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ƵŶǀĪģ��
�źĭŹŚĪƃ�ƲſOrius laevigatus (Fibber)�ƶƄě�ƹ�źĭŹŚĪƃ�ƽ�Aphidoletes aphidimyza Rondani�ƶŤƃ�Żř�į�żǀƫŚū��

Aphis gossypii Glover��ƶŝ�ƾƯ�ƶƿŸƜţ�ħźŤƄƯ�ŹŚĪƃ�ƱřƺƴƗ�Ŷƴƴĩ� �ƶƄě�ƾŝŚƴŤūř�ƽŚƷŹŚŤƟŹ�Żř�ƾųźŝ�ƶƘƫŚƐƯ�Ʋƿř�Źŵ��źĭŹŚĪƃ�ƽ
ŚƷŹ�ŶƴƳŚƯ�ƮŴţ� ƱŚĪƯ�śŚŴŤƳř� ƹ� ƵŚǀĭ�Żř� ƱŶƃ�ƱƹŹŵ� źĭŹŚĪƃ� Śŝ� ƶūřƺƯ�Źŵ�ƽŹřŸĭ�ƶŤſŹ�ƽř�O. laevigatus��Źřźƣ�ƾŝŚƿŻŹř� ŵŹƺƯ
ŢƟźĭ��ƶƄě�ƶĩ�ŵřŵ�ƱŚƄƳ�ŪƿŚŤƳ�ƵŵŚƯ�ƽŚƷ��į�A. aphidimyza�ƱƹŹŵ�źĭŹŚĪƃ�Żř�ƾƃŚƳ�źƐų�ŽŚƀůř�ƭŚĮƴƷ�Źŵ�ƶŤſŹ��ũŚŤƳ�ƽřźŝ�ƽř

ƮŴţ�Żř��ŵƺų�ƾƯ�ƕŚƴŤƯř�ƱŚĪƯ�Ʊō�Źŵ�ƽŹřŸĭ�Ŷƴƴĩ��ŚƷŹ�ƱřżǀƯ�Ʋƿř�źŝ�ƱƹżƟř�ƶƄě�ƽŚƷƹŹǇ�ƱŶƃ�ƶŤƃ�ƽ�ƌů�Śŝ�ƵŚǀĭ�ŮƐſ�Żř�Źřƺų�Źƺ
� źĭŹŚĪƃ�Ʋſ�Ò�ÑÑ� ��ƶŝ�ƾƴƘƯ� ŹƺƏ�Ƃǀŝ�ƽŹřŵ�� ŵƺŝ� ŶƷŚƃ�Żř� źţ�Ò�Ó� ���ŚƷŹ�ƶĩ� ŵřŵ� ƱŚƄƳ�ƾſŹźŝ�Ʋƿř��ƹ�īźŝ�ŮƐſ� Żř� ƱŶƃ

īźƯ�ƱƹŹŵ� ŹŚĪƃ� źǀƯƹ�ƶŤſŹ�ƶŤƃ� ƽŶƃŹ� ƪůřźƯ� źǀŧŐţ� ŢŰţ� ƽř�į�ƾƯ� żǀƫŚū�ŶƃŚŝ� �īźƯ� ƱřżǀƯ�ŚƷŹ� ƹ� źǀƯƹ�ƽŚƷƹŹǇ� ƱŶƃ� �
A. aphidimyza�ƵŹƺě�Źƺƌů�Źŵ�į�ƶŝ�ƶŤƃ�ƭƹŵ�Ʋſ�ţźţ�ŜǀÎÍ��ƹÒ�æç�ƵŹƺě�Źƺƌů�Źŵ�ƹ�ŶƇŹŵ�į��ƭŹŚƸģ�ƲſÐÎ��ƹÒ�ÑÑ�

ŵƺŝ� ŶƇŹŵ� �ƶŤƟŚƿ� Ʋƿř�ŹŚĪƃ� źƐų� ƱřżǀƯ� Ʋǀŝ� ƍŚŞţŹř� ŚƷ�ƱƹŹŵ� źĭŹŚĪƃ�Ǝſƺţ� ũŚŤƳ� ƱŶƃ�ƶŤſŹ�ƵŵŚƯ� ƵŚĮŤƀƿŻ�śŚŴŤƳř� ƹ� ƽř�ƽŚƷ� �
A. aphidimyza�ƮŴţ�ŢƸū�ƾƯ�ŶǀƿŐţ� řŹ�ƽŹřŸĭ�Ťūř�ƽŚƷŹŚŤƟŹ�Żƹźŝ� Źŵ� ŹŚĪƃ�ŢǀƘưū� ŹŚŤųŚſ�ŢǀưƷř� ƶŝ� ƹ� ŶƴĩƶƄě�ƾŝŚƴ�į�

ƶŤƃ�ƶƳŚƯŚſ�Ĩƿ�Źŵ�Źřƺų�į�ƱƹŹŵ�ƽźĭŹŚĪƃ�ƶŤſŹ�ƵŹŚƃř�ƽř��ŵŹřŵ���
ƽŶǀƬĩ�ƱŚĭĥřƹ��ƶŤƃ�į�ƱŶƃ�ŚƷŹ�ŹŚŤƟŹ��ƽźĭŹŚĪƃ�źƐų��żǀƫŚū��

Abstract  
The predatory bug, Orius laevigatus (Fibber), and the predatory midge, Aphidoletes aphidimyza 

Rondani, belong to an aphidophagous guild, feeding on the cotton aphid Aphis gossypii Glover. In this 
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ÐÓ                                     ƱřŹŚƨưƷ�ƹ�ƽźǀƘƯ�ƝřźƇ��ƱƹŹŵ�įźĭŹŚĪƃ�źŧř�ƶŤſŹ��įŚƷŹŚŤƟŹ�įƹŹ�įř�����

study some avoidance behavior of the predatory midge such as dropping from the plant and choosing an 
oviposition site in the face of interaguild (IG) predator O. laevigatus are investigated. The results indicate 
that A. aphidimyza females prefer not to lay eggs when they discover that their offspring would be at risk 
of being attacked by the IG predator. The experiment also shows that the dropping behavior of predatory 
midge larva, upon being spotted by the predatory bug (44.5%), is significantly higher than the control 
(6.5%). Both the dropping behavior and mortality of IG prey are found to be influenced by all 
developmental stages of the cotton aphid. The percentage of mortality and dropping rates of A. 
aphidimyza larvae in the presence of 2nd instar nymphs of aphids were 10% and 12.5% and for 4th instar 
nymphs were 31% and 44.5%, respectively. These findings confirm the correlation between habitat 
choice of A. aphidimyza, in relation to predation risk for its offspring, and also underscore the population 
structure of prey for avoidance behavior strategy of the aphidophagous midge in an interaguild predation 
system. 
Key words: cotton aphid, predation risk, dropping behavior 
 

ƶƯŶƤƯ��
Źƺƌů�ƱřźĭŹŚĪƃ�ƞƬŤŴƯ�ƶŤſŹ�Ĩƿ� ƶŝ�ƢƬƘŤƯ�(guild)�ŢƀƿŻ� Źŵ�ħźŤƄƯ�ƾƳřƺų�ƲĪưƯ�

Ţſř�ŦƗŚŝ�řƿŵŚŬ�ƮƷźŝ�Ƃƴĩ�ŚƷƽ�ƽŵŶƘŤƯ�ŝǀƲ�Ʊō�ŚƷ��ŦůŚŞƯ� Źŵ� ƕƺƋƺƯ� Ʋƿř� Żř� ƶĩ� ŵƺƃ
ƭƺŝ�ƱřƺƴƗ� Śŝ� ƾſŚƴƃ�źĭŹŚĪƃ� ƽƱƹŹŵ�ƶŤſŹ�ř� ƽ(intraguild)�ƾƯ� ŵŚƿ�� ŵƺƃ(Lucas et al., 1998)��

źĭŹŚĪƃ�ƽƱƹŹŵ�ƶŤſŹ�ř�ƽƗƺƳ�ƾƶƐŝřŹ�į�źĭŹŚĪƃ�ƽŢſř�ƶĩ�ŚƷźĭŹŚĪƃ�Śŝ�ŵƺūƹ�ŸƜţƿƶ�Żř�ƖŞƴƯ�
ħźŤƄƯ�ŹŚĪƃ�Żř�żǀƳ�źĮƿŶĪƿ�ŸƜţƿƶ�ƾƯ�Ŷƴƴĩ�(Polis et al., 1989)���

Ʋſ�źĭŹŚĪƃ�Orius laevigatus (Fibber)�ƿĪ� ƾŻř�ƮƸƯ�źţƿƲ�ƳřźĭŹŚĪƃƾ�Ţſř��Żř� ƶĩ
ƶƳƺĭ�ưƷ�šŚƟō� Żř�ƽŵŶƘŤƯ�ƽŚƷƱƺĤ�źţƿžĜ�ƷŚ�ƹ�ƶŤƃ�ŚƷ�ƶƿŸƜţ�Ưƾ�Ŷƴĩ� �řƿƲ��Ĩƿ�ƲſĪƃźĭŹŚ�
ƯƺưƗ�ƾŢſř��ƾƷŚĭ�ƹŸƜţƿƶ�į�ƵƹǈƗ�ƱřźĭŹŚĪƃ�źƿŚſ�Żř�Ʊō�ƵŚǀĭ�šřźƄů�źŝ��ƁŹřżĭ�żǀƳ�Źřƺų

�Ţſř� ƵŶƃ(Christensen et al., 2002; Tommasini et al., 2002; Van Lenteren et al., 2003; 

Jakobsen et al., 2004)��ƶƄě�į�ƶŤƃ�Źřƺų�Aphidoletes aphidimyza Rondani�� żǀƳźĭŹŚĪƃƽ�
ŤųřƇŚƈƾ�Ţſř�ƎƤƟ� ƶĩ��Źŵ�ƶƬůźƯ�į�ƹŹǇƽ�ƶƳƺĭ� Żř�ƷƶŤƃ� Żř� ƾƠƬŤŴƯ� ƽŚ�ƾƯ� ƶƿŸƜţ� ŚƷ�Ŷƴĩ�

(Lucas et al., 1998; Lucas & Brodeur, 2001)���ƾţŚƘƫŚƐƯ�ƹ�ƁŹřżĭ�Ʊřźƿř�Żř�źĭŹŚĪƃ�ƶƳƺĭ�ƹŵ�źƷ
ŢƀƿŻ� ƽƹŹ�Ʊō� ƁŹƹźě� ƹ� ƾſŚƴƃ�Ţſř� ƵŶƃ� ƭŚŬƳř� żǀƳ� ŚƷ�(Labbafi, 1995; Madadi, 1999; 

Erfan & Ostovan, 2004)���
ƁŹřżĭ�ƾƯ�ƱŚƄƳ�ƶĩ�ŵŹřŵ�ŵƺūƹ�ƽŵŶƘŤƯ�ƽŚƷ�ŵ�ŶƷƹŹǇ�ƶƄě�ƽŚƷ�ƶŤƃ�Źřƺų�ľǇƺưƘƯ�Ǝſƺţ�

Śſƿź�ŚƷźĭŹŚĪƃ�ŶƴƳŚƯ�Orius spp.�ƹ�Chrysoperla vufilabris (Burmeister)�ŵŹƺƯ�ƶƬưů�Źřźƣ�
Ưƾ�ĭǀźƳŶ�(Lucas & Brodeur, 2001; Christensen et al., 2002)� �ŚƯř�ŵƺūƹ�ƾƿŚƷŹŚŤƟŹ�ŝŚƴŤūřƾ��

ŶƴƳŚƯ�ƂƷŚĩ��ħźŰţ�ƠŴƯƾ�ƱŶƃ�Źŵ�Żƿź�ŵŚƀūř�ƶŤƃ�ŚƷ�ƹ�Źřźƣ�ƲŤƟźĭ�Źŵ�żĩźƯ�ƴƬĩ�ƾƶŤƃ�ŚƷ��
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÐÔ 

ƱřźĭŹŚĪƃ� źƿŚſ� Śŝ� ƶūřƺƯ� ƂƷŚĩ� ƽřźŝ��� ƶƄě� Ʋƿř� ƽŚƷƹŹǇ� ŹŵƵŶƷŚƄƯ�ƵŶƃ�Ţſř�� �
(Lucas & Brodeur, 2001)����

ŚƷŹ�ƾƿ� Żř�śŚţźě� ƹƪŰƯ�ŸƜţƿƶ���ƭŚĮƴƷ� Źŵ� ƶĩ�Ţſř�ƾŝŚƴŤūř�ƽŚƷŹŚŤƟŹ�ƽŚƷŵƺưƳ� Żř�ƾĪƿ
ƐųŹŚĪƃ� Żř� ƾƃŚƳ� ź�ƾƯ� ƵŶƿŵ� šřźƄů� Żř� ƾųźŝ� Źŵ� ƱŶƃ�ŵƺƃ� �ƶŝ�ƱřƺƴƗ�ƩŚŨƯ��ŹǇƹ�ƽŚƷ�

ħŻƹŶƄƠĩ�ŢƠƷ�ƶƐƤƳ�ƽř��Coccinella septempunctata L.��řźŝ�ƽŹřźƟ�Żř�ŹŚĪƃ�źƐų��Ǝſƺţ�ƱŶƃ
�źƿŚſ�ƱřźĭŹŚĪƃ�ŵƺų�řŹ�Żř�ŮƐſ�īźŝ�ƶŝ�ŗŚěǀƲ�ŚƷŹ�Ưƾ�Ŷƴƴĩ�(Sato et al., 2003)� �ŵƺūƹ�ƴģǀƲ�
ƳŚĪƯǀưƀƾ��ƶŝ�ĦƿƹƵ�Źŵ�ţřźƄů�ƾƶĩ�ħźŰţ�ưĩƾ�ŶƳŹřŵ��řƿƲ�ƩŚưŤůř�řŹ�ƶŝ�ŵƺūƹ�Ưƾ�ŵŹƹō�ƶĩ�ƹŹǇ�
ƶƄě�į�ƶŤƃ�Źřƺų�A. aphidimyza�Ƴǀż�ŝŶƳřƺŤ�Żř�řƿƲ�ƳŚĪƯǀƮƀ�ƶŝ�ƱřƺƴƗ�ƿĨ�ŹŚŤƟŹ�ƾŝŚƴŤūř�řźŝ�ƽ
ŚƷŹ�ƾƿŻř��ƶūřƺƯƳřźĭŹŚĪƃ�Ʋſ�ŶƴƳŚƯ�ƾO. laevigatus�ƵŵŚƠŤſř��Ŷƴĩ��Żř�ƾĪƿ�ƶǀƋźƟ�Ʋƿř�ƾſŹźŝ�ƶĩ

ƷƹĦě�Ʋƿř�ƝřŶƷřƾƯ�Ƃ�ŶƃŚŝ��ƲǀƴĤưƷ���ƶĩ�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳƵŵŚƯ�ŚƷ�ƽƚƫŚŝ�řƿƲ�ƶƄě�ƮŴţ�ŚƷ�ƽ
ŵƺų�řŹ�ƶŝ�šŹƺƇ�ƽŵřźƠƳř�ƿŚ�Źŵ�ƶŤſŵ�ŚƷ� ƽĨģƺĩ�Źŵ�ƾĪƿŵżƳ�ƴƬĩ� ƾƶŤƃ�ŚƷ�Źřźƣ�Ưƾ�ŶƴƷŵ�� �

(Lucas et al., 1998)� �ŝ� ƢǀƤŰţ� Ʋƿř� Źŵ� ƶĩ� ƾţǇřƺſ� Żř� źĮƿŵ� ƾĪƿ� ƶ�Ʊō� ƽřźŝ� ƾŴſŚě� ƩŚŞƳŵ
ƾƯ�� Śƿō� ƶĩ� Ţſř� Ʋƿř� ƮǀƃŚŝƌůŹƺ�� źƿŚſźĭŹŚĪƃƱř�ƶƄě� ŢǀƫŚƘƟ� ƱŚĪƯ� Źŵ�į��źĭŹŚĪƃ� �

A. aphidimyza�Ưƾ�ŶƳřƺţ�Źŵ�śŚŴŤƳř�ƱŚĪƯ�ƱřżǀƯ�ƹ�ƮŴţ�ŹřŸĭ�ƽƶŝ�ƵŵŚƯ�šřźƄů��ŹŚŤƟŹ�Ĩƿ�ƱřƺƴƗ
ƶƳŚƯŚſ�Ĩƿ� Źŵ� ƾŝŚƴŤūř�į�ƱƹŹŵ�ƶŤſŹ�ƶƄě� ƲǀŝŚƯ� ƽř�į�ƶŤƃ�ƶŤƃ� ƹ� źĭŹŚĪƃ� Ʋſ� �Źřƺų�į��żǀƫŚū
Aphis gossypii Glover�ţŐźǀŧ�� ŹřŸĭŶƃŚŝƴģźƷ� �� ƾƠƬŤŴƯ�šŚƘƫŚƐƯ� Ʊřźƿř� Źŵ� ŶƽƹŹ��ƽźĭŹŚĪƃ

ƱƹŹŵ�ƶŤſŹ�� ƵŶƃ� ƭŚŬƳř� ƽř(Madadi et al., 2008; Hosseini et al., 2010; Tavoosi, 2011)��ƾƫƹ
ƱƹŹŵ�ŹŚĪƃ�ƾŝŚƴŤūř�ƽŚƷŹŚŤƟŹ�ƽƹŹ�ƵŶƿŶě�Ʋƿř�šřźŧř�ƶŤſŹ�ƶŝŚţ�ƽř��Ʋƿř�ƹ�Ţſř�ƵŶƄƳ�ƾſŹźŝ�ƩŚů

ƲǀŤƀŴƳ�ƽřźŝ�ƂƷƹĦě�ƾƯ�ƕƺƋƺƯ�Ʋƿř�ƶŝ�ŹƺƄĩ�Źŵ�ŹŚŝ�ŵŻřŵźě����
��

ŵřƺƯ�ƹ�ƁƹŹ�ŚƷ��
ƁŹƹźě�ƴƬĩ�ƾšřźƄů��
ƴƬĩ�ƾƶŤƃ�į�ƶŝ�żǀƫŚū�ŶưŰƯ�ƕŹřżƯ�Żř�źĭŹŚĪƃ�ƹŵ�źƷ�ħźŤƄƯ�ŹŚĪƃ�ƱřƺƴƗ�Ɩưū�ũźĩ�ŵŚŝō��ƽŹƹō

ƾƿŚſŚƴƃ�Żř�žě�ƹ��ƹŹ�ƽĭǀƵŚ�ųǀŹŚ��ƲǀĮƳ�ƮƣŹ��ƁŹƹźě�Ƶŵřŵ�Ŷƃ��ƶƄě��į�ƶŤƃ�Źřƺų�A. aphidimyza�
ƶŤƃ�ƽƹŹ�į�ƹ�ŹƺĩŸƯ�Ʋſ�źĭŹŚĪƃ�O. laevigatus�Ƴǀż�ƢŝŚƐƯ�Śŝ�ƁƹŹ�Venzon et al. (2002)�ƁŹƹźě�
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ÐÕ                                     ƱřŹŚƨưƷ�ƹ�ƽźǀƘƯ�ƝřźƇ��ƱƹŹŵ�įźĭŹŚĪƃ�źŧř�ƶŤſŹ��įŚƷŹŚŤƟŹ�įƹŹ�įř�����

ŶƳŶƃ�Ƶŵřŵ��šźěƺĩ�Ţĩźƃ�Żř�źĭŹŚĪƃ�ƹŵ� źƷ�(Koppert)Ŷƃ�ƶǀƸţ�ŶƴƬƷ� �� �ƶǀƫƹř�ŢǀƘưū�į�ƶƄě�į�
�źĭŹŚĪƃæååå��źĭŹŚĪƃ�Ʋſ�ƹ�ƵźǀƠƃÒåå�ƵźƄů�į�ŵƺŝ�ƪƯŚĩ��ƁŹƹźě�ƴƬĩƾ�ƽŚƷ�šřźƄů�źĭŹŚĪƃ�

ƹ�ŹŚĪƃ�Źŵ�ŚƯŵ�ƽæ�t�çÒ�ƶūŹŵ�į�ƀƬſǀŽƺ�ƹ�ŢŝƺƏŹ�æå�t�Òå��ƹ�śƹŚƴţ�ŹƺƳ�ƽæÓ�ŢƗŚſ�
ŚƴƃƹŹ�ƾƿƹ�í�ŢƗŚſ�ŹŚţƿĪ�ƾƭŚŬƳř�Ŷƃ���
��
ƂƿŚƯŻō�Ʃƹř��śŚŴŤƳř�ƪŰƯ�ƮŴţ�ŹřŸĭ�ƽƎſƺţ�ƶƄě�ŚƷ�ƽƶŤƃ�ƹŹ�Źŵ�Źřƺų�Źŵ�Ʋſ�Śŝ�ƾƿƹŹ�O. laevigatus��

�ƲƿřŚƯŻōƿƂ��Źŵ�ŚƷŶůřƹ�ƽƶŤųŚſ�ƵŶƃ�Żř�ƢƬţ�ƶŝ�ŵŚƘŝř�Ñå���Ñå���Ñå�ŤƳŚſƾ�źŤƯ�ƭŚŬƳř�Ŷƃ��
Źŵ�ŵƿƵŹřƺ�į�ŹŚƴĩ�ƽřƿƲ�ŚƷŶůřƹ�ſųřŹƺ�ƾƶŝ�źƐƣ�æå�ŤƳŚſƾ�źŤƯ�řƿŵŚŬ�ƹ�Ǝſƺţ�Źƺţ�ƽæÒå�ƂƯ�

ƵŶƳŚƃƺě�Ŷƃ� �źƷƿĨ�Żř�ŚƷŶůřƹ�� ƽřŹřŵƹŵ�ŵŶƗ�ĭǀƵŚ�ƹŵĭźŝ� ƾųǀŹŚ��ƶŝ� ƾĪƿ��ƹ� ŶƷŚƃ� ƱřƺƴƗ
ƶŝ�ƽźĮƿŵ�ŹŚưǀţ�ƱřƺƴƗ��ŵƺŝ��Źŵ�ƶĤƷŚǀĭ�źƷ�ƲƿźƿŻ�Ţưƀƣ��ƟźƓƾ�ƽƹŚů�śō�ƹ�ƿĨ�ŚƯƿƖ�ƺƃƿƵŶƴ�

Ŷƃ�Ƶŵřŵ�Źřźƣ�Śţ�Żř�ŹřźƟ�šřźƄů�ĭƺƬūǀź�ƽŵƺƃ��ƘŝŶ�Żř�ƵŵŚƯō�ƱŶƃ�ŶůřƹƽŚƷ�ŚƯŻōƿƄƾ��ƿĨ�
ŢƠū�ƶƄě�į�ƚƫŚŝ�A. aphidimyza�źƷ� Źŵ�Ŷůřƹ�ŚƯŻōƿƄ�ƾŚƷŹ�Ŷƃ��řƿƲ�ŚƯŻōƿƂ�Źŵ�ŜƫŚƣ�ŭźƏ�
ľǈƯŚĩ�ƟŵŚƈţ�ƾ�źƿŻ�Ŝǀĩźţ� Śŝ� ƹŹŵ�šŶƯ�ìç�ŢƗŚſ�Źŵ�Òå�ŹřźĪţ�ƭŚŬƳřƹ� ��Źŵ��ƂƿŚƯŻō�ƱŚƿŚě
ŵřŶƘţ�ƮŴţ�ŚƷ�ƽƶŤƃřŸĭ�ƵŶƃ�Ǝſƺţ�ƶƄě�ŚƷ�ƽƚƫŚŝ�ǀţ�ƹ�ŶƷŚƃ�ƵŚǀĭ�ƽƹŹ�ŹŚưƁŹŚưƃ�Ŷƃ���

��ĭǀƵŚ�ţǀŹŚư��ŵřŶƘţ�Óå�� ŵŶƗƵŹƺě�į��Ʋſ�ƭŹŚƸģ�ƶŤƃ�į�A. gossypii�� �ƿĨ�ŵŶƗ�ƵŵŚƯ�į��ƚƫŚŝ
ŢƠū�ĭǀźƽ�ƵŵźĪƳ�ƽ�ƶſ�ƵŻƹŹ�į�O. laevigatus���

��ĭǀƵŚ�ŶƷŚƃ��ŵřŶƘţ�Óå�ŵŶƗ�ƵŹƺě�į�Ʋſ�ƭŹŚƸģ�ƶŤƃ�į�A. gossypii���
��

ƭƹŵ�ƂƿŚƯŻō��ƾſŹźŝ�ŚƷŹ�ƱŶƃ�Żř�ŮƐſ�īźŝ�Ǝſƺţ�ŚƷƹŹǇ�ƽƶƄě�į�ƃŤƶ�Źřƺų�ƶŝ��ŹŚŤƟŹ�Ĩƿ�ƱřƺƴƗ
Ʊō�ƾƿřŹŚĩ�ƾŝŚƿŻŹř�ƹ�ƾŝŚƴŤūř��

řźŝ�ƽƭŚŬƳř�řƿƲ�ŚƯŻōƿƂ�Żř�ĭǀƷŚƶĤ�ƽŚƷ�ųǀŹŚ�Źŵ�ƶƬůźƯ�į�ƹŵ�ĭźŝ�ƾƵŵŚƠŤſř�Ŷƃ�ƶĩ�ŵƪųř�
ƶƫƺƫ�ƽŚƷ�Īģƺĩ�ƾƶŝ�źƐƣ�Ò�ƹ�ƕŚƠţŹř�Õ�ƾŤƳŚſ��źŤƯŹřźƣ�Ƶŵřŵ�ŶƃŶƳŵƺŝ�Ƶ��Ŷůřƹ�Ʋƿř��ƾƄƿŚƯŻō�ƽŚƷ
�żǀƳƱƹŹŵ�źƓƹƝ�īŹżŝ�źţ�ŵƿźĮƽ�ƶŝ�źƐƣ�ÎÔ�ƾŤƳŚſ�źŤƯ��ƹƹŚů�ƽśō�Źřźƣ�ŤƟźĭƶŝ� �Ŷƴ�ƽŹƺƏ��ƶĩ

ƶƄě�ƽŚƷƹŹǇ�į�ƶŤƃ�ŚƷŹ�ŹŚŤƟŹ�Żƹźŝ�Żř�žě�Źřƺų�ƱŶƃ���ƁŹŚưƃ�ƪŝŚƣ�ƹ�ƵŵŚŤƟř�ƝƹźƓ�Ʋƿř�ƪųřŵ
ŶƴƃŚŝ��ƿĨ�Ƃƃƺě�ƤƬţ�ƾƶƳřƺŤſř�ř�ƽƶŝ�ƕŚƠţŹř�ÏÒ�ƹ�źƐƣ�ÏÍ�ƾŤƳŚſ�źŤƯ��żǀƳƽƹŹ�ƶƗƺưŬƯ�į�ơƺƟ�
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÐÖ 

ƶŤƃřŸĭ�Ŷƃ��ƪŞƣ�Żř�ƕƹźƃ�ŚƯŻōƿƂ�ŵřŶƘţ�Òå�Ťƃƶ�ƶŝ�ſƹǀƶƬ�į�ƿĨ�ƮƬƣ�Ưƺƽ�ƀŝǀŹŚ�ŹŚŝƿĨ�ƹŹ�ƽ
ĭǀƵŚ�ƪƤŤƴƯ�Ŷƃ��ƹƶŝ�ƱƺƯŻō�ŵŹƺƯ�ƽŚƷŹŚưǀţ�Ŝǀĩźţ��Źřźƣ�ƶƀƿŚƤƯ�ŵŹƺƯ�ŶƷŚƃ�ƶŝ�ŢŞƀƳ�źƿŻ�ŭźƃ

ŢƟźĭ���
��ţǀŹŚư�æ��ŵřŶƘţ�Òå�ŵŶƗ�ƵŹƺě�į�Ʋſ�ƭŹŚƸģ�ƶŤƃ�ƽ�A. gossypii���æå�ŵŶƗ�ƹŹǇ�ƶƄě�į�ƶŤƃ�Źřƺų�

A. aphidimyza���ƿĨ�ŵŶƗ�Ʋſ�źĭŹŚĪƃ�O. laevigatus���
��ŶƷŚƃ�æ��ŵřŶƘţ�Òå�ŵŶƗ�ƵŹƺě�į�Ʋſ�ƭŹŚƸģ�ƶŤƃ�ƽ�A. gossypii���æå�ŵŶƗ�ƹŹǇ�ƶƄě�į�ƶŤƃ�Źřƺų�

A. aphidimyza���
��ţǀŹŚư�ç��ŵřŶƘţ�Òå�ŵŶƗ�ƵŹƺě�į�Ʋſ�ƹŵƭ�ƶŤƃ�ƽ�A. gossypii���æå�ŵŶƗ�ƹŹǇ�ƶƄě�į�ƶŤƃ�Źřƺų�

A. aphidimyza���ƿĨ�ŵŶƗ�Ʋſ�źĭŹŚĪƃ�O. laevigatus���
��ŶƷŚƃ�ç��řŶƘţŵ�Òå�ŵŶƗ�ƵŹƺě�į�Ʋſ�ƭƹŵ�ƶŤƃ�ƽ�A. gossypii���æå�ŵŶƗ�ƹŹǇ�ƶƄě�į�ƶŤƃ�Źřƺų�

A. aphidimyza���
ŚƯŻōƿƂ�Śŝ�ŚƷŹ�ŻŚſ�ƽƲſ�ŚƷ�ƽƵŵŚƯ�į�ƚƫŚŝ�ƕƹźƃ�Ŷƃ��Ʋſ�ŚƷ�ƽƚƫŚŝ�ƮƷ��Ʋſ�çÑ�ŢƗŚſ�ƪŞƣ�

Żř�ƕƹźƃ�ŚƯŻōƿƂ�ƹ�Źŵ�ƝƹźƓ�ƁŹƹźě�ƵřźưƷ�Śŝ�ŚƷŸƛŚĩ�ƽģǀƲ�Źřŵ�Įƴſźĭ�ƾƵŵřŵ�ƵŶƃ�ŶƳŵƺŝ��
ŚƯŻōƿƂ��Źŵ�çå�ŹřźĪţ�ƭŚŬƳř�Ŷƃ�ƹ�ŶƘŝ�Żř�ŢƃŸĭ�çÑ�ŢƗŚſ�ŵřŶƘţ�ŚƷƹŹǇ�ƾƿƶĩ�Żř�ƹŹ�ƽīźŝ�ŚƷ�
ŚƷŹ��ŶƳŶƃ�ƹ�ŵřŶƘţ�ŚƷƹŹǇ�ƾƿƶĩ�ƹŹ�ƽīźŝ�ŚƷ��ƵŶƳŻƵŶƳŚƯ�ƹ�źĭŹŚĪƃ�Ʋſ�Ǝſƺţ�Śƿ�ƶŤƄĩ���ƵŶƃ

ŶƳŵƺŝ�ŢŞŧ�Ŷƃ��ƲǀƴĤưƷ��ƾŝŚƴŤūř�ŹŚŤƟŹ�Ʋƿř�ƾƿřŹŚĩ�ƾŝŚƿŻŹř�ƹ�ƶƀƿŚƤƯ�ƽřźŝ�īźƯ�ƱřżǀƯ�Źŵ��źǀƯƹ
ƶƄě��ƽŚƷA. aphidimyza�ŚƷŹ�ŹŚŤƟŹ�ƝŸů�Śŝ��ƾƗƺƴƈƯ�Ǝƿřźƃ�Źŵ�ƾƸŝŚƄƯ�ƂƿŚƯŻō��ŚƷƹŹǇ�ƱŶƃ

Ŷƃ� ƭŚŬƳř�ƽźŤě�ƝźƓ�ƪųřŵ� ƹ� �ƲƿŶŝ�� ŹƺƔƴƯŵƿĨƀ�ŚƷ�ƽĭźŝ�ƾųǀŹŚ�ƶŝ�šŹƺƇ�Ʊƺĭĥřƹ�ƪųřŵ�
źŤěƽ��ŵƿƂ�ŚƷ�ƽæå�ŤƳŚſƾ�źŤƯ�ƽƹŹ�ƽśō�ŹŚĭō�æ��Źřźƣ�Ƶŵřŵ�Ŷƃ�ƶŝ�ƱƺƯŻō�ŵŹƺƯ�ƽŚƷŹŚưǀţ�ƹ�ŶƳ

źƿŻ� ŭźƃ��ƶĤƷŚǀĭ� ƽƹŹ� ƮƷ�� ŹŚǀų� ƽŚƷ�ŝľǈŞƣ� ƶĩ� ƾůźƃ� Ś�ŢƃŸĭ� Ʊō� źĩŷ� ��ƪųřŵ� ƮƷ� ƹ
ƽźŤě�Ƃƿŵ��ŶƳŶƃ�ƶƀƿŚƤƯ�ƮƷ�Śŝ���

��ţǀŹŚư�æ��ŵřŶƘţ�çå�ŵŶƗ�ƹŹǇ�Ʋſ�ƭƺſ�ƮƷ�Ʋſ�ƶƄě�į�A. aphidimyza���Ñå�ŵŶƗ�ƵŹƺě�į�Ʋſ�
ƭŹŚƸģ�ƶŤƃ�į�A. gossypii���ƿĨ�ŵŶƗ�ƵŵŚƯ�į�ƚƫŚŝ�Ʋſ�źĭŹŚĪƃ�O. laevigatus���

��ţǀŹŚư�ç��ŵřŶƘţ�çå�ŵŶƗ�ƹŹǇ�Ʋſ�ƭƺſ�ƷƮ�Ʋſ�ƶƄě�į�A. aphidimyza���Ñå�ŵŶƗ�ƵŹƺě�į�Ʋſ�
ƭƹŵ�ƶŤƃ�į�A. gossypii���ƿĨ�ŵŶƗ�ƵŵŚƯ�į�ƚƫŚŝ�Ʋſ�źĭŹŚĪƃ�O. laevigatus���
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ÑÍ                                     ƱřŹŚƨưƷ�ƹ�ƽźǀƘƯ�ƝřźƇ��ƱƹŹŵ�įźĭŹŚĪƃ�źŧř�ƶŤſŹ��įŚƷŹŚŤƟŹ�įƹŹ�įř�����

�Źŵ�żǀƳ�ƂƿŚƯŻō�Ʋƿřçå��ƹ�Ŷƃ�ƭŚŬƳř�ŹřźĪţŶƘŝ�Żř�ŢƃŸĭ�çÑ�ŢƗŚſ�ŵřŶƘţ�ŚƷƹŹǇ�ƽƶŤƄĩ�ƵŶƃ�į�
ƶƄě�į�ƶŤƃ�Ĩƀƿŵ�ƽƹŹ�Źřƺų�ƶĤƷŚǀĭ�ƹ�ƾĭźŝ�ƽŚƷ�ŚƷ�ƁŹŚưƃ�ƶƀƿŚƤƯ�ƹ�ƃŶ���
��

żŬţƿƶ�ƪǀƬŰţ�ƹ�ŹŚƯōƽ��
řźŝ� ƽżŬţƿƶ�ƹ�ƬŰţǀƪ�ƝǈŤųř�ŝǀƲ�ŵřŶƘţ�ƮŴţ�ŚƷ� ƽƶŤƃřŸĭ�ƵŶƃ�Ǝſƺţ�ƶƄě�ŚƷ� ƽƚƫŚŝ�ƹ�

řŹŚĩ�ƾƿƳŚĪƯǀƮƀ�ŚƷŹ�ƱŶƃ�Żř�ŮƐſ�īźŝ�Źŵ�ƵŶƳŻ�ƳŚƯ�ƾ�ŚƷƹŹǇ�Żř�ŚƤƯƿƶƀ�į�ƯǀĮƳŚǀƲ�ŚƷ�ƶŝ�Ĩưĩ�
ƱƺƯŻō�t�ƵŵŚƠŤſř�Ŷƃ���ƭƹŵ�ƂƿŚƯŻō�Źŵřźŝ�ƽżŬţƿƶ�ƹ�ƬŰţǀƪ�ƝǈŤųř�ŝǀƲ�ŶƇŹŵ�ŹǇŚƷƹ�ƽƵŵŚŤƟř�

�Żř��īźŝ�ƵŶƳŻ�ƵŶƳŚƯ�ƹŹ�ƽīźŝ�ƹ�ŚƷƹŹǇ�ƽƶŤƄĩ�ƵŶƃ�Żř�ƱƺƯŻō�ç���ç�ƶƿŚěźŝ�ƪƿŹƺŤĩŚƟ�į��ŭźƏ
ľǈƯŚĩ��źĭŹŚĪƃ�ŮƐſ�ƹŵ�Śŝ�ƾƟŵŚƈţ�Źƺƌů�ƭŶƗ�ƹ�Źƺƌů���ƶŤƃ�ƞƬŤŴƯ�Ʋǀƴſ�Żř�ŮƐſ�ƹŵ�ƹ

�ƵŹƺě�į�ƭŹŚƸģ�ƹ�ƭƹŵ�Ʋſ��Ŷƃ�ƵŵŚƠŤſř��ƲǀĮƳŚǀƯ��źǀƜŤƯ�ƱƺƯŻō�Śŝ�żǀƳ�ƶŤƀŝřƹ�ƽŚƷ�Ʈĩ�źţƿƲ�řƝǈŤų�
ƴƘƯƾ�Źřŵ��LSD��ŶƳŶƃ�ƶƀƿŚƤƯ��Ƶŵřŵ�ƪǀƬŰţ�ƹ�ƶƿżŬţ��Śŝ�ŚƷƭźƳ�ŹřżƟř�SAS 8.1��ŚƷŹřŵƺưƳ�ƹ�Ŷƃ�ƭŚŬƳř

ŹřżƟř�ƭźƳ�Śŝ�Microsoft Excel 2007�ŶƳŶƿŵźĭ�ƮſŹ���
��
ŚŤƳƿŪ�ŦŰŝ�ƹ��

żŬţƿƶ�į�ŹŚƯō�ƽƵŵřŵ��Ʃƹř�ƂƿŚƯŻō�ƽŚƷƱŚƄƳ�ŵřŵ�ƶĩ�ƶƄě�ŚƷ�ƽƵŵŚƯ�ƽ�ƚƫŚŝ��ƾƳŚƷŚǀĭƶĩ�Ʋſ�
źĭŹŚĪƃ�� Ʊō� ƽƹŹŹƺƌů�ŵŹřŶƳ�� ƶŝ� ŢŞƀƳ� řŹƳŚĪƯ� ƾƶĩ�Ʋſ�źĭŹŚĪƃ�Źƺƌů�ŵŹřŵ�ƶŝ�ŹƺƏ�

ƴƘƯƾ�Źřŵ�ƽƮŴţ�ƽřźŝ�ƾƯ�Ůǀūźţ�ƽŹřŸĭ�ŶƴƷŵ��ÐÐ�ÎÎ�=�t��ÖÕ�,Î�=�df���ÍÍÍÎ�ÍP < ���ƪĪƃ�æ���
Ƶŵřŵ�Ʋƿř�ŵřŵ�ƱŚƄƳ�ŚƷ�ƶƧ�Źƺƌů�Ʋſ�O. laevigatus�ƶŝ�ƱřƺƴƗ�źĭŹŚĪƃ�ƱƹŹŵ�ƶŤſŹ�ř�ƽƯƾ�ŶƳřƺţ�Źŵ�
śŚŴŤƳř�ƪŰƯ�ƮŴţ�ŹřŸĭ�ƽƶƄě�ŚƷ�ƽŚƯƵŵ�į�ƶŤƃ�Źřƺų�A. aphidimyza�ŧŐţǀź��ŹřŸĭŶƃŚŝ� �řƿƲ�ŤƳǀƶŬ�
ƢŝŚƐƯ�Śŝ�ŚŤƳƿŪ�Ruzicka & Havelka (1998)�Ţſř�ƶĩ�ƱŚƄƳ�ŶƳŵřŵ�ƶƄě�ŚƷ�ƽA. aphidimyza�Źŵ�
ƬŰƯƾ�ƶĩ�ŚƷƹŹǇƽ��ƽŹƺŤƫŚŝChrysoperla carnea (Stephens)�ƹ�ħŻƹŶƄƠĩ�C. septempunctata�

Źƺƌů�ŶƳŹřŵ��Ʈĩ�źţ�ƮŴţ�ŹřŸĭ�ƽƯƾ�Ŷƴƴĩ��ƲǀƴĤưƷ��Griffin & Yeargan (2002)�ƁŹřżĭ�żǀƳ�ŶƳŵźĩ�
ƶĩ�ħŻƹŶƄƠĩ�ŚƷ� ƽƵŵŚƯ�į�Colemegilla maculata (De Geer)�ƮŴţ�ŚƷ� ƽŵƺų�řŹ�Źŵ�ƬŰƯ� ƾƶĩ�
Ʈĩ�źţƿƲ�ƩŚưŤůř�źĭŹŚĪƃ�ƽŵƺūƹ�ƶŤƃřŵ�ŶƃŚŝ�Źřźƣ�Ưƾ�ƷŵƴŶ���ƶƴǀƯŻ�Ʋƿř�Źŵ�ƶĩ�ƾţǇŚƤƯ�ƶŝ�ƽŹƹźƯ

�Ţſř� ƵŶƃ�źƄŤƴƯƱŚƄƳ�Ưƾ�ŶƷŵ�ƶĩ�Ƃǀŝ�Źŵ�ƺƯ�źţ�ŵŹř�ƱřźĭŹŚĪƃ�ƶŤƃ�Źřƺų�ŹŵŚƣ�ŶƴŤƀƷ�Źƺƌů�
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÑÎ 

ƱřźĭŹŚĪƃ�ŵƺų�řŹ�ħŹŵ�� ƵŵźƧƹ�Źŵ�ƤƏŚƴƯ�ƾƶĩ�ƱřźĭŹŚĪƃ�ƮƷ��ƶŤſŹŹŵ�Ʊō�Śū�Źƺƌů�Żř�ŶƳŹřŵ�
ƮŴţ�ŹřŸĭ�ƽ�ƕŚƴŤƯř�Ŷƴƴĩ�(Doumbia et al., 1998; Ruzicka, 1998; Frechette et al., 2008)� �ħźţ�
ƪŰƯ�ŜſŚƴƯ�řźŝ� ƽƮŴţ�ŹřŸĭƽ�ƶƄě�ŚƷ� ƽƚƫŚŝ�ƶŝ�ƶƐſřƹ�į�Źƺƌů�ƱřźĭŹŚĪƃ�ƮƷ�ƶŝ� ƶŤſŹ��źƔƳ
ƾƯ�źě�ƾŝŚƴŤūř�ŹŚŤƟŹ�Ĩƿ�ŶſŹ�ŶƃŚŝ�ƶƴƿżƷ��ħźţ�ƶĩřźģ�ƱŚĪƯ�ŜſŚƴƯ�řźŝƽ�ƮŴţ�ƽŹřŸĭ��ƲŤƟŚƿ�ƹ

ŶƿŶū�ŜſŚƴƯ� ƱŚĪƯ�Ưƾ�ŶƳřƺţ�ƩǈŤųř�ŦƗŚŝ�Źŵ�ŢƠū�ƿŝŚ� ƾ�ƭŚŬƳřźſ� ƹ� źĭŹŚĪƃ� ƚƫŚŝ�šřźƄů
ƂƷŚĩ�ŵřŶƘţ�ƮŴţ��ƽŚƷ�řŸĭƶŤƃ�ƵŶƃ�ŵƺƃ�(Havelka & Zemek, 1999)����

��

     ��
��

�ƪĪƃæ���ŚƤƯƿƶƀ�į�ŶƇŹŵ�ƮŴţ�ŹřŸĭƽ� SE)t(�ƶƄě�ŚƷ�ƽƚƫŚŝ�A. aphidimyza�Źŵ�Źƺƌů�ƹ�ƭŶƗ�
Źƺƌů�Ʋſ�źĭŹŚĪƃ�O. laevigatus��Ɲƹźů�źǀƛƶŝŚƄƯ�ƲǀĮƳŚǀƯ��ŚƷƱŚƄƳ�ƵŶƴƷŵ�į�ŵƺūƹ�
ƝǈŤųř�ƴƘƯƾ�Źřŵ�Ţſř��t test��åÒ�åá = ����

Fig. 1. Oviposition percentage (± SE) of the predatory midge females, A. aphidimyza, in the 
presence and absence of the predatory bug, O. laevigatus. Means with different letters 
are significantly different (t test, á = 0.05). 

��
ŶƴƳŚƯ� ƲǀƤƤŰƯ� ƾųźŝ�Lima & Dill (1990)�ŶƳŶƤŤƘƯ�ƶĩ�źĭř��Żř� ƾƃŚƳ� ƽźĭŹŚĪƃ� źƐų

ƶƳƺĭ�ƮƷ�ƽŚƷ�ŤſŹŶƃŚŝ�ƽŶū�ƹ�ƾưŤů�ƶ���ƚƫŚŝ� ŹƺƳŚūŻř�ŹŚŤƟŹ�żƷźěƿƶƴ�į�ƮŴţ�ƭŶƗ��ƽřźŝ�ƽŹřŸĭ
ƾƯ� ƵŵŚƠŤſř� ŵƺų� ƽŶƘŝ� ƪƀƳ� ƾƬƣřŶů� ƒƠů�Ŷƴĩ��ƶŝ��ƩŚŨƯ� ƱřƺƴƗ�� ŵŹƺƯ� Źŵūǀūźǀħź� �

Gryllus integer Scudder�ƱŚƄƳ�Ƶŵřŵ�ƵŶƃ�Ţſř��ŹƺƳŚū�Ʋƿř�ƶĩŚƸƴţ�ƳŚƯŻ�ƾƶĩ�ŵŚƀūř�ŵřźƟř�ƮƷ�ƶƳƺĭ�
Źŵ�ŰƯǀƎ�ƵřźưƷ�Śŝ�šƺŞĪƴƗ��ŚĪƃźĭŹ�Hololena nedra Chamberlin & Ivie�Źƺƌů�ƶŤƃřŵ�ŶƴƃŚŝ�Żř�
Ʊō�ƪŰƯ�Źƹŵ�ƽƯƾ�ƴĩŶ��ţŹƺƇŹŵƾ�ƶĩ�źĭř�šƺŞĪƴƗ�ľǈŞƣ�Żř�ŵřźƟř�ƮƷ�ƶƳƺĭ�į�ūǀūźǀħź�ŸƜţƿƶ�ƵŵźĪƳ�
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ÑÏ                                     ƱřŹŚƨưƷ�ƹ�ƽźǀƘƯ�ƝřźƇ��ƱƹŹŵ�įźĭŹŚĪƃ�źŧř�ƶŤſŹ��įŚƷŹŚŤƟŹ�įƹŹ�įř�����

ŶƃŚŝ�ƹ�ƿŚ�ŵŚƀūř�ŵřźƟř�ƮƷ�ƶƳƺĭ�į�ūǀūźǀħź�Źŵ�ŰƯǀƎ�ŵƺūƹ�ƶŤƃřŶƳ��ŶƃŚŝ�ūǀūźǀħź�ơƺƟ�ƷǀĢ�
ŹŚŤƟŹ�źĭŹŚĪƃŶƋ�ƽŢŞƀƳ�ƶŝ�Ʊō�ŚƄƳƱ�ưƳƾ�ŶƷŵ�(Kortet & Hedrick, 2004)���

ƶƿżŬţ� Żř� ƪƇŚů� ŪƿŚŤƳ� ƭƹŵ� ƂƿŚƯŻō� Źŵ�į�Ƶŵřŵ� žƳŚƿŹřƹ�� ŵřŵ� ƱŚƄƳ� ŚƷ� ƶƧƮƷźŝ��Ƃƴĩ
ƾƴƘƯ��ŮƐſ�ƹŵ�Źŵ�źĭŹŚĪƃ�Ʋǀŝ�ƽŹřŵ�Źƺƌů�ƭŶƗƹ�Źƺƌů���ƹƲſ�ƹŵ��ƶŤƃ�ƾĭŹƺě�ƵŹƺě�į��Ʋſ

ƭŹŚƸģ�ƹ� ƭƹŵ� �� ŵŹřŵ� ŵƺūƹ�ƩƹŶū�ƽŚƷ�æ�� ƹç���ƶŝ�źĮƿŵ�šŹŚŞƗ���Ʋſ� Źƺƌů�ƭŶƗ� ƹ� Źƺƌů
ƶƬůźƯ�ƲǀƴĤưƷ�ƹ�źĭŹŚĪƃ�į�ƾƯ�ŹŚĪƃ�ƾƴſ�ŚƷŹ�ŶƇŹŵ�ŶƳřƺţ�ƶƄě�ƽŚƷƹŹǇ�ƱŶƃ�į��ƹ�źĭŹŚĪƃ

īźƯ�Ʊō�źǀƯƹ��Ǝſƺţ�řŹ�ŚƷO. laevigatus�ƶŝ�ƾƴƘƯ�ŹƺƏ�ţ�ŢŰţ�ƽŹřŵŐŶƷŵ�Źřźƣ�źǀŧ����
��
�ƩƹŶūÎ���ƶƿżŬţ�į��ƶŤƃ�ƾĭŹƺě�ƞƬŤŴƯ�ƪůřźƯ�šřźŧř�žƳŚƿŹřƹ�ſǀƴƾĭŹƺě�ƭƺſ�ƹ�ƭƹŵ�Ʋ���ƹ

� ŹƺƌůźĭŹŚĪƃ� Ʋſ�ƮƷźŝ� ƹ�Ʊō�Ƃƴĩ�ŚƷŹ� ŶƇŹŵ� ƽƹŹ� ŚƷ�ƶƄě� ƽŚƷƹŹǇ� ƱŶƃ�į�
ŹŚǀų�ƵŚǀĭ�ƽƹŹ�Żř�źĭŹŚĪƃ� 

Table 1. Analysis of variance results for the effects of different aphid nymph stages (2nd and 
4th instar nymphs) and the predatory bug presence and their interaction on the 
percentage of the predatory midge larvae dropping off from cucumber plant. 

 
P F MSE df Source of variation 

0.00 19.07 0.72 1 Aphid  
0.00 42.65 1.60 1 Predator  
0.00 20.48 0.77 1 Aphid × Predator 

- - 0.04 76 Error  

��
�ƩƹŶūÏ���ƶƿżŬţ�į�ƪůřźƯ�šřźŧř�žƳŚƿŹřƹ�ƞƬŤŴƯ��ƶŤƃ�ƾĭŹƺě�ſǀƴƾĭŹƺě�ƭƺſ�ƹ�ƭƹŵ�Ʋ���ƹ

źĭŹŚĪƃ� Ʋſ� Źƺƌů�ƮƷźŝ� ƹ�Ʊō� Ƃƴĩ�īźƯ� ŶƇŹŵ� ƽƹŹ� ŚƷ�ƶƄě� ƽŚƷƹŹǇ� źǀƯƹ�į�
źĭŹŚĪƃ� 

Table 2. Analysis of variance results for the effects of different aphid nymph stages (2nd and 
4th instar nymphs) and the predatory bug presence and their interaction on the 
percentage of the predatory midge larvae mortality. 

 
P F MSE df Source of variation 

0.00 101.71 2.02 1 Aphid  
0.00 16.72 0.33 1 Predator  
0.00 19.95 0.39 1 Aphid × Predator 

- - 0.20 76 Error  
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÑÐ 

ŚƤƯƿƶƀ�į�ƯǀĮƳŚǀƲ�Ƶŵřŵ�ŚƷƽ�ů�ƞƬŤŴƯ�ƽŚƷŹŚưǀţ�Żř�ƪƇŚƱŚƄƳ�ŵřŵ��ƶƧŹƺƌů�Ʋſ�źĭŹŚĪƃ�
ƽƹŹ�ƯǀƱřż�ŚƷŹ�ƱŶƃ�ŚƷƹŹǇƶƄě�ƽ�į�īźŝ� Żř� źĭŹŚĪƃ�ƶŝ� ŹŚǀų� ƵŚǀĭ�ƽŚƷ��ƮƀǀƳŚĪƯ�Ĩƿ� ƱřƺƴƗ

ƾŝŚƴŤūř�ŧŐţǀź ƴƘƯƾ�Źřŵ�ƽƶŤƃřŵ�Ţſř��ÒÔ�ÑÑ�=�F(3, 77)���ÍÍÎ�ÍP < ����ƩƹŶūè���ƴĤưƷǀƲ��ŚŤƳƿŪ�
ƱŚƄƳ�ŵřŵ�ƶĩ�ŚƷƹŹǇƶƄě�ƽ�į�ƶŤƃ�Źřƺų�Źŵ�Źƺƌů�ƵŹƺě�ŚƷ�ƽƲſ�ƭŹŚƸģ�ƶŤƃ�ŝǀƂ�źţ�Żř�ƵŹƺě�ŚƷ�ƽ
Ʋſ�ƭƹŵ��ŵƺų�řŹ�Żř�ŮƐſ�īźŝ�ŚƷŹ�ŶƳŵźĩ��ÒÔ�ÑÑ�=�F(3, 77)���ÍÍÍÎ�ÍP < ���ƩƹŶū�è����Ʋƿř�Źŵ

ƂƿŚƯŻō��ƵŶƳŻ��ƾƳŚƯŚƷƹŹǇ�ƽA. aphidimyza�ƹŹ�ƽīźŝ�ŚƷŹŚǀų�ƵŚǀĭ�ƽ�Źŵ�Źƺƌů�źƷƿĨ�Żř�Ʋǀƴſ�
ƭƹŵ�ƹ�ƭŹŚƸģ��ƾĭŹƺěƶŤƃ�ƝǈŤųř�ƮƷ�Śŝ�żǀƳ�ƴƘƯƾ�Źřŵƽ�Ţƃřŵ��ÐÓ�ÕÒ�=�F(3, 77)���ÍÍÍÎ�ÍP < ��

īźƯ� ƹ�ƶƄě� ƽŚƷƹŹǇ� źǀƯƹ�į�ƶŤƃ�� źĭŹŚĪƃ� Ǝſƺţ� ŹřƺųO. laevigatus��ƭŹŚƸģ� Ʋſ� Źƺƌů� Śŝ
ƶŤƃ� ƾĭŹƺě�į�ŵƹŶů� żǀƫŚū�ƵŹƺě� ƶŝ� ŢŞƀƳ� źŝřźŝ� ƶſ�į�ŵźĩ� řŶǀě� ƂƿřżƟř� ƶŤƃ� ƭƹŵ� Ʋſ� �

�ÖÎ�ÑÓ�=�F(3, 77)���ÍÍÍÎ�ÍP < ���ƩƹŶū�æ����
��
�ƩƹŶūÐ��ƯǀĮƳŚǀƲ�ŹŵŶƇ� SE)t(�ŚƷƹŹǇ�ƽƶƄě�į�ƶŤƃ�řƺųŹ�ŚƷŹ�ƵŶƃ�Żř�ŮƐſ��īźŝ�ƶŤƄĩ�ƵŶƃ�

ƹŹ�ƽīźŝ�ƹ�ƵŶƳŻ�ƵŶƳŚƯ�ƹŹ�ƽ�īźŝ�źĭŹŚĪƃ�Ʋſ�Źƺƌů�Źŵ�� 
Table 3. Average percentage (± SE) of the dropping predatory midge larvae, in the presence 

of the predatory bug from the plant, and being lost to predation or present on the 
plant. 

 
T2 C2 T1 C1 Response  

12.5 ± 3.8 b 7.1 ± 1.9 b 44.5 ± 10.1 a 6.5 ± 1.1 b Dropped off 
10 ± 1.4 b 1.2 ± 0.3 c 31 ± 7.2 a 1 ± 0.4 c Lost to predation 

77.5 ± 4.7 b 91.7 ± 4.5 a 24.5 ± 2.7 c 92.5 ± 5 a Present on leaf 
C1, the predatory midge larvae + 4th instar nymphs of aphid. 
C2, the predatory midge larvae + 2nd instar nymphs of aphid. 
T1, the predatory midge larvae + 4th instar nymphs of aphid + the predatory bug. 
T2, the predatory midge larvae + 2nd instar nymphs of aphid + the predatory bug. 
Means followed by the same letter in each row are not significantly different (LSD test, á = 0.05). 

��
ƶƀƿŚƤƯ�į�ŚŤƳƿŪ�ƪƇŚů�Żř�ƭŚŬƳř�ƂƿŚƯŻō�Ĩƀƿŵ�ƽƹŹ� ƶŤƟźĭ�żǀƳ�ƪƯŚĩ� ƵŚǀĭ� ƹ�ƾĭźŝ�ƽŚƷ�
ƾƯ� ƱŚƄƳ�� ƶĩ� ŶƷŵÓå� �ŚƷƹŹǇ� ƽƶƄě�� įƶŤƃ�Źřƺų�Źŵ�Źƺƌů�źƯƶƬů�į�ƭŹŚƸģ�ĭŹƺě� ƾƶŤƃ�į� �

A. gossypii�Ĩƀƿŵ�ƽƹŹ��ƾĭźŝ�ƽŚƷƎſƺţ�Ʋſ�źĭŹŚĪƃ�ƶŤƄĩ�ŶƳŶƃ�Źŵ�ƫŚůƾ�ƶĩ�řƿƲ�ƯǀƱřż�Źŵ�
ƭŚŬƳř�ƂƿŚƯŻō�ƵŚǀĭ�ƽƹŹ�ƵŶƃ�ŵƹŶů�çí��ŵƺŝ��ÒÕ�Ô�=�t��ÐÕ�=�df���ÍÍÍÎ�ÍP < ���ƪĪƃ�ç���

ŶƴģźƷ�ƶĩ�ŵřŶƘţ�ŚƷƹŹǇ�ƽƶŤƄĩ�ƵŶƃ�Źŵ�Źƺƌů�ƵŹƺě�ŚƷ�ƽƲſ�ƭƹŵ�Źŵ� ƶŤƃ�řźƃƿƎ�ƀƿŵĨ��ƽŚƷ
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ÑÑ                                     ƱřŹŚƨưƷ�ƹ�ƽźǀƘƯ�ƝřźƇ��ƱƹŹŵ�įźĭŹŚĪƃ�źŧř�ƶŤſŹ��įŚƷŹŚŤƟŹ�įƹŹ�įř�����

�ƾĭźŝŝǀƂ�źţ�Żř�ĭǀƵŚ�ƪƯŚĩ�ŵƺŝ�ŚƯř�ƝǈŤųř�ƴƘƯƾ�Źřŵ�ƽŝǀƲ�Ʊō�ŚƷ�ŵƿƵŶ�ŶƄƳ��ÑÎ�Î�=�t��ÐÕ�=�df��
�ÎÓÒ�ÍP < ���ƪĪƃ�ç���ƶŝ�ŮƿŚŤƳ�Ʋƿř�ƶŝ�ƶūƺţ�Śŝ�ƾƯ�źƔƳ��ŶſŹ�ƶƧƾŝŚƴŤūř�ŹŚŤƟŹ�ŚƷŹ�ƱŶƃ�ŚƷƹŹǇ�ƽ

A. aphidimyza�Żř�ŮƐſ�īźŝ�ƾƯ��ŶƳřƺţƳŚĪƯǀƮƀ�źŧŒƯŝ�ƶƄě�Ʋƿř�ŵŹƺųźŝ�ƂƷŚĩ�Źŵ�ƽ�źĭŹŚĪƃ�Ś
ƱƹŹŵ�ƶŤſŹ�ŵƺų�ƽř��Ʋſ�ƾƴƘƿ�O. laevigatus��ŶƃŚŝ��ƶŝ��ŹƺƏƶŝŚƄƯ��Yasuda & Kimura (2001)��żǀƳ
ƱŚƄƳ�ŶƳŵřŵ�ƶĩ�ŚƷƹŹǇ�ƽħŻƹŶƄƠĩ��ŢƠƷ�ƶƐƤƳ�ƽř��Źŵźŝřźŝ�źĭŹŚĪƃƱř�ƱƹŹŵ�ƶŤſŹ�ř�ƽŵƺų�Śŝ�ŚƷŹ�
ƱŶƃ�Żř�ŮƐſ�īźŝ�ƾŝŚƴŤūř� ŹŚŤƟŹ� Ʋƿř� Żř� ƵŵŚƠŤſř� ƹ��ŵƺų�řŹ�Żř�źƐų�řƿƲ�ƱřźĭŹŚĪƃ��ŚƷŹ�
ƾƯ�ŶƳŻŚſ��ƲǀƴĤưƷ��ƶĩ�ŵřŵ�ƱŚƄƳ�ƂƿŚƯŻō�Ʋſ�ƴƬĩ�ƾƶŤƃ�ŚƷ�ƶŝ��ƹŵ�źƷ�ƽřźŝ�ħźŤƄƯ�ŹŚĪƃ�ƱřƺƴƗ

� żǀƳ� źĭŹŚĪƃƯƾ�ŶƳřƺţ�Źŵ�ƳŚĪƯǀƮƀ�ƾŝŚƴŤūř�ŚƷŹƹǇ� ƽA. aphidimyza�źŧŒƯ�ŶƃŚŝ�ƹ�Źƺƌů�
ƵŹƺě�ŚƷ�ƽƲſ�ƭŹŚƸģ�ƶŤƃ�ŦƗŚŝ�Ưƾ�ŵƺƃ�ŚƷƹŹǇ��ŝǀƂ�źţ�ŵƺų�řŹ�Żř�ŮƐſ�īźŝ�ŚƷŹ��Ŷƴƴĩ� �ƶŝ��źƔƳ
ƾƯ�ſŹŶ�ƮƷźŝ�ƾƴƘƯ�Ƃƴĩ�ƱƹŹŵ�źĭŹŚĪƃ�Źƺƌů�Ʋǀŝ�Źřŵ�ƶŤſŹ�ƶŤƃ�ƾĭŹƺě�ƞƬŤŴƯ�ƪůřźƯ�ƹ�ƽř�į�

A. gossypii�źĭŹŚĪƃ�Ʋſ�Ůǀūźţ�Źŵ�ƱřƺŤŝ� řŹ�ƵŹƺě�ƶŝ�į�ƭƹŵ�Ʋſ�ƵŹƺě�ƶŝ�ŢŞƀƳ�į��ƭŹŚƸģ�Ʋſ
�ƶŤƃ(Venzon et al., 2002)�Ƃǀŝ�šŹŶƣ�Śƿ�ƹ�ƵŹƺě�ƾƗŚƟŵ�źţ�į��ƶĩ�ŵźĩ�ƺŬŤƀū�ƶŤƃ�ƭŹŚƸģ�Ʋſ

Īƃ�Ʋſ�Ţſř�ƵŶƃ�ŦƗŚŝ�Źƺƌů�Źŵ�źĭŹŚƵŹƺě�į��ƭŹŚƸģ�Ʋſ�ƶŤƃƂǀŝ�ƱřżǀƯ�ƶŝ��ƽŚƷƹŹǇ�Żř�ƽźţ
ƶƄě�į�ƶŤƃ�Ŷƴĩ�ƶƿŸƜţ�Źřƺų��ěǀƂ�řŻřƿƲ�Christensen et al. (2002)�ƱŚƄƳ�ŶƳŵřŵ�ƶĩ�Źƺƌů�ƶŤƃ�į�

A. gossypii�Źŵ�ƯǀƎŰ�ŦƗŚŝ�Ưƾ�ŵƺƃ��ƶƧƲſ�źĭŹŚĪƃ�Orius majusculus (Reuter)�Ʈĩ�źţ�Żř�ƹŹǇ�
A. aphidimyza�ŸƜţƿƶ�Ŷƴĩ� �ƴĤưƷǀƲ��Lucas (2005)��żǀƳƱŚƄƳ�ŵřŵŢſř� Ƶ�ƶĩ�Ʈĩřźţ�ƞƬŤŴƯ�ƽŚƷ�

ƘưūǀŢ�ƶŤƃ�ƽ�Macrosiphum euphorbiae (Thomas)�ƶŝ�ƱřƺƴƗ�ƖŞƴƯ�řŸƛ� ƾƿ�ƽźĭŹŚĪƃ� Źŵ
ƱƹŹŵ�ƶŤſŹ�ƽř�ƹŹǇ�ƽŹƺŤƫŚŝ�C. vufilabris�Żř�ŚƷƹŹǇƽ�ƶƄě�į��źĭŹŚĪƃA. aphidimyza�ţŐźǀŧ��ŹřŸĭ
ƾƯ�ŶƃŚŝ���

ƵƹǈƗ�ƹŹ� ƶĪƴƿř� źŝ�Źŵ�ƹŹƮƷ� ƱřźĭŹŚĪƃ� ƾƿ�ƶĪƫ�Ĩƿ� ƪųřŵ� ƶŤſŹ�(patch)�ƾƯ��Żƹźŝ� Źŵ� ŶƳřƺţ
Ʊō�ƾŝŚƴŤūř�ƽŚƷŹŚŤƟŹ�Ư� ŚƷŒƭŚǀě�ƂƤƳ� �ŶƃŚŝ�źŧ�ƱŚſŹ��ƵŶƿŵŚƳ�ŶƿŚŞƳ�ƶƐŝřŹ�Ʋƿř�Źŵ�żǀƳ�ƾƿŚǀưǀƃ�ƽŚƷ

ŵƺƃ�ƶŤƟźĭ��ƱŚƴģ��ƶĩChivers & Smith (1998)�ŵřŵ�ƱŚƄƳ�Ƶ��ŶƳřƶĩ�ŚƷŹ�ƱŶƃ�ƱƺƯźƟ�ŚƷ�ƽƭǈƗř�źƐų�
(alarm pheromone)�ſƺţƎ�ƶŤƃ�řźŝ�ƽƾƯ�ƱřźĭŹŚĪƃ�ƽřźŝ�ƾƘŞƴƯ�ŶƳřƺţ�ŚſŚƴƃ�ƾƿƱō�ŵƺƃ�ƾƤƬţ�ŚƷ��

ƂƿŚƯŻō�ƶŤƃ�Ǝſƺţ� źƐų� ƭǈƗř� ƱƺƯźƟ�Ůƃźţ�ƅƺƈų� Źŵ�ƾƿŚƷ��ƹ� źĭŹŚĪƃ�Ʋſ� Źƺƌů� Śŝ� ŚƷ
ƶƫŚƐƯ�į�ŹŚŤƟŹ�A. aphidimyza�ǈƗ�Ʋƿř�ŵƺūƹŚŝŗƾƯ�ƾƿŚƿƺŝ�Ʈ��ƾţō�šŚƤǀƤŰţ�ƽřźŝ�ƾƗƺƋƺƯ�ŶƳřƺţ
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Ż�Ʋƿř� Źŵ�ƾƬǀưĪţ�šŚƘƫŚƐƯ� Śŝ� Śţ� ŶƃŚŝ�šŚǀƿżū� ƹ�Ţƣŵ� Śŝ�šǈƯŚƘţ�Ʋƿř� Żř�ƽźĮƿŵ� ŵŚƘŝř� ƶƴǀƯ
Ƃǀŝ�ŵźǀĭ�Źřźƣ�šƹŚƌƣ�ŵŹƺƯ�ƽźţ���

��

                    ��
��

�ƪĪƃç��ƶƀƿŚƤƯ�į�ŶƇŹŵ�ŹǇƹŚƷƽ�ƶŤƄĩ�ƵŶƃ��ƽ SE)t(�ƶƄě�į�ƶŝ� źĭŹŚĪƃ�ƶƬǀſƹ�ƽ��źĭŹŚĪƃ
ƱƹŹŵ�ƶŤſŹ�ƽř�O. laevigatus�Źŵ�Źƺƌů�Ʋǀƴſ�ƭŹŚƸģ�(N4)��ƹƭƹŵ�(N2)�ĭŹƺě�ƾƶŤƃ�

ƾĭźŝ�Ĩƀƿŵ�ƹ�ƪƯŚĩ�ƵŚǀĭ�ƽƹŹ��Ɲƹźů�ƶŝŚƄƯ�ƲǀĮƳŚǀƯ��ŚƷƱŚƄƳ�ƵŶƴƷŵ�į��ƭŶƗŵƺūƹ�
ƝǈŤųř�ƴƘƯƾ�Źřŵ�Ţſř��t test��åÒ�åá = ����

Fig. 2. Comparison of mortality percentage (± SE) of the predatory midge larvae inflicted by 
interaguild predator, O. laevigatus in the presence of 4th (N4) and 2nd (N2) instar 
nymphs of aphid on the leaf disks or whole plant. Means with similar letters are not 
significantly different (t test, á = 0.05). 

��
ŽŚĜſ�ƽŹřżĭ��

ŢƿŚưů� Żř� ƵŵŚƠŤſř� Śŝ� ƢǀƤŰţ� Ʋƿř�ĭ� ƭŚŬƳř� ƱřźƸţ� ƵŚĮƄƳřŵ� ƾƫŚƯ� ƽŚƷŢƟź� �Ţĩźƃ� Żř� �
Koppert Biological System�ƶŝ�ƮƷřźƟ�ƪǀƫŵ�ƶǀƫƹř�ƖŞƴƯ�Ʊŵźĩ�į��řŹ�źĪƄţ�ƩŚưĩ�źĭŹŚĪƃ�šřźƄů

ŵŹřŵ��ƿŚƣō�ŻřƱŚ�ƶŝ�ŲſřŹ�ƁŹō�źŤĩŵ�ƹ�ƽŹŚǀƸƫř�Ʋǀƀů�źŤĩŵ��ƾƴǀƀů�ƾŞŤŬƯ�źŤĩŵ�Ĩưĩ�ƪǀƫŵ��ƽŚƷ
ƶǀƫƹř�ŭźƏ�ƶŗřŹř�Źŵ�ƵŶƳŻŹř�į�ŽŚĜſ�ƢǀƤŰţ�Ʋƿř�ƾƯ�ƽŹřżĭ�ŵƺƃ���
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