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Abstract

,Q�HOHSKDQW�UDQJH�VWDWHV��KXPDQ�HOHSKDQW�FRQÀLFW��+(&��LV�FRQVLGHUHG�D�VHULRXV�KDQGLFDS�WR�WKH�SRVVLELOLW\�
RI�SHDFHIXO�FRH[LVWHQFH�EHWZHHQ�IUHH�UDQJLQJ�HOHSKDQWV�DQG�WKHLU�QHLJKERXULQJ�KXPDQ�FRPPXQLWLHV���$PRQJ�
PHDVXUHV�SURPRWHG�WR�PLWLJDWH�+(&��WKH�XVH�RI�FKLOOL�SHSSHU�DV�DQ�ROIDFWRU\�UHSHOOHQW�KDV�EHHQ�SRSXODUL]HG�
DV�D�SDVVLYH�IRUP�RI�GHWHUUHQW���7R�H[WHQG�LWV�XVH��D�JDV�GLVSHQVHU�ZDV�GHYHORSHG�WKDW�HPSOR\HG�SLQJ�SRQJ�
EDOOV�¿OOHG�ZLWK�FKLOOL�RLO�H[WUDFW�DV�SURMHFWLOHV���)ROORZLQJ�DQ�LQLWLDO�WHVW�LQ�+ZDQJH�1DWLRQDO�3DUN��=LPEDEZH��
LQ�������D�IXUWKHU�VHULHV�RI�¿HOG�WHVWV�ZDV�FRQGXFWHG�LQ�0R]DPELTXH��=DPELD�DQG�=LPEDEZH�RYHU�WKH������
SHULRG�WR�LPSURYH�WKH�GLVSHQVHU�DQG�WR�VHSDUDWH�RII�WKH�VSHFL¿F�HIIHFWV�RI�FKLOOL�SHSSHU���)URP�!����DWWHPSWV�WR�
GHWHU�SUREOHP�HOHSKDQWV��LW�ZDV�FRQFOXGHG�WKDW�RI�WKH�FRPELQDWLRQ�RI�QRLVH��WKH�LPSDFW�RI�WKH�SURMHFWLOH�RQ�WKH�
HOHSKDQW�DQG�WKH�UHOHDVH�RI�D�FORXG�RI�FKLOOL�SHSSHU��RQO\�WKH�H[SRVXUH�WR�FKLOOL�SHSSHU�IXQFWLRQHG�DV�DQ�HI¿FLHQW�
GHWHUUHQW���7KH�SDSHU�GLVFXVVHV�WKH�SUREOHP�RI�VRXUFLQJ�FKLOOL�SHSSHU�LQ�VXI¿FLHQW�TXDQWLWLHV��DQG�GHVFULEHV�
DQ�DGYDQFHG�SURWRW\SH�RI�WKH�GLVSHQVHU�XVLQJ�DQ�LQGXVWULDO�PRXOGLQJ�SURFHVV���6XFFHVVIXO�LQWHJUDWLRQ�RI�WKLV�
new device with other more traditional mitigation approaches may increase human tolerance of elephants by 
WHDFKLQJ�WKH�ODWWHU�WR�UHVSHFW�HVWDEOLVKHG�ERXQGDULHV�DQG�VWD\�DZD\�IURP�IDUPHG�FURSV�

Additional key words: 0LWLJDWLRQ��FURS�UDLGLQJ��FRPPXQDO�ODQG��XUEDQ�DUHD��

Résumé

'DQV�OHV�SD\V�DEULWDQW�GHV�SRSXODWLRQV�G¶pOpSKDQWV��OHV�FRQÀLWV�KRPPHV±pOpSKDQWV�VRQW�FRQVLGpUpV�FRPPH�XQ�
Gp¿�PDMHXU�SRXU�XQH�FRH[LVWHQFH�KDUPRQLVpH�HQWUH�FHV�DQLPDX[�HW�OHV�VRFLpWpV�UXUDOHV���'H�WRXWHV�OHV�PHVXUHV�
d’atténuation promues depuis les années 90, l’utilisation de piment comme un répulsif olfactif a été popularisée 
VRXV�GHV�IRUPHV�SDVVLYHV���3RXU�HQ�pWHQGUH�VRQ�XWLOLVDWLRQ�XQ�SURSXOVHXU�j�SLPHQW�D�pWp�GpYHORSSp�XWLOLVDQW�

Clarification: The Editorial Board of Pachyderm wishes to provide the clarification 
that Francesco Nardelli’s article: The last chance for the Sumatran rhinoceros?, 
published in Issue 55 does not reflect the views of Save the Rhino International.
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FRPPH�SURMHFWLOHV�GHV�EDOOHV�GH�SLQJ�SRQJ�UHPSOLHV�G¶H[WUDLW�KXLOHX[�GH�SLPHQW���$SUqV�XQ�WHVW�LQLWLDO�GDQV�
OH�3DUF�QDWLRQDO�GH�+ZDQJH�HQ�������GH�QRXYHDX[�HVVDLV�RQW�pWp�FRQGXLWV�DX�0R]DPELTXH��HQ�=DPELH�HW�DX�
=LPEDEZH�HQWUH������HW������SRXU�DPpOLRUHU�O¶LQYHQWLRQ�HW�pWXGLHU�OHV�HIIHWV�VSpFL¿TXHV�G¶XQH�SURMHFWLRQ�GH�
SLPHQW���$YHF�SOXV�GH�WURLV�FHQWV�HVVDLV�GH�GLVVXDVLRQ�VXU�GHV�pOpSKDQWV�j�SUREOqPH��QRXV�DYRQV�FRQFOX�TXH�VL�
OD�FRPELQDLVRQ�G¶XQH�GpWRQDWLRQ��GH�O¶LPSDFW�GX�SURMHFWLOH�HW�GH�O¶pPLVVLRQ�G¶XQ�QXDJH�GH�SLPHQW�D�GLVVXDGp�
HI¿FDFHPHQW� OHV� pOpSKDQWV�� VHXOH� O¶H[SRVLWLRQ� DX�SLPHQW� HVW� UpHOOHPHQW� GLVVXDVLYH�� �+RUPLV� OH� SUREOqPH�
G¶DSSURYLVLRQQHPHQW�HQ�SLPHQW��OHV�DPpOLRUDWLRQV�GX�SURWRW\SH�SRXU�XQH�HI¿FDFLWp�RSWLPDOH�VRQW�GpWDLOOpHV���
En complément des mesures d’atténuation traditionnelles, l’utilisation du propulseur à piment vise à générer 
un processus de mémoire virtuelle des frontières, qui améliorerait la protection des récoltes et faciliterait la 
FRH[LVWHQFH�GHV�SRSXODWLRQV�KXPDLQHV�DYHF�OHXUV�pOpSKDQWV�

Mots clés supplémentaires:�$WWpQXDWLRQ��GpJkWV�DX[�FXOWXUHV��SLPHQW��]RQH�FRPPXQDOH��]RQH�XUEDLQH�

Introduction

+XPDQ±HOHSKDQW�FRQÀLFW��+(&��DQG�WKH�SUREOHP�RI�
what to do about so-called “problem elephants” that 
coexist alongside human communities, in combination 
with the illegal trade of ivory and the degradation of 
wilderness for elephant habitats, is considered as a 
PDMRU�WKUHDW�DQG�FKDOOHQJH�WR�HOHSKDQW�FRQVHUYDWLRQ�
SURJUDPPHV� WKURXJKRXW�$IULFD� �)$2�������+RDUH�
������ /HH� DQG� *UDKDP� ������ 7D\ORU� DQG�0DUWLQ�
������::)�������� � 3UREOHPV�KDYH�EHHQ� UHSRUWHG�
from most of the 37 countries where elephants 
UDQJH�RQ�WKH�$IULFDQ�FRQWLQHQW��+RDUH��������VR�WKDW�
PLWLJDWLRQ�RI�+(&�PHDQV�GHWHUPLQLQJ� DQ� HIIHFWLYH�
UHJLRQDO� VWUDWHJ\�� � ,Q� VRXWKHUQ�$IULFD�� WKH�6RXWKHUQ�
$IULFDQ�'HYHORSPHQW�&RPPXQLW\��6$'&��7HFKQLFDO�
&RPPLWWHH�RQ�:LOGOLIH�KDV�GHFODUHG�WKDW�+:&�DQG�
its elephant component are one of the main problems 
for Africa’s rural populations with regard to personal 
VHFXULW\�DQG�HFRQRPLF�ORVV��/H�%HO�HW�DO����������,Q�
central Africa COMIFAC (Commission des Forêts 
G¶$IULTXH� &HQWUDOH�.DPJDNDPGHP� ������ XUJHG�
PHPEHU� VWDWHV� WR�GHYHORS�QDWLRQDO�+(&�PLWLJDWLQJ�
strategies similar to the one recently developed in 
*DERQ��0HNXLEL\RJR�������

/HVVRQV� IURP����\HDUV� RI�+(&�PLWLJDWLRQ�KDYH�
indicated areas of progress, with a better understanding 
of the behaviour of “problem” elephants and an 
assessment of the various mitigation methods 
DYDLODEOH���/RZ�WHFK�DQG�VXVWDLQDEOH�GHIHQFHV�XVLQJ�
chilli pepper-based olfactory repellents have produced 
some promising results in deterring elephants from 
HQWHULQJ� FURS� ¿HOGV� RU� KXPDQ� KDELWDWLRQV� �+RDUH�

������� �7KH�PRVW�ZLGHO\�SRSXODUL]HG�PHWKRGV� DUH�
using chilli pepper grease on traditional fences 
�6LWDWL�DQG�:DOSROH�������RU�EXUQLQJ�HOHSKDQW�GXQJ�
PL[HG�ZLWK�FKLOOL�SHSSHU�SRZGHU���3DFNDJHV�RI�FKLOOL�
pepper-based measures suitable for small farmers 
were developed and disseminated during training 
FRXUVHV� RUJDQL]HG� E\�1*2V� �2VERUQ� DQG� 3DUNHU�
������3DUNHU� DQG�$QVWH\�������� �7KHVH�PHDVXUHV��
WDNHQ�IURP�YDULRXV�PDQXDOV��3DUNHU�HW�DO��������::)�
�������ZHUH�UHFHQWO\�FRPSLOHG�ZLWK�RWKHUV�DV�D�VHW�
RI�KDQG\�VROXWLRQV�LQ�D�KXPDQ�ZLOGOLIH�FRQÀLFW�WRRO�
ER[�GHYHORSHG�E\�)$2��/H%HO�HW�DO����������$OWKRXJK�
chilli pepper has been tested with success on crop-
raiding elephants (Osborn and Parker  2002; Osborn 
������2VERUQ�DQG�5DVPXVVHQ�������LWV�XVH�RQ�D�ODUJHU�
VFDOH�KDV�EHHQ�OLPLWHG��6LWDWL�DQG�:DOSROH�������ZLWK�
XQUHOLDEOH�LPSDFWV��+HGJHV�DQG�*XQDU\DVL���������7KH�
local production of strong chilli pepper oil extract with 
a high deterrent effect remains a challenge, as does 
the production of reliable chilli pepper dispensers for 
XVH�E\�FRPPXQLWLHV�RQ�FURS�UDLGLQJ�HOHSKDQWV���8VLQJ�
a paint-ball gun was suggested, but its utilization in 
$IULFDQ�UXUDO�DUHDV�KDV�HQFRXQWHUHG�SUREOHPV��1HOVRQ�
HW�DO��������

As a response to this challenge, a chilli pepper gas 
GLVSHQVHU�ZDV�GHYHORSHG�WKDW�PDWFKHG�WKH�¿QDQFLDO�
and technical capabilities of local communities and 
LQGLYLGXDOV��7KLV�GLVSHQVHU��WKH�0KLULSLUL�%RPEHU���
is intended for use by communities against crop-
UDLGLQJ�HOHSKDQWV��7KH�¿UVW�SUHOLPLQDU\�UHVXOWV�RI�¿HOG�
WHVWV�FDUULHG�RXW�LQ�+ZDQJH�1DWLRQDO�3DUN��=LPEDEZH��
published in 2010, showed promising results (Le Bel 
HW�DO����������)URP�WKHVH�¿UVW�DWWHPSWV��LW�ZDV�DJUHHG�
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WKDW�IXUWKHU�¿HOG�WULDOV�VKRXOG�EH�FRQGXFWHG�WR�LPSURYH�
the system and separate off the discrete effects of 
SURMHFWLOH�LPSDFWV��QDPHO\�WKH�EDQJ�SURGXFHG�RQ�¿ULQJ�
DQG�WKH�FKLOOL�SHSSHU�LWVHOI�� �'XULQJ�RQ�VLWH�WUDLQLQJ�
over the same period, a few chilli pepper gas dispensers 
were supplied to some of the communities based in 
+(&�KRWVSRWV�IRU�WHVWLQJ���5HFRUGV�ZHUH�HVWDEOLVKHG�
on how it performed with particular investigation of 
WKHLU�GHWHUUHQW�FDSDELOLWLHV�RQ�FURS�UDLGLQJ�HOHSKDQWV�

The purpose of this paper is to present the results of 
DGGLWLRQDO�WHVWV�FRQGXFWHG�DW�+ZDQJH�1DWLRQDO�3DUN�LQ�
�����DQG�LQ�+(&�KRWVSRWV�LQ�0R]DPELTXH��=DPELD��
and in Zimbabwe from 2009 to 2013, and to discuss 
how such an innovation could best be part of local 
VWUDWHJLHV�WR�LPSURYH�FURS�SURWHFWLRQ���

Material and methods

Homemade chilli pepper oil extract

The chilli pepper oil extract was locally produced 
by extracting capsaicin, the main capsaicinoid found 
LQ�FKLOOL�SHSSHU��&DSVDLFLQ� LV�D�FKHPLFDO�FRPSRXQG�
which stimulates chemoreceptor nerves of the mucous 
membranes, causing a sensation of heat, watering 
eyes, a burning sensation in the trunk mucosa, and 
WULJHPLQDO�SDLQ��$IWHU�JULQGLQJ�GU\� FKLOOL� SHSSHU� DV�
¿QHO\�DV�SRVVLEOH�ZLWK�D�SHVWOH�DQG�PRUWDU��WKH�SRZGHU�
was placed in a sealed bottle and then soaked with 
XQOHDGHG�SHWURO�IRU����KRXUV���7KH�FKLOOL�SHSSHU�UHVLGXH�
ZDV�¿OWHUHG�RXW� XVLQJ� D� SHUIRUDWHG� WLQ�ZLWK� FRWWRQ�
ZRRO�� �7KH�SHSSHU�UHVLGXH�ZDV�IXUWKHU�µZDVKHG¶�E\�
adding more fuel to it until the dark ‘redness’ of the 
draining liquid lessened and it was then placed in a 
large open container in the shade to evaporate slowly 
WR�KDOI�RI�LWV�YROXPH���7KH�VROXWLRQ�ZDV�WKHQ�IXUWKHU�
diluted with locally made vegetable oil at a ratio of 
KDOI�D�YROXPH�RI�YHJHWDEOH�RLO�WR�RQH�YROXPH�RI�IXHO���
7KH�VROXWLRQ�ZDV�ERWWOHG�DQG�VWRUHG�LQ�WKH�VKDGH���7KH�
¿QDO�VROXWLRQ�� UDWHG�DW�DERXW���������6FRYLOOH�+HDW�
Units, indicating a high concentration of capsaicin, 
was extremely irritating and required careful handling, 
wearing suitable rubber gloves, a protective mask and 
VDIHW\�JODVVHV���$SSUR[LPDWHO\�ò�NJ�RI�JURXQG�FKLOOL�
SHSSHU�SURGXFHG�a����PO�RI�FKLOOL�SHSSHU�RLO�H[WUDFW�

Dispenser and projectiles

7KH�FXVWRP�PDGH�0KLULSLUL�%RPEHU��JDV�GLVSHQVHU�
�0RVWHUW��������LV�PDGH�ZLWK�WZR�SLHFHV�RI�39&�SLSH�
�)LJXUH������,WV�GHVFULSWLRQ�DQG�XVH�DUH�GHWDLOHG�LQ�D�
previous paper which reported on the preliminary 
UHVXOWV�RI�D�¿HOG�WHVW�FRQGXFWHG�LQ������LQ�+ZDQJH�
1DWLRQDO�3DUN� �/H�%HO� HW� DO�� ������� �7KH�GLVSHQVHU�
propels a standard ping-pong ball of 40 mm diameter 
DQG�D�YROXPH�RI����FP����(DFK�SLQJ�SRQJ�EDOO�ZDV�
¿OOHG�ZLWK�HLWKHU�FKLOOL�SHSSHU�RLO�H[WUDFW�RU�ZDWHU�E\�
means of a syringe and a large bore needle; the opening 
ZDV�WKHQ�VHDOHG�ZLWK�D�GURS�RI�F\DQRDFU\ODWH�JOXH��

7KH�0KLULSLUL�%RPEHU��FKLOOL�SHSSHU�JDV�GLVSHQVHU�
EHLQJ� GHPRQVWUDWHG� LQ�1LDVVD��0R]DPELTXH� �� VHH�
FHQWUH�SDJHV�3ODWH�����LY��

Study areas

7KH� ¿UVW� VWXG\� DUHD� ZDV� +ZDQJH� 1DWLRQDO� 3DUN�
in Zimbabwe, which is characterized by its large 
elephant population of some 45,000 animals during 
WKH�GU\�VHDVRQ���7R�DYRLG�DQ\�LQWHUDFWLRQ�ZLWK�WRXULVP�
activities, the remote block Central B, with a density 
RI��� WR��� HOHSKDQWV�SHU�NPð� �'XQKDP�HW� DO�� �������
was allocated to the research team by the Zimbabwe 
3DUNV�DQG�:LOGOLIH�0DQDJHPHQW�$XWKRULW\��=3:0$��
to test the behaviour change of elephants in response 
WR�WKH�UHSHOOHQW�

7KH�VHFRQG�VHW�RI�VWXG\�DUHDV��)LJXUH����ZHUH�SODFHV�
currently affected by the intrusion of elephants in 
XUEDQ�DUHDV��9LFWRULD�)DOOV�XUEDQ�GLVWULFW��=LPEDEZH���
the Forestry Commission estate (Sikumi Forest, 
=LPEDEZH���RUFKDUGV��6DYp�9DOOH\�&RQVHUYDQF\�DQG�
&KLUXQGX�WRZQ��=LPEDEZH��DQG�VXEVLVWHQFH�IDUPLQJ�
DUHDV� LQ� 1LDVVD� 5HVHUYH�� 0R]DPELTXH� �$UDPDQ��
�������.DNXPEL�&KLHIGRP��=DPELD��&KRPED�HW�DO��
������DQG�+ZDQJH�UXUDO�GLVWULFW��=LPEDEZH��*XHUERLV�
HW�DO��������
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Figure 1. Location of the study areas: (a) Niassa 
Game Reserve; (b) Kakumbi Chiefdom, Lupande 
Game Management Area, South Luangwa National 
Park; (c) Chirundu town; (d) Savé Valley Conservancy; 
(e) Hwange National Park Hwange rural district and 
Sikumi Forest; (f) Victoria Falls urban district.

Recording parameters

Field tests at Hwange National Park: The dispenser 
DQG�SLQJ�SRQJ�SURMHFWLOHV�ZHUH� WHVWHG�RQ� HOHSKDQWV�
found on the dust track, or close to it, to study its 
HI¿FLHQF\� DV� D� IDVW�DFWLQJ� UHSHOOHQW� E\� UHFRUGLQJ�
FKDQJHV� LQ� DJRQLVWLF� EHKDYLRXU�� �7KH� SURWRFRO� IRU�
UHFRUGLQJ�WKH�VKRRWLQJ�HYHQWV��VOLJKWO\�PRGL¿HG�IURP�
WKH�SUHYLRXV�VWXG\��/H�%HO�HW�DO���������ZDV�DV�IROORZV�

The observations were classed in four categories 
depending on the combination deterrent effects:
�� Noise: a single deterrent effect with the bang 

SURGXFHG�RQ�¿ULQJ
�� Noise & Hit: a double deterrent effect with the bang 

DQG�WKH�SURMHFWLOH�IXOO�RI�ZDWHU�KLWWLQJ�WKH�HOHSKDQW
�� Noise, Hit & Chilli pepper: a triple deterrent effect 

with the bang, the hit and the release of chilli pepper 
RQWR�WKH�HOHSKDQW��)LJXUH���

�� Noise & Chilli pepper: similar to the previous 
VLWXDWLRQ� EXW� ZKHUH� WKH� SURMHFWLOH� PLVVHG� WKH�
elephant burst on impact, releasing chilli pepper 
GLUHFWO\�RQWR�WKH�HOHSKDQW�

On shooting the following information 
was recorded:
�� 7KH� VKRRWLQJ� GLVWDQFH�ZDV�PHDVXUHG�

LQ�PHWUHV�ZLWK�D�UDQJH�¿QGHU��%XVKQHOO�
&RUSRUDWLRQ��

�� 7DUJHWHG�HOHSKDQWV�ZHUH�FODVVHG�LQ�IRXU�
categories as adult male, adult female, 
VXE�DGXOW��RU�IDPLO\�XQLW�

�� 7KH�EHKDYLRXU�RI�HDFK�WDUJHWHG�HOHSKDQW�
EHIRUH� VKRRWLQJ� ZDV� FODVVHG� LQ� ¿YH�
categories as unaware, on alert, moving 
RII��WKUHDWHQLQJ��RU�FKDUJLQJ�

�� 7KH�SODFHPHQW�RI�WKH�EDOO�RQ�WKH�HOHSKDQW�
ZDV�FODVVHG�LQ�¿YH�FDWHJRULHV�DV�IURQW��
side, back, near-by hitting the soil or 
YHJHWDWLRQ��PLVVHG��RU�RII�WDUJHW�

�� 7KH� EHKDYLRXU� DIWHU� VKRRWLQJ� ZDV�
classed in four categories as no reaction, 
ambling off and stopping, moving off 
completely, or running away with a sign 
RI�SDQLF��WUXPSHWLQJ�DQG�GHIHFDWLQJ��

Figure 2. Elephant hit on the rear right leg with the 
release of a cloud of chilli pepper to its right.

Field tests in urban and farming areas: The same 
JDV�GLVSHQVHU�XVLQJ�RQO\�SLQJ�SRQJ�EDOOV�¿OOHG�ZLWK�
the chilli pepper oil extract was tested on elephants 
LQWUXGLQJ� LQ� FURS� ODQGV�� RUFKDUGV� RU� XUEDQ� DUHDV���
Trained practitioners recorded the same parameters, 
with the exception of the shooting distance and the 
EHKDYLRXU�EHIRUH�VKRRWLQJ�
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Data collection

Field tests at Hwange National Park: Between the 
���DQG����1RYHPEHU����������WHVWV�ZHUH�FRQGXFWHG�
by the same professional hunter from a vehicle during 
daylight hours between 08:00 h and 19:00 h in the study 
DUHD�DW�+ZDQJH�1DWLRQDO�3DUN�� �:HDWKHU�FRQGLWLRQV�
were optimum for shooting: dry and sunny, and with 
OLWWOH�RU�QR�ZLQG���$V�LQ�WKH�SUHYLRXV�VWXG\��/H�%HO�HW�
DO���������WKH�HOHSKDQWV�ZHUH�VLJKWHG�DW�UDQGRP��L�H��
WKH�¿UVW�HQFRXQWHU�RQ�WKH�RII�URDG�QHWZRUN����7KRVH�
WKDW�UHDFWHG�WR�WKH�YHKLFOH�ZHUH�DYRLGHG�DQG�QRW�WHVWHG�

Field tests in forestry, urban and communal 
lands: Between April 2009 and April 2013, 329 
attempts at deterring problematic elephants were 
FRQGXFWHG������LQ�=DPELD��)HEUXDU\�WR�$SULO��������
22% in Zimbabwe and 4% in Mozambique (May 
��������0RVW�RI�WKH�WHVWV�ZHUH�FRQGXFWHG�IURP�D�YHKLFOH�
DSSURDFKLQJ�WKH�DQLPDOV�

Data analysis

The XLSTAT Version 2010 package was used to 
DQDO\VH�WKH�GDWD���'DWD�ZHUH�SUHVHQWHG�DV�PHDQ���6(�
�Q��[[����7KH�LPSDFW�RI�WKH�FDWHJRU\�RI�GHWHUUHQW�ZDV�
VWXGLHG�XVLQJ�D�3HDUVRQ¶V�&KL�VTXDUH�WHVW���$�0XOWLSOH�
&RUUHVSRQGHQFH�$QDO\VLV��0&$��ZDV�FRQGXFWHG�WR�
study the association between the explanatory variables 
after transformation of quantitative variables into 
SHUFHQWDJHV���7KH�SULQFLSDO�FRRUGLQDWHV�REWDLQHG�IRU�
all observations were then utilized for Agglomerative 
+LHUDUFKLFDO�&OXVWHULQJ��$+&���LQ�RUGHU�WR�JURXS�GDWD�
in a suitable number of classes, building a typology 
RI�GHWHUUHG�HOHSKDQWV���7KH�QXOO�K\SRWKHVLV�EHWZHHQ�
FODVVHV�ZDV�UHMHFWHG�DW�S����������5HVXOWV�ZLWK�S���������
ZHUH�FRQVLGHUHG�KLJKO\�VLJQL¿FDQW�

Results

Field tests

Out of the 138 tests for which the description of the 
targeted animals was determined, the tested elephants 
ZHUH�PDLQO\�DGXOW�PDOHV�������Q� �����VKRW�DW�IURP�
DERXW����PHWUHV���������P����±���P��Q� ��������:KHQ�
LW�ZDV�SRVVLEOH�WR�REVHUYH�WKH�KLW�RI�WKH�SURMHFWLOH��LQ�
����RI�WKH�REVHUYDWLRQV��Q� ������LW�ZDV�PDLQO\�RQ�
WKH�IURQW��������IROORZHG�E\�WKH�VLGH�������DQG�WKH�
UHDU�RI�WKH�DQLPDO�������

Observations in Zimbabwe and in Mozambique (n = 
�����UHYHDOHG�WKDW�PRVW�RI�WKH�HOHSKDQWV�ZKHUH�RQ�DOHUW�
ZKHQ�EHLQJ�DSSURDFKHG������������ZHUH�XQDZDUH��
DQG�D�VLPLODU�SHUFHQWDJH�������VWDUWHG�WR�PRYH�DZD\�
VORZO\�IURP�WKH�RSHUDWRU���2QO\�D�IHZ�HOHSKDQWV�ZHUH�
WKUHDWHQLQJ������RU�GLVSOD\HG�DJJUHVVLYH�EHKDYLRXU�
ZLWK�D�PRFN�FKDUJH������

Impact of deterrent category

Most of the elephants moved away completely after 
¿ULQJ�������Q� �������$�IHZ�UDQ�DZD\�LQ�D�VWDWH�RI�
SDQLF� ������Q� ������PRUH� IUHTXHQWO\� WKH\�DPEOHG�
RII� DQG� VWRSSHG� DW� YLHZLQJ�GLVWDQFH� ������Q �������
Only a small number seemed not to be disturbed at 
DOO������Q� �������,I�ZH�FRQVLGHU�WKH�IRXU�FDWHJRULHV�
of deterrent measures, the differences observed in 
the behaviour displayed after shooting were highly 
VLJQL¿FDQW��7DEOH������

:LWK�WKH�FRPELQDWLRQ�RI�QRLVH��KLW�DQG�UHOHDVH�RI�
chilli pepper, we observed the highest percentage 
RI� HOHSKDQWV� ������ Q�  � ����� GLVSOD\LQJ� D� UHWUHDW�
DQG� DYRLGDQFH�EHKDYLRXU��� �:LWK� WKH�RWKHU� W\SH�RI�
deterrent, the attempt of repelling was lower with the 
combination of noise and chilli pepper dispersal, only 
��� �Q� ����RI� HOHSKDQWV�PRYLQJ�RII� FRPSOHWHO\�RU�
UXQQLQJ�RII��3URGXFLQJ�D�EDQJ�HYHQ�ZLWK�D�KLW�VHHPHG�

Type of deterrent Category of behaviour response as a percentage (%) 

  
Indifferent Ambling off 

Moving off 

completely 

Running 

away 

Noise 2 10 1 0 

Noise & Hit 1 3 0 0 

Noise & Chilli pepper 3 3 6 3 

Noise, Hit & Chilli pepper 0 5 54 8 

 

Table 1. Elephant behaviour displayed after shooting with regard to the type of deterrent (n = 372).
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WR�KDYH�KDG�D�PLQRU�GHWHUUHQW�HIIHFW���+RZHYHU��LW�ZDV�
not possible to separate the direct effect of the impact 
of the chilli pepper strike; and only the release of the 
spray breathed in by the elephant served to completely 
GHWHU�WKH�WDUJHW�DQLPDO���

�&KL�VTXDUH� �REVHUYHG�YDOXH�� ������GI� ����S���
��������Į� ������

7KH�ULVN�RI�UHMHFWLQJ�WKH�QXOO�K\SRWKHVLV�ZKHQ�LW�
ZDV�WUXH�ZDV�ORZHU�WKDQ�������

Typology of deterred elephants

The MCA was conducted on a sample of 135 
individuals with the set of six qualitative variables 
related to the information recorded during the attempt; 
VKRRWLQJ�GLVWDQFHV�KDYH�EHHQ�FODVVHG�LQ���FDWHJRULHV���
Seventy percent of the variance was explained by the 
¿UVW�¿YH�D[HV���6HOHFWLQJ�WKH�SULQFLSDO�FRRUGLQDWHV�RI�
WKH�REVHUYDWLRQV�IRU�WKRVH�¿YH�D[HV��WKH�$&+�FODVVHG�
the elephants in three clusters:

�� 7KH� ¿UVW� JURXS� FRPSULVHG� D� FDWHJRU\� RI�
HOHSKDQWV�������Q� ������ZKLFK�UHDFWHG�SRVLWLYHO\�WR�
WKH�FRPELQDWLRQ�RI�QRLVH��KLW�DQG�FKLOOL�SHSSHU�������
moving off completely or running away from the study 
DUHD�������Q� �������7KH\�ZHUH�VKRW�DW�IURP�D�VKRUWHU�
GLVWDQFH�������Q� ����IURP�OHVV�WKDQ����P���RQ�WKH�
IURQW�RU�WKH�VLGH�������Q� ������DQG�ZHUH�PRVWO\�DGXOW�
PDOHV�������Q� ������7KH�PDMRULW\�ZHUH�RQ�DOHUW�������
Q� �����RU�PRYLQJ�RII�������Q� �����ZKHQ�DSSURDFKHG�
E\�WKH�LQYHVWLJDWRU�

�� ,Q� FRQWUDVW�� WKH� VHFRQG� JURXS� FRPSULVHG�
HOHSKDQWV�������Q� ������ZKLFK�GLG�QRW�UHDFW�WR�WKH�
deterrent action, or were indifferent or moved slowly 
IURP� WKH� VWXG\� VLWH� ������ Q� � ���� DIWHU� WKH� QRLVH�
SURGXFHG�E\�WKH�JDV�GLVSHQVHU�������Q� �������7KH\�
were shot at from a greater distance (55%, n = 22 from 
EHWZHHQ����DQG����P���DQG�ZHUH�DGXOW�PDOHV�������Q�
 �����RU�IHPDOHV�������Q� ������RQ�DOHUW�������Q� �����
RU�PRYLQJ�RII�������Q� �����IURP�WKH�LQYHVWLJDWRU�

�� 7KH�WKLUG�JURXS�������Q� �����FRPSULVHG�D�
mix of situations characterized by an unclear hit (98%, 
Q� �����RQ�DGXOW�PDOHV�������Q� �����RU�IDPLO\�XQLWV�
������Q� �����VKRW�DW�IURP�D�VKRUW�GLVWDQFH�������Q� �
���IURP�EHWZHHQ����DQG����P����7KH�PL[�RI�FRPELQHG�
GHWHUUHQWV��1RLVH������Q� �����1RLVH�	�&KLOOL������
Q� �����1RLVH�+LW�	�&KLOOL������Q� ����PLJKW�H[SODLQ�
the mix of behaviours observed, with approximately 
WZR�WKLUGV�RI�HOHSKDQWV�QRW�UHDFWLQJ�������Q� �����DQG�
WKH�UHPDLQGHU�HIIHFWLYHO\�GHWHUUHG�������Q� �����

Discussion

The deterrent effect of chilli pepper-based 
olfactory repellents

The deterrent effect of chilli pepper on elephants has 
been studied and assessed since the 1990s (Osborn 
������2VERUQ�DQG�5DVPXVVHQ���������,WV�SRSXODUL]HG�
use was then mainly as a chemical barrier with the 
use of grease and hot chilli pepper extract mixed 
together and applied to string, or by burning elephant 
dung mixed with ground chilli pepper to produce a 
noxious smoke (Osborn and Parker 2002; Parker et 
DO��������6LWDWL�DQG�:DOSROH��������RU�FRPELQHG�ZLWK�
other deterrent measures such as electric fences and 
EHHV��1\LUHQGD�HW�DO����������+RZHYHU��SLORW�SURMHFWV�
to introduce chilli pepper as an elephant deterrent 
VWUDWHJ\�KDYH�EHHQ�VORZ�WR�GHYHORS��*XSWD��������QRW�
DOZD\V�HIIHFWLYH� �+HGJHV�DQG�*XQDU\DVL�������DQG�
RIWHQ�UHTXLUH�LQWHQVLYH�PDLQWHQDQFH�WR�HQVXUH�HI¿FDF\�
�3LQWHU�:ROOPDQ�������

1HYHUWKHOHVV��LQ�WKH�H[WHQGHG�¿HOG�WHVWV�FRQGXFWHG�
in both protected areas and farming areas, it was 
SRVVLEOH� QRW� RQO\� WR� FRQ¿UP� WKH� VWURQJ� GHWHUUHQW�
effect of locally made chilli pepper oil extract, but 
also to demonstrate the positive added value of the 
locally assembled gas dispenser as a handy and safe 
tool to repel potential crop-raiding elephants from a 
GLVWDQFH���7KH�FKLOOL�SHSSHU�GLVSHUVHG�VSUD\��ORXG�EDQJ�
and physical hit used in combination seemed to have 
WKH�VWURQJHVW�GHWHUUHQW�HIIHFW�

,W�EHFDPH�DSSDUHQW�GXULQJ�WKH�¿HOG�WHVWV�WKDW�VXFFHVV�
RU�IDLOXUH�GHSHQGHG�YHU\�PXFK�RQ�WKH�VNLOO�RI�WKH�XVHU��
In fact, the technique could be potentially dangerous 
for inexperienced persons, especially when crop-
UDLGHUV�QHHG� WR�EH�GHWHUUHG� DW� FORVH�TXDUWHUV�� �7KLV�
suggests the need for a better designed and functional 
GLVSHQVHU�JXDUDQWHHG�WR�ZRUN�HDFK�WLPH�

Improving the chilli pepper gas dispenser

The improved dispenser needs to separate loading from 
GLVFKDUJH��WR�HOLPLQDWH�WKH�QHHG�WR�¿UH�LPPHGLDWHO\�
DIWHU�ORDGLQJ��/H�%HO�HW�DO���������LW�VKRXOG�EH�HDV\�WR�
aim at the common distances elephants are encountered 
and it should be possible to repeat the loading and 
priming action quickly for subsequent shots even 
GXULQJ�KRXUV�RI�GDUNQHVV�

7KH�SURGXFWLRQ�RI�DQ�DGYDQFHG�SURWRW\SH��)LJXUH����
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through an industrial moulding process will incorporate 
����DQ�LQMHFWLRQ�V\VWHP�UHJXODWLQJ�WKH�SUHFLVH�YROXPH�
of standard petroleum fuel to be squirted in the 
FRPEXVWLRQ�FKDPEHU������DQ�LJQLWLRQ�V\VWHP�SURYLGLQJ�
a continuous and more powerful spark to ignite the 
DWRPL]HG�IXHO�DLU�PL[������D�WHOHVFRSLF�EDUUHO�DOORZLQJ�
TXLFN�UHORDGLQJ�� ����D�SXPS�WR�YHQW�H[KDXVW�JDVVHV�
while replacing the oxygen/air mix in the combustion 
FKDPEHU�DQG�����D�ODVHU�XQLW�WR�RSWLPLVH�WKH�DLP�DW�XS�
WR����PHWUHV�

 

Practical use on problematic animals

To improve the effectiveness of chilli pepper, use 
RI�WKH�FKLOOL�SHSSHU�JDV�GLVSHQVHU�LQ�WKH�¿HOG�KDV�WR�
RYHUFRPH�WZR�PDMRU�FRQVWUDLQWV��¿UVWO\��E\�HQDEOLQJ�
potential users to secure a good source of chilli pepper 
and, secondly, by incorporating the system in a holistic 
DSSURDFK�IRU�+(&�PLWLJDWLRQ�

Sourcing chilli pepper

Chilli pepper production in Africa is a labour-intensive 
cash crop which can be grown in low rainfall areas 
�),175$&��������ZLWK�DQ�H[SHFWHG�\LHOG�RI�����NJ�
to 1200 kg per hectare of fresh African bird’s eye 
FKLOOL�SHSSHU���0DNRND�HW�DO����������:LWK�VXQ�GU\LQJ�
reducing the average moisture from 75% (fully ripened 
FKLOOL�SHSSHU�� WR������GU\�FKLOOL�SHSSHU���:LUL\D�HW�
DO���������D�PD[LPXP�RI�DERXW�����J�SHU�P��RI�GU\�
chilli pepper can be expected with an average planting 
GHQVLW\�RI�����SODQWV�SHU�Pð�� �)URP�RXU�H[SHULHQFH�
500 g of ground dry chilli pepper produces about 
600 ml of chilli pepper oil extract, loaded into ~20 

“hot” ping-pong balls; in other words, for a hundred 
SURMHFWLOHV�LW�WDNHV����P��RI�SODQWHG�FKLOOL�SHSSHU��ZKLFK�
QHHGV�WR�EH�JURZQ�ORFDOO\�DQG�UHJXODUO\�KDUYHVWHG���

If we consider the various and well-documented 
+(&�KRWVSRWV�LQ�%RWVZDQD��*XSWD�������+DQNV��������
*KDQD��'DQTXDK�HW�DO���������.HQ\D��*LFKRKL�HW�DO��
������*UDKDP�HW�DO��������.DPZH\D�HW�DO��������6LWDWL�
HW�DO���������0R]DPELTXH��/H�%HO�HW�DO��������2VERUQ�
DQG�$QVWH\��������1DPLELD��+DQNV��������7DQ]DQLD�
�0DOLPD�HW�DO���������=DPELD��+DQNV�������1\LUHQGD�
HW�DO��������DQG�=LPEDEZH��+DQNV�������/H�%HO�HW�DO��
�������ZH�FDQ�H[SHFW�WKDW�IDUPHUV�ZLOO�QHHG�WR�UHVSRQG�
WR�KXQGUHGV�RI�FURS�UDLGV�DW�GLVWULFW�OHYHO�HDFK�\HDU���,I�
chilli pepper is to be considered seriously as a local 
deterrent this cannot be based solely on side production 
of chilli pepper by the affected farmers, but will require 
the formal establishment of nurseries or greenhouses 
GHGLFDWHG�WR�SURGXFWLRQ�IRU�+(&�PLWLJDWLRQ�SXUSRVHV�

This social investment has been partly addressed 
E\�WKH�(OHSKDQW�3HSSHU�'HYHORSPHQW�7UXVW��(3'7���
which has not only promoted the use of chilli pepper 
as a means of keeping elephants away from sources of 
human food, but has also introduced a viable cash crop 
LQ�VRXWKHUQ�DQG�HDVWHUQ�$IULFD��:&6���������7KURXJK�
WKH�:RUOG�%DQN¶V�'HYHORSPHQW�0DUNHWSODFH�LQLWLDWLYH��
(3'7� �KWWS���ZZZ�HOHSKDQWSHSSHU�RUJ��PDQDJHG� WR�
replicate its Zimbabwean model in two other southern 
$IULFDQ�FRXQWULHV��0R]DPELTXH�DQG�=DPELD��:RUOG�
%DQN�������DQG�SURYLGHG�VRPH�LQWHUHVWLQJ�GDWD��IRU�
example demonstrating that local farmers were able 
to produce 250 kg of chilli pepper once they were 
experienced in growing the crop (Parker and Anstey 
������

Integrating the chilli pepper gas 

dispenser in a boundary strategy

Small, scattered settlements surrounded by natural 
bush land are more vulnerable to crop depredation by 
elephants than consolidated barriers of agricultural 
ODQG��/HH�DQG�*UDKDP���������,Q�0RXQW�.HQ\D�ORFDO�
communities pooled their resources in on-going 
IHQFLQJ� SURMHFWV� DQG� PDQDJHG� WR� NHHS� HOHSKDQWV�
DZD\� IURP� IDUPLQJ� DUHDV� �.DPZH\D� HW� DO�� ��������
Electric fencing seems to reduce elephant damage at 
FRPPXQLW\� OHYHO� �2¶&RQQHOO�5RGZHOO��HW�DO���������
but it has to be very well maintained (O’Connell-
5RGZHOO�� HW� DO��� ������ DQG� ODFN� RI� PDLQWHQDQFH��

 

Figure 3. Design of the advanced gas dispenser 
prototype.
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vandalism and theft of components have been frequent 
SUREOHPV�DW�WKH�FRPPXQLW\�OHYHO��+RDUH���������2WKHU�
examples showed that an early warning system with 
a guarding component can drastically reduce crop 
UDLGLQJ� LQFLGHQWV� �6LWDWL� HW� DO�� ������� � 6PDOO�VFDOH�
farmers will only have resources for cheaper fence 
FRQ¿JXUDWLRQV�ZLWK�WKH�VXSSRUW�RI�VLPSOH�IDUP�EDVHG�
GHWHUUHQWV��*UDKDP�HW�DO��������*UDKDP�HW�DO���������
but this strategy requires support and investment in 
WKH�PDLQWHQDQFH�RI�GHWHUUHQW�GHYLFHV�

Improving traditional fences with a virtual fencing 
DSSURDFK� �/D�*UDQJH� HW� DO�� ������ LV� EDVHG� RQ� WKH�
observation that elephants remember boundaries and 
ODQGVFDSHV�WKDW�DIIHFW�WKHLU�JHQHUDO�PRYHPHQW�SDWWHUQV���
7KH�DELOLW\�WR�DVVRFLDWH�DQG�UHPHPEHU�FRQÀLFW�DUHDV��
thereby establishing a pattern, means that elephants 
can be taught to respect boundaries and stay clear 
RI�FURSV���2YHU�WKH�\HDUV�RI�SUREOHP�DQLPDO�FRQWURO�
and veterinary fence protection in the late 1980s to 
control trypanosomiasis and foot-and-mouth disease 
LQ�=LPEDEZH� �7D\ORU� DQG�0DUWLQ� ������� HOHSKDQWV�
were trained to respect boundary fences; the policy 
of shooting or removing habitual fence-breakers 
effectively taught elephants to respect the fence as a 
ERXQGDU\��1HOVRQ�HW�DO����������

This lethal practice is no longer accepted, but an 
array of reminder measures repeatedly applied at the 
boundary could train crop raiders to stay away from 
DUHDV�RI�DJULFXOWXUDO�DFWLYLWLHV�� �7KH�SRWHQWLDO�H[LVWV�
WR� NHHS� HOHSKDQWV� DZD\� IURP�FRQÀLFW� ]RQHV�ZKHUH�
crop-raiding incidents are regular for a sustained 
SHULRG� E\� HVWDEOLVKLQJ� D� ERXQGDU\� ¿UPO\� LQ� WKHLU�
memory that they remember even when the physical 
ERXQGDU\�QR�ORQJHU�H[LVWV���7KH�GHWHUUHQW�DFWLRQ�KDV�WR�
be administered at the interface where the elephants are 
QRW�ZDQWHG���:KHQ�FURSV�DUH�SURWHFWHG�E\�SHUPDQHQW�
traditional boundary fences, the chilli pepper gas 
dispenser can effectively target individuals persistently 
breaking through, combined with the use of a passive 
chilli pepper repellent on twine or cloth, as an olfactive 
reminder to enforce the boundary dynamics (Plate 8; 
VHH�FHQWUH�SDJHV�LY��

Conclusion

$V� +:&� PLWLJDWLRQ� VHHNV� WR� LQFUHDVH� KXPDQ�
tolerance towards wildlife species and decrease 
negative interactions with them, the improvement 
of community tolerance towards wildlife must start 

by enabling them to protect themselves and to adopt 
less risky responses when confronting dangerous 
DQLPDOV�� �:KLOH�QR� ³VWDQG� DORQH´� VROXWLRQ� WR�+(&�
FXUUHQWO\�H[LVWV��*XQDUDWQH�DQG�3UHPDUDWKQH��������
existing traditional approaches provide the basis for 
development of a range of applicable solutions that 
are adapted to local conditions, enabling targeted 
LQWHUYHQWLRQ� RQ� VSHFL¿F� SUREOHPDWLF� HOHSKDQWV� DW�
WKH�FURS�LQWHUIDFH���:KHQ�HPSOR\LQJ�WKH�FRQFHSW�RI�
memory fences, using an active chilli pepper dispenser 
will help crop-raiding elephants to respect human 
activities and settlements through a discipline learning 
FXUYH�� � ,Q�DGGLWLRQ�WR�FURS�SURWHFWLRQ�WKLV�DSSURDFK�
could improve the functioning of elephant corridors, 
IRU�H[DPSOH�LQ�WKH�6HORXV�*DPH�5HVHUYH�ZKLFK�LV�LQ�
the process of being blocked off with the result of an 
LQFUHDVHG�OHYHO�RI�+(&��0DOLPD���������+RZHYHU��DOO�
the tools and strategies being developed should not 
divert attention from the need to promote and improve 
wildlife-based revenue ventures, which are essential 
IRU�HQVXULQJ�ORQJ�WHUP�KXPDQ�ZLOGOLIH�FRH[LVWHQFH�
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