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Young adult 287 119 168 42 

Prime 187 131 56 70 
Total 637 303 334 48 

 
 

M J S N J-04 M M J S N J-05 M M J S N J-06 M M J S N J-07 M M J S OM J S N J-04 M M J S N J-05 M M J S N J-06 M M J S N J-07 M M J S O
0

10
20
30
40
50
60
70
80
90

100
110
120
130
140
150
160
170
180
190
200

Months

A
cc

u
m

u
la

ti
ve

 n
u

m
b

er
 o

f 
si

g
h

ti
n

g
s

M J S N J-04 M M J S N J-05 M M J S N J-06 M M J S N J-07 M M J S OM J S N J-04 M M J S N J-05 M M J S N J-06 M M J S N J-07 M M J S O
0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

320

340

Months

A
cc

u
m

u
la

ti
ve

 n
u

m
b

er
 o

f 
si

g
h

ti
n

gs

M J S N J-04 M M J S N J-05 M M J S N J-06 M M J S N J-07 M M J S OM J S N J-04 M M J S N J-05 M M J S N J-06 M M J S N J-07 M M J S O
0

50

100

150

200

250

300

350

400

450

500

550

600

650

New sightings Resightings

Months

A
cc

u
m

ul
at

iv
e 

n
u

m
b

er
 o

f 
si

gh
ti

ng
s

�
@�� �� ) �) �� � 	 
 � � � � � � � �� � �� 
 � � � � � 
 � � � . � � 
 6� �� 	 � �� � � � � � � � � 
 " � � �� 	 � �� � � � � . �
�� � � � � � 
 �%� &-�� � � � � �%� &�� � � �� � �� 
 �� � ��� �%� &�. � � � �� � � �) * * +�� � �9 � � � � 
 � �) * * >�

(a) 

(b) 

(c) 



12 

) �) ��� � � � 	 ��� �� � ��� ��
# �� 	 � � � 	 � 
 �
 � 	 � � � � � � � 
 � � 	 � � � 	 � � � � � � 
 � � � 
 � � � � � �� � � 
 
 � 
 � � -� " 
 � � � 
 � . �� � �� � � � � � � � � �� � 
 � � �
� 
 � ( � �� � � 	 
 � � � � � � � � �� � � � . � � � ��� � �� � � � � � 	 � . � � � � � 
 � 
 � � 
 � � � 	 � � � � 	 � � � � B� � 
 -� � 	 
 � �� � 
 � " 
 � �
� 
 � � � � � � � � � 
 � � �� � � � � � � 
 � � � � � %@�� �� ) �+&�� @� � � 	 
 � � � � 
 -� � � � � � � 
 ��� �� � � � � � � � �� � 
 � � � � � � 
 � � �
� 	 � � � � � � �� � � � � � � � �� � � � 
 � � � � � 
 � � � . � � � �� 
 � � � ��� � � � 
 � � � � �� � � �� � � � � � � � 	 � � � � �� � � � 	 �� � � �� 
 ��
� 	 
 � �� � 
 � " 
 � � � 
 � � � � � � � � � 
 � � �� � � � � � � 
 � � � � � " � � �� � � 
 � � 	 
 � � � � � � � � �� � � �
 � � �� 
 � . � � � � � ��� � � � �
� � � 
 ��� � � �� � � � 	 �� � ��� �. � ��� " � �� �� " � 6� � � � 	 �� �� 
 ��� � ��� �� �� 
 � ( ��� �� 	 
 �� 
 � � �� � � � 	 �� �� � �� . � ���
%�� � � 6� 
 � � �� � �� . � ���� � � � &��� 
 � � 
 �� 	 
 � 
 �� � ��� �" ����	 � � 
 �	 � � �� 	 
 �� 
 � �� � �� � �� . �� 	 
 �" 
 � �� 
 � � � � �
� � �� � ��� �� � �� � � � �� � � � �� �� � �� � � �� � �� � � 	 �" ����� 
 �� � �
 �� � �� � � � � �� �� 	 
 �� �� � � � 	 �. � � �� 	 
 ��� � � 
 � � �
� � � � �� �
 � � �� 
 N� � � " � � � 	 
 � � � � � 
 � " �� 	 � " ���� � �� � � � 
 � �� � � � � � � � � � � �� �� � � � � � � � � � � 
 , � 
 � � �� � 	 � � 
 �
� 	 
 � � � 
 � � 
 � � � � 	 � � � 
 � � . � � � � � 
 � � �� � N�� � � � � � �� 
 � � � �� 
 � �" ���� � 
 � � � � � �) ) � � � � � 	 � � �� � 
 � -� � � � � 	 
 �
� � � � � � � . � � 	 
 � " 
 � � � 
 � � � � -� " �� 	 � � 	 
 � � � 
 � � 
 � � � � � � � � � ���� � � � . � � � � � �� �� � �� � � 	 �� � � 	 
 � 
 . � � 
 -�
� 
 � � 
 � 
 � � � � � 	 
 � � � � �� � � � � 
 � �� � � � . � � 	 
 � � 
 � � � . � � � � � 
 
 � �� � � � � � � �� � �� � � 
 � � � � � � �
 � � � � 
 5� 
 � � �
� � � � 
 � �� �� � � � 
 � " 
 
 � � � � ��� � � � � � 
 � � � 
 � � 
 � � � � � � � 	 �� � � �� 
 �� � � 
 � � 
 � �� � �� � � � � �� � � 
 � � � � � � 	 
 �
�� � � 
 -� � 
 � �� � � � � ��� �� � � 	 
 � 
 � � 
 � � �� � � � � 
 � � � � � �� � 
 � � � " �� 	 � � 	 � � 
 � � . �1 �� � 
 � � 
 � � 
 � � � ���%) * * >&�
" 	 � � . � � � � � � � � � � � �� �� � � %� � �� �� � &� � � � � � � � � 
 �
 � 	 � � � � � � " � � � � � � 
 � � �� 
 � � � � � � � � � � � � � � �� � � � 	 
 �

 5� 
 � � 
 � � � 
 � ( � �� � � � �� � � � � � � � � � � � �� � � %� 
 � 
 � � � �� � � � � � " � 	 &� � � � � 1 	 � � 
 � %� JJ<&� " 	 � �
� � �� � �� � 
 � � � � � 
 � ( � �� � � � �� �� � � � � � �� � � � 	 
 � � � �� � � � 
 � � � � � � � � 
 � � � � � � 	 
 � � � 
 � � . � . � 
 � � � 
 � �
� � � 	 
 � 
 � �. � � � �� � " � �� � ��
 � ��� �� 	 
 �' $ � �����
� �

0

10

20

30

40

50

60

70

80

90

100

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Months

P
er

ce
n

ta
g

e

0

10

20

30

40

50

60

70

80

90

100

R
ain

fall (m
m

)

Average percentage of bulls in musth for a four year period (June 2003 - May 2007)

Mean monthly rainfall – calculated from three stations that span the area of the APNR and
have reliable data for a period of more than 14 years (Hoedspruit, Ingwelala and
Kingfisherspruit)

�
�

@�� �� ) �+�� � 	 
 � � � � � � � � �� � � � . � � � � � 	 � � � ��� � 
 5� � 
 � � 
 � � � � � � � � 
 � � 
 � � � � 
 � � . � � 	 
 �
� � � � �� � � � � 
 � � %E
 � � &� � . � � � ��� � � �� 	 � 
 � � " �� 	 �� � 
 � � 	 � � � � � 	 � . � � � � � � � � ) * * +�
� � � ���� � � �) * * >���

�



13 

9 � ! 
 � � �� 
 /�� � ��� 
 � � �. � �� 	 
 ��� � � 
 �� � � ( 
 � �� � ��� �� 	 � � �. � 
 , � 
 � � �� 	 
 �# � $ � �
 
) �+��G� � � 
 �� � � ( 
 � �� � ��� �
G� � � 
 �� � � ( 
 � �� � ��� �� � 
 �� � � 
 � 6� 
 � � 
 � 
 � � 
 � ��� �� � � � �# . � �� � � �
 �
 � 	 � � � �� � � � �� � �� � � �%� � � � �� � 6
� � � ��� � � � � JJ>&�� � 	 �� � �� � � 	 
 � �
 � � � � � � . � � � 	 �� � � � � � � . � � � � � � � � � ��
 � � 	 � � � �� � � � � � � � � � � 	 �� � � � � �
� 	 �� � � � � � �� 
 � � �� # �� 	 � � � 	 -� � � � � 	 � � 	 � � � �� � � �� � � � " � � 
 � � �� � 
 � � �� � � � . 
 " � � � � � � � �
 � � �� � � � ����
� � � � �� � 
 � �� � �. � � � � �� � �� 	 
 �. 
 " ��� � � 
 �� � � ( 
 � ��� � �� �� � � �� �� 
 � � �� �� � ��� �� 	 
 �� � � � �� � �� � ���� 	 
 � 
 �
�� � � � � � 
 � � � � 	 � � � �� � � 6� 
 � � � � 
 �
 � � �� 
 � � . . � � � ( 
 � � " ���� � �� �� � � 
 �� � � 
 � � 
 � � � � 	 
 � , � � ��� � � � . �
� � � � 	 �
 � �%
 � � �� � � � �
 � �� ���) * * ) &���
�

 �� � 
 �� � � �) * * +�" 
 �	 � � 
 �� 
 � � � � 
 � �) +��� � � 
 �� � � ( 
 � ��� � �� �� � � �� ��� 	 
 �� 	 � � � � �� . �� 	 
 � 
 �� � ��� �
� � 
 �� 	 � " � �� � �� 	 
 �. � ��� " �� � �� � � 
 � ��9 � 
 �� � ��-�� � � � � �� �-�	 � � �� 
 
 � �� 
 � � � � 
 � ��� �� 	 
 � ' $ � �� � �� � �
� � 6� � � 6� � � �� � � �� � � 
 � � � � ( 
 � �� � � � � � �� �� 	 � � � � 
 
 � � � �� 	 � 
 � � � � � � � ��� � � �� � 
 � ) * * +� � � � A� ��� �
� � " �
 � � " 	 
 � � 	 
 � � � � � 
 � � � 	 � � � � 	 � � 	 
 � ' �� � 
 � �
 � � $ � �� # � � � � � 
 � � � . � � 	 
 � 
 � �� � � 
 � � � � ( 
 � �
� � �� � �� � 	 � � 
 � � � �� � � 
 
 � � � �� 	 � 
 � � � � � 
 � � �� � 
 � " 
 � . �� � � � �� 
 � � �. �
 � � � 	 
 � � " 	 �� 	 � �� � �� � � 
 � � � 	 � � �

 �� 	 
 � � � 	 
 � � 	 � � 
 � � � � 
 � � � � � � � . � � 	 
 � � � 
 � � � � � � 	 � � � � 	 
 � � � � � � 	 � � 
 � � 
 
 � � �
 � 	 � ��� � 	 � � � 
 � -� � � � �
" �� 	 � � � � �� 
 � � �. �� � � �� � � � � � � � � 	 
 � � � � � �� � � � � � � 
 � � 
 � � � 
 � � . � � � � � � � � � 
 � � � � � �� @�� 
 � � . � � 	 
 � 
 �
) +� �� � � 
 � � � � ( 
 � � � � ��� � 	 � � 
 � � 
 
 � � � � ��� � 
 � � � �� � 
 � ) * * ) �� 1 	 
 � � � 	 
 � � �� 
 � � � � 
 � � . � � � � 	 
 � 
 �
� � ��� � � � � � � � 
 � � 
 � � � 
 � � � � � � 
 � �� � 
 � -� � 	 
 � 
 � � � �� � �� � � � � �� � � 
 � � 
 � 
 � � � � � � �� � � � � � � � � � � � � � 
 � � . �
� 
 � 
 � � 
 � . � � � � 	 
 � � 
 � 
 � � 
 � � � � � � 	 
 �� � � � ��� � � � � � � � � 
 � � 
 � � � 
 � � � � � � � � � � � . � � � 3 � 
 
 � � � � � � � � � �
� 
 � 
 � � � 
 ��� � � � 
 �. � � �� 	 
 �# � $ � ���
�

@� � � �� � � 
 � � � � ( 
 � � � � ��� -� � 	 
 � � 
 � � 
 � � �� � � � � � 
 �� � � 
 , � � � 
 �� � 
 5� �� �� 
 � � � 	 
 � � � � �� � �� � � �� � � 
 " �
� �� 	 � �� � � � � � � � � 
 6� �� 	 � �� � � � � � 
 � � � �� 
 � %@�� �� ) �) -� � ) I � * �JJ&�� � 	 
 � � � � � � � �� � �� 
 � � 
 " � � �� 	 � �� � �
� � � 
 �	 � � �� 
 � � 	 
 � �� � �� � � � � � � � 
 �. � � � �B� � � � � � �) * * <�" 	 �� 	 �� 
 � � � �� 	 � � �� 
 � � �. 
 " �� 
 " ��� � � 
 �
� � � ( 
 � � �� � �� �� � � �� � � � 
 � 
 � � 
 � �� � � � 	 
 � # � $ � ��A� � � 
 , � 
 � � �� � " 
 � � � � � � 
 � � 
 � ��� � � " �� 	 � � � . �� �� 
 �
� 
 � � � � � 
 � � . ��� � � 
 �� � � ( 
 � ��� � �� �� � � �� �" �� 	 �� �� 	 
 �� 
 � 
 � � 
 � ��� 
 � � 
 �" 
 �� 
 � � � � 
 � � �� 	 � � �� � ��� �
" �� 	 � � � � ( � � �� � 
 5� 
 � � � � . � <* �� � � � 	 � � �� � � 
 � � . . � � � 
 � � � � � � 
 � � �� � � � 	 � � � � 	 � � � � � 	 
 � # � $ � � �� �
� 
 � � � � � . � � 	 
 �� � � 
 � � 	 
 � �� -� � � � �� �� � � � � � 
 � 
 � �� � �� � � � � � � � 
 �� A� � � �� � � �� � 
 � � � � �� � . � �� � � 
 �
� � � ( 
 � � �� � �� �� � � �� � � � 
 � � � � � � � � � 
 � � � � � � � 
 � � � � � � �� � � �
 � " �� 	 � � � � � 
 � � � �� � 
 � � � . � � � � � 	 
 � ' $ � �
� � � � �� � �� � �� � � �" 	 �� 	 �� � 
 � �� � � �� 
 
 � �� � �� 
 �� � ( �� � �� �� � 
 ��� �� 	 
 �� 	 � � � �� 
 � � ��
�

M J S N J-04 M M J S N J-05 M M J S N J-06 M M J S N J-07 M M J S OM J S N J-04 M M J S N J-05 M M J S N J-06 M M J S N J-07 M M J S O
0

10

20

30

40

50

60

70

80

90

100

110

120

New sightings Resightings

Months

A
cc

u
m

u
la

ti
ve

 n
u

m
b

er
 o

f 
si

g
h

ti
n

g
s

�
@�� �� ) �4� � 	 
 � � � � � � � �� � �� 
 � � � � � 
 � � � . � � 
 6� �� 	 � �� � � � � � � � � 
 " � � �� 	 � �� � � � � . �
� � �� 
 � � � ��� � " �� 	 � � � � ( � � �� � 
 5� 
 � � � � . � <* �� � � . � � � � � � � � ) * * +� � � � ��� 9 � � � � 
 � �
) * * >�



14 

�
��
�
�



15 

�
 
 



16 

9 � ! 
 � � �� 
 /�� � " �� � � � �. � � ��� �� � �� � �. � 
 , � 
 � � �� 	 
 �# � $ � 0�

) �4�� � 
 � � �. �� � � �� � �� . �� � 
 
 � �� � �	 
 � � � �

# � � � � � �� � . � >) <� � �� 	 � �� � � � � . � � � 
 
 � �� � � 	 
 � � � � " 
 � 
 � � � � 
 � � �� � 
 � � � � � ) * * +� � � � ��� 9 � � � � 
 � �
) * * >�� � 	 �� � . �� � � 
 � �� � �� � 
 � � � � �� �� �
 � � �� 	 � �� � � � � . � � 	 
 � � � � 
 � 	 
 � � � " �� 	 �� � � � � � � � 	 � � � � " 
 ��� � � �
� �� 	 � �� � � � � . � 	 
 � � � � " 
 � 
 � � � � �� 
 � � �. �� � � �� � � � 
 � � � � � � � � � �� � � 
 � � � ��
 � � 
 � � 
 �� 	 
 � � � � 
 � � � � � � � � �
� �� �� ���� � � � � � � � � �� � � � � 
 � 
 � � � � � � � � � � � � 	 
 � � 
 � � 
 � � � � . � � 	 
 � 	 
 � � �� � 	 
 � �� 
 � � �. �� � � �� � �
� 
 � � � � � � � . �) >4��� � �� �� � � �� � � " � � 	 � � 
 � � 
 
 � �� � ��
 � � 
 � �. � � � �) * ��� � 
 � 
 � � 
 � � �� � 
 
 � �� � �	 
 � � � �
� 	 � � � 	 � � 
 � � 
 
 � � �� 
 � � �. �
 � � � � � �+<��� 
 � � �( �� � � . � � � � � � " � � � 	 � � � � � � �� � � � � � � 
 � � � � � �� 
 � � � � � � � � �
� � � � �� � �� � �	 
 � � �� � �� 	 �� �� � �� � ��� �� �� 
 ����
�

� � �� �� �
 � � �� 	 � �� � � � � . � � 	 
 � � � � 
 � 	 
 � � � " 
 � 
 � � � � �
 � � " �� 	 �� � � � � � � � 	 � � � � � � � � �� � � � � � � � 	 �� � � 
 6
� �� 	 � �� � � � � � 
 �� # � � 	 �� � � � � � 
 � � � � �� � � � �� �� � � � 
 �� " � � � � � 
 � � � � � � 
 � � � �� 
 � � 	 
 � � 
 �� � �� � � 	 �� �
� 
 � " 
 
 � � � 	 
 � � � � � � � �� � �� 
 � � � � � 
 � � � . � � 
 " � � �� 	 � �� � � � � � 
 � � � �� 
 � � � � � � 	 
 � � � � 
 � � � � " 	 �� 	 �
� � 
 
 � �� � � 	 
 � � � � " 
 � 
 � � 
 6� �� 	 � 
 � �� � 	 
 � � 
 � � 
 � � �� � � � � � 
 �� � � 
 , � � � 
 �� � 
 5� �� �� 
 � � � 	 
 �
� � � �� � �� � � �� � � 
 " � � �� 	 � �� � � � � � � � � 
 6� �� 	 � �� � � � � � 
 � � � �� 
 � %@�� �� ) �<-� � ) I � * �JJ � � � � � � ) I � * �JJ �
� 
 � � 
 � � �� 
 �� &��F� �B� � � � � � � ) * * 4� � 	 
 � � � � � � � �� � �� 
 � � 
 6� �� 	 � �� � � � � � 
 � � . � � � 
 
 � �� � � 	 
 � � � � 	 � � �

 5� 
 
 � 
 � � � 	 
 � � � � � � � �� � �� 
 � � �� 	 � �� � � � . � � 
 " � 	 
 � � � � � � � � 	 � � � � 
 6� �� 	 � �� � � � � . � �� 
 � � �. �
 � �
	 
 � � � �" 
 � 
 �� � � 
 �. � 
 , � 
 � � �� 	 � � �� 
 " �� �� 	 � �� � � �� . �	 
 � � � ��

M J S N J-04 M M J S N J-05 M M J S N J-06 M M J S N J-07 M M J S OM J S N J-04 M M J S N J-05 M M J S N J-06 M M J S N J-07 M M J S O
0

20

40

60

80

100

120

140

160

180

200

220

240

New sightings Resightings

Months

A
cc

u
m

ul
at

iv
e 

nu
m

be
r 

o
f 

si
g

ht
in

g
s

�
@�� �� ) �<�� � 	 
 � � � � � � � �� � �� 
 � � � � � 
 � � � . � � 
 6� �� 	 � �� � � � � � � � � 
 " � � �� 	 � �� � � � � . �
� � 
 
 � �� � �	 
 � � � �. � � � �� � � �) * * +�� � � ���9 � � � � 
 � �) * * >��

�

� 	 
 � � 
 6� �� 	 � �� � � � � . � � � 
 
 � �� � � 	 
 � � � � � � ���� �� � � � 	 
 � � 
 � � � � �� � � � � � � � � 	 
 � � � � 
 � �� � � � � . � � 	 
 �
� �� � � � � � �-� � 	 
 � O� � � � � � � � � � � � 	 
 � � � 
 � � � � � � 	 
 � 
 � � � � � . � � 	 
 � ' �� � 
 � �
 � � �� 
 � � " �� 	 �� � � 	 
 �
' �� � 
 � �
 � � $ � � �� � � � � � � J<M� �
 � 
 �� � �� � 
 � � � � � ) * * +� %� � � �
 � ) �) &�� A� " � � � �� 	 � 
 � � �� � � 	 
 � � � � � 	 6
" 
 � � � � . � ' �� � 
 � �
 -� " �� 	 �� � F� �� �
 � � � � � �� � � 	 
 � . � � � � � � � 	 � � . � � 	 
 � � �� � � � � � �� 	 � � 
 � � � � � � 
 
 � �
� � � � �� 
 � � � � � � � � � � � � � �� � �� � � 	 
 � � � � 
 � � � � 
 � � . � �� . � 
 , � 
 � � � � �� 	 � �� � � � � � � �" 
 � 
 � 
 5� �� � 
 � � . � � � �
� 	 
 � � � � �� � 
 � �� �  . � � � 
 � � � � � �� 
 � � � � 	 � � � � 	 
 � 
 � � � 
 � � � � � 
 � � �� � � � � � � � �� � � 
 � �� � � �2
 � � � � � 	 
 � � � 
 � � �
�� � " 	 �� 	 � ) * � � �. . 
 � 
 � � � � � 
 
 � �� � � 	 
 � � � � 	 � � 
 � � 
 
 � � � 
 � � �� � �� � � �� 	 � 
 � -� � 	 
 � � � 	 
 � # � $ � �
� � � � � � �� � � � � � � �� � � � � � � � 5�� � � � � . � 4* � �� � 
 � 
 � � 
 � � � � � 
 
 � �� � � 	 
 � � � � � � � � � � � � � 
 � � � �� � � �� �
� �� 
 ���
�



17 

� � � �
 � ) �) �� � 	 
 � � � � � � � � �� � � � . � � � 
 
 � �� � � 	 
 � � � � � 	 � � � 	 � � 
 � � 
 
 � � � 
 6� �� 	 � 
 � � � . � � 	 
 � � � � � ��
� � � � 
 � �� . �	 
 � � � ��� 
 � � �. �
 � �" �� 	 �� �� 	 
 �# � $ � ��

Total number of breeding herds 
identified  

since May 2003 

Number of breeding herds re-
sighted  

since May 2003 

Number of breeding herds 
sighted only once since 

May 2003 

Re-sighting percentage 

20 19 1 95 

�
+��� 
 �
 � 
 � � � �� � � � � �
�
9 � ! 
 � � �� 
 N�� � �� 
 � 
 � � �� 
 �� 	 
 �� � � 
 � 
 � � � �� . �
 �
 � 	 � � � � �" �� 	 �� �� 	 
 �# � $ � �� � � �� 	 
 �� � ! � � 
 � � �
� � 
 � � �� � � �� 	 
 �� � � � 
 , � 
 � � �� 	 � � � 
 � ��� �� 
 � � �� � �� . �
 �
 � 	 � � � � �" �� 	 �� �� 	 
 �# � $ � ��
�

 � � � 	 � � � � 
 � �� � 
 � �+� �3 � 
 � � � ��� � � � " �� 	 �� � � 	 
 �3 � 
 � � �G�� � � � � � � � N��) +�" �� 	 �� � � 	 
 �# � $ � � � � � �

 �� 	 � � �� � � 	 
 � 
 � � � 
 � � � ' � � � 
 � � $ � �� � � � � 
 � � 	 � � � 	 � �. � � . � � 	 
 � 
 � %� =&� " 
 � 
 � � 
 � �� � 
 � � � . � 
 � �
$ � � 
 � � 
 � � ) * * =�%��
 �� " �� 	 �� � � 	 
 � � 
 � �
 " � � 
 � �� � &�%� � � �
 �+�� &�� �# ��� . � � � � �� � �� � � � � ��� � � � " �� 	 �� �
� 	 
 �# � $ � �� � 
 �� � " �3 � 
 63 
 � �� � ��� � � -�" 	 �� 	 �� 
 ��� 
 � �� � � � � � � � �� ��� �� � � 
 �� � � � �� 	 � � �� 	 
 �3 � 
 6
� � � 
 ���� 
 �� � ��� � � �" 	 �� 	 -�� � 
 �� � �� ��� � ( �� . �� 
 ��� �� � �� � � 
 � � � 
 -�" 
 � 
 �. �� � 
 � �" �� 	 �� �' � � � 
 � �$ � ��
�
1 �� 	 �� � � 	 
 � # � $ � � " 
 � 	 � � 
 � � � � 
 � � � 
 � � � � � � � 	 �
 � 
 � � � � 
 � � � � � � 	 �� � � � � 
 � � � � . � � � � � � � � � �� � �� �
� 	 � � � �� � � 
 � � 
 � 
 � � � � �� 
 � � . � � 	 
 � � � �� � � � � 
 �
 � 	 � � � � � � � �� �6� 
 	 � � �� � � � �� � � � � � �� � � �� �# � � � � � 	 �" 
 �
	 � � 
 � � � ��� � � � . �� � 
 � � � � � � �5� � � � �� � � � " � � %� � � � �� � � � 
 � � � � � 
 � 	 
 � � � &-� � 	 � 
 
 � � � � 6� � � �� � � � ��� �
%�� � 
 � 
 � � 
 � � � � � �� � �� �P) 4� � 
 � � � &-� 
 �� 	 � � � � � �� � � � ��� � � � � � � �5� � 
 � �� � � � � � �� � � � ��� �%C+<� � 
 � � � &���
� 	 
 �
 � � � 
 � � �' $ � �� � ��� � � �" 
 � 
 �� ���. �� � 
 � �� � �� � � �� �� � ��� ���
�
�
� � � �
 � +�� �� 
 � � � � � � � �� . � � � � � �� � � � . � � 
 �
 � 
 � � � � � � ��� � � � � � � � 
 � � �� � � 
 � �� � 
 � � � � � � 	 
 � 
 � � �

� � � � � � � � � � � � � � � �
 � 	 � � � � � 
 � 
 � � � 	 � � � � � � � � � 
 �� � 	 
 � . �� � 
 � � � � � � 
 � � 
 . 
 � � � � � �
� 	 
 � � � � 
 � � 	 
 � � � ��� � � " � � � � 
 � �� � 
 � -� � � � � � � � � " 	 
 � � � 	 
 � � � �� � �� " � � � . �� � � � � � ��� � 
 � ��

 � 	 
 � � �
 � � 
 . 
 � � � � � � � 	 
 � � � � � 
 � � � � � � � � � 
 � � � � �� � � �� � 
 � � � ��� � 	 
 � � � ��� � Q� � ��. 
 � � � � � �
�� � � 	 
 � 
 � � �� � � 
 � � � � � � 	 
 � � � � � 
 � � � . � � � � � � �� � �� � 
 5� 
 � � 
 � � � � � � � � � �� � 
 � � � � 	 
 � �� � �
� � � � �� � �� 	 
 �� � 
 � 
 � � �� � 	 
 � � �
 ��

� # � 
 �� �� 
 5� @�� � 
 � � � � � 
 � 
 � 	 
 � � �
 � G�. 
 � � � � � $ � � 
 � �

# �
 5� � � ��  $ � � �) * * 4� 3 � 
 6
� � � 
 ���� 
 �

: �	 � � * � �� � � � �� 
 �� �� � 
 �� � � �) * * >�

F� � � � � � � ��  � � � �) * * <� 3 � 
 63 
 � � <�	 � � +: >� ��. 
 � � � � �� � � 
 � �� � �� �	 � �� �� � � �

� � � � � � � � ��  � � � �) * * <� 3 � 
 63 
 � � � �	 � � +=� � �


 � � 	 � � � � � 
 � � � ��  $ � � �) * * <� 3 � 
 63 
 � � � �	 � � +>* � �

� � � � � � 	 � � � ��  $ � � �) * * <� 3 � 
 63 
 � � � �	 � � � : <� � � ��� � �. � � � � �� � �� � �
 � � � � �� � ��� �

A�� � � �� � � 
 � �� � �� � ��  B� � 
 �) * * =� 3 � 
 63 
 � � � �	 � � JJ) � �


 � � �� � � � � � sub-ad �  B� � 
 �) * * =� 3 � 
 63 
 � � � �	 � � <=J� �

� � 
 � 
 � � � senior ad �  
 
 � � �) * * =� 3 � 
 63 
 � � � �	 � � : J<� �

A� � � 	 �
 � � ad �  
 
 � � �) * * =� 3 � 
 63 
 � � � �	 � � � �* * * � �

� � � � �
 � sub-ad �  
 
 � � �) * * =� 3 � 
 63 
 � � � �	 � � : J ) � �

3 � " 
 � � senior ad �  9 � � �) * * =� 3 � 
 63 
 � � � �	 � � J ) * � �

G� � � ! � � � � � � ��  9 � � �) * * =� 3 � 
 63 
 � � � �	 � � : : � � �

B� � � � � � ��  9 � � �) * * =� 3 � 
 63 
 � � � �	 � � : 44� �

1 
 � � � � senior ad �  $ � � �) * * =� 3 � 
 63 
 � � � �	 � � : =* � �

� � � � � � senior ad �  $ � � �) * * =� 3 � 
 63 
 � � � �	 � � J++� �



18 

� # � 
 �� �� 
 5� @�� � 
 � � � � � 
 � 
 � 	 
 � � �
 � G�. 
 � � � � � $ � � 
 � �

A� � � � �� �� � � ( � ad �  # � � ���) * * >� 3 � 
 63 
 � � � �	 � � � �* >>� �

� 
 ��� " � senior ad �  # � � ���) * * >� 3 � 
 63 
 � � � �	 � � � �* J<� �


 � � � � ad �  B� � 
 �) * * >� 3 � 
 63 
 � � � �	 � � � �� ) >� �

 � �� � ad �  B� � 
 �) * * >� 3 � 
 63 
 � � � �	 � � � �� =<� �

$ � � � � � 
 � sub-ad �  B� � 
 �) * * >� 3 � 
 63 
 � � � �	 � � � �� +J � �

' 
 � �
 � �� � � � ��  B� �� �) * * >� 3 � 
 63 
 � � � �	 � � ) : J � �

� �� 
 � � � � ��  $ � � �) * * >� 3 � 
 63 
 � � � ) �	 � � � �+) * � ��. 
 � � � � �� � � 
 � �� � �� �	 � �� �� � � �

H
 
 � ad �  $ � � �) * * >� 3 � 
 63 
 � � ) 4�	 � � � �4>: � ��. 
 � � � � �� � � 
 � �� � �� �	 � �� �� � � �

�  � � � � �

� � � � � 
 � �� � �� � ��  @
 � �) * * >� 3 � 
 6
� � � 
 ���� 
 �

: �	 � � >>>� �

' $ � ) � ad �  � 
 � �) * * =� 3 � 
 6
� � � 
 ���� 
 �

: �	 � � =>* � �

' $ � +� ad �  � 
 � �) * * =� 3 � 
 6
� � � 
 ���� 
 �

: �	 � � =>J� �

' $ � 4� ad �  � 
 � �) * * =� 3 � 
 6
� � � 
 ���� 
 �

: �	 � � =: : � �

' $ � <� ad �  � 
 � �) * * =� 3 � 
 6
� � � 
 ���� 
 �

: �	 � � >><� �

' $ � =� ad �  � 
 � �) * * =� 3 � 
 6
� � � 
 ���� 
 �

: �	 � � +: J � �

' $ � >� ad �  � 
 � �) * * =� 3 � 
 6
� � � 
 ���� 
 �

: �	 � � <: : � �

' $ � : � ad �  � 
 � �) * * =� 3 � 
 6
� � � 
 ���� 
 �

: �	 � � =>* � �

� 	 
 � � � �� �� � �� � � � ! 
 � � � � � � � � � � �� � � ��
 � � . � � � � 	 
 � � 
 � �� � � 
 � � � � . � +* � 3 � 
 6� � ��� � � � " �� 	 �� � . �� 
 �
� 
 � � � � �� � � 	 
 � # � $ � �� � � 	 
 � . �� � � � � � ��� � � � " 
 � 
 � 3 � 
 6� � � 
 ���� 
 � � � �� � � " �� 	 � � � � 
 �� � �� 
 �� � ��� �� 
 � �
��. 
 � � � � �%� ��) �* * * �� � � � �� 
 � � � � � &�� � �� �� 6) * * <�" 
 �� � � � � 
 � �. �� � �� � �3 � 
 63 
 � �� � ��� � � �" 	 �� 	 -�
� 
 �� � � � � � 
 � 
 � 
 � � � � 
 . . �� �
 � � -� � � � � �� 
 � � � � � " �� 	 � � � � � � � � � �� ��� � � � � 
 � � � � � � %� �� � <� * * * �
� 
 � � � � � &�� � F� � � 
 � � �� � � � 	 
 � � � � � � � 
 � � � � �� � � �� � 
 � � � �� � . � � 	 
 � 
 � � � ��� � � � � � � � � <6	 � � � � � � 	 
 � � �
 �
" 
 � " 
 � 
 � � � �
 � � � � � 
 � � � � � � � � 
 � � � � � � � 	 � � � " � � � � 
 �� � � � 
 � 
 �� 
 � � . � � � � � 	 
 � 3 � 
 6� � � 
 ���� 
 �
� � ��� � � -� � 
 � � � � � � � . � � � 
 � � 	 � 	 � � � � � . � � 	 
 � � � � � � � 
 � � � � . �� 
 � � � � � � 
 � �� � � � � � � 
 5� 
 � � � � 	 
 � ��. 
 � � . �
� 	 
 � � � ��� � � � � � � 	 � � 	 � � -� � � ( �� � � �� � � � � � � � �� 
 � � � �� � � � 	 
 � � �5� � � ��� � � � . �� � 
 � � � � � � 	 
 � � � � F9 �
� 
 � 
 � � � 	 � � � � � � -� " 
 � � � " � 	 � � 
 � ) J � � � ��� � � � � � � � � � � 
 � � �� � � 
 � �� � 
 � -� � 
 � � � � �� � � � � � � � � � � � � �
	 � � � �� ��� � 
 � � � ���
�
� � � � � � . � � 	 
 � 
 � � � � � ��� � � � � � 
 � 
 5� 
 � � 
 � � � � � � � � � �� � 
 � . � � � � �� � �� � � � � � ��� � �� 6) * � * �%@�� �� +�� &���
1 
 � � � 
 � � 	 
 � 
 . � � 
 � � � " � �� � � � � � � �� �� � � � � � � �� � �� � � 
 � � � �� � � � � �� � � � � 	 
 � � � � 
 � 
 � � � � � � � � � � � � 
 �
� � 
 � � � � � 
 � � � � � . � � � � �
 � � � � � =� 
 �
 � 	 � � � � � " �� 	 �� � � 	 
 � # � $ � � . � � � � 	 
 � � 
 5� � ) R� � 
 � � � �� � F� � � 	 
 �

 � � �� . �) * � * �" 
 �" ����� �� � �
 5� 
 � � �� � �	 � � 
 �� � � � �� � � � � �� � � � -�� � � � � �� � �� � � 
 �� 	 � � �� 	 � 
 
 �� 
 � � � -�
. � � � � � � �
 � � � � ) � � 
 �
 � 	 � � � � � " �� 	 �� � � 	 
 � # � $ � �� � $ � � � � � �� � � � � 
 � � � � � 
 � � � � � � �� -� " �� 	 �

 � � �� � � � 
 � � � �� � � � � � � � �� �� � � � � �� �� � � � � 	 � � � �� � � . � � � � � 
 � � � � � � � 
 � � -� . � � � 	 
 � � � � 
 -� 
 �
 � 	 � � � � �
� 	 � " � � � � � � � � � � � �� �� � � � � � � � � . � �� � �� �� � � �� � � � �� � ���� � � �� � � � � � 
 � � � 
 � � � � � 
 � � � �� � # � � � � � 	 -� � 	 
 �
� � �� 
 � � . � � � � 
 5� 
 � � 
 � � � � � � � � � . � � � � 
 �� � �� 
 �� � �� � � 
 � � � � � 
 � � � . � �� � �� �� � � �� � �� � � � � �� � � � " 	 
 � �
� � � 
 � � � �� � �� � �� 
 � 
 �� � �� �� 
 ��� � �
 �� � � 
 � � � � � � �� � �� . �� 	 
 �
 � � �� � � �� . ��� � � 6��� 
 � �� � 
 � �
 � ��
�
�



19 

@�� �� +�� �� � �� � � � � � � . � 
 � � � � � ��� � � � 
 � �� � � 
 � � � � � � 
 �
 � 	 � � � � � � � � � 
 � � �� � � 
 �� � �
� � � �� � � 
 � � " �� 	 �� � � 	 
 � 3 � 
 � � � G�� � � � � � � � � � � . � � � � �
 � � � � � ( �� � � 	 
 � � � � ! 
 � � 
 � �
��. 
 � � � � � � 
 � � � � �$ � � 
 � � 
 � � ) * * >��� � � � � 
 � � � � � � 	 
 � � � � � 
 � � 6� � � ( �" �� 	 �� � 
 � � 	 �
� � ��� � -� � 	 
 � � � � � 
 � � � . � � � � � � � � �� � � � � �� 
 � � � � � � � 	 
 � 
 � -� 
 � � � � 
 � � � � � � � � � � � �� � � �
� � � �� 	 
 �� �� � � 
 � �� � � � �� � � 	 
 � �� � �� � 	 
 � � �
 ��

�
�
� 	 
 � . �� � � � � � ��� � � ��� � 
 � � �� � � 	 �� � � � � � � -� � � � -� �� � � � " � � 
 ��
 � 
 � � � � � � 
 � � 	 
 � �� � � 
 � � -� � � � � � � � � �� �� �
� 	 
 � �� � � 
 � � -� � � � � �� � � � � �� � � � � � � � � � 
 � � �� � 3 � 
 6� � � � ( 
 � � 
 �
 � 	 � � � � %� � � � �� � 6� � � ��� � � � � 
 � � ��
A� � � �&��
�
� 	 
 � � �� � � �� � � �� � � � � � � 
 � � � . � � 	 � � 
 � 
 �
 � 	 � � � � � � 	 � � � 	 � � 
 � � 
 
 � � � � � � ( 
 � � . � � � � � � 
 � � � � � � �� � � 
 � �
� � 
 � � �� 
 � � �� �@�� �+�) ��@� � � � � 	 �� � � � � � � 	 
 � � � � � � � � 
 � 
 � � 
 � � �� � � � � �
 �+�) �-��� �" � � �� �� � � 
 � � �� 	 � � �
" �� 	 �� � � 	 
 � # � $ � -� . � � ��� � 	 
 � � � � 	 � � 
 � � 	 
 � � � � ��
 � � � 	 � � 
 � � � � � 
 � � � � � � � 
 � � � 
 � %� 
 � � � J* M�
( 
 � � 
 �� �� � ��� 
 � I �4� >�( � ) -� 
 � � I � � ><-�� � I �<&-�. � ��� " 
 � � � � � � 	 
 � � 
 � �� � � � � ��� �%� 
 � � �J* M�( 
 � � 
 ��
�� � ��� 
 � I � =+4� ( � ) -� 
 � � I � +: 4-� � � I � =&-� " �� 	 � � 	 
 � � � � �� � � � ��� � � . � �� � 
 � � 
 � �� � 
 � � � 
 � � � � �� � ��� �
� � � �� � �� � � � � � �� 	 
 ��� � � 
 � � �� � 
 � �%� 
 � � �J* M�( 
 � � 
 ���� � ��� 
 �I ��� �>4: �( � ) -�
 � �I �� �) >>-�� �I �4&���
� 	 
 � 
 � � �. . 
 � 
 � � 
 � � 	 � " 
 � 
 � -� � � 
 � � � � � � � � � �� � �� � ��� � � �� � �. �� � � � �%' � � � ( � �61 � ���� � � � I �+�: -� � � I �
* �� <&�6�� � � �� � �� � �" �� 	 �� �� 	 
 �� � � � � � ��� �� � 
 � � 
 � �� 	 � � �� 
 � " 
 
 � �� 	 
 � ��
�
�

2002 2003 2004 2005 2006 2007 2008 2009 2011 2010 

Diney 
Joan 
Ale

Barry 
Mandy 

Soshangane 
Monarch 
Striburu
Everest

Caughley 
Tussle 
Gower 

Lapajum

Wessa 

Classic 

Mello
Capt. 
Iai

Sna
Namast

Koeleri
Ve

KNP

Prou

KNP
KNP
KNP
KNP
KNP
KNP

Mac



20 

@�� ��+�) ��� � � 
 �� � � � 
 � �� . �
 �
 � 	 � � � � �� 	 � � �	 � � 
 �� 
 
 � �� � � �� � � 
 � �. � � �� � � 
 �
� 	 � � �� �� 
 � � ���� � � � 
 �� �� � � 
 � �� � �� 	 
 �J* M�( 
 � � 
 ��� � � � � � ���� � ��� � ��� 
 ���

Breeding herds Sub-adult bulls Adult bulls 

Senior adult bulls KNP bulls 



21 

�
� � � �
 �+�) ��� � � � 
 �� � � � � � � �� � � � �� � �� � /�� �� �� � � �� � � � 
 5�� � �� � � � �%� A� &�
 � � �� � � 
 �� . �	 � � 
 �

� � � � 
 �� �2
 �%( � ) &�� � � �� 	 
 �J* M�� � � � � �� 
 �( 
 � � 
 ��� � � � � � ���� � �� � 
 � �%( � ) &��
� A� ��� � 
 � � � � � � �� � �� � � � � A� � J* M�' 
 � � 
 �� $ � � 
 � �

A�� � � �� � � � � �* 4� J �=<* � � �>* � � 529 �

� �� 
 � � � � � �* 4� ) �+==� � �4: =� 483 �

# �
 5� $ � � �* 4� : J � � 4�) ) J � 3 317 � � � �� � � � �� �� � 
 �� � � �) * * >�

B� � � � $ � � �* 4� : �<J) � � �+4) � 321 �

F� � � � � � � � �* <� +�<: � � +�: <<� 2 038 �

� � � � � � � � � �* <� +�J : J � � �<J=� 573 �

F� � 2
 � � 9 � � �* <� � �: >) � ) �* =) � 1 341 � 
 � 
 � � 
 � �


 � � 	 � � � � � 
 � 9 � � �* <� +�* J4� +�� +) � 1 371 �

� � � � � � 	 � 9 � � �* <� � �J � : � � �4>=� 549 �


 � � �� � � � � � B� � 
 �* =� >�+� : � � �4* +� 774 �

A� � � 	 �
 � � 
 
 � � �* =� >�+>>� >J<� 264 �

� � 
 � 
 � � � 
 
 � � �* =� J �J4>� : * +� 517 �

� � � � �
 � 
 
 � � �* =� : �: � =� <�: 4J � 2 234 �

3 � " 
 � � 9 � � �* =� J �) : : � � �* <: � 591 �

G� � � ! � � � � 9 � � �* =� : �+<>� +>+� 157 �

1 
 � � � � $ � � �* =� >�* =4� � �J>� � 648 �

� � � � � � $ � � �* =� : �=: 4� <: : � 176 �

A� � � � �� �� � � ( � # � � ���* >� <�+4: � � �� +: � 194 � � � � �� � � 
 � � �P� �� 
 � � �

� 
 ��� " � # � � ���* >� <�) * ) � ) �� : <� 453 � � � � �� � � 
 � � �P� �� 
 � � �


 � � � � B� � 
 �* >� +�>) 4� � 4+� 87 � � � � �� � � 
 � � �P� �� 
 � � �

 � �� � B� � 
 �* >� � �J==� <4� 30 � � � � �� � � 
 � � �P� �� 
 � � �

$ � � � � � 
 � B� � 
 �* >� 4�* J=� +�><* � 2 836 � � � � �� � � 
 � � �P� �� 
 � � �

' � 
 �
 � �� � B� �� �* >� +�* ) J � � �* : 4� 518 � � � � �� � � 
 � � �P� �� 
 � � �

H
 
 � $ � � �* >� >� � � � � � � �� � � 
 � � �P� �� 
 � � �

� � � � � �

� � � � � � � �* ) � +�++) � =�� : * � 3 737 �

' $ � ) � � 
 � �* =� : : <� ) �+>+� 1 151 �

' $ � +� � 
 � �* =� : : * � 4�: : =� 5 251 �

' $ � 4� � 
 � �* =� : : � � <* =� 171 �

' $ � <� � 
 � �* =� : ) * � >�4<* � 5 717 �

' $ � =� � 
 � �* =� =* J � � �+: � � 858 �

' $ � >� � 
 � �* =� : ) +� ) �4� =� 1 192 �

' $ � : � � 
 � �* =� : : =� � �: ) 4� 2 119 �

�
�
� 	 
 � � 
 � � � 	 � � 
 � � � � � 
 � � �2
 � . � � � 
 �
 � 	 � � � � � � � ��� � 
 � � " �� 	 �� � � 	 
 � # � $ � -� � � � � 
 . �� 
 � � � � � � 	 
 �
� �� �� � � � � � � � 
 5� � � �� � � � -� �� � ) � 4) J � ( � ) �� � � 	 �� � �� � � � � � � � 
 � � � . � � � � � �� � � 
 � �� � � 
 � � � 	 � � � � 	 
 �
� � � � 
 � � � 
 � � � � 
 � � � � � � 
 �H����
 � � � � � ' � ( �%� JJ>&� � � �� � � � 	 
 � � � � 
 � � 
 � 	 � � � . � � � � 	 
 � � � � 
 � � � � � � �
� � 
 � �� � � 	 
 � �� � ��� � � �� � � � � . � � 	 �� � � 
 " � �� . � � � � � �� � � � � � � � 	 
 � � � � � 
 � � �� � " 	 �� 	 � � � � � 
 � � � � � � �
� � �� �� �
 �� � � � 
 � � �
 � �� � � �� � � � � 
 � 
 � � �� � �� � �� � 
 �� �� � � � � 
 � ��� �� 	 
 �� 
 � 
 � � 
 � �) * * <�� � � �) * * =�
� 
 � � � � � �� � � �� � 
 � �� � � �" � � � � � � �. � � � 	 
 � �� 
 � �
 " �	 
 � 
 ��
�
9 � � � � 
 � � � 
 -� � 	 
 � � � ��� � � 
 �� � � � � � � ( 
 � � �� � � 	 
 � 
 � � � 
 � � � ' � � � 
 � � $ � � 	 � � 
 � � � � � � � � � �� ��� � �� � � 
 � �
	 � � 
 � � � � � 
 � � � � � � � � 
 � �" �� 	 �� � ��� �. � � � �� 	 
 �# � $ � �%J* M�� � � � � �� 
 �( 
 � � 
 ���� � ��� 
 /� ' $ � �� � ��� ��



22 

� � I �) �<) 4�( � ) -�
 � �I �) � � � +-�� �I �: N�# � $ � �� � ��� � � � I � � � � <* �( � ) -�
 � �I �J<) -�� �I �� ) &���� � " 
 � 
 � -�
� 	 
 � ' � � � 
 � � $ � � � � ��� � � �� � � � � � � � � � � � � � � � �� ��� � �� � � � � � 
 � � �2
 -� . � � � � � >� ( � ) � %' $ � 4&� � � � <�
>� >� ( � ) �%' $ � <&�� �@� � � 	 
 � � � � 
 -� � 	 
 � � 
 � � � � � �� 
 � �� � � 
 �� � � �� . �� 
 � � 
 � � � � � � 	 
 � 
 5� � 
 � 
 � � �2
 �
� . � � 	 � 
 
 � � � ��� D�� � � � 
 � �S�� � � -�" 	 � � � � � 
 � � � 
 � " 
 
 � � � 	 
 � 
 	 �� � " 
 � 2�� � � 
 � � � . � ' � � � 
 � �$ � � � � � �
� 	 
 �# � $ � -� � � � � � 	 
 � � " � � � � ��� � ' $ � +� � � � � ' $ � <�" 	 � � � � � � � 
 � 
 � � �� � 	 � � 
 � � � � 
 � � �� � � �G�� � � � � �
$ � � � � � � " 	 � � 
 � � � � 
 � 
 � � � � � � � � � 
 � �� . �� 
 � � 
 � � � � � � 	 
 �� � �� � ( � � . � . � � ���� � �� � � " �� 	 � � 	 
 �� � � 
 " �
� � � � 
 � � � 
 � � �� �# � � � � � 	 � � 	 
 � � �. . 
 � 
 � � 
 � � � � � � � � � � 
 � � � � 
 � ��� � �� � � 
 . �
 � � �� � � � . � � �. . 
 � 
 � � 
 � � �� �
� � � � 
 � � �2
 � � 
 � " 
 
 � � � 	 
 � " 
 � � 
 � � � ' � � � 
 � � $ � -� �� � �� � �� � � � 	 
 � � � �� � � 
 � $ � � � � 
 � � 
 � 
 � � 
 � -� � � � �
� 	 
 �
 � � � 
 � � �� � � � � -�� 
 � � �� 
 �� 	 
 �� 
 � �� � �� � ��� �. . 
 � 
 � � 
 � �� 
 � " 
 
 � �� 	 
 � 
 �� " � �� � 
 � � �%� � � � �� 
 � �
�� �� 	 
 �" 
 � � �� � � �� � � � �� � ��� �� 	 
 �
 � � � &��
�
+�� �# � $ � �
 �
 � 	 � � � � �
�
9 � ! 
 � � �� 
 /�� � �� 
 � 
 � � �� 
 �" 	 
 � 	 
 � �. � � � �� 
 � � � � � 
 � �� � � ?� � �� � � �� ��� � � �� � . 
 � � �� 
 � 
 . �� � �
� � � �� � � 
 �
 �
 � 	 � � � �� � � 
 � 
 � � � ��
�
� � � ��
 � � � 
 � � � � � � 	 � � 
 � � �� � � � � 
 � � � 
 � � � � � �� 
 �
 � 	 � � � � � � � 
 � 
 � � � � � � � � � � � 
 � � � 
 � � � � � 
 � � � �%, �� ��
� 
 � 
 � � 
 � � ) * * <&-� � � � � 
 � � � 
 � � 
 �� � �� 
 � � � � � 
 � 
 � � � �� � � � � � 
 � � � � � � � � � . � � 
 � " � � 
 � � %, �� ��
� 
 � 
 � � 
 � � ) * * <&� � � � � � � 	 
 � �� . �� 
 � � 
 � � . � � 	 
 � � � � �� �� �� � � � � � � 
 � � � � � � � � � � �� � �� � � � � � �
� � � 
 � 
 � � � � � � � 
 � � � �%, �� �� � 
 � 
 � � 
 � �) * * =&���# �� 	 � � � 	 �" 
 � � � " � 	 � � 
 � � � � � � 
 � � � � � � � � � � � � � 
 � �
� � � 
 � � �� � � 
 � � 	 
 � 
 � � � � � 
 � 
 � � �� � � � � � � . � 
 �
 � 	 � � � � � � � 
 � 
 � � � � " �� 	 �� � � 	 
 �# � $ � -� � 	 
 � � 
 � 
 � � ��
� � �� � �� �
 � � � 
 � � �� � � 	 
 � � � � 
 � � � � � � � � � 	 
 � � " � � D� � � 
 � � 
 6
 � � �� � � 
 � � �� � � 	 �� � � 
 � � � � ��  � � � 
 � � � " 
 �
" ���� . � � � � � � � � � 	 
 � � 	 �� � � 	 � � � � 	 
 � �� 
 � � � � �� 
 � � � . � 
 �
 � 	 � � � � � � � 
 � 
 � � � -� � � � 
 �� � � � . 
 � � �
� 
 � 
 . �� � �� �@�� � � �� -� " 
 � � � 
 � � 
 
 ( �� � � � � � � 
 � �� 
 � � � � � � � �� ��� � 
 5� ��� �� � � � � � � � � � � . � � 	 
 � 
 �
 � 	 � � � �
� � � � �� � �� � D� � � 
 � � 
 � � �� � � � . � � �� ( -� � � � � � 	 
 � � � � � 
 � � �� � � 
 � � � � 
 � 
 � � � � � � � � � � � 
 � � � 
 � � � � � 
 � � � �
� 
 �� � �� 
 � � � � � 	 �� � 7. 
 � � � �� � � � � � � 
 8N� . �� � ��� � " 
 � " ���� � � � � � � � 
 � � � � ��� 	 � � . � � � � � �� � �� � �

 � � �� � � � 
 � � � �� � � � � � 
 � 
 � � -� � � � 	 � � � � � 
 � 
 � � � �� � � � 
 � � �� � � � � � � 	 � � � � � �� � � 6� � 
 � � � � � � �� 
 � � � � 
 �
� � � � 
 �� � 
 � � " �� 	 � � 	 
 � � � � � 
 � � � � . � � �� ( � � 
 � � 
 � � �� � � � � � � �. � � 	 
 � 
 � � � � � � 
 � � � 
 � � � � � � � � 
 �� � 	 
 �
. 
 � � ��� � � � � � � 
 ���
�
9 � 
 � � . � � 	 
 � � 
 � 
 . �� � � �� 	 
 � 
 � � � �� �� 	 
 �# � $ � �� � �� �� � � � � �� �� 
 ��� �� 	 
 �� � � � 
 � �� � � �� �� 
 � � �� � �� . �
�� � � � " � 
 � � � � � � 
 � �� � � � 
 � � � � � � � � 	 
 � 
 � � �� � � � 
 � � �� �  . � �� � �� � � � � 
 � � 
 � � � 	 � � � � � � � � 
 � � 
 � 
 � � � �
� 	 
 � � � �� � � � -� �. � � � � � � � �� -� � � 
 � � � � � � � . � 
 �
 � 	 � � � � � " �� 	 �� � � 	 �� � 
 � � � � � � 
 � -� � � � � �� � 
 � � �� �
� 
 � � � � �� � �� 	 
 �
 �
 � 	 � � � D� ��� �� �� ��� 
 � � � �� � �" 	 
 � �
 � � � � � � 
 � �� � �� 	 
 � ��� �� 	 
 �. �
 �� �" ����� � � � �� 
 �
� � � �� � �
 � �� � 
 5� � . � � 	 
 �� � � 
 � � 
 � � �� � � � . � � �� ( � � � � � 	 � � � � � �� � � �� � � �� 
 � � � � � � � � � 
 �� � � 	 � � � " 
 �
� 
 � � � � 
 � � � � � 
 � � � �� � � �� � 
 5� � � � 
 � � 	 � � �� 	 � �� � -�" �� 	 �� � � 	 
 � . �� � � � � * � � �� � � 
 � � � � � �" 	 
 � �" 
 � 	 � � �
� � � 
 �� � �" �� 	 �� �� 
 �� � �� 
 �� �� �� � 
 �� � � 5�� �� � �� � �
 �
 � 	 � � � � �%� � ��<* � &����
�
� 	 
 �� 
 � � � �� � ��� � 
 5�%�  &��� �� �. � � � �� � �� � �� � � �
 /��
� �S�� � �� � 
 � � �� 	 � � � 
 ��� �� 
 	 � � �� � � N�
) �S� � � � � � �. �� � � �� � � � � � � 	 
 � � 
 	 � � �� � � � � � � 
 � � 
 � � � � � � � � � � 
 � � � � �� � � � � � � 	 
 � � � � 
 � � 
 � � � � � � �� � ��

� � �� �� ��� �� 
 � � � �� � �� � �� � � �� � 
 � 
 � � 
 N��
+� S� � � � �� � �� � � � . � � � �� � � �� � � � � � � �� � �� � 
 � 
 � � � � . � � 	 
 � 
 �
 � 	 � � � � � . � ��� " �� � � � 	 
 � � � � 
 � � 
 � D� �

� � � �� � �N�
4�S�� � �
 5� � 
 � 
 �� � � � 
 � � �� 
 �� � �� 
 � � � � � �� 
 � � � � � 
 �%��
 ��� 	 � � � 
 �� � �. �
 
 &�����
 � � �� �� � � �� 
 �
 � 	 � � � � � � � � � . � � ��� � � � � � � � � � 	 � " � � �� � �. �� � � � � � � � �� � ���� � � �� � � 
 � � � �� � � �� � �� 
 � �
%
 �� �� @� �
 � � � � � # $ 9 H# � � . � � 	 
 � � 
 � 
 � � 	 
 � � � � " �� 	 � C) * � � 
 ��� � �
 � � 
 � �� 	 � �� � � /� � P* �* � &�� � @� � �
� 	 �� �� 
 � � � � �" 
 �� �� � � 
 � �� 	 
 �� � � � �� ��� �� � � �� � � �� � �� . �� 
 � � �� 
 � � � �� � ��� � �� 
 � �� 
 � �� � � � 
 � � � �. � � �



23 

� �. . 
 � 
 � � � 	 
 � � � � � � � � � 	 
 � � � � � ( � � 	 
 � � 
 � � � . � � � � ��� 	 
 � � � � � � � � 	 � � � � � � � 
 � � � �� � 	 
 � � � � � �� �� � � �� �
" 
 � � � 
 � �� � � 	 
 � � 
 � �� � 
 � 
 � � � � � � 
 � � � -� �� � � 
 �� � � � � � � � 
 � � � 	 � � � � 	 �� � �� � � � � � � � � � � � �� � 
 � � � � �
 � � � �
� 
 . �� 
 � 	 � � � � � � 
 	 � � �� � � � � 
 � � � � � 
 �� � . � � � � � � 	 
 � � 
 � � �� � � � 
 � � � �� � � � � 
 � � �� � � 	 
 � � � � � �� �� � �� � �
� . � � � . 
 � � � �� � � � � � � 
 �%@�� ��+�+&�	 � � � � 
 
 � �� 
 � �� 
 � �. � � � �� 
 � �� 	 � �� � � �� . �� � 
 
 � �� � �	 
 � � � ���� 	 
 �
� � � � � � � �� � � � � 
 �� � � . �� � � �� � � 	 � � � � � " � -�" �� 	 � � � � � 
 � � � � � � � 
 � � �� � �� �� � � �� -�" ���� � 
 � � � � � �� � �� � �� �
� " � � 
 � � . � � � � 
 � � �� �� � 	 � 
 � � � � � � � � � � � � 
 � � 
 � � � � � � � � � 
 � � 
 � � �� �� 
 � �� � �� � � � � � � 	 � � � � � � �� � � � ��� ���
 � �� �� �� � � � 
 � � � � �� � � � � � � � 
 � � � � 	 � � � � 	 
 � �  � � . � � � ��� � � � � �
 � � " �� 	 � � � 
 �� � F� 
 
 � �� � � 	 
 � � � � � �� � �
� 
 . �
 � � � � 	 
 � � � ��
 � � �� 
 � �  � � . � � � � � � � � -� " 	 �� 	 � � � � 	 � � � � � � � � � � 
 � � � � 
 � � � � �� � � � � � 	 � � � � . � � � �
�� � �� �� � � ��� � 
 
 � � � � �� -�" 
 � 	 � � 
 � � � � 
 � � 
 � �� 	 � �� � � � � . � 	 
 � � � � � 	 � � � �� � �� �� � � ��� � ��� -�� � � � �� �� � �� �
�� � � 
 � �� � � �	 
 � � 
 �� � � 
 �� � � � � � �� � � � � 
 � ���
�

@�� �� +�+�� � 	 
 � � 
 � � � 
 �
 � 	 � � � � � � 
 
 � �� � � 	 
 � � � � 
 � � � �� � � �� � 
 5� � 
 � � � � � � 
 � � � ��  � � 
 5� � � �� 
 � �
" 
 � 
 � � 
 � �� 
 � � . � � � � � 
 � 
 � � 	 
 � � � � . � � � " 	 �� 	 � � 	 
 � 
 � " 
 � 
 � � � � 
 � � 	 � � � ) * � � 
 ��� � �
 � � 
 � �� 	 � �� � � �
� 
 � � � � � ���G� � 
 �� �� 
 . �
 � � �� 	 
 �� � � � 
 � �� . �� � � 
 � � � � �� � � �� � 
 � �� � �� � �� � �� � 
 �� 	 
 �� 
 � � �%� &��

�
�
� 	 
 � � 
 � 
 � � � 	 � , � 
 � � �� � � � � � � 
 � � � � � 
 � � 
 � � �� /� � � � � 
 �
 � 	 � � � � � � � � � �� � 
 � � �� � � 
 � � � � �� 
 � � � 
 � �. �� �
� � � � 
 � � �
 � � � � � � � � 
 � � �� ��� � � �� ( � � � � � � �. � � � � � � � � 	 
 � � � � 
 � � � � �� � �. �� � � � �� � �
 � � � � �� 
 � � � � � 	 
 � 
 �
� � � � 
 � � �
 � � � � � � � � 
 � � " �� 	 � � � 	 
 � � � � 	 � � � 	 � � 
 � �� " 
 � � �  � � � �� 
 � 0� �@�� ��+�+� � 	 � " � � � 	 
 � � � � � �� ��

1.0 - 1.5

1.6 - 2.0

2.1 - 2.5

2.6 - 3.0

3.1 - 3.5

3.6 - 4.0

Mean reaction index 



24 

� �� � � �� � � �� � � � . � � 	 
 � � � 
 
 � �� � � 	 
 � � D� � � 
 � � 
 � � �� � � � . � � �� ( � � 	 � � � �� � � 	 
 � 
 �
 � 	 � � � D� � . 
 � � �
�� � � � � � � 
 ����
�
� 	 
 � . �� � � � � � � � � � . �� 	 
 �� � � � 
 �, � 
 � � �� � �� � � �� 
 �� � � � 
 � � 
 � �� � �� 
 � � �� � �" 	 
 � 	 
 � �� 	 
 �� � � �� � �� � �
� 
 � " 
 
 � � �  � � �� � � 
 � �%� . ��@�� ��+�+&� �� � � � 
 � � 
 � � � 	 � � � " �� 	 �� � � 	 
 � � �� � � 
 � �� �  . � � 	 �� � �� � � 	 
 � � � � 
 �
� 	 
 � � � 	 
 � � � � 
 � � �� � � � 	 � � � 
 �
 � 	 � � � � � � 
 � � � � �� 
 � � � . 
 � � � �� � � � � � � 
 � � � � � 	 �� � � � � �
 � �� � � � � � � � � 
 � ��
O� �� � � � � �� � � 	 
 � � � � � 
 � � �
 � � " �� 	 � � 	 � 
 
 � � � � � � � 
 � � � � 
 � � � � �� � � -� " 
 � � � � ��
 � � � � @� �
 � � � � �
# $ 9 H# � � 
 � � �%� � � � � � � � � � 
 � � �� � � �� 
 � � � � �� 
 � � � � � � � 
 � 
 � � 
 � � � 
 � � � � 
 � �# $ 9 H# &� � � � � 	 
 � � � � � �
" 	 �� 	 �� 	 � " 
 � �� 	 � � �� 	 
 � 
 �" � � �� �� �� � �. �� � � � �� �. . 
 � 
 � � 
 �� 
 � " 
 
 � �� 	 
 �� �� � � 
 � �%� �P�* �* <&�� � � �
	 
 � � 
 �� 	 
 ��� 
 � �� 	 � � �� 	 
 � 
 ��� �� �� � � � �� ��� �
 5� ��� �� �. 
 � � ��� � � � � � � 
 �� � � �	 � � 
 �� � � 
 �� 
 �
 � � � � 
 -�
� � ��
 � � � �� � �� 	 
 �� � 
 
 � �� � �	 
 � � � ���# �� �� � �� . �� 	 
 �� 
 � � �� � � �� � � � � � � � �
 � � � � �� � �� 
 � �. � � �� 	 
 ��  �
� �� � � 
 � � � � � � 
 � � � � � 	 � � � � 	 
 � � �. . 
 � 
 � � 
 � � 
 � " 
 
 � � � 	 
 � � � � 
 � � �  � � �� � � 
 � � �� � � � � � � � � � �� � �. �� � � � �
� � � � 
 � " 
 
 � � � 	 
 � �� " 
 � � � � � 
 � � � �
 � � %� 	 �� � � � � � � 
 � � � . � � � � �� � � � . � � � � � �
 � � �2
 � &� � � � � . � � � � 	 �� �
� 
 � � � � �" 
 �� � � � � 
 � �� � � 
 � 	 
 � �� 	 
 �� � � 
 � �� 	 � 
 
 �� �� � � 
 � ��
�

�
�
@�� ��+�4���� 
 � � � �� � ��� � 
 5�� �� � � �� 
 � � �� � � �� � � � � � � � �
 � � � � �� � �� 
 � �. � � �# � $ � �
� � � � 
 � � �
 � ���� � � � �" 
 � 
 �� 
 � �� 
 � �. � � � �
 �
 � 	 � � � �� � 
 
 � �� � �	 
 � � �� 
 � � � �� � �
�� � �� 
 � �� � �� � � � 
 � � �
 � �" �� 	 �T+�� 
 ��� � �
 �� 
 � � � � � ��

�
�
# � � �� �� �� �� 
 � � �� � � �� � � � . � � 	 
 � � 
 � � � � � � � � � � � . � � 	 
 � , � 
 � � �� � � � � � 
 � � � � � � 
 -� ��
 �� � � � 
 �
 � 	 � � � � �
� � 
 � � � � �
 � � � � �� 
 � � � � � � � � 
 � � �
 � � " �� 	 � 	 �� 	 � � 
 � � � �  � � � � � 
 � -� � � � � � 
 � � � � 
 � � � � � � � � 
 � � 
 � � �� � �
� � � �� � �� � � . � � 	 
 � � � � � 
 � � �
 � � � 
 � � � �  � � � � � 
 � � � � � � 	 
 � � 
 �� � �� 
 � � � � � � � � � 
 � � . � � � 
 
 � �� � � 	 
 � � � �
� � � � 	 � � � � � � � 
 � � � �� � � � " 
 � 
 � -� � � � � � � � � 
 � � �
 � � �� � � 
 
 � � �� �@�� ��+�<-�� 	 
 �� 
 � � 
 � � �� � �� � 
 . . �� �
 � � �
�� � � � �� � � � � � � 
 � � 
 � � � �� " � %��
 �� � 	 
 � � 
 � � � � 
 � � . � 	 � " � � � � 	 � � � � �� � �� � � �� � 	 
 � � � � 
 � � �� � � � � � � � 
 �

 5� �� �� 
 � � � � � � 	 � � � 
 � �� � �  � � � � � 
 &�� � F�� �� � �� � ��� � � 	 �� � � � ( 
 � � � 
 � � 
 -� � �� ( � � 
 � � 
 � � �� � � �� � � � �� �
� � 
 �� . �� �� � � � 
 � �� . �. � � � � � � �� � �
 �
 � 	 � � � �� � � � �� � � � �� 
 � �" 	 
 � �� � ( �� � �� 
 � �� �� � � �� � �" 	 
 � 
 �� � �
�� � � � 
 � � � -� � � 	 
 � � � �� � �� � 
 � � 	 
 � , � � ��� � � � � � � , � � � � �� � � � . � . � � � � 
 -� � 	 � � 
 � 
 � � �� �@� � � �@�� ��+�<-��� �
" � � �� � � � � 
 � � � � 	 � � � � �� ( � � 
 � � 
 � � �� � � � � � � � 
 � � � � � 	 � 
 � 	 � �� -� � � � � 
 � " 	 �� 	 � 
 �
 � 	 � � � � 	 
 � � � � � � 
 �
�� . �� 
 � � 
 � �� � � �� 
 �� " �" 	 �� 	 �� � 	 
 � �	 � � �� � � �� � � � �� � � 
 � �� � 
 �� . �� � 
 � � 
 � ��� � � � � � � � 
 ���
�

1 – 1.5 1.6 – 2 2.1 – 2.5 2.6 – 3 3.1 – 3.5

1

1.5

2

2.5

3

3.5

4

Reaction index class

R
e

ac
tio

n 
in

de
x



25 

�

�
@�� ��+�<��� 	 
 �� 
 �� � �� � � 	 �� �� 
 � " 
 
 � �� 
 � � �� � � � 
 � � � �� 
 � � � �� � ��� � 
 5�� � � � 
 �� � � �
� 	 
 � � � � � � � � �� � �� . �3 � 
 6� � � � ( �� � �� � � � �� � �� � � �� 
 � � � � 
 � �� � �� 	 � � �� � � � 
 � � � �. � � �
. � � � � 
 �
 � 	 � � � � � � 
 
 � �� � � 	 
 � � � �%� �� 
 � -� ' � 
 �
 � �� -� � � � � � � � � � � � � � � � � 	 &�� � � 	 
 �
� 
 � � ��� 
 � � 
 � � 
 � 
 � � � � � � � 	 
 � � 
 � �� � �� � 	 � 
 � 	 � �� � � � � � 
 � " 	 �� 	 � 
 �
 � 	 � � � � � � � 
 �
� 
 � � � �� 
 �� ��� . �� 
 � � 
 � �� � �� 	 
 �� �� 
 � � 
 � � �� � �� . �� �� ( ��

�
�
�  � �� � � � � � � 5�� � � 
 � � 
 � � � � 
 � � . � � 	 
 � � � 
 
 � �� � � 	 
 � � D� � � 
 � � � � � 
 � � � � �� � � � 
 � � 
 � � �� � � � . � � �� ( ���
9 � 	 
 � � 
 � � �� � � � 
 � � � �� � � � � � 
 � 
 � � � " ���� � 
 � � 	 
 � � �� �� � � 
 � � 
 � 
 � � �� � � � � � . � � 	 
 � 
 �
 � 	 � � � Q� �
� 
 � � � � � 
 -� � � � 	 � � � � � 
 � 
 � � � �� � � � 
 � � �� � -� 	 � � � � � �� � � 6� � 
 � � � � � 
 � � � � %
 �� �� � � � � 
 � � �� �� �� � � 
 � �
� � � � 	 � � � �� � &-� 	 � � � � � � 
 � � �� � � 
 � � �� � � � � � � � 
 �� � �� ( � � � � 
 � " �� 
 �� � � � � � � �� � � � � � � 
 � . 
 � � � � 
 � " 
 �
" ���� � 
 
 � � � � � � 
 � 
 � � �� 
 � � 	 
 � 
 � � �� � � � 
 � � � �� � � � � 
 �� � 
 � � � 	 � � � � � 
 � � � � � � �� � 
 � � " �� 	 � �  ���
@� � � 	 
 � � � � 
 -� � 	 
 � � 
 �� � �� 
 � � � � � � � � � 
 � � . � �� � � � �� � � � 
 � � � � � � � � � � � � � � � 
 � � 	 
 � � � � � �
� � � � � � � �� � 
 � � 
 � � � � 
 � � . � � 	 
 � 
 �
 � 	 � � � D� � � 
 � � � � � 
 � � � � � � . 
 � � � �� � � � � � � 
 ��9 � 	 
 � � � 
 � � � � 
 � � � � �
� 
 �� � � � �� 
 � 
 � ��� � �� � 
 �� �� 
 �� � 
 � � �" �� 	 �� �� �� � � � 
 � � � �� � � �� � � 
 � 
 � � �� � � � 
 � � � ��
�
� 	 
 � . 
 � � � �� � � � � � � 
 � " ���� � 
 � �� � � � � � � � � 
 � � �� � � � 	 � � �� � � � � � �� � � ���� � � � � � 
 �� � 	 � � � � � ( 
 � �
� ��� " � � � 
 � . � � � � 	 
 � �� � 
 � � �� � � � 
 � " 
 
 � � 	 � � �� � � � � � � �� � �
 � � �� � � 
 � 
 � � �� �� � � 
 �
 � 	 � � � � � � � � 
 � � � 
 �
� � � � � � � 
 � 
 � � � � � � � 
 � � � �� � 9 � 	 
 � � � � � 
 �� � � � � � 
 � 
 � � � " ���� � � � � �� �� � �� � �� � 
 � � 	 
 � � � � �� ��
�� � � � � � � 
 -�. � � � � �� � �� 
 , � �� 
 � 
 � � � �� � � �" � � 
 � ���� 	 
 � 
 �� � 
 �� � � 
 � � � �� . �� 	 
 �� � � ! 
 � � �� 	 � � �	 � � 
 �
� 
 
 � �� �� � � � � 
 � ��� �
 � � ��
 � �� 
 � � � � � ��
�
+�) �� � � � 
 � � �' � � � 
 � �$ � �
 �
 � 	 � � � � �
�
9 � ! 
 � � �� 
 /�� � �
 � � � � ��� 	 �� � �" 	 � � �
 5� 
 � � �� �. . 
 � 
 � � �� � � � � �� . �� 	 
 �# � $ � �� � � �� 	 
 �' $ � �� � 
 �
� � 
 � �� � �
 �
 � 	 � � � � �
�
� " � �%) JM&� � . � � 	 
 � � 
 � 
 � � � 
 " � � � ��� � � � ��� � 
 � � �� � � 	 
 � � � � � 	 6
 � � � 
 � � � ' � � � 
 � �$ � � �� � � 
 � 
 � � 
 � �
) * * =� � � � 
 � � � � � � 	 
 � G�� � � � � � $ � � � 	 � � � " 
 � � � 
 � � � � � %' $ � <� �� � � 
 � 
 � � 
 � � ) * * =� � � � � ' $ � +� �� �
B� � � � � � �) * * >&�%@�� ��+�=&���F� � 	 �� � ��� �� 
 � � �� 
 � �" �� 	 �� �� � 2� � � �, � 
 �. � � �� 	 
 �� � � �� 
 � � � � �� � � �
� � 
 � � � ���� �� � � 	 � � � � � 
 � -� � � � � 
 � � �� � � � 	 � � � � 	 
 � � � � 
 � 
 � � � � " 
 � 
 � 
 � �� � � � �� � � � � � � 	 
 � � � 	 � � � � 	 
 �

 5� � � � �� � �� . �� � �
 5�� � �� � �� � � � 
 �� � �
 � �� � � �� �
 5� �� � � � � � � �� � � 
 � 
 � � � �����

1.0 1.5 2.0 2.5 3.0 3.5 4.0
0

5

10

15

20

25

Property mean reaction index

E
le

ph
an

t r
el

at
iv

e 
ab

un
da

nc
e 

(%
)



26 

�

�
�

@�� ��+�=��� 	 
 �� �� � � �� � � �� � �� . �
 �
 � 	 � � � �� � ��� �� � ��� � 
 � ��� �� 	 
 �� � � � 	 6
 � � � 
 � � �
' � � � 
 � �$ � -�� 
 � 
 � � 
 � �) * * =��

�
1 �� 	 �� � G�� � � � � � $ � -� � 	 
 � � � ��� D� � � � 
 � 
 � � � � � � 
 � �� � � 
 �� � � � � . �� 
 � � � � � � 	 
 � � � � 5�� �� � � � . � � 	 
 �

 	 �� � " 
 � 2��� �� 
 � �� � � ��� � �� � �� � � � � �
 � ��F
 � " 
 
 � �<: �� � � �<JM�� . �� 	 
 �� �� 
 � � � � 
 � �� � � � �� � �� � � �
� � 
 � " �� 	 �� � � � ( � � � . � � 	 
 � � �� 
 � � %' $ � +/� � � I � >=JN� ' $ � </� � � I � : ) * &�� � 1 �� 	 �� � � 	 �� � � � � ��� � �
 �
� �� 
 � �� 
 � � � 
 � -� � 	 
 � � � � � 
 � � � � � � � � � �� � �� � � � �� � � � � � � � � �
 � � � � � � � � � � � �� �
 � � � 
 � �� 
 � � � �� � � 	 
 �
� � � ( � %@�� �� +�>&�� � 9 � �� � � �=M� � � � � � �� M� � . � ' $ � +� � � � � ' $ � <D� � � � � � � � � �� � � � � 
 � � 
 � � �� 
 �� � ��
 �
" �� 	 �� �� � 
 � � �� � � 
 � � � �� 
 � �� � �7��� 
 � � � � ( �� � 
 � � 8�" 	 �� 	 �� � � � � � � � �� 
 � � �
 � �	 � � � � �	 � � �� � � �� � � ����

Ma
c 

KNP
2 

KNP
3 

KNP
4 

KNP
5 

KNP
6 

KNP
7 

KNP
8 



27 

�
�

@�� ��+�>���� 	 
 �� �� � � �� � � �� � �� . �
 �
 � 	 � � � �� � ��� �' $ � +�� � � �' $ � <�. � � �� 	 
 �� 
 � �� � �
� 
 � 
 � � 
 � �) * * =�� � �$ � � 
 � � 
 � �) * * >��

�
�
� 
 � � �� 
 � � 	 
 � 
 � 
 � � 
 � �� � � � � � � � � � � � � �� � 
 � � " �� 	 � � � � �� � � � � � � � � � � � 
 
 � � � �� � 
 � � %1 � ��� 
 � � � ���
) * * =&� � � � 	 � � � ��� � � � � 
 � � � 
 � � . � � 
 �� � �� 
 �� � � � � � 
 � � � 
 � � � �� � � �� � � � � 	 
 � � � � � 
 � � � 
 � � � � � �� � � � 	 
 �
� " � �$ � � �� � � �� � � � ( � -� ��
 �� � 	 
 � � � � � 	 
 � � � 
 5� � 
 � 
 � � . � � 	 
 �G
 � � � � � � � � � � � � �� � �� �# � � � � 
 � � " �� 	 �
� � � � � � � � � � � 
 � � . � � 
 � 
 � � �� �� � � � . � � 
 � " � � 
 � �% � � �1 	 � � 
 � � 
 � � �� � � � � �&�� � � 	 
 � 
 �
 � 	 � � � � � 	 � � 
 �
� � � �� 
 � �� � � 
 �
 5� 
 � � �� 
 �� � 
 �� . �� 	 
 �� 
 �� � �� 
 �� �. �� � �� 
 � � � �� ��� �� 	 
 �� 
 � � � � ��G�� � � � � �$ � ���
�
# � � � � � . � � � � � � � -� � � � � ��� ( � � " � � � � � � � � 
 � " 
 � � " � � � � �� � � � � 	 
 � # � $ � � � � " � � � � � 	 
 � 
 � � � � . � � 	 
 �
" 
 � � � 
 � � � � � � � � � . � � � � � � 	 � � . � � 	 
 � � � � � � 
 � � � � -� � 	 
 � � � ��� � � 
 � � �� �� � � " �� 	 �� � � 	 
 � ' � � � 
 � �$ � � � ���
� 
 � � � �� � � � 	 
 �� � � � � 
 � 
 � � � � � � � " �� 	 �� � � 	 �� � � � � ( � %@�� �� +�=&�� � @� � � 	 
 � � � � 
 -� � ��� � � � . �� 
 �
� 	 
 � � 
 �� 
 � � � � � � � � � �� �� � � � 
 � � � �� � � 	 
 � " 
 � � � � . � � 	 
 � � � � ( -� � 
 � � �� � � � � � 	 � � 
 � 	 � � 
 � � � � � 
 � �

 �� � � � � 
 � �� �� � � �� �� � � � 	 6� � � � 	 �� 5�� ��
�

KNP
3 

KNP
5 



28 

4��H
 � 
 � � � �� � �� � � �� � � �� � �
�
9 � ! 
 � � �� 
 /�� � �, � � � � �. � �� 	 
 ��� � � � � �� . �
 �
 � 	 � � � �� � �� 
 � � � �� �� � 
 
 �� � 
 � �
 � �
�
4�� ��� �
 � 	 � � � ��� � � � � �� � ��� � �� �� � � ��� � 
 
 � �� � � �� 	 
 �
 . . �� � � � �� . �" �� 
 �� 
 � � �� � �� 
 � 	 � �, � 
 � �
# � , � 
 � � �� � � � �� 
 � � � � � 
 � � � � � � � � � 
 � � �� � ) * * +� � 
 � 
 � �
 � � � 	 � � � �� � � � " � 
 � � � " �� 	 �� � � 	 
 � # � $ � �
	 � � � 
 5� � 
 � � 
 � � � 	 
 �� � � � � � 
 � � � � � � � � � � 	 
 � �� � � � � � � . � 
 �
 � 	 � � � � � � � � 
 � � 
 � �� ��� � 
 � �
 � � � � � � � �
� �� � 
 � � %� � � � �� &� � � � � # � � � �� � � �� � 
 � � 
 � � � %' � � � � � 	 � � � &� � � 
 
 � � %3 � 
 � ��� � � ) * * +&�� � 	 
 � � � � 
 �
, � 
 � � �� � � � �� 
 � 	 � � � � 
 � 
 � � �� � � 
 
 � � � �� � � �� � 
 � � � � � � ��� �� � � � " � 
 � � � � � � 
 � � � � ��� 	 � 	 � " � � � �� �� � � �
	 � � 
 �� 	 � � � 
 � �� � 
 � �� �� 
 ��� 	 
 �� 
 � � �� � �� . �� 	 
 �, � 
 � � �� � � � �� 
 �" ����� 
 �� � � 
 �� � � ��� � �
 ��� �� � 
 �� . �
� 	 
 � � � � � � �� � � , � � � � 
 � �� � � 
 � � � � � �� $ 
 � 
 � � 	 
 �
 � � -� � 
 � 
 � � � �� � � � � � � 
 � � � 	 � � 
 � . � � � � 
 � � � � � � 	 
 �
� " � �� �� � � �� � 
 � �
 � �� . �� � �� � � � �� � � � 
 � � �� � �� 	 
 ��� � � � " � 
 � � ���
�
� 	 
 � � 
 � � �� � � � . � � 	 
 � � � � � 
 � � � � � � � � � 
 � � � � � � +) >� � � 
 
 � � � � � . �� 
 � � �. . 
 � 
 � � � � � � � � � � �� 
 � �
� 	 � � � � 	 � � � � � 	 
 � # � $ � � 	 � � 
 � � 
 
 � � � �� � � � � 
 � � 
 �� 
 " 	 
 � 
 � %� 
 
 � � 
 � �
 � � � � � � � 
 � �
 � � ) * * >&���
� 	 
 � 
 � � � 
 
 � � 	 � � 
 � � ��� � 
 
 � � �� � 
 �
 � � � � � � " ���� � 
 � � � � �� � � 
 � � � � � � � ��� ��  � � � � � �� �� � � � � �
� � � �� � � �� � �� 	 
 ��� � � � � �� . �
 �
 � 	 � � � � �� � �� 	 
 �� � ���� � 
 
 �� � � � � � 
 � � �� . �� 	 
 �# � $ � -�� �� � � � 
 � �� . �
� � � �� � � 
 � �� � 
 
 � �	 � � 
 �� 
 
 � �" �� 
 �� 
 � � 
 � ��# � �� � � 
 �� . �� 	 
 �� � � � � �� �� 
 � �� � � �� �� � � ��� � 
 
 � �� 
 
 � �
� � � � 
 � � � � �� � � 
 � � � � � 
 � � � �
 � � � � � � � �� � � � � � � � � 
 � � � � 
 � � 
 � " 
 
 � � � � � � 
 � � 
 � � � � � � � � � � � � 
 � � 
 � �
� � 
 
 � � �� � � 
 � � � � � . � � 	 
 � . � 
 , � 
 � � � � � � � � �
 � 
 �� � . � � � ���� � � �� � �%; 
 � 
 � �� 
 � � � � �A	 � � �� � � � � &�� � 	 
 �
" �� 
 6� 
 � � �� � � � 
 � 	 � �, � 
 � 	 � � � � 
 
 � � � � � ��
 � � � � � � 
 � � . � ��� � � � � 
 � � 
 � � 	 
 � � �
 � 	 � � � � � �� � � � � � �
# . � �� � � � � � � � 
 � 
 � � � � 	 
 � � � � ( 6� � � �� � �� � � � . � # � � � �� � � � � �� %3 � � � � � � ) * * +&��  . � � 	 �� � � 
 �� � �� 
 �� �
� �� � �
 � � 
 � 	 � �, � 
 � 
 . . 
 � � �� 
 �� � � 
 � 
 � � � 
 �
 � 	 � � � � � . � � � � � � � ( 6� � � �� � �� � � � � � � � 
 � � � 
 
 � � � 	 
 � � �� �
� � � �� �� 
 �� . ��� � � � � � � � 
 �. � � �� 	 
 �. � ��� " �� � �� 
 � � � � � /��
·  H� � �� � � � �� � � 
 � � � 
 
 � � � � � � � � � � � � � � � � � � � �� � � 
 � � � � 
 � � . � � 
 � � 	 
 � �� � �� � � � � � � � 
 � � � �

�� � � � " � 
 � � � � � � � � � � � � 
 � � �� � � � � 
 � � �� � � � 	 
 � 
 � �� � �� �� � � �� �" � � �� � 
 � � � � 
 � � 	 
 � � � �� � 
 � � � � 
 �
� . �� 	 
 �� 
 � � 	 
 � �� �. 
 � � � � 
 � �� . �� 	 
 ��� � � � � � � 
 ���

·  � � � � 
 � � �� � � � � � 
 � � � � � � � 
 
 � � " �� 	 �� � � � � 
 �� � �� 
 �� � � � � ��� � � 
 � � " � � �� � � � 
 � � 
 � �� � � ��� 
 � �
" � � � �� � � � � 
 . � � �� � � 	 � � � " � � �� � � � �� � � �� � � 	 
 � � � � � � � � � � �� � �� 
 � � �� � � � . � � 	 
 � �� � � � � � � 
 � � � � �
� � 
 � 
 � � �� �� � �� 
 � � �� � ��� � � �� � �� ��� � � 
 � �� � � �
 ���

·  1 � � � �� � � �� 
 . � � �� �� � � �. � � � � �� � �� � ��� � � � � � � � �� 
 
 � �� 
 � 
 � � 
 � �. � � �. � � � � 
 �� 
 � � �� � �� � � �� � �
� . �� � 	 
 � �� � 
 � � ���

�
� � 
 ��� �� � � � � � 
 � � �� � � �� � �� � � 
 � � 	 � � � � 	 
 � " �� 
 � � 
 � � �� � � � 
 � 	 � �, � 
 � 	 � � � � � � � 
 � � . � ��� � � � � � 
 � � 
 � �
� � 
 
 � � �� � � 	 
 � � 	 � � � � � 
 � � � . � � � � 
 5� 
 � � �� 
 � � �� � � � � � ( �� � � " 	 
 � � � � � � �� 
 � �� � � � 	 
 � � " � � � � � � � �
� �� 
 � � " 
 � 
 � � � �� � � 
 � � � � � 
 � � � . � � � 
 
 � � 	 � � 
 � � 
 
 � � � � � � 
 � � 
 � � %��
 �� � 	 
 � H�� ( � 
 2�� 	 � � � � � �
A	 � � �� � � � � � � � � � � � � �� 
 � � �� � � 	 
 � � �� � � � � � �� � � � � ' �� � 
 � �
 � � $ � � � 
 � � 
 � � �� 
 �� &�� # � � � 	 
 �
H�� ( � 
 2�� 	 � � � � � � � � � �� 
 � � J+� � � 
 
 � � 	 � � 
 � � 
 
 � � � � � � 
 � � 
 � � " �� 	 � � +� � � � �� � � " �� 
 � " 	 ��
 � +� <�
� � 
 
 � �	 � � 
 �� 
 
 � �� � � � 
 � � 
 � �� � �� � �<* � � �� �� � � � � �� 
 � 	 �� � �� 	 
 �A	 � � �� � � � � �� � � � � �� �� 
 ���� � 
 
 �
� � � � 
 � � �� � � � 
 � 	 � �, � 
 � � " 
 � 
 � � � � � � 
 � � �� � ) * * 4� � � � � 	 
 � H�� ( � 
 2�� 	 � � � � � � � � � �� 
 � " 	 ��
 � � 	 
 �
� � 
 
 � � �� � ' �� � 
 � �
 � � $ � � " 
 � 
 � . �� � � � " �� 
 � � 
 � � 
 � � �� � # � � ��� ) * * =��  � � " � � �� � � 
 � � . � �� � � � � � � � 
 �
� � � � � 
 �
 � � � � 
 � � � � � � � � � 
 � 
 � � � . � � � � � � � � � � � � � �� � 
 � � � � �� � � �� � � � � � 	 � � 	 
 � � � � � 
 � � 
 � � � � � �
� � � � � � 
 � � 
 � � � � 
 
 � � �� � � 	 
 � � 
 � �� � � � � � �� � � � � 
 � � �� � 	 �� � " � � �� � � � � � �� 
 � � � �� � � �
 � � � � � � � � � � 	 
 �
� � � � � � �� � �� 
 � 
 . . 
 � � � � . � 
 �
 � 	 � � � � �� � � � � � � � � �� � �� �� � � �� � � 
 
 � � � � � � " � � �� � � �� � � � 
 � 
 � � �� 
 �
" 	 
 � 	 
 � �� 	 
 �" �� 
 �� 
 � � �� � �� 
 � 	 � �, � 
 �� � � � 
 � �� � �� 
 �
 . . 
 � � �� 
 �� � 
 � �� �� � � � 
 � �� . �� 
 � � � ��

�



29 

� 	 
 � . � ��� " �� � � � 
 . �� �� �� � � � � � � � � 	 � � � � � � � 	 � � 
 �� � �� � � 
 � � 	 
 � �� � � � � � � � � 
 � � � � � �� � ( � � 	 
 � 
 � . -�
� 	 � � �" 
 � 
 �. � � � � �" 	 
 � �� � � �� � � �� � �� 	 
 �� � � � 
 � � 
 � �� � 
 
 � �%� 
 . 
 � �� � �@�� ��4�� &/�
�
! 
 � � � � � � � "� � 	 
 �� � 
 
 �	 � � �� � �
 �
 � 	 � � � ��� � � � � �� �� � 
 ��� �	 � � �� 
 
 � �" �� 
 6� 
 � � 
 � ��
�
# � � � � � "�� � 	 
 � 
 � 
 � � � . � � 	 
 � " �� 
 6� 
 � � �� � � 	 � � 
 � � 
 
 � � � � � 
 � � 	 
 � � �� � � �

� � � � �� � �� � �� �� � 
 �� � �� 	 
 �� � � ( �� . �� � �
 �
 � 	 � � � �� � � �� 	 
 �� � � ( �
� 
 � 
 � � 	 �� 	 
 �� 
 � � �� � �	 � � �� 
 
 � ��
 . � �� � � � � � 	 
 � ���

 
 
 
 
 
 
 

� � 
 � � � � � � � "�� � 	 
 � 
 � 
 � � � . � � 	 
 � " �� 
 6� 
 � � �� � � 	 � � 
 � � 
 
 � � � � � 
 � � 	 
 � �
�� � � � � � � � �� � �� � � � �� � 
 � � � � � 	 
 � � � � ( � � . � � � � 
 �
 � 	 � � � � � � � �
� 	 
 � � � � ( � � 
 � 
 � � 	 � � 	 
 � " �� 
 � � 
 � � �� � � 	 � � � � 
 
 � �
� 
 � � � 
 � �� � �� � � � 
 � �� � �=* M�� . �� 	 
 � 
 ��� � �� 
 � � 
 � ��
 � � �
� 	 � � �� M�� . �� 	 
 �� � � ( �� . �� 	 
 �� � 
 
 �	 � � �� 
 
 � �� 
 � � � 
 � ���

�
�
�

� � � � � � � � � � � "�� � 
 � � �� 
 � � 	 
 � " �� 
 6� 
 � � �� � -� � 	 
 � � � 
 
 � 	 � � � � 
 
 � �
� � � 	 
 � � � � 
 � � � � � 
 �
 � 	 � � � � � � � � � � � ���� 	 � � � �� � � � � � � � �
�� � � � � ���

�
�
�
�
�

�
�

$ � 	
 � � � � 
 � � 
 � � � � � � %� � ��� � � &"� � 
 � � �� 
 � � 	 
 � " �� 
 6� 
 � � �� � -� � 	 
 �
� � �� � � � 
 � � � . � � 	 
 � � � 
 
 � 	 � � � � 
 
 � � � � � ( 
 � � � � . 
 " �
� 
 � � 
 � � � � � � 
 � � 	 
 � � � � � � � ��  � � � 	 
 � �� � �� 
 � � 
 � �
" 	 
 � 
 � � 	 �� � �� � � � � � � � � 
 � � � � � � � 
 � -� � 	 
 � � � 
 
 � �
" 
 � 
 �. � � � � �� � �� 
 �� � � � �� � �%
 � �
 � � � � � � � �� �� � 
 � &�
" 	 �� 	 � � 
 6� � � � �� 
 � � � � � � " 	 �� 	 � " � � �� � � 
 � � �� � �
� � � ���� 	 
 �� 
 5� �� � � � � ��� � � � 
 � ���

�

�������



30 

@�� �� 4�� �� � 	 
 � � � � � � � � �� � � � . � � � � � 
 � � 
 � � � � 
 
 � � " 	 
 � 
 � � 	 
 � " �� 
 6� 
 � � �� � � 	 � � �
� 
 
 � � � 
 � � 
 � � � � � � 
 � 
 � � � � 
 � � � � � 
 �
 � 	 � � � � � � � � � 	 
 � H�� ( � 
 2�� 	 � � %� &� � � � � � 	 
 �
A	 � � �� � � � � � � � � � � � � �� 
 � � %� &�� � 	 
 � . �� � � 
 � � �� � � � 	 � " � � � 	 
 � � � � � � � � �� � � � . �
� � � � 
 � � 
 � � � � 
 
 � � � 	 � � � 	 � � 
 � 
 �� 	 
 � � � 
 
 � � � � � 	 
 � � � � 
 � -� � � ��� � � � � � � �
 . � �
� � � � � � 	 
 � �� � �
 �
 � 	 � � � � ���

�
 

4�) ��� 	 
 �� � � 
 � � �� ���� . �� 
 � � 
 �� . �
 �
 � 	 � � � � �� � �� � � � 	 
 � � �� � � � � � �	 � � � � ����� 
 � � �� � �� �� 
 � �" �� 	 �� �
� 	 
 �# � $ � �
�
� �
 � 	 � � � � �� � 
 �, � �� 
 �� �
 � � �� �
 � � � � � � 
 � �
 � � �� 
 
 � � -�� � � �� �� 	 � � � 	 �� 	 
 � �� � 
 �� � �� �� � 
 �� . �� � � � �
� � 
 � �
 � � � 	 � � � 	 � � 
 � � 	 
 � � � � � � �� � � � � � � � � �. � � � 	 
 �� � 
 � � �� � � � 
 � � -� � 	 
 � �� � � � � � � . � 
 �
 � 	 � � � � � �� �
. � 
 , � 
 � � �� �� � � �� � � �� � �� � � �� � � �� � �� 	 
 � �� � 
 �� � � �� � ��� �� � � � �� 
 � 
 � �� � �� 
 �� �( 
 � � � � � 
 �� � 
 � �
 � ���
 � � 	 � � � � 
 
 � � � � � � � � 
 � � � 	 � � � 
 �
 � 	 � � � � � � � � �� � 	 � � 
 � � � � �� . �� 
 � � 
 � � � � � 	 
 � � � � � 
 � � � . � � 
 � � �� � �
� �� 
 � � � � � ��� � �
 � � � � 
 � � � 	 
 � � � 3 � � � � � � � � � � � ���� � %F� � � � � � � � �
 � � � 
 � � 
 � �&�� � 
 � � 
 � � ��� � 	 
 �
� � � � � � � 	 � � � � ���� � 
 � � �� � � � �� 
 � � " �� 	 �� � � 	 
 � # � $ � � 	 � � 
 � � 
 
 � � � � � �� � � 
 � � � � � � � 	 
 � � � 
 
 � � �� �
" 	 �� 	 � � 	 
 � 
 � � 
 � � � � � � � � �%� � � 	 � � � � � � � �-� � � � � � � ��� � � �� � �
 � � � � � � � � �. �� �� �&� 	 � � 
 � � 
 
 � � �� � 
 ��
 � �
� � � � � � � � 
 � 
 � � . � � � 
 �
 � 	 � � � � �� � � � � � � � � � � � �� � � � � � � 	 
 � � 
 � 	 � � � � � 
 � � � �� 
 � � 
 �� 
 " 	 
 � 
 � %� 
 
 �
� 
 � �
 � � � � � 
 � �
 � � ) * * >&�� � 	 
 � � � 
 
 � � " �� 	 �� � � 	 
 � # � $ � � " �� 	 � � � � � � � � 	 � � � � ���� � 
 � � �� � � � �� 
 � �
" ���� � 
 � �� � �� � 
 � � �� � � 	 
 � � � � � � �� � � � � 
 � � � � . � � 	 
 � � �+) >� � � 	 
 � � �� � �� �� � � ��� � �� � 
 ��
 � � � � 
 
 � � � 	 � � �
� � 
 �� 
 �� � �� � � �� � � 
 � �" �� 	 �� �� 	 
 �� 
 � 
 � � 
 � ����
�
� 	 
 � . � ��� " �� � � �� . � � � � � �� � � " � � � � � � � �� 
 � 
 � � � 
 � 
 � � � � � � � � � � �
 � � �� � � � � 
 � � � � � � � � 	 
 �
� 
 �� � �� � � 	 �� �� 
 � " 
 
 � �� 	 
 ��� � � � � �� . �
 �
 � 	 � � � � �� � �� � � � � 
 �� � 
 
 � �� � � �� 	 
 �� � � � 
 � �� . �� 
 � � �� � �
� �� 
 � �� � � ��� � �
 �� � �� � � � � � �	 � � � � ���� �%� 
 � �
 � �� �� 
 � �
 � �) * * <&/�

� &� # ��� � � 
 
 � � � 
 � �
 � � � � 
 � � � � � � � � � � � � 	 � � � � ���� � � � � � 
 � � �� � � � �� 
 � � � 
 
 � � � � � � 
 � � � � ( 
 � � � � � � � � �� � �
� � �� 	 
 �� �. � 
 , � 
 � � � �� . �� � 
 ��# � � � � � �� � �� � �� � � �( � � " �
 � � 
 -�� � � � � 
 �" � � � � �� � 
 � �
 � �. 
 ��
 � �� � �

 �
 � 	 � � � � �� � �� � � �� � 
 � �� � �" �� 	 �� � 
 . 
 � � 
 � �� � � � � � �	 � � � � ����� 
 � � �� � �� �� 
 � ���

) &� @
 
 � �� � � � � � 
 � � �� � " 	 �� 	 � � � ��� � � � 
 � ( � �� � � 
 � � � � � � 	 
 � � � � � � � �� � � � � 
 � � � � � � � � � ��
 � � � �� � � �
� � � � � � � � � � � 
 � �� � � � � � � � � " 	 
 � � � � � � �� 
 � �� � � " � � � � � � � 
 � �
 � � � � � 	 � � � � # � � � �� � � �� � 
 � � 
 � � -�
� �� � � � � � � � � 
 � � ���. � � � �� -� G� � � 	 � � � � � � � � � � � � � � � � � � � � 
 � 	 � � �� � � � � � 	 � � 
 � � �� �� 
 � � 	 �
. 
 
 � �� � � � � � �� �� �
 � � � � � 
 �
 � 	 � � � � � � � � � � 
 � � 
 � 
 . �� �� �� � � � � � 
 � � �� � � � 
 � � �� � � � � � �� �
 � � . � � �
� � � � � � � 	 � � � � ���� �� � 	 
 � 
 � . 
 
 � �� � � 
 � 
 � � � � � � � 
 �
 � 	 � � � � � � 
 
 � � � � � � 
 � � � � � � 
 � � 
 � � � � � �
. � ��� " 
 � � � � 
 � � � �� 
 � � � � � 
 � 
 � � �� 
 � " 	 
 � 	 
 � � � 	 
 � � � � � � 
 � � �� � �� � � � �� � � �
 � � 
 � � �� � � � � � �� �
 � �
. � � � � � � � � � � 	 � � � � ���� ��A� � � 
 , � 
 � � �� -� 
 �
 � 	 � � � � � � � � � � 
 � � �� � �� � � � � . � � ���� � � � � � � � � �
 � �� � � 	 
 �
� � 
 � � �� � �� . �� � � � � � �	 � � � � ����� 
 � � �� � �� �� 
 � ���

+&� G� � � 6� 
 � � � � � � � �
 � � � 
 
 � � � � � � 
 � �� � � � 	 
 � � � � � � 
 � 
 � � �� 
 � � � � " 	 � � � � � � 
 � � � � � � 
 � � � 
 
 � � � � 
 �
� 
 �� � � �� � � � � � � � 	 
 � � � � � 
 � � � � � � " 	 � � � � � 
 � � � � � �� �
 � � � � � 
 � � %��
 �� 
 �
 � 	 � � � � -� . �� 
 -� � ��� � � �� �
� 	 � � � 
 � -�
 � �� � � �� �. �� � � �� � �� �� � � �� �� 
 � � �
 � � �&��

4&� @� � � � � � � �� . �� 
 � � �� � � � 	 
 � � 
 � 
 � 
 � � � �� � � � . � � � 
 
 � � . � � � � � 
 � � � � � 	 � � � � 
 �
 � 	 � � � � � . � � �
� � � " � �� � �� � � �� � �� � � � � � �	 � � � � ���� �. � � �� 
 � � �� � �� �� 
 � �� 	 � � �� �� 
 ��� � 
 � � �� � � 
 � �� . �" 
 �� � �� � � �

1%2%3%
5%

89%

Untouched

Tested

Penetrated

Pushed over

Main stem snapped

98%

2%(a
) 

(b
) 



31 

� � � 
 � � � � � � � " 	 � � � �� � � � 
 � 
 � � �� � � � 	 
 � � 
 � � � �� � 
 � � � � . � � 	 
 � 
 � � � 
 � �
 � � �� � � � � 	 
 � � � � � � 
 �
� � � � � � � � 	 � � 
 -� � 	 
 � � �� " � � 
 � � �� �
 � � � . � 
 �
 � 	 � � � � �" ���� � � � � � ��
 � �� � 
 � � 	 
 � � 
 � � 
 �� 
 � � � � � � �
 � ��
@� � � 
 5� � � �
 -� �. � . � 
 , � 
 � � � . �� 
 � � � � 
 � ( 
 
 � �� � � � � � � � � � � 
 
 � � �� � � �K. �� 
 6� � � � Q� � � � �. � � 
 
 � ��� � � �
� � 
 � 	 
 � � ��� � � � � " � 
 � � � � � �� � � �� -� � 	 
 � � �� " � 
 �
 � 	 � � � � � 
 � � �� �
 � � " ���� � � � � � . . 
 � � � � 	 
 �
� 
 � �� � 
 � 
 � � �� . �� � � � � 
 �� � 
 � �
 � �� � �� 	 
 �� � � � 
 � ��� �� 	 
 ��� � � �� � � ��

<&� � � 
 ��� �� � � � � � 
 � � �� � � . � � � � � � � � 
 �
 � 	 � � � � � � � 
 � 
 � � � � � � � � � " �� 	 �� � � 	 
 � # � $ � � � � � � 
 � � � � 	 � � �
� � ��� � � � � � � � � � � � � � 6� � � � 	 � � � � � 
 � � � � � �� 
 � � 	 
 � � � � � 
 � � . � � � 
 
 � �� � � 	 
 � � � �� � � 	 
 � � � � � 
 � � � � � . �
� � ��� �� � � � � � � � � � � � � ��� � � 
 
 � � � 
 �� � �� 
 � � � � � 	 
 �� � � � � � 	 � � � � � � � � � 
 
 � � � � � � � 
 � 
 � � �� � � 
 � � � � � �
� 	 
 � �� � ��� � � �� � � � � . � � 	 �� � �� � � 
 � � � � � . � � 	 
 � � � � � �� �� � � � � � � 
 � 
 � � � � . � 
 �
 � 	 � � � � � � � � � � � � � � � �
	 � � � � ���� �%
 �
 � 	 � � � � �� � 
 �� � ��( 
 �� �� � �	 � � 
 �� �� � � � �� � 
 � � ��� � � � � �� � � � � � �� 	 
 ��� � � � � � � 
 &��

=&� � 	 
 � �� � 
 � � � � �� � � � 
 � " 
 
 � � . �� 
 � � � � � 
 �
 � 	 � � � � � � � � � � � � � � � 	 � � � � ���� � 
 � � �� � � � � 
 
 � �� � F� � ( �
� � � �� � �� � � � � � � �� � � 
 � � 
 � � 	 
 � � � �� 
 � � � ���� � � � . � �� � �� �� � � �� � � 
 
 � � � � � . �� 
 �� # �� 
 � � � � �� 
 �� �
� � � � � ��� � � � � � � � � � � 	 
 � � � � 
 � � . � � � � � 
 
 � � � � 
 �
 � 	 � � � � � � � � � � 
 � � � 
 � � 	 
 � �� � 
 � � �� � � � . � . �� 
 � �
� � � � � � �� 	 
 �� � 
 
 �� � 
 � ��

�

 � � 
 � � . � , � 
 � � �� � � � � 	 � � � 	 � � 
 � � 
 
 � � � � � ��� 
 � � � � � � 
 � 	 � � 
 � � 
 
 � � � � � � 
 � � 
 � � � � � �� � � � � � � � � �� � �
� � � � � � 	 � � � � � � � �� 
 � 
 � � � 	 
 � � �� � �� � � �� � � � �� � . 
 
 � �� � � 	 � � �� � � � 
 � " 
 
 � � � � ��� � � � � � � � � � � � . � � ��� �
� � �� � � � . � 
 �
 � 	 � � � � � %3 � 
 � ��� � � ) * * 4&-� � 	 
 � �� � � � � � � . � 
 �
 � 	 � � � � � � � � � � � �� � � 
 � � � � 
 
 � � " �� 	 �� �
� 	 
 � # � $ � � %� 
 � �
 � � � � � 
 � �
 � � ) * * >&� � � � � � 	 
 � � 
 � 
 � � � � � � � 
 � � � . � � ��� � 	 
 � � � 
 
 � � " �� 	 � � � � � � � �
	 � � � � ����� 
 � � �� � �� �� 
 � �" �� 	 �� �� 	 
 �# � $ � ���
�
# � � � � � � " � � � � � 
 � � . �=6: � � �� � � � � � 
 � �
 � � 	 � � 
 � � 
 
 � � . � � � � � � � � � � ( 
 � � � �>* 6: * M�� . � � 	 
 � � �
 � � � . �

 �
 � 	 � � � � � %3 � 
 � ��� � � ) * * 4&�� 3 � 
 " �� � � � 
 � �
 � � " 
 � 
 � � 	 
 � � � �� � �� � �� . � � � � � � � � � � 	 � . � � ��� � � � �� � �
� � � � � � ��� � � � � � � � � � � � 	 �� � � 
 � � � . � � � 
 � �
 � � � � � 
 � � � � 4� M� � . � � 	 
 � � �
 � � � � ���� 
 � � � � � . � � ��� � � � �� � �
� � � �+: M�� . �� 	 
 �� �
 � �� � ���� 
 � �� � �� � ���� � � � � � �%@�� ��4�) &��
 �5�" � � � � �� �� � � �� � 
 � �
 � ���
 ��# �� �2�� �
	 � � � 
 � �-�A� �� � 	 � � � 
 � � � � �� � � � � 
 -�� � �� 
 � � �� �� 
 �� � � 5� �� � -�� �� 	 � � � � � � 	 � � �� �� 
 � 
 � -�3 � 
 " �� ��
� � 
 � �
 � � � � � � G� � � 
 � � � � 	 " 
 �� . � � � 	 ��� " 
 � 
 � �� 
 � � �. �
 � � � � � � �� � � � � . � � � � � 
 � � � � � � � � 	 � � � � 
 � � � . �
� � � �� �� � � �� ��  � � � � � �� �� � -� � � ��� � � � � � � � . � � � � � 
 � � 
 � �
 � � � � � � � � � �� � 
 � �� � � 	 
 � 
 � � 
 � 
 � � " � � � � �
� � 
 � �
 � �" 
 � 
 �� � ���� 
 � �� � � �� � �>) M�� � � �>* M�� . �� ���. 
 
 � �� � �
 � 
 � � � �� � �� � ���� � � � � � �� � � �. � � ��� �
� � �� � � � 
 � � 
 � � �� 
 �� �� 3 � 
 " �� � � � 
 � �
 � -� � 
 � � 	 
 � �� � ��� � � � � � � �� � � � � � � � � � � 
 � �
 � � � � � � " �� 	 � 	 �� 	 �
� � � ��� � ���� � -�� � � � 
 � �� � �� 
 �� 	 
 �� � � � �
 �. � � � �� �� � � �. � � �� � � 	 �� � ���� � � � � � �� � � �. � � ��� �� � �� � ��

@�� ��4�) ��� 
 �� � �� 
 �� �
 � � � � �� � � � � �� � � �� � � �� . �" � � � � �� �� � � �� � 
 � �
 � �� 	 � � �" 
 � 
 �� � ���� 
 � �
� � � %� &� � � ��� � � � � � � � � � � � %� &� . � � ��� � � � �� � � � . � 
 �
 � 	 � � � � � � � � �� � � � 	 
 � � � � � � 
 � � � � �� � 	 
 �
� � � � 
 � �� . ��� � �� �� � � ��� �� � � � �� . �
 � � 	 �� � 
 � �
 � ��� �� �� 
 � ��� �� � � � ( 
 � � �%3 � 
 � ��� � �) * * 4&�
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mopane (17)

7%
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Ehretia amoena (14)
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5%

Lannea   shweinfurthii (27)
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7%

Acacia nigrescens (14)
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Le Monde: La chasse ecologique a l'elephant d'Afrique au service de la recherché (May 2005) 
The Globe and Mail: How to give an elephant a vasectomy (July 2005) 
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Weekend Argus: Green hunting: two birds with one stone (May 2003) 
Kruger2Canyon: Mac broadens horizons (November 2003) 
Kruger Park Times: More elephants collared in the APNR (January 2005) 
The Star: Green hunts lets tuskers see a new day (May 2005) 
The Star: Elephant research  hits bulls eye (May 2005) 
Kruger Park Times: An elephant collaring safari (May 2005) 
Kruger Park Times: Streaking elephants (July 2005) 
Kruger Park Times: The green alternative to hunting (July 2005) 
The South African: Conservation! a mammoth task (August 2005) 
Mail & Guardian: 6 000 tuskers in firing line (September 2005) 
Kruger Park Times: More elephants put under satellite surveillance (October 2005) 
The Lowvelder: Wise giants' future uncertain (October 2005) 
The Lowvelder: The thrill of the chase (October 2005) 
The Lowvelder: On a quest for adventure (October 2005) 
The Citizen: Getting up close & personal with jumbos (November 2005) 
Kruger Park Times: Elephant research heats up (May 2006) 
The Lowvelder: Elephants on the move – please don't cull (June 2006) 
Kruger Park Times: Elephant collaring exercise to help monitor blind elephant in wild (July 2006) 
Kruger Park Times: Kruger rangers share conservation experiences in Ghana (August 2006) 
Kruger Park Times: "Blue tooth" for elephants? (November 2006) 
Kruger Park Times: Science and soap operas - research into greater Kruger's elephants (November 2006) 
Kruger Park Times: Elephants on the move (December 2006) 
The Lowvelder: Tuskers collared for science (April 2007) 
Week Hoedspruit: Two elephants collared in APNR (April 2007) 
White River Post: Tracking the Jumbos (April 2007) 
Kruger Park Times: Two elephants collared in APNR (May 2007) 
Kruger Park Times: Young volunteers get stuck in during elephant collaring adventure (June 2007) 
Kruger Park Times: Relieve, release and rescue (August 2007) 
Kruger Park Times: Did you know? All about Elephant Eyes (September 2007) 
Letaba Herald: Scientific solution is the best for nature (November 2007) 
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National Geographic Traverler, Israel edition, Green hunters: hunting out; preserving of animal life in (2003) 
National Geographic: How tourism can help (September 2005) 
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Transboundary Elephant Research Programme Elephant News (July 2003) 
Transboundary Elephant Research Programme Elephant News (December 2003) 
Transboundary Elephant Research Programme Elephant News (May 2004) 
Transboundary Elephant Research Programme Elephant News (December 2004) 
Klaserie Chronicle: Collaring elephants in the Klaserie (November 2004) 
WESSA Lowveld Region Newsletter: Collars but no leads! (June 2005) 
WESSA Lowveld Region Newsletter: New initiative to understand elephant movements in the Kruger area (June 2005) 
Transboundary Elephant Research Programme Elephant News (June 2005) 
Transboundary Elephant Research Programme Elephant News (March 2006) 
WESSA Lowveld Region Newsletter: Elephant Collaring – WESSA elephants (June 2006) 
WESSA Lwoveld Region Newsletter: Environmental Appreciation Initiative (June 2006) 
Transboundary Elephant Research Programme Elephant News (December 2006) 
Klaserie Chronicle: n Dag saam op die olifantnavoorsingprojek (May 2007) 
Transboundary Elephant Research Programme Elephant News (August 2007) 
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 � � � � � �� � -�Missione Natura, Italian TV programme on Green Huntung (June 2006) 
- Two Hand Productions, Micheala's Wildlife Challenge, participation in collaring elephants and aging elephants from tooth moulds (June 

2007) 
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Yo-TV, SABC 1, Team Wild – collaring elephants (July 2007)  
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BBC Natural History Radio Unit, Nature: In search of Classic, presented by Prof. Aubrey Manning with S.R. Henley and M.D. Henley 
(June 2006) 
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