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1  | INTRODUC TION

$_; _�ro|_;vbv o= 1olr;|b|b�; bm|u-mvb|b�b|� Ő�bѴrbmķ ƐƖƕƔő _-v u;Ŋ
]-bm;7 -||;m|bom -lom] ;1oѴo]bv|v -v m;� ;lrbub1-Ѵ -rruo-1_;v 
Ő"oѴb�;u;v ;| -Ѵĺķ ƑƏƐƐĸ ,_-m] ş �-l0ķ ƑƏƐƑő -m7 -m-Ѵ�|b1-Ѵ |ooѴv 
Ő!of-vŊ�1_;mbt�; ş �ѴѴ;vbm-ķ ƑƏƐƐĸ &Ѵub1_ķ "oѴb�;u;vķ �u�v�;�vhbķ 
�-;v|u;ķ ş �o|;ѴѴbķ ƑƏƐƓő _-�; u;�;-Ѵ;7 1olrѴ;� 1olr;|b|b�; bm|;uŊ
-1|bomv bm l�Ѵ|bŊvr;1b;v ;1oѴo]b1-Ѵ 1oll�mb|b;v Ő�ѴѴ;vbm- ş �;�bm;ķ 
ƑƏƐƐĸ �m];Ѵ ş );|�bmķ ƑƏƏѶĸ �-ѴѴb;mķ ƑƏƐƕőĺ �;u;ķ bm|u-mvb|b�b|� u;Ŋ
=;uv |o Ѵoorv bm |_; _b;u-u1_� o= 1olr;|b|b�; bm|;u-1|bomv bm �_b1_ 
vr;1b;v � bv v�r;ubou |o vr;1b;v �ķ � bv v�r;ubou |o � -m7 � bv v�r;ubou 
|o �ĺ $_�vķ bm|u-mvb|b�; 1olr;|b|bom m;|�ouhv Ő���ő bm�oѴ�; - lbmbŊ
l�l o= |_u;; rѴ-�;uvķ -Ѵ|_o�]_ |_;� 1-m o11�u bm |�oŊvr;1b;v 1olŊ
l�mb|b;v b= |_; 1olr;|b|b�; _b;u-u1_� bv |;lrou-ѴѴ� �mv|-0Ѵ; Ő,_-m] 
ş �-l0ķ ƑƏƐƑőĺ

$_;ou;|b1-Ѵ -m-Ѵ�v;v 0� !of-vŊ�1_;mbt�; -m7 �ѴѴ;vbm- ŐƑƏƐƐő -m7 
vbl�Ѵ-|bom v|�7b;v 0� &Ѵub1_ķ �-0o|ķ -m7 �o|;ѴѴb ŐƑƏƐƕő _-�; v_o�m 
|_-| 1olr;|b|b�; bm|u-mvb|b�b|� 1-m ruolo|; |_; 1o;�bv|;m1; o= 1olŊ
r;|b|ouv -m7 bvķ |_�vķ - 1-m7b7-|; l;1_-mbvl =ou |_; l-bm|;m-m1; o= 
_b]_ Ѵo1-Ѵ ŐαŊő7b�;uvb|� Ő�-bu7 ş "1_-lrķ ƑƏƏѵőĺ 
ou ;�-lrѴ;ķ bm ]Ѵo0-Ѵ 
7u�Ѵ-m7v Ő�-;v|u; ;| -Ѵĺķ ƑƏƐƑő -m7 |;lr;u-|; ]u-vvѴ-m7 1oll�mbŊ
|b;v Ő"oѴb�;u;v ;| -Ѵĺķ ƑƏƐƔőķ |_; 7;]u;; o= bm|u-mvb|b�b|� bv rovb|b�;Ѵ� 
1ouu;Ѵ-|;7 �b|_ vr;1b;v ub1_m;vvĺ 
-u Ѵ;vv hmo�m bv |_; ro|;m|b-Ѵ 
blr-1| o= bm|u-mvb|b�b|� om |_; �-ub-0bѴb|� bm vr;1b;v 1olrovb|bom 
-lom] Ѵo1-Ѵ 1oll�mb|b;vķ |_-| bvķ om |_; 7;]u;; o= vr;1b;v |�umo�;u 
ŐβŊ7b�;uvb|�őĺ !;1;m| -m-Ѵ�v;v o= ;1oѴo]b1-Ѵ 7ub=| lo7;Ѵv Ő&Ѵub1_ ;| -Ѵĺķ 
ƑƏƐƕő _-�; v_o�m |_-| bm|u-mvb|b�; 1olr;|b|bom lb]_| ;b|_;u 7;Ŋ
1u;-v; Őbm 7bvr;uv-Ѵ Ѵblb|;7 1oll�mb|b;vő ou bm1u;-v; Ő_b]_ 7bvr;uv-Ѵő 
vr;1b;v |�umo�;u 1olr-u;7 �b|_ - vblrѴ; m;�|u-Ѵ lo7;Ѵĺ $_; omѴ� 
r�0Ѵbv_;7 ;lrbub1-Ѵ v|�7� Ő&Ѵub1_ ;| -Ѵĺķ ƑƏƐѵő u;rou|;7 - rovb|b�; 
1ouu;Ѵ-|bom o= vr-|b-Ѵ vr;1b;v |�umo�;u -m7 1olr;|b|b�; bm|u-mvb|b�b|� 
bm ;-uѴ� rѴ-m| v�11;vvbomĺ

�-v;7 om |_; l;|_o7oѴo]b1-Ѵ =u-l;�ouh o= &Ѵub1_ ;| -Ѵĺ ŐƑƏƐƓőķ 
"oѴb�;u;v ;| -Ѵĺ ŐƑƏƐƔő -m7 &Ѵub1_ ;| -Ѵĺ ŐƑƏƐѵő 7;lomv|u-|;7 |_-| 
���v o= �-v1�Ѵ-u rѴ-m| 1oll�mb|b;v -u; lou; 1ollom |_-m ru;�bŊ
o�vѴ� u;rou|;7 Ő�-ѴѴb;mķ ƑƏƐƕĸ �u-1;ķ ��m|;mvr;u];mķ ş �;o�]_ķ 
ƐƖƖƒĸ �;77� ş "_brѴ;�ķ ƐƖѶƖő -m7 1om=bul;7 - rovb|b�; 1ouu;Ѵ-|bom 
0;|�;;m vr;1b;v ub1_m;vv -m7 |_; =u;t�;m1� o= ���vĺ $_bv �ouh -m7 
rubou v|�7b;v 0� 
u;1hѴ;|omķ )-|hbmvomķ 	o�Ѵbm]ķ -m7 �;� ŐƑƏƏƏőķ 
��bvl-mķ �o_-mvvomķ 
oѴl;uķ -m7 );bvvbm] ŐƑƏƏƐő -m7 �ѴѴ;vbm- -m7 
�;�bm; ŐƑƏƐƐő -Ѵvo bm7b1-|;7 |_-| |_; v|u�1|�u; o= ���v bm Ѵo1-Ѵ rѴ-m| 
1oll�mb|b;v lb]_| �-u� �b|_ 1_-m]bm] ;m�buoml;m|-Ѵ 1_-u-1|;ubvŊ
|b1vĺ 
ou bmv|-m1;ķ "oѴb�;u;v ;| -Ѵĺ ŐƑƏƐƔő =o�m7 |_-| -m|_uoro];mb1 
ru;vv�u; bm=Ѵ�;m1;7 u;Ѵ-|b�; 1olr;|b|b�; v|u;m]|_ķ &Ѵub1_ ;| -Ѵĺ 
ŐƑƏƐѵő u;rou|;7 1_-m];v bm 1olr;|b|b�; m;|�ouh v|u�1|�u; -Ѵom] 

v�11;vvbom-Ѵ ]u-7b;m|vķ -m7 ��bvl-m ;| -Ѵĺ ŐƑƏƏƐő v�]];v|;7 |_-| ;mŊ
�buoml;m|-Ѵ _;|;uo];m;b|� bv -m blrou|-m| =-1|ou l-bm|-bmbm] 1olŊ
r;|b|b�; bm|u-mvb|b�b|�ĺ

�;�;u|_;Ѵ;vvķ 
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v|�7� vb|;v -v 1o�-ub-|; bm |_;v; -m-Ѵ�v;v Ő	u-�ķ �;];m7u;ķ ş �;u;vŊ
�;|oķ ƑƏƏѵőĺ $_bv �( 1o�;uv bm=oul-|bom om |_; 0uo-7 ];o]u-r_b1-Ѵ 
v|u�1|�u; o= |_; v|�7� vb|;v -m7 ;�rѴ-bmv ƖƓѷ o= �-ub-m1;ĺ ); |;v|;7 
|_; ;m�buoml;m|-Ѵ _�ro|_;v;v �b|_ - vblbѴ-u -rruo-1_ -m7 �v;7 -�;uŊ
-]; �-Ѵ�;v o= �ou]ķ �totalķ 	"!ķ ��e -m7 r�ķ -v �;ѴѴ -v |_; u;vr;1|b�; 
�( -v ru;7b1|ouv o= vr;1b;v ub1_m;vv -m7 1olr;|b|b�; v|u�1|�u; bm ];mŊ
;u-Ѵ Ѵbm;-u lo7;ѴѴbm]ķ -m7 -]-bm �( -v 1o�-ub-|;vĺ 	"! -m7 ��e entered 
|_; lo7;Ѵ -v Ѵo]Ŋ
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); =o�m7 omѴ� ƐƔ 1oll�mb|b;v ŐƐƕĺƖѷő �b|_ - r;u=;1| 1olr;|b|b�; 
_b;u-u1_�ķ lov| o= |_;l _-�bm] Ѵo� αŊ -m7 βŊ7b�;uvb|� Ő
b]�u; Ɛ-ķ0őĺ 
�o�;�;uķ bm bm|u-mvb|b�; 1oll�mb|b;vķ τ� vb]mb=b1-m|Ѵ� bm1u;-v;7 �b|_ 
bm1u;-vbm] -�;u-]; rѴo| αŊ -m7 vb|; βŊ7b�;uvb|� Ő
b]�u; Ɛ7ķ;ķ $-0Ѵ; Ɛőķ 
�_bѴ; τ� �-v �m1ouu;Ѵ-|;7 �b|_ αŊ -m7 vb|; βŊ7b�;uvb|� Ő$-0Ѵ; "ƒ-ķ0ķ 

b]�u; "ƒ1őĺ ��;u-]; vobѴ 1_-u-1|;ubv|b1v �;u; mo| u;Ѵ-|;7 |o τ�
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); =�u|_;u 1olr-u;7 |_; ;v|bl-|;7 1olr;|b|bom 1o;==b1b;m|v 
�b|_ -vvo1b-|;7 r-bu�bv; 7bvvblbѴ-ub|b;v bm =�m1|bom-Ѵ |u-b| -m7 ;mŊ
�buoml;m|-Ѵ mb1_; vr-1; Ő
b]�u; ƒőĺ �m�buoml;m|-Ѵ mb1_;v 7b==;u;7 
lov| -| -m bm|;ul;7b-|; 7;]u;; o= 1olr;|b|b�; v�r;uboub|� Ő
b]�u; ƒķ 

b]�u; "ƒ_őĺ �b]_ 1olr;|b|b�; v�r;uboub|�ķ 0�| -Ѵvo vblbѴ-u 1olr;|Ŋ
b|b�; v|u;m]|_ķ �-vķ om -�;u-];ķ -vvo1b-|;7 �b|_ u;Ѵ-|b�;Ѵ� _b]_ ;mŊ
�buoml;m|-Ѵ vblbѴ-ub|� Ő
b]�u; ƒ-ķ 
b]�u; "ƒ_őĺ �m |�umķ 7b==;u;m1;v 
bm u;vo�u1; 7;l-m7v |;m7;7 |o 0; _b]_;v| =ou vr;1b;v r-buv �b|_ 
l-uh;7 7b==;u;m1;v bm 1olr;|b|b�; v|u;m]|_ Ő
b]�u; ƒ0ķ 
b]�u; "ƒ_őĺ 
"r;1b;v r-buv �b|_ ;t�-Ѵ 1olr;|b|b�; v|u;m]|_ �;u;ķ om -�;u-];ķ -Ѵvo 
vblbѴ-u bm u;vo�u1; 7;l-m7ĺ $_;v; u;v�Ѵ|v �;u; bm7;r;m7;m| o= 7b=Ŋ
=;u;m1;v bm Ѵo1-Ѵ o11�uu;m1;Ĺ - ];m;u-Ѵ Ѵbm;-u lo7;Ѵ |_-| bm1Ѵ�7;7 |_; 
m�l0;uv o= o11�uu;m1;v o= 0o|_ vr;1b;v -v 1o�-ub-|;v -Ѵvo u;|�um;7 
- _b]_Ѵ� vb]mb=b1-m| ;==;1| =ou 1olr;|b|b�; v|u;m]|_ ŐFѶķѶƔƏѵ Ʒ ƓĺƓķ 
p ƺ ĺƏƏƏƐķ 7-|- mo| v_o�mőĺ

�-bu�bv; 7bvvblbѴ-ub|� bm lour_oѴo]b1-Ѵ -m7 u;ruo7�1|b�; |u-b| 
vr-1; �-v m;]-|b�;Ѵ� 1ouu;Ѵ-|;7 �b|_ |_; 7b==;u;m1; bm 1olr;|bŊ
|b�; v|u;m]|_ Ő
b]�u; ƒ1ķ7ķ 
b]�u; "ƒ_őĺ �uu;vr;1|b�; o= |u-b| |�r; 
Őlour_oѴo]� -m7 u;ruo7�1|bomőķ _b]_ 1olr;|b|b�; v�r;uboub|� �-v 
-vvo1b-|;7 �b|_ 7bvvblbѴ-ub|� bm |u-b| vr-1;ĺ )b|_ u;vr;1| |o louŊ
r_oѴo]�ķ 0�| mo| |o "�ķ |_bv u;v�Ѵ| �-v -]-bm bm7;r;m7;m| o= vr;1b;v 
o11�uu;m1;v Őlour_oѴo]�Ĺ FѶķѶƔƏѵ Ʒ ƔĺƖķ p ƺ ĺƏƏƏƐķ "�Ĺ FѶķѶƔƏѵ Ʒ ƐĺѶķ 
p ƻ ĺƏƔķ 7-|- mo| v_o�mőĺ

4  | DISCUSSION

4.1 | Environmental triggers of competitive 
intransitivity

��u bmb|b-Ѵ _�ro|_;vbv ru;7b1|;7 |_-| �-ub-0bѴb|� bm vobѴ 1_-u-1|;ubv|b1v 
v_o�Ѵ7 7;1u;-v; -�;u-]; 1olr;|b|b�; v|u;m]|_ķ �_b1_ blrѴb;v |_-| 
_b]_Ѵ� �-ub-0Ѵ; ou 7bv|�u0;7 _-0b|-|v v_o�Ѵ7 _-u0o�u rѴ-m| 1oll�Ŋ
mb|b;v Ѵ;vv v|u�1|�u;7 0� 1olr;|b|b�; bm|;u-1|bomv -m7 ]o�;um;7 0� 
bm|u-mvb|b�; 1olr;|b|b�; Ѵoorvĺ $_;u;=ou;ķ �; Ѵbmh;7 vr;1b=b1 _-0b|-| 
=bѴ|;u u;]bl;v �b|_ v�0v;t�;m| 1olr;|b|b�; v|u�1|�u;v -v ru;7b1|;7 
0� |_; _b;u-u1_b1-Ѵ 1om1;r| o= =bѴ|;ubm] =ou vr;1b;v =�m1|bom-Ѵ |u-b|v 
Ő7; �;ѴѴo ;| -Ѵĺķ ƑƏƐƒĸ �ubl;ķ ƑƏƏѵőĺ �m7;;7ķ - u;1;m| v|�7� o= -Ѵrbm; 
rѴ-m| 1oll�mb|� -vv;l0Ѵ� Ő$-h-_-v_b ş $-m-h-ķ ƑƏƐѵő =o�m7 r-uŊ
|b1�Ѵ-uѴ� rѴ-m| _;b]_| -m7 vr;1b=b1 Ѵ;-= -u;- |o 0; =bѴ|;u;7 =ou -m7 |o 
7;1u;-v; �b|_ bm1u;-vbm] ;Ѵ;�-|bom -m7 r�ĺ ��u v|�7� bv bm Ѵbm; �b|_ 
|_;v; ru;7b1|bomv Ő$-0Ѵ; ƒőķ -m7 o�u -m-Ѵ�v;v u;�;-Ѵ;7 |_-| 7bvvblbŊ
Ѵ-ub|� bm |_;v; |u-b|v �-v rovb|b�;Ѵ� 1ouu;Ѵ-|;7 �b|_ 1olr;|b|b�; |u-mŊ
vb|b�b|� bm r-bu�bv; 1olr-ubvomv Ő$-0Ѵ; ƒķ 
b]�u; ƒőĺ

$_;v; u;v�Ѵ|v v�]];v| |_-| =bѴ|;ubm] ;==;1|v l-� mo| omѴ� v_-r; 
1oll�mb|� 1olrovb|bom 0�| l-� -Ѵvo bm=Ѵ�;m1; |_; 1olr;|b|b�; 
v|u�1|�u; o= |_;v; 1oll�mb|b;vĺ 
bѴ|;ubm] =ou vblbѴ-u |u-b|v lb]_| 
bm|;mvb=� 1olr;|b|b�; bm|;u-1|bomvķ 0�| lb]_| -Ѵvo ]b�; ubv; |o bmŊ
|u-mvb|b�; 1olr;|b|b�; Ѵoorv |_-| 
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v�0|uorb1-Ѵ =ou;v| 1oll�mb|b;v bm vrb|; o= v|uom] ;m�buoml;m|-Ѵ =bѴŊ
|;ubm] Ő��v�lo|o ;| -Ѵĺķ ƑƏƐѵőĺ

); =o�m7 |_; ru;7b1|;7 m;]-|b�; 1ouu;Ѵ-|bomv 0;|�;;m 1olŊ
r;|b|b�; v|u;m]|_ -m7 �-ub-0bѴb|� bm vobѴ 1_-u-1|;ubv|b1vķ r-u|b1�Ѵ-uѴ� 
bm r� -m7 1om7�1|b�b|�ķ |_; Ѵ-||;u u;=Ѵ;1|bm] vobѴ 1-|bom ;�1_-m]; 1-Ŋ
r-0bѴb|� -m7 v-Ѵbmb|� Ő$-0Ѵ; Ƒķ 
b]�u; "ƒ;őĺ !;vr;1|b�; ;==;1|v om |_; 
7;]u;; o= |u-mvb|b�b|� �;u; l;7b-|;7 0� Ѵo1-Ѵ 7b�;uvb|� Ő
b]�u; Ɛ-ķ0őĺ 
"obѴ 1om7�1|b�b|� bv |_; l-fou 7;|;ulbm-m| o= vr;1b;v 1olrovb|bom 
-m7 ub1_m;vv bm o|_;u v-Ѵ|l-uv_ rѴ-m| 1oll�mb|b;v Ő;ĺ]ĺ �-m|;uoķ 
�bvm;uovķ ,o0;Ѵķ ş �-m|;uoķ ƐƖƖѶőĺ �;1-�v; ;-uѴb;u |_;ou;|b1-Ѵ Ő&Ѵub1_ 
;| -Ѵĺķ ƑƏƐƕő -m7 ;lrbub1-Ѵ Ő"oѴb�;u;v ;| -Ѵĺķ ƑƏƐƔő v|�7b;v Ѵbmh;7 1olŊ
r;|b|b�; bm|u-mvb|b�b|� |o bm1u;-v;7 |o|-Ѵ vr;1b;v ub1_m;vvķ �; -Ѵvo 
;�r;1|;7 |o v;; - rovb|b�; 1ouu;Ѵ-|bom 0;|�;;m vobѴ �-ub-0bѴb|� -m7 
|_; �-ub-0bѴb|� bm 
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- 1olrѴ;� r-|_ -m-Ѵ�|b1-Ѵ lo7;Ѵ |_-| u;=Ѵ;1|;7 |_; r-bu�bv; u;Ѵ-Ŋ
|bomv_brv bm7b1-|;7 0� o�u u;v�Ѵ|v Ő$-0Ѵ;v Ɛŋƒķ 
b]�u;v Ɛ -m7 Ƒķ 

b]�u; "ƒ-ŋ;őĺ $_; 0;v| lo7;Ѵ Ő
b]�u; Ɠő �b|_ u;]-u7 |o ru;7b1|b�; 
ro�;u Őχ2/df u-|bo Ʒ ƐĺƐƐő 1ouuo0ou-|;7 o�u 0-vb1 =bm7bm]vķ u;�;-Ѵbm] 
vb]mb=b1-m| rovb|b�; ;==;1|v o= v-Ѵbmb|�ķ r� -m7 ou]-mb1 1-u0om 1omŊ
|;m| om Ѵo1-Ѵ ub1_m;vv 0�| mo vb]mb=b1-m| 7bu;1| ;==;1| om |_; 7;]u;; 
o= |u-mvb|b�b|� Ő
b]�u; "ƒ7ķ;őĺ

�lrou|-m|Ѵ�ķ |_; lo7;Ѵ ru;7b1|;7 _b]_ |u-mvb|b�b|� |o bm1u;-v; 
βŊ7b�;uvb|�ķ 
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-m7 1olr;|b|b�; v�r;uboub|� Ő$-0Ѵ; ƒķ 
b]�u; Ɛ=ő -u; bm Ѵbm; �b|_ |_; 
;�r;1|-|bom |_-| vr;1b;v vblbѴ-u bm lour_oѴo]� ou o|_;u =�m1|bom-Ѵ 
|u-b|v v_o�Ѵ7 -Ѵvo 0; vblbѴ-u bm 1olr;|b|b�; r;u=oul-m1; Ő�-1�u|_�u 
ş �;�bmvķ ƐƖѵƕőĺ ); bm|;uru;| |_;v; u;v�Ѵ|v -v - 1ouuo0ou-|bom o= |_; 
l;|_o7 �v;7 bm &Ѵub1_ ;| -Ѵĺ ŐƑƏƐƓőķ &Ѵub1_ ;| -Ѵĺ ŐƑƏƐƕő -m7 "oѴb�;u;v 
;| -Ѵĺ ŐƑƏƐƔőĺ

�m|;u;v|bm]Ѵ�ķ |_; |�o l;|ub1v 7;vb]m;7 |o t�-m|b=� 1olr;|b|b�; 
|u-mvb|b�b|�ķ τ� and τ�ķ r-u|Ѵ� 0;_-�;7 7b==;u;m|Ѵ�ĺ $_bv 1om|u-v|bm] 
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