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Abstract  

The cornicle secretion is a defensive mechanism in many aphid species to warn the related 
individuals of predation by natural enemies. Many researches have been conducted on the benefits of 
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cornicle droplet and alarm pheromone but the cost of this phenomenon is poorly investigated. This study 
is intended to evaluate the direct fitness cost of cornicle secretion of immature as well as mature cotton 
aphids, Aphis gossypii Glover. Aphids were artificially forced to produce cornicle droplets at different 
stages of their development (second, third and fourth instars as well as adults). They were lightly stroked 
on the anterior portion of the thorax with a fine brush, resulting in the secretion of visible cornicle 
droplets. After this manipulation, life-history parameters of aphids were recorded until the death of the 
last adult individual. Experiments were conducted in a growth chamber at 25 ± 1°C, 50 ± 5% RH and a 
photoperiod of 16 L: 8 D hours. The results showed that the secretion of cornicle droplets by second and 
third instar nymphs of cotton aphid did not affect their survivorship and the number of offspring produced 
by their adult stage. In contrast, fourth instar nymphs as well as adults that emitted cornicle droplets had 
significantly lower survivorship and offspring production than non-secretors. The cornicle secretion has 
also fitness costs on the late instar and adult cotton aphids. 
Key words: cost fitness, alarm pheromone, defensive behavior 
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ŶƳŶƃ�Ƶŵřŵ�ƁŹƹźě���
ƶŤƃ�ƽ�ƫŚūǀż��A. gossypii��ƶƳŚŴƬĭ�Żř�ŚƷƽ�ųǀƵŶĪƄƳřŵ�ŹŚ�ƽ�ŻŹƹŚƄĩƽ�Ɩưū�ũźĩ�Źƹōƽ�Ŷƃ��

ƶŤƃ�ŚſŚƴƃ�Żř�žě�ŚƷƾƿ�ţ�ƹŐǀƿƶƳƺĭ�Ŷ�ƽ�ƹŹ�źƔƳ�ŵŹƺƯƽ�ĭǀų�ƵŚǀřźƃ�Śŝ�ƹ�ŹŚƿƐƾ����ƁŹƹźºě�Źŵ�ƶºĩ
ĭǀŵźĭ�źĩŷ�ƱŚƷŚƿƶĮƳ�Ŷ�Źřŵƽ�ŶƳŶƃ��řźŝƽ�ƮƷ�Ʋſ�ŻŚſƽ�ƶŤƃ�ŚƯŻō�Źŵ�ŚƷƿƂ�ŚƷ���ŵřŶƘţÒå��ƶŤƃ�ŵŶƗ

ƹŹ�ƩŚŝ�ƱƹŶŝ�ƚƫŚŝƽ�ŵƿĨƀ�ŚƷƽ�ĭźŝƾ�ĭǀų�ƵŚǀ�Ŷºƃ�Ƶŵřŵ�Źřźƣ�ŹŚŶƳ��ŵƿ�Ĩºƀ��ŚºƷƽ��ºĭźŝƾ���šŹŚºŞƗ
�Żř�ŶƳŵƺŝƶĪţ�řƽ�ĭ�īźŝǀų�ƵŚǀźƤţ�ŵŚƘŝř�ƶŝ�ŹŚƿŞƾ�Ï���Ï�ŤƳŚſƾ�ƶĩ�źŤƯ����ƪºųřŵ�Ʊƺºĭĥřƹ�šŹƺƇ�ƶŝ



ÒÑ                                  ƱřŹŚƨưƷ�ƹ�ƽźǀƘƯ�ƝřźƇ��ƶƴƿżƷ�ƶŤƃ�ƾƫƺƨǀƳŹƺƧ�ŵřƺƯ�Ůƃźţ�ƽŚƷ��żǀƫŚū�ƽ�����

ƝźƓ�ŚƷƽ�ƘƬƋ�Ƃƃƾ�ƺŤŰƯƽ��ŹŚĭō�ƹ�śō�ƩƺƬŰƯç���ŶƳŵƺŝ�ƶŤƟźĭ�Źřźƣ��ŝƶ�ŹƺƏƽ��ƶŤºƃ�ƶĩ���Żř�ŚºƷ
ŤƄě�ŮƐſƾ�ŸƜţ�ƶŝ�ŹŵŚƣ�īźŝƿŶƴƃŚŝ�ƶ���ŢƃŸĭ�Żř�ŶƘŝæç�ƜƫŚŝ�ƭŚưţ�ŢƗŚſǀ���ƹ�ŶƳŶºƃ�ƶŤºƃřŵźŝ�Ʋ

ƵŹƺě�ŚƷƽ�ŶƫƺŤƯ�ř�Źŵ�ƵŶƃƿƶŝ�šŶƯ�Ʋ�ƮƷ�ŵřźƟř�ƱřƺƴƗ��Ʋſ(Cohort)�ŶƳŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ����
��

ƵƺŰƳ��ƭŚŬƳř�ƽƿŚƯŻōƂ�ƷŚ��ƹƵŵřŵ�ƽŹŚƯō�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ŚƷ��
ŵƿĨƀ�ŚƷƽ�ĭźŝƾ�řźŝƽ�ŚƯŻō�ƭŚưţƿ�šŚƄ��ŵŹƺºƯ��ƵŵŚƠŤºſř��ŢºƟźĭ�Źřźºƣ���řźºŝƽ�Ƹţ�ºǀƶ�ƽ�ř�ºƿ�Ʋ

ŵƿĨƀ�ŚƷƽ�ĭźŝƾ�īźŝ�Żř�ƎƤƟ�ŚƷƽ�ĭǀ�ƱŚƷŚÓ�ĭźŝƾ�ųǀŵźĭ�ƵŵŚƠŤſř�ŹŚƿŚƯŻō�ƹ�ŶƿƂ���źºŤě�Źŵ�ŚºƷƽ�
ŵƿƂ�ŚƷƽ�Ò�ŤƳŚſƾ�źŤƯƽ�Ŷƃ�ƭŚŬƳř��źŤě�źƷ�Źŵƽ�ŵƿ�ŵřŶƘţ�ƂƿƶŤƃ�ŵŶƗ�Ĩ�ƽ�ƮƫŚſ�ƶŝ��ŶƷŚƃ�ƱřƺƴƗ
�ƹƿƶŤƃ�Ś�ŚƷƾƿ�ŚƯŻō�ƕƹźƃ�Żř�ƪŞƣ�ƶĩƿřźŝ�Ƃƽ�ƳŹƺĩ�Żř�ŵřƺƯ�ŮƃźţǀźŰţ�ƩƺĪƿ�Źřźƣ�ŶƳŵƺŝ�ƵŶƃ�Ĩ

Ŷƃ�Ƶŵřŵ��řźŝƽ�Źřŵřƹ�ƶŤƃ�Ʊŵźĩ�ƫƺţ�ƶŝ�ŚƷǀƗƺƴƈƯ�Ŷƾ�ƳŹƺĩ�šŚŰƃźţǀƫƺĪƾ�ř�ƱƹŶŝƿ�ƶƯŶºƇ�ƶĪƴ�řƽ�
Şŝǀ�ƁƹŹ�Żř�ŶƴƴMondor & Roitberg (2003)�ŵźĭ�ƵŵŚƠŤſřƿŶ��ř�Źŵƿƣ�ƶĤƳŚƴģ�ƁƹŹ�Ʋ�ŢưƀŤƄěƾ�º��
ƯǀƳŚƾ�ƶƀƠƣ��ƽſǀƶƴ��ƽ�ƶŤƃ�Ʃƹř��Śŝ�ŚƷƿƬƣ�ĨƮ�źŰţ�ƺƯƿŵƺƃ�Ĩ��ƶŤƃ����ƫƺţ�ƶºŝ�ƭřŶºƣř�ƶƬºƇŚƟǈŝ�ŚƷ�ºǀ�Ŷ

ŵřƺƯƽ�ŚƯƿƖ�ƵƺƸƣ�ƹ�ŶƴƳŚƯ�řƽ�ƳŹƺĩ�Żř�ĬƳŹǀƩƺĪ�ŚƷƽ�Ư�ŵƺųƾ���ŢƗŚºſ�Ŷƴģ�ŢƃŸĭ�Żř�žě�ƶĩ�Ŷƴƴĩ
Ư�ĨƄų�řƺƷ�šŹƹŚŬƯ�Źŵƾ�ŵƺƃ��ƵŹƺě�ŚƷƽ�ƴſƲǀ���ƭƺſ��ƭƹŵ�ƹ�ƭŹŚºƸģ���ƶŤºƃ�ƹ��ŚºƷƽ���ƚƫŚºŝ�çÑ�

ƶŤƗŚſ��ŚƯŻō�ŵŹƺƯƿ�ŚƸƴţ�ƂƿĨ�řźŝ�ơƺƟ�ƁƹŹ�Śŝ�ŹŚŝƽ�ƫƺţǀƳŹƺĩ�ŵřƺƯ�Ŷǀ�ƫƺºĪƾ�źŰţ�ºƿ��ƹ�ŶƳŶºƃ�Ĩ
ƶŤƃ�ŚƷƾƿ�ƫƺţ�ƶŝ�ŹŵŚƣ�ƶĩǀř�Ŷƿ�ƹ�ŶƳŵƺŞƳ�ŵřƺƯ�ƲƿƏ�Źŵ�Śƾ�æç�źŰţ�Żř�žě�ŢƗŚſƿŝ�Żř�Ĩǀ��ŶƴŤƟŹ�Ʋ

ŚƯŻō�ŻřƿƂ�ŚƷ�ŵźĭ�ƝŸůƿ�ŶƳŶ(Mondor & Roitberg, 2003)����
ƵŹƺě�ŚƷƽ�ƴſǀƜƫŚŝ�ƹ�ƞƬŤŴƯ�Ʋǀƴƾ�ƶĩ�ƫƺţ�ƶŝ�šŹŵŚŞƯǀƳŹƺĩ�šŚŰƃźţ�ŶǀƫƺĪƾ���Źŵ�Śºŝ�ŶºƳŵźĩ�

�źƔƳ�ƮƷ�ŶƷŚƃ�ŵřźƟř�ƲŤƟźĭ�řźŝ�Ʋſƽ�ţ�źƷǀſŹźŝ�ŵŹƺƯ�īźƯ�ƱŚƯŻ�Śţ�ŹŚưƾ�ŻŹř�ƹƿŝŚƾ��ŶƴŤƟźĭ�Źřźƣ
Ư�ƶŝ�ƍƺŝźƯ�šŚƗǈƏř�ƹǀƯ�ƹ�īźƯ�ƱřżǀƵŹƺě�ŵřŶƘţ�ƹ�źưƗ�ƩƺƏ��ź�ŚƷƾƿ�ƶŝ�ƶĩ���ƫƺţ�ƶºƳřŻƹŹ�ŹƺºƏ�ºǀ�Ŷ

ŶƳŵźĩ��Ŷƃ�ŢŞŧ���źƷç��ŻƹŹƿĨ�ŰƯ�ŹŚŝǀƳŻ�ƎĭŶƾ�ƶŤƃ�Ŷū�īźŝ�Śŝ�ŚƷƿƺƘţ�Ŷƿ��ĩ�Śºţ�Ŷºƃ�ƊǀƠ�ºǀ�Ţ
řŸƛƾƿ�Ɯţ�īźŝǀǀƳřŶƴģ�źƾ�ƴĤưƷ�ƹ�ŶƃŚŝ�ƶŤƃřŶƳǀ�ƶŤºƃ�Ʋ��ŚºƷƽ��ƵŻŚºţ��ŶºƫƺŤƯ���ºŝ�ƵŶºƃƶ����ƶºƳřŻƹŹ�ŹƺºƏ

ŵ�Żř�ƹ�ƁŹŚưƃƿĨƀ�ŚƷƽ�ĭźŝƾ�ŶƳŶƃ�ƶŤƃřŸĭ�ŹŚƴĩ��ŚƯŻōƿƂ��Źŵ�ŚƷľǈƯŚĩ�ŭźƏ�ŜƫŚƣ�Źŵ�ƟŵŚƈţƾ�
Śŝ�èå�řźƃ�Źŵ�ƹ�ŹřźĪţƿŚƯŵ�Ǝƾƿ�æ�t�çÒ�ƶūŹŵ�ƽ�ŽƺǀƀƬſŹ����ŞºƀƳ�ŢºŝƺƏƾ�Ò�t�Òå���ƹ�ŶºƇŹŵ

ƵŹƹŵ�ƽŹƺƳ�ƽ�æÓ�ŚƴƃƹŹ�ŢƗŚſƾƿ��ƹí�ŹŚţ�ŢƗŚſƿĪƾ�ĨƣŚţř�ƪųřŵ�ŚƷƽ�Ŷƃ�ƭŚŬƳř�ŶƃŹ���



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ�ƃ��Ʊřźƿř�ƾſŚƴèæ���ç���ÎÐîå�������������������������������������������������������������������������ÒÒ 

Ƶŵřŵ�ŢŞŧ�Ƹţ�ƹ�ŚƷǀƶ�ƽ�ƭźƳ�Śŝ�ƩŚĪƃř�ƹ�Ɲřźĭ��ŹřżƟřMicrosoft Excel�ŚƤƯ�ƹƿƶƀ�ƽ�ŹŚƯōƽ��ŶƷŚƃ
�ƱƺƯŻō�Śŝ�ŹŚưǀţ�ƹt-test�ƭźƳ�Ĩưĩ�ƶŝ�ŹřżƟř��SAS 8.1��Ŷƿŵźĭ�ƭŚŬƳř����

��
�ƹ�ŪƿŚŤƳŦŰŝ��

ƾƯ�ƱŚƄƳ�ŪƿŚŤƳ�ƾĭĦƿƹ�ŶƷŵ�ƶŤƃ�ƾŤƀƿŻ�ƽŚƷ�ƽ���żǀƫŚūA. gossypii���ƶºŝ����ºţ�ŢºŰţ�šŶºƃŐ�źǀŧ
ƾƯ�Źřźƣ�ƾƫƺĪǀƳŹƺĩ�šŚŰƃźţ�Ŷǀƫƺţ�ŵźǀĭ��Ƶŵřŵ�Żř�ƪƇŚů�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ƾƯ�ƱŚƄƳ�ŚƷ��ŶƷŵ��Źŵ�ƶºƧ

ƵŹƺě�ŚƷƽ�ſǀƴ�ƭƺſ�ƹ�ƭƹŵ�Ʋ�ƲƿřƶŤƃ��ƾƯ�ƾƫƺĪǀƳŹƺĩ�šŚŰƃźţ�Ŷǀƫƺţ�ƶĩ�Ŷƴƴĩ����ƵŹƺºě�ƱřżºǀƯ���ƾºƿřŻ
ƶºººƳřŻƹŹ���ÎÒÎ�Í�=�P��çæ�=�df��ÔÏ�Î�=�t��ÔÍÕ�Í�=�P��çè�=�df��ÎÒ�Î�=�t����źºººưƗ�ƩƺºººƏ�ƹ

ƾƣŚŝ��ƱŚƃŶƳŚƯ��ÐÑÒ�Í�=�P��çì�=�df��ÑÒ�Î�=�t��ÍÒÒ�Í�=�P��çî�=�df��ÍÖ�Ï�=�t���ŵřźƟř�ƶŝ�ŢŞƀƳ
Ɯţ�ŶƷŚƃǀǀźƽ�Ţſř�ƵŵźĪƳ��ƪĪƃ�ƽŚƷ�æ��ƹç���ƫƹƾ�ƵŹƺě�ŚƷƽ�ƭŹŚƸģ�Ʋſ�ƶŤƃ�ƹ�ŚƷƽ��ƜƫŚºŝƾ���ƶºĩ

�Ůƃźţ�ƶŝ�ŹřŵřƹƳŹƺĩ�ŵřƺƯǀƫƺĪƾ�ŶƳŵƺŝ�ƵŶƃ���ŶƷŚºƃ�ŵřźƟř�ƶŝ�ŢŞƀƳ��Ư�ºǀĮƳŚǀ�ƵŹƺºě�Ʋ�řŻ�ƾºƿ��ƶºƳřŻƹŹ�
��ÍÍÎ�Í�=�P��çì�=�df��ÓÓ�Ò�=�t��ÍÎÓ�Í�=�P��çì�=�df��Ó�Ï�=�t���ƣŚºŝ�źưƗ�ƩƺƏ�ƹƾ��ƱŚºƃŶƳŚƯ�
��ÍÍÎ�Í�=�P��çÓ�=�df��ÑÐ�Ò�=�t��ÍÍÎÒ�Í�=�P��çÓ�=�df��ÎÎ�Ñ�=�t��ƶŝ��ºƴƘƯ�ŹƺƏƾ�Źřŵƽ���ŢºŰţ
ţŐŧǀ�ƶŤƟźĭ�Źřźƣ�ź�Ţſř�ƪĪƃ�ƽŚƷ�æ��ƹç���ƯǀĮƳŚǀ�Ʋ SE)t (ƣŚŝ�źưƗ�ƩƺƏƾ��řźºŝ�ƵŶƳŚƯƽ��ŚºƷŹƺěƽ�

ţ�ƭŹŚƸģ�ƲſǀŹŚư�ƶŝ�ŶƷŚƃ�ƹ�ƵŶƃ�ţźţǀ�ŜÔÑ�Í�t�ÏÎ��ƹÏ�Î�t�ÐÓ�ÏÔ��ŻƹŹ�ƪĪƃ�Ï��Ư�ƹ�ºǀĮƳŚǀ�Ʋ
ƵŹƺě�řŻƾƿ�ƶƳřŻƹŹ�ƽ�ţ�Źŵ�ƶŤƃ�źƷǀŚƷŹŚưƾƿ�ƳŹƺĩ�ŵřƺƯ�Ůƃźţ�ƶŝ�Źřŵřƹ�ƶĩǀƫƺĪƾ���ŢŞºƀƳ�ŶƳŵƺŝ�ƵŶƃ

ƶŤƃ�ƶŝ��ŚƷƽ�ƶŝ�ŶƷŚƃ�źţţǀŜÏÎ�Í�t�ÖÕ�Ï��ƹÏÔ�Í�t�ÖÒ�Ð�ŝ�ŻƹŹ�źƷ�Źŵ�ƵŹƺě�ƶ�ŶƯō�Ţſŵ��ƪĪºƃ�
Î���ƶŤƃ�Źŵ�ŚƷƽ�ƚƫŚŝ�A. gossypii�ƫƺţǀƳŹƺĩ�šŚŰƃźţ�ŶǀƫƺĪƾ�ƶŝ��ƱřƺƴƗƿƳŚĪƯ�Ĩǀ�ƗŚºƟŵ�Ʈƀƾ���ºŝ�ƶ

Ư�źƔƳƾ�żƷ�ŶſŹƿƶƴ�ŚƷƽ�ŝǀźŤƄƽ�řźŝ�řŹƽ�ŝ�ƶŤƃ�ƶŶƃŚŝ�ƶŤƃřŵ�ƩŚŞƳŵ��ƶƧ�řźģ�ƯǀƵŹƺě�Ʊřż�řŻƾƿ��ƶƳřŻƹŹ
ƣŚŝ�źưƗ�ƩƺƏ�ƹƾ�ƵŶƳŚƯ�ƽ�ƶŤƃ�ŚƷƽ�ţǀŹŚư��ŶƷŚƃ�ŵřźƟř�ƶŝ�ŢŞƀƳ�ƵŶƃ���ƞºƈƳ�ŵƹŶºů�ŚţƬƤţ�ºǀě�ƪ�ºǀ�řŶ

ŵźĩ��ƵŹƺě�řŻƾƿ�ƶƳřŻƹŹ�ƽ�ţ�ŵřźƟřǀŹŚư�ŚƤƯ�Źŵ�ƵŶƃƿƶŤƃ�Śŝ�ƶƀ�ŚƷƽ��ƶºŝ�ŶƷŚƃ�ţźţ�ºǀ�ŜÒÎ�Î�t�ÎÓ�Ï��ƹ
Ð�Í�t�ÍÐ�Ò�ƣŚŝ�źưƗ�ƩƺƏ�ƹƾ�ƵŶƳŚƯ�ƽ�ƶŤƃ�ŚƷƽ�ƫƺţ�ƚƫŚŝǀŶ�ƵŶƴƴĩ�ƽ�ƳŹƺĩ�šŚŰƃźţǀƫƺĪƾ��ƶŝ�ŢŞƀƳ

ƶŤƃ�ŚƷƽ�ƶŝ�ŶƷŚƃ�źţţǀ�ŜÕÓ�Í�t�ÓÐ�ÎÎ��ƹÏ�Î�t�ÎÒ�ÏÐ�ŵźĭ�ƶŞſŚŰƯ�ŻƹŹƿ�Ŷ��ƪĪºƃ��ƽŚºƷ�æ��ƹ
ç���ƴĤưƷǀſźţ�ŹřŵƺưƳ�ƲǀƮ��ƵŶƃƵŶƳŻ�ŢŞƀƳ�Żř�ƳŚƯƾ�ƫƺţ�ŵřźƟřǀŶ�ƵŶƴƴĩ�ƽ�ƳŹƺĩ�šŚŰƃźţǀ�ƫƺºĪƾ��Źŵ
ŚƤƯƿţ�ƚƫŚŝ�ŵřźƟř�ƶĩ�ŵřŵ�ƱŚƄƳ�ŶƷŚƃ�ŵřźƟř�Śŝ�ƶƀǀŹŚư�ƃ�Śŝ�ƵŶƃǀźţŶƴţ�Ŝƽ�ŚƯŻō�ƕƹźƃ�Źŵƿ�ŢŞƀƳ�Ƃ



ÒÓ                                  ƱřŹŚƨưƷ�ƹ�ƽźǀƘƯ�ƝřźƇ��ƶƴƿżƷ�ƶŤƃ�ƾƫƺƨǀƳŹƺƧ�ŵřƺƯ�Ůƃźţ�ƽŚƷ��żǀƫŚū�ƽ�����

ƶŤƃ�ƶŝ�ŚƷƽ��ŶƷŚƃ�ƚƫŚŝŝ�ŻřǀƶŤƟŹ�Ʋ�ŶƳř��ŝƶ�ŹƺƏƽ��ƶĩÒÍ�ŚƯŻō�ŵŹƺƯ�ŵřźƟř�Żř�ŶƇŹŵƿ���ƶºŝ�Źřŵřƹ�ƶºĩ�Ƃ
ƫƺţǀƳŹƺĩ�šŚŰƃźţ�ŶǀƫƺĪƾ��Ʋſ�Śţ�ŶƳŵƺŝ�ƵŶƃÎÏ�ĭŻƹŹƾ�ŚƯŻōƿŝ�Żř�ƂǀƶŤƟŹ�Ʋ�ŶƳř�ţŹƺƇ�Źŵƾ��ƶĩ
řźŝƽ�ƘưūǀƶŤƃ�Ţ�ŚƷƽ�ř�ƱƺƯŻō�ŵŹƺƯ�ŶƷŚƃƿƯ�ƹ�īźƯ�ŢŞƀƳ�Ʋǀ�Ʋſ�Źŵ�źÏÒ��ºĭŻƹŹƾ��ŚºƯŻōƿ�Ƃ
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�ƪĪƃæ��ƯǀĮƳŚǀ�Ʋ(± SE)�ƵŹƺě�řŻƾƿ�ƶƳřŻƹŹ�ƽ�ƶŤƃ�ŚƷƽ��żǀƫŚūƜƫŚŝƾ����ŵřŶºƘţ� èå����ƴºſ�Źŵ�ƶºĩƲǀ�
ƵŹƺě�ĭƾ��ƭƹŵ(N2)�ƭƺſ��(N3)���ƹ�ƭŹŚƸģ(N4)��ƶŤƃ�ƹ�ƽ���ƚƫŚŝ(Adult)�ŝƶ��ƗƺƴºƈƯ�ŹƺƏƾ�

ƫƺţ�ƶŝ�ŹřŵřƹǀƳŹƺĩ�šŚŰƃźţ�ŶǀƫƺĪƾ�ƵŶƃ��ŶƳř�ƱƺŤſ��ŚºƷƽ��Ơºſǀ�ĬºƳŹ�Ŷ��ŚƤƯ�Źŵƿ���Śºŝ�ƶºƀ
ƶŤƃ�ŚƷƽ��ŶƷŚƃ�ƺŤſƱ�ŚƷƽ�ſǀĬƳŹ�ƵŚ���ƵŶƴƷŵ�ƱŚƄƳ�ƞƬŤŴƯ�Ɲƹźů�ƽ��ºƴƘƯƾ���Ʊŵƺºŝ�Źřŵ

Ư�šƹŚƠţǀĮƳŚǀŝ�Ʋǀţ�ƹ�ŶƷŚƃ�ƲǀŢſř�ŹŚư���
Fig. 1. Mean (± SE) of daily offspring production by cotton aphid matures (n = 30) that were 

artificially induced to secrete cornicle droplets (white columns) in second instar (N2), 
third instar (N3), fourth instar (N4) nymphs and adult stage in comparison to control 
aphids (black columns). Columns with different letters are significantly different. 
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ŚŤƳƿƶŝ�Ū�ř�Źŵ�ƵŶƯō�ŢſŵƿƤŰţ�ƲǀƯ�ƱŚƄƳ�ŭƺƋƹ�ƶŝ�Ƣƾ�ƶŤƃ�ƶĩ�ŶƷŵ�ƽ��ƫŚūǀŝ�żřźƽ��Żř�ƵŵŚƠŤſř

ƫƺţǀƳŹƺĩ�šŚŰƃźţ�ŶǀƫƺĪƾ�ŝƶ��ƱřƺƴƗƿƳŚĪƯ�ĨǀƗŚƟŵ�Ʈƀƾ�Ưƾ�ŚŝƿŤƀƾ�żƷƿƶƴ�ŚƷ�ƽ�ŻƿŤƀƾ�ǇŚŝƾƿ�řŹ��
ŝƶ�ƵĦƿƹ�ƵŹƹŵ�Źŵ�ƽ�ƴſƾ�ƵźƄů�ƽ�ƵŹƺě�ƹ�ƪƯŚĩ�ƽ�ƭŹŚƸģ�Ʋſ��ľřźƷŚƓ�ƹ�ŵŻřŵźĜŝ�ŚƷŹƺěƽ�ſǀƴ�ƭƹŵ�Ʋ

ŚƳřƺţ�ƭƺſ�ƹƾƿ�ƟŚĩ�ƱŚƯŻ�ƹƾ�řźŝƽ�ř�ƱřźŞūƿżƷ�Ʋƿƶƴ��řŹ�ŚƷ��Ţºƃřŵ�ŶºƴƷřƺų���ºģź�ƶºƧ�ř��ř�źºĭř�ºƿ�Ʋ
řŶŤŝř�ƪůřźƯ�Źŵ�šŚŰƃźţƾƿ�ƵŹƹŵ�ƽ��ƚƫŚŝŚƳ�ſ�ƹ�ƭƹŵ�Ʋǀƴƭƺſ��ƫƺţǀƶŤƃ�ŵƺƃ�Ŷ�ŚƷƾƿ����Ʋºſ�ƶºŝ�ƶĩ

Ư�ƙƺƬŝƾ�ŝ�ŶƷŚƃ�ŵřźƟř�ŶƴƳŚƯ�ŶƴſŹƶ�ŞƏ�ŹƺƏǀƘƾ�ƵŹƺě�ƹ�Ƶŵźĩ�źưƗ�řŻƾƿ�Ưƾ�ŚưƳƿŶƴ��ƫƹƾ�Źŵ�Ʋſ�źųō� �
��
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�ƪĪƃç��ƯǀĮƳŚǀ�Ʋ(± SE)�ƵŹƺě�źưƗ�ƩƺƏ��ŚºƷƽ��ºſƲǀƴ��ƭƹŵ(N2)��ƭƺºſ��(N3)��ƹ�ºƸģ�ƭŹŚ(N4)���ƹ
ƶŤƃ�ŚƷƽ�ƜƫŚŝƾ�(Adult)���ŵřŶƘţ� èå��ŝ�ƶĩƶ��ƗƺƴºƈƯ�ŹƺƏƾ��ƫƺţ�ƶºŝ�Źřŵřƹ�ºǀ��šŚŰºƃźţ�Ŷ
ƳŹƺĩǀƫƺĪƾ�ƵŶƃ��ŶƳř�ƱƺŤſ�ŚƷƽ�ƠſǀĬƳŹ�Ŷ��ŚƤƯ�ŹŵƿƯ�Śŝ�ƶƀǀĮƳŚǀƶŤƃ�źưƗ�ƩƺƏ�Ʋ��ŚºƷƽ�

�ŶƷŚƃ�ƱƺŤſ�ŚƷƽ�ſǀĬƳŹ�ƵŚ���ƱŚƄƳ�ƞƬŤŴƯ�Ɲƹźů��ƵŶºƴƷŵ�ƽ��ºƴƘƯƾ�Źřŵ����šƹŚºƠţ�Ʊŵƺºŝ
ƯǀĮƳŚǀŝ�Ʋǀţ�ƹ�ŶƷŚƃ�Ʋǀ�ŹŚưŢſř���

Fig. 2. Mean (± SE) of longevity for second (N2), third (N3), fourth (N4) instar nymphs and 
adult cotton aphids (n = 30) that were artificially induced to secrete cornicle droplets 
(white columns) in comparison to control aphids (black columns). Columns with 
different letters are significantly different. 
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�ƪĪƃè��ƵŶƳŻ�ŢŞƀƳ�ƳŚƯƾ�ƶŤƃ�ŚƷƽ��ƚƫŚŝA. gossypii�ŝ�ƶĩƶ�ƗƺƴƈƯ�ŹƺƏƾ�ƫƺţ�ƶŝ�Źřŵřƹǀ�šŚŰƃźţ�Ŷ
ƳŹƺĩǀƫƺĪƾ�ƵŶƃ��ŶƳř�ţǀŹŚư��ŚƤƯ�ŹŵƿƶŤƃ�Śŝ�ƶƀ�ŚƷƽ�ŶƷŚƃ����

Fig. 3. The Survivorship ratio of A. gossypi adults that were artificially induced to secrete 
cornicle droplets (treatment) in comparison to control aphids. 



ÒÕ                                  ƱřŹŚƨưƷ�ƹ�ƽźǀƘƯ�ƝřźƇ��ƶƴƿżƷ�ƶŤƃ�ƾƫƺƨǀƳŹƺƧ�ŵřƺƯ�Ůƃźţ�ƽŚƷ��żǀƫŚū�ƽ�����

ĭŹƺěƾ�ƶƬůźƯ�ƹ�ƽ�ŝ�ƙƺƬŝ�ƶƯ�źƔƳƾ�ƶŤƃ�ŶſŹ�ƟŚĩ�ƱŚƯŻ�ŚƷƾ�řźŝƽ�ř�ƱřźŞūƿżƷ�Ʋƿƶƴ��řŹ�ŚƷ��ŶºƴƷřƺŴƳ
ƹ�Ţƃřŵ�šŚŰƃźţ�Ʋƿř�Ŷǀƫƺţ�Żř�ƾƃŚƳ�ĨƿĥƺƫƺƿżǀƟ�šǇǈŤųř�ƾĭĦƿƹ��ƾŤƀƿŻ�ƽŚƷƱō�ƶŝ�řŹ�ŚƷ��šŶƃ
ţ�ŢŰţŐŵřŵ�ŶƷřƺų�Źřźƣ�źǀŧ��ƾƯ�ƱŚƄƳ�ƶĩ�ŵŹřŵ�ŢƤŝŚƐƯ�ƶŤƃŸĭ�šŚƤǀƤŰţ�Śŝ�ŪƿŚŤƳ�Ʋƿř��Ůºƃźţ�ŶƷŵ�

ƳŹƺĩ�ŵřƺƯǀƫƺĪƾ�ƶŤƃ�ƙƺƬŝ�ƱřŹƹŵ�Źŵ�ŚƷƽ��ºĮƳźƟ�ŵƺŴƳƾ��Acyrhtosiphon pisum (Harris)����ŦºƗŚŝ
Ʊō�źưƗ�ƩƺƏ�ƂƷŚĩ�Ư�ŚƷƾ��ŵƺƃ(Mondor & Roitberg, 2003)�ưƷ�Źŵ�ŚƯřǀƤŰţ�Ʋǀŝ�ƢŚŤƳ�Ɲǈųźƿ�Ū

ƵŹƺě�ŵřŶƘţ�ŚƯ�ƂƷƹĦě�ŚƷƽ�ƫƺţǀŶ�ƶŤƃ�Ǝſƺţ�ƵŶƃ�ŚƷƽ�ĮƳźƟ�ŵƺŴƳƾ�ŝ�ƶĩƶ�ƗƺƴƈƯ�ŹƺƏƾ���ƶºŝ�Źřŵřƹ
ƳŹƺĩ�ŵřƺƯ�Ůƃźţǀ�ƫƺºĪƾ���ŶºƳŵƺŝ�ƵŶºƃ��Ɯţ�ºǀǀ�ºƴƘƯ�źƾ�Źřŵƽ�Ƴ�ƾºư��ŶºŝŚƿ���ºƴĤưƷǀƲ��ř�Źŵ�ºƿ�ƶºƐŝřŹ�Ʋ� �

Byers (2005)�ưĩ�ƶĩ�Ţſř�Ƶŵřŵ�ƱŚƄƳǀƫƺţ�ŢǀŹřŶƄƷ�ƱƺƯźƟ�Ŷ�ƶŤƃ�ƱŻƹ�ƹ�Ʋſ��ƵŻřŶƳř�Śŝ�ƵŶƴƷŵ�ƽ�
ƫŚūǀż��A. gossypii��ƶƐŝřŹ�ƽ�ƴƘƯ�ƹ�ŢŞŨƯƾ�Źřŵƽ�ŵŹřŵ��ŝƶ�ŹƺƏƽ�ƶŤƃ�ƶĩ�ŚƷƽ�Ư�ƚƫŚŝŚƳǀźŤưĩ�Ʊřżƽ��Żř

ŹřŶƄƷ�ƱƺƯźƟ�ƜƫŚŝ�ƶŝ�ŢŞƀƳ�ƵŶƴƷŵǀƫƺţ�ŵƺų�ƲǀƯ�Ŷƾ�Ŷƴƴĩ��ľǇŚưŤůř�ƶŤƃ�ŚƷƽ�ūźţ�ƚƫŚŝŚƳǀƯ�Ůƾ��ŶƴƷŵ
ŝ�ƶŚūƽ�řƿŚƳřƺţ�ƶĪƴƾƿ�ƫƺţ�ƝźƇ�řŹ�ŵƺųǀŶƴƴĪŝ�ƱƺƯźƟ�Ŷ��řźŝƽ�ſŹ�ƹ�ŶƃŹǀ��ƶºŝ�ƱŶ���ƙƺºƬŝ�ƶºƬůźƯ
řƿĥźƳř�Ʋƽ�ŚưƳ�ƝźƇ�řŹƿ�Ŷƴ(Mondor & Roitberg, 2002)���

Ɵ�šǇǈŤųř�Żƹźŝ�ƩŚưŤůřǀżƿĥƺƫƺƿżƷ�Ʊō�ŜƣŚƘŤƯ�ƹ�Ĩƿƶƴ�ŚƷƾƿ�ř�ƶĩƿ��ƫƺţ�ƝźºƇ�ƶŤºƃ�Ʋ�ºǀ�Ŷ
ŹřŶƄƷ�ƱƺƯźƟ�Ư�ƵŶƴƷŵƾ�Ŷƴĩ��Śƃƿŝ�Ŷƶ�ƫŵǀƵŵŚƠŤſř�ƪ�ƽ�ƶŤƃ�ƀƯ�Żř�ŚƷǀƗźƟ�źƾ�ƫƺţǀƳřƺū�ƱƺƯŹƺƷ�Ŷƾ�

řźŝƽ�ƫƺţǀř�ŶƿŶƃŚŝ�šŚŰƃźţ�Ʋ��ưƷƱŚ������Ţºſř�ƵŶºƃ�Ƶŵřŵ�ƱŚºƄƳ�ƶºĩ�ŹƺºƏ���ƶŤºƃ���řźºŝ�ŚºƷƽ�ƫƺţ�ºǀ�Ŷ
ƱƺƯźƟ�ŚƷƽ�Śſ�ƹ�źƐų�ƭǈƗřƿƳŹƺĩ�šŚŰƃźţ�źǀƫƺĪƾ�ř�ŻřƿƀƯ�Ʋǀ�ŤŤƴºſ�źǀ��ºƯ�ƵŵŚƠŤºſř�Ĩƾ�ŚưƳƿ�Ŷºƴ�

(Romoser, 1981)��Ƴřƺū�ƱƺƯŹƺƷƾ�ƿĪƾ�ƮƸƯ�Żř�źţƿƱƺƯŹƺƷ�Ʋ������ƩŚºưƗř�ƶºĩ�Ţºſř�šřźºƄů�Źŵ�ŚƷ
ưƸƯƾ�Ţſƺě�ŶƴƳŚƯ�ŻřŶƳřƽŹƺě�ƪƯŚĪţ���Ƶ�ŹƹŹŚŝ�ƹ�ŚƷƽ�ƟřŤųř�Źŵ�řŹ�ƚƫŚŝ�ŵřźǀŵŹřŵ�ŹŚ��řźŝŚƴŝƿ�ƂƷŚĩ�Ʋ

ƵŹƺě�ŵřŶƘţ�ŚƷƽ�ƫƺţǀŶ�ƶŤƃ�Ǝſƺţ�ƵŶƃ�ŚƷƾƿ�ľǈŞƣ�ƶĩ�řźŝƽ�ƫƺţǀƳŹƺĩ�šŚŰƃźţ�ŶǀźŰţ�ƩƺĪƿĨ��ƵŶƃ
ŶƳŵƺŝ��ƾƯ�ƱŚƄƳ�ľǇŚưŤůř�ƶĩ�ŶƷŵ�ƶŤƃ�Ʋƿř��Ƶŵźºĩ�ƝźƇ�šŚŰƃźţ�Ʋƿř�Ŷǀƫƺţ�ƽřźŝ�ƽŵŚƿŻ�ƽĥźƳř�ŚƷ���ƹ�ŶºƳř

ƺū�ƱƺƯŹƺƷ�Ŷǀƫƺţ�źǀƀƯ�Źŵ�ƾſŚſř�šǇǈŤųř�ƾºƯ�ƵŶƃ�ŵŚŬƿř�ƾƳř�������Ʋºƿř�Żƹźºŝ�Źŵ�ƾºưƸƯ�ƂºƤƳ�ŶºƳřƺţ
ƶƴƿżƷ�ŶƃŚŝ�ƶŤƃřŵ�ƾŤƀƿŻ�ƽŚƷ��ƶŝ�ƽŹƺƏ�ƶŤƃ�ƶĩ�ƽ�ƾưƳ�żǀƫŚū�ƵŹƺě�Ŷǀƫƺţ�ƽřźŝ�řŹ�ŵƺų�ƽĥźƳř�ŶƳřƺţ���ƽŚºƷ

ŶƿŚưƳ�ƝźƇ�źŤƄǀŝ�(Mondor et al., 2000; Mondor & Roitberg, 2002; Mondor et al., 2002)����
ŵ�ƝźƏ�Żřƿŝ�źĮ�ƶƯ�źƔƳƾ�řźŝ�ƶĩ�ŶſŹƽ�ƳŚĪƯ�śŚŴŤƳřǀƮƀ�ŚƷƽ�ƗŚƟŵ�ƞƬŤŴƯƾ���šřźºƄů�ŵżƳ

ƞƬŤŴƯ��ŝƶ�ƹƿƶŤƃ�ƵĦ�ŚƷ��ƯǀżƷ�Ʊřżƿƶƴ���ŢºƘƠƴƯ�ƹ�ŚºƷ��ŚºƷƽ��ƫŚºưŤůřƾ��ºƃŚƳƾ�Ʊō�Żř���ºƯ�ŚºƷƾ���Źŵ�ŶºƳřƺţ
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ƶŞţŹ�ƮƀǀƳŚĪƯ�Żř�ƵŵŚƠŤſř�ƽŶƴŝ���ŶºƃŚŝ�ƪºǀųŵ�żǀƳ�ƞƬŤŴƯ�ƽŚƷ�(Mondor & Roitberg, 2003)����ƢºŞƏ
šřŶƷŚƄƯ��ƶŤƃ�ƽ����ƶºƬưů�šŹƺºƇ�Źŵ�ŚºƸƴţ�żǀƫŚū�ƽ��ƤŤºƀƯ��źĭŹŚĪºƃ�Ʋºſ�Ʈǀ�Orius laevigatus 

(Fibber)�ƹźƟ�ƹ�ŢƬƿŚŤſř�Ʊŵźŝ��ƂƿŚƷƱƹŹŵ�ƶŤƃ�ƱŶŝ��ƾƯ�ƾƫƺĪǀƳŹƺĩ�šŚŰƃźţ�Ŷǀƫƺţ�Ŷƴĩ��ƶŤƃ��ƽ
�żǀƫŚūŚŝ�ƵŶƷŚƄƯ�ƽ��źĭŹŚĪƃ�Ʋſ�ƲƿřƲŤƟźĭ�Źřźƣ�šŹƹŚŬƯ�Źŵ�Śƿ�ƹ��Śŝ�Ʊō��ƾƗŚƟŵ�ƮƀǀƳŚĪƯ�Ʋƿř�Żř

ƾưƳ�ƵŵŚƠŤſř�ŵƺų��ŝ�ŪƿŚŤƳ�ƶŝ�ƶūƺţ�Śŝ�ƶĩ�Ŷƴĩƶ��Źŵ�ƵŶƯō�Ţſŵŝ�ƂƷƹĦě�Ʋƿř�ƶƾƯ�źƔƳ���ƵŵŚƠŤºſř�ŶſŹ
ƶŤƃ�Źŵ�ƾƫƺĪǀƳŹƺĩ�šŚŰƃźţ�Żř�ƶŝ�ŚƷ�ƶƴƿżƷ�ŢƬƗ�ƾĭĦƿƹ�ƽƹŹ�ƶĩ�ƾưǀƤŤƀƯ�ƽŚƷ�ƽŚƷ�ŻƿŤƀƾ�Ʊō�ŚƷ�

ƶŝ�ŚƸƴţ�ŵŹřŵ�źųō�ƱřƺƴƗƿƳŚĪƯ�ƲǀƗŚƟŵ�Ʈƀƾ�Ư�ƵŵŚƠŤſřƾ��ŵƺºƃ��ř�ºƿ�Ʋƿ��ºƯ�ƶºŤƟŚƾ���ūƺºţ�ŶºƳřƺţǀƸƾ���źºŝ
ř�śŚŴŤƳř�ƹ�ŵźĪƬưƗƿƳŚĪƯ�ƲǀƗŚƟŵ�Ʈƀƾ�ƶŤƃ�Īƃ�Śŝ�ŵŹƺųźŝ�Źŵ�ŚƷŶƃŚŝ�ƱřźĭŹŚ��ř�źŝ�ƱƹżƟřƿƲ���Źŵ

ųźŝƾ�ŵ�šŚƘƫŚƐƯ�Żřƿųźŝ�ƶĩ�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�źĮƾ�ħŻƹŶƄƠĩ�ŶƴƳŚƯ�ƱřźĭŹŚĪƃ���ŵřƺºƯ�Żř�ŚƷ
ŹřŶƄƷ�ƱƺƯźƟ�ŹřźƟ�ƵŶƴƷŵ�ƽ�ƶŤƃ�ƶŝ�ŚƷ�ǈƗ�ƱřƺƴƗƿưƾ�ƃǀưǀŚƾƿ�ŵŹ�ŹŵƿŝŚƾ�ě�ƹ�ºǀ��ƶºưƘƏ�Ʊŵźºĩ�řŶ�ƽ�

Ư�ƵŵŚƠŤſř�ŵƺųƾ��Ŷƴƴĩ(Dixon, 1998)�ř�ƶĩƿżƷ�Ʋƿ�ƶºƴ�ƽ�ƛǀ�ƤŤºƀƯźǀưƾ����ºƯ�Ʊō�Żř�ƶºĩ�Ţºſřƾ���Ʊřƺºţ
ŝƶ�ƫŵ�ƱřƺƴƗǀƬƾ�ƬŰţ�źŝ�ƱƹżƟřǀř�Żř�ƵŵŚƠŤſř�ƅƺƈų�Źŵ�ŚƯ�ƪƿƶŝ�ŹŚŤƟŹ�Ʋ���źºųō�ƱřƺºƴƗƿƳŚĪƯ�Ʋǀ��Ʈºƀ

ƗŚƟŵƾ�ƶŤƃ�ŵżƳ�ŵźĩ�ƍŚŞƴŤſř�ƱřźĭŹŚĪƃ�Śŝ�ŵŹƺųźŝ�Źŵ�ŚƷ����
ŚŤƳ�ƶŝ�ƶūƺţ�Śŝƿƶŝ�Ū�ƤŰţ�Źŵ�ƵŶƯō�Ţſŵǀ�Ƣ�źƋŚůƯƾ�ŤƳ�Ʊřƺţǀ�ƶĩ�ŢƟźĭ�ƶŬ�ƑŚŰƫ�ƶŝ�Ŷƴģ�źƷ

ŵźƟƽ�Ư�Żř�ƵŵŚƠŤſřƳŚĪǀƗŚƟŵ�Ʈƀƾ��ơƺƟƶŤƃ�ŵżƳ�Ư�ŚƷƾ�żƷ�ŶƳřƺţƿƶƴ�ŚƷƽ�ŻƿŵŚƽ�řźŝƽ��ƶŤºƃ�ƽ��żǀƫŚºū�
ě�Źŵƾ�ŶƃŚŝ�ƶŤƃřŵ��ŚƯř�ƪƯŚƘţ�Źŵ�ŚƷƽ�ƃǀưǀŚƾƿ��Źŵ�ƶĩƿƴƬĩ�Ĩƾ�ŝǀƶŤƃ�Ʋ��ŚºƷƽ��ƮºƷ����Źřźºƣźŝ�ƶºƳƺĭ

Ưƾ�ǈƗ�Żř�ƵŵŚƠŤſř�ŶƃŚŝŗƺŝ�ƮƿŚƾƿ�ŹřŶƄƷ�ƮƷ�ŵřźƟř�ƶŝ�ŢŞƀƳ�ƵŶƴƷŵ�żƷ�ƪŞƤţ��ƶƳƺĭƿƶƴ�řƽ���ƶºĩ�Ţſř
Śŝ�řŹ�Ʊō�ŢƘƠƴƯƿƘưū�ŹŚŤųŚſ�Źŵ�ŶǀŤƾ�ƶŤƃ�ǈƗ�ƂƤƳ�ƹ�ŵźĩ�ƺŬŤƀū�ŚƷŗƃ�ƮǀưǀŚƾƿ�ŹřŶƄƷ��ƵŶƴƷŵ

ŹŚĭŻŚſ��ƒƠů�Źŵƽ�ŚƤŝ�ƹƽ�ƴƬĩƾ�ƶŤƃ�Ư�ŚƷƾ�ūƺţ�ŶƳřƺţǀƶ�ř�ƩƺŞƣ�ƂŴŝƿżƷ�Ʋƿƶƴ�ŶƃŚŝ�ŚƷ���řźŝŚºƴŝƿƲ��
ƫƺţǀƳŹƺĩ�šŚŰƃźţ�ŶǀżƷ�ŵƺūƹ�Śŝ�ƩƺĪƿƶƴ�ŚƷƽ��ŵźƟƽ�Żƿřźŝ�ŵŚƽ�ƶŤƃ�ŚƷ��ƗŚưŤūř�źƔƳ�Żřƾ�Ưƾ��ŶƳřƺţ

�ƕŚƟŵ�ŹřżŝřŶƴưţŹŶƣƽ�ŹŚĭŻŚſ�Źŵƽ�ŝ�ƶģźƷǀƶŤƃ�źŤƄ����ŶºƃŚŝ�źºƐų�Śºŝ�ŵŹƺųźŝ�Źŵ�ŚƷ��ŚƯŻōƿ��šŚºƄ
ưĪţǀƬƾ��ſŹźŝ�ƶƬưūŻřƾ�ĮŤƀŞưƷƾ�ƫƺţǀƳŹƺĩ�šŚŰƃźţ�Ŷǀ�ƫƺºĪƾ��ƹEBF���ƴĪţ�Żř�ƵŵŚƠŤºſř�Śºŝ�ºǀ�Ĩ

ƟřźĭƺţŚƯƹźĩŻŚĭƾ���ƏǀŬƴſ�ƞƾ��ºƯźūƾ�(GC-MS)�����ºţřŷ�űźºƳ�Śºŝ�Ʊō�ƍŚºŞţŹř�ƹƾ���ŶºƃŹ(rm)���ƹ
ƴĤưƷǀƵŻřŶƳř�Ʋ�ĭǀźƽ��ĨƄų�ƹ�źţ�ƱŻƹŚſ�ƹƿƇƺƈų�źǀŻ�šŚƿŤƀƾ�ƶŤƃ�Ư�ŚƷƾ��ŶƳřƺţŝ�ŵŚƘŝřǀźŤƄƽ�
�řŹƑŚŰƫ�Żř�ƲƃƹŹ�ưĩ�ƹ�źţƾ�źţ�żƷ�Ʊŵźĩƿƶƴ�ŚƷƽ�ƫƺţǀƳŹƺĩ�šŚŰƃźţ�ŶǀƫƺĪƾ�ŹŚƨƃō��ŚưƳƿŶ���



ÓÍ                                  ƱřŹŚƨưƷ�ƹ�ƽźǀƘƯ�ƝřźƇ��ƶƴƿżƷ�ƶŤƃ�ƾƫƺƨǀƳŹƺƧ�ŵřƺƯ�Ůƃźţ�ƽŚƷ��żǀƫŚū�ƽ�����
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