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Abstract 

Onion thrips, Thrips tabaci Lindeman, is one of the most important pests of vegetables and 
ornamentals all over the world. Its role has been proved in the transmission of different viruses to several 
plants. In this study, life history parameters of T. tabaci were calculated on three host plants, cucumber, 
sweet pepper and eggplant. Experiments were conducted at 25 ± 1ïC, 60 ± 10% R.H. and photoperiod of 
16: 8 (L: D) hours. The results showed that host plants affect life history of onion thrips significantly. 
Intrinsic rate of population increase (rm) was 0.296, 0.158 and 0.234 female on female per day on 
cucumber, sweet pepper and eggplant respectively. Other parameters like ë (finite rate of increase) were 
1.334, 1.171 and 1.264; T (mean generation time) were 14.879, 19.092 and 16.779; DT (doubling time) 
were 2.343, 4.384 and 2.956 days. Finally, R0 (net reproductive rate) was 81.581, 20.461 and 51.141 
female/female in one generation. With regard to highly significant effect of host plants on life history 
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parameters of onion thrips, it is probable that this problem could be used for control of onion thrips on 
sweet pepper more effectively than on cucumber and eggplant. 
Key words: Thrips tabaci, age specific life table, host plant 
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��ƾƯ�ƱŚŝżǀƯ�ƵŚǀĭ����űźƳ�ƽƹŹ�ŶƳřƺţ����ŢǀƘưū�ŶƃŹ�ƽŚƷƵŚǀĭ�Źřƺų��ƾºƨƿ�Ŷƿŵźţ�ƱƹŶŝ�ƾƫƹ�ŶƃŚŝ�źŧƺƯ�Ʊř

ƾĭĦƿƹ�ŚƸƳō�ƲƿźŤưƸƯ�Żř��Ţſř�ƵŚǀĭ�ƾƿřŸƛ�ƽŚƷ�Walde, 1995����ƾºĭĦƿƹ�����ƱŚºƷŚǀĭ�ƾƿŚǀưǀºƃ�ƽŚºƷ
ƾƯ�������Ŷǀƫƺţ�ƶŝ�źŬƴƯ�ŶƳřƺţƵŚǀĭ��Źřƺų��ǀƧ�Śŝ�Śƿ�ƹ�ƾưſ�ƾƳřƾŝ�ƹ�ƾƿřŸƛ�ƲǀƿŚě�ŢǀƠ���ŵƺºƃ�ŢºǀƠǀƧ����Ʋºƿř

���������űźƳ�ƂƷŚƧ��źǀƯ�ƹ�īźƯ�ƂƿřżƟř�ŦƗŚŝ�Ţſř�ƲƨưƯ�ƪưƗ���ƹ�ŶƃŹ�ƽŚƷ�����ƾºƘǀŞƏ�ƱŚƴưƃŵ�ƽŹƹōŵřŻ
�ŵƺƃ��Price et al., 1980; Giles et al., 2002�����Źŵ�ŵƺºūƺƯ�ƾƿŚǀưǀƃ�ŵřƺƯ�ŢǀƠǀƧ�ƮƷ�ŵŹřƺƯ�Ʋƿř�Źŵ

ƾƯ�ŚƸƳō�ŢǀưƧ�ƮƷ�ƹ�ƵŚǀĭ��ŶƃŚŝ�źŧƺƯ�ŶƳřƺţ�Giles et al., 2002����ƕƺƴţ�Ţſř�ƪưŤŰƯ�ŹŚǀƀŝ�Ɩƣřƹ�Źŵ
������Ǝºſƺţ�ƵŶƃ�ƝźƈƯ�ƽřŸƛ�ƵŚºǀĭ���Źřƺºų�������ƹ�ƾƿŚǀưǀºƃ�ŜºǀƧźţ�Źŵ�ƾºưƸƯ�šŚºƟǈŤųř�ƶºŝ�źºŬƴƯ�Ʊř

ƶƬưů�ƶŝ�ŢŞƀƳ�ŚƸƳō�ŢǀſŚƀů�ƽ�ŵƺºƃ�ƱřźĭŹŚƨƃ���Price et al., 2002�����ƶºƐŝřŹ�Ʋºƿř�Źŵ��Walde 
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(1995)�ƶºƴƧ�ƂƴƧřƹ���ŚºƷ�źĭŹŚƨºƃ�ƽ�Scheuten�pyri�Typhlodromus�ƹ�Zetzellia mali (Ewing)�řŹ�
ƶƴƧ�ƽƹŹ�Ŝǀſ�ƱŚŤųŹŵ�ƾƿřŸƛ�ŢǀƠǀƧ�šřźǀǀƜţ�źŧř�ƶŝ�ŢŞƀƳ�ƽżƯźƣ���ƾƿŚºěƹŹřPanonychus ulmi 

(Koch) ŵźƧ�ƾſŹźŝ���
�������ƮƿĥŹ�źŧř�ƽƹŹ�ƽŵŚƿŻ�šŚƤǀƤŰţ�ƱƺƴƧŚţ�Ʊřźƿř�Źŵ�ŚƷ��ƹ�ƾƿřŸºƛ�ƽ�ƱŚºŝżǀƯ��ŚºƷ��ƽƹŹ�ƞºƬŤŴƯ�ƽ

ƆųŚƃ�����ƾĭĦƿƹ�ƹ�ŢǀƘưū�ŶƃŹ�ƽŚƷ���������ºƄƳ�ƭŚºŬƳř�ŻŚºǀě�žĜƿźºţ�ƾŤųŚƴºƃ�ŢºƀƿŻ�ƽŚƷ�Ţºſř�ƵŶ��
Hemmati & Benedictos (2000)Ƶŵƺţ�ŢƯƹŚƤƯ��ŚƷ����ƶºŝ�ŢŞºƀƳ�Ʊřźºƿř�ƾƬƯ�ƾƷŚǀĭ�Ʊĥ�ƦƳŚŝ�ŻŚǀě�ƽ

�����Źŵ�ƹ�ƾſŹźŝ�řŹ�ŻŚǀě�žĜƿźţ�������źºƔƳ�ƶºŝ�ŶƴŤºƃřŵ�ƱŚǀŝ�žĜƿźţ�ƶŝ�ŻŚǀě�ƭŚƣŹř�Żř�ƾųźŝ�ŢƯƹŚƤƯ�ƶǀūƺţ
ƾƯ�������Źŵ�ƾƯƺƯ�Ƃƃƺě�ŵƺūƹ�ŶſŹīźŝ��ŚƷ����������ŻŚºǀě�žĜƿźºţ�ƶºŝ�ŢŞºƀƳ�ŢǀſŚƀů�ŵŚŬƿř�ŦƗŚŝ�ŻŚǀě�ƽ
ƾƯ��ŵƺƃ�������ƶºƳƺĭ�ƾŤºƀƿŻ�ƽŚºƷźŤƯřŹŚě�ƲǀǀƘţ�ƶŝ�ƍƺŝźƯ�šŚƘƫŚƐƯ�ŚǀƳŵ�ƍŚƤƳ�źƿŚſ�Źŵ���ŚºƷ��ƞºƬŤŴƯ�ƽ

�ƽƹŹ�žĜƿźººţƱŚººŝżǀƯ�ŚººƷ��ŚººƯŵ�Źŵ�Śººƿ�ƹ�ƞººƬŤŴƯ�ƽ�ŚººƷ���Ţººſř�ƵŶººƃ�ƭŚººŬƳř�šƹŚººƠŤƯ�ƽ�
�Trichilo & Leigh, 1988; van Rijn et al., 1995; Murai, 2000, 2001a, 2001b���Murai (2000)�źŧř�

���ƽŚƯŵ�ŪƴěÎÒ���ÏÍ���ÏÐ���ÏÒ�ƹ�ÐÍ��������ŻŚǀě�žĜƿźţ�ƺưƳ�ƹ�ŶƃŹ�ƹ�ƪŨƯ�Ŷǀƫƺţ�ƽƹŹ�řŹ�ƶūŹŵ���Śŝ�ƹ�ƶƘƫŚƐƯ
���ƶūŹŵ�šŚƗǈƏř�Żř�ƵŵŚƠŤſř��ŻƹŹ�Î���ƪƀƳ�ƵƺƤƫŚŝ�ŵřŶƘţ���ŚƷ�������Źŵ�Ʋěřĥ�Źŵ�řŹ�ƩŚſ�Ʀƿ�Źŵ�ŻŚǀě�žĜƿźţ�ƽ

����Ţſř�ƵŵźƧ�ƶŞſŚŰƯ�ƾƿřźŰƇ�Ǝƿřźƃ���������������ƪǀºƀƳŚŤě�ƹ�ƾºƬŨƯ�Ŷºǀƫƺţ�ŢºǀƟźƓ��ƺºưƳ�ƹ�ŶºƃŹ�ƲǀƴĤưƷ
ƶƳƺĭ�ƽThrips hawaiiensis (Morgan) ���ŻƺºƯ�ƮƸƯ�ŢƟō�Ʀƿ�ƱřƺƴƗ�ƶŝ��ƹ�šŚºŞƧźƯ����ƶºſ�Źŵ�źºǀŬƳř
��ƽŚƯŵÎÒ��ÏÍ���ƹ�ÏÒ��ƶūŹŵ�������Ţºſř�ƵŶºƃ�ƶŞſŚŰƯ�ƪƀƗ�ƩƺƬŰƯ�ƹ�Ƶŵźĭ�ƾƿřŸƛ�ƮƿĥŹ�Żř�ƵŵŚƠŤſř�Śŝ��

�Murai, 2001b���ƾƯ�ƱŚǀŝ�ƹř��ǇŚŝ�ŚƯŵ�ƂƿřżƟř�Śŝ�ƾƐų�šŹƺƇ�ƶŝ�žĜƿźţ�Ʋƿř�ƺưƳ�ƹ�ŶƃŹ�űźƳ�ŶƴƧ
ƾƯ�ŵƹŹ��ŨƯ�Ŷǀƫƺţ��ƺưƳ�ƹ�ŶƃŹ�ƹř��Ʋƿř�źŝ�ƵƹǈƗŢǀƘưū�ŶƃŹ�ƹ�ƪ� Thrips setosus Moulton�ƽƹŹ
īźŝ�ŚƷ�ŵźƧ�ƶƘƫŚƐƯ�řŹ�ƞƬŤŴƯ�ƽŚƯŵ�Ƃƃ�Źŵ�Śǀŝƺƫ�ƽ�Murai, 2001a���űźƳ���Ʋºƿř�ƺưƳ�ƹ�ŶƃŹ�ƽŚƷ

�����ƾºƯ�ǇŚºŝ�ƁŹƹźºě�ƎǀŰƯ�ƽŚƯŵ�ƂƿřżƟř�Śŝ�ƾƐų�šŹƺƇ�ƶŝ�žĜƿźţ�����ƾºţřŷ�űźºƳ�ƲƿźţǇŚºŝ�ƹ�ŵƹŹ
�ƾƘǀŞƏ�ƂƿřżƟř�rm�ƽŚƯŵ�Źŵ��ºCÏÒ�ƵŶƿŵ�ƾƯ�ƃƺ�ŵ�Murai, 2001a���Trichilo & Leigh (1988)�źŧř�

��ƪºĭ�žĜƿźţ�ƾƬŨƯ�Ŷǀƫƺţ�šŹŶƣ�ƽƹŹ�ƾƿřŸƛ�ƖŞƴƯ�ŢǀƠǀƧFrankliniella occidentalis (Pergande)�
��ŶƳŵźƧ�ƾſŹźŝ�řŹ������������ƶŤƿŹřƹ�ƽƹŹ�ƪĭ�žĜƿźţ�ƾƬŨƯ�Ŷǀƫƺţ�šŹŶƣ�ŚƸƳō��ƶƘƫŚƐƯ�Ʋƿř�Źŵ���ŚºƷ���ƞºƬŤŴƯ�ƽ

ƶŞƴě�ƽƭƹŚƤƯ� ƶƴƧ�ƶŝ�ŢŞƀƳ�ŽŚƀů�Śƿ�ƽĩ�ƾŝŚƿŻŹř�řŹ�ƾţƺŞƨƴƗ�ŹŚţ�����ƱŵƹżºƟř�ŶºƴŤƟźĭ�ƶºŬǀŤƳ�ƹ�Ƶŵź

                                                
æ- Degree-day 



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏê���Ï���ÎÐÕé�������������������������������������������������������������������������ÑÖ 

�ƶƴƧ�ƮŴţ��ƽ�������ƶŝ�Ƶŵźĭ�Śƿ�ƾţƺŞƨƴƗ�ŹŚţ�īźŝ��ŚƷ�ƾƴƘƯ�šŹƺƇ�ƶŝ�ƶŞƴě�ƽ���ŢºƀƿŻ�ƾĭĦƿƹ�ƲƿŶƴģ�ƽŹřŵ
�������Żř�ŚƸƴţ�žĜƿźţ�ƶƧ�ƾŤƫŚů�Śŝ�ƶƀƿŚƤƯ�Źŵ�řŹ�ƪĭ�žĜƿźţ�ƾŤųŚƴƃīźŝ�ŚƷƾƯ�ƂƿřżƟř�ŶƴƧ�ƶƿŸƜţ���ŶƷŵ

�Trichilo & Leigh, 1988���ƪĭ�ƪųřŵ�Źŵ�ƶƳƺĭ�Ʋƿř�ƶƧ�ƾƿŚŬƳō�Żř�ŚƷƿ�ƾƯ�ŢƟŚ�ŵƺƃ���Ƶŵźºĭ�ƱŵƹżƟř�
���ƵŹƹŵ�ƩƺƏ�ƱŶƯō�ƲǀƿŚě�ŦƗŚŝ�ƽƶƬůźƯ�Żř�ƽŶƃŹ��ƽ���źºưƗ�ƩƺºƏ�ƹ�ƽŹƹōŵřŻ�ƂƿřżƟř��ƚƫŚŝ�Śţ�ƮŴţ�

���������ƾƯ�Ƶŵźĭ�ƱƹŶŝ�ƶƿŸƜţ�ŢǀƘƋƹ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƪƯŚƧ�šřźƄů���ŶƃŚŝ�ƶŤƃřŵ�ŵƺūƹ�Ƶŵźĭ�ƾŤƣƹ�ƹ�ŵƺƃ
��ƾƯ�žĜƿźţ�Ʋƿř�������������Źŵ�ŵƺºūƺƯ�ƾºƠƴƯ�šřźºŧř�źºŝ�ŶƳřƺţ�īźºŝ���ŚºƷ��ƶºŤƿŹřƹ�ƽ���ŚºƷ��ºŞƬƛ�ƭƹŚºƤƯ�ƽ�ŶºƴƧ�ƶ�

�Trichilo & Leigh, 1988���
Janssen et al. (2003)���ƪºĭ�žĜƿźºţ�ƽƹŹ�řŹ�ƱŚºŝżǀƯ�ƵŚǀĭ�ƲǀƿŚě�ŢǀƠǀƧ�źŧř���F. occidentalis��

ŶƳŵźƧ�ƾſŹźŝ��Ƶŵźĭ�ƱŵƹżƟř�źŧř�ŚƸƳō�ƽ�Žƺţ�ŢųŹŵ�Betula pubescensƶƴƧ�ƮŴţ���ŚƷ��źĭŹŚƨºƃ�ƽ
Athias-Henriot� Phytoseiulus persimilisƹ�Iphiseius degenerans (Berlese)�ƹ�ŶƃŹ�űźƳ�ƽƹŹ�řŹ�
�ƪĭ�žĜƿźţ�ƺưƳŶƳŵřŵ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ���ƲǀƿŚě�ŢǀƠǀƧ�Śŝ�ƵŚǀĭ�Ʀƿ�Żř�ŚƸƳō�ŹƺƔƴƯ�Ʋƿř�ƽřźŝ�ƪƠƬƟ��

�����ǇŚººŝ�ŢººǀƠǀƧ�Śººŝ�ƵŚººǀĭ�Ʀººƿ�ƹ��ŹŚººǀų�������ŶººƳŵźƧ�ƵŵŚƠŤººſř�ƪººĭ�žĜƿźººţ�ƶººƿŸƜţ�ƽřźººŝ�
�Janssen et al., 2003���Milne & Walter (1998)ƾƯ�ƱŚǀŝ�żǀƳ��ǀĭ�ƶŞƴě�ŶƴƴƧ�ƽřźŝ�ƲǀƿŚě�ŢǀƠǀƧ�Śŝ�ƾƷŚ

����ƾƯ�ŹŚưƃ�ƶŝ�ŻŚǀě�žĜƿźţ�ƾƯ�ƺƬū�ƶŞƴě�ŶƃŹ�ƪƈƟ�ƶƨƳŚƴĤưƷ�řźƿŻ�ŵƹŹ��ŢºǀƘưū�ŵƹŹ��ŚºƷ��žĜƿźºţ�ƽ
��ƂƷŚƧƾƯ������������ŵŹřŶºƳ�ŹŚǀŤųř�Źŵ�ƽźĮƿŵ�ƱŚŝżǀƯ�ŻŚǀě�žĜƿźţ�ƶƧ�ƾƐƿřźƃ�Źŵ�ƹ�ŶŝŚƿ�ƮºŴţ��ŚºƷ�ƶºƴƧ�ƽ�ƽ�

������ƾƯ�ŶƳŹřŵ�ŵƺūƹ�ƶŞƴě�ƽƹŹ�ƶƧ�ƾţƺŞƨƴƗŹŚţ���������Ƨ�ƪưƗ�ƾƨưƧ�ƽřŸƛ�Ʀƿ�ƱřƺƴƗ�ƶŝ�ŶƳřƺţŶƴ����źºŧř�ŚºƸƳō�
����ƾƿřŸƛ�ƮƿĥŹ�ŹŚƸģ�ƶĜƫ��ŚƷ���ƶŞƴě�ƽ���ƶƴƧ�ƮŴţ��ƽ��ƶĜƫ��ƾţƺŞƨƴƗŹŚţ���ƽ����ŻźºƷ�ƞƬƗ�ƪĭ��ƾƿŚƸƴţ�ƶŝ�ƶŞƴě��

ŵŹŻ�ƪĭ�Rapistrum rugosum���ƶƴƧ�ƮŴţ�ƽƾƿŚƸƴţ�ƶŝ�ŵŹŻ�ƪĭ�ŻźƷ�ƞƬƗ�ƪĭ�ƹ�ƾţƺŞƨƴƗŹŚţ����řŹ
ƹ�ŶƃŹ�ƽƹŹ��ŶƳŵźƧ�ƾſŹźŝ�ŻŚǀě�žĜƿźţ�ƽŹƹōŵřŻ�ƹ�ƺưƳ�Milne & Walter, 1998���

van Rijn et al. (1995)���řŹ�ƪºĭ�ƾºŝźƛ�žĜƿźţ�ƹ�ŻŚǀě�žĜƿźţ�ƶƳƺĭ�ƹŵ�ƾŤƀƿŻ�įŚƷźŤƯřŹŚě�żǀƳ�
������žĜƿźºţ�ŢºƘǀưū�ƾºƘǀŞƏ�ƂƿřżƟř�ƾţřŷ�űźƳ�ŶƴŤƟźĭ�ƶŬǀŤƳ�ƹ�ƵŵźƧ�ƶƀƿŚƤƯ�źĮƿŶƨƿ�Śŝ�ŹŚǀų�ƽƹŹ

�ƲǀƿŚě�ƪĭ�źţ�Ţſř�ŻŚǀě�žĜƿźţ�Żř��ƵŹŚƯō�Żř�ƾƷŚĭō�ŚƷ�����ƱŚºŝżǀƯ�ƱŚºƷŚǀĭ�šřźºŧř�ƹ�žĜƿźºţ�ƾŤƀƿŻ�ƽ
Śǀě�žĜƿźţ�ƽƹŹ�ƽźǀĭŹŚƨŝ�ƶŝ�ƽŵŚƿŻ�ƦưƧ�ƂƳřźĭŹŚƨƃ�ƽƹŹ�ƮǀƤŤƀƯźǀƛ�šŹƺƇ�ƶŝ�ƹ�ŻƁƹŹ�ŚƷ�

�ƱŚƯŻ�ƹ������ƾƯ�žĜƿźţ�ƩźŤƴƧ�ƽřźŝ�ŜſŚƴƯ�ƽŶƴŝ��ŶƴƧ���������������ƵŚºǀĭ�ƶºſ�źºŧř�ƲǀºǀƘţ�żǀƳ�ƢǀƤŰţ�Ʋƿř�Żř�ƝŶƷ
ƶưƫŵ�ƪƠƬƟ��ŹŚǀų�ƱŚŝżǀƯ�ƾƯ�ƶƧ�Ţſř�ŻŚǀě�žĜƿźţ�ƽŹŚĭŻŚſ�ƽƹŹ�ƱŚŬƯŵŚŝ�ƹ�ƽř��Żř�ƵŵŚƠŤſř�Śŝ�ŶƳřƺţ



 ÒÍ                                       ������  ƱřŹŚƨưƷ�ƹ�ƽŵŶƯ��ƾĭĦƿƹ�ƾſŹźŝ�ŻŚǀě�žĜƿźţ�ƾŤƀƿŻ�ƽŚƷ ������������������������������������������������������������

�Żř�ƵŶƯō�ŢſŶŝ�šŚƗǈƏřƵĦƿƹ�ƾĭŶƳŻ�ƩƹŶū��ƽƵĦƿƹ�ŌŚƤŝ�ƹ�ƽŹƹōŵřŻ�źǀƔƳ�ƾƴſ��ƽ��ƾŝŚºƿŻŹř�ƾƴſ�
ŵƺƃ�����������ƆųŚºƃ�ƽƹŹ�ƾºƬǀưƨţ�šŚºƘƫŚƐƯ�ƹ�ƢºǀƤŰţ�Ʋƿř�Żř�ƵŶƯō�ŢſŶŝ�šŚƗǈƏř�ƽŚƴŞƯ�źŝ��ŚºƷ�ƽ

����ƾƯ��ŻŚǀě�žĜƿźţ�ƱřźĭŹŚƨƃ�ŢǀƘưū�������ƱřźĭŹŚƨºƃ�Ǝºſƺţ�Ʊō�ƩźŤƴƧ�ŵŹƺƯ�Źŵ�ƽźŤƄǀŝ�Ţƣŵ�Śŝ�Ʊřƺţ
ƶƳŚŴƬĭ�Źŵ�ŚƷŵźƧ�ŢŞŰƇ����

�
�ƹ�ŵřƺƯƁƹŹ�ŚƷ�

ƞƫř�žĜƿźţ�ƁŹƹźě��
 �������ƾƫƺưƘƯ�ƽŚǀŝƺƫ�ƵŚǀĭ�Żř�ŻŚǀě�žĜƿźţ�ƁŹƹźě�ƽřźŝ�����ƵŵŚƠŤºſř�ƱŚºŝżǀƯ�ƱřƺƴƗ�ƶŝ�ƺƳŚŤƳƺƯ�ƶŤƿŹřƹ
Ŷƃ����ƶǀƫƹř�īźŝ�ƹŵ��ƽ����ŻŚŝ�ľǈƯŚƧ�ƶƧ�ƵŚǀĭ��ƵŶƃ�ŶƳŵƺŝ�����������ŢºƃŚƧ�Żř�žºě�ƶºŤƠƷ�ƶºſ�ľřŵƹŶů���ƹ�řŶºū�

��ƮŬů�ƶŝ�ƾƨģƺƧ�ƾƨǀŤſǈě�ƝƹźƓ�ƪųřŵ�ŚƸƳō�īźŞƯŵÏÍƾƬǀƯ��źŤǀƫ��śōŻř�źě�ƶƧŵƺŝźƣ��ƵŵřŵŹř�Ŷƃ��
����������������ŵŚºƘŝř�ƶºŝ�ƾƨģƺºƧ�ƾƨǀŤºſǈě�ƝƹźºƓ�ƪºųřŵ�ƶƗƺưŬƯ�Ʋƿř�žĜſÒ�Õ���Ö���ÎÑ��ƾŤƳŚºſ���źºŤƯ�

�ƕŚƠţŹř���ƉźƗ���ƩƺƏ����Ŷƃ�Ƶŵřŵ�Źřźƣ�������ƾºƠƿźƓ�ƽŹƺţ�Śŝ�ƶƿƺƸţ�ƽŹřźƣźŝ�ŢƸū�ƝƹźƓ�ƁƺěŹŵ
���ŵŚƘŝř�ƶŝÎÒ���ÎÍ�ƾŤƳŚſ������ƵŶƃ�żƸŬƯ�źŤƯŵƺŝ��žĜƿźţ�ŚƷ�ƽƹŹ�ƚƫŚŝ�ƽīźŝ�ŚƷ��ƵŶºƃ�Ƶŵřŵ�Źřźƣ�ƚƫŚŝ�ƽ
��Żř�žě�ƹ�ÏÑ����ƶŝ�ŢƗŚſ�īźŝ��ŚƷ���ƾƯ�ƪƤŤƴƯ�ŶƿŶū�ƽ��ƃŶ��īźŝ��ŚƷ����ũƹźºų�ƭŚºĮƴƷ�Śºţ�ƮŴţ�ƽƹŚů�ƽ

���ƶŤƃřŶƸĮƳ�ŚƷƹŹǇ��ŶƃƵ���ƝźƓ�ƱŚǀƯ�Źŵ�ŻƹŹ�Ʀƿ�ƹ��ƦģƺƧ�ƽŚƷŻř�źě��ƾƯ�śō�ƃŶŶƳ��Źŵ��Ǝƿřźƃ�Ʋƿř
īźŝ��ŚƷ�������śřŵŚƃ�ƹ�ƵŻŚţ�ľǈƯŚƧ�ƶŤƠƷ�Ʀƿ�šŶƯ�ƶŝ��ƾƯ�ƳŚƯŶƵŶƷŚƄƯ�ƊŰƯ�ƶŝ�ƹ�ŶƳ�ƽ�ƽƹŹ��ƾĭŵźƯĦě�
īźŝ��ŚƷ���ŵřŵ�Źřźƣ�ƵŻŚţ�ƽ�ƾƯ�Ƶ��ƃŶ����ƶŝ�ŚƷƹŹǇ�Śţ�ŶƳīźŝ�ŚƷŶƳƺƃ�ƪƤŤƴƯ�ŶƿŶū�ƽ����Źŵ�ƁŹƹźºě�ƝƹźƓ

�����ƽŚƯŵ�Źŵ�ŹƺţŚŝƺƨƳř�ƪųřŵÎ��tÏÒƶūŹŵ��ƽƾŤƳŚſ���ƾŞƀƳ�ŢŝƺƏŹ��ŵřźĭÓÍƵŹƹŵ�ƹ�ŶƇŹŵ��ƽ�ƽŹƺƳ�
í��æë��ƾƨƿŹŚţ��ƾƿŚƴƃƹŹ��Ŷƃ�Ƶŵřŵ�Źřźƣ��

�
ś�ƾƷŚĮƄƿŚƯŻō�šŚƘƫŚƐƯ�� 

��ƂƿŚƯŻō�ƭŚŬƳř�ŢƸū�ŚƷ��Ʀƿ�řŶŤŝř�ƶŤſŵ�ŵřżưƷ�ƽƵźƄů�Żř��ƽŶƃ�ƶǀƸţ�źƔƳ�ŵŹƺƯ���Żř���ƾƿŚºŬƳō
����ŻŚǀě�žĜƿźţ�ƶƧƮŴţ��ŚƷ���ŢƟŚŝ�ƪųřŵ�řŹ�ŵƺų�ƽ��Źřźƣ�ƾƷŚǀĭ�ƽŚƷƾƯ���ƾƿŚºŬŝŚū�ƹ�ŶƷŵ�ƮºŴţ��ŚºƷ��ƶºŝ�

�ƱŚĪƯř�ŵŚƿŻ�šŚƠƬţ�ŵŚŬƿř�ŢƬƗ�ŢƀǀƳ�źƿŸě��ŻŚǀě�žĜƿźţ�Ʃƹř�Ʋſ�ƽŚƷƹŹǇ�Żř�řŸƫ�ƶŝ���ƱřƺºƴƗ���Ƶƹźºĭ
ŵřżưƷ��Ŷƃ�ƵŵŚƠŤſř���ƾŤů�������ƮƷ�ƵŶƃ�śŚŴŤƳř�ƽŚƷƹŹǇ�Ŷƃ�ƾƘſ�ƱŚƨƯǇř�ŶƴƃŚŝ�Ʋſ��ŹƺƔƴƯ�Ʋƿř�ƽřźŝ�
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���źưƗ�Śŝ�Ʃƹř�Ʋſ�ƽŚƷƹŹǇ�źŨƧřŶů�ÎÕľǈƯŚƧ��ŢƗŚſ���ŶǀƠºſ�������ƮºŴţ�Żř�ƵŶºƃ�ũŹŚºų�ƵŻŚºţ�ƹ�ĬºƳŹ
�Ŷƃ�śŚŴŤƳř����ƄƿŚƯŻō�Ŷůřƹ�źƷİ�����Ƶźƿřŵ�ƾĭźŝ�Ʀƀƿŵ�Ʀƿ�ƪƯŚƃ���ƽřźƐƣ�ƶŝ�ƪƨƃ��è�ƾŤƳŚºſ���źºŤƯ�Żř�

īźŝ��ŚƷ�ŹŚǀų�ƽ�Ĭƴǀƨƿřƹ�ƶŤƿŹřƹ��ƪƠƬƟ���ŹŶƳřƹ�ŚǀƳźƠǀƫŚƧ�ƶŤƿŹřƹ���ƱŚŬƯŵŚŝ�ƹ�ƹƾţƺǀŝ�ƥǈŝ�ƶŤƿŹř��
���������Ŷƃ�Ƶŵřŵ�Źřźƣ�śō�Żř�ƕŚŞƃř�ƾƟŚƇ�ŸƛŚƧ�Ʀƿ�ƽƹŹ�Źŵ�ƶƧ�ŵƺŝ�����ƾºĭźŝ�Ʀºƀƿŵ�źƷ�ƽƹŹ�Źŵ�žĜſ

���������źºƐƣ�ƶºŝ�ƾƨǀŤſǈě�ƝƹźƓ�ƪųřŵ�ƶƗƺưŬƯ�Ʋƿř�ƹ�Ŷƃ�Ƶŵřŵ�Źřźƣ�Ʃƹř�Ʋſ�ƹŹǇ�ƦƿÓÔ�ƹ�ƕŚºƠţŹř���
ÏÒ�ƾƬǀƯ��źŤƯ��Ŷƃ�ƶŤƃřŸĭ������������ƱŚºƯŻ�Śºţ�ŚºƷƹŹǇ�šŚºƠƬţ�ƱřżºǀƯ�ƹ�ƺưƳ�ƹ�ŶƃŹ�ƞƬŤŴƯ�ƪůřźƯ�ƶƳřŻƹŹ

������Ŷƿŵźĭ�ŢŞŧ�ƪƯŚƧ�ƵźƄů�ƶŝ�ƱŶƃ�ƪƿŶŞţ�������ƵŵŚƯ��ƪƯŚƧ�šřźƄů�ŹƺƸƓ�Żř�žě��ŚƷ���ŢƸū�ƮŴţ�ŹřŸĭ�ƽ
�����ƽƹŹ�ƽŵřźƠƳř�šŹƺƇ�ƶŝīźŝ��ŚƷ����Ŷƃ�Ƶŵřŵ�Źřźƣ�ƱŚŝżǀƯ�ƽ����Ʀƀƿŵ�ŻƹŹ�źƷ�����ƮºƷ�ƹ�ƊƿƺƘţ�ŚƷ���ƱŚºƯŻ

��ƵĦºƿƹ�ŌŚºƤŝ�ƽ��ƾƴºſ�(lx)��ƵĦºƿƹ�įŹƹōŵřŻ�ƹ�(mx)��ŢºŞŧ��Ŷºƃ����ƢǀƣŵŹřŶºƤƯ�žĜºſ rm �ƶºƫŵŚƘƯ�Żř�ƽ����
1

 xr
emL

m
xx

��ƶƬǀºººººſƹ�ƶºººººŝ�ƹ�ƽ�ŚºººººƐų�ƹ�ƱƺºººººƯŻō�ƁƹŹ�Î�Ŷºººººƿŵźĭ�ƶŞºººººſŚŰƯ��
�Birch, 1948; Andrewartha & Birch, 1954���ƶƫŵŚƘƯ�ƲƿřŹŵ�x��ƾƳŚºǀƯ�Ʋºſ�ç��ƶºƐƤƳ�ƶºƧ��ƽ��ƾƳŚºǀƯ�

���ƾƴſ�ƪƇřƺƟ���ŻƹŹ�ƩŚŨƯ�ƽřźŝ���ƲǀƴĤưƷ�ƹ�ƵŵƺŝLx�Śŝ�źŝřźŝ�
2

21 xx
x

ll
L
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��ƵŶƳŻ�ŻƹŹ�Ʋƿźųō���ƵŵŚƯ�ƭŚưţ�İƳŚƯ��ŚƷ��ŢƟŚƿ�ƶƯřŵř.���įŚºƷƹŹǇ�ŵřŶƘţ����Ʃƹř�Ʋºſ(n)���Źŵ�ƵŵŚƠŤºſř�ŵŹƺºƯ�
�ƱŚŬƯŵŚŝ�ƹ�ƪƠƬƟ��ŹŚǀų�ŹŚưǀţƶŝ�Ŝǀţźţ�ÐÎ���ÐÍ�ƹ�ÐÏŵƺŝ�ŵŶƗ���Żř�Ƃǀě�ƱřŹƹŵ�ƱŶƃ�ƾƏ�Żř�žě�ƹ

ƙƺƬŝ��ƶŝ��Ŝǀţźţ�ÐÎ���ÏÓ�ƹ�ÏÔ�ƵźƄů���ƽ��ƵźºƄů�ŵřŶƘţ�Ʋƿř�Śŝ�ƂƿŚƯŻō�ƶƧ�ŶƳŶƃ�źƷŚƓ�ƵŵŚƯ��ƽ��ƵŵŚºƯ�
ŢƟŚƿ�ƶƯřŵř��ƱŚƿŚƃŹřŶƤƯ�Ţſř�źƧŷ��mx�Ţſř�šŹŚŞƗ��ŻřƵŵŚƯ�šřźƄů�ŵřŶƘţ�ƽ�įřŻř�ƶŝ�ƵŶƃ�Ŷǀƫƺţ�

��ŻƹŹ�Źŵ�ƵŵŚƯ�ŵźƟ�źƷ�x����ƪºŨƯ�Ŷºǀƫƺţ�ƽřŹřŵ�ƵŶºƃ�źƧŷ�ƾƷŚĮƄƿŚƯŻō�Ǝƿřźƃ�Źŵ�ŻŚǀě�žĜƿźţ�Ʊƺģ�ƹ�
ƵŵŚƯ�ƾƿřŻèŢſř���van Lenteren, 1995; van Rijn et al., 1995��ƵŶƃ�Ŷǀƫƺţ�įŚƷƹŹǇ�ŵřŶƘţ�ƲƿřźŝŚƴŝ�

�������İƯ�śźƋ�Ʀƿ�ŵŶƗ�Źŵ�ŻƹŹ�źƷ�Źŵ����ŵƺƃ���İưƳ�ƽźǀǀƜţ�řŸƫ�ƹ�Ŷƴĩ����ƶŞºſŚŰƯ�ƽřźºŝ�ƽ�ƆųŚºƃ����ƽŚºƷ
��ƵĦƿƹ�ƾĭŶƳŻ�ƩƹŶū�ƽƩƺƯźƟ�Żř�ƾƴſ���ƩƹŶū�ƽŚƷÎŶƃ�ƵŵŚƠŤſř���ƵŹŚƯō�ƽŹŚƯō�ƱƺƯŻō�ŚƷ��ƩƹŶºū�ƽ

�ƁƹŹ�Żř�ƵŵŚƠŤſř�Śŝ�ƾĭŶƳŻMaia et al. (2000)Ŷƃ�ƭŚŬƳř���ƆųŚƃ�ƽŹŚƯō�ƱƺƯŻō�ƽřźŝ��ƾưƧ�ƽŚƷ
�����ŢºººǀƘƐƣ�ƭŶºººƗ�ƱřżºººǀƯ�ƶºººƧ�Ţºººſř�ŻŚºººǀƳ�ƵŶºººƃ�ƶŞºººſŚŰƯé�ŰƯ�ŚºººƸƳō�ŵŵźºººĭ�ƶŞºººſŚ�

                                                
æ- Iteration 

ç- Pivotal age 

è- Thelytoky 

é- Uncertainty 
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�Meyer, 1986; Dent & Walton, 1997�����ƶºƯŚƳźŝ�ŶºƧ�Ʀƿ�Żř�ŹƺƔƴƯ�Ʋƿř�ƽřźŝ�ƽ�SAS��Źŵ�ŵƺºūƺƯ�
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ƞƿŚƴƨū�(Jackknife)�ƵŹŚƯō�ƹ�Ţſř�ŚƷƹŵ�ƞƬŤŴƯ�ƽŚƷŹŚưǀţ�ƽřźŝ�řŹ�ƾĭŶƳŻ�ƩƹŶū�ƞƬŤŴƯ�ƽ�ŝ�ƶ

Śŝ�ƹŵƾƯ�ƶƀƿŚƤƯ�źĮƿŶƨƿ��ŶƴƧ��Maia et al., 2000���
���

��������������������ƩƹŶūÎ�ƵĦƿƹ�ƾĭŶƳŻ�ƩƹŶū�ƽŚƷźŤƯřŹŚě��ƽƩƺƯźƟ�ƹ�ƾƴſ��ŚƷƱō�į��
                        Table 1. Stable population parameters and their formulae. 

 
Formula Parameter�
 xxmLR0

 
Net reproductive rate 

mre Finite rate of increase�
  xremL m

xx1 Intrinsic rate of natural increase 

mr

LnR
T

0
 Generation time 

mr

Ln
DT

2
 Doubling time 

 xmGRR Gross reproductive rate 

 


xmxLre
b

1
 Intrinsic birth rate 

d b r   Intrinsic death rate 
7)( rerw  Rate of weekly multiplication 




x

xx

L

mL
 Nymphs per female-day 
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ƱŚƿŚƃ��ƶŗřŹř�źƿŵŚƤƯ�Ţſř�źƧŷ������ƵŶºƃ�ƵŵŻ�ƲǀºưŴţ�ƶºƳ�ƹ�ƾºƤǀƤů�źƿŵŚƤƯ��ŪƿŚŤƳ�ƂŴŝ�Źŵ�ƵŶƃ�

���ƾƯ�ƞƿŚƴƨū�ƁƹŹ�Ǝſƺţ��ŶƃŚŝ������ƵŶºƯō�ŢºſŶŝ�ƾƤǀƤů�źƿŵŚƤƯ�Źŵ�ƽŵŚƿŻ�ƝǈŤųř�ƶƧ�ƾţŹƺƇ�Źŵ
�ƵŹŚƯō�ƽřźŝ��ŚƷƲǀưŴţ�ƢƿźƏ�Żř�ƶƧ�ƽźƿŵŚƤƯ�Śŝ�ƾŤƀƿŻ�ƽ���ŵƺºūƹ�ƵŶƯō�ŢſŶŝ�ƞƿŚƴƧŚū�ƁƹŹ�ƽŚƷ
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ŶƃŚŝ�ƶŤƃřŵ��Żř�ŶƿŚŝ�ƁƹŹ�ŚƷŝ�źĮƿŵ�ƽƶ�ū�ƁƹŹ�ƽŚū���ŵźºƧ�ƵŵŚƠŤºſř�ƞƿŚºƴƨ��Maia etal., 2000���
���Ƶŵřŵ�ŵŹƺƯ�Źŵ�ƶƳŚŤŴŞƃƺų��ŚƷ����ƶŝ�ƍƺŝźƯ�ƽţƾƯ�ƵŶƷŚƄƯ�ŻŚǀě�žĜƿź���ƵŹŚºƯō�ƾºƘƣřƹ�źƿŵŚƤƯ�ŵƺƃ��ŚºƷ�ƽ

�������������ƭŹřżºƷ�Ʀƿ�ŮƐſ�Źŵ�ŵŹřƺƯ�źŨƧř�Źŵ�ƞƿŚƴƨū�ƁƹŹ�ŽŚſř�źŝ�ƵŶƃ�ƵŵŻ�ƲǀưŴţ�źƿŵŚƤƯ�Śŝ�ƾŤƀƿŻ
�������Źŵ�ƹ�ŶƳŹřŶƳ�ƝǈŤųř�źĮƿŶƨƿ�Śŝ�żǀƳ�����ƱŚºƄƳ�ƶºƧ�Ţºſř�źºŝřźŝ�ƮºƷ�Śŝ�ľŚƤǀƣŵ�ŚƸƳō�ŹřŶƤƯ�żǀƳ�ƽŵŹřƺƯ��

ƵŶƴƷŵ�ƽŢſř�šŚƀƿŚƤƯ�ƭŚŬƳř�ƽřźŝ�ƞƿŚƴƨū�ƁƹŹ�Ʊŵƺŝ�ŜſŚƴƯ���
�

ŦŰŝƹ�ŪƿŚŤƳ�
������ŻŚǀě�žĜƿźţ�ŶƃŹ�ƾţřŷ�űźƳ�rm���ŹŚǀų�ƽƹŹ��źŝřźŝ���ŚŝÏÖÓ�Í�������ŻƹŹ�Źŵ�ƵŵŚºƯ�źºƷ�ƽřŻř�ƶºŝ�ƵŵŚƯ�
���������ŹřŶºƤƯ�Śºŝ�ƶƀƿŚƤƯ�Źŵ�ƶĩ�Ţſřrm������Ʒ�ƹ�ƪºƠƬƟ�įƹŹ�Źŵ�ŻŚºǀě�žĜƿźºţ�����ƝǈŤºųř�ƱŚºŬƯŵŚŝ�ƲǀºƴĤư

ƾƴƘƯ�����İƯ�ƱŚƄƳ�řŹ�ƽŹřŵ����ŶƷŵ�ƩƹŶūÏ���P<0.0001��������������ƽƹŹ�žĜƿźºţ�ŶºƃŹ�ƾºţřŷ�űźºƳ�ŹřŶƤƯ�ƶŤŞƫř
�ƾƴƘƯ�ľǈƯŚƧ�ƝǈŤųř�żǀƳ�ƱŚŬƯŵŚŝ�ƹ�ƪƠƬƟ�ƱŚƷŚǀĭ�ƾƯ�ƱŚƄƳ�źĮƿŶƨƿ�Śŝ�řŹ�ƽŹřŵ�ŶƷŵ����űźºƳ�ƲǀƴĤưƷ

���ŻŚǀě�žĜƿźţ�ƪŨƯ�Ŷǀƫƺţ�ƆƫŚų(R0)ƾƴƘƯ�ƝǈŤųř�ŹŚǀų�ƽƹŹ��ƿř�ŹřŶƤƯ�Śŝ�ƽŹřŵ�ƪƠƬƟ�ƽƹŹ�ƵŹŚƯō�Ʋ
�ŵŹřŵ�ƱŚŬƯŵŚŝ�ƹ�P<0.0001�ƹ�ƪƠƬƟ�ƽřźŝ�P<0.001ƱŚŬƯŵŚŝ�ƽřźŝ������źºĮƿŵ�šŹŚºŞƗ�ƶŝ �ƾºƯ���Ʊřƺºţ

��ƪƀƳ�Ʀƿ�ŢƃŸĭ�Żř�žě�žĜƿźţ�ŢǀƘưū�ŹŚǀų�ƽƹŹ�ƶƧ�Ţƃřŵ�ŹŚƔŤƳřÒÕÎ�ÕÎ�ŵƺºƃ�źŝřźŝ�����Ʋºƿř
���Żř�žºě�ƪººƠƬƟ�ŵŹƺºƯ�Źŵ�ŹřŶºƤƯ ��ƪººƀƳ�Ʀºƿ�ŢººƃŸĭÑÓÎ�ÏÍ��ƱŚººŬƯŵŚŝ�ƽƹŹ�ƹ�źºŝřźŝ�ÎÑÎ�ÒÎ��

��Ţſřźŝřźŝ���ƩƹŶūÏ���ƶƀƿŚƤƯ��ƽ���źĮƿŶƨƿ�Śŝ�ƱŚŬƯŵŚŝ�ƹ�ƪƠƬƟ�ƱŚƷŚǀĭ�ƽƹŹ�ƪŨƯ�Ŷǀƫƺţ�ƆƫŚų�űźƳ�
���ƾƴƘƯ�ľǈƯŚƧ�ƝǈŤųř�żǀƳ����ƾƯ�ƱŚƄƳ�ƽŹřŵ����ŶƷŵ�P<0.001������ƱŚƄƳ�ŪƿŚŤƳƾƯ��ŶºƷŵ����ƽƹŹ�ƱŚºŝżǀƯ�ƵŚºǀĭ�

�ƵŹƹŵ�ƩƺƏ��ƽ��ƪƀƳ�Ʀƿ�(T)�źŧř�żǀƳ�ƾƴƘƯ�ŹřŵŵŹřŵ�ƽ�����ƵŹƹŵ�ƩƺºƏ�ƲǀĮƳŚºǀƯ��ŽŚºſř�Ʋƿř�źŝ�ƽ��Ʀºƿ�
������ƾƴƘƯ�ľǈƯŚƧ�ƝǈŤųř�ŹŚǀų�ƽƹŹ�ŻŚǀě�žĜƿźţ�ƪƀƳ�����ƱŚºŬƯŵŚŝ�ƹ�ƪºƠƬƟ�ƽƹŹ�źƓŚºƴŤƯ�źƿŵŚƤƯ�Śŝ�ƽŹřŵ

�ƾƯ�ƱŚƄƳ����ŶƷŵ�P<0.01���������������ƾºƴƘƯ�ƱŚºŬƯŵŚŝ�ƹ�ƪºƠƬƟ�ƽƹŹ�ƵŹŚºƯō�Ʋƿř�ŹřŶƤƯ�ƝǈŤųř�ŚƯř����ŢºƀǀƳ�Źřŵ 

�= 0.063�P���ŹřŶƤƯ�ƶŝ�ƶūƺţDT�ŻŚǀě�žĜƿźţ���ƩƹŶūÏ��ƾƯ�ƱŚƄƳ���ƽƹŹ�Źŵ�žĜƿźºţ�ŢǀƘưū�ŶƷŵ
�žě�ŹŚǀų���Żř�ÐÐÑ�Ï����ƾƯ�źŝřźŝ�ƹŵ�ŻƹŹ��������žºě�ŻŚǀě�žĜƿźţ�ŢǀƘưū�ƪƠƬƟ�ƽƹŹ�Źŵ�ƶƧ�ƾƫŚů�Źŵ�ŵƺƃ
���ŢƃŸĭ�ŻřÎÐÖ�Ñ�ƾƯ�źŝřźŝ�ƹŵ�ŻƹŹ��ŵƺƃ�����ƾºƴƘƯ�ŹŚǀºƀŝ�ƝǈŤºųř�żǀƳ�ƵŹŚƯō�Ʋƿř�źƿŵŚƤƯ��Źŵ�řŹ�ƽŹřŵ

ƾƯ�ƱŚƄƳ�ƞƬŤŴƯ�ƱŚƷŚǀĭ�ƽƹŹ�šŚƀƿŚƤƯ�ƭŚưţ�ŶƷŵ��
�
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�ƩƹŶūÏ�ƆųŚƃ��ŚƷƵĦƿƹ�İĭŶƳŻ�ƩƹŶū�ƽ�ƽ�ŻŚǀě�žĜƿźţ�İƴſ��ƽƹŹƱŚŝżǀƯ�ŚƷƞƬŤŴƯ�ƽ� 

Table 2. Stable population parameters of onion thrips feeding on different host plants. 
 

Doubling 
time (DT) Generation 

time (T) Intrinsic rate of 
natural increase (rm) 

Net reproductive 
rate (R0� 

Host plant 

2.343 14.879 0.296 81.581 Cucumber 
4.384 19.092 0.167 20.461 Pepper 
2.956 16.779 0.234 51.141 Eggplant 

�
�����ƪŨƯ�Ŷǀƫƺţ�ƆƫŚųŚƳ�űźƳ�GRR��������ƱŚŬƯŵŚŝ�ƹ�ƪƠƬƟ��ŹŚǀų�ƽƹŹ�ŻŚǀě�žĜƿźţ��ƶŝ�Ŝǀţźţ����Śºŝ�źŝřźŝ�

ÒÒ�ÖÏ��ÍÐÏ�ÑÑ���ƹ�ÎÐÓ�ÎÍÏ��ƵŵŚƯ�ƵŵŚƯ��ŵƺŝƵŶƴƷŵ�ƱŚƄƳ�ƶƧ��ƽ����ƽƹŹ�ƱŚºŝżǀƯ�ƵŚºǀĭ�ƆŴºƄƯ�źŧř�
��ƱřżǀƯţ��Ư�ũŚŤƳ�Ŷǀƫƺ����Ţſř�ŵźƟ�źƷ�Ǝſƺţ�ƵŵŚ��ƶŞſŚŰƯ��ƽ��ƵŹŚƯō�źƿŚſ���ŚƷ�żǀƳ��ƶŬǀŤƳ��ţ�řŹ�ơƺƟ�ƽźǀĭŐŶǀƿ�
ƾƯ��ŶƴƧ������Ŷƫƺţ�ƾţřŷ�űźƳ�b�����ƶŝ�ŹŚǀų�ƽƹŹ�īźƯ�ƹ���ŜǀţźţÑÍ�Í��ƹÎÍÑ�Í��Ŷºƃ�ƶŞſŚŰƯ���ƱŚºƄƳ�ƶºƧ�
ƾƯ������ŵźƟ�źƷ�ƽřŻř�ƶŝ�ŶƷŵ����ƶƳřŻƹŹ�Ñ�Í����ƹ�Ŷƫƺţ�ÎÍÑ�Í���űŹ�ŢǀƘưū�Źŵ�īźƯ�ƾƯ�ŶƷŵ���źƓŚƴŤƯ�źƿŵŚƤƯ

��ƽřźŝžĜƿźţ��ŚƷ�ƽƹŹ�ƽ��šŹŚŞƗ�ƪƠƬƟ��ř����Żř�ŢſÏÎÒ�Í���ƹÍÑÕ�Í���ƱŚŬƯŵŚŝ�ƽřźŝ�ƹ�ÐÐÐ�Í�ƹ�ÍÕÕ�Í�
źŝ�ŻƹŹ�������ŢŞƀƳ�Żř�ƵŵŚƠŤſř�Śŝb/d�����������Ŷƫƺţ�Ʀƿ�ƦģƺƧ�ŢǀƘưū�Źŵ�ŵźƟ�źƷ�ƶƨƴƿř�ƩŚưŤůř���řŹ�īźƯ�Śƿ�

ƾƯ�ƶŝźŬţ�ŶƴƧ��Carey, 1993���ƾƯ��ƽřźŝ�ƱřżǀƯ�Ʋƿř�ŵźƧ�ƱŚǀŝ�ƱřƺţžĜƿźţ�ŚƷ��ƹ�ƪºƠƬƟ��ŹŚǀų�ƽƹŹ�ƽ
��ƱŚŬƯŵŚŝƶŝ��Ŝǀţźţ�ÕÒ�Ð����ÑÕ�Ñ���ƹ�ÔÕ�Ð�Ţſř������ƱŚƄƳ�ŪƿŚŤƳ�ƾºƯ����������ŵřŶºƘţ�ƪƣřŶºů�ƹ�źŨƧřŶºů�ŶºƷŵ

ƮŴţ��ŚƷ���ƵźƄů�Ʀƿ�ƶƧ�ƾƿ��ƽ������ƵŹƹŵ�ƩƺƏ�Źŵ�ƵŵŚƯ�ƮŴţ��ŹřŸĭ����ƾƯ�ŹŚǀų�ƽƹŹ�ŵƺų�ƽ��ŵŹřŸĭÎÑÐ�ƹ�ÎÕ�
��ŵŶƗŢſř�����źŨƧřŶů�ƪƠƬƟ�ƽƹŹ�ŹřŶƤƯ�Ʋƿř�ƶƨǀƫŚů�ŹŵÔÑ����ƱŚºŬƯŵŚŝ�ƽřźºŝ�ƹ�ŵŶºƗ�źƠƇ�ƪƣřŶů�ƹ�
ÎÒÍźƠƇ�ƹ��Ţſř�ŵŶƗ���šŚƤǀƤŰţMurai (2000)��ƱŚƄƳƾƯ�ƽŚƯŵ�Źŵ�ŶƷŵºC ÏÒŹřŶƤƯ� rm ��ŢºſŶŝ
ƵŶƯō�ƽ��Śºŝ�źŝřźŝ�ƪƀƗ�ƩƺƬŰƯ�ƹ�Ƶŵźĭ�ƽƹŹ�ŻŚǀě�žĜƿźţ�ÎÔÍ�Í�Ţºſř��van Rijn et al. (1995) ��Źŵ

�ŹřŶƤƯ�ŵƺų�šŚƤǀƤŰţ rm�řŹ�ŹŚǀų�ƽƹŹ�Źŵ�ŻŚǀě�žĜƿźţ�ÎÔÓ�ÍŶƳŵźƧ�ƁŹřżĭ���İƯ�źƔƳ�ƶŝ���Śºŝ�ŶſŹ
ƂƿŚƯŻō�Źŵ�źƳ�ŵřźƟř�Ŷǀƫƺţ�ƶŝ�ƶūƺţ�Żř�İĪƿ�ŚƸƳō�ƽŚƷ��ƵŶºƃ�ƶŞºſŚŰƯ�ŹřŶƤƯ�ƝǈŤųř�ƪƬƗ���ƽ rm�Źŵ

�Ǝſƺţ�ƵŶƯō�ŢſŶŝ�ŹřŶƤƯ�Śŝ�ƢǀƤŰţ�Ʋƿřvan Rijn et al. (1995)����ŦºƗŚŝ�ƶºĩ�ŶºƃŚŝ�źƳ�ŵřźƟř�Ŷǀƫƺţ�
��ŹřŶºƤƯ�ƂƷŚºĩ mx ��ƂƷŚºĩ�ŢºƿŚƸƳ�Źŵ�ƹrm �İºƯ���ŵƺºƃ����ŽŚºſř�źºŝ�(1995)�van Lenteren et al.��

ŢǀƘưū�ŚƷŻŚǀě�žĜƿźţ�ƞƬŤŴƯ�ƽ�ĮƿŶƨƿ�Śŝ�źƳ�ŵřźƟř�Ŷǀƫƺţ�źƔƳ�ŻřŶƳŹřŵ�ƝǈŤųř�ź��ƶƀƿŚƤƯ�ƽ�źƿŚſ�
ƵŹŚƯō��ŚƷ���ƾƯ�ƱŚƄƳ�ƾŤƀƿŻ�ƽ�����ƪŨƯ�Ŷǀƫƺţ�ƆƫŚų�űźƳ�ƶƧ�ŶƷŵ(R0)�����ŹŚºǀų�ƽƹŹ�ŻŚºǀě�žĜƿźºţ�ƽřźºŝ�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏê���Ï���ÎÐÕé�������������������������������������������������������������������������ÒÒ 

ƎſƺţŚƸƳō��Ţſř�ƢǀƤŰţ�Ʋƿř�Źŵ�ƵŶƯō�ŢſŶŝ�ŹřŶƤƯ�ƭƺſ�Ʀƿ�Żř�źŤưƧ��Ò�ÏÔ�ŵźƟ�źƷ�įřŻř�ƶŝ�ƵŵŚƯ�
ƪººƀƳ�źººƷ�Źŵ�ƵŵŚººƯ��İººƯ�żººǀƳ�Ʊō�ƪººǀƫŵ�ƶººĩ�ƫŚƐƯ�Źŵ�źººƳ�ŵřźººƟř�Ŷººǀƫƺţ�ŶººƳřƺţŶººƃŚŝ�ŚººƸƳō�šŚººƘ�

�van Rijn et al., 1995������ƶºƳƺĭ�ƹŵ�ŶºƃŹ�ƾºţřŷ�űźƳ�ƽ�����ƾºƴƘƿ�ŢºƟō�žĜƿźºţ�źºĮƿŵ�T. setosus�ƹ�
 T. hawaiiensisƶƧƶƟŚƋř�ƶŝ�Ƶŵźĭ�ƾƿřŸƛ�ƮƿĥŹ�ƹ�Śǀŝƺƫ�īźŝ�ƽƹŹ��ƽ���ƵŵźºƧ�ƶºƿŸƜţ�ƪºƀƗ�ƩƺƬŰƯ��

ƶŝ�ŶƳŵƺŝ��ŜǀţźţÎÖÖÔ�Í�ƹ�ÏÍÔÓ�ÍŶƃ�ƁŹřżĭ�Ţſř�Ƶ��Murai, 2001a, 2001b����ŹřŶƤƯR0źţ��žĜƿ
�ƪƀƗ�ƩƺƬŰƯ�ƹ�Ƶŵźĭ�Żř�ƶƿŸƜţ�Śŝ�ŻŚǀěÔ�ÎÓÑ�Ţſř��Murai, 2000����ŹřŶºƤƯ�źŝřźŝ�ƹŵ�ŵƹŶů�Źŵ�ƶƧ

����ƶƿŸƜţ�Żř�ƾƃŚƳ�ƹ�Ţſř�ƢǀƤŰţ�Ʋƿř�Źŵ�ƵŶƯō�ŢſŶŝ�ƽ���ǇŚºŝ�ŢºǀƠǀƧ�Śŝ�ƾƿřŸƛ�ƖŞƴƯ�Ʀƿ�Żř�žĜƿźţ�
Ţſř���������������ƶºƳƺĭ�ƪºŨƯ�Ŷǀƫƺţ�ƆƫŚų�űźƳ�ƽƹŹ�ƾƸŝŚƄƯ�źŧř�ƽřŹřŵ�ƪƀƗ�ƩƺƬŰƯ�ƹ�Ƶŵźĭ�ƾƿřŸƛ�ƮƿĥŹ
źĮƿŵ�ƿźţ�ƾƴƘƿ�žĜT. hawaiiensis�Ţſř��Murai, 2001b������ƽřźºŝ�ƲǀºƴĤưƷT. setosusŹŵ���ƽŚºƯŵ�
ºCÏÒ��ŹřŶƤƯR0�Śŝ�źŝřźŝ�Ï�ÔÔ�Ţſř�ƵŶƃ�ƁŹřżĭ��Murai, 2001a���ŽŚſř�źŝšŚƤǀƤŰţ�Milne & 

Walter (1998)��ŻźƷ�ƞƬƗ�ƾƿřŸƛ�ƮƿĥŹ�ƽƹŹ�ŻŚǀě�žĜƿźţ�ƽŹƹōŵřŻ�ŵŹŻ�ƪĭR. rugosum ����ƮŴţ
ƶƴƧ�ƽřźŝ�ƾţƺŞƨƴƗŹŚţ��Śŝ�źŝÕÖ�Ï�t�Ò�ÐÑƾƴƘƯ�ƝǈŤųř�ƶƧ�ŵƺŝ�ƮŴţ��Ţƃřŵ�ŚƷŹŚưǀţ�źƿŚſ�Śŝ�ƽŹřŵ��

��������ƽřźŝ�ƢǀƤŰţ�Ʋƿř�Źŵ�ơƺƟ�źƿŵŚƤƯ�ƶƨǀƫŚůŹŵžĜƿźţ��ŚƷ�����ŶºƳŵƺŝ�ƵŵźºƧ�ƶºƿŸƜţ�ŹŚǀų�Żř�ƶƧ�ƾƿ�ÒÕ�ÕÎ�
�ƹ�ƮŴţ���ƽřźŝžĜƿźţ�ŚƷŵźƧ�ƶƿŸƜţ�ƱŚŬƯŵŚŝ�ƹ�ƪƠƬƟ�Żř�ƶƧ�ƾƿŵƺŝ�ƵŶƳ�ƶºŝ���Ŝºǀţźţ�ÑÓ�ÏÍ�ƹ�ÎÑÎ�ÒÎ�
�ƮŴţŶƃ�ƶŞſŚŰƯ� van Rijn et al. (1995) ƵŹƹŵ�ƩƺƏ�ƽ�ƪƀƳ�Ʀƿ�(T)��řŹ�ŹŚǀų�ƽƹŹ�Źŵ�ŻŚǀě�žĜƿźţ

�ƽŚƯŵ�ŹŵºCÏÒ��Śŝ�źŝřźŝÑ�ÏÍ�ƹ�ŻƹŹ�Murai (2000)řźŝ�řŹ�ŹřŶƤƯ�Ʋƿř�į�ƹ�Ƶŵźĭ�Żř�ƶƧ�ŻŚǀě�žĜƿźţ�
�������Śŝ�źŝřźŝ�ŵƺŝ�ƵŵźƧ�ƶƿŸƜţ�ƪƀƗÖ�ÏÖƾƯ�ƁŹřżĭ�ŻƹŹ������Źŵ�ƵŶºƃ�ƶŞºſŚŰƯ�ŹřŶºƤƯ�ƶŝ�ŢŞƀƳ�ƶƧ�ŶƴƴƧ

���ƢǀƤŰţ�Ʋƿř�ÕÔÖ�ÎÑ�ŻƹŹ�����������ƮºƿĥŹ�źºŧř�Żř�ƾºƃŚƳ�ƱřƺºŤŝ�ŶƿŚºƃ�řŹ�ƶƬŘƀƯ�Ʋƿř�ƹ�Ţſř�źŤƄǀŝ�ŹŚǀƀŝ
����ƵŹƹŵ�ƩƺƏ�ƲǀĮƳŚǀƯ�ƽƹŹ�ƾƿřŸƛ��ƽ���ŢƀƳřŵ�ƪƀƳ�Ʀƿ���ƵŹƹŵ�ƩƺƏ�ƽƶƳƺĭ�ƹŵ�ŵŹƺƯ�Źŵ�ƪƀƳ�Ʀƿ���ƽ

hawaiiensis�T.�ƹ� T. setosusżǀƳ��ƽŚƯŵ�ŹŵÏÒƶūŹŵ��ƽƾŤƳŚſ���ŵřźĭƶŝ�Ŝǀţźţ���Śºŝ�źºŝřźŝ�ÎÕƹ��Ó�ÎÖ�
�Ţſř�ŻƹŹ�Murai, 2001a, 2001b���Milne & Walter (1998)���ŻŚºǀě�žĜƿźºţ�ƽŚƷƹŹǇ�ŶƳŵřŵ�ƱŚƄƳ�

���ŹŚƸģ�źƷ�ƽƹŹ�ŶƳŹŵŚƣ����ƾƿřŸƛ�ƮƿĥŹ�ƶĜƫ��ŚƷ���ƶŞƴě�ƽ���ƶƴƧ�ƮŴţ��ƽƶĜƫ��ƾţƺŞƨƴƗŹŚţ��ƽ��ƾƿŚƸƴţ�ƶŝ�ƶŞƴě�
ŵŹŻ�ƪĭŻźƷ�ƞƬƗ�ƪĭ�R. rugosum���ƶƴƧ�ƮŴţ�ƽ������ƶºŝ�ŵŹŻ�ƪºĭ�ŻźºƷ�ƞºƬƗ�ƪºĭ�ƹ�ƾţƺŞƨƴƗŹŚţ�

ƾƿŚƸƴţ�������ưǀţ�ƽƹŹ�ŚƷƹŹǇ�ŚƯř��ŶƴƴƧ�ŶƃŹ�ƶƴƧ�ƮŴţ�ƽŚƷŹŚ��ŢƟŚŝ��ƾƷŚǀĭ�ƽŚƷ�����ƹ�ŻźºƷ�ƞºƬƗ�ƪºĭ
ƶĜƫ�ŚƷƶŞƴě�ƽ���šŹƺƇ�ƶŝƾƴƘƯ�ŹřŵƖƿźſ�ƽ�ŢƟŚŝ�ŹŚưǀţ�Żř�źţ�ƾƿŚƸƴţ�ƶŝ�ƾƷŚǀĭ�ƽŚƷ�ƾƯ�ŶƃŹ��ŶƴƴƧ��
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ƪƨƃ���ƽŚƷÎ���Ï�ƹ��Ð�������ƵĦºƿƹ�ƽŹƹōŵřŻ�ƹ�ŌŚƤŝ�űźƳ�ƽƹŹ�ƵŚǀĭ�źŧř��ƽ�����ƱŚºƄƳ�ƾŝƺºų�ƶºŝ�řŹ�ƾƴºſ�
ƾƯ��ŶƴƷŵ���źƿŵŚƤƯLx�ƽřźŝ�ŌŚƤŝ�űźƳ�ƱŚưƷ�Śƿ�žĜƿźţ�ŚƷƾƯ�ƶƿŸƜţ�ŹŚǀų�ƽƹŹ�ƶƧ�ƾƿ����ƪºƿřƹř�Źŵ�ŶºƴƴƧ

����ŵŹřŵ�ƽźŤưƧ�Ŝǀƃ�ƾĭŶƳŻ�ƱřŹƹŵ���������Żř�žºě�Ɩºƣřƹ�Źŵ�ƹÎÓ��������Ʋºƿř�šŚºƠƬţ�ƂƿŚºƯŻō�ƕƹźºƃ�Żř�ŻƹŹ�
žĜƿźţ�ŚƷ�źŝřźŝ�źƠƇ�Śŝ�Ţſř���ƶƨǀƫŚůŹŵŌŚƤŝƵĦƿƹ��ƽ�ƽřźŝ�ƾƴſ�žĜƿźţ�ŚƷ�ƪƠƬƟ�ƹ�ƱŚŬƯŵŚŝ�ƽƹŹ�ƽ

��ŻƹŹ�Ʋƿř�Śţƶŝ�Ŝǀţźţ�ÕÓÔ�Í�ƹ�ÕÑÐ�ÍŢſř���ƲǀưƷ�ƾƴŰƴƯ�ŹƺƏ�mxƪƨƃ�Ʋƿř�����ƱŚºƄƳ�ŚºƷ�ƾºƯ��ŶºƷŵ�
���ƱřżǀƯ�źŨƧřŶůƮŴţ��ŹřŸĭ���ƽřźŝ�ƽžĜƿźţ��ŚƷ�������ƱřŹƹŵ�ƪƿřƹř�Źŵ�ŹŚǀų�ƽƹŹ�ƽƮŴţ��ŹřŸĭ�Źŵ�ƽ�ƶƬƇŚƟ��ƽ�

ƽŚƷŻƹŹ�ææ�ţ��ŚÎÒ�ƵŹƹŵ��ƽ���ƾƯ�ơŚƠţř�ƾĭŶƳŻ���Źŵ�ƶƧ�ŶŤƟř�ŻƹŹ�ÎÒ�ƾĭŶƳŻ���ƮŤƠƷ�ŻƹŹƮŴţ��ŹřŸºĭƽ��
�źŨƧřŶů�ƶŝ���źŝřźŝ�ŵƺų�ŹřŶƤƯ����ƲǀĮƳŚǀƯ�ŚŝÏÖ�Ó������ŚƯ�źƷ�ƽřŻř�ƶŝ�ƵŵŚƯ�ũŚŤƳ��ƾƯ�Ƶŵ�ŶſŹ�����Śºŝ�ƶƬŘºƀƯ�Ʋƿř

�ŪƿŚŤƳvan Rijn et al., (1995)�ũƹř�ŶƳŵźƧ�ƱŚǀŝ�ƶƧ�ƮŴţ��ŹřŸºĭ��ŹŚºǀų�ƽƹŹ�žĜƿźºţ�ƽ�Źŵ�Ò�Ñ�ŻƹŹ�
���ƱřŹƹŵ�ƩƹřƮŴţ��ŹřŸĭ���ŵŹřŵ�ŢƤŝŚƐƯ�Ţſř�ƽ�������ƱřżǀƯ�Ʊō�Żř�žěƮŴţ���ŹřŸºĭ��ƾºƬƗ�ƽ�����šŚƳŚºſƺƳ�ƮºƛŹ

�ƥŶƳř��������ƾƯ�ƂƷŚƧ�ƶŝ�ƹŹ�ƾŤųřƺƴƨƿ�ŶƳƹŹ�Śŝ�ľŚŞƿźƤţ�����Źŵ�Śţ�ŵŹřŸĭ�ŻƹŹ�ÑÕ��źƠƇ�ƶŝ�ƾƯ����ŶſŹ�ƪƨƃÎ���
�ŵŹƺƯŹŵžĜƿźţ�ŚƷƾƯ�źƀŝ�ƱŚŬƯŵŚŝ�ƽƹŹ�ƶƧ�ƾƿ�ŶƳźŝ�ŹřŶƤƯ��mxŶƴƳŚưƷ���ƪƿřƹř�Źŵ��ŹŚǀų�ƱŚŝżǀƯ�ƵŚǀĭ
�ƱřŹƹŵƮŴţ�ŹřŸĭ�ƽ��ƽŚƷŻƹŹ�ƪƇŚƟŶůÑ��ŚţÓ��źŨƧřŶů�ƶŝ�ŹřŶƤƯ��ŵƺų�ƲǀĮƳŚǀƯ�Ô�Ò�ƽřŻř�ƶŝ�ƵŵŚƯ�

źƷ����ƮŬƴě�ŻƹŹ�Źŵ�ƵŵŚƯ��ƾƯ�����Żř�žě�ƾƫƹ�ŶſŹ��Ɲǈųźŝ�ƱōžĜƿźţ�ŚƷ��ŹŚºǀų�ƽƹŹ�ƽ��ŹřŶºƤƯ�ƶºƧ�mx�
��������ƶƴƯřŵ�ƮƧ�šŚƳŚſƺƳ�Śŝ�ƹ�Ţųřƺƴƨƿ�ƾƠƴƯ�ƾƫƹżƳ�ŶƳƹŹ�ƽřŹřŵ�ƽř��ƱŚºƄƳ�řŹ�ƽŶƿŶƃ�šŚƳŚſƺƳ��Ţſř�

ƾƯ����ƹŵ�ƹ�ŶƷŵ�����ƽŚƷŻƹŹ�Źŵ�ŹŚŝÎÖ���ƹ�ÐÓ�ƵŹƹŵ���ƽ����ƾƯ�ũƹř�ƶŝ�ƾĭŶƳŻ��ŶſŹ�����źƿŵŚºƤƯ�Ʋºƿř�ƶƧ�ŶƴģźƷ�
�Ţſř�ƵŶƃ�ƵŶƷŚƄƯ�ŹřŶƤƯ�źŨƧřŶů�Żř�źŤưƧ�ƪƨƃÏ���

�ƵĦƿƹ�ƽŹƹōŵřŻ��ƽ����ƬƟ�ƽƹŹ�ŻŚǀě�žĜƿźţ�ƾƴſ��ƪƠšƹŚƠţ��ŚºƷ�����ƽƹŹ�ƶŝŚºƄƯ�ƾºƴŰƴƯ�Śºŝ�ƽŵŚºƿŻ�ƽ
�����ƾƯ�ƱŚƄƳ�ƱŚŬƯŵŚŝ�ƹ�ŹŚǀų�ƱŚƷŚǀĭ��ŶƷŵ��ƵŵŚƯ�ũŚŤƳ�źŨƧřŶů�ƽ���źºƷ�ƽřŻř�ƶºŝ�ƵŶºƃ�Ŷǀƫƺţ����ƽƹŹ�ƵŵŚºƯ

��ƪƠƬƟ�ÕÖ�Ï���źŤưƧ�ŹŚǀƀŝ�Żř�źƿŵŚƤƯ�����������ƾºƬŞƣ�ƱŚºŝżǀƯ�ƹŵ�Ɲǈųźŝ�ƹ�Ţſř�ƱŚŬƯŵŚŝ�ƹ�ŹŚǀų�ƽƹŹ�Ʊō
���ƱřŹƹŵ�Ǝſƹř�Źŵ�ľŚŞƿźƤţ�ƮŴţ��ŹřŸĭ��ƽ�ŻƹŹ�ÐÒ�ƵŹƹŵ���ƽĭŶƳŻ�ƾ��ƾƯ�ƵŶƿŵ�ŵƺƃ��ũƹř�żū�ƶŝ���ƶºƧ�ƾƿŚƷ

Źŵ�ƽŚƷŻƹŹ�ÎÓ���ƹÐÏ��ƾƯ�ƵŶƿŵ���ŵƺƃ���ƱřżǀƯ�mx�ƱřŹƹŵ�ƽřŶŤŝř�Żř��ƮºŴţ��ŹřŸºĭ��ŻƹŹ�Śºţ�ƽÐÒ��ľŚºŞƿźƤţ�
���ƮƧ�ƹ�ŢŝŚŧ�ŶƳƹŹ�řŹ�ƾƳŚſƺƳ�ƾƯ�ƱŚƄƳ�ƾƯ�ƂƷŚƧ�ƶŝ�ƹŹ�ƽŶƴţ�Ŝǀƃ�Śŝ�Ʊō�Żř�ŶƘŝ�ŚƯř�ŶƷŵ��ºŝ�ŵŹřŸĭ�ƶ

ƽŹƺƏ�Źŵ�ƶƧ�ƽŚƷŻƹŹ�ÑÑ�Śţ�ÑÓ�ƵŹƹŵ�ƽźƠƇ�ƶŝ�ƾĭŶƳŻ��ƵŶǀſŹƾƯ�ƂƿřżƟř�ľřŵŶŬƯ�ƾƫƹ��Źŵ�Śţ�ŶŝŚƿ�
�ŻƹŹÑÖźƠƇ�ƶŝ���Ŷſźŝ�ƪƨƃÐ���
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ƪƨƃÎ�ŌŚƤŝ�ƩŚưŤůř� ƹ ƵĦƿƹ�ƽŹƹōŵřŻ�ƽŻŚǀě�žĜƿźţ�ƾƴſ���T. tabaci��ŹŚǀų�ƽƹŹ��

Figure 1. Age-specific survival rate (lx) and fecundity (mx) of onion thrips, T. tabaci, reared 
on cucumber. 
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ƪƨƃÏ��ƩŚưŤůř�ŌŚƤŝ�ƹ�ƽŹƹōŵřŻ�ƵĦƿƹ�ƽ�ƾƴſ�žĜƿźţ�ŻŚǀě��T. tabaci��ƽƹŹ�ƱŚŬƯŵŚŝ��
Figure 2. Age-specific survival rate (lx) and fecundity (mx) of onion thrips, T. tabaci, reared 

on eggplant. 
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 ÒÕ                                       ������  ƱřŹŚƨưƷ�ƹ�ƽŵŶƯ��ƾĭĦƿƹ�ƾſŹźŝ�ŻŚǀě�žĜƿźţ�ƾŤƀƿŻ�ƽŚƷ ������������������������������������������������������������

van Rijn et al. (1995) ��źŨƧřŶºů��űźºƳ��ƮºŴţ��ŹřŸºĭƽ��žĜƿźºţ��ŻŚºǀě�Źŵ�ŵ�ƽŚºƯ�ÏÒ��ƶºūŹŵ�ƽ�
ƾŤƳŚſ�ŵřźĭ�ƽƹŹ�ŹŚǀų�řŹ�Ò�Ò�ƮŴţ�Źŵ�ŻƹŹ�ƁŹřżĭ�ŶƳŵźƧ�ƶƧ���ƵŶºƯō�ŢſŶŝ�ŹřŶƤƯ�Żř�źŤưƧ�ƾƧŶƳř�

Ţſř�ƢǀƤŰţ�Ʋƿř�Źŵ����ŚƯŵ�ƲǀưƷ�ŹŵMurai (2000, 2001a)ŹřŶƤƯ�Ʋƿř����ƽƹŹ�ŻŚºǀě�žĜƿźţ�ƽřźŝ�řŹ
ƹ�ƪƀƗ�ƩƺƬŰƯ��ƽřźŝ�ƹ�ŻƹŹ�Źŵ�ƮŴţ�ŢƄƷ�Żř�źŤƄǀŝ�ƵŵźĭT. setosus��Śºǀŝƺƫ�īźŝ�ƽƹŹ�Ò�Ó�Ò�Ñ�
ŻƹŹ�Źŵ�ŵŶººƗ�ƾººƯ�ƁŹřżººĭ�ŶººƴƧ��šŚººƤǀƤŰţ�Janssen et al. (2003)žĜƿźººţ�ŵřŵ�ƱŚººƄƳ��ƪººĭ��

F. occidentalis��ƶƴƧ�ƶŝ�Ƶŵƺƫō�ƵŚǀĭ�ƽƹŹ�ƽƾƯ�ƾţƺŞƨƴƗŹŚţ�����ŶºƴƧ�ƶºƿŸƜţ�ƶºƴƧ�ƮŴţ�Żř�ŶƳřƺţ����Ʋºƿř
�����ŢƟŚŝ�Żř�ƪĭ�žĜƿźţ�ƾŤƣƹ�ƶƬŘƀƯ���������ŢƟŚŝ�ƶŝ�ŢŞƀƳ�ƽźŤưƧ�ƾƿřŸƛ�ƁŻŹř�ƶƧ�ƪƠƬƟ�ƽŚƷ�����ŹŚºǀų�ƽŚºƷ

ƶƿŸƜţ�ŵŹřŵƾƯ��ƾƯ�ƵŶƿŵ�źŤƄǀŝ�ŶƴƧ�ŵƺƃ��Janssen et al. 2003; Mound, 2005���űźƳ�ŶƳŵźƧ�ƱŚǀŝ�ŚƸƳō�
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ƪƨƃÐ�ŌŚƤŝ�ƩŚưŤůř��ƹ�ƵĦƿƹ�ƽŹƹōŵřŻ�ƽŻŚǀě�žĜƿźţ�ƾƴſ���T. tabaci��ƪƠƬƟ�ƽƹŹ��

Figure 3. Age-specific survival rate (lx) and fecundity (mx) of onion thrips, T. tabaci, reared 
on pepper. 

 
����ƺưƳ�ƹ�ŶƃŹ�ƹ�ŌŚƤŝ�����ŢƟŚŝ�ƶŝ�ƶƧ�ƾŤƣƹ�ŚƷƹŹǇ�������ƲǀƿŚě�ƾƿřŸƛ�ŢǀƠǀƧ�Śŝ�ƽŚƷ�ƪƠƬƟ�����ƶºƴƧ�ƮºŴţ���ŚºƷ�ƽ

�źĭŹŚƨƃP. persimilis��ƹI. degeneransƵŵźĭ�Śƿ�ƹ��ƽŽƺţ�ŢųŹŵ���ƱŚƛ���Śŝ�ƾƿřŸƛ�ƵŵŚƯ�Ʀƿ�ƶƧ
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ƾƯ�ƶƟŚƋř�Ţſř�ǇŚŝ�ŢǀƠǀƧ��ƂƿřżƟř�ŵƺƃƾƯ�ŶŝŚƿ���ƶŝ�ƾƿřŸƛ�ŵřƺƯ�ƲǀưƷ�ƱŵƹżƟř�ƶƨǀƫŚůŹŵ�Śŝ�ƽřŸƛ
���ǇŚŝ�ŢǀƠǀƧ�īźŝ��ŚƷ�ŹŚǀų�ƽ�����űźƳ�ƂƿřżƟř�ƶŝ�źŬƴƯ�ƹ�ŌŚƤŝ�ƽŚƷ�ŶƃŹ�ƺưƳ�ƹ�ƾưƳ�ƪĭ�žĜƿźţ��ŵƺºƃ��

���������ƶºƴƧ�ƮºŴţ�Żř�ŻŚºǀě�žĜƿźºţ�ƾŤƣƹ�ƹ�ƵŶƃ�ƵŶƿŵ�żǀƳ�ŻŚǀě�žĜƿźţ�ŵŹƺƯ�Źŵ�ƶƬŘƀƯ�Ʋƿř�ƽ�ƶºƐƤƳƹŵ��ƽř�
�ƾººƯ�ƶººƿŸƜţ����ƽŹƹōŵřŻ�ƹ�ƂƷŚººƧ�Ʊō�ƺººưƳ�ƹ�ŶººƃŹ�ƵŹƹŵ�ƩƺººƏ�ŶººƴƧ��ƂƿřżººƟř�ƁřƾººƯ�ŶººŝŚƿ�

�Milen & Walter, 1998��� Janssen et al. (2003)����žĜƿźºţ�ƾºŤƣƹ�ŶºƳŵźƧ�ƁŹřżĭF. occidentalis�
�Ʀƀƿŵ�ƽƹŹ���ƽŚƷīźŝ��ŚƷ���������ƾºƯ�ŶºƃŹ�ƾºƨưƧ�ƽřŸƛ�ƱřƺƴƗ�ƶŝ�Ƶŵźĭ�ƱŵƹżƟř�ƱƹŶŝ�ƪƠƬƟ�ƽ��ŶºƴƧ�ÑÑ�

���ƶƬůźƯ�Śţ�ŵřźƟř�ŶƇŹŵ��ƽ����ƵŶƳŻ�ƾĭźǀƠƃ�ƾƯ������ŌŚƤŝ�ƱřżǀƯ�ƶƧ�ƾƫŚů�Źŵ�ŶƴƳŚƯ��Ʀƀƿŵ�ƽƹŹ����īźºŝ�ƽŚºƷ
����ưƧ�ƽŚƷřŸƛ�ƱŵƹżƟř�ƱƹŶŝ�ŹŚǀųƾƨ�ÕÕ�Śţ�ÎÍÍ�ŶƇŹŵ��Ţſř�����ŢƬƗ�Ʋƿř�ƶŝ�ƝǈŤųř�Ʋƿř�Żř�ƾƄŴŝ

���ƶƧ�Ţſř�ƲƿřƺưƳ�ƹ�ŶƃŹ�ƪƯŚƨţ�ƽřźŝ�Ƶŵźĭ�ŶƴƯŻŚǀƳ�ƽŵŚƿŻ�ƱřżǀƯ�ƶŝ�žĜƿźţ���Ʋºƿř�ƹ�Ţſř�Ƃƿƺų
����ƾƯ�ŶƿŶƄţ�ŶƴƧ�ƶƿŸƜţ�ƲǀƿŚě�ƾƿřŸƛ�ƁŻŹř�Śŝ�ƱŚŝżǀƯ�Ʀƿ�Żř�ƶƧ�ƾţŹƺƇ�Źŵ�ƶƬŘƀƯ�ŵƺƃ���ƢǀƤŰţ�Źŵ

źƋŚů������ƶŝ�ŻŚǀě�žĜƿźţ�ƽřźŝ�ŹřŶƤƯ�Ʋƿř���ţźţ�����ƱŚŬƯŵŚŝ�ƹ�ƪƠƬƟ��ŹŚǀų�ƽƹŹ�Ŝǀ�ÎÍÍ�ÕÓ���ƹ�ÕÑ��ŶƇŹŵ
�Ŷƃ�ƶŞſŚŰƯ��ƪƨƃ���ƽŚƷÎ���Ï���ƹÐ������Ŷƃ�Ƶŵřŵ�ƱŚƄƳ�ƲǀƴĤưƷ���ƶºƧ�Ţſř�Ƶ������ŻŚºǀƳ�ŵŹƺºƯ�ƱŚºƯŻ����ƽřźºŝ

ƶƬůźƯ�ƶŝ�ƱŶǀſŹ�ƽ�ƽřźŝ�ƾĭźǀƠƃ�F. occidentalis��Żř�ƶƿŸƜţ�Śŝīźŝ�ŚƷ�ƵŚºţƺƧ�ŹŚǀų�ƽ��ƾºƯźţ��ŵƺºƃ�
�Janssen et al., 2003���ƾƯ�żǀƳ�ƶƬŘƀƯ�Ʋƿř�ŵ�ŶƳřƺţƲǀƿŚě�źŝ�ƾƬǀƫ�źţ���ƾºƘǀŞƏ�ƂƿřżƟř�ƾţřŷ�űźƳ�Ʊŵƺŝ

žĜƿźţ�ŢǀƘưūŻŚǀě�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƪƠƬƟ�ƽƹŹ��ŶƃŚŝ�ƱŚŬƯŵŚŝ�ƹ�ŹŚǀų��
�����Ʋƿř�ŢƬƗ�ƶǀūƺţ�ŹŵšƹŚƠţ�ŚƷ�����ŶºƿŚŝ�ƢºǀƤŰţ�Ʋºƿř�Źŵ�ƵŶºƯō�ŢºſŶŝ�ŪƿŚŤƳ�ƹ�����Ŝºǀĩźţ�ŢºƠĭ

��ŢǀƫƺŝŚŤƯ�ƹ�ƾƿŚǀưǀƃ��ŚƷ�ƶƿƺƳŚŧ�į��ƽ���İƯ�ŹƺĩŸƯ�ƱŚƷŚǀĭ����İĭĦƿƹ�įƹŹ�ŶƳřƺţ�ŚƷ�žĜƿźţ�İŤƀƿŻ�į��ŻŚºǀě
�ŶƃŚŝ�źŧƺƯ��ƶŝ�ƵŵřƺƳŚų�Żř�ƱŚƷŚǀĭ�Ʋƿř�Ʊƺģ�ƵĦƿƹ�ŚƷŢƀǀƳ�ƵźƔŤƴƯźǀƛ�ƶƬŘƀƯ�Ʋƿř�ŶƴŤƀƷ�ƾţƹŚƠŤƯ�ƽ��

�����Źŵ�ƶƧ�ƵŶƃ�ƵŹŚƃř�ƩŚŨƯ�ƽřźŝ�ƵŵřƺƳŚų��ƽ�Solanaceae����ŹŚưƃ�ƶŝ�ƵŵřƺƳŚų�Ʋƿř�ƽŚƌƗř�Żř�żǀƳ�ƪƠƬƟ�ƶƧ�
ƾººƯ�ŵƹŹ���ƾººƯ�Ůººƃźţ�Ʋǀěƹźººţō�ƹ�ƲǀƯŚǀººſƺǀƷ�ŶººƴƳŚƯ�ƾƿŚƷŶººǀŗƺƫŚƨƫō�ƱŚººƷŚǀĭŻř�ƾººųźŝ��ŶººƴƴƧ�
�Ghahreman, 1990����žĜƿźţ�ŌŚƤŝ�ƹ�ƺưƳ�ƹ�ŶƃŹ�űźƳ�ƂƷŚƧ�ŦƗŚŝ�Ţſř�ƲƨưƯ�ƶƧ�ƽźĮƿŵ�ƪƯŚƗ

����ŵƺƃ�ŹŚǀų�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƪƠƬƟ�ƽƹŹ�Źŵ�ŻŚǀě�ƾſŚưţ�ƂƄƧ�ƵŶƿŶě�ŵƺūƹ�Î�ƶƳƺĭ�Źŵ��ŚºƷ��ƽŵŶºƘŤƯ�ƽ
�ƩŚŝ�Żř��Ţſř�ƱřŹřŶƨƄƿŹ��ƵŶƿŶě��ƽ����������ŵƺºūƹ�żºǀƳ�ŻŚºǀě�žĜƿźºţ�Źŵ�ơƺƟ���ƹ�ŵŹřŵ������ƽŵŶºƘŤƯ�ŵŹřƺºƯ�Źŵ
žĜƿźţ��ŚƷ���ƚƫŚŝ�ƽĭŹ�ƩŚƈţř�ƪŰƯ�ŹŵīźŞ�ŚƷ�ŵŚºŬƿř�řŹ�īźŝ�ŮƐſ�Śŝ�ŽŚưţ�źŨƧřŶů�ƶƧ�źĮƿŶƨƿ�ƶŝ��

                                                
æ- Thigmotaxis 
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ƾƯ��ŵźƧ�����Ŷƃ�ƵŶƿŵ���ƾƈŴƃ�šřŶƷŚƄƯ������ƾƯ�ŦƗŚŝ�ƵŶƿŶě�Ʋƿř��ŵƺƃ���������Źŵ�ƾŞƳŚºū�ŭƺƐºſ�Śºŝ�ŽŚưţ
ŹŚŤƟŹ�žĜƿźţ��ŚƷ���ŶƃŚŝ�ƶŤƃřŵ�ŢǀưƷř���ƥźƧ���������������Ʋºƿř�ƱŶºƃ�ƵŵŹƹōźºŝ�ƱŚºƨƯř�ƵŚºǀĭ�ŮƐſ�ƽŚƷŻźě�ƹ�ŚƷ

�����ƵźƄů�ƶŝ�řŹ�ƂƿřźĭƾƯ����ŹřƺƯ�Źŵ�ƹ�ŶƷŵ�ƥźƧ�Ʋǀŝ�ƶƬƇŚƟ�ƶƧ�ƽŵ����ŶºƳřƺŤŝ�ƵźºƄů�ƹ�ŶƃŚŝ�ŜſŚƴƯ�ŚƷ
�����ŶƴƧ�ŷƺƠƳ�ŚƸƳō�ƽǈŝǇ�ƳƔ��źǀīźŝ��ŚƷ�ŹŚǀų�ƽ��ƱŚŬƯŵŚŝ�ƹ������ŵŚƿŵŻř�ƹ�źǀŨƨţ�žĜƿźºţ���ŚºƷ����ƾºƯ�ǇŚºŝ���ŵƹŹ�

���ƽƹŹ�ƶƨǀƫŚůŹŵīźŝ��ŚƷ������ƾºŝ�ŢƫŚů�ƾƗƺƳ�ƪƠƬƟ�ƝŚƇ�ƽ����ƶºŝ�ƽŹřźºƣ�žĜƿźºţ��ŚºƷ���Ţºſŵ�ƾºƯ���ŶºƷŵ
�Bournier, 1995��������ƱřżºǀƯ�ƂƷŚºƧ�ƶºǀūƺţ�ƽřźºŝ�ƶƬŘºƀƯ�Ʋƿř��ƮºŴţ��ŹřŸºĭ�ƶºƴƧ�ƽ��ŚºƷ�źĭŹŚƨºƃ�ƽ�

(C. & F.)�Phytoseius plumifer��ƽƹŹīźººŝ�ŚººƷŢººſř�ƵŶººƃ�ƱŚººǀŝ�żººǀƳ�Ɓźººţ�ƺººưǀƫ�ƝŚººƇ�ƽ�
Rasmy & El-Banhawy, 1974)���ƾƯ�ŢƿŚƸƳ�Źŵ�ƶŬǀŤƳ�Ʊřƺţ�ŵƺưƳ�ƽźǀĭ�ŝ�ƶ����śƺƬƐƯŚºƳ�šřźºŧř�ƪºǀƫŵ

������ŻŚǀě�žĜƿźţ�ŌŚƤŝ�ƹ�ƽŹƹōŵřŻ�ƽƹŹ�ƪƠƬƟ����ŢǀſŚƀů�žĜƿźţ��ŚƷ�Źŵ�ƶƧ�ƾƿ�ƾƯ�ŶƃŹ�ƪƠƬƟ�ƽƹŹ���ŶºƴƴƧ
����Źŵ�ŹŚǀų�Śŝ�ƶƀƿŚƤƯ�Źŵ���ƪŝŚƤƯƁƹŹ��ŚƷ���źŤƄǀŝ�ŹŚǀƀŝ�ƩźŤƴƧ�ƽ��ƹ�Ţſř����ƾºƯ�ƶƬŘƀƯ�Ʋƿř����ŦºƗŚŝ�ŶºƳřƺţ

���������ŵŵźĭŹŚǀų�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƪƠƬƟ�ƽƹŹ�ŻŚǀě�žĜƿźţ�źŤƸŝ�ƩźŤƴƧ���������źŤºƄǀŝ�šŚƤǀƤŰţ�ƭŚŬƳř�ŵŹƺƯ�Ʋƿř�Źŵ
ŵŹƺƯ�Źŵ�ƹ�šřźŧř�Ʋƿř�Żƹźŝ�ŢƬƗ�ƵźƸŝ�ƱŚƨƯř�ƲǀƴĤưƷ�Źŵ�Ʊō�Żř�ƽŹřŵźŝ�ě�ŻŚǀě�žĜƿźţ�ƩźŤƴƧ�ŵŚƸƴƄǀ

ƾƯ�ŵƺƃ��
�

ƽŹřżĮſŚĜſ�
��ƵŚǀĭ�Ƶƹźĭ�İƄƷƹĦě�šŚƳŚĪƯř�Żř�ƵŵŚƠŤſř�Śŝ�ƢǀƤŰţ�Ʋƿř�ƵŶĪƄƳřŵ�İĪƃżě�ƽŻŹƹŚƄĩ�į�ƵŚĮƄƳřŵ�

��Ŷƃ�ƭŚŬƳř�ƱřźƸţ����������ƶºŗřŹř�ŢƸū�ƶŝ�ƵƺƳ�ƾƴǀƀů�Ŷǀůƹ�ƽŚƣō�Żř��ƽ�ŵŚƸƴºƄǀě�ƽŚƷ���ŵŹƺºƯ�Źŵ�ŶƴưºƃŻŹř�
�����ƾƳřŵŹŶƣ�ƶƳŚưǀưƇ�ƶƫŚƤƯ�ŜƫŚƐƯ�ƾºƯ��ŵŵźºĭ����������ŶºƴƸƯ�ƮƳŚųŹŚƧźºſ�šŚºưůŻ�Żř�ƲǀºƴĤưƷ��ƶºƄƠƴŝ�Ž

�ƹ�ƽŶưůř������������šŶƗŚºƀƯ�ƽřźºŝ�ƱŚºƿƹŹŚŝ�ƲǀºƯŹō�ŽŶºƴƸƯ�įŚºƣō����������ƢºǀƤŰţ�Ʋºƿř�ƽřźºūř�Źŵ�ƱŚºƄƿŚƷ
ƾƯ�ƽŹřżĮſŚĜſ�ŵƺƃ��

�
ƖŝŚƴƯ�

Andrewartha, H. G. & Birch, L. C. (1954) The distribution and abundance of animals. 1st 

ed. 782 pp. University of Chicago press. 
Birch, L. C. (1948) The intrinsic rate of natural increase of an insect population. Journal of 

Animal Ecology 17(1), 15-26. 



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏê���Ï���ÎÐÕé�������������������������������������������������������������������������ÓÎ 

Capinera, J. L. (2001) Handbook of vegetable pests. 1st ed. 729 pp. Academic press. 

Carey, J. R. (1993) Applied demography for biologists, with special emphasis on insects. 1st 

ed. 206 pp. Oxford University press. 

Cortesero, A. M., Stapel J. O. & Lewis, W. J. (2000) Understanding and manipulating plant 

attributes to enhance biological control. Biological control 17, 35-49. 

Dent, D. R. & Walton, M. R. (1997) Methods in ecological and agricultural entomology. 

387 pp. CAB International, Walford.  

Fathipour, Y., Jafari, A. & Hosseini, S. M. (2004) Population Growth statistics of 

Creontiades pallidus (Het.: Miridae) and associated predators Nabis capsiformis (Het.: 

Nabidae) and Chrysoperla carnea (Neu.: Chrysopidae). Journal of Entomological 

Society of Iran 23(2), 15-31. [In Persian with English summary]. 

Ghahreman, A. (1994) Plant systematics, cormophytes of Iran. Vol. 3 ,1th ed. 768 pp. Iran 

University Press. [In Persian]. 

Giles, K. L., Madden, R. D., Stockland, R., Payton M. E. & Dilwith, J. W. (2002) Host 

plant affect predator fitness via the nutritional value of herbivore prey: investigation of 

a plant-aphid-ladybeetle system. Biocontrol 47, 1-21. 

Bournier, A. (1995) Les thrips: biologie, importance agronomique. 183 pp. Tabriz University 

Press. [Translated in Persian by M. Hassanzadeh]. 

Hemmati, F. & Benedictos, P. (2000) Screening of NPGBI Iranian accession of onion for 

resistance to onion thrips (Thrips tabaci). Proceedings of the 14th Iranian Plant 

Protection Congress, Vol. 1, Pests, 71.  

Janssen, A., Willemse, E. & van der Hammen, T. (2003) Poor host plant quality causes 

omnivore to consume predator eggs. Journal of Animal Ecology 72, 478-483. 
van Lenteren, J. C. & Loomans, A. J. M. (1995) Introduction. pp. 1-35 in van Lenteren, J. 

C. & Loomans A. J. M. (Eds) Biological control of thrips pests. 201 pp. Wageningen 

Agricultural University.  
Maia, A. H. N., Luiz, A. J. B. & Campanhola, C. (2000) Statistical inference on associated 

fertility life table parameters using Jackknife technique: computational aspects. 

Journal of Economic Entomology 93(2), 511-518. 
Meyer, J. S., Ingresoll, C. G., McDonald, L. L. & Boyce, M. S. (1986) Estimating 

uncertainty in population growth rates: Jackknife vs. Bootstrap techniques. Ecology 

67(5), 1156-1166. 



 ÓÏ                                       ������  ƱřŹŚƨưƷ�ƹ�ƽŵŶƯ��ƾĭĦƿƹ�ƾſŹźŝ�ŻŚǀě�žĜƿźţ�ƾŤƀƿŻ�ƽŚƷ ������������������������������������������������������������

Milne, M. & Walter. G. (1998) Significance of mite prey in the diet of the onion thrips 

Thrips tabaci (Thysanoptera: Thripidae). Australian Journal of Entomology 37, 120- 

124. 
Mound, L. A. (2005) Thysanoptera: diversity and interactions. Annual Review of Entomology 

50, 247-269. 

Murai, T. (2000) Effect of temperature on development and reproduction of the onion thrips, 

Thrips tabaci Lindeman (Thysanoptera: Thripidae) on pollen and honey solution. 

Applied Entomology and Zoology 35(4), 499-504. 
Murai, T. (2001a) Life history study of Thrips setosus. Entomologia Experimentalis et 

Applicata 100, 245- 251. 

Murai, T. (2001b) Development and reproductive capacity of Thrips hawaiiensis 

(Thysanoptera: Thripidae) and its potential as a major pest. Bulletin of Entomological 

Research 91, 193-198. 

Price, W. P., Bouton, C. E., Gross, P., Mc Pheron, B. A, Thompson . J. N. & Weis, A. E. 

(1980) Interactions among three throphic levels: influence of plants on interactions 

between insect herbivores and natural enemies. Annual Review of Entomology 11, 41-

65. 
van Rijn, P. C., Mollema, J. C. & Stenhuis-Broers, G. M. (1995) Comparative life history 

studies of Frankliniella occidentalis and Thrips tabaci (Thysanoptera: Thripidae) on 

cucumber. Bulletin of Entomological Research 85, 285-297. 

Rasmy, A. H. & El-Banhawy E. M. (1974) Behaviour and bionomics of the predatory mite, 

Phytoseius plumifer (C. & F.) [Acarina: Phytoseiidae] as affected by physical surface 

features of host plants. Entomophaga 19(3), 255-257. 

Southwood, T. R. E. & Henderson P. A. (2000) Ecological Methods. 3rd ed. 575 pp. 

Blackwell science.  

Trichilo, P. J. & Leigh T. F. (1988) Influence of resource quality on the reproductive fitness 

of flower thrips (Thysanoptera: Thripidae). Annals of Entomological Society of 

America 81(1), 64-70. 

Walde, S. (1995) How quality of host plant affects a predator-prey interaction in biological 

control. Ecology 76(4), 1206-1219. 


