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ƶƄě�ƽżŝō�ƽŚƷƹŹǇ�ƽ�Chironomus riparius MeigenƾƯ�ƱŚǀƷŚƯ�ƁŹƹźě�Źŵ�ƾƴƛ�ƾƿřŸƛ�ƖŝŚƴƯ�Żř�ƾƨƿ��ŶƃŚŝ���ƹ�ŢǀưƧ
�ƵŵŚƯ�ŢǀƠǀƧ��ƽ��������ƾƯ�ƵŵŚƠŤſř�ŚƷƹŹǇ�Ʋƿř�ƁŹƹźě�Źŵ�ƶƧ�ƾƿřŸƛ��ŶƃŹ�źŝ��ŵƺƃ�ƹ�ƵŹƹŵ�ƺưƳ�ƽǇ�ƶƄě�Ʋƿř�ƽƹŹ�źǀŧŐţ��Ţſř�ŹřŸĭ����Ʋºƿř
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Abstract 
Aquatic larvae of chironomid midge, Chironomus riparius Meigen, are one of the richest diets in 

fish rearing systems. The quantity and quality of food used to rearing these larvae, affect this 
developmental stage. This study was conducted to determine the effect of different diets (chicken manure, 
rice bran and soybean meal) with different weights (1, 3 and 5 gr) on larval development, the best time of 
harvesting at different constant temperatures (16-20, 22 ± 1, 24 ± 1, 26 ± 1, 28 ± 1 and 30 ± 1 oC) and the 
yield (larval live weight (gr) m-2 per week) based on the number of reared egg masses with the favorable 
diet. Results indicated that the highest weight of harvested larvae obtained when they fed on 5 gr of 
chicken manure (3.53  0.4, p < 0.01). The last larval instars were harvested at the shortest time (on 13th 
days), when reared at 24 ± 1 or 26 ± 1 oC feeding on chicken manure (compared to other temperatures). 
Mean yield of 131.38  13.99 gr m-2 per week obtained, when five egg masses were reared at 26 ± 1 oC on 
the chicken manure. 
Key words: mass rearing,�Chironomus riparius, diet, temperature 
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ƶƯŶƤƯ�
���ƵŵřƺƳŚų�ƱǇŚŝƹŵ�ƽŚƷƹŹǇ�Żř�ƽŹŚǀƀŝ�ƽ�Chironomidaeƶŝ�ƶƧ������Źŵ�ƲǀŝƺºƬĭƺưƷ�ŵƺºūƹ�ŜŞºſ

ƭźƧ�ŚƸƳō�ƶŝ��ƞƴƫƺưƷ��ƾƳƺų�ƽŚƷ(Bloodworm)�ƾºƯ�ƶŤƠĭ�żǀƳ����ŵƺºƃ(Borror et al., 1989)�ƽřŹřŵ��
���������ƾƷŚƯ�Żř�ƽŹŚǀƀŝ�ƾƿřŸƛ�ƮƸƯ�ƭǈƣř�Żř�ƾƨƿ�ƹ�ǇŚŝ�ƾƿřŸƛ�ƁŻŹř�ƶŝ�ŚƷ�ƾƯ�ŹŚưƃ�ƹŹŶƳ���šřźƄů�Ʋƿř

ŝƶ�����ƾƯ�Źřźƣ�ƶƿŸƜţ�ŵŹƺƯ�ƽŹŚƿƹŚų�ƹ�ŹƺĜƧ�ƱŚǀƷŚƯ�Ǝſƺţ�ƾƸūƺţ�ƪŝŚƣ�ŹƺƏ�ŶƳźǀĭ���ŢǀƘưū�ƂƿřżƟř
��źŴŤſř�Źŵ�ŚƷƹŹǇ�Ʋƿř�ƾƯ�ƾƷŚƯ�ƁŹƹźě�ƽŚƷ��Ţƃƺĭ�ŢǀƠǀƧ�ŌŚƤţŹř�ƹ�Ŷǀƫƺţ�ƂƿřżƟř�ƲưƌŤƯ�ŶƳřƺţ
�ŶƃŚŝ�ƾƃŹƹźě�ƱŚǀƷŚƯ��ƾƷŚƯ����Ɩƿźºſ�ŚºƷƹŹǇ�Ʋºƿř�Żř�ƶƿŸƜţ�źŧř�Źŵ�ŚƷ�����ŶºƃŹ�źºţ�ƵŵƺºưƳƹ�ƹŻ�ŵ�ƶºŝ��

�ƾƯ�ƽŹƹŹŚŝ��ŶƴſŹ(Ling, 1966; Yashouv, 1970; Cranston, 2002)�����źºĭř�ƶºƧ�Ţſř�ƵŶƃ�ƆŴƄƯ
ƱŚǀƷŚƯ�ŹƺĜƧ���ƭźƧ�Śŝ���������ƾºƯ�řŶǀě�ƽźŤƸŝ�ƱŻƹ��ŶƳƺƃ�ƶƿŸƜţ�ƪưƨƯ�ƽřŸƛ�ƱřƺƴƗ�ƶŝ�ƾƳƺų�ƽŚƷ���ƹ�ŶºƴƴƧ

Ţųřƺƴƨƿ�ŚƸƳō�ŶƃŹ�űźƳ���ŵƺŝ�ŶƷřƺų�źţ(Yashouv, 1956)�����ƭźºƧ�Ʊřƺºū�ƽŚºƷƹŹǇ�ƲǀƴĤưƷ���ƽŚºƷ
ƳƺųƾƯ�ƂƿřżƟř�řŹ�ƽŹŚƿƹŚų�ƱŚǀƷŚƯ�ŶƃŹ��ƾ��ŶƴƷŵ(Yashouv & Ben-Shachar, 1967)��

��ƽŚƷƹŹǇ�ƾƿřŸƛ�ƁŻŹř�ƵŵřƺƳŚų���ƽ�Chironomidae�����ƶƿżŬţ�ƹ�Ƶŵƺŝ�ƾƫŚƗ�ŹŚǀƀŝ��ƽ���ŚƸƳō�ƾƿŚǀưǀƃ�
�Źŵ�ƶƧ�Ƶŵřŵ�ƱŚƄƳÐ�Ö����ŚƸƳō�ƦƄų�ƱŻƹÒ�ÓÏ���ŵŹřŵ�ŵƺūƹ�ƲǀŘţƹźě(Anonymous, 2001)����Ʋºƿř

Źŵ�ƾƫŚººů��ō�šřźººƄů�ƶººƧ�Ţººſř�ƲǀĮƳŚººǀƯ�ƽżººŝÒÒ���ŶººƳŹřŵ�ŵƺººų�ƦººƄų�ƱŻƹ�Źŵ�ƲǀŘţƹźººě�
(Moyle, 1961)������Żř�ƽŹŚǀºƀŝ�ƽřźºŝ�ƾºƴƛ�ƾƿřŸƛ�ƖŝŚƴƯ�Żř�ƾƨƿ�ƶŝ�řŹ�ŚƸƳō��ǇŚŝ�ľŚŤŞƀƳ�ƲǀŘţƹźě�Ʋƿř

Ţſř�ƵŵźƧ�ƪƿŶŞţ�šřŵƺūƺƯ�(Armitage, 1995)��
�������ƽŚƷƹŹǇ�Ʋǀŝ�Źŵ�ƾƿřŸƛ�ƕƺƴţ�ŵƺūƹ�ŚŝChironomidae������ƪƯŚºƃ�ƾƿřŸºƛ�ƵŵŚºƯ�ƕƺºƳ�Ūƴºě�ŚƸƳō��

ƦŞƬū�����šřŹŷ��ŚƷƫō�ƮƀǀƳŚĭŹřƹźƨǀƯ�ƽƹŚů�ƾ�ŢǀƟƹźƧŚƯ��ŚƷ�ƾŝ�ƹ�ƾŝƺģ�šřŹŷ��ŚƷ���ŵŹƺºƯ�řŹ�ƱŚĭźƸƯ
ƾƯ�Źřźƣ�ƵŵŚƠŤſř��ŶƴƷŵ(Berg, 1995)���Żř�ƵźƄů�Ʋƿř�ƽŚƷƹŹǇ�ƶƧ�ƾƿřŸƛ�ŵřƺƯ�Żř�ƾƷŚĭō�ƹ�ŢųŚƴƃ

ƳōŚƸ��ƾƯ�ƶƿŸƜţ����Ƴō�ƵƺŞƳř�ƁŹƹźě�Źŵ��ŶƴƴƧŚƸŢſř�ƮƸƯ������ƁŹƹźºě�ƶºŝ�ƶƧ�ƱŚƸū�ƽŚƷŹƺƄƧ�Żř�ƾƌƘŝ
�Ǉ�ƵƺŞƳř��������ƾºƯ�šŹŵŚºŞƯ�šřźºƄů�Ʋºƿř�ƽŚƷƹŹ���������������ƁŹƹźºě�ƽřźºŝ�řŹ�ƾºƠƬŤŴƯ�ƾƿřŸºƛ�ŵřƺºƯ��ŶºƳŻŹƹ

���ƾºƯ�Źřźºƣ�ƵŵŚƠŤºſř�ŵŹƺƯ�ŚƸƳō�ƾƿřźŰƇ�ƹ�ƾƷŚĮƄƿŚƯŻō���ŶºƴƷŵ(Nath & Godbole, 1998; Stanko-

Mishic et al., 1999; Anonymous, 2001)��
Chironomus riparius MeigenƶƳƺĭ�Żř�ƾƨƿ���ƽŚƷ�Chironomidae���ƮǀºƳ�Źŵ�ƶºƧ�Ţºſř���ƵźºƧ�ƽ�

ƵŹŚů�ƢƏŚƴƯ�Źŵ�ľŚƯƺưƗ�ƹ�ƾƫŚưƃ��ƾƘǀſƹ�ƂƴƧřźě�ƽřŵŹřŵ�(Ristola, 2000)���ƵźƄů�Ʋƿř�Źŵ�ƲǀƴĤưƷ
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ƶººǀůŚƳ�ƽƶººƫŚě����ƾººŝźƛ�ƦººǀŤƧŹō(Hirvbenoja & Michailova, 1991)ƶººǀůŚƳ�ƹ��ƽƦººǀŤƧŹŚŘƳ��
 (Janssen de Bisthoven, 1995)ƾƯ�ŢƟŚƿ��ŵƺºƃ������ƶºƴƯřŵ�ƶºŝ�ŚºƷƹŹǇ�ƪºưŰţ�ƽ���Ǝƿřźºƃ�Żř�ƾƘǀºſƹ�

�Żř��ƶƬưū�pH�����ƵŻřŶƳř�ƹ�ƽŹƺƃ��ƱĦǀƀƧř�ŮƐſ����ƽ��šŚŝƺſŹ�šřŹŷ���������ŢºƠū�šřŵŚºƗ�żºǀƳ�ƹ���ƹ�ƽźºǀĭ
ƮŴţ�������ƪƯŚƧ�ŵřźƟř�ƽżƿŹ�ƵźƄů�Ʋƿř���ƶƳƺĭ�ƶŝ�řŹ����ƵŵźºƧ�ƪƿŶŞţ�ƾƷŚĮƄƿŚƯŻō�ƁŹƹźě�ƽřźŝ�ŜſŚƴƯ�ƽř
�Ţſř(Ristola, 2000)� 

ƶƳƺĭ�ƽ�C. riparius��ƩŚſ�ŹŵÎÐÕÍƶƏƺŰƯ�Żř��ƽ�ƵŶƨƄƳřŵ�ƽ����Ʊǈǀºĭ�ƵŚĮºƄƳřŵ�ƽŻŹƹŚºƄƧ��Żř
ƷźǀĮŝō�ƾƘǀŞƏ�ƽŚ�Ɩưū����Ŷƿŵźĭ�ƽŹƹō����ƲƿřƘƫŚƐƯƶ���ƶºƴǀƯŻ�Źŵ���ƽ�������Ţºƃřŵźŝ�ƱřżºǀƯ�ƹ�ƵƺºŞƳř�ƁŹƹźºě�

�����Ƶźǀū�Żř�ƶƿŸƜţ�Śŝ�ƵŶƳŻ�ƽŚƷƹŹǇ�������ƁŹƹźºě�ŢƸū�ƭŻǇ�ƽŚƷźŤƯřŹŚě�źƿŚſ�żǀƳ�ƹ�ƾƿřŸƛ�ƞƬŤŴƯ�ƽŚƷ
Ŷƃ�ƭŚŬƳř�ƵƺŞƳř��

�
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ�

�ƵƺŞƳř�ƁŹƹźě�ƽřźŝƶƄě�ƽŚƷƹŹǇ��ƽC. ripariusŚƘŝř�ƶŝ�ƾƿŚƷ�ƭƺƿŹřƺƧō�Żř���ŵÐÍ���ÏÒ���ÒÍ�
ƾŤƳŚſ��ŵƹŶů�śō�ƢưƗ�Śŝ�źŤƯÏÒƾŤƳŚſ��Ŷƃ�ƵŵŚƠŤſř�źŤƯ���śō�ƽŚƯŵÎ  ÏÓ��ƶºūŹŵ��ƾŤƳŚºſ�ƽ���ŵřźºĭ

�Żř�ŚƯŵ�Ʋƿř�ƮǀƔƴţ�ƽřźŝ�ƶƧ�ŵƺŝHeater tube�ƩŶƯ�WeiproƶƴƯřŵ�Śŝ��ƽ��ƾºţŹřźů�ƮǀƔƴţ� oCÐÏ�ÎÕ�ƹ�
���������ƩŶƯ�ƽřƺƷ�Ěưě�Żř�żǀƳ�śō�ƱĦǀƀƧř�ƲǀƯŐţ�ƽřźŝChampion�ƽřƺƷ�ƾūƹźų�Śŝ�ÍÍÔÕ�Śºſ�ƾŤƳ���źºŤƯ

ƶƤǀƣŵ�źŝ�ŜƘƨƯ��Ŷƃ�ƵŵŚƠŤſř�řƺƷ�Ĭƴſ�ƹ����Śŝ�żǀƳ�śō�ƽŚƯŵIndicator thermometerƾƯ�ƩźŤƴƧ��Ŷƃ��
��ƂƿŚƯŻō�ƭŚŬƳř�ƽřźŝ��ƭƺƿŹřƺƧō�Żř��ŚƷ��ŵŚƘŝř�ƶŝ�ƾƿŚƷÐÒ���ÎÓ���ÏÒ�ƾŤƳŚºſ������źºƷ�ƱƹŹŵ�ƶºƧ�źºŤƯ

����ƕŚƠţŹř�Śţ�ƭƺƿŹřƺƧōÐÍ�ƾŤƳŚſ������ƾƯ�ƶŤŴƿŹ�śō�źŤƯ����Ŷƿŵźĭ�ƵŵŚƠŤſř�Ŷƃ��ƮǀƔƴţ�����ºŝ�ƍƺŝźƯ�ƽŚƷ���ƹ�ŚºƯŵ�ƶ
�����ŵƺŝ�ƵƺŞƳř�ƁŹƹźě�ƁƹŹ�ƶŝŚƄƯ�ƱĦǀƀƧř��ƱŚƿŚƃƂƿŚƯŻō�ƶƧ�Ţſř�źƧŷ���ƶºƳŚŴƬĭ�ƎǀŰƯ�Źŵ�ŚƷ���ƶºŝ�ƽř

��ŵŚƘŝřÑÒ�Ï���ÐÍ�Ñ���ÓÍ�Ò�����ƶƄě�Śţ�Ŷƃ�ƭŚŬƳř�źŤƯ�����ƶŝ�ƚƫŚŝ�ƽŚƷ����Żřƹźě�ŢƫƺƸſ�ŢƠū�ƽŚƷ���řŹ�ƽźºǀĭ
ŶƴƷŵ�ƭŚŬƳř�(Armitage, 1995)��ƦŤƄƏ�Ʊŵřŵ�Źřźƣ�ƾƨǀŤſǈě�ƽŚƷ��ÎÒÒÍƾŤƳŚſ��źŤƯ���ƽƹŚů�śō

�����ƶƳŚŴƬĭ�ƞƧ�Źŵ�����ƽřźŝ�řŹ�ƾŞſŚƴƯ�ƪŰƯƮŴţ��ƶƄě�ƽżƿŹ�ƾƯ�ƮƷřźƟ�ŚƷ��ŵźºƧ���ƮºŴţ�Żř�����ƪºƇŚů�ƽŚºƷ
ƂƿŚƯŻō�ƭŚŬƳř�ƽřźŝ��ƵŵŚƠŤſř�ƽŶƘŝ�ƽŚƷ�Ŷƃ��
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ţŐƵźǀū�źǀŧ�ŶƃŹ�źŝ�ƾƿřŸƛ�ƽŚƷ�ƹ�ŚƷƹŹǇ�ƺưƳ�
��ƵŵŚƯ�ƕƺƳ�ƶſ���ƽ������ƾƛźƯ�ŵƺƧ�ƪƯŚƃ�ƾƿřŸƛ����řŶŤŝř����ƦƄų�śŚŤƟō�Źŵ�Ŷƿŵźĭ�������ƱƹŚºƷ�Źŵ�žĜºſ��

�Ŷƃ�ƵŶǀŝƺƧ���ƿř�Żř���ƵŵŚƯ�Ʋƶŝ�����������Ŷƃ�ƵŵŚƠŤſř�ŚƷƹŹǇ�ƶƿŸƜţ�ƽřźŝ�żƿŹ�šřŹŷ�šŹƺƇ�����ƹ�ŪƳźºŝ�ŽƺŞºſ��
�ƽŚƷƹŹǇ�ƶƣǈƗ�ŵŹƺƯ�ƽřŸƛ�ƱřƺƴƗ�ƶŝ�Śƿƺſ�ŹŵƺěChironomidae�(Anonymous, 2001)���ƭřŶºƧ�źºƷ�

������šƹŚƠŤƯ�ƾƳŻƹ�ŹřŶƤƯ�ƶſ�Źŵ�Î���Ð���ƹ�Ò�ƭźĭ�������ŶºƃŹ�źºŝ�ŚºƸƳō�źŧř�ƾŝŚƿŻŹř�ƽřźŝ�ƹ����ƽŚºƷƹŹǇ�ƺºưƳ
ƵźƄů��ƽ���ŚƠŤſř�ƂƿŚƯŻō�ŵŹƺƯ��Ŷƃ�Ƶŵ����řŶŤŝřƹŵ�Ƶŵƺţ���ƽ�ƮŴţ�����ŵƹŶůÎÍÍÍ��ƮŴţ�ŵŶƗ���źƷ�ƶŝ�ƵźƄů�

ƭƺƿŹřƺƧō�śō�ƽŚƯŵ�Śŝ�Î  ÏÓ��ƶūŹŵ�ƾŤƳŚſ�ƽ�Ŷƿŵźĭ�ƶƟŚƋř�ŵřźĭ���ƮºŴţ�ŲƿźƠţ�Żř�žě����ƽřŸºƛ��ŚºƷ
����������ƶƟŚƋř�Ʊō�ƶŝ�ƆŴƄƯ�ƱŻƹ�ŹřŶƤƯ�Śŝ�źƔƳ�ŵŹƺƯŶƃ���ƵŶƷŚƄƯ�Śŝ���ƽ�����ƹ�Ţƃřŵźŝ�ŚƷƹŹǇ��ƵźǀƠƃ�Ʋǀƫƹř�

�ŶƳŶƃ�ƲƿŻƺţ�����Źřźƨţ�ƶſ�Źŵ�ƂƿŚƯŻō���������������ƹ�ƾƟŵŚºƈţ�ľǈƯŚºƧ�ŭźºƏ�Śºŝ�ƪƿŹƺŤƧŚƟ�ƂƿŚƯŻō�ŜƫŚƣ�Źŵ�ƹ�
ƶƀƿŚƤƯ�ƽƲǀĮƳŚǀƯ��ƵźǀƜŤƯ�Ŷƴģ�ƱƺƯŻō�Śŝ�ŚƷ�ƽŶƃ�ƭŚŬƳř�ƲƨƳřŵ����ƁŹƹźě�Śŝ�ƲǀƴĤưƷÏÓÍ�ƮŴţ�ŵŶƗ�
ƶƄě�ƽ�ƽŚƯŵ�Źŵ�ŹƺƧŸƯ�Î  ÏÓ�ƶūŹŵ�ƾŤƳŚſ�ƽ�Ƶźǀū�ƹ�ŵřźĭ�ƽ����ƱřżºǀƯ�ƶºŝ�ƾºƛźƯ�ŵƺƧ�ƾƿřŸƛ�Õ�Í�

��ƮŴţ�ŵřŶƘţ��ƭźĭ����ƽŚƷƹŹǇ�ƹ�ƵŶƃ�ŲƿźƠţ�ƽŚƷ��������ƽƹŹǇ�ŌŚºƤŝ�ŶºƇŹŵ�Śºţ�Ŷºƃ�ƁŹŚưºƃ�źºųō�Ʋºſ�
ŵŵźĭ�ƆŴƄƯ��Ŷƃ�ƭŚŬƳř�Źřźƨţ�ƶſ�Źŵ�żǀƳ�ƂƿŚƯŻō�Ʋƿř��

�
ŚƷƹŹǇ�Ţƃřŵźŝ�ƱřżǀƯ�ƹ�ƶƴǀƸŝ�ƱŚƯŻ�

���ƞºƬŤŴƯ�ƽŚºƷŚƯŵ�Źŵ�ŚƷƹŹǇ�Ţƃřŵźŝ�ŜſŚƴƯ�ƱŚƯŻ�ƲǀǀƘţ�ƽřźŝ�ÏÍ�ÎÓÎ��Î  ÏÏ��Î  ÏÑ��
Î  ÏÓ��Î  ÏÕ�ƹ�Î  ÐÍ�ƶūŹŵ�ƾŤƳŚſ�ƽ�ŵřźĭ�ƹ�ƕƺƳ�ƲǀǀƘţ�Żř�žě���ƪƇŚů�ŜſŚƴƯ�ƽřŸƛ�ŹřŶƤƯ�

�ō�ŻřŻ����ƪŞƣ�ƂƿŚƯÖ�Ƶŵƺţ���ƽ�ƮŴţ����Ƶŵƺţ�źƷ��ƽ��ƶŝ�ƮŴţ�������ƪƯŚºƃ�ƎºſƺŤƯ�ŹƺƏÏÔ�ÑÏ��ÐÕ�ÒÍÖ��ƮºŴţ�
ŵƺŝ���ƭƺƿŹřƺƧō�ƶŝ�������śō�ƽŚƯŵ�Śŝ�ƽŚƷƵŹŚƃř�ŵŹƺƯŶƃ�ƪƤŤƴƯ�ƹ��Śŝ�ŚƷƹŹǇ�ŵƺƧ���ƾƛźƯ�Òƶŝ�ƭźĭ����ƽřŻř

��Ƶŵƺţ�ƹŵ�źƷ��ƽ�ƮŴţ�����ŶƳŶƃ�Ƶŵřŵ�ƁŹƹźě���ƵŶƷŚƄƯ��ƽ��ƵźǀƠºƃ�Ʋǀƫƹř����ƶºŝ�ŚºƷ��ºƴƗ���Ţºƃřŵźŝ�ŹŚºǀƘƯ�Ʊřƺ
Ŷƃ�ƶŤƟźĭ�źƔƳ�Źŵ�ŚƷƹŹǇ��Źŵ�Ŷƿŵźĭ�ƲǀǀƘţ�żǀƳ�ƪƯŚƧ�šřźƄů�ũƹźų�ũƹř�ƂƿŚƯŻō�Ʋƿř�Źŵ��ƲưƋ��
���Ƶŵƺţ�ŵřŶƘţ�źŧř�ƲǀƴĤưƷ�����ƮŴţ�ƽŚƷ�Ï���Ð��Ñ�ƹ�Ò�Ƶŵƺţ���ƽ�ƮŴţ����Ţƃřŵźŝ�ƱřżǀƯ�Śƿ�ŵźƨƬưƗ�źŝ���ƭźºĭ

�ƵŶƳŻ�ƱŻƹ��ƽ�������ƶŤƠƷ�źƷ�Źŵ�ŮƐſ�Ŷůřƹ�Źŵ�ŚƷƹŹǇ����Ƶźǀū�Śŝ�ŚƷƹŹǇ�ƁŹƹźě�Śŝ�ƽŚƴƯ��ƵŶƃ�ƲǀǀƘţ�Ŝſ
ƽŚƯŵ�ŹŵÎ  ÏÓ�ƶūŹŵ�ƾŤƳŚſ�ƽ�Ŷƿŵźĭ�ƆŴƄƯ�żǀƳ�ŵřźĭ��ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ�ŪƿŚŤƳ��ŹřżƟřSAS 6.11�ƹ�

                                                
æ���ƱƹŶŝ�śō�ƽŚƯŵHeater tube 



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏë���æ���ÎÐÕê�������������������������������������������������������������������������ÑÖ 

ŢƟźĭ�Źřźƣ�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ŵŹƺƯ�ƲƨƳřŵ�ƱƺƯŻō��ƭźƳ��Śŝ�żǀƳ�ŹřŵƺưƳ�ƮſŹ��ŹřżƟřExcel 2000��ƭŚºŬƳř�
Ŷƃ��
�

ŦŰŝ�ƹ�ŪƿŚŤƳ�
ŚƷƹŹǇ�ƺưƳ�ƹ�ŶƃŹ�źŝ�ƾƿřŸƛ�Ƶźǀū�źǀŧŐţ�

��ř�ƪƇŚů�ŪƿŚŤƳ�ƶƿżŬţ�Ż��ƽ��Ƶŵřŵ�žƳŚƿŹřƹ������ŵřŵ�ƱŚƄƳ�ŚƷ���ƩƹŶūÎ�����Ƶźºǀū�Ʋǀŝ�ƶƧ������ƾƿřŸºƛ�ƽŚºƷ
��ƾºƴƘƯ�ƝǈŤºųř�ƵŶƃ�ƵŵŚƠŤſř���ŵŹřŵ�ŵƺºūƹ�ƽŹřŵ�F = 82.0065, df = 2, 18, p < 0.01����ƶºƀƿŚƤƯ�ƽ�

ƲǀĮƳŚǀƯ������ƵźǀƜŤƯ�Ŷƴģ�ƁƹŹ�Śŝ�ŚƷ��ƽ����ƶºƿŸƜţ�Śŝ�ƵŶƃ�Ţƃřŵźŝ�ƽŚƷƹŹǇ�ƱŻƹ�ƶƧ�ŵźƧ�ƆŴƄƯ�ƲƨƳřŵ�
����ƾƛźƯ�ŵƺƧ�Żř�Ò�ƭźĭ����Ź�ŹŵƶŞţ��ƽ�����Śŝ�ƹ�Ʃƹř�Ò�����Ţƃřŵ�Źřźƣ�Ƶƹźĭ�Ʀƿ�Źŵ�Śƿƺſ�Źŵƺě�ƭźĭ����ƲǀƴĤưƷ

�������Żř�ƶƿŸƜţ�Śŝ�ŚƷƹŹǇ�Ţƃřŵźŝ�ƱřżǀƯÒ����Żř�ƶƿŸƜţ�Śŝ�Ƶƹźĭ�Ʀƿ�Źŵ��Śƿƺſ�Źŵƺě�ƭźĭ�Ð�ƾƛźƯ�ŵƺƧ�ƭźĭ�
��ƹÒŢƟźĭ�Źřźƣ�ŪƳźŝ�ŽƺŞſ�ƭźĭ���Ƶźǀū�������Źřźºƣ�Ƶƹźºĭ�Ʀºƿ�Źŵ�żºǀƳ�ƭźºĭ�Ʀƿ�ƱŻƹ�Śŝ�ƾƿřŸƛ�ƽŚƷ

����ƾƛźƯ�ŵƺƧ�ƽŚƴŨŤſř�ƶŝ�ƹ�ŶƴŤƃřŵ�Îƭźĭ����ƶƧÑÎ�Í��Ƶźºǀū�źƿŚºſ��ŵźƧ�Ŷǀƫƺţ�ƵŶƳŻ�ƹŹǇ�ƭźĭ����Źŵ�ŚºƷ
ŶƴŤƃřŶƳ�ƽŶǀƫƺţ�ƱŻƹ�Ʋƿř��ƾƯ��ƪƇŚů�ŪƿŚŤƳ�ƶŝ�ƶūƺţ�Śŝ�ƲƿřźŝŚƴŝ��ƲƿźŤƸŝ�ƾƛźƯ�ŵƺƧ�ƶƧ�ŢƠĭ�Ʊřƺţ
�ƹŹǇ�Ŷǀƫƺţ�Źŵ�řŹ�ƵźǀūC. riparius�ƾƯ�ƪǀƨƄţ�ŶƷŵ���Źŵ�ƾƿřŸƛ�Ƶźǀū�Ʋƿř�Śŝ�żǀƳ�ƽƹŹǇ�ŌŚƤŝ�ŶƇŹŵ

�ƩƹŶūÐŢſř�ƵŶƃ�ƶŗřŹř���
ƠǀƧ���ƵŵŚƯ�ŢǀưƧ�ƹ�Ţǀ��ƽ����������ŶºƃŹ�ƲǀºǀƘţ�Źŵ�řŹ�ƾºưƸƯ�ƂºƤƳ�ƶƧ�ŶƴŤƀƷ�ƾƬƯřƺƗ�ƾƿřŸƛ��ƹ���ƺºưƳ

�ƽŚƷƹŹǇChironomidae��ƾºƯ�ŚºƠƿř����ŶºƴƴƧ(Johannsson, 1980; Sankarperumal & Pandian, 1991)��
Davies (1975)��ƶƧ�ŵźƧ�ƁŹřżĭ�ƲƿřśƺſŹ�ŚƷƹŹǇ����śŚºŴŤƳř�ƶºƿŸƜţ�ƽřźŝ�řŹ�ǇŚŝ�ƾƫō�ŵřƺƯ�Śŝ�ƽŚƷ

ƾƯ���ŶºƴƴƧ�����ƲǀºƗ�Źŵ�������ƾºƯ�ƮºƧ�ƱĥƹźºŤǀƳ�Śºŝ�ƾºƫō�ŵřƺºƯ��ƩŚºů�řƺţ�ºƳ��ŶºƃŹ�Ŷ�ŚºƸƳō�ƴƧ�ŵƹŶºŰƯ�řŹ��ºƴŶ�
�(Toscano & McLachlan, 1980)��Sadler (1935)�ƶºƳƺĭ��ƽChironomus tentans Fabricius�Źŵ�řŹ�

źŴŤſř�����Żř�ƾƴƛ�ƽŚƷƧ�������šŚƠºƀƟźěƺſ�Śºŝ�ƵřźºưƷ�ƽŶƴƠºſƺĭ�ŵƺºƧ�żºǀƳ�ƹ�Śƿƺſ�Źŵƺě��ƽŶƴƠſƺĭ�ŵƺ
ƺě�Śŝ�řŹ�ƶŬǀŤƳ�ƲƿźŤƸŝ�ƶƧ�ŵřŵ�ƁŹƹźěŢƟźĭ�Śƿƺſ�Źŵ�Shaw & Mark (1980) ƲưƋ���ƁƹŹ�ŮƿźƄţ

���ƽŚƷƹŹǇ�ƁŹƹźěChironomidae���������ƶƳŚǀƫŚſ�ƶƧ�ŶƴŤƃřŵ�Żřźŝř��ƾƛźƯ�ŵƺƧ�ŚŝÓ������Źŵ�ŵƺºƧ�Ʋºƿř�Ŷºǀƫƺţ
ĬƴƷ������ƁŹƹźě�ƶŝ�ĬƴƧŚƷƹŹǇ�ƲƿřƾƯ�Ƶŵřŵ�ƅŚƈŤųř��ƵŵŚƯ�Ʋƿř�ŢǀưƷř�Żř�ƱŚƄƳ�ƶƧ�ŵƺƃ�ƽ�ƾƿřŸºƛ��

�



ÒÍ                                                ƾŤƘƟŹ�ƹ�ŵźĭřźŰƇ�ŵźƟ���ƽŚƷƹŹǇ�ƵƺŞƳř�ƁŹƹźěChironomus riparius��

�ƩƹŶūÎ��ƩƺƈŰƯ�Ţƃřŵźŝ�ŹřŶƤƯ��ƵŶƳŻ�ƹŹǇ��C. riparius����ƾºƳŻƹ�ƞºƬŤŴƯ�źƿŵŚºƤƯ�Źŵ���ƭźºĭ��
Ƶźǀū��ƽŚƯŵ�Źŵ�ƾƿřŸƛ�ƽŚƷÎ  ÏÓƶūŹŵ�ƽƾŤƳŚſ��ŵřźĭ��

Table 1. Amount of larval live weight of C. riparius harvested on different amount of diets at 
26  1�oC. 

 
Amount harvested (gr/360cm2) Type and amount 

of diet (gr) Min. Max. M  S.E. 
5 2.90 4.30 3.53  0.4 a 
3 1.80 3.17 2.5  0.39 bc 

Chicken 
manure 

1 0 1.23 0.41  0.41 d 
5 2.42 3.5 2.9  0.34 ab 
3 1.53 2.17 1.83  0.18 c 

Soybean 
powder 

1 0 0 0 d 
5 2.21 2.53 2.41  0.1 bc 
3 0 0 0 d Rice bran 
1 0 0 0 d 

   Means with different letters in each column are significantly different at p<0.01 (Duncan test). 
 

ƶŝ�Ţſř�ƁŹƹźě�źŤƀŝ�ƱřƺƴƗ��Jana & Pal (1990)����ƹŹǇ�Ŷºǀƫƺţ�ŚŝChironomidae��ƎǀºŰƯ�Źŵ��ƽŚºƷ�
����������ƎǀŰƯ�Źŵ�Ŷǀƫƺţ�ƶƧ�ŶƴŤƟźĭ�ƶŬǀŤƳ��ƞƬŤŴƯ�ƾƫō�ŵřƺƯ�ƽƹŚů�ƁŹƹźě����������ŪƳźºŝ�ŽƺŞºſ�ƽƹŚºů�ƽŚƷ

ƎǀŰƯ�źƿŚſ�Żř�źţǇŚŝ�ƾƈŴƄƯ�ŹƺƐŝ�ƾƛźƯ�ŵƺƧ�ƹ�ƽƹŚĭ�ŵƺƧ��ƵƺŞƳř�Ŷǀƫƺţ�ƽřźŝ�ŵřƺƯ�Ʋƿř�ƹ�Ƶŵƺŝ�ŚƷ
�Ʋƿř�ƽŚƷƹŹǇChironomidae�ŜſŚƴƯ�ŶƳźţ������Ʋºƿř�ŵƺºūƹ�ŚŝIngvason et al. (2004)��ƶºƘƫŚƐƯ�Śºŝ��ƽ�

���ƽŚºƷƹŹǇ�Ǝºſƺţ�ƾƿřŸƛ�ŵřƺƯ�śŚŴŤƳřTanytarsus gracilentus Holmgren����ƶºƧ�ŶºƴŤƟźĭ�ƶºŬǀŤƳ��
ƶƯƺţŚƿŵ��Ʃƹř�Ʋǀƴſ�ƽŚƷƹŹǇ��žƴū�ƦģƺƧ�ƽŚƷFragilaria�ƾƫō�šřŹŷ��ƭŹŚƸģ�Ʋǀƴſ�ƽŚƷƹŹǇ�ƹ��

Ư�ƹ�ƵŻřŶƳř�ŚŝƾƯ�śŚŴŤƳř�řŹ�šƹŚƠŤƯ�ŐƄƴ�ŶƴƴƧ��
�

�Ţƃřŵźŝ�ƱřżǀƯ�ƹ�ƱŚƯŻ�ƵŶƳŻ�ƱŻƹ�ƽƶŤƠƷ�Źŵ�ŮƐſ�Ŷůřƹ�Źŵ�ŚƷƹŹǇ���
ƪƨƃ�ÎƵźǀƠƃ�ũƹźų�ƱŚƯŻ�ƹ�ŵřŶƘţ����ƽŚƷC. riparius�ŲƿźƠţ�Żř�žě��ƞƬŤŴƯ�ƽŚƷŚƯŵ�Źŵ�řŹ�

ƮŴţ����ƾƯ�ƱŚƄƳ�ŚƷ��ŶƷŵ�����ƽŚƯŵ�ŹŵÏÍ�ÎÓ�ƶūŹŵ�ƾŤƳŚſ�ƽ�ŵřźĭƵŶƷŚƄƯ���ƽ��ƵźǀƠºƃ�Ʋǀºƫƹř����ŻƹŹ�Źŵ�ŚºƷ
èæ�ŻƹŹ�Źŵ�ƪƯŚƧ�šřźƄů�ũƹźų�ũƹř�ƹ�ÑÏŵƺŝ����ƽŚƯŵ�ŹŵÎ  ÏÏ�ƶūŹŵ��ƾŤƳŚºſ�ƽ��ŵřźºĭ��Ʋǀºƫƹř��

ƵźǀƠƃ�ŵŚŤƟř�ơŚƠţř�ƮƷŵŻƺƳ�ŻƹŹ�Źŵ�ƪƯŚƧ�šřźƄů�ũƹźų�ũƹř�ƹ�Ŷƃ�ƵŶƷŚƄƯ�ƮƷŵŹŚƸģ�ŻƹŹ�Źŵ�ŚƷ��
�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏë���æ���ÎÐÕê�������������������������������������������������������������������������ÒÎ 

�ƩƹŶūÏ��ŵźƨƬưƗ��ŚƿƵŶƳŻ�ƽŚƷƹŹǇ�Ţƃřŵźŝ�ƱřżǀƯ�ƽ�C. riparius��ƭźĭ���ƶŤƠƷ�Źŵ�ŮƐſ�Ŷůřƹ�Źŵ
Ƙţ�ŽŚſř�źŝƮŴţ�Ƶŵƺţ�ŵřŶ��Śŝ�ƶŤƟŚƿ�ƁŹƹźě�ƽŚƷÒ����ƽŚºƯŵ�Źŵ�ƾºƛźƯ�ŵƺºƧ�ƭźĭ�Î  ÏÓ�

ƶūŹŵ�ƽƾŤƳŚſ��ŵřźĭ� 
Table 2. The yield (larval live weight (gr) / m2 per week) of C. riparius egg masses reared on 

chicken manure (5 gr) at 26  1�oC. 
 

Yield (gr/m2/week)       Replicate 

1 2 3 4 
M  S. E. 

2 98.8 47.2 65.9 40.2 63.02  13.10  c 
3 100.5 60.4 98.8 70.8 82.62  10.06  b 
4 120.8 131.9 94.4 115.9 115.79  7.46  a 
5 118 164.8 100.6 141.9 131.38  13.99a 

 Means with different letters in each column are significantly different at p<0.01 (Duncan test). 
�

�ƩƹŶūÐ��ƽŚƷƹŹǇ�ƽŚƤŝ�ŶƇŹŵ�C. ripariusƵźǀū�Śŝ�ƶŤƟŚƿ�ƁŹƹźě��ƽ�ƽŚƯŵ�Źŵ�ƾƛźƯ�ŵƺƧ�ƾƿřŸƛ�
Î  ÏÓƶūŹŵ��ƽƾŤƳŚſ��ŵřźĭ� 

Table 3. Survival rate of C. riparius larvae reared on chicken manure at 26  1�oC. 
 

Rep. No. of 
eggs 

No. of eggs 
hatched 

No. of eggs 
not hatched 

No. of last 
larval instar 

Survival 
rate (%) 

1 260 255 5 197 77 
2 260 252 8 204 80 
3 260 240 20 202 84 

 
�ƽŚƷŚƯŵ�ŹŵÎ  ÏÑ�ƹ�Î  ÏÓ�ƶūŹŵ�ƾŤƳŚſ�ƽ��ŵřźĭ�ƵźǀƠºƃ�Ʋǀƫƹř�ƮƷŵżǀſ�ŻƹŹ�Źŵ�żǀƳ��ŚºƷ���ƵŶƷŚºƄƯ

�������ƪƯŚƧ�šřźƄů�ũƹźų�ũƹř�ƹ�ŶƳŶƃƶŝ����ŜǀţźţŻƹŹ�ŹŵƷƽŚ�ƮŤƀǀŝ��ƮƷŵŻƺƳ�ƹ�ƾƫŚºů�Źŵ��ŵƺŝ���Źŵ�ƶºƧ
�ƽŚƯŵÎ  ÏÕ�ƹ�Î  ÐÍ�ƶūŹŵ�ƾŤƳŚſ�ƽ�ŵřźĭƵźǀƠƃ�Ʋǀƫƹř��ŶƳŶƃ�ƵŶƿŵ�ƮƷŵżƳŚě�ŻƹŹ�Źŵ�ŚƷ���ƲƿřźŝŚƴŝ

�ƽŚƷƹŹǇ�ƁŹƹźě�ŚŝC. riparius��ƽŚƯŵ�ŹŵÎ  ÏÑ�Śƿ�Î  ÏÓ�ƶūŹŵ��ƾŤƳŚºſ�ƽ��ŵřźºĭ�ƾºƯ����Źŵ�Ʊřƺºţ
ƵŚţƺƧ�ƮƷŵżǀſ�ŻƹŹ�Źŵ�ƾƴƘƿ��šŶƯ�Ʋƿźţ�ƹŹǇ�źŨƧřŶů�ŵƺưƳ�Ţƃřŵźŝ�řŹ�źųō�Ʋſ�ƽŚƷ��

�ƽźĮƿŵ�ƢǀƤŰţ�Źŵ������ƁŹƹźºě�ƽřźºŝ�ƾºƛźƯ�ŵƺºƧ�ƭźºĭ�ƶſ�ÎÍÍÍ���ƮºŴţ�ŵŶºƗ�Chironomidae�
��ŜſŚƴƯ�Ŷƃ�Ƶŵřŵ�ƆǀŴƄţ�ƹ��ƶƧ�Ŷƿŵźĭ�ƆŴƄƯ����Śºƿ�ƮºƸƳ�ƽŚºƷŻƹŹ�żǀƳ�ƹ�ƮŤƠƷ�Śƿ�ƮƄƃ�ƽŚƷŻƹŹ

���ƵŵŚƯ�ŹřŶƤƯ�ƲǀưƷ��ƮƷŵ��ƽ�������ŵƺƃ�ƶƟŚƋř�ƁŹƹźě�Ŷůřƹ�ƶŝ�ŶƿŚŝ�ƾƿřŸƛ�ŚţŻƹŹ�Źŵ�ƽŚƷ���Śºƿ�ƮºƷŵŻřƹŵ�
ŚƸģ�ƮƷŵŹŝ�ƱřƺŤ�Ţƃřŵźŝ�ƶŝ�ŢŞƀƳ�ŚƷƹŹǇŵźƧ�ƭřŶƣř�(Anonymous, 2001)��

Egg masses  
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�ƪƨƃÎ�ƵźǀƠƃ�ŵřŶƘţ��ƵŶƃ�ƵŶƷŚƄƯ�ƽŚƷ�ƽ�C. riparius��ŻƹŹ�źƷ�Źŵ�ƁŹƹźě�Śŝ�ƞƬŤŴƯ�ƽŚƷŚƯŵ�Źŵ
ƾƛźƯ�ŵƺƧ�ƁŹƹźě�ƎǀŰƯ�Źŵ�ŚƷƹŹǇ��

Fig. 1. Number of C. riparius pupae observed daily at different temperatures reared on 
chicken manure. 
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źŴŤſř�ƲƿźŤƸŝ�Źŵ�ŵźƨƬưƗ�ƲǀĮƳŚǀƯ�ŚƯř��ŚƸƴţ�ŚƷgr m-2�ÎÎ�ŵƺºŝ�ƶŤƠƷ�Źŵ��(McLarney et al., 1974)��
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ŶƴŤººƃřŵ�Ţººƃřŵźŝ���ƹŹǇ�ŢººƄƧ�ƮŤººƀǀſ�ƽŹƹōŹŚººŝ�ƲƿźŤººƄǀŝ��ƽŚººƷChironomidae�ƁŹřżººĭ�Źŵ��

Kostantinov (1958)�Ƶŵƺţ�ƱŵźƧ�ƶƟŚƋř�Śŝ�ƶƧ�Ţſř�ƵŶƯō��ƮŴţ�ƽŚƷChironomus dorsalis Gibson��
�ƶŝ�Ŷǀƫƺţ�ƱřżǀƯ��ƁŹƹźě�ƎǀŰƯgr m-2�ÑÍÍ�Śƿ�ƞƧ�ƽŚƌƟ�Żř��gr m-2�ÏÒ��źºƷ�Źŵ�řŹ�śō�ŮƐſ�Żř�

ŵŹƹō�ŢſŶŝ�ŻƹŹ����ŪƿŚºŤƳYashouv (1956)�ƁŹƹźºě�Żř��ƽŚºƷƹŹǇ��Chironomidae����ƶºƧ�ŵřŵ�ƱŚºƄƳ
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ƶŝ�ƽƹ�Ţƃřŵźŝ���ƱřżǀƯgr m-2�ÐÔÒ�ÏÒÍŵƺŝ�ƶŤƠƷ�Źŵ���Jana & Pal (1990)���ƵŶºƳŻ�ƱŻƹ�ƲƿźŤƄǀŝ��ƽ
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