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ÐÕ                                        ƪĭ�ƱřŹŚƨưƷ�ƹ�ƽŶưŰƯ��ƵźƄů�šřźŧř�ƾſŹźŝ�ƂƧ��ƱŚƠƫƺſƹŶƳř�ƽŚƷ������

Abstract 
The common green lacewing is a known biocontrol agent because of its wide geographical 

distribution, high compatibility with different agricultural systems, high searching ability and ease of 
rearing. Adults and larvae were reared on artificial diet and eggs of Anagasta kuehniella (Zell.) 
respectively. The toxicity of insecticides was assessed on eggs (dipping method), third-instar larvae 
(contact method), and pupae (topical application) of Chrysoperla carnea Stephens. In order to study the 
sublethal effects, the third-instar larvae were treated with recommended field rate of each insecticide. The 
effects of the insecticides were assessed using demographic toxicology methods. Rearing conditions were 
26 ± 2ºC, 60 ± 10% relative humidity and a photoperiod of 16: 8 h (L: D). The results revealed that the 
insecticides did not affect eggs even at doses higher than recommended field rates. The LD50 values, of 
endosulfan, imidacloprid and indoxacarb for pupal stage were estimated to be 144, 33, and 21 µg ai/insect 
respectively. Since the insecticides did not affect the third-instar larvae at the recommended field rate, the 
LC50 was not estimated for this stage. The results showed that, only net reproduction rate (R0) was 
significantly affected by treatments. The highest and lowest amounts of rm were 0.176 and 0.152 for 
control and indoxacarb treatmnets respectively. Based on both acute toxicity and demographic toxicology 
methods, the rate of toxicity of the tested insecticides was as follows: indoxacarb > endosulfan > 
imidacloprid.  
Key words: green lacewing, lethal and sublethal effects, demographic toxicology 
 

ƶƯŶƤƯ��
ƶŤſřŹ�šřźƄů�ƽŹƺŤƫŚŝ�ƽ��ŚƷ(Neuroptera)��ƶŝ��ƶºƳƺĭ�ƵĦƿƹ�ƽChrysoperla carnea Stephens ��

ƾƯ�ŢƟō�ƱŚƿŚěŶƴŝ�ƮƸƯ�ƽŚƷźĭŹŚĪƃ�Żř�ƾĪƿ�ŶƴƃŚŝ��ƶƴƯřŵ�ƹ�ƾƿŚǀƟřźƜū�ƂƴƧřźě����Ɩǀºſƹ�ƾƳŚŝżǀƯ�ƽ
ƶƳŚƯŚſ�Źŵ�ŜſŚƴƯ�ƽŹŚĭŻŚſ�šŹŶƣ�ƶƿŸƜţ�ŹŚŤƟŹ��ƽŻŹƹŚƄĩ�ƽŚƷ���ǇŚºŝ�ƽźĭƺŬŤºƀū�šŹŶƣ�ƹ�ƽř��

�źǀŨƨţ�ƹ�ƁŹƹźě�ƱŚƨƯřƶŝ�ŢŞƀƳ��ƶŝ�ƵŵźŤƀĭ�ŢƯƹŚƤƯ�ƹ�ǇŚŝ�ƾƬŨƯŶǀƫƺţ�ƪǀƀƳŚŤě��ƵŚĮƄƿŚƯŻō�Źŵ�ƱŚſō
ƵźƄů�Żř�ƽŵŚƿŻ�ŵřŶƘţ�ƂƧ�ŚƷ��ƶŝ�ƵŹƹŵ�Źŵ�ƅƺƈų�źǀƠƃ�ƹ�ƽƹŹǇ�ƽ�ƾĭ�����ƶºƧ�Ţºſř�ƵŶƃ�ŜūƺƯ
ƶŝ�ŶƳřƺŤŝ�żŞſ�ƽŹƺŤƫŚŝ�ŶƃŚŝ�ŭźƐƯ�ƮƸƯ�ƾŤƀƿŻ�ƩźŤƴƧ�ƪƯŚƗ�Ʀƿ�ƱřƺƴƗ���Żř�źĭŹŚƨƃ�Ʋƿř�ƽŚƷƹŹǇ

Ťƃƶ�ƶƳƺĭ��ŚƷ�ƦƄĜƃ�ƞƬŤŴƯ�ƽŚƷ�ƥźŬƳŻ��ŚƷ�ŶǀƠſ��ŚƷŝƦƫŚ�ƪǀƀě��ŚƷ�žĜƿźţ��ŚƷ����ƮºŴţ�ƹ�ƹŹǇ��ŚºƷ
ƩŚŝ�Ʀƫƺě�ƱřŹřŵ��ŝƶ�ƵŻƺƛ�ƭźƧ�ƅƺƈų�ƶƴƧ��ƶŞƴě�ƽ����ŢŴºſ�ƮºŴţ�ƹ�ƹŹǇ��ƾƷŚºǀĭ�ƽŚƷ��ƩŚºŝ���ƱŚºƃƺě

ƾƯ�ƶƿŸƜţ��ŶƴƿŚưƳ(Azma & Mirabzadae 2004)���
šŚƟō�ƩźŤƴƧ�ƽřźŝ�ƵźƄů�Żř�ƽŵŚƿŻ�ŵřŶƘţ��ƞƬŤŴƯ�šǇƺƈŰƯ�ƂƧ�ƶŝ�ŚƷ��ŹŚƧ��ƾºƯ��ŶºƳƹŹ����Ʋºƿř

ƶƳƺĭ�ƽƹŹ�Ōƺſ�ƽŚƷźŧř�źŝ�ƵƹǈƗ�ƾƿŚǀưǀƃ�ŵřƺƯ��ƝŶƷźǀƛ�ƽŚƷ���ŜūƺƯ��ƾƘǀŞƏ�ƱŚƴưƃŵ�ƶƬưū�Żř
ŢƀƿŻ�ƽŚƷźŧř�źƿŚſ�ƾƯ�żǀƳ�ƾƐǀŰƯ�ŶƳƺƃ��ƁƹŹ�ƢǀƠƬţ�ƶƧ�Ţſř�ƾƸƿŶŝ�����ƹ�ƾƿŚǀưǀºƃ�ƩźºŤƴƧ�ƽŚºƷ

ƾŤƀƿŻ�ƩźŤƴƧ�(biological control)�ƶƯŚƳźŝ�ŢǀƤƟƺƯ�Źŵ�ŚƷ���ºƤǀƠƬţ�ŢƿźƿŶºƯ�ƽ����Ţºſř�ƮºƸƯ�šŚºƟō�ƾ
(Croft, 1990)��ŢƟō�Żř�ƵŵŚƠŤſř�ƂƧ��ŜŞſ��ŶƳŹřŶƳ�ƽŹŚĭŻŚſ�ŚƷŶǀŗƺŤƿŻřŹŚě�ƹ�ŚƷźĭŹŚƨƃ�Śŝ�ƶƧ�ƾƿŚƷ

�ƺºŝ�Źŵ�ƽƺƳŚŧ�šŚƟō�ŹƺƸƓ�ƹ�šŚƟō�ƱŚǀƜƏ�ƭ��ƶƳŚƯŚºſ��ŚºƷ�(ecosystems)���ƾºƯ��ŶƳƺºƃ�����šǇǈŤºųř�Ʋºƿř
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèæ���æ���ÎÐîå�������������������������������������������������������������������������ÐÖ 

ƭƺŝ�ƵźƄů�ŵźŝŹŚƧ�ƂƿřżƟř��šŹŚƀų�ƂƿřżƟř�ŜūƺƯ�ƾŤųŚƴƃ�ƂƧ��ƹźºŝ�ƶŬǀŤƳ�Źŵ�ƹ�ŚƷ�Ɩƿźºſ�Ż���źºţ
Ʊō�ƶŝ�ŢƯƹŚƤƯ�ƾĭŵƺƫō�ƹ�ŚƷ�ŢƀƿŻ�ƽŚƷ�ƾƯ�ƾƐǀŰƯ�ŶƳŵźĭ��źƋŚů�ƩŚů�Źŵ��ƵźƄů�ŜƬƛř�ƂƧ���ƽŚºƷ

ŚǀƳŵ�Źŵ�ƵŵŚƠŤſř�ŵŹƺƯ�ŪƿřŹ��ƵźƄů�ƂƧ�ƾƯ�ƾŞƈƗ�ƽŚƷ�ŶƴƃŚŝ��ƶŝ����Ƶƺǀºƃ�ƩƺºưƘƯ�ŹƺºƏ���Źŵ�ŜºƫŚƛ�ƽ
��ƶºƳƺĭ�ƽƹŹ�ƾƿŚǀưǀºƃ�ŵřƺƯ�Ţǀưſ�ŵŹƹōźŝ������ŵŹƹōźºŝ�ƝŶºƷźǀƛ�ƹ�ƝŶºƷ�ƽŚºƷLC50�Ʊō���Ţºſř�ŚºƷ� �

(Stark & Banks, 2003)��ƾƨƿ��źĮƿŵřŹ�ŻřƷ��Źřźºƣ�Żř�ŶºƘŝ�ƾƿŚǀưǀƃ�šŚŞǀĩźţ�źƐų�ƾŝŚƿŻŹř�ƽŚƷŹŚĪ�
ƶƳƺĭ�ƲŤƟźĭ�Źŵ�ƞƬŤŴƯ�ƽŚƷ�Ʊō�ƉźƘƯ��ƽŚƷźŤƯřŹŚě�ƽƹŹ�šŚŞǀƧźţ�Ʋƿř�źŧř�ƾſŹźŝ��ŚƷ���ƾƬŨƯŶºǀƫƺţ

ƾƯ�ŶƃŚŝ���ƵŵŚƯ�šřźƄů�ƽŹƹōŵřŻ�ƹ�źǀƯ�ƹ�īźƯ�ƢǀƠƬţ�ŽŚſř�źŝ�ƁƹŹ�Ʋƿř�ƾƯ�ŶƃŚŝ���ŹŚºĪƷřŹ�ƶŝ�ƹ
IOBC�(International Organization for Biological Control)��Ţſř�ŹƺƸƄƯ(Desneux et al., 2007; 

Stark & Banks, 2003)���ľǇƺưƘƯ�Żř�ƾĪƿ��ƵźºƄů�Ţǀưſ�ƲǀǀƘţ�ƽřźŝ�źƿŻ�ƁƹŹ�ƶſ��ƂºƧ���ƽƹŹ�ŚºƷ
���Ţºſř�ƵŶºƃ�ƶǀºƇƺţ�ƾƘǀŞƏ�ƱŚƴưƃŵ���Î����Źřźºƣ��ƵźºƄů�Ʊŵřŵ������Źŵ�ƵźºƄů�ƱŶºŝ�ŮƐºſ�ƽƹŹ�ƂºƧ

ƵŚĮƄƿŚƯŻōƶƧ���ƵźƄů�Ʀƿ�źŧř�Ź�ƂƧƶŝ�ƶƧ�ƾƘƣƺƯ�ř��ƽƹŹ�ƮǀƤŤƀƯ�ŹƺƏ����ƵŶǀºƃŚě�ƾºƘǀŞƏ�Ʋưƃŵ�Ʀƿ
ƾƯ�ƶŝ��ŵƺƃ�ƶǀŞƃ�ƾŝƺų�ƾƯ�ƽŻŚſ�ŶƿŚưƳ���ç��������ƶºŝ�ƶŤºƄƛō�ŭƺƐºſ�ƉźºƘƯ�Źŵ�šřźºƄů�Ʊŵřŵ�Źřźƣ

ƵźƄů���ƂƧ�ƶƧƁƹŹ�ƲƿźŤƸŝ�Żř�ƾƨƿ�ƵŻřŶƳř�ƽřźŝ�ŚƷ��ƵźºƄů�ƽŚƿŚƤŝ�ƽźǀĭ��ƂºƧ����ƱŚƴưºƃŵ�ƽƹŹ�ŚºƷ
Ţſř�ƾƘǀŞƏ�ƹ���Ð���ƹ�ƪºŞƣ�ƾƘǀŞƏ�ƱŚƴưƃŵ�ŢǀƘưū�ƱŶǀƿŚě����ƵźºƄů�ŵźŝŹŚºƧ�Żř�ŶºƘŝ��ƂºƧ���Źŵ�ŚºƷ

ƵŻřŶƳř�ƽřźŝ�ƁƹŹ�ƲƿźŤƸŝ�ƶƧ��ƶƗŹżƯ�ƵźƄů�źŧř�ƽźǀĭ�ƂƧ�ƾƯ�ƶƗŹżƯ�Źŵ�ŚƷ�ŶƃŚŝ��ƁƹŹ��ƹ�Ʃƹř�ƽŚƷ
�ŶƳŹŵŚƣ�ƭƹŵ�ƵŶƷŚƄƯ�ƹ�ŹŚƔŤƳř�ŵŹƺƯ�ƽŚƷźŧř�Śŝ�ƍŚŞţŹř�Źŵ�řŹ�ƾƃŻŹřŚŝ�šŚƗǈƏř�ƃƵŶ�ƵźƄů�ƽ�ƂƧ��ŚƷ

�ƮƷřźƟ�ƶƗŹżƯ�Źŵ�ƾƘǀŞƏ�ƱŚƴưƃŵ�ŢǀƘưū�ƽƹŹ��ŶƴƿŚưƳ(Tillman & Mulrooney, 2000)���
Ʋƿř�ƶŝ�ƶūƺţŚŝ����������Żř�ƾºƨƿ�żŞºſ�ƽŹƺŤƫŚºŝ��ƶŤºƀě�ƹ�ŶºƴƣŹŶƴƜģ��ƶºŞƴě�ƪºŨƯ�ƾţǇƺºƈŰƯ�Źŵ�ƶƧ

ƽŚƷźĭŹŚƨƃ���ƩŚƘƟŢſř�ƵźƄů�ƹ�ƂƧ��ƲƿźţǇŚŝ�ƱŚƠƫƺſƹŶƳř�ƹ�śŹŚƧŚƀƧƹŶƴƿř��ŶƿźěƺƬƧřŶǀưƿř�ƽŚƷ
����ºǀƘţ�ƽřźºŝ�šŚºŞǀƧźţ�Ʋºƿř�ƾĭŶƴƄƧ�šřźŧř�ƾſŹźŝ��ŶƳŹřŵ�šǇƺƈŰƯ�Ʋƿř�Źŵ�řŹ�ƝźƈƯ�ƱřżǀƯ�Ʋǀ

ŽŚƀů�ƪưŰŤƯ�ƹ�Ʋƿźţ�ƶƬůźƯ�Ʋƿźţ�ƶŝ�ƽŹƹźƋ�źĭŹŚƨƃ�ƾĭŶƳŻ�ƽ�ƾƯ�źƔƳ��ŶǀºſŹ�����ƭŚºŬƳř�Żř�žºě
ƾƯ�šŚƘƫŚƐƯ������ƶǀºƇƺţ�Śºŝ��źĭŹŚƨºƃ�Śºŝ�ƮºƧ�ƽŹŚĭŻŚſ�Śƿ�ƽŹŚĭŻŚſ�ƭŶƗ�šŹƺƇ�Źŵ�Ʊřƺţ�ƽ���ƭŶºƗ

ƵźƄů�Żř�Ʀƿ�źƷ�ƝźƈƯ�ƂƧ�Ʈſ�šŚƘƟŵ�ŵřŶƘţ�ƂƷŚƧ��ƾſŹźŝ�ŵŹƺƯ�ƽŚƷ����ŹřŶºƤƯ�ƂƷŚºƧ��ƾƃŚě
ưŰŤƯ�Źŵ�ŵźŝŹŚƧ�Śƿ�ƹ�ƝźƈƯƪ�ƶƬůźƯ�Ʋƿźţ����ƹ�šŚºƟō�źºŤƸŝ�ƶģ�źƷ�ƩźŤƴƧ�Źŵ��źĭŹŚƨƃ�ƾĭŶƳŻ�ƽ

ƾĭŵƺƫō�ƂƷŚƧ�ŢƀƿŻ�ƽŚƷ�ƭŚĭ�ƾƐǀŰƯ�Ţƃřŵźŝ�ƽŶǀƠƯ�ƽŚƷ���
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ÑÍ                                        ƪĭ�ƱřŹŚƨưƷ�ƹ�ƽŶưŰƯ��ƵźƄů�šřźŧř�ƾſŹźŝ�ƂƧ��ƱŚƠƫƺſƹŶƳř�ƽŚƷ������

ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
šřźƄů�ƁŹƹźě��

ƵźǀƠƃ�Ɩưū�Żř�žě�ƪƯŚƧ�šřźƄů�ƽŚƷ�ƽŹƹō���ƽŚƯŵ�Ǝƿřźƃ�ŹŵÏ��t��ÏÓ�ƶūŹŵ���ŽƺǀƀƬſ�ƽ
�ƾŞƀƳ�ŢŝƺƏŹÎÍ��t��ÓÍ�ƵŹƹŵ�ƹ�ŶƇŹŵ��ƽŹƺƳ�ƽ�Õ����ÎÓ��ºſ�ŢƗŚ���ƾĪƿŹŚºţ��ƾƿŚƴºƃƹŹ���ƶºĮƳ��ƽŹřŵ

ŶƳŶƃ��ƝźƓ�ƶŝ�ŹƺƸƓ�Żř�žě�ƪƯŚĩ�šřźƄů��ƶƳřƺŤºſř�ƽŚƷ�ƽř�������źºƐƣ�Śºŝ�ŢŴºſ�ƾĪǀŤºſǈě�ƪĪºƃ
ƶƳŚƷŵ��ƽÎÓ��ƕŚƠţŹř�ƹÏÑ�ƾŤƳŚſ��źŤƯ�ƶƧƶƳŚƷŵ��ƽƱō�ƶģŹŚě�Śŝ�ŚƷ��ƽŶƳŚĭŹř�ƽŹƺţ�ƽÒÍ���ŵƹŶºƀƯ�ƂƯ

ƃŶ�ŵƺŝ�Ƶ��ƪƤŤƴƯŶƿŵźĭŶƳ��ƶƿŸƜţ��Żř�ƾƏƺƬŴƯ�Śŝ�ƪƯŚĩ�šřźƄů�ƽÑ�ưŴƯ�ƭźĭ��źÑ�ƾƬǀƯ��ƹ�śō�źŤǀƫ
Ô��ƪƀƗ�ƭźĭ�ƶƧƶĮƳ�ƩŚĤŴƿ�Źŵ�ƽŹřŵ�ƾƯ�Ŷƃ��ŢƟźĭ�šŹƺƇ�(Vogt, 2000)���Ĩºƿ�ŻƹŹ�ƹŵ�źƷ���ŹŚºŝ

ƶƿŸƜţ�ŢƸū�ƾƤƬƏ�ƾĪǀŤſǈě�ŹřƺƳ�ƽƹŹ�Ʊō�Żř�ƽŹřŶƤƯ�����ƁŹƹźºě�ƝźºƓ�ƪºųřŵ�ƪƯŚĩ�šřźƄů�ƽ
�Ƶŵřŵ�ŹřźƣƾƯ�Ŷƃ���������ƶŤºƃřŸĭ�ƝźºƓ�ƽƹŹ�ƶºĩ�ƾŝƺºƏźƯ�ŪƴƠºſř�Żř��ƪºƯŚĩ�šřźƄů�ŻŚǀƳ�ŵŹƺƯ�śō

ƾƯ���Ŷƃ�Ŷƿŵźĭ�ƲǀƯŐţ��ƝźƓ�����Ɩºưū�ƽřźºŝ�ƪºƯŚƧ�šřźºƄů�ƁŹƹźě�ƽŚƷ��ƮºŴţ�ƽŹƹō��ŚºƷ����ƶºƳřŻƹŹ
ŶƳŶƃ�ƊƿƺƘţ���ƮºŴţ�Śŝ�ƶƳřŻƹŹ��ƮŴţ�Żř�ũƹźų�Żř�žě�ŚƷƹŹǇ���ŶºưŬƴƯ�ƽŚºƷ��ƵŶºƃ��Ŝºƃ�ƽ��Ƶźºě��ƽ

ƶƳřźŤƿŶƯ�ŵŹō�ƽř���Anagasta kuehniella Zell��ŶƳŶƃ�ƶƿŸƜţ����
��

ƂƿŚƯŻō�ŢƀƿŻ�ƽŚƷ�ƾŬƴſ��ƾſŹźŝ�ƹĭŶƴƄƧźƿŻ�ƹ�ƾĭŶƴƄƧ�ƽŚƷźŧřƾ��
ƵźƄů�ƂƧ�Żř�ŶƳŵƺŝ�šŹŚŞƗ�ƵŵŚƠŤſř�ŵŹƺƯ�ƽŚƷ���ŶƿźěƺƬĩřŶǀưƿř�ƵźƄů��ƽŶºǀŗƺƴǀţƺĪǀƳƺŘƳ�Ƃĩ�

(neonicotinoid)�ƶƫƺƯźƟ�ƶŝ�ƵŶƃ��šŹƺƇ350 SC��ƵŵŚƯ��ƶºŝ�ƩŚƨǀƴƨţ�ƽ�����ƶºūŹŵ�Śºŝ�ŶºƯŚū�šŹƺºƇ��ƽ
�ƅƺƬų�Õ�ÖÕŶǀƫƺţ����Ţĩźƃ�ƵŚǀĭ�����śŹŚĩŚƀĩƹŶƴƿř��ƵźºƄů���Śºƿŵřżĭř�ƂºĩŻƾƴƿ�(oxadiazine)�
ƶƫƺƯźƟ�ƶŝ�ƵŶƃ�šŹƺƇ�150 SC��ƵŵŚƯ�ƶŝ�ƩŚƨǀƴƨţ�ƽ�Ƈ��ƶºūŹŵ�Śºŝ�ŶƯŚū�šŹŹƺ���ƅƺºƬų�ƽ�Õ�ÖÕ��

�Ţĩźƃ�ŢųŚſDu Pont��ƶƀƳřźƟ��ƽŹŚºŬţ�ƭŚƳ�ŚŝAvaunt®���ƹ��ƱŚƠƫƺºſƹŶƳř��ƵźºƄů���ƵźºƬĩ�Ƃºĩ�ƽ�
ƶƫƺƯźƟ��ƵŶƃƶŝ��šŹƺƇ35 EC��ƵŵŚƯ�ƶŝ�ƩŚƨǀƴƨţ�ƽ�ƶūŹŵ�Śŝ�ŶƯŚū�šŹƺƇ��ƅƺºƬų�ƽ��ÖÓ�Ŷºǀƫƺţ���
�ŢĩźƃPartonar����

ŢƀƿŻ�ƽřźŝ�ƮŴţ�ƾŬƴſ�Ʒ�ŚƶƏƺƛ�ƁƹŹ�Żř��Ŷƃ�ƵŵŚƠŤſř�ƽŻŚſŹƹ(Saber et al., 2005)����žºě
ƂƿŚƯŻō�Żř�ƶƴƯřŵ��ƾţŚƯŶƤƯ�ƽŚƷ�ŢƔƬƛ�ƽ�ƵźƄů�ƽřźŝ�ŚƷ�Ƃĩ��ƹ�ŶƿźěƺƬĩřŶǀưƿř��śŹŚĩŚƀĩƹŶƴƿř�ƽŚƷ

ƶŝ�ƱŚƠƫƺſƹŶƳř��ŜǀţźţÓÍÍ���ÏÕÒ��ÎÍÒÍ��ÒÏÒ��ƹÏÎÍÍ���ÎÑÍÍ�ƾƬǀƯ���ƵŵŚºƯ�ƭźºĭ����źºŤǀƫ�Źŵ�źŧŒºƯ�ƽ
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèæ���æ���ÎÐîå�������������������������������������������������������������������������ÑÎ 

Ŷƃ�ŵŹƹōźŝ��ƶǀƸţ�Żř�žě�ƩƺƬŰƯ�ƽ�ƵźƄů�ƽŚƷ�Ƃĩ��ŵřŶƘţ��ŚƷÏÍ���ƮºŴţ�ŵŶºƗ��ÏÑ�ÎÏ����ƶºƧ�ƶŤƗŚºſ
ƵŚǀſ�ƽŸƛŚƧ�ƽŚƷŹřƺƳ�ƽƹŹ�ƵŵŚƯ�šřźƄů�Ǝſƺţ��šŶƯ��ŶƳŵƺŝ�ƵŶƃ�ƶŤƃřŸĭ�ĬƳŹÎÍ���ƪºųřŵ�ƶǀƳŚŧ

Ŷƃ�Ƶŵźŝ�ƹźƟ�ŢƔƬƛ�źƷ��ƶŝ�źƐƤƯ�śō�Śŝ�ƎƤƟ�ŶƷŚƃ�Ƶƹźĭ�ƵŵŚƯ�ƵƹǈƗ�žǀų�ƽ����ŹŚºưǀţ�ƵŶºƴƴĩ��Ŷºƃ��
ƦƄų�ƹ�ŹŚưǀţ�Żř�žě�ƶƤǀƣŵ�ƾſ�ƱŶƃ��ƮŴţ�řŵ�ƶŝ�ŚƷƽźŤě�ƪų�ƶƄǀƃ�ƽŚƷ�ƝźƓ�ƹ�ƪƤŤƴƯ�ƽř���ƽŚºƷ
ŶƳŶƃ�ƪƤŤƴƯ�ŶƃŹ�ƦƣŚţř�ƶŝ�ƽźŤě��ƮŴţ�ŲƿźƠţ�ƱřżǀƯ��Żř�žě�ŚƷÔÏ��ŢŞŧ�ŢƗŚſ��Ŷºƃ����Żř�žºěÖÓ�

ŢƗŚſ��ƮŴţ�ŲƿźƠţ�ƭŶƗ�šŹƺƇ�Źŵ�ŚƷ�ƮŴţ���ŲƿźƠţ�ƽŚƷ��śƺƀŰƯ�ƵŵźƯ��ƵŶƄƳ��ŶƳŶºƃ�����źºƷ�ƽřźºŝ
Ŷƃ�ƶŤƟźĭ�źƔƳ�Źŵ�Źřźƨţ�ŹŚƸģ�ƪƣřŶů�ŹŚưǀţ���ƶŝ�ƶƴƯřŵ�ƶƨƴƿř�ƪǀƫŵ�ƽ�ŢƔƬƛ�ƶƗŹżƯ�Żŵ�Żř�źţǇŚŝ�ŚƷ��ƽř

ƵźƄů�ƂƧ�ŶƳŵƺŝ�ŚƷ���ƲƿřźŝŚƴŝLC50�ƶƬůźƯ�Ʋƿř�ƽřźŝ�ƽ���ŶºƇŹŵ�ƲǀĮƳŚǀƯ�ƹ�ŶƿŵźĮƳ�ƶŞſŚŰƯ�ƾŤƀƿŻ
źŝ�ŢƔƬƛ�źƷ�šŚƠƬţ�ŹŚưǀţ�ƮŴţ�ƪƧ�ŵřŶƘţ�Ŝƀů�ŲƿźƠţ�ƶŝ�ƵŶƃ�Ŷƿŵźĭ�ƶŞſŚŰƯ�ƵŶƄƳ���
ŢƀƿŻ�ƽřźŝ�ƶƬůźƯ�ƾŬƴſ�źǀƠƃ�ƽ�Ƶ�ƵŵŚƯ�Żř�ƾĭ�ƵźƄů�ƩŚĪǀƴĪţ�ƽ�Ƃĩ�ƁƹŹ�ƹ�ŚƷ���ƾƘºƋƺƯ�ŹŚưǀţ

�Ŷƃ�ƵŵŚƠŤſř(Medina et al., 2003)��ƂƿŚƯŻō�Żř�žě�ƾţŚƯŶƤƯ�ƽŚƷ��ƶƴƯřŵ�Żŵ�ƽ�ƽřźŝ�ŚƷ�ƵźƄů�Ƃĩ���ƽŚºƷ
ŝ�ƱŚƠƫƺſƹŶƳř�ƹ�śŹŚĩŚƀĩƹŶƴƿř��ŶƿźěƺƬĩřŶǀưƿřƶ��ŜǀţźţÔÒ�ÏÍ��ÓÍ�ÎÍ��ƹÐÍÍ�ÕÍ��ƶŝ�ƭźĭƹźĪǀƯ

Ŷƿŵźĭ�ŵŹƹōźŝ�ƵźƄů�źƷ�ƽřŻř��ƵŵŚƯō�ƽřźŝ�Żŵ�ƽŻŚſ�ŻŚǀƳ�ŵŹƺƯ�ƽŚƷ����Żŵ�Ūƴºě����Żř�ƭřŶºĩ�źºƷ�ƽřźºŝ
ƵźƄů�Ƃĩ�ŚƷ���ƭŻǇ�ŹřŶƤƯ�ƵŵŚƯ�Żř�ƵźƄů�źƷ�ƩŚĪǀƴĪţ�ƽ�ƾƬǀƯ�ƹŵ�Źŵ�Ƃĩ�Ŷƃ�ƪů�ƱƺŤſř�źŤǀƫ���Ĩƿ

ƹźĪǀƯ�Żř�ƵŵŚƠŤſř�Śŝ�Żŵ�źƷ�Żř�źŤǀƫƹźĪǀƯ��ƱƺŤƬǀưƷ�ĬƳźſÒÍ�����ƶºƬǀě�źºƷ�ŮƐºſ�Źŵ�ƽźºŤǀƫƹźĪǀƯ��ƽ
ƵźǀƠƃ��ƽŚƷÑÕ�ÏÑ��ƶŤƗŚſ���Żŵ�źƷÎÒ�ÎÍ�ƵźǀƠƃ�ŵŶƗ���Ŷƃ�Ƶŵřŵ�Źřźƣ���ŶƷŚƃ�Ƶƹźĭ�Ĩƿ�Śŝ�ƎƤƟ�żǀƳ

Ŷƿŵźĭ�ŹŚưǀţ�ƱƺŤſř�źŤǀƫƹźĪǀƯ��ƵźǀƠƃ�ƽƹŹ�Ţǀưſ�ƾŝŚƿŻŹř�ƽřźŝ�ƥǈƯ�ƵźǀƠƃ�ŵƺų�īźƯ��ŚƷ��ƹ�ŚƷ
Śě�Śţ�ƶƧ�ƾƬƯŚƧ�šřźƄů�īźƯ�ƲǀƴĤưƷƿƵźǀƠƃ�Żř�ƮƸƳ�ŻƹŹ�ƱŚ�ƾƯ�ũŹŚų�ƵŶƃŹŚưǀţ�ƽŚƷ�ŶƃƳŵƺŝ��Ŷ���

źƿŻ�ƹ�ƾĭŶƴƄƧ�ƽŚƷźŧř�ƾſŹźŝ�ƽřźŝ�ƵźƄů�ƾĭŶƴƄƧ�Ƃĩ�����ƁƹŹ�Żř�żŞºſ�ƽŹƺŤƫŚºŝ�ƽƹŹ�ŚºƷ
ūƮſ�ƾŤƀƿŻ�ƩƹŶ��Ŷƿŵźĭ�ƵŵŚƠŤſř�ƾŤųŚƴƃ(Stark & Banks, 2003)��ƶŝ��ƽŚƷƹŹǇ�ƽǇŚŝ�ƪưŰţ�ƪǀƫŵ

�ƭƺſ�Ʋſ��ƶºƗŹżƯ�Żŵ�Żř�źţǇŚŝ�ƽŚƷŻŵ�Źŵ�ƾŤů�ƽř���LC50��Ʊō�ƽřźºŝ����ŶºƿŵźĮƳ�ƶŞºſŚŰƯ�ŚºƷ����ƽřźºŝ
ƶƘƫŚƐƯ���ƵźºƄů�ƾĭŶƴºƄƧźƿŻ�ƹ�ƾĭŶƴƄƧ�ƽŚƷźŧř�ƽ��ƂºƧ����ƶºƬůźƯ�Ʋºƿř�ƽƹŹ�ŚºƷ���Żŵ�Żř��ƾŤºƀƿŻ�ƽ
ƶƗŹżƯ�ƵźƄů�ƽř�ƂƧ�Ŷƃ�ƵŵŚƠŤſř�ŚƷ���ŵřŶƘţ��ŹƺƔƴƯ�Ʋƿř�ƽřźŝÓÍ���Żř�źºŤưƧ�ƶƧ�ƭƺſ�Ʋſ�ƹŹǇ�ŵŶƗ
ÏÑ�ŶƴŤƃřŵ�źưƗ�ŢƗŚſ��ŢƔƬƛ�Śŝ�ƶǀƇƺţ�ƽŚƷ�ƵŶƃ�ƵźƄů�źƷ�ƽ���ƂĩÎÒÍ��ÎÔÒ��ƹÔÍÍ�ƾƬǀƯ��ƭźĭ
ƵŵŚƯ�ƶŝ�źŤǀƫ�Źŵ�źŧŒƯ�ƽ��������ƁƹŹ�ƶºŝ��ƱŚƠƫƺºſƹŶƳř�ƹ�ŶºƿźěƺƬĩřŶǀưƿř��śŹŚĩŚºƀĩƹŶƴƿř�ƽřźºŝ�Ŝºǀţźţ
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ÑÏ                                        ƪĭ�ƱřŹŚƨưƷ�ƹ�ƽŶưŰƯ��ƵźƄů�šřźŧř�ƾſŹźŝ�ƂƧ��ƱŚƠƫƺſƹŶƳř�ƽŚƷ������

ƽźŤě�Źŵ�ƾſŚưţ�ƶƄǀƃ�ƽŚƷ�ƽř��źƐƣ�ƶŝÖ��ƕŚƠţŹř�ƹÒ�Î�ƾŤƳŚſ��ƹ�ŶƳŶƃ�ŹŚưǀţ�źŤƯÏÑ����ŶºƘŝ�ŢƗŚºſ
Ʊō�Źŵ�ƵŵźƯ�ŵřźƟř�ŵřŶƘţ�Ŷƃ�ŢŞŧ�ŚƷ��ƵŶƳŻ�ƽŚƷƹŹǇ��šŶƯ�Ʋƿř�Żř�žě�ƝźƓ�ƶŝ�ƵŶƳŚƯ���ƁŹƹźºě�ƽŚƷ

źƠƳřř�ƪƤŤƴƯ�ƽŵƹ�ƝźƓ�ƵŶƷŚƄƯ�ƽřźŝ�ƶƳřŻƹŹ�ŹƺƧŸƯ�ƽŚƷ��ƪƯŚĩ�šřźƄů�ŹƺƸƓ�ƹ�ƵźǀƠƃ�ƪǀƨƄţ�ƽ
ŶƳŶƃ�ƾſŹźŝ��ƮŴţ�ƱřżǀƯ�ƲǀǀƘţ�ƽřźŝ�źƄů�Żř�ŢƠū�źƷ��ƵŵŚƯ�šřźƄů�ƽżƿŹ�ƵŵŚƯ�ƹ�źƳ�ƪƯŚƧ�šř�
ŹƺƸƓ�Żř�žě�ƶŝ�ƝźƓ�ƪųřŵ�ƮŴţ�ƽŚƷ�ƵŹřƺƿŵ�ƶƧ�ƽźǀĭ�ƵŚǀſ�ŸƛŚƧ�Śŝ�Ʊō�ƽ�ƶƳŚƷŵ�ƹ�ĬƳŹ�ƽ���Śºŝ�Ʊō

ƶģŹŚě��ƂƯ�ƽŹƺţ�ƽÒÎ�ƝźƓ�ƹ�ƪƤŤƴƯ��ŵƺŝ�ƵŶƃ�ƵŶƳŚƃƺě�ƮŴţ�ƕƹźƃ�Śŝ�ŚƷ��ƊƿƺƘţ�ŻƹŹ�źƷ�ƽżƿŹ
ŶƳŶƃ��ƮŴţ�ƶŤƃřŸĭ�ƽŚƷ�ƵŶƃ��ƶƳřŻƹŹ��ƁŹŚưƃ�ƹƽźŤě�ƶŝ����źºƐƣ�ƶºŝ�ƾƨǀŤſǈě�ƽŚƷÓ��ƾŤƳŚºſ���źºŤƯ

ŶƴŤƟŚƿ�ƩŚƤŤƳř���Żř�ŶƘŝÔÏ�Ʊō�ŲƿźƠţ�ŢƗŚſ�Ŷƃ�ƾſŹźŝ�ŚƷ�ƹ�����ƵŵŚºƯ�ŵźºƟ�Ʋƿźºųō�īźƯ�Śţ�ƪưƗ�Ʋƿř
ŢƟŚƿ�ƶƯřŵř���

ƶººƘƫŚƐƯ�ƽřźººŝ�ƽ�Ʈººſ���ƦººǀƟřźĭƺƯŵ�ƾººſŚƴƃ�ƩƹŶººū��ƁƹŹ�ƶººŝ�ƽŹƹŹŚººŝ�ƾŤººƀƿŻ�ƽŚººƷ� �
Carey (1993, 2001)�ŶƳŶƃ�ƪǀĪƄţ��ƶŬƴſřźƟ��ƽŚƷ(parameters)�ū���ƾƷŚºƴŤƯ�űźºƳ�ƪƯŚƃ�ŹřŶƿŚě�ŢǀƘư

ƪŨƯŶǀƫƺţ�ƆƫŚų�űźƳ��ƆƫŚųŚƳ�ƪŨƯŶǀƫƺţ�űźƳ��ŢǀƘưū�ƂƿřżƟř�ƹŵ�ƱŚƯŻ�šŶƯ���źŝřźŝ����ŢºǀƘưū�ƱŶƃ
��ƩƹŶºū�Żř�īźºƯ�ƾţřŷ�űźƳ�ƹ�Ŷƫƺţ�ƾţřŷ�űźƳ��ƪƀƳ�Ĩƿ�ƱŚƯŻ�ƲǀĮƳŚǀƯ��ƽŚºƷ�����źºŝ�ƽŹƹŹŚºŝ�ƾŤºƀƿŻō�ŵŹƹ

�ŶƳŶƃ(Carey, 1993; Maia et al., 2000)���
ƹ�ƾƀƴū�ŢŞƀƳ�ƲǀǀƘţ�ƽřźŝ��ƵŹƹŵ�ƹ�ŚºƤŝ�ƱřżǀƯ�ƾſŹźŝ�����ƭƹŵ�ƹ�Ʃƹř�Ʋǀƴºſ�ƽŚºưƳ�ƹ�ƺºƄƳ�ƽ

�ŵřŶƘţ��ƽƹŹǇÎÍÍ�ŝ�ƮŴţ�ŵŶƗƶ��ƶƬůźƯ�ƶſ�ƾƏ�ƾƟŵŚƈţ�šŹƺƇ��ƽŚƷŻƹŹ�ŹŵÒ��ÎÒ��ƹÏÒ���žºě
ƮŴţ�ƕƹźƃ�Żř�ƽżƿŹ��Ʊō�ƾĭŶƳŻ�ŢǀƘƋƹ�ƹ�śŚŴŤƳř�ŚƷŹŚưǀţ�Żř�ƭřŶĩ�źƷ�Żř�����šřźºƄůŹƺƸƓ�Śºţ�ŚºƷ

ƶŝ�ƪƯŚĩ�ƶƬůźƯ�ƾſŹźŝ�ŢƸū�ƶƳřŻƹŹ�ŹƺƏ�ƹ�ƺƄƳ�ƽ�ƿŚưƳŶƃ�ƾſŹźŝ�ŚƤŝ�ƱřżǀƯ�ƹ�ƾ���ŵřŶƘţ�ƭŚŬƳřźſ
�ƪƯŚĩ�šřźƄů���ƶºŝ�ŶƷŚºƃ�ƹ�ŹŚºưǀţ�źƷ�Źŵ�ƵŵŚƯ�ƹ�źƳ�����ƁŹŚưºƃ�ƶºƳŚĭřŶū�šŹƺºƇ�Ŷºƿŵźĭ����ƽřźºŝ

ƶººƀƿŚƤƯ�ƶŬƴººſřźƟ�ƽ����ƞƿŚººƴĪū�ƁƹŹ�Żř�ŹřŶººƿŚě�ŢººǀƘưū�ƽŚººƷ)ackknife(J��Ŷººƃ�ƵŵŚƠŤººſř� �
(Meyer et al., 1986)����

��
ƶƿżŬţ�ƽ�ƽŹŚƯō��
ţƶƿżŬ�Ƶřŵ�ƽ�ŢƀƿŻ�Żř�ƪƇŚů�ƽŚƷ��Ư�ƾŬƴºſ������ƁƹŹ�Żř�ƵŵŚƠŤºſř�Śºŝ�ƽŶºƃŹ�ƞºƬŤŴƯ�ƪºůřź

ƭźƳ�ƹ�Ţǀŝƹźě��ŹřżƟřSPSS���ŢºƟźĭ�šŹƺƇ(SPSS, 2004)���ƶºƀƿŚƤƯ���ƵźºƄů�Ţǀưºſ�ƽ��Ƃºĩ���ƽŚºƷ
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèæ���æ���ÎÐîå�������������������������������������������������������������������������ÑÐ 

ƁƹŹ�ƶŝ�ƞƬŤŴƯ�Robertson & Preisler (1992)�Ŷƃ�ƭŚŬƳř��ƶƿżŬţ�Ƶŵřŵ�žƳŚƿŹřƹ�ƽ��Żř�ƵŵŚƠŤſř�Śŝ�ŚƷ
ƭźƳ��ŹřżƟřSAS��Ŷƃ�ƭŚŬƳř(SAS Institute, 2002)��ƶƿżŬţ�Żř�ƪŞƣ�žƳŚƿŹřƹ�ƽ����ƩŚºƯźƳ�ƽřźºŝ���ƱŵƺºưƳ
Ƶŵřŵ��ƶƘƫŚƐƯ�Żř�ƪƇŚů�ƽŚƷ�ƾĭŶƴƄƧźƿŻ�ƽŚƷźŧř�ƽ���Ƶŵřŵ�ƪƿŶºŞţ�Żř����Ŷºƿŵźĭ�ƵŵŚƠŤºſř�ƾưŤƿŹŚºĮƫ�ƽ��

ƶƀƿŚƤƯ�ƲǀĮƳŚǀƯ�ƽ�Ŷƴģ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷ�ƶƴƯřŵ�Ŷƃ�ƭŚŬƳř�ƲĪƳřŵ�ƽř��ƭźƳ�Żř���ŹřżºƟřExcel���ƽřźºŝ
ƶŞſŚŰƯ�ƹ�ŢųŚſ�ƶŬƴſřźƟ�ƽ�ŚƷ�ſŹ�ƹ�ƾĭŶƳŻ�ƩƹŶū�ƞƬŤŴƯ�ƽŶƿŵźĭ�ƵŵŚƠŤſř�ŚƷŹřŵƺưƳ�Ʈ���

��
ŦŰŝ�ƹ�ŪƿŚŤƳ��

Śƴŝ�ŝ�ŪƿŚŤƳ�źŝƶ�Ţſŵ�ŢƔƬƛ��ƵŶƯō��ƽŚƷÏÎÍÍ��ÎÖÏÒ��ÎÓÎÍ��ƹÎÑÍÍ�ƾƬǀƯ��ƵŵŚºƯ�ƭźĭ�ƽ��ºƯŒ�źŧ
��ƶºŝ�ƱŚƠƫƺºſƹŶƳř�źŤǀƫ�źŝ����Ŝºǀţźţ��ŜºūƺƯ�ƾţŚºƠƬţ���ƩŵŚºƘƯÓ�ÑÒ��Ô�ÐÔ��Õ�ÏÕ��ƹÏ�ÏÏ��ŶºƇŹŵ�Źŵ�

ƮŴţ�ŚƷƽ��żŞſ�ƽŹƺŤƫŚŝŶƳŶƃ��ƮŴţ�šŚƠƬţ����ŢºƔƬƛ�ŵźŝŹŚºĩ�Śºŝ�ŚƷ���ƽŚºƷÎÍÒÍ��ÕÔÒ��ÔÍÍ��ƹÒÏÒ�
ƵźƄů�Ƃĩ��ƶŝ��ŶƿźěƺƬĩřŶǀưƿř����ƩŵŚºƘƯ�ŜºǀţźţÒ�ÒÒ��ÒÍ��Ô�ÏÔ��ƹÏÒ���ŵƺºŝ�ŶºƇŹŵ���ƵźºƄů���Ƃºĩ

ŢƔƬƛ�Śŝ�śŹŚĩŚƀĩƹŶƴƿř��ƽŚƷÓÍÍ��ÑÓÒ��ÐÓÔ��ƹÏÕÒ�ƶŝ�Ŝǀţźţ��ŜºūƺƯ�Ò�ÒÑ��ÑÕ��Ò�ÏÒ��ƹÏÑ�
ƮŴţ�Źŵ�šŚƠƬţ�ŶƇŹŵ�Ŷƿŵźĭ�ŚƷ��ƲƿřŻř�ƮŴţ�źŧř�ƶŝ�ƶūƺţ�Śŝ�ƹŹ��šŚŞǀĩźţ�Ʋƿř�ƲǀƿŚě�ƾƄĩ��ƽŚƷŻŵ�Źŵ

ƶŝ��ƶǀºƇƺţ�ƽŚƷŻŵ�Żř�źţǇŚŝ�ŜţřźƯ��ƵŶºƃ��ƶºƗŹżƯ�ƽ�ƽř����źƿŵŚºƤƯLC50���ŶºƄƳ�ŵŹƹōźºŝ����šŚºƤǀƤŰţ�Źŵ
Gandhi et al. (2005)���ƮºŴţ�ƽƹŹ�ŽƺƠƫŚƴǀŗƺƧ�ŹŚưǀţ�ƩŚưƗř�������ƂƷŚºĩ�ŜŞºſ�żŞºſ�ƽŹƺŤƫŚºŝ�ƽŚºƷ

ƾƴƘƯ�ƮŴţ�ŲƿźƠţ�ŶƇŹŵ�Źřŵ����ƮºŴţ�ŲƿźºƠţ�ƽƹŹ�ƾºưƧ�źŧř�ƱŚƠƫƺſƹŶƳř�ŚƯř�Ŷƃ�ŚƷ���Ţºƃřŵ�ŚºƷ����źºŧř
ƮŴţ�ƾƄĩ�ƵźƄů�Ƃĩ�ƶƳƺĭ�ƹ�ƱƺǀſǇƺƯźƟ�ƶŝ�ŚƷ���ŵŹřŵ�ƾĮŤºƀŝ�żºǀƳ�ƂƿŚƯŻō�ŵŹƺƯ�ƽ������ƩŚºŨƯ�ƽřźºŝ

ƵźƄů�ƶĩ�Ţſř�ƵŶƃ�ƁŹřżĭ�ƮŴţ�ƽƹŹ�ƲǀŤĩřźƿŵřŻō�Ƃĩ��ƶºƳƺĭ�ƽŚƷ�����šřźºƄů�Żř�ƽŵŶºƘŤƯ�ƽŚºƷ
�ƢƬƘŤƯƶŤſřŹ�ƶŝ��ŵŹřŶƳ�ƾŗƺſ�źŧř�ƞƬŤŴƯ�ƽŚƷ�Źŵ�ƾƫŚů���ƮºŴţ�ŲƿźºƠţ�ŶƇŹŵ�ƶĩ����žºĮƯ�ƽŚºƷ��ƵƺºǀƯ

�ƶºƳřźŤƿŶƯ�ƽř��Ceratitis capitata Weidemann���ƶºŝ�řŹ����ŵřŵ�ƂƷŚºĩ�šŶºƃ(Medina et al., 2004b)��
�ƮŴţ�ƾƳƺƿŹƺĩ�ŢƠſ�ƽŚƄƛ�ŵŹřŵ�ƩŚưŤůř�šřźƄů�ŜƬƛř�ŹŵƵźƄů�ŷƺƠƳ�Żř�ƖƳŚƯ�Ƃĩ���ƪºųřŵ�ƶŝ�ŚƷ

ŵƺƃ�ƮŴţ��ƮŴţ�żŞſ�ƽŹƺŤƫŚŝ��Ʋƿř�źŝ�ƵƹǈƗ�ŢƀƿŻ�Źŵ�řŹ�ŵƺų�ƽŚƷ�ƵŚĭ��Ĩƿ�ƽŚƸŤƳř�Źŵ�ƾƘǀŞƏ�ƽŚƷ
ƶŤººƃŹ�ƾưººƄƿźŝř�ƽ��ƾººƯ�Źřźººƣ��Żř�ƶººĩ�ŶººƷŵƮººŴţ�ŮƐººſ�Śººŝ�ŽŚººưţ�ƾººƯ�ƽźǀĭƺººƬū�ƽżººƿŹ�ŶººƴƧ� �

(Medina et al., 2001)���
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ÑÑ                                        ƪĭ�ƱřŹŚƨưƷ�ƹ�ƽŶưŰƯ��ƵźƄů�šřźŧř�ƾſŹźŝ�ƂƧ��ƱŚƠƫƺſƹŶƳř�ƽŚƷ������

�źƿŵŚƤƯ�ŵŹƹōźŝ�ƶŝ�ƍƺŝźƯ�ŪƿŚŤƳLD50��ƹLD90�ƵźƄů�Ƃĩ�ƾƬǀƯ�Ŝƀů�źŝ�ŚƷ�ƵŵŚƯ�ƭźĭ���źŧŒºƯ�ƽ
�ƩƹŶū�Źŵ�ƵźƄů�źƷ�ƽřŻř�ƶŝÎ�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ��ĢǀƷ�ƵźƄů�Żř�ƭřŶĩ�Ƃĩ�����ƹ�īźºƯ�ŜŞºſ�ŚºƷ
ƵźǀƠƃ�Źŵ�ƾƸūƺţ�ƪŝŚƣ�źǀƯ�ŶƄƳ�ŚƷ��ƶŝ�ŹƺƏƽ��Żř�źŤưĩ�ƾſŹźŝ�ŵŹƺƯ�ƽŚƷŻŵ�Źŵ�ƶĩÎÒ��īźƯ�ŶƇŹŵ

ƾƴƘƯ�ƝǈŤųř�ŶƷŚƃ�Ƶƹźĭ�Śŝ�ƶĩ�Ŷƃ�ƵŶƷŚƄƯ�źǀƯ�ƹ�ŶƴŤƃřŶƳ�ƽŹřŵ���źƿŵŚƤƯLD50�ƵŵŹƹōźŝ���Źŵ�ƵŶºƃ
�����ƶºƬǀě�Żř�ũƹźºų�Żř�ŶºƘŝ�ƶºĩ�ŵƺºŝ�ƾƬƯŚĩ�šřźƄů�źǀƯ�ƹ�īźƯ�ƶŝ�ƍƺŝźƯ�ŢƤǀƤů���Źŵ�ƾĭźǀƠºƃ�ƽ

�ƉźƘƯ�ƵŶƳŚƯ�ƵźƄů�ƽ�Ƃĩ�ŚƷ�ĭ�Źřźƣ�ƶƬǀě�ŮƐſ�Źŵ�ŵƺūƺƯ�ƽŶƳŵƺŝ�ƵŵźƯ�ƹ�ƶŤƟź���ƶºƀƿŚƤƯ��ƽLD50�
ƹ��LD90�ƵźƄů�Ƃĩ��ƁƹŹ�ƶŝ�źĮƿŶĪƿ�Śŝ�ƾſŹźŝ�ŵŹƺƯ�ƽŚƷRobertson & Priesler (1992)��ŵřŵ�ƱŚƄƳ

ƵźǀƠƃ�ŢǀſŚƀů�ƶĩ��ƶŝ�żŞſ�ƽŹƺŤƫŚŝ�ƽŚƷ�ƲƿřƵźƄů�ƶſ����ƾºƴƘƯ�ƝǈŤºųř�Ƃºĩ����źĮƿŶºĪƿ�Śºŝ�ƽŹřŵ
ŶƴŤƃřŵ��Medina et al. (2004a)�ƵźǀƠƃ�ŹŚưǀţ�Śŝ����Ʊřƺºū�ƽŚºƷ�ÑÕ�ÏÑ��ƶŤƗŚºſ����ƲºƀƯ�ƹ�Ô�ƵŻƹŹ��

ƵźƄů�Śŝ�żŞſ�ƽŹƺŤƫŚŝ�Źřźƣ�ƁƹŹ�ƶŝ�ƪǀƳƹźĜǀƟ�Ƃĩ�ƵŵŚƯ�Ʊŵřŵ����ƱřżºǀƯ��ƵźǀƠºƃ�ŮƐſ�Źŵ�ƾƿŚǀưǀƃ�ƽ
�Żř�źŤưĩ�źǀƯ�ƹ�īźƯÎÍ�Ʊō�Źŵ�řŹ�ŶƇŹŵ�����ƹ�ŵŚºƿŻ�ŢƯŚŴºƋ�řŹ�źºƯř�Ʋƿř�ƪǀƫŵ�ƹ�ŶƳŵźĩ�ƵŶƷŚƄƯ�ŚƷ

ƶººƬǀě�žƴººū��ŶººƳŵƺưƳ�ƁŹřżººĭ�żŞººſ�ƽŹƺŤƫŚººŝ�Źŵ�ƾĭźǀƠººƃ�ƽ���Ǝººſƺţ�ƶººƧ�ƾººƄƷƹĦě�źŝŚººƴŝ� �
Medina et al. (2003)��Ŷƃ�ƆŴƄƯ��ŢƟźĭ�ƭŚŬƳř�ƶƧƾƣŚŝ�ƵŶƳŚƯ����Ʊō�ŢºǀƫƺŝŚŤƯ�Śºƿ�ƾưſ�Ŝǀĩźţ�ƽ

ƶƬǀě�ŮƐſ�ƽƹŹ������ũŹŚºų�Ʊō�Żř�ƶºĩ�ŶºƳŵźĭ�ƾƬƯŚºĩ�šřźƄů�īźƯ�ŜŞſ�Ţſř�ƲĪưƯ�ƾĭźǀƠƃ�ƽ
ƾƯ�ŶƳƺƃ��ƵźǀƠƃ�Źŵ�šŚƠƬţ�ŵƺūƹ�ƭŶƗ�żǀƳ�ƶƘƫŚƐƯ�Ʋƿř�Źŵ���ºŝ�ŵŹřŵ�ƩŚºưŤůř�ŚƷ�ƶ���ƹ�ŢƯŚŴºƋ�ƪºǀƫŵ

Śŝ�Źŵ�ƾĭźǀƠƃ�ƶƬǀě�žƴūŶƃŚŝ�żŞſ�ƽŹƺŤƫ���
�ƾƴſ�ƽŚƤŝ�ƾƴŰƴƯ(lx)��ŚƷŹŚưǀţ�ƹ�ŶƷŚƃ�Źŵ�Źŵ�ƪĪƃæ�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ���ŪƿŚŤƳ�ŽŚſřźŝ

�ƮƷŵ�ŻƹŹ�Śţ�ƪƇŚů�ŚƷƹŹǇ�ŹŚưǀţ�ƱŚƯŻ����������ŶºƄƳ�ƵŶƷŚºƄƯ�ŚºƷŹŚưǀţ�Ʋǀºŝ�ŚºƤŝ�ƾºƴŰƴƯ�Źŵ�ƾƟǈŤųř
ƶŝ��ƮºŴţ�ƽŚưƳ�ƹ�ƺƄƳ�ƽƹŹ�ƽźŧř�ƭƺſ�Ʋſ�ƽŚƷƹŹǇ�ŹŚưǀţ�źĮƿŵ�šŹŚŞƗ�ƹ����ƹ�Ʃƹř�Ʋºſ�ƽŚºƷƹŹǇ
ƹŵ��ŢºƃřŶƳ�ŚºƷƹŹǇ�Ʋƿř�Żř�ƪƇŚů�ƪƯŚĩ�šřźƄů�ũŚŤƳ�ƭ���ƱŚºưƷ���ŹƺºƏ���ƪĪºƃ�Źŵ�ƶºĩæ���ƵŶƷŚºƄƯ
ƾƯ�ƶƗŹżƯ�Żŵ��ŵƺƃ�ƵźƄů�ƹŵ�ƶŝ�ŢŞƀƳ�śŹŚĩŚƀĩƹŶƴƿř�ƽř�Ƃĩ�����ƽźŤºƄǀŝ�źºǀƯ�ƹ�īźƯ�ŜŞſ�źĮƿŵ

Ŷƃ�żŞſ�ƽŹƺŤƫŚŝ�ƭƺſ�Ʋſ�ƽŚƷƹŹǇ�Źŵ��������źºǀƯ�ƹ�īźºƯ�ŶºƿźěƺƬĩřŶǀưƿř�ƹ�ƱŚƠƫƺºſƹŶƳř�ŹŚºưǀţ�Źŵ
ƶƬůźƯ�Ǉ�Żř�źŤƄǀŝ�ƾĭźǀƠƃ�ƽŵƺŝ�ƭƺſ�Ʋſ�ƹŹ��ƶưƷ�Źŵ�ƶƬůźƯ�Źŵ�ŚƷŹŚưǀţ�ƽ��źǀƠºƃ�ƽ����ƱřżºǀƯ�ƾºĭ

ŵƺŝ�źţǇŚŝ�ŶƷŚƃ�Żř�źǀƯ�ƹ�īźƯ��ƶƿżŬţ�ŽŚſřźŝ�ƶŬƴſřźƟ�žƳŚƿŹřƹ�ƽ�����ŹřŶºƿŚě�ŢºǀƘưū�ŶƃŹ�ƽŚƷ
�ƎƤƟ�ŹŵƾƴƘƯ�ƝǈŤųř�ŚƷŹŚưǀţ�ƹ�ŶƷŚƃ�Ʋǀŝ�ƆƫŚų�ƪŨƯŶǀƫƺţ�űźƳ��ƽŹřŵ��Ţºƃřŵ�ŵƺūƹ����Ʋºƿř�ŚºƯř
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèæ���æ���ÎÐîå�������������������������������������������������������������������������ÑÒ 

ƵźƄů�ƽŚƷŹŚưǀţ�Ʋǀŝ�ƝǈŤųř�ƾƴƘƯ�Ƃĩ�řŵŵƺŞƳ�Ź��ƲƿřźŝŚƴŝ��ƾƳŚƯŻ����ƽŹƺŤƫŚºŝ�ƭƺºſ�Ʋſ�ƽŚƷƹŹǇ�ƶĩ
ƶƗŹżƯ�ƽŚƷŻŵ�ƉźƘƯ�Źŵ�żŞſ���ƵźºƄů�Ʋºƿř�ƽř��Ƃºĩ��������ƽƹŹ�ƾƸūƺºţ�ƪºŝŚƣ�źºŧř��ŶºƴŤƟźĭ�Źřźºƣ�ŚºƷ

ƶŬƴſřźƟ�ŶƄƳ�ƵŶƷŚƄƯ�ŢǀƘưū�ŶƃŹ�ƽŚƷ��ƶƀƿŚƤƯ�ƶŬƴſřźƟ�ƲǀĮƳŚǀƯ�ƽ�ŵŹƹōźŝ�ƽŚƷ�ƃ�ƩƹŶū�Źŵ�ƵŶ
Ï�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ���

��
�ƩƹŶūÎ��ƵźƄů�Ţǀưſ�Ƃĩ�ŹƺƯ�ƽŚƷƵźǀƠƃ�ƽƹŹ�ƂƿŚƯŻō�ŵ�żŞſ�ƽŹƺŤƫŚŝ�ƽŚƷ���

Table 1. Toxicity of the insecticides tested on pupa C. carnea. 
 

Insecticide�� Group�� n 
Slope ± 

SE 
LD50 (mg ai/l) 

(95% CL) 
LD90 (mg ai/l) 

(95% CL) ÷2��

Endosulfan�� Organochlorinate�� 425 0.8���5.7�� 144c*��
(127-163)��

441c��

(346-662)�� 1.02 ns��

Imidacloprid Neonicotinoide�� 358 0.6���3.5�� 33b��
(27-39)��

119b 

(87-210)�� 1.74 ns��

Indoxacarb�� Triazine 355  0.4��2.6�� 12a 
(17-25) 

99a 
(69-185) 

1.01 ns��

 *Mean within each row followed by the different letter is significantly different using Robertson & Preisler method. 
 ns: non-significant. 

��
�ŶƷŚƃ�Źŵ�ƪŨƯ�Ŷǀƫƺţ�ƆƫŚųŚƳ�űźƳ�ƲƿźţǇŚŝ�ÐÒÒ�ƵŵŚƯ���ƲǀƿŚºě�ƹ�����ŹŚºưǀţ�Źŵ�Ʊō�ŹřŶºƤƯ�Ʋƿźºţ

�ŶƿźěƺƬĩřŶǀưƿř�ÏÕÑ�ƵŵŚƯ��ŵƺŝ����ƾºƴƘƯ�ƽŹŚºƯō�ƝǈŤųř�ŶƴģźƷ��Ʊō�Ʋǀºŝ�ƽŹřŵ����ŶºƄƳ�ƵŶƷŚºƄƯ�ŚºƷ��
�ƪĪƃ�Źŵ�ƞƬŤŴƯ�ƽŚƷŹŚưǀţ�Źŵ�ƶƳřŻƹŹ�ƆƫŚų�ƪŨƯŶǀƫƺţÎ���ŵ�ƱŚºƄƳ��Ţºſř�ƵŶºƃ�Ƶŵř�����ƾºţřŷ�űźºƳ

��ƶºŝ�śŹŚĩŚºƀĩƹŶƴƿř�ƹ�ŶƿźěƺƬĩřŶǀưƿř��ƱŚƠƫƺſƹŶƳř�ƽŚƷŹŚưǀţ�ƹ�ŶƷŚƃ�Źŵ�ŢǀƘưū�ƂƿřżƟř���Ŝºǀţźţ
ÎÔÓ�Í���ÎÓÒ�Í���ÎÒÔ�Í��ƹÎÒÏ�Í�źŝō�ƾºƴƘƯ�ƝǈŤųř�ƶĩ�Ŷƃ�ŵŹƹ�����ƽŚºƷŹŚưǀţ�ƹ�ŶƷŚºƃ�Ʋǀºŝ�ƽŹřŵ

��Ţººƃřŵ�ŵƺºūƹ�śŹŚĩŚººƀĩƹŶƴƿř�ƹ�ŶºƿźěƺƬĩřŶǀưƿř�����ƾĭŶƴºƄĩźƿŻ�ƽŚººƷźŧř�ƾºſŹźŝ�Źŵ��Ʋººƿřººſ�ƶ
ƵźƄů�Ƃĩ�ƶƧ�Ǝſƺţ��Golmohammadi et al. (2009)���ƭŚºŬƳř�żŞſ�ƽŹƺŤƫŚŝ�Ʃƹř�Ʋſ�ƽŚƷƹŹǇ�ƽƹŹ

ŵƺŝ�ƶŤƟźĭ��ƶŬƴſřźƟ�ƽƹŹ�ŚƷŹŚưǀţ�Żř�ĨǀĤǀƷ����ƾºƴƘƯ�ƝǈŤºųř�ŢºǀƘưū�ŶƃŹ�ƽŚƷ���ƱŚºƄƳ�řŹ�ƽŹřŵ
řŶƳƳŶ��ƶƘƫŚƐƯ�Źŵ���Ǝſƺţ�ƽźĮƿŵ�ƽWilliams et al. (2003)�ţ�ƱřżǀƯ�ƽƹŹŐźǀŧ�ƵźƄů�Ŷƴģ����źºŝ�Ƃºĩ

ŹŚě�ŹƺŞƳŻŶǀŗƺŤƿŻř�Anaphes iole (Girault)����ƹ�ŢǀƠºſō��śŹŚĩŚºƀĩƹŶƴƿř��ŶºƿźěƺƬĩřŶǀưƿř�šŚŞǀĩźţ��
ƵźƄů�Ƶƹźĭ�Źŵ�ƪǀƯřżĭř�ƂƧ�����ƵźºƄů�ƹ�ŶºƴŤƟźĭ�Źřźºƣ�Ʈºĩ�Ţǀưſ�Śŝ�ƽŚƷ��Ƃºĩ�����Śºŝ�ŹŚĭŻŚºſ�ƽŚºƷ

��żºƯ�Źŵ�ƾºƘǀŞƏ�Ʋưƃŵ�Ʋƿř�ƽŻŚſŚƷŹ���ŶƳŶºƃ�ƁŹřżºĭ�ƶºŞƴě�ƕŹř���ƶºƘƫŚƐƯ�Źŵ��ƽ�ƵźºƄů��Ƃºĩ���ƽŚºƷ
ƽŚě�ƹ�ŢƿĥŹŚěƹźě��ŶƿźěƺƬĩřŶǀưƿř��ƽŹƺŤƫŚŝ�ƽƹŹ�ƲƿŻƹźŤƯC. carnea��ƎſƺţRezaei et al. (2007)��
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ÑÓ                                        ƪĭ�ƱřŹŚƨưƷ�ƹ�ƽŶưŰƯ��ƵźƄů�šřźŧř�ƾſŹźŝ�ƂƧ��ƱŚƠƫƺſƹŶƳř�ƽŚƷ������

ƶŬƴſřźƟ��ƾºƴƘƯ�ƝǈŤųř�ŶƿźěƺƬĩřŶǀưƿř�ŹŚưǀţ�Źŵ�ŹřŶƿŚě�ŢǀƘưū�ŶƃŹ�ƽŚƷ�����ƱŚºƄƳ�ŶƷŚºƃ�Śºŝ�ƽŹřŵ
ŶƳŵřŶƳ���
��
ƩƹŶū Ï���ƶºƀƿŚƤƯ���ƶŬƴºſřźƟ�ƲǀĮƳŚºǀƯ�ƽ���������ƭƺºſ�Ʋºſ�ƽŚºƷƹŹǇ�Źŵ�ŹřŶºƿŚě�ŢºǀƘưū�ŶºƃŹ�ƽŚºƷ

ŹŚưǀţ�ƵŶƃ��ƵŵŚƠŤſř�Śŝ�żŞſ�ƽŹƺŤƫŚŝ�ƽŶƴģ�ƱƺƯŻō�Żř�ƶƴƯřŵ�ƲĪƳřŵ�ƽř���
Table 2. Mean comparison of population growth parameters in the treated third-instar larvae 

of C. carnea using Duncan�s Multiple Range Test. 
 

Mean ± SE       Treatments 
 

Parameter Indoxacarb Endosulfan Imidacloprid Control 

296 ± 38.5a 303 ± 46.67a 284 ± 34.4a 355 ± 33.8a GRR 

146 ± 32.7b 183 ± 39.2b 154 ± 32.2b 319 ± 38.3a* R0 
0.152 ± 0.007b 0.165 ± 0.008ab 0.157 ± 0.006b 0.176 ± 0.005a rm 
1.185 ± 0.009a 1.192 ± 0.008a 1.195± 0.09a 1.196 ± 0.006a  

33 ± 0.8a 31.7 ± 1.03a 33.2 ± 0.68a 32.9 ± 0.58a T 
4.55 ± 0.23a 4.18 ± 0.22a 4.54 ± 0.20a 3.94 ± 0.09a DT 

 *Mean within each row followed by the similar letter in are not significantly different (P > 0.05). 
 GRR = Gross reproductive rate, R0 = net reproduction rate, rm = intrinsic rate of natural increase, DT = doubling time, T 
= mean generation time, and ë= finite rate of increase. 

��
ƂƿŚƯŻō�ƶŝ�ƶūƺţ�Śŝ�ƾſŹźŝ�Ʋƿř�Źŵ�ƭŚŬƳř�ƽŚƷ�ƶƬůźƯ��ƶŤƟźĭ����Ʋºſ�ƹŹǇ�ƹ�ƾĭźǀƠºƃ��ƮŴţ�ƽ

ŶƳŵƺŝ�ƪưŰŤƯ�ľŚŤŞƀƳ�ƭƺſ��ŢǀƫƺŝŚŤƯ�Śƿ�ƾưſ�Ŝǀĩźţ�ƽŹřŶƿŚě�ƶĩ�ŶƴģźƷ�Ʊō�ƽŚƷ���ƽŚºƄƛ�ŮƐſ�Źŵ
ƵŵŚƯ�ƉźƘƯ�Źŵ�ƪƯŚĩ�šřźƄů�Śƿ�ŚƷƹŹǇ�ƲŤƟźĭ�Źřźƣ�ƱŚĪƯř�ƶƬǀě�Śƿ�ƮŴţ��ũƹźų�ƭŚĮƴƷ�řŹ�ƾưſ�ƽ

ƾƯ�ƂƿřżƟř�ŶƷŵ��ƵźƄů�ŵźŝŹŚĩ�Śŝ�ƂƿŚƯŻō�Ʋƿř�Źŵ�Ƃĩ�ƶƏƺƛ�ƁƹŹ�ƶŝ�ƮŴţ�ŮƐſ�Źŵ�ŚƷ�Źƹ���ƽŻŚºſ
ƶŝ�ƶĩ�ƵźƄů�ŹřŶƤƯ�ŜţřźƯ����ƹ�īźºƯ��ŵźºƧ�ŢƟŚƿŹŵ�ƶƗŹżƯ�Źŵ�ƾƘǀŞƏ�ŢƫŚů�ƶŝ�ŢŞƀƳ�ƽźŤƄǀŝ�Ƃĩ

ƶƬůźƯ�Źŵ�ƽźǀƯ�ŶƄƳ�ƵŶƷŚƄƯ�ƮŴţ�Żř�ũƹźų�Ʋǀů�ƽƹŹǇ�ƽ����źƿŵŚºƤƯLD50��ŵŹƹōźºŝ����ƽřźºŝ�ƵŶºƃ
ƶƬůźƯ����ƶºĩ�Ţºſř�ƾƬƯŚĩ�šřźƄů�źǀƯ�ƹ�īźƯ�ƶŝ�ƍƺŝźƯ�ŢƤǀƤů�Źŵ��ƂƿŚƯŻō�Ʋƿř�Źŵ�ƾĭźǀƠƃ�ƽ

ƶƬǀě�Żř�ũƹźų�Ʋǀů�ŢƟō�ƉźƘƯ�Źŵ�ƾĭźǀƠƃ�ƽ�Ƃĩ�ŶƴŤƟźĭ�Źřźƣ�ŚƷ��ƶŝ�ƾƯ�źƔƳ���ŢƯŚŴºƋ�ƶĩ�ŶſŹ
ƶŝ�ǀě�žƴū�ƹ�ŵŚƿŻ�ŢŞƀƳƶƬ�ƵźƄů�ŷƺƠƳ�ƖƳŚƯ�ƾĭźǀƠƃ�ƽ�Ƃĩ�����ƵźǀƠºƃ�Śºŝ�ŽŚºưţ�ƹ�ƶƬǀě�ƪųřŵ�ƶŝ�ŚƷ
ƾƯ�ŵƺƃ��ƕŹřżƯ�Źŵ�ƶĪƴƿř�ƶŝ�ƶūƺţ�Śŝ��ƶƬǀě��ƪŰƯ�Źŵ�ƾĭźǀƠƃ�ƽŚƷ����ƾºƯ�ƪǀĪºƄţ�ƾºƠŴƯ�ƽŚƷ���ŵƺºƃ�

ľǇŚưŤůř�ƵźǀƠƃ�ŢƟō�ƮǀƤŤƀƯ�ŽŚưţ�ƉźƘƯ�Źŵ�źŤưĩ�ŚƷ�Ƃĩ�ƾƯ�Źřźƣ�ŚƷ�ŶƳźǀĭ����ƾºƴƘƯ�ƝǈŤųř��ƽŹřŵ
ƶŬƴſřźƟ�Źŵ�ƾƬŨƯŶǀƫƺţ�ƽŚƷ�ƹ���ŢºƃřŶƳ�ŵƺºūƹ�ŢǀƘưū�ŶƃŹ����ƾºƴƘƯ�ƝǈŤºųř���űźºƳ�Źŵ�ƎºƤƟ�Źřŵ� �

���
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�ƪĪƃÎ��ƵźƄů�źŧř�Ƃĩ��ŚƤŝ�ƽƹŹ�ŚƷ(lx)�ƶƳřŻƹŹ�ƆƫŚų�ƪŨƯŶǀƫƺţ�ƹ�(lxmx)���ƭƺºſ�Ʋſ�ƽŚƷƹŹǇ�Źŵ
ƵŶƃ�ŹŚưǀţ��ƽżŞſ�ƽŹƺŤƫŚŝ���

Fig. 1. The impact of insecticides on the lx and lxmx in the treated third-instar larvae of C. 
carnea. 
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ÑÕ                                        ƪĭ�ƱřŹŚƨưƷ�ƹ�ƽŶưŰƯ��ƵźƄů�šřźŧř�ƾſŹźŝ�ƂƧ��ƱŚƠƫƺſƹŶƳř�ƽŚƷ������

ŵƺŝ�ŹŚưǀţ�Żř�žě�źǀƯ�ƹ�īźƯ�Żř�ƾƃŚƳ�źŤƄǀŝ�ƶĩ�Ŷƿŵźĭ�ƵŶƷŚƄƯ�ƪŨƯŶǀƫƺţ�ƆƫŚų����ŢºƫŚů�Ʋƿř�Źŵ
�ŢǀƘưū�ƂƿřżƟř�ƾţřŷ�ŶƃŹ�űźƳ(rm)�ƶŝ�ƮƸƯ�ƱřƺƴƗ��ƾĭŶƴƄĩźƿŻ�ƽŚƷźŧř�ƾŝŚƿŻŹř�Źŵ�ƶŬƴſřźƟ�Ʋƿźţ

ŢƟō�Ƃĩ�Źŵ�Ʊō�ŹřŶƤƯ�ƶĩ�ŶƴģźƷ��ŢƟźĮƳ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�ƽŚƷŹŚưǀţ�źǀŧŐţ�ŢŰţ�ŚƷ���ƽŚºƷŹŚưǀţ
ƵźƄů�ŵƺŝ�ŶƷŚƃ�Żř�źŤưĩ�ƾƄĩ��ƶŝ�ƾƯ�źƔƳ��ŶſŹ��ƂƷŚĩrm�ƲǀƿŚě�Żř�źţ����ƾºƃŚƳ�ŚºƷŹŚưǀţ�Źŵ�ŚƤŝ�Ʊŵƺŝ

ŶƃŚŝ�ƵŶƃ���ƶƀƿŚƤƯ�ƽ�ƾƴŰƴƯ�ƾƯ�ƱŚƄƳ�řŹ�ƕƺƋƺƯ�Ʋƿř�ŚƤŝ�ƽŚƷ�ŶƴƷŵ��ƶƘƫŚƐƯ�Źŵ��ƵźºƄů�źŧř�ƽ���Ƃºĩ
ƶŤƃ�ƽŚƷƹŹǇ�ƽƹŹ�ŶƿźěƺƬĩřŶǀưƿř�ŢƟŚƿ�ƂƷŚĩ�ŢǀƘưū�ƂƿřżƟř�ƾţřŷ�űźƳ��ŵƺŴƳ�ƽ���Śŝ�ƶºŝ�ƶūƺţ��

ƶŬƴſřźƟ�ƶĪƴƿř����ƾºƴƘƯ�ŶƷŚºƃ�ƹ�ŹŚºưǀţ�Ʋǀŝ�ƾƬŨƯŶǀƫƺţ�ƽŚƷ�������ƶºĩ�Ŷºƃ�ƆŴºƄƯ��ŶºƳŵƺŝ�ƵŶºƄƳ�Źřŵ
�ƶŤºƃ�ƽƹŹ�ƾƬŨƯŶǀƫƺţ�źŧř�ŶƣŚƟ�ŶƿźěƺƬĩřŶǀưƿř��������ƂƿřżºƟř�ƾºţřŷ�űźºƳ�Źŵ�ƂƷŚºĩ�ƹ�Ţºſř�ŵƺºŴƳ�ƽ
Ŷƃ�Ƶŵřŵ�ŢŞƀƳ�ŚƤŝ�űźƳ�ƂƷŚĩ�ƶŝ�ŢǀƘưū������ƭƹŚºƤƯ�ŵřźºƟř�řźºƿŻ���ƵŶºƳŚƯ�ƵŶºƳŻ������ƶºĩ�ŶºƳŵƺŝ�ŹŵŚºƣ

�řŹ�ƪŨƯŶǀƫƺţ�ŶƳŹřŵ�ƶĮƳ�ǇŚŝ�ŶƷŚƃ�ŵřźƟř�ƶǀŞƃ(Walthall & Stark, 1997)���ƲƿřźŝŚºƴŝ���ƝźºƇ���Żř�źºƔƳ
ƵźƄů�Ʋƿř�ŹŚưǀţ�Żř�ŶƘŝ�ƶĩ�ƽŵŚů�źǀƯ�ƹ�īźƯ�Ƃĩ�ƾƯ�ơŚƠţř�ŚƷ�ƾţŹƺƇŹŵ��ŶŤƟř����Źŵ�ŪƿŚºŤƳ�Ʋºƿř�ƶĩ

ƵźƄů�ŵźŝŹŚĩ��ŶƳƺƃ�ŶǀƿŐţ�ƶƗŹżƯ�Ƃĩ�ŚƷźƋŚů�ƢǀƤŰţ�Źŵ�ƵŵŚƠŤſř�ŵŹƺƯ�ƽ��ŢǀƘưū�ƶĩ�ƾƳŚƯŻ�Źŵ
�ŜƫŚƛ���ƮŴţ��������ŶºƃŹ�ƹ�ƾŤºƀƿŻ�ƪºůřźƯ�Ʋºƿř�ƽƹŹ�ƾƳřŶºƴģ�źºŧř��ŶºƃŚŝ�ƽƹŹǇ�ƭƺſ�Ʋſ�ƹ�ƵźǀƠƃ

ƵŶƳŻ�šřźƄů�ŢǀƘưū�ƵŶƳŚƯ�Ţƃřŵ�ŶƴƷřƺŴƳ�żŞſ�ƽŹƺŤƫŚŝ�ƽ���
��
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