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;@JGFGDG?AIM=E=FL KMJ MF= KMJ>9;= ;GFKA<]J]=� "F =i=L
 D=K HD9FL=K J=k\L=FL @9:ALM=DD=E=FL :A=F

D9 F9LMJ= =L Df]NGDMLAGF <=K EADA=MP <9FK D=KIM=DK =DD=K KfAFL\?J=FL ����� �AFKA <GF;
 Df]N9DM9LAGF

<A9;@JGFAIM= <M -+/M =L <= KGF HGL=FLA=D <=K K=JNA;=K ];GKQKL]EAIM=K <GAL ^LJ= :9K]= KMJ <=K

;GFF9AKK9F;=K�<=�D9�:AG<AN=JKAL]������L9FL�kGJAKLAIM=�IM=�>9MFAKLAIM=�<AKHGFA:D=K�KMJ�;=�H9J;�

 =H=F<9FL
 ;=K ;GFF9AKK9F;=K KGFL =F;GJ= D9;MF9AJ=K =L Kf]LGi=FL D=FL=E=FL� )=K HJAF;AH9D=K ]LM<=K
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-+/M� !9FK D9 >GMD]=
 *9K@9J9:M et al., ���� ]D=N\J=FL Df=i=;LA> <= D9 kGJ= N9K;MD9AJ= <= ;= H9J;

Y ��� =KH\;=K�  =L AFN=FL9AJ= IM= ;=K 9ML=MJK GFL ;GFKA<]J] ;GEE= S D= HDMK ;GEHD=L HGKKA:D=W

=KL ;=JL=K LJ\K AEHGJL9FL� E9AK =F =FLJ=HJ=F9FL D9 HJ]K=FL= ]LM<= FGMK HJ]KMEGFK IMfAD =F

J]KMDL=J9 MF ;=JL9AF DGL <f=KH\;=K N]?]L9D=K N9K;MD9AJ=K <Ai]J=FL=K <= ;=DD=K IMA GFL ]L] J=;=FK]=K
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D= HD9F kGJAKLAIM= =L H@QKAGFGEAIM= =F NM= <= >9;ADAL=J D=MJ LQHGDG?A= =L J=F<J= 9AK]= D9 J];GDL=

<=K G:K=JN9LAGFK Y AFL]?J=J <9FK MF= :9K= <=K <GFF]=K ;GFKLALM]= <9FK D= ;9<J= <M KMANA <=

D9 <QF9EAIM= <=K @9:AL9LK <= ;= H9J;�  =D9 H=JE=L <= EA=MP J=k]L=J D= JaD= <=K >9;L=MJK <=

<]?J9<9LAGF IMA AFkM=F;=FL D9 <QF9EAIM= <=K @9:AL9LK 9M K=AF <M H9J;�  GEHL= L=FM <= DfG:B=;LA>

9KKA?F] Y D9 HJ]K=FL= ]LM<= =L
 Y DfAFKL9J <M S G<=  GJAF= �AGLGH=KW ����
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 D=K

@9:AL9LK <M -+/M KGFL KGMEAK Y MF= <QF9EAIM= J]?J=KKAN= ;9J9;L]JAK]= H9J Df9HH9JALAGF <=K

N]?]L9LAGFK <= HDMK =F HDMK <]?J9<]=K Y D9 >GAK KMJ D=K HD9FK H@QKAGFGEAIM= =L kGJAKLAIM=� != ;=LL=

@QHGL@\K= AD =F J=KKGJL <f9MLJ=K @QHGL@\K=K KH];AjIM=K� �A� )= -+/M J=F>=JE= MF= kGJ=
 JA;@= =L

N9JA9FL K=DGF D=K LQH=K <f@9:AL9LK
 <GEAF]= H9J D=K >9EADD=K ;GKEGHGDAL=K J=k]L9FL D9 <]?J9<9LAGF <=

;= EADA=M� �AA� D=K KH=;LJ=K ];GDG?AIM=K <=K LQH=K :AGDG?AIM=K =L <=K ]D]E=FLK H@QLG?]G?J9H@AIM=K

;9J9;L]JAK=FL MF EADA=M <]?J9<] KGMEAK Y <=K AFkM=F;=K =PL]JA=MJ=K� �AAA� D=K @9:AL9LK <M -+/M KGFL

;9J9;L]JAK]K H9J D=K LQH=K <= N]?]L9LAGFK HDMK GM EGAFK :9KK=K =L GMN=JL=K
 >GJL=E=FL AFkM=F;]=K
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 D9 HDMK ?J9F<= <M

�MJMF<A
 =KL KALM] 9M +GJ<�"KL <M H9QK =FLJ= D=K D9LALM<=K �T��� =L �T��� 0M< =L D=K DGF?ALM<=K

��T��� =L ��T��� "KL� 09 KMH=Jj;A= <= ����� @9
 J=HJ]K=FL= =FNAJGF �
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H9J; =KL ]LAJ] D= DGF? <= D9 JANA\J= /MNM:M IMA DMA 9 <GFF] KGF FGE� �<EAFAKLJ9LAN=E=FL
 D= -+/M
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) f9DLALM<= N9JA= ?]F]J9D=E=FL =FLJ= ��������� E =L ;MDEAF= Y ���� E� )9 HDMH9JL <=K KGEE=LK
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*8�(31192*7��)9��9692).�*8�)*7�7*28.*67�A(303,.59*7��86&27*(87�

�A8-3)*7�98.0.7A*7

�.7437.8.+�&1A2&,A�4396�0&�(300*(8*�)*7�)322A*7

.M9LJ= LJ9FK=;LK GM K=FLA=JK ];GDG?AIM=K H=JE9F=FLK GFL ]L] ]L9:DAK =F J9AKGF <fMF H9J ;@9;MF

<=K K=;L=MJK <M -+/M � /!&
 /!&&
 /$& =L D9 /$&&� �M LGL9D
 �� H9J;=DD=K H=JE9F=FL=K <= KMH=Jj;A=

N9JA9:D=
 >9AK9FL KGAL MF= KMH=Jj;A= LGL9D= <= ����� E� =FNAJGF �
� %9
 GFL ]L] <]DAEAL]=K KMJ

Df=FK=E:D= <= ;=K LJ9FK=;LK �19:D� � =L #A?� �� <= >9[GF Y J=HJ]K=FL=J D=K <Ai]J=FLK LQH=K <f@9:AL9LK

K=DGF�D=�;JAL\J=�<f@GEG?]F]AL]�<=K�LQH=K�<=�N]?]L9LAGFK�J=KH=;LA>K�

 GFKLALMLAGF�<=K�J]>]J=F;=K�kGJAKLA;G���H@QKAGFGEAIM=�=L�<=F<JGE]LJAIM=�HGMJ���

�



" &'0*&9 	� .2+361&8.327 )* ).DA6*28*7 4&6(*00*7 4*61&2*28*7 4396 0* 79.:. )* 0& )=2&1.59*

)*7�-&'.8&87�)9��� 9���A,*2)* ��" ��" 6&27*(8 ��� � ��� &6(*00*�
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�



0=;L=MJ�<M�-+/M 1/ - � 0AL=K �DLALM<= 1QH=K�<f@9:AL9L�G:K=JN]K !964*6E(.*�*2�1 


1J9FK=;L�& � /MK@M:AB=�� �����E 09N9F=�9J:GJ=K;=FL= ����

� /MK@M:AB=�� �����E 09N9F=�9J:GJ=K;=FL= ����

0=;L=MJ�/!�& � /MK@M:AB=�� �����E 09N9F=�9J:GJ=K;=FL= ����

� /MK@M:AB=�� �����E 09N9F=�@=J:=MK= ���

� +QGF?=J9 �����E  QH=J9A= ���

� /M?GLA ����E �GKIM=L ����

� /MK9?9J9�� �����E 09N9F=�9J:MKLAN= ����

� /MK9?9J9�� �����E $9D=JA=�>GJ=KLA\J= ����

0GMK�LGL9D ����

1J9FK=;L�&& � $9K=FQA�� ����E 09N9F=�9J:MKLAN= ����

� $9K=FQA�� ����E 09N9F=�:GAK]= ����

0=;L=MJ�/!�&& � $9K=FQA�� ����E 09N9F=�:GAK]= ����

� $9K=FQA�� ����E 09N9F=�9J:GJ=K;=FL= ���

� /M?MK9�� ����E #GJ^L�;D9AJ= ����

� /M?MK9��9 ����E #GJ^L�;D9AJ= ����

� /M?MK9��: ����E 09N9F=�:GAK]= ����

0GMK�LGL9D ����

1J9FK=;L�&&& � *9K@=FQG� ����E �GKIM=L ����

� *9K@=FQG� ����E 09N9F=�9J:GJ=K;=FL= ����

0=;L=MJ�/$�& � *9K@=FQG� ����E 09N9F=�9J:GJ=K;=FL= ����

� *9K@=FQG� ����E 09N9F=�KL=HHAIM= ����

� *9K@=FQG� ����E 09N9F=�9J:MKLAN= ����

� *9K@=FQG� ����E 09N9F=�9J:GJ=K;=FL= ����

� *9K@=FQG� ����E 09N9F=�:GAK]= ����

 GFKLALMLAGF�<=K�J]>]J=F;=K�kGJAKLA;G���H@QKAGFGEAIM=�=L�<=F<JGE]LJAIM=�HGMJ���

�



� *9K@=FQG� ����E #GMJJ] ����

0GMK�LGL9D �����

1J9FK=;L�&3 � �A:9J9�� �����E 09N9F=�@=J:=MK= ����

� �A:9J9�� ����E 09N9F=�9J:MKLAN= ����

� �A:9J9�� ����E 09N9F=�9J:MKLAN= ����

0=;L=MJ�/$�&& � �A:9J9�� ����E 09N9F=�9J:GJ=K;=FL= ����

� �A:9J9�� ����E 09N9F=�9J:MKLAN= ����

� �A:9J9�� ����E 09N9F=�:GAK]= ����

� �A:9J9�� ����E $9D=JA=�>GJ=KLA\J= ���

� +Q9EM?9JA ����E $9D=JA=�>GJ=KLA\J= ���

0GMK�LGL9D � �� �����

1GL9D � �� �����

�.,96* 
 � " 6&27*(87 *8 4&6(*00*7 4*61&2*28*7 4396 0* 132.836.2, )*7 -&'.8&87 )&27 59&86*

7*(8*967�)9��� 9��� ����
�	�� ���9692).��68-34-383�%�!����#"��
�
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�300*(8*�)*7�)322A*7

 @9IM= H9J;=DD= 9 ]L] HJ]9D9:D=E=FL KM:<ANAK]= =F IM9<J9LK <= � E P � E�  =K <=JFA=JK GFL ]L]

K]IM=FLA=DD=E=FL K;JML]=K HGMJ Q J=;=FK=J =L J];GDL=J D9 LGL9DAL] <=K HD9FL=K HJ]K=FL=K�  @9IM=

=KH\;= 9 ]L] =FJ=?AKLJ]= =F DMA 9i=;L9FL MF ;G=l;A=FL <f9:GF<9F;= <GEAF9F;= K=DGF D9 E]L@G<=

<=��J9MF��D9FIM=L�����IMA�9�]L]�MLADAK]=�H9J�)=O9DD=������=L�MDL]JA=MJ=E=FL�H9J�*9K@9J9:M������

)9 @9ML=MJ =L D9 ;AJ;GF>]J=F;= GFL ]L] E=KMJ]K HGMJ LGMK D=K 9J:J=K <GFL D9 ;AJ;GF>]J=F;= ]L9AL

KMH]JA=MJ= GM ]?9D= Y �� ;E Y �
�� E 9M�<=KKMK <M KGD ;GF>GJE]E=FL Y *9D9AKK= �����  =LL=

HM:DA;9LAGF HGJL9FL KMJ D= !GE9AF= R9E:]RA=F
 Gb D=K >9;L=MJK 9:AGLAIM=K =L D9 N]?]L9LAGF KGFL

;GEH9J9:D=K Y ;=MP <= FGLJ= <ALAGF
 GiJ= <=K <GFF]=K IMfAD AEHGJL= <= ;GFKA<]J=J <9FK D= ;9<J= <=

D9�HJ]H9J9LAGF�<M�HJ]K=FL�9JLA;D=�

�2&0=7*�)*7�)322A*7

�2:*28&.6*�)*�0&�F36*�*8�7&�7.1.0.89)*�)&27�0*7�-&'.8&87

)9 <]L=JEAF9LAGF <=K =KH\;=K J];GDL]=K Kf=KL J]>]J]= Y 1JGMHAF ���� =L Y #AK;@=J et al � �����

) f@=J:9JAME <= Df,�-" =L ;=DMA <= Df2FAN=JKAL] <M �MJMF<A �#9;MDL] <=K K;A=F;=K� GFL ]L] ]?9D=E=FL

;GFKMDL]K� )9 FGE=F;D9LMJ= <=K HD9FL=K Y k=MJK Kf=KL J]>]J]= Y )=:JMF � 0LGJC ����� 2F= DAKL= <=K

=KH\;=K�AFN=FLGJA]=K�9�]L]�]L9:DA=�=L�D=�FGE:J=�<=�>9EADD=K
�<=�?=FJ=K�=L�<f=KH\;=K�9�]L]�]N9DM]�

)= <=?J] <= KAEAD9JAL] kGJAKLAIM= HGMJ D=K @9:AL9LK <M -+/M 9 ]L] 9F9DQK] Y Df9A<= <= DfAF<A;= <=

0GJ=FK=F�=L�;=DMA�<=��J9Q� MJLAK�

g )fAF<A;=�GM� G=l;A=FL�<=�0GJ=FK=F�������

,b

a ��D=�FGE:J=�LGL9D�<f=KH\;=K�;GEEMF=K�Y�<=MP�H9J;=DD=K�;GFKA<]J]=K

b ��D=�FGE:J=�LGL9D�<f=KH\;=K�<=�DfMF�<=K�<=MP�H9J;=DD=K�;GFKA<]J]=K

; ��D=�FGE:J=�LGL9D�<f=KH\;=K�<=�Df9MLJ=�H9J;=DD=�

�9K] KMJ D9 HJ]K=F;=�9:K=F;=
 ;=L AF<A;= 9 ]L] MLADAK] HGMJ ]N9DM=J D= <=?J] <f9lFAL] kGJAKLAIM=

=FLJ= D=K <Ai]J=FLK @9:AL9LK <M -+/M� &D =KL ;GFKA<]J] ;GEE= D�MF= <=K E=KMJ=K <= KAEADALM<= <=

HJ]K=F;= 
 9:K=F;= D=K HDMK =l;9;=K ����� 2F AF<A;= HDMK H=LAL AF<AIM= EGAFK <= KAEAD9JAL] <9FK D9

;GEHGKALAGF�<=K�=KH\;=K�=FLJ=�D=K�<Ai]J=FLK�KAL=K�����

g )fAF<A;= <= KAEAD9JAL] <= �J9Q� MJLAK �&�� HGMJ =i=;LM=J MF /=?JGMH=E=FL @A]J9J;@AIM= <=K

@9:AL9LK��2-$*�� �

 GFKLALMLAGF�<=K�J]>]J=F;=K�kGJAKLA;G���H@QKAGFGEAIM=�=L�<=F<JGE]LJAIM=�HGMJ���

�



� N=; i =L j � D=K DA?F=K �J=D=N]K� <= D9 E9LJA;= <= <GFF]=K
k � MF= ;GDGFF= <= D9 E9LJA;= <= <GFF]=K

�=KH\;=�
 5 ik � N9D=MJ <= D9 N9JA9:D=k ��:GF<9F;= <= Df=KH\;= k� HGMJ D9 DA?F=i
 5 ij � N9D=MJ <= D9

N9JA9:D=k �9:GF<9F;= <= Df=KH\;= k� HGMJ D9 DA?F=j
 n � FGE:J= LGL9D <= N9JA9:D=K �=KH\;=K� <9FK D9

E9LJA;=�

)fAF<A;= <= �J9Q� MJLAK=KL Df]IMAN9D=FL IM9FLAL9LA> <M HJ];]<=FL�  =L AF<A;= 9 Df9N9FL9?= <= <GFF=J

<=K <=F<JG?J9EE=K Y AFL=JHJ]L9LAGF >9;AD= =L F= <GFF= H9K <M HGA<K 9MP =KH\;=K J9J=K ����� )=

J=?JGMH=E=FL @A]J9J;@AIM= 9 ]L] >9AL =F 9HHDAIM9FL� DfS2-$*� �2FO=A?@L=< - 9AJ $JGMH *=L@G<

OAL@��JAL@E=LA;�*=9F� W�

)= DG?A;A=D *30- ��� �*MDLA3 9JA9L= 0L9LAKLA;9D -9;C9?=� ����
 =F H9JLA;MDA=J KGF GHLAGF  DMKL=J

�F9DQKAK ��F9DQK= H9J J=?JGMH=E=FL�
 9 ]L] MLADAK]=� MF <=F<JG?J9EE= 9 ]L] ?]F]J]�  =LL= E]L@G<=

J=?JGMH= <= >9[GF @A]J9J;@AIM= D=K <Ai]J=FLK @9:AL9LK K=DGF D= <=?J] <f9lFAL] <= D=MJ kGJMD=� �AFKA


D=K�KAL=K�IMA�K=�J=?JGMH=FL�KGFL�;GFKA<]J]K�;GEE=�HDMK�KAEAD9AJ=K�D=K�MFK�9MP�9MLJ=K������

�<&1*2�)*7�+361*7�'.303,.59*7�*8�&2&0=7*�4-=83,A3,6&4-.59*

)fAFN=FL9AJ= <=K LQH=K :AGDG?AIM=K �1�� 9 ]L] J]9DAK] K=DGF D9 ;D9KKAj;9LAGF <= /9MFCA9=J
 L=DD= IMf=DD=

9 ]L] =PHGK]= H9J )=O9DD= �����  GEE= <9FK ;=K HM:DA;9LAGFK
 D9 <AKLJA:MLAGF ?]G?J9H@AIM= �!$� <=K

HD9FL=K IM= FGMK 9NGFK J=;=FK]=K 9 ]L] EAK= =F ]NA<=F;= K=DGF D= KQKL\E= ;@GJGDG?AIM= <= )=:JMF

����� 0MJ ;=LL= :9K=
 D= ;9D;MD <=K KH=;LJ=K :AGDG?AIM=K =L H@QLG?]G?J9H@AIM=K :JMLK =L HGF<]J]K

<=K�<Ai]J=FLK�LQH=K�<=K�N]?]L9LAGFK�IM=�FGMK�9NGFK�A<=FLAj]=K�9�]L]�=i=;LM]�;GEE=�KMAL��

!4*(86*�'698��

AD AF<AIM= D9 HJGHGJLAGF ;=FL]KAE9D= <=K =KH\;=K 9HH9JL=F9FL Y ;@9IM= ;9L]?GJA= �1�
 !$�

;GFKA<]J]=�

0�� A� <]KA?F=�D=�KH=;LJ=�:JML�<fMF=�;9L]?GJA=�A�

#A��+GE:J=�<=�>GAK�IM=�D=K�=KH\;=K�<fMF=�;9L]?GJA=�<GFF]=�KGFL�<9FK�Df=FK=E:D=�<=K�J=D=N]K�
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+ ��K=�J9HHGJL=�9M�LGL9D�<=K�=KH\;=K�

!4*(86*�432)A6A��

AD LA=FL ;GEHL= <= Df9:GF<9F;= <= ;@9IM= 1� GM !$ =L H9K K=MD=E=FL <M FGE:J= <=K =KH\;=K

<Ai]J=FL=K������

0�- A =KL D= KH=;LJ= HGF<]J]<fMF= ;9L]?GJA= A �1�
 !$� � F A =KL D9 H9JL <fMF= ;9L]?GJA= A� + =KL D9

KGEE=�<=K�H9JLK�<=�LGMK�D=K�1��GM�<=�LGML=K�D=K�!$�

�2&0=7*�)*7�(&6&(8A6.78.59*7�)*2)631A86.59*7

 =K H9J9E\LJ=K GFL ]L] ]N9DM]K Y Df9A<= <=K j;@=K <f=FJ=?AKLJ=E=FL <=K G:K=JN9LAGFK HGMJ D= KMANA

<= D9 <QF9EAIM= <=K @9:AL9LK <9FK D=K 9AJ=K HJGL]?]=K <M �MJMF<A <= Df,�-" =P &�+�"� �+ ]D9:GJ]=K

H9J�%9:AQ9J=EQ=�=L�IMA�j?MJ=FL�<9FK�D9�K]JA=�<=K�LJ9N9MP�HM:DA]K�KMJ�;=�L@\E=�����������

 =K j;@=K KA?F9D=FL � KLJ9L=K <9FK D9 KLJM;LMJ= N=JLA;9D= <=K N]?]L9LAGFK� KLJ9L=K 9J:GJ=K;=FL=

KMH]JA=MJ= Y LJ\K ?J9F<K 9J:J=K ������ E�
 9J:GJ=K;=FL= AFL=JE]<A9AJ= ;GEHJ=F9FL <= ?J9F<K

9J:J=K ������ E�
 9J:GJ=K;=FL= AF>]JA=MJ= ;GEHGK]= <f9J:J=K EGQ=FK ����� E�
 9J:MKLAN= ���� E� =L

D9 KLJ9L= KGMK � 9J:MKLAN= =L @=J:9;]= �� � E�� )= J=;GMNJ=E=FL EGQ=F =F ��� <= ;@9IM= KLJ9L= =L

<=�;@9IM=�=KH\;=�9�]L]�=KLAE]�K=DGF�Df];@=DD=�<=��J9MF��D9FIM=L�����

)= ;9D;MD <= D9 KMJ>9;= L=JJA\J= 9 ]L] >9AL H9J ;D9KK=K <= ;AJ;GF>]J=F;= Y AFL=JN9DD= <= � ;E =L H9J

=KK=F;=�K=�LJGMN9FL�<9FK�;@9IM=�KAL=�Y�Df9A<=�<=�D9�>GJEMD=�KMAN9FL=��

Gi ]L9FL D9 KMJ>9;= L=JJA\J= <9FK MF= ;D9KK= �=F EV
@9�
C D9 ;AJ;GF>]J=F;= EGQ=FF= <9FK MF= ;D9KK=

=L N i D= FGE:J= <= LA?=K H9J ;D9KK=� )9 KMJ>9;= L=JJA\J= LGL9D= $ KfG:LA=FL H9J D9 KGEE= <= LGML=K

D=K�KMJ>9;=K�L=JJA\J=K�H9J�;D9KK=K�GM�H9J�=KK=F;=�

 A7908&87

�31437.8.32�F36.78.59*�*8�6.(-*77*�74A(.E59*

!9FK D9 HJ]K=FL= ]LM<=
 ��� =KH\;=K J]H9JLA=K =F ��� ?=FJ=K =L �� >9EADD=K GFL ]L] AFN=FLGJA]=K� )=

?JGMH= <=K !A;GLQD]<GF=K J=F>=JE= ��� =KH\;=K
 KGAL �� � L9F<AK IM= ;=DMA <=K *GFG;GLQD]<GF=K

;GEHJ=F< ��� =KH\;=K
 KGAL �� � <M LGL9D <= DfAFN=FL9AJ=� )=K -L]JA<GH@QL=K KGFL J=HJ]K=FL]=K H9J

 GFKLALMLAGF�<=K�J]>]J=F;=K�kGJAKLA;G���H@QKAGFGEAIM=�=L�<=F<JGE]LJAIM=�HGMJ���

��



�� =KH\;=K K=MD=E=FL
 KGAL � �� )9 j?MJ= � HJ]K=FL= <9FK DfGJ<J= <];JGAKK9FL <= D=MJK =i=;LA>K

KH];AjIM=K D=K >9EADD=K D=K HDMK <AN=JKAj]=K<M -+/M� ;@9;MF= <f=FLJ= =DD=K ;GEHJ=F< 9M EGAFK �

=KH\;=K��)=K�>9EADD=K�<=KFabaceae 
�<=K Asteraceae =L�<=K Poaceae KGFL�D=K�HDMK�J=HJ]K=FL]=K�

#A?MJ= �� /A;@=KK= =F =KH\;=K HGMJ D=K >9EADD=K D=K EA=MP J=HJ]K=FL]=K �9Q9FL 9M EGAFK � =KH\;=K�

<=K�@9:AL9LK�<M�-+/M

!.1.0.89)*�F36.78.59*�)*7�-&'.8&87�)9��� 9

 *,6394*1*28 -.A6&6(-.59* )*7 -&'.8&87 )9 �� 9 79.:&28 0C.2).(* )* �6&=
�968.7

!f9:GJ< Df9F9DQK= 9 ]L] =i=;LM]= =F L=F9FL ;GEHL= <= Df9:GF<9F;=�<GEAF9F;= <= ;@9IM= =KH\;=

AFN=FLGJA]= <9FK D=K @9:AL9LK HJGKH=;L]K �#A?� ��� )=K J]KMDL9LK EGFLJ=FL IM= Df=FK=E:D= <=K

K9N9F=K =KL MF :DG; <AKLAF;L <= ;=DMA <=K 9MLJ=K LQH=K <f@9:AL9LK�  =H=F<9FL
 IM=DIM=K K9N9F=K

K=E:D=FL J=D9LAN=E=FL HJG;@=K <=K ?9D=JA=K >GJ=KLA\J=K
 <=K :GKIM=LK =L <M >GMJJ]
 <M >9AL IM= ;=K

@9:AL9LK KGFL H9JLA=DD=E=FL ;GFKLALM]K <=K =KH\;=K LQHAIM=K <=K K9N9F=K
 FGL9EE=FLCombretum

collinum, Entada abyssinica, P arinari curatellifolia, Combretum molle =L K=J9A=FL <GF; =F ;GMJK <=

K9N9FAK9LAGF�

)=K >GJ^LK ;D9AJ=K =L D9 ;QH=J9A= <M -+/M K= KGFL EGFLJ]K LJ\K :A=F <AKLAF;LK <=K 9MLJ=K LQH=K

<f@9:AL9LK
 D=K HJ=EA\J=K ]L9FL <GEAF]=K HJ=KIM= =P;DMKAN=E=FL H9JUapaca sansibarica =L D=

<=MPA\E=�H9J Cyperus papyrus �

Tropicultura ��������� $3091*�����
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�.,96* ��  *,6394*1*28 -.A6&6(-.59* )*7 -&'.8&87 .)*28.EA7 )&27 0* �� 9 7*032 0*

6*(39:6*1*28�6*0&8.+�)*�8398*7�0*7�*74@(*7�.2:*2836.A*7

0% � 09N9F= @=J:=MK=
 09 � 09N9F= 9J:MKLAN=
 0� � 09N9F= �J:GJ=K;=FL=
 0� � 09N9F= �GAK]=
 0 0 � 09N9F= 0L=HHAIM=


�G ���GKIM=L
�# G ��# GMJJ]
�# ��# GJ^L� D9AJ=
�$# ��$9D=JA=�>GJ=KLA\J=
� 6�� QH=J9A=

�3*G(.*28�)*�7.1.0&6.8A�)*�!36*27*2

!9FK Df=FK=E:D=
 D=K N9D=MJK HJ]K=FL]=K <9FK D= L9:D=9M � KGFL E9BGJAL9AJ=E=FL >9A:D=K ;9J =DD=K

KGFL AF>]JA=MJ=K Y �
�� � ;= IMA LJ9<MAL MF= >9A:D= 9lFAL] kGJAKLAIM= =FLJ= ;=K @9:AL9LK� 1GML=>GAK


MF= 9lFAL] H9K 9KK=R >GJL= KfG:K=JN= =FLJ= ;=JL9AFK LQH=K <= K9N9F=K 9N=; <=K N9D=MJK 9DD9FL

BMKIMfY��
���

 GFKLALMLAGF�<=K�J]>]J=F;=K�kGJAKLA;G���H@QKAGFGEAIM=�=L�<=F<JGE]LJAIM=�HGMJ���

��



" &'0*&9 
� $ &0*967 )9 (3*G(.*28 )* 7.1.0&6.8A )* !36*27*2 &9 7*.2 )*7 ).DA6*287 8=4*7

)C-&'.8&87�)9��� 9

0% � 09N9F= @=J:=MK=
 09 � 09N9F= 9J:MKLAN=
 0� � 09N9F= �J:GJ=K;=FL=
 0� � 09N9F= �GAK]=
 0 0 � 09N9F= 0L=HHAIM=


�G ���GKIM=L
�# G ��# GMJJ]
�# ��# GJ^L� D9AJ=
�$# ��$9D=JA=�>GJ=KLA\J=
� 6�� QH=J9A=

� 361*7�'.303,.59*7�)*7�*74@(*7�)9��� 9

)f9F9DQK= <M KH=;LJ= :JML <=K >GJE=K :AGDG?AIM=K <=K =KH\;=K <M -+/M E=L =F ]NA<=F;= D9

HJ]<GEAF9F;= <=K H@9F]JGH@QL=K =L <=K ;@9E]H@QL=K <9FK D=K <Ai]J=FLK LQH=K <f@9:AL9LK <= L=JJ=

>=JE=� "DD=K Kf]D\N=FL J=KH=;LAN=E=FL Y ��
�� � =L ��
�� � <9FK D=K K9N9F=K
 ��
�� � =L ��
�� �

<9FK D=K :GKIM=LK
 ��
�� � =L ��
�� � 9M K=AF <=K ?9D=JA=K >GJ=KLA\J=K
 ��
�� � =L ��
�� � <9FK

D=K >GJ^LK ;D9AJ=K
 �� � =L �� � <9FK D= >GMJJ]� )=K L@]JGH@QL=K KGFL EA=MP J=HJ]K=FL]K <9FK D=K

K9N9F=K����
������=L�D=K�:GKIM=LK����
������

�M FAN=9M <= D9 ;QH=J9A= KfG:K=JN= MF= ;G<GEAF9F;= <=K ?]GH@QL=K
 <=K H@9F]JGH@QL=K =L

<=K @]EA;JQHLGH@QL=K� -9J ;GFLJ=
 D= ;9D;MD <M KH=;LJ= HGF<]J] J]N\D= MF= HJ]HGF<]J9F;= <=K

@]EA;JQHLGH@QL=K =L <=K H@9F]JGH@QL=K 9M K=AF <=K K9N9F=K� &DK Q 9LL=A?F=FL J=KH=;LAN=E=FL��
� �

=L ��
�� �� 2F= F=LL= <GEAF9F;= <=K H@9F]JGH@QL=K KfG:K=JN= <9FK <=K ?9D=JA=K >GJ=KLA\J=K ���
��

��
 <=K >GJ^LK ;D9AJ=K ���
�� ��
 D= >GMJJ] ���
�� �� =L <=K :GKIM=LK ���
� ��� .M9FL Y D9 ;QH=J9A=


AD =KL <GEAF] H9J D=K ?]GH@QL=K ��� ��� "F =i=L
 ;=L @9:AL9L =KL G;;MH] HJ=KIM= =P;DMKAN=E=FL H9J

Cyperus papyrus.

!=28-@7*�4-=83,A3,6&4-.59*

)= KH=;LJ= H@QLG?]G?J9H@AIM= :JML EGFLJ= MF= HJ]<GEAF9F;= <=K =KH\;=K Y D9J?= <AKLJA:MLAGF�

0=DGF DfGJ<J= <];JGAKK9FL <= D=MJK HJGHGJLAGFK
 AD Kf9?AL <=K =KH\;=K HDMJAJ]?AGF9D=K 9>JA;9AF=K


H9FLJGHA;9D=K
 H9D]GLJGHA;9D=K
 9>JGLJGHA;9D=K
 ;GKEGHGDAL=K
 KM:;GKEGHGDAL=K
 9>JGE9D?9;@=K� "DD=K

J=HJ]K=FL=FL ��
�� � <M LGL9D <=K HD9FL=K AFN=FLGJA]=K� "F K=;GF<= HGKALAGF
 NA=FF=FL D=K =KH\;=K

KGM<9FG�R9E:]RA=FF=K IMA J=HJ]K=FL=FL ��
�� �� - 9JEA ;=K <=JFA\J=K
 D=K =KH\;=K GEFA KGM<9FG�

R9E:]RA=FF=K�]E=J?=FL�=F�;GFKLALM9FL���
�����<M�KH=;LJ=�:JML�

)=K =KH\;=K 9HH9JL=F9FL 9MP <GE9AF=K GJA=FL9D =L R9E:]RA=F NA=FF=FL =F K=;GF<= HGKALAGF 9N=;

��
�� �� "FjF
 D= ?JGMH= <= DA9AKGF J=?JGMH= ��
�� � <M LGL9D <=K HD9FL=K J=;=FK]=K� 0=DGF
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D=K J]KMDL9LK <= D9 HJ]K=FL= ]LM<=
 D= -+/M F= J=F>=JE= H9K <f=KH\;=K =F<]EAIM=K HJGHJ=K Y

;=LL= 9AJ=� HDMLaL AD Q 9 IM9LJ= =KH\;=K =F<]EAIM=K <= J9F? J]?AGF9D�  =K <=JFA\J=K KGFLLeucas

urundensis =L Pycnostachys ruandensis, Dissotis ruandensis =L Phragmanthera usuiensis �

)=K =KH\;=K EGFL9?F9J<=K
 AFLJG<MAL=K =L ?MAF]=FF=K KGFL >9A:D=E=FL J=HJ]K=FL]=K� )= KH=;LJ=

HGF<]J] EGFLJ= ]?9D=E=FL MF= HJ]<GEAF9F;= <=K =KH\;=K Y D9J?= <AKLJA:MLAGF =L <= ;=DD=K

<= Df]D]E=FL�:9K= 0GM<9FG�79E:]RA=F� ;=K ?JGMH=K ;GFKLALM=FL J=KH=;LAN=E=FL ��
�� =L ��
��

� <M KH=;LJ=� )=K =KH\;=K <= DA9AKGFK KMAN=FL 9N=; ��
� � L9F<AK IM= D=K 9MLJ=K ?JGMH=K

H@QLG?]G?J9H@AIM=K KGFL HGF<]J9D=E=FL EGAFK AEHGJL9FLK� �M K=AF <= Df]D]E=FL :9K=
 D=K =KH\;=K

GEFA�KGM<9FG�R9E:]RA=FF=K�<GEAF=FL�=F�;GFKLALM9FL���
����<M�KH=;LJ=�HGF<]J]�

�&6&(8A6.78.59*7�4-=7.3231.59*7�*8�796+&(*�8*66.@6*

�M HGAFL <= NM= H@QKAGFGEAIM= =L K=DGF D=MJ KL9<= ]NGDMLA>
 D=K K9N9F=K <M -+/M K= ;9J9;L]JAK=FL

H9J � Y � KLJ9L=K � � D9 KLJ9L= 9J:GJ=K;=FL= ��� IMA =KL ;GFKLALM]= <f9J:J=K H=LALK Y EGQ=FK ����*�

9LL=A?F9FL J9J=E=FL �� E <= @9ML=MJ
 � D9 KLJ9L= 9J:MKLAN= �9�� ;GEHJ=F9FL <=K 9J:MKL=K <= ���E

<= @9ML=MJ
 � D9 KLJ9L= <=K KGMK� 9J:MKL=K �0�
 ?J9EAF]=K �$� =L 9MLJ=K @=J:=K IM= D=K ?J9EAF]=K �%�


<]KA?F] H9J 0K�%
 <GFL D9 @9ML=MJ =KL h � E� )= J=;GMNJ=E=FL <= D9 ;GEHGK9FL= ?J9EAF]=FF= <=

;=LL= KLJ9L= =KL ;GEHJAK =FLJ= �� � <9FK D=K K9N9F=K :GAK]=K =L ��� � <9FK D=K K9N9F=K @=J:=MK=K�

%GJEAK <9FK ;=K <=JFA\J=K
 ;=K ?J9EAF]=K KGFL H9JK=E]=K <f9J:MKL=K =L <f9J:J=K IMA J=;GMNJ=FL

J=KH=;LAN=E=FL���Y������=L���Y������<=K�KMH=Jj;A=K�<=K�N]?]L9LAGFK�=P9EAF]=K�

)=K :GKIM=LK KGFL KGMN=FL DG;9DAK]K KMJ <=K L=JEALA\J=K� &DK <Ai\J=FL <=K K9N9F=K H9J D9 @9ML=MJ

HDMK ]D=N]=
 D9 <=FKAL] <=K ]D]E=FLK DA?F=MP =L D9 ;GEHGKALAGF kGJAKLAIM= <= D=MJK LJGAK KLJ9L=K� )=

J=;GMNJ=E=FL <=K 9J:J=K H=ML 9LL=AF<J= �� � <=K KMH=Jj;A=K <=K :GKIM=LK� )9 @9ML=MJ <=K 9J:J=K

H=ML <]H9KK=J �� E� "F HDMK <=K =KH\;=K K9N9FA;GD=K
 D=K HD9FL=K DA?F=MK=K <=K EADA=MP >=JE]K

Q HJ=FF=FL HD9;= 9AFKA IM= <=K DA9F=K FGL9EE=FLLandolphia kirkii, Clematis hirsuta, Cayratia

ibuensis. )=K ?9D=JA=K >GJ=KLA\J=K KGFL HDMK GM EGAFK >=JE]=K� D=MJK KLJ9L=K 9J:MKLAN= =L 9J:GJ=K;=FL=

J=;GMNJ=FL J=KH=;LAN=E=FL �� Y ��� =L �� Y ���� )9 KLJ9L= @=J:9;]= =KL EGAFK <=FK=
 NGAJ= E^E=

<AK;GFLAFM=�=L�H9MNJ=�=F�=KH\;=K�

 =D9 =KL NJ9AK=E:D9:D=E=FL <c Y MF= >9A:D= H]F]LJ9LAGF <= D9 DMEA\J= <9FK D= KGMK�:GAK� )= >GMJJ] <M

-+/M K= <AKLAF?M= H9J K=K KLJ9L=K 9J:GJ=K;=FL=K <GFL DfMF= =KL ;GFKLALM]= <f9J:J=K <= ?J9F<= L9ADD=

�@9ML=MJ� �� E�
 Df9MLJ= <f9J:J=K H=LALK Y EGQ=FK ����� E�� .M9FL Y D9 KLJ9L= @=J:9;]=
 ;f=KL MF

L9HAK <=FK= >GJE] H9JDesmodium sp. !9FK D=K >GJ^LK ;D9AJ=K
 D9 KLJ9L= 9J:GJ=K;=FL= =KL ;GFKLALM]=

=KK=FLA=DD=E=FL <f9J:J=K <fUapaca sansibarica 
 K=K @GMHHA=JK <AKBGAFLK H=JE=LL=FL D9 H]F]LJ9LAGF

<= D9 DMEA\J=� -9J 9ADD=MJK
 D9 KLJ9L= 9J:MKLAN= J=;GMNJ= K=MD=E=FL �� Y �� � <= D=MJ KMH=Jj;A= =L

=KL�<GF;�HDMK�GMN=JL=�IM=�;=DD=�<=K�?9D=JA=K�>GJ=KLA\J=K�=L�<M�>GMJJ]�

)9 KLJM;LMJ= H@QKAGFGEAIM= <=K @9:AL9LK A<=FLAj]K KMJ D=K <AN=JK=K H9J;=DD=K <f];@9FLADDGFF9?= =L

D=K�KMJ>9;=K�L=JJA\J=K�;GJJ=KHGF<9FL=K�KGFL�HJ]K=FL]=K�<9FK�D=�L9:D=9M���

 GFKLALMLAGF�<=K�J]>]J=F;=K�kGJAKLA;G���H@QKAGFGEAIM=�=L�<=F<JGE]LJAIM=�HGMJ���

��
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0=;L=MJ 0" 0AL=K !"

�1 
 ��&�

-@QKAGFGEA= 1QH=K�<f@9:AL9L

/AN=

!JGAL=�&

0=FLA=J

";GDG?AIM=

&

/MK@M:AB=

�

�
�� � � � � 0 � %� $ � 09N9F=�9J:GJ=K;=FL=�Y Hyparrhenia spp ��=L

Parinari curatellifolia, Anisophyllea boehmii

/MK@M:AB=

�

�
�� � � � � 0 � %� $ � 09N9F=�9J:GJ=K;=FL=�Y Hyparrhenia spp �


Pericopsis angolensis =L Parinari curatellifolia

/MK@M:AB=

�

�
�� � � � � 0 � %� $ � 09N9F=�9J:GJ=K;=FL=�Y Hyparrhenia spp.,

Terminalia mollis

/MK@M:AB=

�

�
�� � � � � 0 � %�� $ �� 09N9F=�@=J:=MK=ˆ Hyparrhenia spp �

+QGF?=J9 � � � � � 0 � $ � %��  QH=J9A= ˆ Cyperus papyrus

/M?GLA ��
�� � � � � 0 � %� $ � �GKIM=L�Y Entada abyssinica =L Acacia sieberana

/MK9?9�� �
�� � � � � 0 � %� $ � 09N9F=�9J:MKLAN=�YPericopsis angolensis 


Parinari curatellifolia =L Hymenocardia acida

/MK9?9�� ��
�� � � � � 0 � %� $ � $9D=JA=�>GJ=KLA\J=�YAnthocleista schweinfurthii,

Ficus sur =L Maesopsis eminii

/AN=

!JGAL=

&&

0=FLA=J

";GDG?AIM=

&&

$9K=FQA�� �
�� � 	 � � 0 	 %	 $ � 09N9F=�9J:MKLAN=�YHyparrhenia diplandra =L

Hymenocardia acida

$9K=FQA�� ���� � � � � 0 	 %	 $ � 09N9F=�:GAK]=�Y Hyparrhenia spp., Pericopsis

angolensis et Hymenocardia acida

$9K=FQA�� ��
�� � � � � 0 � %	 $ � 09N9F=�:GAK]=�Y Hyparrhenia spp. =L Pericopsis

angolensis

$9K=FQA�� �
�� � � � � 0 	 %	 $ �� 09N9F=�9J:GJ=K;=FL=�Y Hyparrhenia spp �,

Hymenocardia acida Pericopsis angolensis 


Lannea schimperi

/M?MK9�� ��
�� � � � � 0 � %	 $ 	 #GJ^L�;D9AJ=�YUapaca sansibarica

/M?MK9��9 ��
� � � � � 0 � %	 $ 	 #GJ^L�;D9AJ=�YUapaca sansibarica

/M?MK9��: ��
�� � � � � 0 � %	 $ � 09N9F=�:GAK]=�Y Hyparrhenia spp �,

Hymenocardia acida et Pterocarpus tinctorius

/AN=

$9M;@=

0=FLA=J

";GDG?AIM=

*9K@=FQG� �
�� � � � � 0 	 %	 $ � �GKIM=L�Y Scolopia sp.

 GFKLALMLAGF�<=K�J]>]J=F;=K�kGJAKLA;G���H@QKAGFGEAIM=�=L�<=F<JGE]LJAIM=�HGMJ���

��



& &&&

*9K@=FQG� ��
�� � � � � 0 	 %	 $ �� Savane arborescente Y Hyparrhenia spp. =L

Entada abyssinica

*9K@=FQG� ��
�� � � � � 0 	 %	 $ � Savane arborescente, Loudetia spp. =L Parinari

curatellifolia

*9K@=FQG� �
�� � 	 � 	 0 	 %	 $ � 09N9F=�KL=HHAIM=�YLoudetia simplex

*9K@=FQG� �
�� � 	 � � 0 	 %	 $ � �09N9F=�Y�)GM<=LA9�C9?=J=FKAK��
�%QE=FG;9J<A9

9;A<9��=L Parinari curatellifolia

*9K@=FQG� ��
�� � � � � 0 	 %	 $ � Savane arborescente ˆ Hyparrhenia spp. =L

Albizia anthunesiana

*9K@=FQG� ��
�� � � � � 0 � %	 $ � Savane boisŽe ˆ Hyparrhenia spp., P arinari

curatellifolia =L Pericopsis angolensis

*9K@=FQG� ��
�� � � � � 0 � %�� $ 	 #GMJJ]�Y Bridelia brideliifolia =L Parinari

curatellifolia

/AN=

$9M;@=

&&

0=FLA=J

";GDG?AIM=

&3

�A:9J9�� �
�� � � � 	 0 	 %	 $ �� 09N9F=�@=J:=MK=�YLoudetia simplex =L Loudetia

kagerensis

�A:9J9�� �
�� � � � � 0 	 %	 $ � Savane arbustive ˆ Loudetia simplex,

Hymenocardia acida =L Parinari curatellifolia

�A:9J9�� �
�� � � � � 0 � %	 $ � Savane arbustive ˆ Loudetia simplex,

Hymenocardia acida =L Parinari curatellifolia

�A:9J9�� �
�� � � � � 0 	 %	 $ �� Savane arborescente ˆ Hyparrhenia spp. =L

Pericopsis angolensis

�A:9J9�� �
� � � � � 0 	 %	 $ �� Savane arbustive ˆ Loudetia kagerensis, Entada

abyssinica =L Combretum collinum

�A:9J9�� ��
�� � � � � 0 	 %	 $ � 09N9F=�:GAK]=�Y� GE:J=LME�;GDDAFME�=L

 GE:J=LME�EGDD=

�A:9J9�� ��
�� � � � � 0 	 %� $ 	 $9D=JA=�>GJ=KLA\J=ˆ Syzygium cordatum =L

Alchornea cordifolia

+Q9EM?9JA ��
�� � � � � 0 	 %� $ � $9D=JA=�>GJ=KLA\J=�YBridelia micrantha

)9 KA?FAj;9LAGF <=K KQE:GD=K =FJ=?AKLJ]K <9FK D= L9:D=9M =KL D9 KMAN9FL=� �� 9J:J=K
 � � 9J:MKL=K
 0 � KGMK�9J:MKL=K
 $�

?J9EAF]=K
 % � @=J:9;]= �@=J:=K FGF - G9;=9=�� ) fAF<A;= N9JA9FL <= �� 	 Y �� =PHJAE= D= J=;GMNJ=E=FL <= DfMF GM Df9MLJ=

<= ;=K ?JGMH=K <=K HD9FL=K K=DGF Df];@=DD= <= 1JGMHAF ����� "P=EHD=� $	 AF<AIM= IM= J=;GMNJ=E=FL <=K ?J9EAF]=K =KL

AF>]JA=MJ�Y����L9F<AK�IM=�$ � ��AF<AIM=�IM=�J=;GMNJ=E=FL�<=K�?J9EAF]=K�=KL�<=�����
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�.7(977.32

� jF <f]L9:DAJ D=K J]>]J=F;=K kGJAKLA;G � H@QKAGFGEAIM= =L <=F<JGE]LJAIM= HGMJ D= KMANA <= D9

<QF9EAIM= <= D9 N]?]L9LAGF =L <=K @9:AL9LK <M -+/M
 D9 E]L@G<= <=K H9J;=DD=K H=JE9F=FL=K


J]H9JLA=K KMJ <=K LJ9FK=;LK
 9 ]L] 9<GHL]=� "F =i=L
 D=K ]LM<=K <= <QF9EAIM=K <= HGHMD9LAGF


GM <= <QF9EAIM= ];GKQKL]EAIM= <]H=F<=FL >GJL=E=FL <=K KMANAK KMJ D=K H9J;=DD=K H=JE9F=FL=K

�*GGJ;JG>L
 %MJLL � - 9;9D9 ������  =H=F<9FL
 D=K J]KMDL9LK AKKMK <=K H9J;=DD=K H=JE9F=FL=K KGFL

DAEAL]K�H9J�D9�>9A:D=�KMJ>9;=�];@9FLADDGFF]=��49?F=J et al. ������

) fAFN=FL9AJ= kGJAKLAIM= J]9DAK] <9FK ;=LL= ]LM<= 9 <];=D] ��� =KH\;=K�  =L =i=;LA> ;GJJ=KHGF< Y

�� � <= D9 kGJ= LGL9D= <M �MJMF<A
 =KLAE]= Y =FNAJGF ���� =KH\;=K ����� )9 HJ]K=FL= ]LM<= H=ML

;GFKLALM=J Y D9 >GAK MF= AEHGJL9FL= ;GFLJA:MLAGF Y D9 ;GFF9AKK9F;= =L MF= ;GFjJE9LAGF <= D9 LJ\K

?J9F<= JA;@=KK= kGJAKLAIM= <M -+/M ;9J ;=DMA�;A ]IMAN9ML K=MD=E=FL Y =FNAJGF �
� � <M L=JJALGAJ=

:MJMF<9AK ����� )=K ��� =KH\;=K <=K HD9FL=K ;GJJ=KHGF<=FL ]?9D=E=FL Y �� � <= D9 kGJ= <= D9

EGK9`IM= J]?AGF9D= <M )9; 3 A;LGJA9 IMA ;GEHL= ���� =KH\;=K K=DGF 4@AL= ����� )= J]KMDL9L <=

DfAFN=FL9AJ= IMA 9 ]L] =i=;LM] <9FK D9 HJ]K=FL= ]LM<=
 <]H9KK= <= �� =KH\;=K ;=DMA IMA 9 ]L]

J9HHGJL] H9J *9K@9J9:M =L 9D������ 0MJ :9K= <= FGK J]KMDL9LK =L <= ;=MP IMA GFL ]L] HM:DA]K H9J ;=K

9ML=MJK
 Df=i=;LA> LGL9D 9;LM9DAK] <= D9 kGJ= <M -+/M Kf]D\N= Y ��� =KH\;=K �#A?� ��� ) fAEHGJL9FL=

9M?E=FL9LAGF <M FGE:J= <=K L9PGFK kGJAKLAIM=K J=D9LA>K Y ;= H9J; =KL <M= 9M >9AL IM= D=K LJ9FK=;LK

=L HD9;=9MP <GFL FGK <GFF]=K HJGNA=FF=FL KGFL <Ai]J=FLK <=K HJAF;AH9MP DA=MP Gb FGK HJ]<];=KK=MJK

GFL LJ9N9ADD]�  GEE= ;=K 9ML=MJK
 FGMK 9<E=LLGFK IM= D9 ;GFF9AKK9F;= <= D9 :AG<AN=JKAL] <M -+/M

=KL DGAF <f^LJ= ;GEHD\L= ;9J HDMKA=MJK =F<JGALK FGF =F;GJ= :A=F =PHDGJ]K
 KMJLGML <=K ?9D=JA=K

>GJ=KLA\J=K�=F�:GJ<MJ=�<=�D9�JANA\J=�/MNM:M
�J=F>=JE=J9A=FL�<=K�=KH\;=K�FGF�=F;GJ=�J]H=JLGJA]=K�

 GFKLALMLAGF�<=K�J]>]J=F;=K�kGJAKLA;G���H@QKAGFGEAIM=�=L�<=F<JGE]LJAIM=�HGMJ���

��



�.,96* 
 � �.&,6&11* 46A7*28&28 0*7 *D*(8.+7 )*7 40&28*7 )9 �� 9 6*(3229*7 )&27 0&

46A7*28*�A89)*�(314&6&8.:*1*28�&9<�.2:*28&.6*7�6A&0.7A7�4&6��&7-&6&'9�*8 al. ����

 GF;=JF9FL D9 JA;@=KK= KH];AjIM=
 D9 <GEAF9F;= <=K >9EADD=K <=K #9:9;=9= <=K �KL=J9;=9= =L <=K

- G9;=9= ;GJJG:GJ= D=K J]KMDL9LK <= *9K@9J9:M ���� =L *9K@9J9:M et al � ���� =L ;=MP <= 1JGMHAF

���� KMJ D9 kGJ= <M -+ <= Df�C9?=J9 �1 9:D� ��� )9 JA;@=KK= KH];AjIM= <= ;=K >9EADD=K 9 ]L] KA?F9D]=

<9FK HDMKA=MJK ]LM<=K <= D9 kGJ= <M �MJMF<A ���� =L <9FK D=K B9;@\J=K <M �MJMF<A ���� )= KM;;\K <=

;=K >9EADD=K J=D\N= <= D=MJ <AKLJA:MLAGF ;GKEGHGDAL= ��� ��� =L <= D=MJ ?J9F<= HD9KLA;AL] ];GDG?AIM=

������)=MJ�<GEAF9F;=�<9FK�D=K�K9N9F=K�HJGKH=;L]=K�LJ9<MAL�D9�H=JLMJ:9LAGF�<=�;=K�<=JFA\J=K�����

" &'0*&9 � � � &1.00*7 0*7 4097 6.(-*7 )9 � &6( �&8.32&0 )* 0&  9:9'9 *8 )9 � &6( �&8.32&0 )*

0C�/&,*6&

#9EADD=K -+/M -+��C9?=J9

-J]K=FL=�]LM<= *9K@9J9:M����� *9K@9J9:M�=L al. ������ 1JGMHAF�������

#9:9;=9= �� �� �� ��

�KL=J9;=9= �� �� �� ��

- G9;=9= �� �� �� ��
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1=F9FL ;GEHL= <= D9 HJ]K=F;= <=K =KH\;=K
 D=K J]KMDL9LK <= D9 HJ]K=FL= ]LM<= EGFLJ=FL <=K N9D=MJK

<= DfAF<A;= <= KAEAD9JAL] <= 0GJ=FK=F N9JA9FL =FLJ= �
�� =L �
��
 KGAL �� =L ���� ,J <=MP KAL=K KGFL

;GFKA<]J]K ;GEE= KAEAD9AJ=K DGJKIM= D9 N9D=MJ <= ;=L AF<A;= =KL KMH]JA=MJ= Y �� � ����� )=K >9A:D=K

N9D=MJK �LGML=K � Y �� �� LJGMN]=K 9M -+/M L]EGA?F=FL <= D9 ?J9F<= N9JA9:ADAL] kGJAKLAIM= ����

=L <= D9 EGAF<J= KAEAD9JAL] <9FK D9 ;GEHGKALAGF <=K =KH\;=K <= ;=K @9:AL9LK ���� +]9FEGAFK
 D=

J=?JGMH=E=FL @A]J9J;@AIM=
 L=F9FL ;GEHL= <M J=;GMNJ=E=FL J=D9LA> <=K =KH\;=K
 9 EAK =F ]NA<=F;=

<=K ?JGMH=K <f@9:AL9LK <GEAF]K <9FK D9 HDMH9JL <=K ;9K H9J D=K E^E=K =KH\;=K� -9J 9ADD=MJK
 D9

<AKK=E:D9F;= LJ\K HJGFGF;]=
 L=DD= IM= KGMDA?F]= 9M <]:ML <= ;= H9J9?J9H@= Kf9LL]FM= IM=DIM=

H=M =FLJ= D=K @9:AL9LK K=DGF IMfADK K= J=LJGMN=FL KGAL <9FK D9 E^E= LJ9F;@= <f9DLALM<= GM <9FK D=K

E^E=K�;GF<ALAGFK�@Q<JGDG?AIM=K�GM�H]<GDG?AIM=K�

 =H=F<9FL
 D= J9HHJG;@=E=FL G:K=JN] =FLJ= IM=DIM=K K9N9F=K =L D=K ?9D=JA=K >GJ=KLA\J=K J=k\L= D9

<]?J9<9LAGF <= ;=K <=JFA\J=K <9FK D=KIM=DD=K K= <]N=DGHH= MF DGL <=K =KH\;=K LQHAIM=K <= K9N9F=K�

 =LL= KALM9LAGF K=J9AL DA]= 9MP >=MP <= :JGMKK=
 KMJLGML L9J<A>K
 IM= KM:AKK=FL D= -+/M 9FFM=DD=E=FL

=L ;GFKLALM9FL K9 HJAF;AH9D= HJ=KKAGF
 EG<Aj9FL HJG?J=KKAN=E=FL D9 ;GEHGKALAGF kGJAKLAIM= =L D9

KLJM;LMJ= <=K ?9D=JA=K >GJ=KLA\J=K ����� "?9D=E=FL
 ;=JL9AF=K =KH\;=K ;GEEMF=K 9MP <Ai]J=FLK LQH=K

<f@9:AL9LK K=J9A=FL FGF =PA?=9FL=K =L Kf9<9HL=J9A=FL FGF K=MD=E=FL 9MP =i=LK <=K >=MP <= :JGMKK=


E9AK 9MKKA Y <f9MLJ=K ;GF<ALAGFK ];GDG?AIM=K �@MEA<AL]
 KGD
 =L;�� �����  =K <Ai]J=FLK J]KMDL9LK

;GFjJE=FL D9 HJ=EA\J= @QHGL@\K= KLAHMD9FL IM= D= -+/M J=F>=JE= MF= kGJ=
 JA;@= =L N9JA9FL K=DGF

D=K�LQH=K�<f@9:AL9LK
�<GEAF]=�H9J�D=K�>9EADD=K�;GKEGHGDAL=K�J=k]L9FL�D9�<]?J9<9LAGF�<=�;=�EADA=M�

)9 J]H9JLALAGF <=K =KH\;=K =F >GJE= :AGDG?AIM= <=K @9:AL9LK <M -+/M <Ai\J= K=DGF D=MJK KL9<=K

]NGDMLA>K =L D9 N9JA9:ADAL] <=K ;GF<ALAGFK ];GDG?AIM=K� )=K H@9F]JGH@QL=K =L D=K ;@9E]H@QL=K KGFL

:A=F J=HJ]K=FL]=K <9FK D=K <Ai]J=FLK LQH=K <f@9:AL9LK <= ;= H9J;� != E^E=
 D9 HJGHGJLAGF <=K

H@9F]JGH@QL=K Kf=PHDAIM= FGF K=MD=E=FL H9J D9 HJ]K=F;= <f9J:J=K =L <f9J:MKL=K <= K9N9F= <GL]K

<= <AKHGKALA>K
 L=D IM= Df];GJ;= HDMK ]H9AKK=
 D=MJ H=JE=LL9FL <= J]KAKL=J 9M H9KK9?= <=K >=MP ����

��� E9AK 9MKKA H9J D=MJ ;9H9;AL] <= K= J]?]F]J=J H9J J=B=L <= KGM;@=K 9HJ\K D= >=M ����� "F GMLJ=


D=K L@]JGH@QL=K 9LL=A?F=FL <=K HJGHGJLAGFK D=K HDMK ]D=N]=K <9FK D=K K9N9F=K =L D=K :GKIM=LK�  =K

J]KMDL9LK�;GJJG:GJ=FL�;=MP�<=�1JGMHAF�����
��9F?AJAF9E9�=L al ������=L�*9K@9J9:M�=L al. �����

 =K L@]JGH@QL=K <9FK D=K K9N9F=K J=k\L=FL Df9FL@JGHAK9LAGF ��� KMJLGML DA]= 9MP >=MP <= :JGMKK=

L9J<A> �����  =H=F<9FL
 =F ;GFKA<]J9FL D= J=;GMNJ=E=FL J=D9LA> <=K =KH\;=K <M -+/M
 D=K L=F<9F;=K

;@9F?=FL� )=K K9N9F=K KGFL <GEAF]=K H9J D=K @]EA;JQHLGH@QL=K =L D=K H@9F]JGH@QL=K� )f9:GF<9F;=

J=D9LAN= <=K @]EA;JQHLGH@QL=K
 LJ9<MAK9FL D= ;9J9;L\J= K9N9FA;GD=
 =KL <M= Y DfAEHGJL9F;= <=K

Poaceae <9FK D=K K9N9F=K
 =FLJ=L=FM= H9J D= H9KK9?= J]?MDA=J <=K >=MP ��� ;9J ADK AFkM=F;=FL

;GFKA<]J9:D=E=FL D9 ;GEHGKALAGF =L D9 KLJM;LMJ= <= D9 :AG<AN=JKAL] <9FK ;=K ];GKQKL\E=K K9N9FA;GD=K

�����

�M HGAFL <= NM= H@QLG?]G?J9H@AIM=
 D9 HJ]<GEAF9F;= <=K =KH\;=K D9J?=E=FL J]H9F<M=K 9 ]L]

<]EGFLJ]=�  =K J]KMDL9LK Kf9;;GJ<=FL 9N=; ;=MP IMA GFL ]L] HM:DA]K H9J *9K@9J9:M et al. ����� &DK

AF<AIM=FL MF= HJGHGJLAGF ]D=N]= <f=KH\;=K D9J?=E=FL <AKLJA:M]=K LJ9<MAK9FL DfGMN=JLMJ= <= D9 kGJ=

9MP AFkM=F;=K =PL]JA=MJ=K� -9J 9ADD=MJK
 ;=D9 ;GJJ=KHGF< :A=F Y D9 HJ]HGF<]J9F;= <= D9 <QF9EAIM=

J]?J=KKAN= L=DD= IM= KGMDA?F]= ;A�@9ML� "F =i=L
 MF= >GJL= HJGHGJLAGF <f=KH\;=K Y D9J?= <AKLJA:MLAGF

H=ML ^LJ= MF AF<A;= <= <]?J9<9LAGF ;9J D9 kGJ= H=J< K9 L=JJALGJA9DAL] ���� =L LJ9<MAJ= MF ;=JL9AF <=?J]

<f9DL]J9LAGF <= D9 kGJ= DG;9D= ���� )f=P9E=F <=K J]KMDL9LK <= D9 HJ]K=FL= ]LM<= D9AKK= ]?9D=E=FL

HJ]N9DGAJ�MF=�AFL=JH]F]LJ9LAGF�<=K�<GE9AF=K�R9E:]RA=F�=L�GJA=FL9D=�<9FK�D=�-+/M�

 =H=F<9FL
 <9FK D= ;=FLJ= <f=F<]EAKE= R9E:]RA=F
 DfMFAL] <= N]?]L9LAGF D9 HDMK D9J?=E=FL

 GFKLALMLAGF�<=K�J]>]J=F;=K�kGJAKLA;G���H@QKAGFGEAIM=�=L�<=F<JGE]LJAIM=�HGMJ���

��



J]H9F<M= =KL SD9 >GJ^L ;D9AJ= R9E:]RA=FF= <= LQH= *AGE:GW ����� )= >9AL IM= <=K 9J:J=K <=K ?=FJ=K

Julbernardia =L <=K Brachystegia ;9J9;L]JAKLAIM=K <M *AGE:G
 ���� FfGFL H9K ]L] J=;=FK]K <9FK

D9 HJ]K=FL= ]LM<= ;GJJG:GJ= D9 ;GF;DMKAGF <= *9K@9J9:M ���� =L D=K J=;@=J;@=K KMJ D=K L=JJALGAJ=K

H@QLG?]G?J9H@AIM=K <M �MJMF<A KMJ :9K= <= D9 ;9JL= <= 4@AL= ����
 IMA HD9;=FL D= -+/M <9FK D=

<GE9AF= GJA=FL9D
 EGK9`IM= J]?AGF9D= <M )9; 3A;LGJA9� )=K J]KMDL9LK KMJ D=K KH=;LJ=K ];GDG?AIM=K <=K

LQH=K :AGDG?AIM=K =L <=K ]D]E=FLK H@QLG?]G?J9H@AIM=K ;GFjJE=FL D9 <=MPA\E= @QHGL@\K= KLAHMD9FL

IM=�;=K�<=MP�KH=;LJ=K�;9J9;L]JAK=FL�MF�EADA=M�<]?J9<]�KGMEAK�Y�<=K�AFkM=F;=K�=PL]JA=MJ=K�

�M HGAFL <= NM= H@QKAGFGEAIM=
 D=K K9N9F=K 9J:GJ=K;=FL=K =L :GAK]=K <M -+/M KGFL <]HGMJNM=K <=

KLJ9L=K 9J:GJ=K;=FL=K Y ?J9F<K GM LJ\K ?J9F<K 9J:J=K�  =D9 =KL <c Y <=K >=MP <= :JGMKK=K 9FFM=DK IM=

KM:AKK=FL ;= H9J; IMA J]<MAK=FL D9 KLJ9L= 9J:GJ]= ��� ����  =K >=MP ;GFLJA:M=FL <9FK D9 <]?J9<9LAGF

<=K KGDK =L J9D=FLAKK=FL D9 ;JGAKK9F;= <=K 9J:J=K =F <A9E\LJ= =L =F @9ML=MJ ��<B9FG@GMF
 ���� ;AL]

H9J ���� )= J=;GMNJ=E=FL <=K KLJ9L=K 9J:MKLAN= =L 9J:GJ=K;=FL= N9JA= <= �� Y ��� <=K KMJ>9;=K <=K

HD9;=9MP
 =P;=HL] ;=MP IMA GFL ]L] AFKL9DD]K <9FK D=K K9N9F=K :GAK]=K =L D=K >GJ^LK ;D9AJ=K� 0=DGF.

"D<JA<?= =Lal. ����
 D9 >J]IM=F;= ]D=N]= <=K AF;=F<A=K LQHAIM= <= D9 K9N9F= E9AFLA=FL D9 ;9FGH]=

<9FK MF ]L9L GMN=JL >9NGJAK9FL 9AFKA D=K @=J:=K @9ML=E=FL AFk9EE9:D=K� )=K N9D=MJK <= D9 KMJ>9;=

L=JJA\J= J=D9LAN=K 9MP K9N9F=K NGFL <M EAFAEME <= �
�� E� 
@9 HGMJ D=K K9N9F=K @=J:=MK=K 9M

E9PAEME�<=���
���E � 
@9�HGMJ�D=K�K9N9F=K�:GAK]=K�

!9FK <=K >GJE9LAGFK N]?]L9D=K <fMF H9QK9?= HJGL]?] =F RGF= H]JAMJ:9AF= <= D9 NADD= <= )M:ME:9K@A

=F /! 
 2K=FA 0ACMR9FAet al. ���� KA?F9D=FL MF= KMJ>9;= L=JJA\J= <= �
� U �
� E � 
@9 HGMJ D9

K9N9F= :GAK]=� 0=DGF *9D9AKK= ����
 D=K KMJ>9;=K L=JJA\J= ;GEHJAK= =FLJ= � =L � E� 
@9 ;9J9;L]JAK=FL

D=K K9N9F=K 9J:MKLAN=K =L 9J:GJ=K;=FL=K =L ;=DD=K <= � =L �� E� 
@9 ;GJJ=KHGF<=FL Y <=K K9N9F=K

:GAK]=K�  =K N9D=MJK KGFL ?DG:9D=E=FL AF>]JA=MJ=K Y ;=DD=K IM= FGMK 9NGFK AF<AIM]=K HGMJ D= -+/M

�1 9:D�����

 =K <Ai]J=F;=K KGFL HJG:9:D=E=FL =F J9HHGJL 9N=; DfAFL=FKAL] =L D9 >J]IM=F;= <=K >=MP 9HHDAIM]K

<9FK ;=K L=JJALGAJ=K =L <9FK MF= EGAF<J= E=KMJ= D=K ;GMH=K ADDA;AL=K <=K 9J:J=K� !9FK D=K ?9D=JA=K

>GJ=KLA\J=K
 D=K >GJ^LK ;D9AJ=K
 D= >GMJJ] =L D=K :GKIM=LK
 � KLJ9L=K GFL ]L] <]FGE:J]K 9N=; MF= KLJ9L=

9J:GJ=K;=FL= KMH]JA=MJ= ��� � �� E� H=M <=FK=
 D=K KMJ>9;=K L=JJA\J=K ]L9FL ;GEHJAK=K =FLJ= ��
��

=L ��
�� E � 
@9�  =D9 J9HH=DD= D9 KQFL@\K= ]L9:DA= H9J *9D9AKK= ���� IMA ;9J9;L]JAK= D=K >GJ^LK ;D9AJ=K

H9J D=K N9D=MJK <= D9 KMJ>9;= L=JJA\J= ;GEHJAK= =FLJ= �� =L �� E� 
@9�  =K J]KMDL9LK ;GFjJE=FL

D9 LJGAKA\E= @QHGL@\K= IMA KLAHMD= IM= D=K @9:AL9LK <M -+/M KGFL ;9J9;L]JAK]K H9J D=K LQH=K <=

N]?]L9LAGFK�HDMK�GM�EGAFK�:9KK=K�=L�GMN=JL=K
�>GJL=E=FL�AFkM=F;]=K�H9J�D=K�>=MP�<=�:JGMKK=�

!9FK Df=FK=E:D=
 E9D?J] D=K 9<9HL9LAGFK HQJGH@QLAIM=K ;GFjJE]=K HGMJ D=K HD9FL=K DA?F=MK=K

<GEAF9FL=K E=FLAGFF]=K 9M H9J9?J9H@= HJ];]<=FL
 D9 <QF9EAIM= J]?J=KKAN= =KL HJ]HGF<]J9FL=� "F

=i=L
 D=K K9N9F=K KGFL KGMEAK=K 9MP >=MP <= :JGMKK= L9J<A>K 9Q9FL <=K =i=LK =PLJ^E=E=FL F]>9KL=K

KMJ D=MJ N]?]L9LAGF�  =K >=MP L9J<A>K ?^F=FL D9 ;JGAKK9F;= <=K DA?F=MP =L =FLJ9AF=FL D=MJ EGJL =F D=K

:JcD9FL LGL9D=E=FL BMKIM�9M >=MADD9?= GM =F ;@9Mi9FL KMlK9EE=FL D9 :9K= <=K LJGF;K
 =F <]LJMAK9FL

D= J]K=9M <�9HHJGNAKAGFF=E=FL <= D9 H9JLA= KMH]JA=MJ= ���� =L =F AFkM=F[9FL 9AFKA D9 <]EG?J9H@A=

<=K 9J:J=K <= K9N9F= ����  =D9 >9NGJAK= Df9HH9JALAGF <= FGMN=DD=K =KH\;=K L@]JGH@QLAIM=K
 HJGNGIM=

D9�J]?J=KKAGF�<=K�H@9F]JGH@QL=K�=L�?]GH@QL=K�=L�DAEAL=FL�<=�;=�>9AL�D=�J=LGMJ�N=JK�D=�;DAE9P������

)=K JM<=K ;GF<ALAGFK ];GDG?AIM=K
 FGL9EE=FL KIM=D=LLAIM=
 JG;9ADD=MP GM JG;@=MP
 9KKG;A]=K 9M

H9KK9?= 9FFM=D <=K >=MP >9NGJAK=FL D= <]N=DGHH=E=FL <=K K9N9F=K 9J:MKLAN=K =L @=J:=MK=K ��� =L

=FLJ9N=FL D9 EAK= =F HD9;= <= D9 >GJ^L ��� �� � ���� 0MJ <=K KGDK J=D9LAN=E=FL HJG>GF<K
 D=K K9N9F=K
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;GEHGJL=FL LJGAK KLJ9L=K
 <=K DA?F=MP HDMK GM EGAFK <=FK=
 <GFL J]KMDL=FL <=K KMJ>9;=K L=JJA\J=K HDMK

GM EGAFK ]D=N]=K� -9J 9ADD=MJK
 D9 H=JKAKL9F;= <=K >=MP <= :JGMKK=K 9FFM=DK 9AFKA IM= <f9MLJ=K 9;LAGFK

9FL@JGHAIM=K G:K=JN]=K ;GF<MAJ9A=FL Y MF= J]<M;LAGF HJG?J=KKAN= <=K KLJ9L=K =L <M J=;GMNJ=E=FL

<= D=MJK ;GEHGK9FLK DA?F=MP ��� ���
 KA?F= <fMF= ]NGDMLAGF J]?J=KKAN= ����� )9 LJ9FKALAGF <M B=MF=

9J:J= Y D�9<MDL= GM <= D9 K9N9F= Y D9 >GJ^L F];=KKAL= <=K AFL=JN9DD=K K9FK >=M AF@9:ALM=DD=E=FL

DGF?K
 L9F<AK IM= D=K LJ9FKALAGFK AFN=JK=K KGFL >9NGJAK]=K H9J MF= K];@=J=KK= HJGDGF?]= DGJKIM= D=K

AF;=F<A=K <= K9N9F= KGFL KMlK9EE=FL AFL=FK=K HGMJ HJGNGIM=J MF= <=KLJM;LAGF AEHGJL9FL= <=K

9J:J=K�9<MDL=K�=L�DGJKIM=�D9�>GJ^L�FGF�H=JLMJ:]=�<=NA=FL�AFk9EE9:D=������

0GMK HJGL=;LAGFK KLJA;L=
 =DD=K ]NGDM=J9A=FL =F K9N9F=K :GAK]=K <9FK D=KIM=DD=K D=K HJ];MJK=MJK

<= >GJ^L ;D9AJ= <M ?=FJ=Uapaca KfAFKL9DD=J9A=FL�  =K <=JFA=JK jFAJ9A=FL H9J <GEAF=J D=K =KH\;=K

<= K9N9F=K
 ?]F]J9D=E=FL @]DAGH@AD=K Y ;GMJL= <MJ]= <= NA= �IM=DIM=K <AR9AF=K <f9FF]=K� ����


IMA <AKH9J9ALJ9A=FL HJG?J=KKAN=E=FL� "F =i=L
 D9 KMHHJ=KKAGF <=K >=MP <9FK D=K K9N9F=K =F?=F<J=

Df=PH9FKAGF <=K J]?AGFK :GAK]=K ��� =L ;GF<MAL Y D9 HJG?J=KKAGF <�MF= N]?]L9LAGF >GJ=KLA\J= ���� �A=F

IM= D=K ?9D=JA=K >GJ=KLA\J=K
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