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Abstract

7KH� LPSDFW�RI�PDQ��KDQG�UDLVHG�EODFN� UKLQRV�DQG�HOHSKDQWV� �UHIHUUHG� WR�DV� µDJHQWV¶��RQ�ZRRG\�YHJHWDWLRQ�
DURXQG�WKH�7DVKLQJD�UKLQR�KDQG�UDLVLQJ�VLWH�LQ�0DWXVDGRQD�1DWLRQDO�3DUN��013���=LPEDEZH��ZHUH�DVVHVVHG�
LQ�$SULO±0D\������ZKLOH�WKH�SURJUDPPH�ZDV�UXQQLQJ�DQG�LQ�-XQH������DIWHU�WKH�SURJUDPPH�ZDV�VXVSHQGHG��
A combination of direct and indirect observation methods were used to assess the damage caused by the three 
DJHQWV��(DFK�LQGLYLGXDO�SODQW�ZDV�LGHQWL¿HG�DQG�DVVHVVHG�WR�GHWHUPLQH�WKH�H[WHQW�RI�GDPDJH�LQÀLFWHG�E\�HDFK�
DJHQW�XQGHU�VWXG\��5HVXOWV�LQGLFDWH�WKDW�GHJUDGDWLRQ�LQWHQVLW\�DQG�LPSDFW�RQ�ZRRG\�YHJHWDWLRQ�YDULHG�DPRQJ�
PDQ��EODFN�UKLQRV�DQG�HOHSKDQWV�DQG�DOVR�GLIIHUHG�VLJQL¿FDQWO\�DORQJ�D�GLVWDQFH�JUDGLHQW��'HQVLW\�ZDV�KLJK�IRU�
VRPH�SODQW�VSHFLHV��EXW�GLYHUVLW\�ZDV�QRW�VLJQL¿FDQWO\�GLIIHUHQW��3�!�������EHWZHHQ�WKH�WKUHH�VHJPHQWV��,W�FDQ�
be concluded that the three agents had different roles in transforming a once thick vegetation area into open 
ZRRGODQG��)RU�IXWXUH�PDQDJHPHQW�RI�KDQG�UDLVLQJ�Pachyderm programmes under similar circumstances, it is 
UHFRPPHQGHG�WKDW�URWDWLRQDO�EURZVLQJ��LV�DGRSWHG��DV�WKH�EHQH¿WV�RXWZHLJK�WKH�GLVDGYDQWDJHV�HVSHFLDOO\�ZKHQ�
IDFHG�ZLWK�LQFUHDVLQJ�OHYHOV�RI�UKLQR�SRDFKLQJ��$OVR�VLQFH�WKH�DUHD�RI�GHJUDGDWLRQ�LV�XVXDOO\�UHODWLYHO\�VPDOO��
UHIRUHVWDWLRQ�PHDVXUHV�XVLQJ�QDWLYH�SODQW�VSHFLHV�FRXOG�EH�LQFOXGHG�LQ�IXWXUH�SURMHFW�PDQDJHPHQW�GHVLJQV������

Additional key words: boma, degradation, hand-raising site, poaching, woody plants

Résumé

/¶LPSDFW�GH�O¶KRPPH��GHV�UKLQRFpURV�QRLUV�pOHYpV�DYHF�O¶DOLPHQWDWLRQ�j�OD�PDLQ�HW�GHV�pOpSKDQWV��DSSHOpV�DJHQWV��
sur la végétation ligneuse autour du site de Tashinga réservé à l’élevage de rhinocéros nourris à la main au Parc 
1DWLRQDO�0DWXVDGRQD��310���DX�=LPEDEZH��RQW�pWp�pYDOXpV�HQ�DYULO±PDL�������DORUV�TXH�OH�SURJUDPPH�pWDLW�
HQ�FRXUV�HW�HQ�MXLQ������DSUqV�OD�¿Q�GX�SURJUDPPH���/¶REVHUYDWLRQ�GLUHFWH�GHV�DQLPDX[�FLEODLW�OHV�UKLQRFpURV�
noirs élevés à la main et l’homme et l’observation indirecte des animaux, adaptée aux éléphants et aussi à 
O¶KRPPH��RQW�pWp�DGRSWpHV�FRPPH�GHV�PpWKRGHV�G¶pYDOXDWLRQ���&KDTXH�SODQWH�D�pWp�LGHQWL¿pH�HW�H[DPLQpH�D¿Q�
GH�GpWHUPLQHU�O¶DPSOHXU�GHV�GpJkWV�LQÀLJpV�SDU�FKDTXH�IDFWHXU�j�O¶pWXGH���/HV�UpVXOWDWV�LQGLTXHQW�TXH�O¶LQWHQVLWp�
de la dégradation et l’impact sur la végétation ligneuse variaient parmi les hommes, les rhinocéros noirs nourris 
j�OD�PDLQ�HW�OHV�pOpSKDQWV�HW�GLIIpUDLHQW�DXVVL�FRQVLGpUDEOHPHQW�OH�ORQJ�G¶XQ�JUDGLHQW�GH�GLVWDQFH���/D�GHQVLWp�
pWDLW�pOHYpH�SRXU�FHUWDLQHV�HVSqFHV�GH�SODQWHV��PDLV�OD�GLYHUVLWp�Q¶pWDLW�SDV�VLJQL¿FDWLYHPHQW�GLIIpUHQWH��3!�������
GDQV�OHV�WURLV�VHJPHQWV���2Q�SHXW�FRQFOXUH�TXH�OHV�WURLV�DJHQWV�DYDLHQW�GHV�U{OHV�GLIIpUHQWV�GDQV�OD�WUDQVIRUPDWLRQ�
G¶XQH�]RQH�GH�YpJpWDWLRQ�GHQVH�HQ�XQH�IRUrW�FODLUH�RXYHUWH���3RXU�OD�JHVWLRQ�j�O¶DYHQLU�GHV�SURJUDPPHV�GH�
Pachydermes élevés à la main dans des circonstances semblables, il est recommandé que le broutage rotationnel 
et un suivi de la végétation soient adoptés car les avantages l’emportent sur les inconvénients, surtout lors 
TX¶RQ�HVW�FRQIURQWp�j�O¶DXJPHQWDWLRQ�GHV�QLYHDX[�GH�EUDFRQQDJH�GH�UKLQRFpURV���(Q�RXWUH��SXLVTXH�OD�]RQH�GH�



73  Pachyderm  No. 56  July 2014–June 2015

The role of man, hand-raised black rhinos and elephants on woody vegetation, Matusadona National Park, 
Zimbabwe

Introduction

The construction of the Lake Kariba dam wall between 
�����DQG������LQÀXHQFHG�WKH�HYHQWXDO�HVWDEOLVKPHQW�
RI�0DWXVDGRQD�1DWLRQDO�3DUN��013���=LPEDEZH��,Q�
�����0DWXVDGRQD�ZDV�¿UVW�SURFODLPHG�D�FRQVHUYDWLRQ�
area for non-hunting activities, then gazetted a game 
UHVHUYH�LQ������DQG�¿QDOO\�GHFODUHG�D�1DWLRQDO�3DUN�LQ�
������3DUNV�DQG�:LOGOLIH�$FW�>&KDSWHU������@�RI��������
Regardless of the establishment of protected areas, 
ZLOG�DQLPDOV�FRQWLQXH� WR�EH�SRDFKHG��)RU� LQVWDQFH��
black rhino (Diceros bicornis��SRDFKLQJ� LQWHQVL¿HG�
GXULQJ�WKH�����V�WKURXJKRXW�$IULFD��5HLG�HW�DO����������
By 1995 the African black rhino population had 
plunged to about 2,410 individuals from an estimated 
continental population of 100,000 in 1960 (Milliken 
DQG�6KDZ�������� ,Q�=LPEDEZH�QXPEHUV� GHFOLQHG�
to about 250 by 1993 from an estimated population 
RI������� LQ������ �=LPEDEZH�1DWLRQDO�3DUNV�������
*DQGLZD� �������7KH�PDJQLWXGH� RI� WKLV� RQVODXJKW�
prompted the formulation of conservation strategies 
like the Zimbabwe Black Rhino Conservation Strategy 
�=LPEDEZH�1DWLRQDO�3DUNV�������� WKH�%ODFN�5KLQR�
3URMHFW�(PHUJHQF\�3ODQ��=LPEDEZH�1DWLRQDO�3DUNV�
������DQG�WKH�HVWDEOLVKPHQW�RI�EODFN�5KLQR�,QWHQVLYH�
3URWHFWLRQ�=RQHV��,3=V��RQ�VWDWH�ODQG�DQG�WKH�EODFN�
UKLQR�FRQVHUYDQFLHV�RQ�SULYDWH�ODQG��,Q�RUGHU�WR�VDYH�
the black rhino in Zimbabwe from escalating poaching, 
IRXU�,3=V�ZHUH�HVWDEOLVKHG�LQ������LQFOXGLQJ�013��
6LQDPDWHOOD�1DWLRQDO�3DUN��0DWRSRV�1DWLRQDO�3DUN�DQG�
&KLSLQJH�6DIDUL�$UHD��,Q�DGGLWLRQ��D�EODFN�UKLQR�KDQG�
UDLVLQJ�SURJUDPPH��LQYROYLQJ�013��ZDV�HVWDEOLVKHG��
These strategies resulted in Zimbabwe currently 
holding approximately 700 rhinos, of which about 
����DUH�EODFN�UKLQRV��*DQGLZD��������PDNLQJ�LW�WKH�
fourth largest stronghold for the species after South 
$IULFD��1DPLELD�DQG�.HQ\D�

The translocation of rhino calves for hand-raising 
DW� 013� ZDV� VXVSHQGHG� E\� WKH� =LPEDEZH� 3DUNV�
DQG� :LOGOLIH� 0DQDJHPHQW� $XWKRULW\� �=3:0$��
around 2002/3 following incidences of poaching, but 
protection and monitoring of the existing animals 
XQGHU�KDQG�UDLVLQJ�LQWHQVL¿HG��$OWKRXJK�WKHUH�LV�QR�

consensus among stakeholders on the current black 
UKLQR� VL]H� LQ�013�� WKH�PDMRULW\�DUH�FRQFHUQHG�DQG�
agree that the numbers have declined considerably 
EDVHG�RQ�WKH�VPDOO�QXPEHU�RI�VLJKWLQJV�DQG�HQFRXQWHUV��

The elephant (Loxodonta africana��SRSXODWLRQ�RI�
013�ZDV�HVWLPDWHG�DW�������LQ�������DQG�WKH������
aerial census estimated the population to be about 
�������%ODQF�HW�DO���������7KLV�H[FHHGV�WKH�WKUHVKROG�RI�
potential ecological concern of around 700 and is above 
WKH�UHFRPPHQGHG�HOHSKDQW�GHQVLW\�RI�����DQLPDOV�NP��
LQ�=LPEDEZH¶V�SURWHFWHG�DUHDV��=LPEDEZH�1DWLRQDO�
3DUNV�������&XPPLQJ�HW�DO����������+RZHYHU��D�VXUYH\�
recently carried out in 2014 estimated a reduction of 
elephants in the Sebungwe region, which includes 
013��E\�DQ�HVWLPDWHG������3��.XZDRJD�SHUV�FRPP���
2FWREHU� ������� VXJJHVWLQJ� WKDW� WKH�013�HOHSKDQW�
SRSXODWLRQ�FRXOG�EH�RQ�WKH�GHFOLQH��������

Before its suspension, the black rhino hand-raising 
and release programme was blamed by stakeholders 
IRU�FDXVLQJ�ZRRG\�YHJHWDWLRQ�GHJUDGDWLRQ��,PSDFWV�RI�
elephants on woody vegetation are well documented 
�&KDIRWD�������0XNZDVKL�HW�DO��������DQG�ZKHUH�WKH\�
co-exist with other large herbivores, such as rhinos, 
ZRRG\�YHJHWDWLRQ� LV�VXEMHFWHG� WR� LQWHQVH�XWLOL]DWLRQ�
DQG�GDPDJH��3UDGKDQ�HW�DO����������0DQ¶V�UROH�LQ�VXFK�
situations is directly associated with rhino feeding, 
as rhino handlers cut preferred leafy tree branches 
WR� SURYLGH� VXSSOHPHQWDU\� IHHG�� %HWZHHQ�2FWREHU�
1994 and March 2002, eight hand-raised black rhino 
calves, one sub-adult and two adults were received 
DW�013�IURP�GLIIHUHQW�VRXUFHV�IRU�IXUWKHU�UDLVLQJ�RU�
UHOHDVH��0DWLSDQR�����D���6HYHQ�RI�WKH�FDOYHV�ZHUH�
UHFHLYHG�IURP�D�SULYDWH�JDPH�UDQFK��,PLUH�� ORFDWHG�
in Mashonaland East Province of Zimbabwe and 
one was received from Chewore Safari Area, a state 
SURWHFWHG�DUHD��7DEOH�����7KHVH�UKLQRV�FRPSOHPHQWHG�
an estimated 43 wild and released black rhinos resident 
LQ�013��0DWLSDQR�����D����

dégradation est souvent relativement petite, on pourrait inclure des mesures de reboisement en utilisant des 
HVSqFHV�GH�SODQWHV�LQGLJqQHV�GDQV�OHV�VWUDWpJLHV�GH�JHVWLRQ�GH�SURMHWV�IXWXUV�

Mots clés supplementaires: enclos, dégradation, site d’élevage à la main, braconnage, plantes ligneuses
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�7KH�KDQG�UDLVLQJ�SURJUDPPH�DW�013�VDZ�UKLQRV�
alternating between being ‘hand fed’ and herded like 
domestic livestock every day within a 2–3 km radius 
from a focal point at the boma� �NUDDO�HQFORVXUH�� DW�
Tashinga camp, reaching a maximum range of 4 km 
�0DWLSDQR��������:KLOH�WKH�HFRORJ\�DQG�EHKDYLRXUDO�
aspects of black rhinos are well documented (Artkinson 
������+XWFKLQV�DQG�.UHJHU��������WKH�LPSDFW�FUHDWHG�
by a combination of rhino, elephant and man on woody 
YHJHWDWLRQ��LV�SRRUO\�GRFXPHQWHG���7KH�REMHFWLYHV�RI�
WKLV�VWXG\�ZHUH��L��WR�DVVHVV�ZRRG\�YHJHWDWLRQ�GHQVLW\�
and diversity and woody vegetation degradation by 
man, elephant and rhino (collectively referred to as 
µDJHQWV¶� LQ� WKLV� VWXG\�� DFURVV� GLIIHUHQW� VHJPHQWV� DW�
7DVKLQJD� EODFN� UKLQR� KDQG�UDLVLQJ� VLWH�� DQG� �LL�� WR�
establish the relationship between woody vegetation 
GDPDJH�DQG�GLVWDQFH�IURP�WKH�VWXG\�FHQWUH���

Materials and methods

Study area

013�VWUHWFKHV� IURP������¶±�����¶(� DQG������¶±
�����¶6��)LJ������7KH�SDUN�FRYHUV�DERXW�������NPð�
DQG� LV� GLYLGHG� LQWR� WZR� PDMRU� JHRPRUSKRORJLF�
landscapes: the wet, dystrophic, rugged highland 
section with altitudes ranging from 600 to 1,200 m, 
where Brachystegia–Julbernadia woodlands dominate 
�0DWLSDQR� ����D��� DQG� WKH� VHPL�DULG� HXWURSKLF�
YDOOH\�ÀRRU�DW�DQ�DOWLWXGH�RI�EHWZHHQ�����DQG�����P��
dominated by Colophospermum mopane mixed with 
Combretum VSS��DQG�Terminalia�VSS��2Q�WKH�YDOOH\�
ÀRRU��DQQXDO�UDLQIDOO�YDULHV�EHWZHHQ�����DQG�����PP�
SHU�\HDU��PHDQ������PP���ZLWK�WKH�PDLQ�UDLQ\�VHDVRQ�
RFFXUULQJ�EHWZHHQ�1RYHPEHU�DQG�$SULO�

 
Table 1. Details of black rhinos that went through the Tashinga rhino hand-raising site (1994–2003). HRP: hand 
raising programme; Chewore safari area; Imire game ranch. Dates are shown as (dd/)mm/yy; *month of birth 
not known
Source: Modified from Matipano (2004b)
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Experimental design and 
data collection 

The vegetation assessment design 
located a focal point at the boma, 
selected purposively as a reference 
SRLQW��7KUHH���NP�ORQJ�OLQH�WUDQVHFWV�
running in different directions, about 
�����IURP�HDFK�RWKHU��ZHUH�HVWDEOLVKHG�
and the area was divided into two 
concentric segments (Segments 1 and 
����ZLWK�UDGLL�RI�������P�DQG�������
P�UHVSHFWLYHO\��)LJXUH��E���2Q�HDFK�
transect, six 25 × 20 m quadrats (3 
LQ� HDFK� VHJPHQW��ZHUH� HVWDEOLVKHG�
using systematic sampling, at 300 m 
LQWHUYDOV�� �7KH� VL]H�RI� WKH�TXDGUDWV�
did not strictly follow the Braun-
Blanquet method due to homogeneity 
RI� WKH� YHJHWDWLRQ� FRPPXQLW\�� )RXU�
further quadrats of the same size 
were established in another segment 
�6HJPHQW� ���� ORFDWHG� �� NP� DZD\�
from the focal point and with similar 
YHJHWDWLRQ��7KHVH�TXDGUDWV�ZHUH�XVHG�
to compare vegetation damage in the 
absence of heavy utilization by the 
WKUHH�DJHQWV�FRQVLGHUHG�LQ�WKLV�VWXG\�����

 The study was carried out between 
April and May 2004 soon after the 
UDLQ\� VHDVRQ� DQG� LQ� -XQH������ZHOO�
after the black rhino hand-raising 
SURJUDPPH�KDG�EHHQ�VXVSHQGHG��7KH�
impact of hand-raised black rhino 
�KHUHDIWHU� µUKLQR¶��ZDV� DVVHVVHG� E\�
means of direct observation of animal–
YHJHWDWLRQ� LQWHUDFWLRQ��2QH� VHOHFWHG�
animal would be followed each day 
on its feeding trail, where targeted 
tree/shrub species and the girth of 
individual plants were recorded 
WRJHWKHU�ZLWK� DOO� GDPDJHV� LQÀLFWHG�
RQ� WKH� ZRRG\� SODQWV�� $VVHVVPHQW�
followed methods described by of 
0DWLSDQR� ������� DQG� 6DUPD� HW� DO��
�������

For elephants, an indirect 
observation method was adopted; this 
involved tracking an animal’s feeding 
trail and recording its feeding patterns 

Figure 2. (a) Plant damage categories and (b) 
Arrangement of transects and quadrats where woody 
vegetation damage variables were assessed 

Figure 1. Matusadona National Park, indicating study 
site (Tashinga).  Source: Modified from Matipano 
(2004b) 
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No. Plant species Segment 1 
(9 quadrats) 

 

Segment 2 
(9 quadrats) 

Segment 3 
(4 quadrats) 

1 Adansonia digitata 0 2 0 
2 Baphia massaensis 2 36 10 
3 Bauhinia petersiana 0 4 0 
4 Boscia angustifolia 2 0 5 
5 Canhtium randii 0 0 20 
6 Canthium huillense 0 9 0 
7 Cassia abbreviate 0 4 10 
8 Colophospermum mopane 193 29 60 
9 Combretum apiculatum 44 127 425 
10 Combretum collinum 36 173 165 
11 Combretum eleagnoides 231 273 115 
12 Combretum zeyheri 18 111 130 
13 Commifora africana 0 4 0 
14 Commiphora mossambicensis 2 0 0 
15 Dichrostachys cinerea 20 16 0 
16 Diospyros quiloensis 120 240 665 
17 Elephantorrhiza goetzei 2 11 0 
18 Erythroxylum zambesiacum 0 11 35 
19 Friesodielsia obovata 0 9 0 
20 Gardenia resinifera  0 0   10 
21 Grewia bicolour 7 2 0 
22 Grewia flavescens 0 2 0 
23 Grewia monticola 4 2 0 
24 Holarrhena pubescens 0 0 5 
25 Karomia tettensis 549 1251 970 
26 Kirkia acuminate 2 0 0 
27 Lannea stuhlmannii 2 0 0 
28 Lonchocarpus capassa 0 4 0 
29 Margaritaria discoidea 0 2 0 
30 Ormocarpum kirkii 7 0 0 
31 Pteleopsis myrtifolia 31 153 60 
32 Pterocarpus rotundifolius 0 0 10 
33 Schrebera alata  0 9 20 
34 Sclerocarya caffra 2 0 0 
35 Strychnos madagascariensis 40 96 135 
36 Terminalia mollis  16 38 5 
37 Terminalia prunioides 0 0 5 
38 Terminalia sericea 0 22 0 
39 Terminalia stuhlmannii 2 0 0 
40 Vanguelia infausta 16 40 35 
41 Xemenia caffra 0 0 5 
42 Xerodoris stuhlmanii 13 11 10 
Total plants/ha 1361 2691 3030 
Total no. of recorded species 26 29 24 

 1 

Table 2. Woody vegetation species density (plants/ha) in the three segments (2004)
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hours after the animal had gone (Kotze and Zacharias 
������%DVKD�HW�DO���������7UDFNLQJ�ZDV�GRQH�HDUO\�LQ�
WKH�PRUQLQJ�EHWZHHQ�������DQG�������*07�IROORZLQJ�
HOHSKDQWV¶�YLVLWV�DW�WKH�VWXG\�VLWH�WKH�SUHYLRXV�QLJKW��
For man direct observation focused on freshly cut 
branches either by a hand-held axe or machete, while 
LQGLUHFW�REVHUYDWLRQ�DVVHVVHG�ROG�GDPDJH�LQÀLFWHG�D�
PRQWK�RU�PRUH�SUHYLRXVO\�DQG�LGHQWL¿HG�E\�D�GDUNHQHG�
cut surface due to the action of environmental agents 
RYHU�WLPH��

:RRG\�YHJHWDWLRQ�ZDV�UHFRUGHG�DV�WUHHV��L�H��ZRRG\�
SODQWV����P�LQ�KHLJKW�DQG�VKUXEV��L�H��SODQWV�RI�����
FP� JLUWK� DQG� ���P� LQ� KHLJKW�� �:RRG\� YHJHWDWLRQ�
composition variables calculated were density and 
GLYHUVLW\��)RU� WKH� SXUSRVHV� RI� WKLV� VWXG\�� µGDPDJH¶�
referred to signs of visible breakage on the trunk or 
branches caused by plant utilization or browsing (Ssali 
HW�DO��������WKDW�KDG�WKH�SRWHQWLDO�WR�LQFDSDFLWDWH�IXUWKHU�
growth or development of the woody plant or plant 
SDUW�DIIHFWHG��)ROORZLQJ�&RQ\EHDUH��������DQG�1GORYX�
DQG�0XQG\���������FDWHJRULHV�RI�ZRRG\�YHJHWDWLRQ�
damage recorded included; breaking of main trunk, 
breaking of branches, pushing over of trunks, scarring, 
uprooting of woody plants and cutting of shoots or 
WZLJV��)XUWKHU�VXEGLYLVLRQV�UHVXOWV�
in a total of 10 classes of damage 
�)LJXUH��D����

Data analysis 

:RRG\� YHJHWDWLRQ� GHQVLWLHV� IRU�
each quadrat were converted 
LQWR� SHU� KHFWDUH� TXDQWLWLHV�� 7KH�
6KDQQRQ¶V�GLYHUVLW\�LQGH[��+��ZDV�
used to determine the differences in 
species composition in the study site 
�6KDQQRQ�DQG�:HDYHU���������7KH�
&KL�VTXDUH�JRRGQHVV�RI�¿W�WHVW�ZDV�
used to test for differences between 
vegetation damage by elephants and 
UKLQRV�LQ�WZR�VHJPHQWV��3HDUVRQ¶V�
r was used to measure the linear 
correlation between plant damage 
by each agent and distance from 
WKH� IRFDO� SRLQW�� � .UXVNDO±:DOOLV�
$129$�E\�UDQNV�ZDV�XVHG�WR�GHWHUPLQH�UHODWLRQVKLSV�
between recorded woody vegetation damage categories 
in the 22 sample quadrats, and principal component 
DQDO\VLV��3&$��ZDV�SHUIRUPHG�WR�HVWDEOLVK�WKH�H[WHQW�
to which sample quadrats across the segments were 

DVVRFLDWHG� EDVHG� RQ� GDPDJH� SDWWHUQV�� 6WDWLVWLFDO�
DQDO\VHV�ZHUH� GRQH� LQ�67$7,67,&$� IRU�:LQGRZV�
YHUVLRQ����6WDW�6RIW���������

Results and discussion

Density, diversity and impact of man, el-
ephant and rhino on woody vegetation 

In 2004, Segments 1, 2 and 3 contained totals of 
1,361, 2,691 and 3,030 woody vegetation plants/
KD��UHVSHFWLYHO\��7DEOH�����ZLWK�D�WRWDO�RI����ZRRG\�
vegetation species recorded in the study area, 
UHSUHVHQWLQJ� ��� JHQHUD� DQG� ��� IDPLOLHV�� 8VLQJ�
Shannon’s Diversity index, species diversity between 
WKH� VDPH� VHJPHQWV�ZDV� QRW� VLJQL¿FDQWO\� GLIIHUHQW�
(P�!�������EHWZHHQ������DQG�������ZLWK�LQGLFHV�RI�
VLPLODULW\�RI������������DQG������IRU�6HJPHQWV������DQG�
��UHVSHFWLYHO\��7KH�GLYHUVLW\�YDOXH��H��UDQJHV�EHWZHHQ�
0–5, where 0 indicates that the number of species in 
the sample are similar and a value near 5 indicates high 
VSHFLHV�FRPSOH[LW\�LQ�WKH�VDPSOH��7KH�QRQ�VLJQL¿FDQW�
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Figure 3. Principal component analysis biplot of 22 
sample quadrats based on woody vegetation damage 
variables drawn from all quadrats across the three 
study segments. Notes: Box indicates quadrats with 
similar characteristics.   
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difference in woody vegetation composition between 
2004 and 2012 could indicate that the suspended black 
rhino hand-raising programme had little impact on 
YHJHWDWLRQ�FRPSRVLWLRQ�DFURVV�WKH�VWXG\�VLWH���

In 2004, the impact on woody vegetation by  
elephants and hand-raised black rhinos varied across 
WKH�VHJPHQWV��$�JUHDWHU�SURSRUWLRQ�RI�UKLQR�GDPDJH�
ZDV� WR� VKUXEV� �3��� �������ZKLOH� HOHSKDQWV� FDXVHG�
UHODWLYHO\�PRUH�GDPDJH�WR�WUHHV��7KH�UKLQRV�H[SORLWHG�
28 woody vegetation species but were observed to 
prefer Karomia tettensis, Diospyros quiloensis, 
Combretum apiculatum, C. zeyheri and Strychnos 
madagascariensis�� �(OHSKDQWV� DOVR� FRQFHQWUDWHG�RQ�
the above species, with the exception of D. quiloensis, 
but also favoured C.  collinum��2YHUDOO�� WKHUH�ZDV�
VLJQL¿FDQW� GLIIHUHQFH� LQ�ZRRG\�YHJHWDWLRQ�GDPDJH�
EHWZHHQ�HOHSKDQWV�DQG�UKLQRV��Ȥð� ��������GI� ����3�
����������DFURVV�WKH�TXDGUDWV��ZLWK�UKLQRV�GDPDJLQJ�
PRUH�ZRRG\�SODQWV�WKDQ�HOHSKDQWV���

Trees with broken trunks ranged between 3 cm 
WR����FP�LQ�JLUWK��PHDQ�����FP���EXW�WKH�EXON�RI�WKLV�

class of damage occurred in the 5 cm to 25 cm girth 
FODVVHV��7KRVH�WKDW�KDG�WUXQNV�SXVKHG�RYHU�UDQJHG�IURP�
��FP�WR����FP�LQ�JLUWK��PHDQ�����FP��DQG�WKH�ODUJHVW�
recorded tree pushed over by rhinos had a girth of 46 
FP��$�QHJDWLYH� UHODWLRQVKLS�ZDV�REVHUYHG�EHWZHHQ�
trunk pushing-over and tree girth, as trunk pushing-
over displayed a decreasing trend with increasing tree 
JLUWK��7KHUH�ZDV�ORZ�WUXQN�EUHDNLQJ�LQ�ZRRG\�SODQWV�
of girth <5cm, while trunk breaking also decreased 
ZLWK�LQFUHDVLQJ�JLUWK���(OHSKDQWV�XSURRWHG�DQG�EURNH�
trunks more than rhinos in the larger girth sizes and 
concentrated their damage in the 40–70 cm girth 
FODVVHV��7UXQN�EUHDNLQJ�E\�HOHSKDQWV�LQFUHDVHG�ZLWK�
increasing girth while the pushing-over of tree trunks 
E\�HOHSKDQWV�GHFUHDVHG�ZLWK�GHFUHDVLQJ�WUHH�VL]H��7UHHV�
of >200 cm girth rarely had their trunks broken or 
ZHUH�HYHU�SXVKHG�RYHU��:LWK� UHVSHFW� WR�GDPDJH�E\�
humans, observation revealed that branches were cut 
VHOHFWLYHO\��'DPDJH�WR�WUHHV�FRYHUHG�D�ZLGHU�JLUWK�FODVV�
but no observations of woody plant trunk pushing over 
RU�XSURRWLQJ�E\�PDQ�ZHUH�UHFRUGHG���

Damage class Segment 1 
(n = 633) 

Segment 2 
(n = 1213) 

Segment 3 
(n = 610) 

H-
value 

P-
value 

Plants with no damage 5.9 7.0 6.2 10.5 0.005 
Shoot/twigs cut 42.2 56.7 57.4 13.8 0.001 
< 50 % branches dead 37.5 

(2532) 
86.5 
(4852) 

51.4 
(2440) 

18.0 0.000 

Scarred on main trunk 10.1 3.9 2.1 6.6 0.036 
< 50 % branches broken/cut 72.2 

(2532) 
94.2 
(4852) 

89.0 
(2440) 

16.9 0.000 

Main trunk pushed-over  
but not broken 

15.2 26.4 2.1 17.4 0.000 

Main trunk pushed over and 
broken 

68.9 61.9 54.6 11.0 0.001 

Uprooted and dead 8.1 14.0 2.6 13.3 0.001 

Table 3. Summary  of recorded woody vegetation damage by category across the three segments using the 
eight classes of damage in 2004. Data are expressed as percentage damaged of the total number of woody 
plants (n) recorded per segment. For branches, the percentage damaged of the total number of branches 
stemming from the main trunk (in brackets) is shown. The results of Kruskal–Wallis ANOVA by ranks of the 
22 sample quadrats (H and P values) are also given. H-values indicate the ranking of the means of recorded 
woody vegetation damage by category across the sample segments, P-values indicate the relationship of 
recorded woody vegetation damage categories across all segments; all values are significant with the exception 
of the P-value in bold, which indicates no significant difference for the ‘plant scarred on main trunk’ damage 
category across all segments. Woody plants with the damage classes of >50% branches broken/cut and 
>50% branches dead were not observed
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The observed damage patterns (trunk breaking, 
branch breaking, plant uprooting and plant pushing 
RYHU� RI� WDUJHWHG� WUHH� VL]HV�� DUH� FRQVLVWHQW� ZLWK�
observations by other authors (Mapaure and Mhlanga 
������%LUNHWW�������9DQDN�HW�DO��������ZKR�REVHUYHG�
WKDW� UKLQR�GDPDJH� DQG� WUHH� UHPRYDO�ZHUH� FRQ¿QHG�
mostly to shrubs while there was an almost even 
LPSDFW�DFURVV�DOO�JLUWK�VL]HV�E\�HOHSKDQWV��)XUWKHU��DQ�
element of incremental damage was observed where 
woody vegetation that had already been damaged 
E\� HOHSKDQWV�ZDV� VXEMHFWHG� WR� IXUWKHU� GDPDJH� E\�
UKLQRV���$FFRUGLQJ�WR�$QGHUVRQ�DQG�:DONHU���������
elephants preferentially browse on woody vegetation 
SUHYLRXVO\�XWLOL]HG��%ODFN�UKLQRV�DQG�RWKHU�EURZVHUV�
were observed to have the same behaviour, taking 
advantage of woody plants that had been pushed over 
RU�EURNHQ�E\�HOHSKDQWV��9DOHL[�HW�DO���������%HOO�DQG�
0DF6KDQH��������DQG�.RKL�HW�DO���������DOVR�REVHUYHG�
that the elephant feeding strategy of pushing over trees 
made available forage for other browsers and this 
FRXOG�DOVR�DSSO\�IRU�UKLQRV���

6RPH�WUHHV�ZHUH�REVHUYHG�WR�EH�GHDG��7KH�QDWXUDO�
causes involved remain speculative but could include 
natural diebacks, droughts, soil acidity and water 
ORJJLQJ��+RZHYHU�� WKHVH�ZHUH� SUHVHQW� LQ� YHU\� ORZ�
QXPEHUV���,Q�6HJPHQWV���DQG����������RI�WUHHV�DQG�
������RI�VKUXEV�GDPDJHG�ZHUH�OHIW�DV�VWXPSV��ZKLOH�
LQ�6HJPHQW���RQO\�������RI�WUHHV�DQG�����RI�VKUXEV�
ZHUH�OHIW�DV�VWXPSV��$�JUHDWHU�DPRXQW�RI�FRSSLFH�UH�
growth was recorded in Segments 1 and 2 compared 
WR�6HJPHQWV�����

Woody vegetation damage patterns and 
distance from the study centre 

An assessment of vegetation damage patterns across 
quadrats using the PCA indicated two principal 
FRPSRQHQWV�ZLWK� HLJHQYDOXHV� �!��� DFFRXQWLQJ� IRU�
�������RI�WKH�SDWWHUQV�LQ�WKH�YHJHWDWLRQ�PDWUL[��)LJXUH�
3 presents a PCA-biplot with 22 sampled quadrats 
IURP�WKH� WKUHH�VHJPHQWV� LQ� WKH�VWXG\�VLWH��3ULQFLSDO�
FRPSRQHQW����HLJHQYDOXH� ������H[SODLQV��������RI�WKH�
ZRRG\�YHJHWDWLRQ�GDPDJH��GH¿QLQJ�D�JUDGLHQW��IURP�DQ�
area where woody plants were more scarred on main 
tracks to areas where less plants were uprooted/dead 
DQG�SODQWV�ZLWK� WUXQNV�SXVKHG�RYHU�EXW�QRW�EURNHQ��
3ULQFLSDO� FRPSRQHQW� �� �HLJHQYDOXH� ������ H[SODLQV�
�������RI�WKH�ZRRG\�YHJHWDWLRQ�GDPDJH�ZLWK�JUDGLHQW�
indicating a movement from an area with less uprooted 

and dead plants, trunks pushed over but not broken 
to an area with woody plants with more main trunks 
broken, <50% total branches dead and <50% total 
EUDQFKHV�EURNHQ�DQG�WZLJ�FXWV��7KHUH�ZHUH�VLPLODULWLHV�
between patterns of woody vegetation damage and 
association with distance in sampled quadrats in 
6HJPHQWV���DQG�����6SHFL¿FDOO\��LQ�6HJPHQWV���DQG���
there were decreases in all woody vegetation damage 
classes with increasing distance from the focal point, 
while Segment 3 showed no correlation between 
woody vegetation damage and distance from the focal 
SRLQW�DPRQJ�WKH�VDPSOHG�TXDGUDWV���

:LWK� UHVSHFW� WR� WKH� WKUHH�DJHQWV��SORWWLQJ�ZRRG\�
vegetation damage against distance from the focal 
point showed significant strong negative linear 
UHODWLRQVKLSV��L�H��GDPDJH�GHFUHDVHG�ZLWK�LQFUHDVLQJ�
GLVWDQFH�IURP�WKH�IRFDO�SRLQW��IRU�PDQ��DGMXVWHG�5��
 �±������3����������UKLQR��DGMXVWHG�5�� �±������3���
������DQG�HOHSKDQW��DGMXVWHG�5�� �±������3�����������
Man accounted for the largest percentage of tree 
WUXQN�EUHDNLQJ���������Q� ������LQ�6HJPHQW�����±��
NP��� ,Q�6HJPHQW� �� ��±��NP�� UKLQRV� DFFRXQWHG� IRU�
WKH�ODUJHVW�SHUFHQWDJH�RI�WUHH�WUXQN�EUHDNLQJ���������
Q� ������� IROORZHG�E\� HOHSKDQWV� ��������Q� ������
DQG�ODVWO\�PDQ��������Q� ������(OHSKDQW�GDPDJH�WR�
ZRRG\�YHJHWDWLRQ� VKRZHG� D� VLJQL¿FDQW� LQFUHDVH� LQ�
LPSDFW�ZLWK�GHFUHDVLQJ�GLVWDQFH�IURP�WKH�IRFDO�SRLQW��
In Segment 3, man’s activity was negligible, with 
only one tree observed cut during the 2004 study 
SHULRG��$FURVV�DOO�VHJPHQWV��WKH�RYHUDOO�GDPDJH�IRU�
DOO� UHFRUGHG�YDULDEOHV�FDWHJRULHV�VKRZHG�VLJQL¿FDQW�
differences in the amount of damage observed between 
VHJPHQWV��7DEOH�����

The concentration of rhino plant damage in Segments 
1 and 2 concurs with the fact that rhinos were herded 
PRVWO\�ZLWKLQ�D���NP�UDGLXV��7KH�FRQ¿QHPHQW�RI�KDQG�
UDLVHG�EODFN�UKLQRV�FRXOG�KDYH�UHVXOWHG�LQ�DQ�DUWL¿FLDOO\�
created, localized high density of rhinos, exceeding 
the recommended density of about 1 per 10 km2 (du 
7RLW�������LQ�=LPEDEZH¶V�ORZ�YHOG�DUHDV��$OWKRXJK�
man’s impact was less than that of hand-raised black 
UKLQRV�DQG�WKH�HOHSKDQWV��LW�ZDV�LQWHQVH�EHWZHHQ�����
km and 1 km, indicating that man was most active in 
XWLOL]LQJ�ZRRG\�SODQWV�ZLWKLQ�WKDW�GLVWDQFH����
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Conclusions 

:LWK� UHVSHFW� WR� WKH�REMHFWLYHV�RI� WKLV� VWXG\� VHYHUDO�
FRQFOXVLRQV� FDQ�EH�GUDZQ�� ��� YDULDWLRQV� H[LVWHG� LQ�
woody plant damage by man, elephant and hand-raised 
black rhino with increasing distance from the focal 
SRLQW�����D�FRPSHWLWLYH�HIIHFW�H[LVWHG�DPRQJ�WKH�WKUHH�
agents on woody vegetation damage around the rhino 
KDQG�UDLVLQJ�VLWH�����FRSSLFLQJ�RI�PRVW�RI�WKH�GDPDJHG�
plants supported the idea that herbivores, especially 
elephants, do not prevent regeneration of many 
species, but may prevent recruitment into taller 
VL]H� FODVVHV� �$QGHUVRQ� DQG�:DONHU� ������� DQG� ���
the establishment of this black rhino hand-raising 
SURJUDPPH�KDG�QR�VLJQL¿FDQW�FRQWULEXWLRQ�WR�ZRRG\�
YHJHWDWLRQ�GHJUDGDWLRQ� DW� WKH� VWXG\� VLWH��+RZHYHU��
unregulated anthropogenic activities could threaten the 
VXUYLYDO�RI�ELRGLYHUVLW\��0LOOLNHQ�DQG�6KDZ��������)RU�
management purposes it is recommended that where 
such similar programmes are run, rotational browsing 
and management regimes should be established to 
allow regeneration and recruitment of plants into taller 
canopy trees and that for elephants, the recommended 
GHQVLW\�RI� ���� DQLPDOV�NPð� �&XPPLQJ� HW� DO�� ������
should be maintained if a balance between animal 
DQG� YHJHWDWLRQ� FRQVHUYDWLRQ� LV� WR� EH� DFKLHYHG��
Strategies for maintaining the balance can be through 
HVWDEOLVKLQJ� OLQNLQJ� FRUULGRUV� WR� DGMDFHQW� SURWHFWHG�
areas and further promotion of the concept of trans-
IURQWLHU�FRQVHUYDWLRQ�DUHDV��7)&$V���$OVR�JLYHQ�WKDW�
the area of degradation is usually relatively small, re-
forestation measures using native plant species could 
EH�DGRSWHG�LQ�IXWXUH�SURJUDPPHV��
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