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Abstract 

The reproduction and population growth parameters of Anisopteromalus calandrae (Howard) on 
the 4th instar larvae of Callosobruchus maculatus (Fabricius) were investigated at temperature of 25 ± 
1C, 20 ± 5% R.H. and a photoperiod of 16: 8 (L: D)�hours. Since the parasitoid eggs are laid inside the 
seeds where the host larvae live, egg hatch rate (hx) was assumed to be 1 (100%). As a result of this study, 
the gross and net fecundity and fertility rates were determined to be 306.51 and 236.25, respectively. The 
average number of eggs produced per female per day was obtained 11.48. The intrinsic and finite rates of 
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increase on the 4th instar of C. maculatus�were 0.163 and 1.18, respectively. The mean generation and 
doubling times were 35.30 and 4.24 days, correspondingly. The gross and net reproduction rates were 
123.36 and 109.49 females/female/generation, respectively. The results of this study on the stable age 
distribution showed that 62.3 % and 37.7 % of the population belonged to immature stages and adults, 
respectively. The possible application of these results for biological control of C. maculatus is discussed. 
Key words: Anisopteromalus calandrae, Callosobruchus maculatus, intrinsic rate of increase, net 
reproduction rate, stable population 
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�ŵŹřŵ�Źřźƣ����źŝ�ŽŚſř�ƲǀưƷ����ƶƳřŻƹŹ���ƶƫƺƫ�źƷ�Źŵ��ƽ����ŵƹŶů��ƂƿŚƯŻō�æÒ��ƹŹǇ�ŵŶƗ���ƲſÑ��ƶºĩ�ŢºƟō��
çÒ�çè����Ʊō�ŶƃŹ�Żř�ŻƹŹ������ƶƳřŵ�ƪųřŵ�ŵƺŝ�ƶŤƃŸĭ�ŚƷ��ŵƺŴƳ�ƽŚƷ����ŹŚǀŤųř�Źŵ���źƷƺŞƳŻŹ�Ŷºƃ�Ƶŵřŵ�Źřźƣ��ƹ�
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���ƵźƄů�Ʋƿźųō�īźƯ�Śţ�ƂƿŚƯŻō�ƽŢƟŚƿ�ƶƯřŵř�ƵŵŚƯ��ƶƳŚƷŵ��ƽƶƫƺƫ���ŵƹŶƀƯ�ƶŞƴě�Śŝ�ŚƷƹ��ŹƺţŚºŝƺƨƳř�Źŵ�
�ŚŝƎƿřźƃ�ƱŚưƷ�ƁŹƹźě��ǇŚŝ�Źŵ�ƵŶƃ�źƧŷ��ŶƳŶƃ�ƽŹřŶƸĮƳ����

��Źŵ�źƷÏÑŢƗŚſ��Ɩưū�ŹƺţřźǀĜſř�Ǝſƺţ�ŚƷŹƺŞƳŻ��ƱŚŝżǀƯ�ƽƹŹ�ƦǀƨƠţ�ƶŝ�ƹ�ƽŹƹō���ƵŻŚºţ�ƽŚƷ
��ƪƤŤƴƯƹ���ƶƫƺƫ�źƷ�ƽƹŹ���ƽ���ƮŴţ�ŲƿŹŚţ�ƂƿŚƯŻō����ŹŚưƃ�ƹ�ŹƺŞƳŻ�ƽŹřŸĭƵ�ƽ���ŢºŞŧ�Ʊō�Źřźºƨţ��ƾºƯ���Ŷºƃ��

�ŚƷŹƺŞƳŻ�ƩŚƤŤƳř�ƱŚŝżǀƯ�ƽƹŚů�ƝƹźƓ�ƶŝ��ƶŤƿŻřŹŚě�ƽŚƷ�ƵŶƄƳ�Śţ����ƶºƯřŵř�ƵŵŚºƯ�ŹƺŞƳŻ�Ʋƿźųō�īźƯ�ƱŚƯŻ
Ţººƃřŵ��ŢººŞŧ�ŹƺººŞƳŻ�ƪººƯŚƧ�šřźƄººů�ƾººƘǀŞƏ�šŚººƠƬţ�ŻƹŹ�źººƷ�ƹ�ƽƹŚººů�šŚººŝƺŞů��ƽŚººƷƹŹǇ
ƶŤƿŻřŹŚě�ƵŶƃ���ƱŚŝżǀƯ�ƽ������Ǝƿřźºƃ�Źŵ�ƪƯŚƧ�šřźƄů�ũƹźų�ƱŚƯŻ�Śţ��ơƺºƟ��ƽŹřŶºƸĮƳ��ƾºƯ��Ŷºƃ����Ʋºƿř

�ƾſŹŻŚŝ�ŵŹƺƯ�šŚŝƺŞůƶƳřŻƹŹ��ƱŚŝżǀƯ�Żř�ŹƺŞƳŻ�ƪƯŚƧ�šřźƄů�ũƹźų�Żř�ŶƘŝ�ƹ�ƶŤƟźĭ�Źřźƣ���ŵřŶºƘţ�
ƵŵŚƯ�ƹ�źƳ�ũŚŤƳ�ƽ�ŢŞŧ�ƹ�ƁŹŚưƃ�ƾūƹźų�ƾƯ�Ŷƃ��Ƶŵřŵ��ƽŚƷ��ƶƬºƇŚů�ƁƹŹ�ƶºŝ��Carey (1993)ƹ��

ƭźƳ�Ǝſƺţ��ŹřżƟřExcel�ŢƟźĭ�Źřźƣ�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ŵŹƺƯ����
��

ŦŰŝ�ƹ�ŪƿŚŤƳ��
��ŹƺºŞƳŻ�ƽřźŝ�ƪŨƯ�Ŷǀƫƺţ�ƩƹŶūA. calandrae�������ƪºŨƯ�Ŷºǀƫƺţ�ƞºƬŤŴƯ�ƽŚºƷźŤƯřŹŚě�ƹ�ƪǀƨƄºţ

��ƶŞſŚŰƯƃŶ���ºū��ƩƹŶÎ��������ƾƴºſ�ƩƹřŶºū��������űźºƳ�Żř�šŹŚºŞƗ�ƪºŨƯ�Ŷºǀƫƺţ����ƶƳřźºſ�ƽŚºƷ��ƽ��ƽŹƹŹŚºŝ��
(Fecundity)��ƽŹƹōŹŚŝ�ƹ�(Fertility)�ƵĦƿƹ���ƽ����������Ƶƹźºĭ�Ʀºƿ�źºưƗ�Śºƿ�ƹ�ƾƴºſ�ƪºƇřƺƟ�ƾƏ�Źŵ��ƾƴſ�

(Cohort)�Ţſř���������ƶŤƃřŸĭ�ƮŴţ�ŵřŶƘţ�ƲǀǀƘţ�ƶƧ�ŚŬƳō�Żř�����������ƲǀºƴĤưƷ�ƹ�ƵŵŚºƯ�ƽŚºƷŹƺŞƳŻ�Ǝºſƺţ�ƵŶºƃ
��ŲƿźƠţ�ƮŴţ�ŵřŶƘţ��������ŵ�ƱŚŝżǀƯ�ƽŚƷƹŹǇ�Ʊŵƺŝ�ƱŚƸƴě�ƪǀƫŵ�ƶŝ�ƵŶƃ��ƶƳřŵ�ƪųřŵ�Ź���ŹŚǀƀŝ�ŹŚƧ�šŚŝƺŞů�ƽŚƷ

��ƾƬƨƄƯŵƺŝ��řŸƫ���ƮŴţ�ŲƿźƠţ�űźƳ�(hx)���ƩŵŚƘƯƦƿ��ÎÍÍ×�������ƉźºƟ�Ɩºƣřƹ�Źŵ�ƹ�Ŷƃ�ƶŤƟźĭ�źƔƳ�Źŵ�
���ƮŴţ�ƭŚưţ�ƶƧ�Ŷƃ��Ŷǀƫƺţ�ƽŚƷ���ƵŶƃ�ŲƿźƠţ�ŹƺŞƳŻ�Ǝſƺţ�ƵŶƃ�ŶƳř���ƆƫŚųŚƳ�űźƳ��ƹ�ƽŹƹŹŚºŝ��ƽŹƹōŹŚºŝ
��ƩŵŚƘƯ�ƹ�ƱŚƀƨƿ�ÒÎ�ÐÍÓ����ƵŵŚƯ�źƷ�Źŵ�ƮŴţ����Ŷºƿŵźĭ�ƶŞºſŚŰƯ�����řŹŚě�ŹřŶºƤƯ������ƆƫŚºų�űźºƳ�ƽŚºƷźŤƯ

�ƱŚƀƨƿ�żǀƳ�ƽŹƹōŹŚŝ�ƹ�ƽŹƹŹŚŝ�ÏÒ�ÏÐÓƵŵŚƯ�źƷ�Źŵ�ƮŴţ���ŝ�ƶŶƯō�Ţſŵ���ƩƹŶūæ����
����ƮŴţ�ŵřŶƘţ�ƲǀĮƳŚǀƯŶǀƫƺţ�ƃ��Ǝſƺţ�ƵŶźƷ��ŹƺŞƳŻ�ŻƹŹ�źƷ�Źŵ�ƵŵŚƯÑÕ�ÎÎ�Ŷºƃ�ƲǀǀƘţ�ŵŶƗ����Źŵ

ƾƫŚů�šŚƤǀƤŰţ�ŽŚſř�źŝ�ƶĩ�Ahmed (1996)����ƶºƳřŻƹŹ�ƮºŴţ�ŵřŶƘţ�ƽ�Ŷºǀƫƺţ�����ŹƺºŞƳŻ�Ǝºſƺţ�ƵŶºƃ� �
A. calandrae�ƹŹǇ�ƽƹŹ�R. dominica��ƽŚºƯŵ�Źŵ�ÏÓ�ƶºūŹŵ��ƽ��ŽƺǀƀºƬǀſ�Ô�ÓŹŵ�ƹ��ƽŚºƯŵ��ÐÍ�

ƶūŹŵ��ƽ�ŽƺǀƀƬǀſ�Ô�Õ���ƮŴţ��Ţſř�ƵŶƃ�ƲǀǀƘţ������ŵřŵ�ƱŚƄƳ�ƲǀƴĤưƷ�źǀųř�ƢǀƤŰţ�ŪƿŚŤƳ��ƶºƧ��Ŷºǀƫƺţ� �
��



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏî���ç���ÎÐÕí�������������������������������������������������������������������������Ò 

ƩƹŶū�æ��ƤƯźƿŵŚ�ƪŨƯ�Ŷǀƫƺţ�ƽŚƷźŤƯřŹŚě��ŹƺŞƳŻA. calandrae��ŹŚƸģ�Ʋſ�ƹŹǇ�ƽƹŹC. maculatus�
�ƽŚƯŵ�ŹŵçÒƶūŹŵ��ƽ�ƀƬǀſŽƺǀ���

Table 1. Reproduction parameters of A. calandrae on fourth instar larvae of C. maculatus at 
25C. 

 
Parameter Value Unit 
Gross fecundity rate  306.51 Eggs/female 
Gross fertility rate  306.51 Eggs/female 
Gross hatch rate  1 Ratio 
Net fecundity rate  236.25 Eggs/female 
Net fertility rate  236.25 Eggs/female 
Mean eggs per day  11.48 Eggs/female 

��
��ƮŴţƶƳřŻƹŹ��ƽ�������ƂƿřżƟř�ŚƯŵ�ƂƿřżƟř�Śŝ�ŹƺŞƳŻ���ŢƟŚƿ����ŢƿŚƸƳ�Źŵ�ŚƯř������źºưƗ�ƩƺºƏ�ƂƷŚºĩ�ƶºŝ�ƶūƺţ�Śŝ

ŚƷŹƺŞƳŻ��ƮŴţ�ƪƧ�ŵřŶƘţƶŤƃřŸĭ����źºưƗ�ƩƺºƏ�Źŵ�ƵŶƃ�ºƧ���ŵźºĩ�řŶºǀě�ƂƷŚ�(Ahmed, 1996)�Ƴ���ŪƿŚºŤ
ƶƘƫŚƐƯ��ƽƽźĮƿŵ����Źřźºƣ�ŶºǀŗƺŤƿŻřŹŚě�ŹƺŞƳŻ�ƮƧřźţ�źǀŧŐţ�ŢŰţ�ƮŴţ�Ŷǀƫƺţ�ƱřżǀƯ�ƶƧ�Ţſř�Ƶŵřŵ�ƱŚƄƳ�
�ƾºƯ�ŵźººǀĭ�ººŝ��ƶ�ƽŹƺºƏ�ƮƧřźººţ�Źŵ�ƶººƧ��ƲǀƿŚºě�ƽŚººƷ�ŹƺººŞƳŻ�źººţ��źŤƄºǀŝ�ũŚººŤƳ�ƽƾººƯ�Ŷººǀƫƺţ��ŶƳƺººƃ� �

(Ahmed, & Kabir, 1995)��ƶƀƿŚƤƯ�ƽƾƯ�ƱŚƄƳ�źƋŚů�ƢǀƤŰţ�ƹ�ŹƺƧŸƯ�šŚƤǀƤŰţ�ŪƿŚŤƳ�����ƶºƧ�ŶºƷŵ
ſƺſ�ƹŹǇŹŚƸģ�Ʀ�ƶƐƤƳ���Ʀºſƺſ�ƹŹǇ�ƶŝ�ŢŞƀƳ�šŚŝƺŞů�ƽřR. dominica���ŜºſŚƴƯ�ƱŚºŝżǀƯ��ƽźºţ�

ŶǀŗƺŤƿŻřŹŚě�ŹƺŞƳŻ�ƽřźŝ�A. calandrae�ƾƯ�ŶƃŚŝ����
�ŹƺŞƳŻ�ŢǀƘưū�ŶƃŹ�ƽŚƷźŤƯřŹŚěA. calandrae�ŹŚƸģ�Ʀſƺſ�ƹŹǇ�ƽƹŹ�ƶƐƤƳ��Źŵ�šŚŝƺŞů�ƽř

��ƩƹŶūç���Ţſř�ƵŶƃ�źĩŷ�����������Ŝºǀţźţ�ƶºŝ�ƪºŨƯ�Ŷºǀƫƺţ�ƆƫŚºų�ƹ�ƆƫŚųŚƳ�űźƳ�ÐÓ�ÎÏÐ��ƹÑÖ�ÎÍÖ�
ƵŵŚƯ�ƵŵŚƯ���ƪƀƳ�ŶƳŶƃ�ƶŞſŚŰƯ����ƱŚƄƳ�źŤƯřŹŚě�ƹŵ�Ʋƿř�šƹŚƠţ�ƵŶƴƷŵ�ƽ��ƽƹŹ�źºǀƯ�ƹ�īźƯ�źǀŧŐţ�ƱřżǀƯ�

�ŹƺŞƳŻ�ƪŨƯ�ŶǀƫƺţŢſř���šŚƤǀƤŰţ�ŹŵSmith (1992)��ŝƲƿźŤưĩ�ƹ�ƲƿźŤƄǀƽƹŹ�ŹƺŞƳŻ�Ʋƿř�ŚƤŝ�ƱřżǀƯ��
Sitophilus zeamais Motschulsky����ƪºƯŚĩ�šřźƄºů�ŹƺƸƓ�ŻƹŹ�ƲǀưƷŵŻŚƿ�Źŵ��ƽŚºƯŵ�ŹŵÏÍ��ƹÐÍ�

ƶūŹŵ��ƽ��ŽƺǀƀƬǀſ����Ŝǀţźţ�ƶŝÖÍ���ƹ�ÎÍ���ŶƇŹŵ�ŝ��ƶ��Ţſř�ƵŶƯō�Ţſŵ��ƲƿřźŝŚƴŝ������ŚºƯŵ�Źŵ�ľǇŚưŤůř��ƽ
ÏÍ�ƶūŹŵ���ƽ�ŽƺǀƀƬǀſ���źŤƯřŹŚě�ƹŵ�źƿŵŚƤƯ����ƪŨƯ�Ŷǀƫƺţ�ƆƫŚųŚƳ�űźƳ��ƹ���ƪºŨƯ�Ŷǀƫƺţ�ƆƫŚų�űźƳ��

�ŵƺŝ�ŶƴƷřƺų�ƦƿŵżƳ�ƮƷ�ƶŝ�ŹŚǀƀŝ(Smith, 1992)��ŚƤŝ�ƱřżǀƯ�šřźǀǀƜţ�(lx)�ƮºŴţ�Ŷǀƫƺţ�ŶƳƹŹ�ƹ���ºƷ�ƽŚ
ƵŵŚƯ�(mx)ƵŹƹŵ�ƾƏ��ŹƺŞƳŻ�ƙƺƬŝ�ƽ�A. calandrae��ŹŚºƸģ�Ʀſƺſ�ƹŹǇ�ƽƹŹ��ƶºƐƤƳ���Źŵ�šŚºŝƺŞů�ƽř

�ƪƨƃæŢſř�ƵŶƃ�ƵŵŹƹō����
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źƋŚů�ƢǀƤŰţ�Źŵ��űźƳ��Ŷƫƺţ�ƾţřŷ�ƽŚƷ(b)�īźƯ�ƹ�(d)�ŹƺŞƳŻ�A. calandrae�Ŝǀţźţ�ƶŝ�ÓÖ�Ñ�
��ƹÒÐ�Ñ�ƹ������īźƯ�ƶŝ�Ŷƫƺţ�ƾţřŷ�űźƳ�ŢŞƀƳ�ÍÐÒ�Î�ŝ�ƶŶƯō�Ţſŵ����źºĮƿŵ�šŹŚºŞƗ�ƶŝ���Ʀºƿ�ƽřŻř�ƶºŝ�

īźƯ��ÍÐÒ�Î���ƾƯ�űŹ�Ŷƫƺţ��ŶƷŵ������ƾºưƳ�ŚƷźŤƯřŹŚě�Ʋƿř�źƿŵŚƤƯ�ƶŝ�ƶūƺţ�Śŝ�ľŚƟźƇ�ƶŤŞƫř����ŵŹƺºƯ�Źŵ�Ʊřƺºţ
��ŹŚƸƓř�ƵźƄů�Ʀƿ�ŢǀƘưū�ŶƃŹ�ŢƗźſ�ƹ�ƱřżǀƯ�ŵźƧ�źƔƳ��ƲǀǀƘţ�ƪƯŚƗ�ƵŶƴƴƧ�ƽ�űźºƳ�šƹŚƠţ����ƽŚºƷ

������ƱŚƄƳ�ƶƧ�Ţſř�īźƯ�ƹ�Ŷƫƺţ�ƾţřŷ�ƵŶƴƷŵ�������ŢǀƘưū�ŶƃŹ�ŢƗźſ�ƽƾƯ���ŶºƃŚŝ��������ƂƿřżºƟř�ƾºţřŷ�űźºƳ
ūŢǀƘư��ƱŚƄƳ�ƵŶƴƷŵ����ƵŵŚƯ�ŵřŶƘţ�ƽ��ƶƟŚƋř�ƽŚƷ�������ŻƹŹ�źºƷ�Źŵ�ƵŵŚºƯ�ŵźºƟ�źºƷ�Ǝſƺţ�ŢǀƘưū�ƶŝ�ƵŶƃ

Ţſř�������Źŵ�źŤƯřŹŚě�Ʋƿř�ŻřƩźŤƴƧ��������ƶºūŹŵ�ƽřźºŝ�ƾƈųŚƃ�ƱřƺƴƗ�ƶŝ�Ʀƿĥƺƫƺǀŝ���ƽŶºƴŝ���ƾƿřŹŚºĩ�ƱřżºǀƯ��
ƶƳƺĭ�����Ɓƺſ�żǀƳ�ƹ�ŶǀŗƺŤƿŻřŹŚě�ƽŚƷ��������ƾºƯ�ƵŵŚƠŤºſř�ŶºǀŗƺŤƿŻřŹŚě�Ʀƿ�ƽŚƷ��ŵƺºƃ����Żř�ƾºƨƿ���ƽŚºƷŹŚǀƘƯ

�ƱŚƴưƃŵ�ŢǀƤƟƺƯ�ƾƘǀŞƏ�����ƲŤƃřŵ�źƔƳ�Źŵ�������ŢºǀƘưū�ƂƿřżºƟř�ƾţřŷ�űźƳ��(rm)��������ƶºŝ�ŢŞƀºƳ�šŚºƟōrm�

��Ţſř�ƝŶƷ�ŵƺūƺƯ�����������ƾĭĦƿƹ�źƿŚſ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�ƶƧ�ŶƳźŧŒƯ�ƾƳŚƯŻ�ŚƷŶǀŗƺŤƿŻřŹŚě���ŚºƷ�rm�Ʊō���ŚºƷ
�Żř�źŤƄǀŝ�Śƿ�źŝřźŝrm��ŶƃŚŝ�ƝŶƷ�ŢƟō(Messenger, 1970; Hagvar & Hofsvong, 1990)���ƶƬŘƀƯ�Ʋƿř
�ŹƺŞƳŻ�ŵŹƺƯ�ŹŵA. calandraeŵƺŝ�ơŵŚƇ��ŝ��ƶƽŹƺƏ��ƶƧ��ŹƺºŞƳŻ�Ʋƿř�Źŵ�ŢǀƘưū�ƂƿřżƟř�ƾţřŷ�űźƳ

ÎÓÐ�Íŝ��ƶŶƯō�Ţſŵ�ƾƫŚů�Źŵ����Ʀºſƺſ�Źŵ�źŤƯřŹŚě�Ʋƿř�ŹřŶƤƯ�ƶƧC. maculatus��åÓí�å��ƲǀºǀƘţ�
�Ţſř�ƵŶƃ(Kazemi, 2004)�ƶŤŞƫř����ƵŶƯō�ŢſŶŝ�ŪƿŚŤƳƶŝ�ƍƺŝźƯ�ƽřźŝ�ƹ�Ţſř�ƾƷŚĮƄƿŚƯŻō�Ǝƿřźƃ�

ŶƿŚŝ�ƾƘƣřƹ�űźƳ�ƱŵŹƹō�ŢſŶŝ�ŵƾƘǀŞƏ�Ǝƿřźƃ�ŹŹŚŞƳř��żǀƳ�ŵźǀĭ�šŹƺƇ�ƾſŹźŝ����
��

ƩƹŶū�ç��ŹƺŞƳŻ�ŢǀƘưū�ŶƃŹ�ƽŚƷźŤƯřŹŚě�A. calandrae��ŹŚƸģ�Ʋſ�ƹŹǇ�ƽƹŹC. maculatus�Źŵ�
�ƽŚƯŵçÒƶūŹŵ���ƽŽƺǀƀƬǀſ���

Table 2. Population growth parameters of A. calandrae on the fourth instar larvae of C. 
maculatus at 25C. 

 
Population parameters Value Unit 
Gross reproduction rate  123.36 Females/female/ generation 
Net reproduction rate (Ro)  109.49 Females/female/ generation 
Intrinsic rate of increase (rm) 0.163 Females/female/day 
Finite rate of increase (ë)  1.18 Day -1 
Mean generation time  35.30 Day 
Doubling time  4.24 Day 
Stable age distribution � Immature stages 62.3 % 
Stable age distribution � Adults 37.7 % 
Immature 62.30 % 
Adult 37.70 % 
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ƪƨƃ�æ.�űźƳ�ŚƤŝ�(lx)ƵĦƿƹ�ƪŨƯ�Ŷǀƫƺţ�ƹ���ƾƴſ�ƽ(mx)��ŶºǀŗƺŤƿŻřŹŚě�ŹƺŞƳŻ�A. calandrae�ƹŹǇ�ƽƹŹ�
�ŹŚƸģ�ƲſC. maculatus�ƽŚƯŵ�Źŵ�çÒƶūŹŵ���ƽŽƺǀƀƬǀſ���

Fig. 1. Age-specific survival rate (lx) and age-specific fecundity (mx) of A. calandrae on the 
fourth instar larvae of C. maculatus at 25C. 
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