnNdHS AT13AHSNg 1LS3d0 21d0os |[dT3AHSNd 21dos

(3u09) | 9jqeL,

9JUB3I0S pue UOIleAIasu0) ealy Palialold uedl)y

/lwww.koedoe.co.za

http

Vol. 50 No.1 pp. 126 - 144

L
o
)
u
@]
¥

i
(921
—



Nkhuhlu Enclosures Site

African Protected Area Conservation and Science

+ T+ o+ T+ + quaH sljyexes ela|leg
+ + + + + Jaquid erenbip ejuspy
+ + + + + JaquiiD SU9IqWESSOW WN2IqWod
+ T + EEIIR 11589104 e1ZIq|v
+ o+ T qniys 1poun( e1sAfealiL
GT dnoub sajoads
+ + + ++ |+ 1 + Qall eleladAyoeiq enoyos
+ + + + + + + + o+ + + qniys elwexsy eimaio
+ g + 4+ o+ R + + + + o+ qniys uojAxouejaw eibiagreq
+ 1 + + + T+ + 931l 194nq eledy
+ | o+ + 4+ + 4+ + o+ o+ o+ Jsquiio wngesesljey wnwiasdsoipred
+ 4+ + + T+ o+ o+ + + + o+ + EEIIR ejeuosonw snydiziz
+ + o+ o+ + 4+ + + o+ o+ + + + + qiaH sueBas eus|ieg
T + T +|+ + O [+ + + Jaquiio wnjjAydosdiw wnaiguiod
+ ++ T+ ++T[++++++++]| + + +|+ + Jaquid asusulwny wnuiwser
T + + o+ + T+ A+ T H| A+t + + + 4+ + + + qniys snye|nonal snyiueliAud
+ T |[+T++ eele+TT1T++ " BT + + welio wnisnap wnoalued
+ 4+ T+ [+ + T T+ + + + +| o+ + T+ o+ EEIIN Sisusjejeu eaon3g
++ 4+ ++[TTeRR++TRl + + + ++ o+ EENN siwiojiidsaw soiAdsolq
+ T+ +[ITT+e+++elRCE J € T + + e T e+ 9911 euedye skyoeisolids
T dnoub saloads
+ + + + + + 0T 4 |+ + |+ + AT T T+ |+ + + + lenuuy wnsobuis wnidoliollsH
+ + T+ 1" + T + + T+ + + + o+ T T + T + weio e1s8bU02 epnsiy
+ + + T +1 e + + + + + + + 7+ wei) siwn|Bipuelf einauoyorL
+ + 4+ T+ + + + + T+ |+ + 4+ T+ ECIIR 9sus|eeAsuRll uoipuspose|3
+ + + +|+ + + + 4+ + |+ + +++ T qniys eljojinsed eniee )y
+ T T + 4+ ++ T + e+ o+ + o+ +etTee + o+ o+ ] ce ++ + wei SISULDIQUESOW BO|Y20IN
+ T ) B A st o i i S S AN ) I S T +|++  +++€ 4+ fenuuy eljojisnbue edresoydAy
€T dnouib saloads
+ + o+ (s) Jequuid 9[BUIWIA BLWS]S0dIeS
+ + + gniys wnaoeqiay wnidAsso9
+ o+ o+ + d wein yosidsod uoBodoquiAD
+ o+ gniys wnd.esoyony wndiesowio
+ o+ p gniys lisiabou a1s10yasAg
+ O+ T+ o+ T + fenuuy eaoedde| ejednd
+ + + + ++ T+ Teeg + welo elpueli epaway L
2T dnoub saloads
+ + + o+ qniys eds|io eajong
+ P qniys a|iwny wnjAxoyuez
+ + o+ qUeH ©JeU0JONW BIPUBSS0ID
+ o+ qniys snwissielb uojoid
o+ + o+ lenuuy eueaysod BlUOUIDA
+ 4+ JaquiD lluuBWYal BIUIDI0D
v ¢ T|0 L €| 0 [€E€T89VCTLSYECO06|0F7 8LT09|T8T69208.(506(6.2.T69S5(969V€ES¥V8€EC6|8G€E€9|SYPECZTTBL
L 9 v [L9T VITTTTTI L S€E€ECCT|LLI99GSSSVPVIEECI999SS VYV PVIOEEEECCT|ICCT|S S S C99VPVPIEECTT $8109ds 0S¥
cee TEC cTe TTC
2'S Ts [0h74 €€ € TE €7c [ Te T T
d3d9a33d | a3ada33y and0s ANV1dOoOM ANV1dOOM d13AHSNg S3HO1vd
AANVS AMO0Y | NVd | MNVEH3IAIL MNVEHIAIE | INVENVYIHLS dT13AHSNE T1VL AddNYHS dT13AHSNE 1S340 J1d0s |dT3AHSNE O1A0s

(3u09) [ 2qe,

132

KOEDOE

Vol. 50 No.1 pp.126-144

/lwww.koedoe.co.za

http



Siebert & Eckhardt

+ 4+ + lenuuy wnpidsiy wnwiadsoyjueosy
+ T+ qieH ©S0JUBWO] BIUUBWISH
+ o+ 4+ qniys ©solIA eabban|y4
+ o+ o+ + + + + qieH 942ing eluored
+ R— + + welo SLIel|19 SNIYdUaD
R + + + EEIIN wnuesuye wnioydoyod
+ FTe+T ++ gqniys eoluenel eiddi
0z dnoub saloads
+ + + + 4 [+ o+ T+ o+ + o+ T+ qniys eueduje eloydiwwo)
+ + o+ + T+ ++ TT @ +HH[+F T+ T R+ T+ 4[] + o+ welo wnielojod wndiued
+ + + + o+ o+ o+ + + + ++ + T|+ + + + + o+ qniys 10]021q eIM3I9
+ o+ + + o+ 4+ + o+ + o+ + |+ +H+ o+ o+ p aniys e||Aydoisiay eriodsouwin
+ ++ 4+ TT T + o+ |+ [+ + + + + T|+ 1+ ++ T+ + qieH seladse sayjuelAyoy
+ 4+ + 1 + + + T +|T + + + € ++4++ " +TQ e weln erebuin suoyo
+ o+ + o+ + T+ + 4+ o+ + [T+ T+ + o+ o+ |+ + 4+ + B[+ T+ T+ 4+ queH wnuesuaWwe wnwido
6T dnoib saloads
T+ + 1 qnuys eigs|ydosaueyd eieuiwial
T+ +H+ o+ o+ + + qniys elnlfereu euyoo
+ + + + : + + qnys e||Aydores enaned
+ 4+ + |+ T+ + Jaquio snuojesaud snigy
TH o+t + T+ + + + + + + + + "+ qniys wnuenelsuuos uongy
+ 0+ + o+ o+ o+ + + + + qniys eljjed elplod
T+++ " TT| +  +° T + + 93l eisiydow eleyjiueiy
8T dnoub sajoads
+ 4+ o+ EEITR eolawWs eliyauL
+ T+ o+ JaquiD ©lgess elsuyaz
++ + + + (s) soquud wnuojinely ewwalsoydA)
I qniys eleuwle e||aluooa|d
+ + 4+ + Jaquid swinuelylioyess wnuejos
+ + e+ a1l eueolje eljabiy
+ I p gnuys ©sn)qo eusjeg
/T dnoib sajoads
+ + + 4+ 4+ + + |+t +++TTT+ +|+ + + T+ [+ |+ + + + + qIoH snyjueIdIW snosiqiH
+ T+ + + + + + + 4+ T A+ o+ [+ A+ [enuuy eqojl edsyloelsd
+ + + + + B 4+ + 1+ +H[+ ++ T T+ + B+ ++T| T weli eyiuels euenbiq
+ + T+TT TT +[T +|Te+ T ®eglge T+710eT1| qniys Sl[elANXs eloedy
+ T+eeee +eTTTTTeeellTeel+ T T+++[(+T ++ 1+ 1|+ + T+ EEMIN w:mowm_m_cm_omnu(
+ o+ T [+ +++  + + + + |+ T+ T+ HT AT TR+ [enuuy ealpulelsyyem
T + ++ [++T++++++ |+ '|e++Te€ BITRREC+RRTI|RE ECIIR wnje|naide wnlaiquo)
9T dnoub sajoads
+ C4 o + + Jaquuid ©1|0JIUN0D ©8102S0Iq
+ ECIIR 10]092sIp BlWaY2lag
¥ & T|]0 L € 0 |1€€T89VCITLSPEC06|/0YB8LTO09(CT8T69C208LS06(6.2L.T69G969V€ESV8|EC6(8G€EI9SYreECTT8L
L 9 v |L9T1 VITTTTT |LS€€CCT[LL99SSSSYV|EEC|999SS VY VY V9EEEEZTT|ZCCZT|S S S99y vveecce sa10ads 06
2ee Tee cTe TTC
'S TS (4 €€ e TE o4 ze TC [ TT
a3ga33ad|a3gd33ad andos ANV1doOOM ANVY1doOOM di3nHsSNg S3IHOLVd
AANVS AMO0Y | NVd | INVEHIAIL MNVEH3IAIY MNVENVIHLS aT13AHSNd 1vL AddNdHS d13AHSNE LS340 Oldos |d13AHSNE 21d0Ss

(1u09) 1 91quL,

9JU3I0S pue UOIleAIasSuU0) ealy Palialold uedl)y

/lwww.koedoe.co.za

http

Vol. 50 No.1 pp. 126 - 144

IkX) KOEDOE



Nkhuhlu Enclosures Site

African Protected Area Conservation and Science

_ + o+ o+ |+ + |+ + + + + + + lenuuy eljojlquoys epis
9z dnoib saloads
+ + Jaquid elejuapl) eibalsousyx
+ o+ lenuuy wniewnls wniyuex
+ + qiaH 11916ua snasigiH
+ L Jaquilid ele||IxaA eubip
+ + + + [enuuy e||Aydouow awoa|D
+ 4+ + [enuuy wn(Ayduy wnwesas
+ o+ + + + welio snueollye snjoqoiods
Gz dnolb saldads
+ o+ + + + + + + [enuuy «S9p10zAu0d wnjelalby
+ o+ o+ |+ + + qniys xesouldsiq elueqsas
+ o+ T+ 4+ + + + wes wnjeuiwab wniusldolA1oeq
] +le + ECIIR euldIjes eipeuoalg
+ o+ o+ |+ o+ o+ T [+ 4+ qleH suenbuexas sniadAD
e q + o+ lenuuy «Suaqunooud xepii
e v vle + + T wei snuenunew sanwbeiyd
¢z dnoib saloads
+ welo wnye|noigqolas wnpedsed
+ qlaH snpunjos sniadAD
+ welio e1d|nasul eojyosouylog
T enuuy +SISUBLIBUOQ BUSCIDA
+ + o+ q welo elawolalay sisoibesg
+ e p gniys euidarreh sukboy
v ' welo ©UO|02 BO|YI0UIYDT
£z dnoib saloads
+ + T+ + + + 4+ + o+ R e A s R e 1k o+t p aniys 1159010} BIURY|IDIN
+ + + 4+ + 1T + T+ T|+ + + |+ + + + + + T+ o+ + + + + + + T 1 + co + EETIN ©aoe|olA eia1dous|iyd
+ o+ |+ + + o+ L 2 2 Ak S e S R ES B R + + T qniys wnyenbue uojnngy
+ T+ 4+ ++TT+H++T+T ++ T+ + + + + + + + + o+ + o+ + + + "+ +++ T + + + + qniys SUB0SBAR|) BIMBID)
+eq+ "+ +|T + + TTT+ + [+ T+ T+ T+ HTHTCT + + + + el o+ [+ o+ + EEITR 9suUd0JaI8Y WNBIqWod
Te+T+++[@ " +++ + T+ 4+ +H AT A+ T 1 C o+ 1 T TTelerTee+cgee qnuys winJoulAIp eajang
+T++ +T|T++++++++ ++T ++leeggee ceglgcge|[ " TR+TTRRT++++T++[T++T T T + T + + qnuys ©aJauId sAyaeIsoIydIq
zz dnoub saldads
+ A+ o+ 9all edlueyied eljlsplg
1 + T+ 4 + 4+ T+ 4+ + T+ + EEMN elsngol eloedy
+ + +|+ + + + + 00+ 93lL 1ISUS|0A BlUBpIRD
+ o+ + + + e T + qniys Jelewed euejue]
+ o+ + o+ + + 4+ o+ o+ + + Jsquiio eulwes|eq ed1pIowon
+ + | + eT+E++T|T ++  +++ + + + + + + aqniys sisuafebauas elodsouwio
+ + 1T T+ T+ + + + EEITR 9qIaquil WnIquwod
Tz dnoub saloads
¥ § T|0 L €| 0 |€E€T89VCTLSYECO06|0YB8LTO09|CT8T69208.L(S06|6.22.T1T69G|969V€ESV8|€C6|8G€9|SYVYECTTTS8L
L 9 v (L9T VITTTT L SE€ECCT|ILLO99SGSSSVYVIEECI999SGS VY P PIOEEEECCT|CCT|S S S C99VPVPVEECTCT $9109ds 051
zee TEC cTe TTC
'S Ts oy €€ '€ TE €c [ x4 T T
394334 |d39a33y anyos ANV1doOM ANV1dOoOM d13AHSNg S3HO1vd
AANVS AMNO0Y | NVd | M¥NVEH3IAIL MANVEHIAIE | MINVAANVYIHLS A13AHSNG 11VL AgdNdHS dT13AHSNE 1S340 J1d0s |dT13AHSNd 01d0s

(3u09) | 3jqeL,

134

KOEDOE

Vol. 50 No.1 pp.126- 144

/lwww.koedoe.co.za

http



Siebert & Eckhardt

I I I I I I I I I I I
: G ‘'€ ‘Z°€) BIBJIUWOS BIUBYIM AN S) ereinpun eibiaquajye ‘(z°G ‘€°€) nsgau eibiaqualyem (1°g) ejoain| eubi ‘(g
‘1'¢) susosaniy eubip (L°¢ ‘1'z) ejeydeooh! 0 BIUOUISA ‘(1) eisnejul eanbuep (g°z ‘1) ednAyoeiq eojyooln ‘(g°z ‘1°2) eljoyisnigo eaeun] ‘(}'z) wnjejnaounpadabuo| sesaiol] (g°¢ ,N.N._..Nv QUYOBUOW BUSB|OYDL] Aw.m ,m.mv silejuaiio ewal] (€ ‘€21’z L'L)
siysadnl m_mmh._. ‘(g'¢ ‘}'g) eorolp eibeu) (2’ ‘12) Eow_moc eibiaquny] ‘(z) sepioiunid eleuiwia] ‘(g ¢) eAyoeysAjod eisoiyda] “(Lg) sedibuo| eisoiyda] ‘(1) eueiuoybuiiies sudap (€€ ‘1'2 ‘L'L) wnuyeo wnuiep “(z'e ‘1’z ‘1')L) mouse wnuie] ‘(z'g) asusauinb
wniBAzAg ‘(g'Z ‘Z°1) esoonnuy sayjuesolAls (g°z FN o _‘v sisuajejeu cogwm:oo_bw ‘(1) esouids souyohng C ¢) sope|ool snjoqoiodg ‘(1 Nv su ‘(z'¢) @sua)a) wnuejos (Z'¢ ‘L°|L) 9Susdquojed wnuejos
‘(g'¢) wniseanoe wnuejog ‘(z'G) 196aip epis ‘(g€ ‘2'¢ ‘¢'2) eresseloul euelas (L)) BIO|JJOWS] BUISIOOLIS ‘() «SI[eJUBpPIO00 BUUSS (z'S “1'e) Leljo1snqo euuas ‘(1'z) esljeyl mccmm ‘(g"2) sisualieosebepeuw olpauag ‘(}'¢) Ieykez eidojoog ‘(z'G) snsoquiAiod
snjoa|dousoyos ‘(¢ ‘g'¢) SuaIsuel} eIp|aJaUaoYdS (€°¢ ‘Z°¢ ‘2) B1epiod eljiany (Z'¢ ‘1'¢ ‘€'Z) Bsojnio} eixnaioory ‘(g'¢) lumoiq anwo:o:\Em (Z°2) enoy eisoyouiyy 8 4 ‘L' ‘2°L) ewluiw m_wo:oc>sw_ ,Am.mv euelswiey m_mo:o:\fm ‘(1'Z ‘2’1) elojisusp

(1's‘12) Eoﬁo:m:aw elebAjod ‘(£¢) sisuaIpey Snyjue.jod|d ‘(€' 1z 1) snanoul snyjueliAud ‘(1) snejniedse snyjueliAud (€' ‘Z°€) BIBUI9aI XIusoyd ‘(G) suaidioap m_Lmu_m_on_ ‘g'ee'e Nvawmum m_:m‘_ma (1'¢) epuelq m_EQmumn_ (z'G) snipueyuad
uopojuad Y(z°6 ‘1'2) wnpidisul wnuiylieyuad ‘(¢ ‘g°g) sisusjebauss eluoneq Am € ‘7°€) ejejoaoue| epaned C : eljojioelb epaned AN 2) 1a|bua 201020 | @ wnueabaip E:com>xo Ai essaldap siiexQ (1'2) BUBIUHWS SI[EXO (1'2) wnyeige| wnwioo (g¢
‘z'¢ ‘1'}) ejous enundg ‘() 'z) eadeqiay eipuejuapio ‘(G) eljoy !
e0|yo0JoIN ‘(2° mv EoEmuon el ‘(1'e ‘€°2) ejeuiwnoe snuajkep ‘(g€ ‘L’ : moo::_m:_mms_ 25y SIA[2AOJ00 eiBimpn ‘(g) suapuaospe eibimpn ‘(g'¢) BllojWA20 sijouoe (€°¢ ‘1°¢ 1°2) 'esobn. euejue] npe eauue (g'¢ ‘2'¢ ‘e'Z ‘2'2) eolleeyds
m:mcmmmv._ Ze'rerz'rl) eqe mmc _\Q (ee'ze) epunguoy eissne.y| Am ¥'e'¢ ‘2'¢) eyebuia enneyoy| (z's'ee) BLISSIPIIO0) SISOIPaY ‘(L'e) BUEBOLIE SS0IPaY| ‘(L) eljoyipunjol soyoue|ey ‘(z'¢ ‘1'1) eqojAyoeiq soyoueley (g'¢ ‘z'¢) eyoejoud eonsnr (z'g
€€ 'z'¢) eljojluwe) ’ ! ! 1 !
‘(g'Z '1'2) elgINOLINE B caogm\f .:‘.Nv Snwiadsesuus w:Ecmg\f Aw.m 1'1) eyejonadibuol elawsiid Ai wnuoy snasigi “(z'z ‘L'z ‘Z°1) 1Zulyos snosi ‘(1'2) snipsnd SNosIgIH ‘(g2 ‘1'2) smueyeeld snos| ‘(1'g ‘}'2) sepiojesAyd snosiqiH (1L'G ‘g°¢)
snuiqeues snasiqiy ‘(g¢'z'¢ ‘ez ‘2’ 2) sniiAydAieo snasiqiH (g°¢ ‘1'¢) sniJojuod uobodoualaH (G ‘2’ ‘L'E ‘2'2) eyelopo m_%mmuwnc:m_._ ‘(g°¢) elj0jIouUE| BlUUBWIBH AN €1e ez 1z ‘T L) esojia eimal (L' ‘ez ‘1) Bloonuow BIMAIS (¢ ‘€'E) LSOpI0ISO|ad
euaiydwog ‘(}'¢ ‘L'2) egladns esolo|9 ‘(z'g) snijoyyisoddo snu O C 1) BUBOLIE BIY3SID ‘(1'¢) eAlzeuso m:om_wo ‘(e¢) 9 ‘(z°G) eyesawo|b edoosold ‘(2'G ‘¥ ‘g'¢) eyeue|dwod
snol4 {(g°¢ ‘z'¢) eljollinnge snoi4 (2'G ‘v ‘e°¢) eueLIdAaW BOjyoolT (€°¢ ‘1'E ‘Z) eqiadns snsoibeig ‘(g°¢ ‘1) Joipibu sisoibel] Am mv esowaoel :
e1B18gexT ‘(g°¢) epibl enaiyg ‘(z'¢) eusowe enaiy3 (z°g) npJelsab sajedAiq ‘(L' ‘1'z) elied siieAaoq (1°G) eleuls) euebiq ‘(Z's) wnejuebib wniusyoolAloeg (1°G ‘e e) E:_E>mmm wniusjoolhoeq (g ‘e ¢ N ¢€) smusjnose sniadA) (z°) SonIp sniadAD (z'g)
snjeljsoq|e sniadAD (g°g) sniseed uobodoqwiA) ‘(1'G ‘g°¢ ‘e'Z) Meyhkaz siwnond (g°¢ ‘1'g ‘g'Z) snnsaiy siwnong (g°z ‘1'z) snueouye siwnan) ‘(g'¢) shsjoqojebaw uojol) (Z'¢ ‘Z°L) erenbuia euejojold (1°G ‘}'z) eydiesosaeyds eueejolr) (1°'g ‘g g) edieosopod
eleejol) (L'g) eloyuinge| eueejol) (1'z) eljoj[en0 eaqqein ‘(1'2) snijojlusidse snioyoiod ‘(z'G) epLqeos ezAuoD ‘(G) sniepiBes snNAjoAUOD (L°¢ ‘€'g) SNSOULIB) SNINAJOAUOD ‘() @sudjejeu wniwolsouo) ‘(Z) esonpuelb eioydiwwo) (z'g) esnyip
euljpwwoD AN gL 1) sisuajeybuaq euljpwwo) (G) wnjAydosyikis wnyaiquo) (¢ ‘1'2) XSNINSIIY SNINOO0Y ‘(1'2) eyew|ed eju10209 ‘(G ‘z'¢) sisusope eluin209 ‘(z'¢) ejleyoind enno ‘(1°¢ ‘g g) wnige|b wnipusapols|) (1'g) eje|noew awos|y ‘(1°2) ellAydosoew
awoa|) (1'G ‘€72 ‘1'2) eMIY awos|) ‘(1'Z) eipueuAb awoa|) ‘(1'¢) eyelyoelq spewsa|d Cm X4 ‘1'1) suenbBuelpenb snssi) ‘(G ‘g°g) L1eBinA wnisay (1) | m_mOmmEcm_o CNV wnje|nolosey E::EQEO_:O v 'ee) SISUSOIGUIBSSOW SLIO|YO) Y(z°5)
,Saploisoique wnipodouay) (z'¢) s sayjueliayy ‘(1'2) wnaoeiapay wnueoseyy (z2'2‘1'Z ‘L) shsqe ejsuosewey) ‘(1) smejsoo snyjueoeeey) (Z'G) BONEISE BII9IUS) (12 ‘Z'L) BUABI) BISO[9D (2°G ‘S mv siwuoly eYIAsseD (z'¢ ¢ 53 ‘Z) BlRIABIGQE BISSED)
‘(z'¢) eueidas suedde) ‘(g°g) wnjelio wniyued (G ‘g'g) ESoIA BlleAeuR) (2°G ‘v ‘€) eonajoyjuex erelyoelg “(z'z ‘1'2) eyensas euelyoelg (z°2) Emuwaohm_c elelyoelg ‘(z'g) siwJloyonia euelyoelg (z'G ‘1'z) exayep euelyoelg (g'¢ ‘1'g) sisuaoiquessow
sog “(1'z) Lesnyip eineyiaog ‘(1) ! m:cwmc_m:mzao_m (eg* _‘:EmES_n suapig Awm €€ 1'e ‘ez ‘L'z ‘1'1) eyeuurdiq suapig (g°z) wnyeaoqo wnwioQ ‘(g) sisusobejap elsjieg ‘(1) eloyioue| euajeg (L°L) s |
sayueeg ‘(¢ mvm_mcmovm saploleyooeg ‘(z'¢ ‘') snsown|d w:mm;mam& ze'zerzLy snueotie m:mmhmaw,q ‘(1'1) suajoanens w:mﬁmaw,q ‘(z'¢) .suebaja elyoojoisuy (€°Z 1'2) B1eNdns epnsuy (Z'g ‘L) BUWISS! louw epnsuy ‘(e°2) SljleuolplaWw episuy (z'2)
eylediq episuy ‘(z°G) ,eonajoiyoo suowably ‘(g°Z) eueoliye eljjasuy ‘(g'¢) 8jenoouinbae ewsjisuy (g°z ‘1'g) snueAeb uobodolpuy (Z'G ‘€'¢) LEljoIsIwalie eisoiquiy ‘(1'G) snsobnu sndieodisAly (Z°¢) 1Aealey eiziqly (1°L) wnoizems wniuapy ‘(£ ‘1'Z) epidsiy
awojoJoy ‘(1'G ‘'g) sineal|ia eydAjeoy ‘(z'¢) eaojydoyjuex eroeoy ‘(1) IYosym|em e1oeoy (€°¢ ‘€'z ‘1) SIIo} el1oedy (Z'¢ ‘2'2) lylnjuiamyas eioeay ‘(1°}) lipJessab eoeoy (1) eesjioq e1oedy (Z°z ‘L'z ‘2°L) @susauinb uojingy ‘(g) wniopipueld uojngy

'S1930'IQ Ul pajedIpul ate ‘In220 saloads e Yydaym ul saniunwwoo jue|d ayy “ease Apnis ayi inoybnoliyl A|Buireds undoo sa1oads Buimoljoy ayL

1z dnoli9 saloads
+ + + 4+ + o+ + + + 4+ + + |+ o+ + + + LR R R A q1oH awuojunpued wnuejos
T + T ++ + T + . + e e e R S welo snjelquwyy snjogosods
+ + A + + + T+ P + + + gloH srenaunpad snyjuesseyds
T+ + TT 4+ 4+ ++ 7 4] k4T T 4+ T TT AT+ AT EEIN eallq eAIes01a|ds
+ o+ + T + 4+ 4+ L S I 4 D o A e N R S . + o+ +++ 0 qiaH eAey eonsnpe
+ T + + + + E R e s S N £ o B + + + |+ + + ++ qJoH sninased snuyue|iAyd
+ T + T eTe+(qQT|TTE+++elTeTe+Te+TTTeRTTITTITTIREEI+ TTT  + +|+ ++T++e(Te+" T T + + + wein wnuwixew wnalued
+ 1 + 0+ LR R I S Y D R I SR C T S S AR 1 + T e+ e weln snuejuolapaq snbell
gz dnoib saldads
P R T 1+ 7+ e Jenuuy saplowauakjodoau eigioydng
O I N O L T O e T T Y FEETY T PO Jenuuy SISUBI|ISeIq BUBTIBA
T P IS I I T T P I T e I Jenuuy enuiw sejebel
+ o+ + o+ + R e I i = A I I e I N ) E N I S qloH ©]09J9 BUIDWWOD
T s |+ A T T LY T B F T e DT qieH eiqe|b eluouIsp
+ + |+ o+ 4+ + o+ o+ + |lenuuy wnijojireno wnidouoljaH
e + +| + I e QT +e wels uo|A10ep uopouikd
1z dnoub sajoads
" T T Y E T Y Y e T e wels sapiooiued eojyo0IN
+ e welio BewISSHe eLyllewaH
+ o+ o+ JaquiliD eje|noide eazzeoe|
+ o+ o+ qiaH 4SNasol snyjuereyyed
o+ 4 . e o e qniys eljoyiaides snoiq
P N P T e T e T P T JequuD eyeuoIoNW sojadwessio
¥ & 1|0 L € 0 |1€E€T89VCITLSVPEC06|/0YB8LTO09(CT8T69C208LS06(6.2.T69G969V€ESV8|€EC6(8G€9SYreEccT8lL
L 9 v |L9T VITTTTT |LS€€CCT(LL99SSSSYV|EETC|999SS VYV V9€EEEEZTT|ZCCZT|S S S99y vreecce sajoads 06
2ee Tee cTe TT¢
'S TS ('R €€ '€ TE €¢ [ Tc T TT
a3da33ad | d3gd33d andos ANVIdOOM ANVI1dOOM di3nHSNg S3IHOLVd
AANVS AMO0Yd | NVd | INVEH3IAIL MNVEH3IAIL MNVENVIHLS d13AHSNg 11vL AddaNdHS d13AHSNE LS340 Oldos |d13AHSNE 21d0s

(1u09) | d[qeL,

http://www.koedoe.co.za

Vol. 50 No.1 pp.126 - 144

9JU3I0S pue UOIleAIasSuU0) ealy Palialold uedl)y

L
o
)
u
@]
¥

£l
™
—



Nkhuhlu Enclosures Site

Original Research .

small-scale patchiness caused by small-scale environmental
factors. Most of the plant communities are easily recognisable
in the field. There is a gradual, but well-defined change in plant
community distribution from the Sabie River macro-channel
to the crest of the landscape (Figure 2), namely from the
Phragmites mauritianus—Vernonia glabra River Reedbed (5) via the
Lippia javanica—Gymnosporia senegalensis Riverbank Scrub (3.3)
or Manilkara  mochisia—Diospyros mespiliformis Riverbank
Woodland (3.2) to the savanna landscape of the Nkhuhlu
exclosure site (Figure 2). It is, however, within the savanna zone
where sub-communities are not distinctly delineated due to a
conglomerate of small-scale environmental variances in soil
and topography. It is specifically community 2, the Enneapogon
scoparius—Combretum apiculatum Dry Mixed Savanna, where so
many conspicuous species are shared among the three sub-
communities that vegetation units are not easily distinguishable
in the field (Table 1). While all plant community boundaries
represent ecotones and are therefore arbitrary, they may be
allocated to one or the other unit. Structural variation and the
abundance of typical savanna species delineate these sub-units
rather than diagnostic species (Table 2).

Floristic analysis

At community level, species richness is of the highest in the
Jasminum  fluminense—Spirostachys africana  Riverine Forest
(community 3) with a total of 262 plant species, and in the
Enneapogon scoparius—Combretum apiculatum Dry Mixed Savanna
(community 2) with a total of 260 plant species (Table 3). The
highest species richness on sub-community level was recorded
for the Melinis repens—Combretum zeyheri Crest Bushveld
(community 2.1) (Figure 3b). The Shannon-Wiener diversity
index (which combinesbothrichnessand equitability,i.e.relative
abundance among species) showed significant variation across
communities and sub-communities (Figure 3, Table 3). Not
only does the Jasminum fluminense—Spirostachys africana Riverine
Forest (community 3) host the highest diversity (Table 3), it also
hosts the sub-community with the highest diversity values,
namely the Lippia javanica—Gymnosporia senegalensis Riverbank
Scrub (community 3.3) (Figure 3a).

TABLE 2

Floristically, the study area is dominated by taxa from the
Poaceae, Fabaceae, Asteraceae, Malvaceae and Acanthaceae
(Table 4). The dominant growth forms in the study area are
forbs, graminoids, trees and shrubs. A high number of climber
species were recorded in the study area (58 species), of which
five are succulent (Table 5).

DISCUSSION

Description of plant communities

The Nkhuhlu study area lies in the geological and climatically
uniform Landscape 4 as described by Gertenbach (1983),
namely the ‘Thickets of the Sabie and Crocodile Rivers’. Hence
no major climatic variation plays a role in local differentiation
of plant communities. However, all sub-communities are not
clearly distinctive in the field but rather form a mosaic pattern
created by interchange (sharp variation) in the dominance of
plant species. Although there is large-scale homogeneity, small-
scale heterogeneity of environmental factors might contribute
to this complex transition pattern of habitats and associated
vegetation. Descriptions of the plant communities are therefore
important to explain the delineation of each of the mapping
units.

1. Sporobolus nitens—Euclea divinorum Dry Sodic Savanna

The Sporobolus nitens—Euclea divinorum Dry Sodic Savanna
belongs to the Chlorico virgatae—Justiceion flavae alliance on
deflocculated soil (Coetzee 1983) and more specifically to the
granite variant in the sparsely shrubby, moderately brushy
bushveld and treeveld with Cyathula crispa (= C. lanceolata)
(community 1.1.1 in Coetzee (1983)). It is furthermore strongly
related to the Spirostachys africana—Acacia grandicornuta savanna
(community 17 in Bredenkamp and Van Rooyen (1991)) on
granite and sandstone bottomlands that produce brackish
soils.

Covering approximately 23% of the total sampling area
(including the buffer zone), this sweetveld community stretches
across exclosure fence lines, showing a marked difference

Comparison of the vegetation structure, selected environmental factors and character species abundance for the three sub-communities of the Dry Mixed Savanna of the Nkhuhlu
exclosure site

PLANT COMMUNITIES

Habitat features 21 2.2 2.3
Altitude (m) 232 224 225
Habitat type Crests Crests & Midslopes Midslopes & Bottomlands
% Rock cover 15-20 10 5
Slope (°) 5 3 2
Species/400m? 56 36 37
Tree height (m) 6 6 9
Tree cover (%) 18 9 17
Shrub cover (%) 25 37 36
Annual species cover (%) 13 6 6
Forb species 54 19 34

Soil (dominant form in bold)
Diagnostic species:

Values for selected dominants’

Combretum apiculatum 31
Acacia nigrescens 7
Acacia exuvialis 18
Dichrostachys cinerea 14
Euclea divinorum 1
Combretum hereroense 7

Glenrosa/Clovelly

Combretum zeyheri

Glenrosal/Clovelly/Mispah Glenrosa/Mispah/Oakleaf

Cissus cornifolia Acacia karroo

17 11
8 31
18 15
16 45
4 11
4 12

*r=0; +=1; 1=2; 2a=3; 2b=4; 3=5
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between the three exclosure types in terms of trampling and
overgrazing. It shows a clear decrease in herbaceous cover
from the full exclosure to the open area. The largest part of this
community is associated with deep, greyish-brown sandy loam
topsoil on calcareous yellow-brown sandy clay loam subsoil
(Mu, (Montagu soil form)) (Paterson & Steenekamp 2003).
Patches of this community also occur on opposite sides of the
Xiphandlukile Stream on Swartland (Sw) and Montagu soil
forms (Figure 4).

The vegetation of this community varies from open to
moderately open treeveld and is floristically characterised by
species group 1 (Table 1). It is dominated by woody species (i.e.
trees and shrubs) such as Acacia grandicornuta, Pappea capensis,
Rhigozum zambeziacum (species group 1, Table 1), Spirostachys
africana (species group 14) and Euclea divinorum (species
group 22). The succulent shrub Adenium multiflorum (species
group 1) is diagnostic for this community. Important grasses

FIGURE 3
Analysis of species diversity, evenness and richness of all plant sub-communities identified for the Nkhuhlu exclosure site: (a) Shannon-Wiener indices of diversity and evenness,
and (b) a-Diversity (mean no. of species per plot) and species richness (mean no. of species per sub-community)

include Enteropogon monostachyus, Sporobolus nitens (species
group 1) and Chloris virgata (species group 19), whereas Abutilon
austro-africanum, Portulaca kermesina (species group 1), and
Ocimum americanum (species group 19) comprise the diagnostic
and dominant forbs.

This community is floristically the second weakest with a total
of 138 plant species recorded. Diversity, including evenness
values, is of the lowest in the study area (Table 3), suggesting
that this community is rather uniform and lacks variation. Taxa
of the Acanthaceae, Fabaceae and Poaceae dominate the study
area floristically (Table 4). The highest number of succulent
species was recorded in this community (Table 5).

Two sub-communities were identified in the Sporobolus nitens—
Euclea divinorum Dry Sodic Savanna and are subsequently
discussed:
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FIGURE 4

Soil map of the Nkhuhlu exclosure site (courtesy of ARC-Institute for Soil, Climate and Water 2003)

1.1 Adenium multiflorum—-Acacia grandicornuta Sodic Bushveld

This sub-community is the most representative sub-community
of the Sporobolus nitens—Euclea divinorum Dry Sodic Savanna. It
covers the bottomlands of the Sabie River on brackish soils of the
Montagu soil form (Figure 4), stretching over all three exclosure
types, although it is most conspicuously present in the full
exclosure (Figure 1). It is generally a moderately open savanna
dominated by the tree Acacia grandicornuta, although there is a
denser variation within this sub-community in which Pappea
capensis forms the dominant tree accompanied by dense stands
of Acacia grandicornuta and Euclea divinorum. This variation was
identified through observations and could not be supported
by the classification results. The impact of heavy grazing and
trampling is most distinctive within this community where
there is a marked difference in vegetation structure and density
between the full exclosure and the areas that permit utilisation.
The partial exclosure and the open area are trampled due to
heavy grazing and some of the woody plants are severely
damaged. The change in floristic composition, however, is not
noticeable.

This sub-community is characterised by species group 2
(Table 1) and includes species such as Schotia capitata in the
woody layer, succulent shrubs such as Adenium multiflorum
and Sansevieria hyacinthoides, and Asparagus transvaalensis,
Indigofera tinctoria and Tribulus terrestris in the forb layer.
Other conspicuous trees are Rhigozum zambeziacum, Pappea
capensis (species group 1), Pyrostria hystrix (species group 2),
Maerua parvifolia (species group 13), Euclea divinorum (species
group 22) and the woody climber Capparis tomentosa (species
group 2). Prominent forbs are Tribulus terrestris (species
group 2), Kyphocarpa angustifolia (species group 13), Ocimum
americanum, Achyranthes aspera (species group 19), Melhania
forbesii (species group 22), Tragus berteronianus and Justicia flava
(species group 28). Important grass species include Enteropogon
monostachyus (species group 1), Chloris virgata (species group 19)
and Tragus berteronianus (species group 28).

Species diversityinthe Adenium multiflorum—Acacia grandicornuta
Sodic Bushveld is average for the Nkhuhlu exclosure site
(Figure 3a) but species richness is below average, although
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TABLE 3
Richness, diversity and evenness for plant communities of the Nkhuhlu exclosure
site
Plant communities Nkhuhlu
1 2 3 4 5 -
Species Richness 138 260 262 38 143 450
a-Diversity (Spp/400m2) 34 43 46 12 46 38
Diversity 4.029 4.374 4.626 2.709 4.133 5.050
Evenness 0.818 0.787 0.830 0.745 0.833 6.109
TABLE 4

Ten most dominant plant families recorded for the five major plant communities of
the Nkhuhlu exclosures site

PLANT COMMUNITIES

Family 1 2 3 4 5 Total
Poaceae 17 44 19 15 25 66
Fabaceae 18 40 22 1 14 58
Asteraceae 3 8 9 3 12 22
Malvaceae 9 14 8 2 7 21
Acanthaceae 10 14 8 1 2 20
Rubiaceae 3 5 10 3 4 17
Euphorbiaceae 4 5 6 1 4 16
Cucurbitaceae 1 7 7 0 5 13
Cyperaceae 2 4 2 3 6 12
Lamiaceae 1 9 4 0 2 11
Number of species 68 150 95 29 81 266
Percentage of total 26 56 36 11 30 59

it hosts the highest richness of succulent plants (total of nine
species) and dwarf shrubs (total of nine species) (Table 5).

1.2 Evolvulus alsinoides—Dichrostachys cinerea Sodic Patches

This sub-community occurs as scattered patches, predominantly
within the full exclosure. The most representative patch of this
sub-community occurs on the southern side of the Xiphandlukile
Stream, where it is wedged between the stream and its tributary
(Figure 1). Underlying soils are mainly from Montagu and
Swartland forms. It is structurally characterised by a low, open
shrubveld surrounded by savanna and woodland.

The Evolvulus alsinoides—Dichrostachys cinerea Sodic Patches
are characterised by species group 3 (Table 1) and include
Acacia nilotica, A. senegal and Rhus gueinzii in the woody layer
and Evolvulus alsinoides, Asparagus setaceus, Aerva leucura
and Pterodiscus speciosus in the forb layer. Dominant woody
species in this sub-community include Euclea divinorum and
Dichrostachys cinerea (species group 22). Prominent forbs are
Blepharis integrifolia, Portulaca kermesina (species group 1), and
Ocimum americanum (species group 19). Grass species that are
conspicuously present include Urochloa mosambicensis, Aristida
congesta (species group 13), Chloris virgata (species group 19) and
Panicum maximum (species group 28).

Species richness and diversity is below average for the Nkhuhlu
exclosure site (Figure 3).

2. Enneapogon scoparius—Combretum apiculatum Dry Mixed
Savanna

This Dry Mixed Savanna belongs to the Pogonarthrio squarrosae—
Combretum apiculati alliance on mesic sand (Coetzee 1983). More
specificallyitis classified under the ‘Brushveld and treeveld with
Acacia nigrescens, Eragrostis superba, Euphorbia neopolycnemoides,
Hibiscus micranthus and Oropetium capense on granitic and
sandstone-derived soils of the Glenrosa and Mispah forms’
(community 5.4 in Coetzee (1983)). According to the description
of the ‘Tropical Arid Granitic Lowveld of the Sabie River

Valley’ by Coetzee (1983), this community comprises elements
of the ‘Crests and middleslopes with poorly developed soils’
(landscape 1.1), the ‘Crests and middleslopes with moderately
well-developed soils” (landscape 1.2), as well as ‘Well-drained,
sandy, lower slopes’.

This community covers approximately 43% of the Nkhuhlu
exclosure site and is found in all areas (including the 400 m
buffer zone). It covers the crests and midslopes from north to
south, across exclosure fence lines and the tourist road. The
largest part of this community is associated with shallow,
gravelly loamy sand to sandy loam topsoil directly overlying
weathering rock (Glenrosa), whereas Clovelly and Mispah
soil forms are also present (Paterson & Steenekamp 2003)
(Figure 4).

Structurally, the Enneapogon scoparius—Combretum apiculatum
Dry Mixed Savanna is classified as a moderately closed
savanna woodland and is floristically characterised by species
group 4 (Table 1). The woody layer is dominated by Acacia
exuvialis, Acacia nigrescens, Combretum apiculatum (species
group 16, Table 1) and Dichrostachys cinerea (species group 22).
Forbs such as Acalypha indica, Corbichonia decumbens, Indigofera
nebrowniana (species group 4), Heliotropium steudneri, Kyphocarpa
angustifolia (species group 13), Hibiscus micranthus and Waltheria
indica (species group 16) are conspicuously present in this
community. Important grasses include Enneapogon scoparius
(species group 4), Aristida canescens, Trichoneura grandiglumis
(species group 13), Digitaria eriantha (species group 16), Panicum
coloratum (species group 19) and Panicum maximum (species
group 28).

Species richness and diversity is high (260 and 4.374 respectively),
but due to the high abundance values and dominance of species,
such as Dichrostachys cinerea, Acacia exuvialis, A. nigrescens and
Combretum apiculatum (Table 1), the evenness is low (Table 3).
Half of the species constituting the Enneapogon scoparius-
Combretum apiculatum Dry Mixed Savanna are members of the
Fabaceae and Poaceae (Table 4).

The Enneapogon scoparius—Combretum apiculatum Dry Mixed
Savanna comprises three sub-communities that are not easily
recognisable in the field since they form a complex pattern of
interchange along the crests and midslopes of the Nkhuhlu
exclosure site. This complexity is created by the gradient from
bottomland to upland that runs perpendicular to the Sabie
River, but also parallel to the river where it forms a gradient
from midslope to crest to midslope between the two seasonal
streams. Table 2 summarises the differentiation between these
sub-communities based on the vegetation structure, species
abundance and characteristic environmental factors.

2.1 Melinis repens—Combretum zeyheri Crest Bushveld

This sub-community is typically associated with crests within
the Nkhuhlu exclosure site but also extends towards the
bottomlands where it intersects the midslope and bottomland
types. It extends over all exclosure fence lines and into the
buffer zone, but is most representative on the crest alongside
the tourist gravel road. The dominant soil form underlying this
sub-community is Glenrosa, although a part of this community
occurs on moderately deep, gravelly loamy sand to sandy
loam of the Clovelly soil form (Paterson & Steenekamp 2003)
(Figure 4). It is structurally classified as a moderately closed
savanna dominated by species from the Combretaceae, of
which Combretum zeyheri is the diagnostic tree.

Species from species group 5 (Table 1) characterise the
floristic composition of this sub-community and include
Combretum zeyheri and Terminalia sericea in the tree layer,
Commelina eckloniana, Clerodendrum ternatum, Indigofera fillipes
and Aptosimum lineare in the forb, and Melinis repens in the
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Plant species richness of different growth forms in ea;le%I{lllzesplam sub-communities of the Nkhuhlu exclosures site.

11 1.2 2.1 2.2 2.3 31 3.2 3.3 4 51 5.2 Total
Annual 19 11 33 13 22 16 9 23 10 25 28 71
Climber 1(3) 5(1) 16 1(3) 13 (1) 21(1) 28 (1) 19 1 13 17 58 (5)
Geophyte 1 1 3 1 0 2 2 1 1 1 1 6
Graminoid 16 [3] 14 [3] 31[6] 27[3] 29 [4] 18[3] 7[2] 28[3] 15[2] 16 [4] 16 [6] 66 [13]
Forb 28 (3) 17 (1) 54 19 34 (1) 21 (1) 18 (1) 35 (1) 8 19 22 100 (6)
Dwarf shrub 9(3) 3 8 5 7 3 7(1) 7(1) 2 3 3 21(3)
Shrub 19 11 27 18 29 29 30 20 1 9 12 65
Tree 16 13 22 14 24 29 28 24 0 5 6 63

[x], annual grasses; (x), succulent plants

grass layer. Other conspicuous woody species include Acacia
exuvialis, Combretum apiculatum (species group 16), Grewia bicolor
(species group 19) and Dichrostachys cinerea (species group 22).
Although it was not frequently recorded, Balanites maughamii
(species group 29) is another conspicuous tree. Prominent forbs
are Kohautia cynanchica (species group 7), Agathesanthemum
bojeri, Cyperus rupestris (species group 9), Heliotropium steudneri,
Kyphocarpa angustifolia (species group 13), Ceratotheca triloba,
Hibiscus micranthus, Waltheria indica (species group 16), and
Abutilon angulatum (species group 22). In the grass layer
Pogonarthria  squarrosa, ~Schmidtia  pappophoroides — (species
group 9), Digitaria eriantha (species group 16), Panicum maximum
and Tragus berteronianus (species group 28) are most common.

The rocky outcrop in the centre of the partial exclosure is slightly
different from typical crest Combretum veld since it contains
strong elements from its surroundings (e.g. Acacia exuvialis
and Acacia nigrescens) and is typically associated with marula
(Sclerocarya birrea) trees. In general Sclerocarya birrea (species
group 29) is associated with this sub-community, although its
distribution range is too wide to be classified as diagnostic.

This sub-community has the highest number of annuals,
geophytes, graminoids and forbs (Table 5), which explains its
high species richness (194 taxa), the highest for the Nkhuhlu
exclosure site (Figure 3b). Mean species per sampling plot is
56, also the highest for the study area (Table 3). Plant species
diversity of the Crest Bushveld was calculated at 4.050, the
highest of the three sub-communities and also the highest in
the study area (Figure 3a).

Two variants within the Melinis repens—Combretum zeyheri Crest
Bushveld sub-community were identified and are discussed.

2.1.1 Xerophyta retinervis variant

This small patch of moderately open savanna is restricted to
relatively rocky uplands (Table 2) on shallow soils from the
Glenrosa soil form. It is most representative in the south-
eastern corner of the full exclosure, on the crest south of the
Xiphandlukile Stream, and stretching east into the buffer zone
(Figure 1). Species group 6 (Table 1) characterises this variant.
The herbaceous layer, dominated by Xerophyta retinervis and
Hemizygia bracteosa, is distinctly different from its surrounding
counterparts. Other important diagnostic species include
Bolusanthus speciosus in the tree layer and Tephrosia multijuga,
Panicum natalense, Indigofera brachystachya and Cleome angustifolia
in the herbaceous layer.

2.1.2 Acacia exuvialis typical variant

The Acacia exuvialis variant makes up the majority of the Crest
Bushveld sub-community and is structurally classified as a
moderately closed savanna overlying soils from the Clovelly
and Glenrosa soil forms (Paterson & Steenekamp 2003). It is
found throughout the study area, excluding the sacrificial zone
(Figure 1).

Species group 7 (Table 1) floristically characterises the variant,
which includes the shrub Monanthotaxis caffra in the woody
layer. Diagnostic forb species are Chamaecrista mimosoides,
Cyperus obtusiflorus, Hermannia glanduligera, Kohautia cynanchica,
Mariscus sumatrensis and Sida cordifolia. Trees such as Acacia
exuvialis and Combretum apiculatum (species group 16) dominate
the woody layer, with other prominent woody species being
Lannea schweinfurthii (species group 9), Acacia nigrescens (species
group 16), Commiphora africana, Grewia bicolor (species group 19),
Dichrostachys cinerea, Grewia flavescens and Philenoptera violacea
(species group 22). In the forb layer Agathesanthemum bojeri
(species group 9), Heliotropium steudneri, Kyphocarpa angustifolia
(species group 13), Ceratotheca triloba, Hibiscus micranthus and
Waltheria indica (species group 19) are the most conspicuous.
Important grasses include Eragrostis chloromelas (species
group 9), Aristida congesta (species group 13), Digitaria eriantha
(species group 16), Panicum coloratum (species group 19), Tragus
berteronianus and Panicum maximum (species group 28).

2.2 Urochloa mosambicensis—Cissus cornifolia Shrubby
Bushveld

This Shrubby Bushveld sub-community forms an ecotone or
transition zone between the Melinis repens—Combretum zeyheri
Crest Bushveld (2.1) and the Themeda triandra—Acacia nigrescens
Tall Bushveld (2.3) and therefore shows strong floristic affinities
towards these sub-communities. No distinct habitat type
characterises this sub-community, although it is in general
associated with crests and midslopes on shallow, gravelly
loamy sand to sandy loam of the Glenrosa and Mispah soil
forms (Paterson and Steenekamp 2003).

This moderately closed shrubland is characterised by species
group 8 (Table 1) of which the succulent Cissus cornifolia shrub
and short grass Perotis patens are the most conspicuous. It has
strong floristic affinities to the Crest Bushveld (2.1) (species
group 9, Table 1) of which the False Marula tree, Lannea
schweinfurthii, and the forb Agathisanthemum bojeri provide a
strong floristic link. Four of the diagnostic species are climbers
(species group 9, Table 1). Dominant woody species include
Acacia exuvialis, A. nigrescens, Combretum apiculatum (species
group 16) and Dichrostachys cinerea (species group 22), whereas
Pogonarthria squarrosa (species group 9), Trichoneura grandiglumis,
Urochloa mosambicensis (species group 13), Panicum coloratum
(species group 19) and Panicum maximum (species group 28)
dominate the grass layer. Dense stands of Dichrostachys cinerea
in some areas could lead to encroachment within this sub-
community.

The Urochloa mosambicensis—Cissus cornifolia Shrubby Bushveld is
a typical representative of the surrounding savanna vegetation
dominated by woody shrubs and graminoids (Table 5). Species
diversity and richness is below average (Figure 3).

2.3 Themeda triandra—Acacia nigrescens Tall Bushveld

This sub-community is associated with the midslopes and
bottomlands of the Nkhuhlu exclosure site, extending over all
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exclosure types, including the buffer zone. Soils underlying
this sub-community are mainly from the Glenrosa and Mispah
soil forms and are generally shallow and vary between gravelly
sandy loam/loamy sand and sandy clay loam topsoil overlying
hard rock (Paterson and Steenekamp 2003). Structurally this
sub-community is classified as a moderately closed savanna
that is typically associated with the dominance of scattered tall
trees such as Acacia nigrescens.

Species group 10 (Table 1) contains the diagnostic species
for this sub-community and includes trees such as Acacia
karroo, whereas the forb Leucas glabrata and graminoids Aristida
canescens, Bothriochloa radicans, Enneapogon cenchroides and
Eragrostis trichophora are typically found in the field layer.
Apart from the diagnostic species listed above, Acacia exuvialis,
Combretum apiculatum (species group 16), Combretum hereroense,
Dichrostachys cinerea and Euclea divinorum (species group 22)
dominate the woody layer. Hibiscus micranthus (species group 16)
and Abutilon angulatum (species group 22) dominate the forb
layer. Important grasses include Themeda triandra (species
group 12) and Panicum maximum (species group 28).

This sub-community has a high species richness (calculated
at 158) (Figure 3b) but a below average diversity (3.504) for the
Nkhuhlu study area (Figure 3). It harbours the second highest
richness of graminoid, forb and shrub richness (Table 5).

Two variants within the Themeda triandra—Acacia nigrescens Tall
Bushveld sub-community were identified and are subsequently
discussed.

2.3.1 Ptaeroxylon obliquum variant

The Themeda triandra—Acacia nigrescens Tall Bushveld is mostly
associated with moist bottomlands, although this variant is
associated with drier midslopes on shallow, gravelly soils of
the Glenrosa soil form (Paterson and Steenekamp 2003). Its
distribution is restricted to the most eastern parts of the buffer
zone at higher altitude than the typical variant (2.3.2).

This moderately open savanna is characterised by species
group 11 (Table 1) and includes woody species such as Croton
gratissimus, Euclearacemosa, Ptaeroxylon obliguumand Zanthoxylum
humile, whereas Vernonia poskeana and Crossandra mucronata are
common in the forb layer, and Coccinia rehmannii a prominent
climber. Although diagnostic for the sub-community, the
grass Themeda triandra is not prominent in this variant. Acacia
nigrescens and Dichrostachys cinerea are prominent in the woody
layer.

2.3.2 Themeda triandra typical variant

This variant represents the largest area of the Themeda triandra—
Acacia nigrescens Tall Bushveld sub-community. It is distributed
throughout the Nkhuhlu exclosure site where it occurs at
the lowest altitude of all the Combretum veld communities.
It is characterised by species group 12 (Table 1), of which the
herbaceous taxa Dyschoriste rogersii, Pupalia lappacea and Themeda
triandra are the most prominent. Species of high abundances
include Acacia exuvialis, Acacia nigrescens, Hibiscus micranthus
(species group 16), Dichrostachys cinerea (species group 22) and
Panicum maximum (species group 28).

3. Jasminum fluminense-Spirostachys africana Riverine Forest

This Riverine Forest community contains elements of the
Phragmites mauritianus—Ficus sycomorus Wet Riparian Forest
(community 1.2 in Bredenkamp and Van Rooyen (1991)),
although there is also a relationship between this community
and the Acacia robusta—Lonchocarpus capassa (= Philenoptera
violacea) Riparian Woodland (community 2.1 in Bredenkamp
and Van Rooyen (1991)). According to the description of the
‘“Tropical Arid Granitic Lowveld of the Sabie River Valley’ by

Coetzee (1983), this community is furthermore floristically
related to the ‘Riparian bush and thicket and reed stands of
seasonal river beds” (landscape 1.5 in Coetzee (1983)).

This community covers approximately 21% of the total Nkhuhlu
exclosure site. It stretches alongside the Sabie River bank from
north to south, as well as the riparian zone along its tributaries,
such as the Xiphandlukile Stream. It also crosses over exclosure
fence lines, and is the only community that occurs in all five
management zones. Unlike the Dry Sodic Savanna, little
structural difference could be observed between exclosure
types. The largest part of this community is associated with
deep, greyish-brown sand to sandy loam topsoil on brown
to reddish-brown sandy-loam subsoil (Oakleaf soil form)
(Paterson and Steenekamp 2003) (Figure 4).

The Jasminum fluminense—Spirostachys africana Riverine Forest
is structurally classified as moderately closed woodland. True
to its structural nature, it harbours the highest numbers of
tree, shrub and liana taxa in the study area. Species group 4
(Table 1) floristically characterises this community, of which
Spirostachys africana is the most prominent, and Dalbergia
melanoxylon, Grewia hexamita and Ziziphus mucronata are present
in lower abundance. Other prominent species in the woody
layer are Combretum microphyllum, Diospyros mespiliformis, Euclea
natalensis (species group 14), Grewia flavescens and Philenoptera
violacea (species group 22). Panicum maximum (species group 28)
dominates the grass layer.

This riverine forest represents the plant community in the
study area with the highest species richness with a total species
count of 262 and mean a-diversity of 46 (Table 3). It also hosts
the highest diversity value (4.626) at community level (Table 3).
It is dominated by taxa of the Fabaceae and Poaceae, although
taxa of the Rubiaceae are also well represented (Table 5).

The Jasminum fluminense—Spirostachys africana Riverine Forest is
sub-divided into three sub-communities that represent small-
scale differences in habitat and floristic composition.

3.1 Tricalysia lanceolata-Dalbergia melanoxylon Streambank
Woodland

The Tricalysia lanceolata—Dalbergia melanoxylon Streambank
Woodland is restricted to the woodland zones along the upper
reaches of the seasonal Xiphandlukile Stream and its two
tributaries, and the two smaller streams that drain the northern
area in the partial exclosure and buffer zone (Figure 1). The
dominant soil form underlying this sub-community is Oakleaf,
although the higher lying areas are underlain by shallow soils
of Mispah and Glenrosa soil forms (Paterson and Steenekamp
2003) (Figure 4). It is structurally classified as moderately closed
woodland dominated by tall Tamboti (Spirostachys africana)
trees.

The lower sections of this sub-community, i.e. towards the
confluence of the tributaries into the Sabie River, are not as
typical and broad as further upstream. Towards the Sabie
River, savanna elements of Tall Bushveld (2.3) and Dry Sodic
Savanna (1) enter the streambank vegetation, resulting in
a sparser, savanna-like structure on the banks and narrow
woodland along the stream edges. To the south the sub-
community is better developed and influenced by two factors.
Firstly, the big boulder and its associated outcrops inside the full
exclosure (one of few landmarks) serve as a moist microhabitat
for riverine elements to colonise and therefore a strong floristic
link exists with the sub-community through woody species such
as Combretum imberbe, Lannea schweinfurthii, Manilkara mochisia
and Ochna natalitia. Secondly, the Xiphandlukile Stream, though
seasonal, flows steadily during the rainy season, which results
in sufficient groundwater for woodland development.
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Species from species group 15 (Table 1) characterise the floristic
composition of this sub-community and include Albizia forbesii,
Berchemia discolor, Combretum mossambicense and Tricalysia
lanceolata in the woody layer. Other diagnostic species are
climbers, such as Adenia digitata and Dioscoria corinifolia.
Dominants in the tree layer include Spirostachys africana (species
group 14), Acacia nigrescens (species group 16) and Combretum
hereroense (species group 22), whereas Hibiscus micranthus
(species group 16), Abutilon sonneratianum, Abrus precatorius
(species group 18) and Sida rhombifolia (species group 26) are
prominent in the forb layer.

The number of species recorded per sampling plot is 45 and
the species richness is 139, which is above the average for the
Nkhuhlu exclosure site (Figure 3b). This sub-community
contains the most tree species (29) and the second highest
number of liana species (Table 5). Species diversity is above
average (4.044), although it scored lowest of all sub-communities
in the Jasminum fluminense—Spirostachys africana Riverine Forest
(Figure 3a).

3.2 Manilkara mochisia-Diospyros mespiliformis Riverbank
Woodland

The Manilkara mochisia—Diospyros mespiliformis Riverbank
Woodland is strongly associated with the Phragmites
mauritianus—Ficus sycomorus Wet Riparian Forest (community 1.2
in Bredenkamp and Van Rooyen (1991)). It covers the moist,
evergreen riparian zone along the Sabie River on deep soils
from the Oakleaf soil form. It is well represented in the full
exclosure, discontinuous and fading in the open area and absent
in the partial exclosure. Several tall (11 m) riparian forest trees
characterise this sub-community at the Nkhuhlu exclosure site.
Diospyros mespiliformis is probably the most prominent big tree
species. It is structurally characterised as a moderately closed
to closed woodland.

Diagnostic species for this sub-community are listed under
species group 17 (Table 1), of which Kigelia africana and Trichilia
emetica are the major contributors to the woody layer. In the forb
layer Barleria obtusa is most prominent, whereas no grass species
are diagnostic for this sub-community. Panicum deustum (species
group 14) and P. maximum (species group 28) are dominant in
the field layer. Other prominent trees and shrubs are Euclea
natalensis, Phyllanthus reticulatus (species group 14), Cordia caffra
(species group 18), Combretum imberbe (species group 21), Grewia
flavescens, Philenoptera violacea (species group 22) and Sclerocarya
birrea (species group 29). Achyranthes aspera (species group 19)
is a prominent forb, whereas the climbers Jasminum fluminense
(species group 14) and Momordica balsamina (species group 21)
are conspicuously present.

Species diversity is above average and was calculated at 4.092,
which is the second highest value for the Nkhuhlu exclosure
site (Figure 3a). It contains the most shrub and climber species,
and the second highest number of tree species (Table 5).

3.3 Lippia javanica-Gymnosporia senegalensis Riverbank Scrub

This Riverbank Scrub is floristically related to the Acacia tortilis—
Combretum imberbe Riparian Woodland (community 2.1.2 in
Bredenkamp and Van Rooyen 1991). Soils underlying this
community are mainly from the Montagu soil form that is
associated with deep sandy-loam topsoil on weakly structured
calcareous subsoil (Paterson and Steenekamp 2003). This is the
only sub-community that is found in all zones, including the
sacrificial zone. It is significantly denser in the full exclosure
than in the other zones. This sub-community is more prominent
on the Sabie floodplain in the north, where there is greater
impact during floods when water masses push over the banks
during which riparian woodlands are washed away, leaving
this short (2 m) shrub-dominated community (Figure 1). It is
structurally classified as a moderately closed shrubland and is
dominated by the spiny shrub Gymnosporia senegalensis and the
grass Panicum maximum.

Diagnostic species for this sub-community are listed under
species group 20 (Table 1), of which Lippia javanica is the
most conspicuous. Other diagnostic species include woody
species such as Flueggea virosa and Peltophorum africanum, forbs
such as Acanthospermum hispidula, Hermannia tomentosa and
Pavonia burchellii, and in the grass layer Cenchrus ciliaris. Other
prominent species are shrubs such as Phyllanthus reticulatus
(species group 14), Combretum hereroense, Euclea divinorum
and Grewia flavescens (species group 22), the forb Heliotropium
ovalifolium (species group 27), and Panicum deustum (species
group 14), Cynodon dactylon (species group 27) and Panicum
maximum (species group 28) in the grass layer. Combretum
microphyllum and Jasminum fluminense (species group 14) are
prominent climbers in this sub-community.

Not only is this sub-community associated with dense,
straggling shrubs, but in some areas it is covered by a dense
grass sward, especially of Cynodon dactylon (species group 27).
These grassy areas are heavily grazed in the open area and
partial exclosure. Scattered clusters of woody species are
found within this sub-community. These clusters fill an
important ecological role in that it serves as a microhabitat for
colonisation by riparian woodland species. Many precursors of
riparian woodlands were recorded from Riverbank Scrub and
include Combretum hereroense, Peltophorum africanum and Cassia
abbreviata.

Floristically, this sub-community is most valuable due to its
high species richness and diversity — the highest for the study
area (Figure 3). This sub-community is rich in all growth forms
(Table 5), which partially explains why it has the highest plant
species diversity in the study area.

4. Echinochloa colona-Litogyne gariepina Seasonal Pan

The Seasonal Pan community forms scattered patches
throughout the Nkhuhlu exclosure site, although the most
noticeable and best developed ones are located inside the full
exclosure. All pans are located along the bottomlands of the
landscape of which the majority is found in the Riverbank
Woodland (3) and Dry Sodic Savanna (1). The pans in the
Riverbank Woodland form part of a small, secondary channel
that gets flooded when the Sabie River pushes over its banks.
The pans in the Dry Sodic Savanna are typical zoogenic
waterholes created by elephant, buffalo and warthog. This
seasonally wet community consists of a unique composition
of graminoids and dwarf shrubs. High abundance of the grass
Echinochloa colona and the complete absence of tree species
characterise these pans.

Diagnostic species of importance are listed under species
group 23 (Table 1) and include forbs associated with moist
conditions such as Litogyne gariepina and Verbena brasiliensis,
and the grass Eragrostis heteromera. Other prominent species
include Urochloa mosambicensis (species group 13), Panicum
deustum (species group 14), Waltheria indica (species group 16),
Cyperus sexangularis (species group 24), Justicia flava, Sporobolus
fimbriatus (species group 28) and Chloris mossambicensis (species
group 29). Species that were not recorded in a sampling plot, but
were conspicuously present, include Acacia robusta, Diospyros
mespiliformis (< 2 m) and Spirostachys africana trees that surround
the pans.

This community was purposefully undersampled due to its
azonal status, small area, and high species turnover between
pans. The floristic data presented is the cumulative richness
of all four major pans. These pans are species poor with low
species diversity (Table 3). Taxa of the Poaceae dominate
this sub-community (Table 4) and woody species are absent
(Table 5).
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5. Phragmites mauritianus—Vernonia glabra River Reedbed

This community is floristically related to the Jasminum
fluminense-Phragmites mauritianus Shrubby Reed
(community 1.1 in Bredenkamp and Van Rooyen (1991)) and
the Ficus capreifolia—Phragmites mauritianus Riparian Thicket
(community 1.4 in Bredenkamp and Van Rooyen (1991)). It
furthermore fits the description of the ‘Riparian bush and thicket
and reed stands of seasonal river beds’ (landscape 1 in Coetzee
(1983)) under the ‘“Tropical Arid Granitic Lowveld of the Sabie
River Valley’ landscape (Coetzee 1983).

This River Reedbed covers approximately 11% of the total study
siteand is mainly restricted to the sacrificial zone. Itis associated
with the river bed of the Sabie River and varies from a deep,
sandy reedbed to an undulating grassy river bed with exposed
rock outcrops. Since it includes part of the seasonally wet river
bed, its species composition can change after each rainy season.
Such event-driven communities are temporal, although certain
diagnostic species, such as Phragmites mauritianus remains in
variable abundance.

The structural classification varies from an open river bed to a
closed reedbed and has the highest cover (70%) of herbaceous
species in the study area. It is floristically characterised by
species group 24 (Table 1), of which Phragmites mauritianus is
most abundant. Other diagnostic species include Cyperus
sexangularis, Dactyloctenium geminatum and the tree Breonadia
salicina. Several alienand /or invasive forb species are prominent,
such as Ageratum conyzoides, Sesbania bispinosa and Tridax
procumbens. Species that are not diagnostic but conspicuously
present include Cynodon dactylon, Commelina erecta, Heliotropium
ovalifolium and Vernonia glabra (species group 27).

The Phragmites mauritianus-Vernonia glabra River Reedbed is
floristically of the weaker communities with below average
species diversity and richness (Table 3). It is dominated by taxa
of the Poaceae, which is followed closely by the Asteraceae and
Fabaceae (Table 4).

The Phragmites mauritianus—Vernonia glabra River Reedbed is a
vegetation mosaic sub-divided into two sub-communities that
represent different zones in the river bed, although at a scale
too small for mapping purposes.

5.1 Cynodon dactylon-Breonadia salicina Rocky Reedbed

Floristically, this sub-community is related to the Securinega
virosa (=Flueggea virosa)-Phragmites mauritianus Reed Scrub
Thicket (community 1.1.1 in Bredenkamp and Van Rooyen
(1991)). It is associated with flat to undulating, sandy alluvial
plains or sand banks and terraces adjacent to the Sabie River,
which is characterised by herbaceous species. Although trees
are scarce, they can reach 5 m when established between
rocks.

This seasonally flooded sub-community is characterised by
species in species group 25 (Table 1) of which only the climber
Vigna vexillata is abundant. Other prominent species include
the grasses Cynodon dactylon (species group 27) and Sporobolus
fimbriatus (species group 28), the forb Heliotropium ovalifolium,
and the shrub Vernonia glabra (species group 27).

This sub-community has a low species richness, although
species diversity is average (Figure 3). Graminoid and forb life
forms dominate this sub-community (Table 5).

5.2 Dactyloctenium geminatum-Ficus capreifolia Sandy
Reedbed

This Sandy Reedbed is floristically related to the Ficus capreifolia—
Phragmites mauritianus Riparian Thicket (community 1.4
in Bredenkamp and Van Rooyen (1991)). It is furthermore
associated with the flat, deep sand banks of the Sabie River,

which is seasonally flooded and characterised by the complete
dominance of Phragmites mauritianus (> 50% cover) and grass
height exceeding 3.5 m in places.

This sub-community is characterised by species in species
group 26 (Table 1), which include Ficus capreifolia as the only
contributor to the woody layer. Diagnostic species in the field
layer include Sida rhombifolia and Urochloa panicoides, whereas
Cissampelos mucronata and Taccazea apiculata are diagnostic
climbers. The exotic medicinal plant Catharanthus roseus is
conspicuously presentin this sub-community. Other prominent
species include the grass Cynodon dactylon and the shrub
Vernonia glabra (species group 27).

Species richness and diversity are low (Figure 3) and the low
evenness value is explained by the dominance of the reed
Phragmites mauritianus. Annual species counts are the highest
in this sub-community and can be ascribed to the temporal
ecology of this community since it is occasionally flooded.

Conclusion

Plant communities traverse all exclosure types at the Nkhuhlu
exclosure site, except for the Echinochloa colona—Litogyne
gariepina Seasonal Pan (community 4), which is absent from
the partial exclosure and open control area. However, not all
mapping units (sub-communities) are well represented in
the different exclosure types, especially sub-communities of
the Jasminum fluminense—Spirostachys africana Riverine Forest,
which is only well represented in the full exclosure. Vegetation-
soil relationships are well demarcated at community level,
whereas small-scale environmental factors, such as flooding,
rockiness and elevation are associated with sub-community
differentiation. Although species richness and a-diversity vary
considerably between plant communities, the Riparian Forest
community (Jasminum fluminense—Spirostachys africana Riverine
Forest — community 3) hosts the highest species diversity
and richness. This data can contribute towards long-term
monitoring programmes along the Sabie River for designing
optimal management practices along riparian ecosystems.

The granitic savanna along the Sabie River is commonly known
for its undulating landscape with rather predictable vegetation
patterns along the catena. In contrast, the Nkhuhlu exclosure
site is a heterogeneous landscape with mosaic vegetation
patterns associated with small-scale environmental variations
that change along the catena. The vegetation map captured
all variations up to the sub-community level. However, local
small-scale heterogeneity could not be depicted due to scale
and mosaic patterns. It is especially the diversity of these
small-scale patches, natural or disturbed, that enhances plant
diversity at the Nkhuhlu exclosure site. The Nkhuhlu exclosures
along the Sabie River therefore provide immense possibilities
for long-term studies of vegetation dynamics and biodiversity
monitoring within a savanna riparian ecosystem.
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