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Diapause in Coccinella transversoguttata can be inhibited by exposing adult females to 
photoperiod regimens of LD 16 : 8 or 14 : 10 hours. The photoperiod regimen to which the 
immature instars are exposed has little effect on the diapause status of the adult female. 

The purpose of diapause is to synchronize the life cycle of the organism with the 
seasons (Lees, 1955). Lees indicates that while diapause may be influenced by 
immediate environmental factors, such as temperature, food supply, and humidity, 
the length of day is a more consistant indicator of the seasons. Photoperiod, there- 
fore, is probably the primary factor in the initiation of diapause. The stage of the 
insect sensitive to the photoperiodic induction of diapause and the photoperiod 
regimen which induces diapause vary from species to species. The photoperiod 
which induces or inhibits diapause may vary with the latitude. 

Coccinellids of the subfamily Coccinellinae with the exception of the tribe 
Psyllobrini are predaceous (Arnett, 1960). The biology of predaceous Cocci- 
nellidae has been reviewed by Hagen (1962) and Hodek (1967). Hodek & 
Cerkasov (1961) showed that photoperiod, temperature, and food prevent or 
induce diapause in Coccinella septempunctata. McMullen (1967) determined that 
these factors affect diapause in Coccinella novemnotata, and that the adult from 
emergence to the seventh day of age is sensitive to diapause induction or inhibi- 
tion. The importance of photoperiod on diapause induction and inhibition has also 
been studied in Chilocorus bipustulatus (Tadmor & Appleb um, 1971), Chilocorus 
renipustulatus (Pantyukhav, 1968) and Hippodamia tredecimpunctata (Storch & 
Vaundell, 1972). Lady beetles are the major predators of potato-infesting aphids 
in northeastern Maine. Coccinella transversoguttata is the largest and usually the 
most abundant predator in the l~tato fields. In North America, the subspecies 
C. t. richardsoni Brown prevails. The overwintering adults become active in late 
May or early June. The adults of the first generation appear in late June or early 
July, and second generation adults occur in late August. The purpose of the present 
investigation was to determine the effects of different photoperiods on diapause 
induction and inhibition in C. transversoguttata. 
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MATERIALS A N D  METHODS 

The lady beetles used in these studies were collected as adults in potato fields in 
the vicinity of Presque Isle, Maine. Stock cultures of one male and one female 
were placed in �89 pint ice cream cartons with plastic tops and maintained in an 
incubator at a temperature of 21 • 2 ~ and a photoperiod regimen of 16 light : 8 
dark (LD 1 6 : 8 )  hours. The beetles were fed daily an excess of green peach 
aphids, Myzus persicae (Sulzer). Tho aphids were reared on Chinese cabbage plants 
in a greenhouse. 

Stock adult 
photoperiod 

Immature 
phatoperiod 

Adult female 
photoperiod 

~ LD 12:12 (10) 

LD 14:10 (10) 
L D I 2 : I 2  
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LD 24:0 (10) 

LD 16:8 

~ LD 12:12 (10) 

LD 14:10 (10) 
14:10 

LD t6:8 (lO) 

LD 24:0 (~0) 

~ LD 12:12 (10) 

LD 14:10 (10) 
LD 16:8 

LD 16:8 (10) 

LD 24:0 (10) 

LD 12:12 (10) 

L D 2 4 : o ~ L D  14:10 (10) 
LD 16:8 (10) 

LD 24-:0 (10) 

Fig. 1. Experimental procedure. Numbers  in parentheses indicate the number  of females tested 
in each replicate. 
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The experimental design was the same as used to study the effects of photo- 
period on Hippodamia tredecimpunctata (Storch & Vaundell, 1972). The immature 
forms and adults were exposed to four photoperiod regimens; LD 1 6 : 8  (long 
day), LD 14 : 10 (intermediate day), LD 12 : 12 (short day), and 24 : 0 (continu- 
ous day) (Fig. 1). Larval and adult beetles were fed an excess of aphids daily. Eggs 
were collected each morning from the stock cultures and placed in the immature 
photoperiod regimen. Upon hatching the larvae were placed in 10-dram vials. 
Newly emerged adult females were placed in 1/2 pint cartons with plastic tops in 
the adult photoperiod regimen. After 10 days females were paired with adult 
males which had been reared in LD 16 : 8 immature and adult photoperiods. Eggs 
were collected each day and the numbers recorded for 20 days. Dead females were 
replaced by others reared under the same conditions. Each treatment was replicated 
three times. 

Oviposition was used as the criterion to indicate the non-diapause condition. 
The females from one replicate were fixed in alcoholic Bouin's solution for dissec- 
tion of the ovaries. The chi-square test was used to determine significant 
differences between the number of females ovipositing in each treatment. Differ- 
ences in the total number of eggs deposited, the total number of days of oviposi- 
tion, and the daily number of eggs per female for each treatment were compared 
by means of Duncan's Multiple Range Test. The student's t test was used to 
determine significant differences in the rate of larval development, length of the 
pupal stage, and number of females dying during the oviposition period for each 
treatment. 

RESULTS AND DISCUSSION 

The photoperiod to which the adults are exposed is responsible for diapause 
induction or inhibition (Table I). A significantly greater number of females 
oviposit when exposed to an adult photoperiod of LD 16 : 8 than when exposed 
to an adult photoperiod of LD 12 : 12. These data are in agreement with data for 
Coccinella novernnotata (McMullen, 1967), C. septempunctata (Hodek & Cerkasov, 
1961), Chilocorus bipustulatus (Tadmor & Applebaum, 1971), C. renipustulatus 
(Pantyukhov, 1968), and Hippodamia tredecimpunctata (Storch & Vaundell, 
1972). The immature photoperiod regimen has little effect in inducing or prevent- 
ing diapause in adult females. Within a given adult photoperiod regimen, however, 
more adult females entered diapause when they were exposed to short day im- 
mature photoperiods. Beetles exposed to continuous day immature photoperiods 
reacted similarly. Continuous day adult photoperiods did not prevent a significant 
number of adults from entering diapause. The critical photoperiod for diapause 
induction or inhibition is probably between 13 and 14 hours of light per day in 
north-eastern Maine. The ovaries which were examined from diapausing females 
did not contain mature ova. 
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TABLE I 

E//ects o1 photoperiod on number ol temales ovipoMting 

Photoperiod treatment No. of No. of Test of 
(larval/adult) females females significance 

(light : dark/light : dark) tested ovipositing at 0.05 level* 

14 : 10/16 : 8 30 28 a 
16 : 8 /16 : 8 30 24 ab 
12 : 12/16 : 8 30 18 be 
24 : 0 /16 : 8 30 15 cd 
12 : 12]24 : 0 30 14 cd 
14 : 10/24 : 0 30 14 cd 
16 : 8 /14 : 10 30 14 cd 
14 : 10/14 : 10 30 10 de 
24 : 0 /14 :10  30 9 de 
12 : 12/14 : 10 30 9 de 
16:8  /12 :12  30 6 e 
2 4 : 0  / 2 4 : 0  30 5 ef 
16:8  / 2 4 : 0  30 5 ef 
14 : 10/12 : 12 30 1 fg 
2 4 : 0  /12:12  30 0 g 
12 : 12/12 : 12 30 0 g 

* Differences between treatments were tested with the chi-square test. Two or more treatments 
sharing a common letter are not significantly different. 

The  n u m b e r  of eggs pe r  female  pe r  day  (Table  I I )  d id  no t  differ  s ignif icant ly  at  

the  5 %  level when tes ted with  the D u n c a n ' s  Mul t ip l e  R a n g e  Test.  Fema le s  

exposed  to  a L D  16 : 8 adu l t  p h o t o p e r i o d  ovipos i ted  twice as of ten in the  20 -day  

obse rva t ion  p e r i o d  as females  exposed  to  a L D  14 : 10 p h o t o p e r i o d  (Tab le  I I ) .  

The  n u m b e r  of  females  which  d ied  dur ing  the ov ipos i t ion  pe r iod  var ied  f rom one  

to six for  a pa r t i cu l a r  t rea tment .  T h e  s tudent ' s  t test  ind ica ted  tha t  there  were no  

s ignif icant  di f ferences  be tween  dea ths  for  a pa r t i cu l a r  t rea tment .  

T h e  p h o t o p e r i o d  reg imen dur ing  the la rva l  stages d id  no t  inf luence the ra te  of 

la rva l  deve lopment .  The  same  re la t ionsh ip  was de t e rmined  for  C. novemnotata 
(McMulIen ,  1967), C. septempunctata (Hodek ,  1958), and  H. tredecimpunctata 

(Storch & Vaunde l l ,  1972). 
C. transversoguttata and  H. tredecimpunctata are  two nat ive  species  of cocci -  

nel l ids  which  might  be e m p l o y e d  for  con t ro l  of  po ta to - in fes t ing  aphids  in Maine .  

These  two species cons t i tu ted  abou t  9 5 %  of  the coccine l l id  p reda to r s  found  
in p o t a t o  f ields on  the A r o o s t o o k  F a r m  each yea r  f rom 1955 to 1969 (Shands  

et aL, 1972). The  pe rcen tage  of  each  species va r i ed  f rom yea r  to  year.  The  

eff iciency of these coccinel l ids  in cap tur ing  aphids  has no t  been  de te rmined .  Of  

these  two species,  H. tredecimpunctata can be r ea r ed  m o r e  efficiently.  W h e n  

rea red  unde r  the same  condi t ions  of pho tope r iod ,  t empera tu re ,  and  food,  the  H.  

tredecimpunctata females  depos i t ed  twice as m a n y  eggs, twice as f requent ly  as 

C. transversoguttata females  in the 20 -day  obse rva t ion  pe r iod  (Storch & Vaunde l l ,  
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TABLE II  

Rate of oviposition at di[]erent photoperiods 

Photoperiod treatment Total no. Total no. Daily rate 
(larval/adult) of eggs of days of of eggs 

(light : dark]light : dark) deposited oviposition deposited 

12 : 12/16 : 8 3405 (18) 146 23.32 
14 : 10/16 : 8 4228 (28) 173 24.44 
16 : 8 /16 : 8 3828 (24) 173 22.13 
24 : 0 /16 : 8 3534 (15) 118 29.95 

12 : 12/14 : 10 1049 ( 9 )  53 19.79 
14 : 10/14 : 10 1863 (10) 76 24.51 
16 : 8 /14 : 10 912 (14) 50 18.24 
24 : 0 /14 : 10 1403 ( 9 )  52 26.98 

12 : 12/12 : 12 0 ( 0 )  0 
14 : 10/12 : 12 79 ( 1 )  4 19.75 
16 : 8 /12 : 12 353 ( 6 )  24 14.71 
2 4 : 0  ] 1 2 : 1 2  0 ( 0 )  0 

12 : 12/24 : 0 1905 (14) 82 23.23 
14 : 10/24 : 0 1398 (14) 62 22.55 
16 : 8 ] 2 4 : 0  3 8 0 ( 5 )  21 18.10 
24 : 0 ]24 : 0 1262 ( 5 )  48 26.29 

Numbers in parentheses indicate the number of females which oviposited. 

1972) .  I f  n a t i v e  spec ies  of  cocc ine l l i d s  a re  to  b e  s u p p l e m e n t e d  by  l a b o r a t o r y -  

r e a r e d  bee t les ,  H. tredecimpunctata can  be  c u l t u r e d  m o r e  e c o n o m i c a l l y .  

T h i s  s t udy  was  s u p p o r t e d  in  p a r t  by  H a t c h  F u n d s  p r o v i d e d  by  t h e  M a i n e  L i f e  

Sc iences  a n d  A g r i c u l t u r a l  E x p e r i m e n t  S ta t ion .  

RI~SUME 

L'INFLUENCE DE LA PHOTOP~RIODE SUR COCCINELLA TRANSVERSOGUTTATA 
(COLEOPTERA : COCCINELLIDAE) 

Coccinella transversoguttata est un des plus importants pr6dateurs des Pucerons de la 
pomme de terre dans l 'Etat du Maine (U.S.A.). C'est la photop6riode ~t laquelle les adultes 
sont soumis qui conditionne la diapause imaginale de cet insecte : une photop6riode jour/nuit 
de 16 : 8 heures emp~che la diapause, alors qu'une photop6riode jour/nuit de 12 : 12 heures 
d6clenche la diapause. Urt 6clairement permanent n'a pas d'effet significatif sur l'inhibition de 
la diapause. La photop6riode ~t laquelle sont soumis les 0eufs, les larves et les nymphes n'a 
gu~re d'effet sur la diapause des adultes. La photop6riode n'a pas non plus d'influence sur le 
d6veloppement larva.ire ni sur la mortalit6 des larves ou des adultes. 
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