
                                                                          ����   � ����	
      ������	
  

                                                                        ��� ��� ����� �� ������ ����  

 ��

  

��� ������ 	
� ��
 �
� ��	� ���  �	� ��
�  

����� ���	� ��� ! �"# ��"#∗ #�$�% %�#���&��
�  

Habrobracon hebetor (Hym.: Braconidae)  
Comparison of non-linear models for predicting developmental rate of  

different life stages of Habrobracon hebetor (Hym.: Braconidae) 
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 ��	��H�*'��A ��F&*Habrobracon hebetor Say �����X �	��H�*'��A Idiobiont�   �_��H�'

0&'��A *' �(��* ('�N6 ��` 92' �� (Quicke & Van Achterberg, 1990) . ��	��H�*'��A ��F&* <�'

<	O�' �'�
 -'��' *' ]2�6 ���
 Farahbakhsh (1961)a�� <	3'�� *'  92' ��� ?�'"
 � ���� .

 �	��H�*'��A ��F&* *' �(�UH2'H. hebetorO�	
 Q�Hb+ J3�_ -'�b_ 0
 � c�dQ�Hb^ 9�� ��` sp. 

Heliothis  Q�2 *' -'��' �(���e �	O�6 �
 fghhhh-� )*�2��� � ��F&*   iE2 �( ��ff�h 

� ��%+ j�'"3 *' ��H$���(�
 *�T . 7R �(k 0
 �	��H�*'��A ��F&* <�' �	O�6 -'"	3 �Q�2 

�g�Lhhhh (��K ��3 <�' 7R �( c�lO�	
 Q�Hb+ m��A ��* iE2 � �	2� (�_ L �� �
'�
 

 ��$
 (�I& � ���2 �7,&�� 0��
 ���n �0FbA �b&�3 7_'�* -���	
 o�3 ���� ��` 0	�_ 0+

73  (��)(Anonymous, 2004.  

� *' )��	1
6 956 c�d�O�+' )���b�'�p �	Vo	�M'
 �  03 �3( �l��� �b��
 . 0$b�' J	O�
 '@O

����A j�M� -�$3 �( � Q�2 G�HI3 Q�q� �( �� 73 �rb
 �92' ���UH3 G�HI3 )��  �2�

 ]	53 <	
 J
�4H3 �V' 0NO�E3)
 0�3( �l�� ("� �'�%K ��� �sO�+' ��NO�E3 o�3 ����
 c�d 

)Cammell & Way, 1987(.  

 ��
 <	O�'fgh JFM Q�2 Reumore 0&'��A j�& c� )����` ��& � ��� )�� '� �3( m4& 

 ('( �'�M 72��
 (��3)Higley et al., 1986(�  a�*�6 )�� �3( �V' (��3 �( -�b+ �6 :���6 -� *'

)Mesenger, 1959( *�A��( �)Wagner & Villavaso, 1999(�
l�� �,�( � )����
 � O�	
 )���d� c

'�%K 9�� �)Aliniazee, 1976( ���� 7N	FR -�b��( � )Lopez et al., 1997; Dreyer et al., 

1997( 92' ��� �%Hb3 )(�NH3 �`�43 .m	A  0H�@
 Q�2 �t 7R �( �'�%K ��� D�& 7b	


��%K �( )(�
��+ 72�b�� )(�NH3 7u��� a
'�6 ��3 <�' �( � 0H��
 �'�M )(��* 0��6 (��3 

�� D�& G	t�6 )'�

 �� 07���M 0+ �92' ��� (��b%	A �3( *' 7N
�6 -'�b_ -� <��6  ?�� ��

*���  0��()Degree-Day(73   ���
)Curry et al., 1978( . <	�I6 ?�� 7��
 '� ?�� <�'

73 -�	
 "	& ��� 7EX �&�'( .� �3( <	
 0E
'� 0v �
'  JM'�K 0
 c�("& )�3( �( ���  

�	T �w+'�K � %	
 -�v �3' �92' 7EX73 D� 7b5b3 7EX mI
 �( ��� �'�43 <��H  ��(  

73 �'�M <	��A �� `�
 ��	1
 )���3( �( ���b
 �'�%K *' )��	1
 0$b�' J	O( 0
 �  ��&�	
  



             ��� ������ ��� ��� ��� ���� �!" �#$ � �%& '�$ �(��)*+,� -����  &�.$� ��%& ��&���/�+�� H. hebetor  

  

  

 ��

Q�3 <�'�
�b
 *�� )���  �&�'( 7F2�b3 ��'��+ 0��()Young & Young, 1998; Worner, 1992 .(  

Q�3 �u�K Q�K �( *�� )���"� -'�b_ 0
 0��( �x 73 ���� 74	U�6 9����3 �( o�3 ��
b �  

)Higley et al., 1986( . ��F&* )'�
 0b	3* <�' �( ��_.R'H. hebetor  0NO�E3 0
 �q5b3

Adashkevich & Saidova (1987)73  ���
 .�3( 0&�H2� -�4453 <�'� y	6�6 0
 '� `�
 � <	��A 

e/�f � �/��7H&�2 0��(  �3( j��Z3 � ('�
�3 {� )'�
 �V� ��  '� J3�+ ��%K �6 oI6 *' ��&

�/��L*�� � �(��& <		N6 0��( �&'.  

6 m��lA <�' �(p �	��H�*'��A ��F&* ���� JK'�3 ��� G�HI3 ����3( �	VH. hebetor  �

-� ?*'�
 Q�3 �
 �� �	T ���  �'�M 0NO�E3 (��3 �EX92' 0H��
.  

  

�"#�$ %�#  

&'(�� ��
 )�* �$ +,�$�- .���� ��/# �#�
: �(����3( �2��
 <�'  �L� ��� fh �f�� 

fg� f� ��h� �f� �g � ���H&�2 0��(  ('�
�   �F1& 9
�R�g ±Lh �t�(�  ���( Q�R 

 ���b����L �!���6 � � 9_�2 Q��_'��  .�(<�' �3*� �m ?���A �b�^ *' � 0H�� ��F&*

�	��H�*'��A H. hebetor �X� <2 )����` )�� Galleria melonella� �(�UH2'  -'�b_ 0
 0+ �

3	3 �( (���3 7b�+ *' -�
"{456 012	 ��4��%^ �!�"#��	
�6 	(�
 ��� 0 )Mohaghegh & 

(Amirmaafi, 2007 . <	
 �3( �� �'�
�ehh �6 fLhhoI6 (�_  )��h0H_�2  ( �	��H�*'��A ��F&*

 oHU� J1& *'F7  �'�
 � |�IH&' ��(�q6 ���q
 �(�
 ��� 0H�'@
 -�
"	3 ��` ��� 0^

2 �( �('�U&' ���q
 �(�
 �	��H�*'��A ��F&* oI6 J3�K 0^ -�
"	3 ��` �� ��2��
 9O��

JX'(}�~ �EM 0
 ��HA  g �H&�2  �'�M �(�
 ��� ��&���A �@T�^ Q��H2( ]2�6 -� G^ 0^ �H3

�� �('(.3( �� �'�
 �#2 � 0
 0R�
�3 ���
 �e `�
 �( 0^ �E�'�� �( � o	146 ���13 0H2( 

 ����' -� 0
�� J4Hb3 ��6�
�!&' 0
 ��� . �� oI6 0�K�3 �(e ���� 0�K�3 �( � ��F!� 9_�2 

� ��`  �� ��	U�fe���F!� 9_�2 }��~ ���� ����%3 ���� 0�K�3 � ('�N6 � ��(*�
 ��HA  

�( � ?���� ��(�
 9FV 0R�
�3 Q�'��.�+ 	�3*� 0�m 456 mI
 �( ��	 ���b
 <2 ��4

3{456 012	
 ��4	��!�"#7��%^ ��� ��Z&' -'��6  .  

�('( �	T Q�3 9U� �
 ���� D�& 0
 W�
�3 ��� �� �('( ?*'�
 ��* ��� 0
 �EX:  
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01  )��Exponential:0O(�N3 ���q
 ����& Q�3  �( )
( )( )minTT

T er −Ψ= ρ 92' . <�' �(

0O(�N3 ( )Tr ���� D�& T � �3( Ψ,ρ�3 Q�3 ����H3'��A  � �b��
 minT ��3( <��H�^ 

92' m��3*� (��3.  

21  )��Exponential Tb: � 92' ��� �('( �		S6 �<	x�A ��3( 0&�H2� �'�
 ����& Q�3 <�' 

0O(�N3 ���q
 ( )
( ) 1)( −= − bTT

T er ρ �3 ���
.0O(�N3 <�' �(  ( )Tr ���� D�& T � �3( 

ρ,bT  Q�3 <�' ����H3'��A�bH1�.  

31 )�� Tb Logan: ]2�6 Q�3 <�' Logan et al. (1979)92' ��� 0�'�'  . 0E
'� Q�3 <�'

��� D�& <	
  �0O(�N3 *' �(�UH2' �
 '� �3( �( )
( )( ) ( )( ){ }TTTTT

T
bb eer ∆−−− −Ψ= ρ 
 -�	

73 ����& .0O(�N3 <�' �( ( )Tr ���� D�& T� �3(  Ψ∆ ,,, ρbTT � Q�3 <�' ����H3'��A

�3 �b��
.  

41  )��Stinner:]2�6 Q�3 <�'  Stinner et al. (1974)  ��	���,	2 Q�3 [�2' �


92' ��� (��b%	A .<�' D�& <	
 0E
'� Q�3��� 0
 0O(�N3 ��* \� �
 '� �3( � ��� : 

)TTopt 〉( �( ) )1( ).( 21 TkkT e

c
r ++

= � )TTopt 〈( �( )
)1( ))2(( 21 TTkkT opte

c
r −++

= 

�3 G	t�6 �b^. 0O(�N3 <�' �( ( )Tr ���� D�& T�3 �3(  �b��
. �'�'( Q�3 <�' e �H3'��A 

ckkTopt ,,, 12 92'.  

��  ���Logan 1 : ]2�6 Q�3 <�'Logan et al. (1976) ����& Q�3 �( ���U6 [�2' �
 

 J4H13)mI
 ��b�( -�%& 0^ �bH1� �3( � ��� D�& 0E
'� �b5b3 �O�"& � �(�Nt ���( �

92' ��� 0�'�' .0O(�N3 [�2' �
 ��� D�& ( ) ( ))(( maxmax TTTTT
T eer ∆−−Ψ= ρρ 	
 -�

�3 ((�
.0O(�N3 <�' �(  ( )Tr ���� D�& T� �3(  Ψ∆ ,,, max ρTT Q�3 ����H3'��A�bH1� .  

��  ���Logan 2: ]2�6 Q�3 <�' Logan et al., (1976) Q�3 [�2' �
 �'�		S6 �^�&' �
 

g' q
 �3( � ��� D�& 0E
'� 0^ �92' ��� 0�'����:  

])1[( ))((1
)(

max TTTT
T ekexr ∆−−−−+= ρ 

92' ��� -�	
 .0O(�N3 <�' �( ( )Tr��� D�& �  T �3(  (�
� �'�'( 0O(�N3 <�' g �H3'��A 

*' �b6��F_ 0^ 92': xKPTT ,,,, max∆  
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�� IIIType :]2�6 Q�3 <�' Hilbert & Logan (1983)   Q�3 Q�' ����& mI
 i	5q6 �


g\� 0
 -� J��F6 �  92' ��� 0�'�' ��	���,	2 mI
 0+ ���t 0
:   

( ) ⎥
⎦

⎤
⎢
⎣

⎡
−

+
Ψ= ∆−− ))((

22

2
max TTT

T e
DT

T
r 92'.0O(�N3 <�' �(  ( )Tr ���� D�& T� �3(  

Ψ∆ ,,, maxTTD,minT �H3'��A���bH1�  .�'"�' ��& *' �(�UH2' �
 0b	3* <�' �( ��F2�53 0	�^ 

PMDS (Logan, 1988)�� ��Z&' .  

  

�	
��
� � �   

 �(Q��� � � �	��H�*'��A ��F&* )��� G�HI3 JK'�3 )��� ���( Q�RH. hebetor �( � 

 Q���f  ���H&(����
Q�3 ����H3'��A  �	T ��� �� �'�
 �EX \�*' oI6 ���� JK'�3 � 

 J3�^ ��%K �6 oI6 0�K�3 *' � ��	U� ���`)�(�3� �& �'�
 \	!U6 0
 (92' ��� 0�'�' .

�2��
  -�%& ��('(�('( 0^  Q�3 �( �
 �
�I
 0NO�E3 (��3 JK'�3 0	�^ ��� Logan 1  �Stinner 

0H��� ?*'�
 �&' )�'�43 [�2' �
r2( �<�'�
�b
�r& (��3 JK'�3 *' \� �� �'�
  �( �� �2��
 0
 

73 0HX'(�A Q�3  (��) Q�3 �J3�^ ��%K �6 oI6 � ��` ���� 0�K�3 �'�
 0HFO'Type III "	& 

0H��� ?*'�
 �
�I
 ��('( -�v �3' �̀ �t' �
�	U� � oI6 0�K�3 ��� �bH��	& Y�FE&' Q�3 <�' �
 

 *'����� ��'((�X -� .(  
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Table 2- Parameter values of different non-linear models fitted to data relevant to  

the different developmental stages of H. hebetor at different temperatures. 
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Fig. 1- Non-linear relationship between temperature and developmental rate of H. hebetor. 
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Comparison of non-linear models for predicting developmental 

rate of different life stages of Habrobracon hebetor  

(Hymenoptera: Braconidae) 

 

M. FOROOZAN1, A. SAHRAGARD1∗ and M. AMIR-MAAFI2 

1- College of Agriculture, Guilan University 

2- Iranian Research Institute of Plant Protection, Tehran 

 

ABSTRACT 

 

Relationship between temperature and developmental rate of different stages of 

Habrobracon hebetor Say (Hym.: Braconidae) were studied at 10 constant temperatures  

(16-38 °C). Development time for different stages of the parasitoid was obtained. Seven non-

linear models describing the effect of temperatures on developmental rate were fitted to the 

observed data. Our statistical analysis indicated that the models, Logan 1 and Stinner were 

fitted well to all stages of Habrobracon hebetor (as indicated by r2 values). In this research, 

equations for above mentioned models referring to different developmental stages of the 

parasitoid have also been given. 

Key words: Habrobracon hebetor, Braconidae, Temperature, non-linear models. 

 

 

 

 

References 

 

ADASHKEVICH, B. P. and E. KH. SAIDOVA, 1987. Features of the development of 

Habrobracon hebetor (Hym.: Braconidae) during rearing in the laboratory. Zoologicheskii 

Zhurnal, 66(10): 1509-1515. 

ALINIAZEE, M. T. 1976. Thermal unit requirements for determining adult emergence 

                                                           
∗ Corresponding author: sahragard@guilan.ac.ir 



M. Foroozan, A. Sahragard and M. Amir-Maafi 

 
 

  16

of the western cherry fruit fly (Dip.: Tephritidae) in the Willamette valley of Oregon. 

Environ. Entomol. 5: 397-402. 

ALLEN, J. C. 1988. Averaging functions in a variable environment: a second order 

approximation method. Environ. Entomol. 17: 621-625. 

AMIR-MAAFI, M. 2000. An investigation on the host-parasitoid system between 

Trissolcus grandis Thomson (Hym.: Scelionidae) and sunn pest eggs. Ph.D Thesis (in Persian 

with English summary), College of Agriculture, Tehran University, 220pp. 

ANDERSON, T. E., G. G. KENNEDY and R. E. STINNER, 1982. Temperature-

dependent models of European corn borer (Lep.: Pyralidae) development in North Carolina. 

Environ. Entomol. 11: 1145-1150. 

ANONYMOUS, 2004. Annual report of Plant Protection Organization of Iran. 35pp. 

ARBAB, A., D. C. KONTODIMAS and A. SAHRAGARD, 2006. Estimating 

development of Aphis pomi (DeGeer) (Hom.: Aphididae) using linear and nonlinear models. 

Environ. Entomol., 35(5): 1208-1215. 

BARNES, J. K. 1976. Effect of temperature on development, survival, oviposition and 

diapause in laboratory populations of Spedon juscipenis (Dip.: Sciomyzidae). Environ. 

Entomol., 5: 1089-1098. 

BENTZ, B. J., J. A. LOGAN and G. D. AMMAN, 1991. Temperature-dependent 

development of the mountain pine beetle (Col.: Scolytidae) and simulation of its phenology. 

Can. Entomol. 123: 1083-1094. 

BRIERE, J. F. and P. PRACROS, 1998. Comparison of temperature-dependent growth 

models with the development of Lobesia botrana (Lep.: Tortricidae). Environ. Entomol., 27: 

94-101. 

CAMELL, M. E. and M. J. WAY, 1987. Forecasting and monitoring. In: Integrated 

pest management. pp. 1-26 (Eds. A. J. Burn, T. H. Coacker and P. C. Jepson), Academic 

Press. 

CURRY, G. L., R. M. FELDMAN and P. J. H. SHARP, 1978. Foundations of 

Stochastic development. J. Theo. Biol. 74: 397-410. 

DREYER, B. S., P. NEUENSCHWANDER, B. BOUJOU, J. BUMGARTNER and S. 

DORM, 1997. The influence of temperature on life table of Hyperaspis notata Entomologia 

Experimentalis et Applicatta. 84: 82-85. 

FARAHBAKHSH, GH. 1961. A checklist of major crops and agricultural products 

pests in Iran. Ministry of Agriculture.  



Comparison of non-linear models for predicting developmental rate of different stages of … 

  

  

  17

GOT, B., S. MEUSNIER, I. PEYPELUT and F. FLEURY, 1994. First step in European 

corn borer (Lep.: Pyralidae) diapause mechanistic modelling: wing disks development model. 

Environ. Entomol., 23: 955-964. 

GRAY, D. R., J. A. LOGAN, F. W. RAVLIN and J. A. CARLSON, 1991. Toward a 

model of gypsy moth egg phenology: using respiration rates of individual eggs to determine 

temperature-time requirements of prediapause development. Environ. Entomol. 20: 1615-

1652. 

HIGLEY, L. G., L. P. PEDIGO and K. R. OSTLIE, 1986. Degday: A program for 

calculating degree-day and assumptions behind the degree-day approach. Environ. Entomol. 

15: 999-1016. 

HILBERT, D. W. and J. A. LOGAN, 1983. Empirical model of nymphal development 

of the migratory grasshopper, Melanoplus sanguinipes (Orth.: Acritidae). Environ. Entomol. 

12: 1-5. 

JAROSIK, V., A. HONEK and A. F. G. DIXON, 2002. Developmental rate isomorphy 

in insects and mites. Am. Nat. 160: 497-510. 

LAMB, R. J. 1992. Developmental rate of Acyrthosiphon pisum (Hom.: Aphididae) at 

low temperatures: implications for estimating rate parameters for insects. Environ. Entomol. 

21: 10-19. 

LOGAN, J. A. 1988. Toward an expert system for development of pest simulation 

models. Environ. Entomol. 17: 359-376.  

LOGAN, J. A. and G. D. AMMAN, 1986. A distribution model for egg development in 

mountain pine beetle. Can. Entomol., 118: 361-372. 

LOGAN, J. A., R. A. CASAGRANDE and LIEBHOLD, A. M. 1991. Modelling 

environment for simulation of gypsy moth (Lep.: Lymantriidae) larval phenology. Environ. 

Entomol. 20: 1516-1525. 

LOGAN, J. A., R. E. STINNER, R. L. RABB and J. S. BAEHELER, 1979. A 

descriptive model for predicting spring emergence of Heliothis zea populations in North 

Carolina. Environ. Entomol., 8: 141-146. 

LOGAN, J. A., D. J. WOLKIND, S. C. HOYT and L. K. TANIGOSHI, 1976. An 

analytic model for description of temperature rate phenomena in arthropods. Environ. 

Entomol., 5: 1113-1143. 

LOPEZ, R., D. N. FERRO and J. S. ELKINTON, 1997. Temperature-dependent 

development rate of Myiopharus doryphore (Dipt.: Tachinidae) within its host, the colorado 



M. Foroozan, A. Sahragard and M. Amir-Maafi 

 
 

  18

potato beetle (Col.: Chrysomellidae). Environ. Entomol., 26: 655-660. 

McCLAIN, D. C., G. C. ROCK and R. E. STINNER, 1990. San Jose scale (Hom.: 

Diaspididae): simulation of seasonal phenology in north Carolina orchard. Environ. Entomol., 

19: 916-925. 

MESSENGER, P. S. 1959. Bioclimatic studies with insects. Annu. Rev. Entomol., 4: 

183-206. 

MESSENGER, P. S. 1971. Climatic limitations to biological controls. Proc. Tall 

Timbers Conf. Ecol. Anim. Control Habitat Manage. 3: 97-114. 

MILLER, J. C. 1996. Temperature-dependent development of Meteorus communis 

(Hym.: Braconidae), a parasitoid of the variegated cutworm(Lep.: Noctuidae). J. Econ. 

Entomol. 89(4): 877-880. 

MOHAGHEGH, J. and M. AMIR-MAAFI, 2007. Reproduction of the predatory 

stinkbug, Andrallus spinidens (F.) (Het.: Pentatomidae) on live and frozen prey. Appl. 

Entomol. Zool. 42: 15-20.  

QUICKE, D. L. J. & VAN ACHTEBERG, C. 1990. Phylogeny of thesubfamilies of the 

family Braconidae (Hym.: Ichneumonidea). Zool. Verh., 258: 1-95. 

STILING, P. 1993. Why do natural enemies fail in classical biological control 

programs? Am. Entomol. 39: 31-37. 

STINNER, R. E., A. P. GUTIERREZ and G. D. BUTLER, 1974. An algorithm for 

temperature-dependent growth rate simulation. Can. Entomol., 106: 519-524. 

WAGNER, T. L. and E. J. VILLAVASO, 1999. Effects of temperature and adult diet 

on development of hypertrophied fat body in prediapause boll weevil (Col.:Curculionidae). 

Ann. Entomol. Soc. Am. 92: 403-413. 

WORNER, S. P. 1992. Performance of phenological models under variabletemperature 

regimes: consequences of the kaufman or rate summation effect. Environ. Entomol. 21: 689-

699. 

YOUNG, L. J. and J. H. YOUNG, 1998. Statistical Ecology: A population perspective. 

Kluwer Academic Publishers, Boston, USA. PP: 565. 

 

 

Address of the authors: Eng. M. FOROOZAN and Dr. A. SAHRAGARD, Dept. of 

Plant protection, College of Agriculture, Guilan University, Iran; Dr. M. AMIR-MAAFI, 

Iranian Research institute fo Plant Protection, P. O. Box 1454, Tehran 19395, Iran. 


