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A COMPARATIVE STUDY OF THE EFFECTS OF CONSTANT TEMPERATURES 

ON DEVELOPMENT TIME AND SURVIVAL OF TWO COCCINELLID 

BEETLES OF THE GENUS CHILOCORUS 

H. PODOLER and J. HENEN* 

The effect of constant temperatures on duration and rate of development and on 
survival of two species of predatory beetles of the genus Chilocorus (Coleoptera: 
Coccinellidae) (one endemic and one imported) was studied. The observed data 
were analyzed and compared applying three different methods. The methods 
based on the logistic curve provided a better fit to the observed data as compared 
with the widely used Bliinck-Bodenheimer equation. 
The imported species C. kuwanae had a faster rate of development than the 
endemic species C. bipustulatus at the lower temperatures tested (18 ~ 22~ 
but it could not complete its development at 32~ Survival of C kuwanae was 
considerably lower than that of the endemic species. As both species are active 
during the summer, it was concluded that the sensitivity of C kuwanae to high 
temperatures provides at least a partial explanation to the fact that this species 
has not become established yet in Israel. 
KEY WORDS: Chilocorus bipustulatus; Chilocorus kuwanae; Coleoptera; 
Coccinellidae; temperature effects; development, duration and rate of; survival 

INTRODUCTION 

The coccinellid beetle Chilocorus bipustulatus L. is the most important  predator  of  
diaspidid scale insects in citrus groves in Israel (e.g. 1, 5) and is also known to affect 
the populat ions of important  pests in the Coccidae (e.g. 7, 8), In 1976 the Israel 
Cohen Insti tute for Biological Control of  the Citrus Marketing Board of Israel, im- 
por ted  from Japan another predator of  the same genus, C kuwanae Silvestri, with 
the aim of  strengthening the predatory complex and thus improving biological control 
o f  citrus pests. Several thousand individuals of  this predator  were released at various 

locations, but C kuwanae has not yet  been reported to be established in Israel, A 

study was therefore initiated to compare the two species and to determine the reasons 
for this failure. 
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The part of this study which summarizes the effect of constant temperatures 
on the rate of development and survival is reported here; another part, which deals 
with the searching behavior of these species, is in preparation. 

MATERIALS AND METHODS 

Cultures 
The stock culture of C bipustulatus was started from field-collected adults. 

Special care was taken to ensure that only beetles free of the parasitic fungus ~espero- 
myces virescens Thaxter (3) were used. The stock culture of C kuwanae was started 
from beetles received from the Israel Cohen Institute for Biological Control of the 
Citrus Marketing Board of Israel. The original culture in Israel was started from beetles 
sent by Dr. Nohara from Hagi (Japan) in 1976. 

The cultures were maintained in wooden cages (30 x 40 x 30 cm) which had a 
glass roof, a side opening covered with cloth for ventilation and another opening with 
a cloth sleeve for access. The cages were held at 27~176 65% RH and 16:8 LD, a 
photophase regime which kept the adults from entering imaginal diapause. 

Flannel strips were placed in the cages for oviposition by C bipustulatus (6); 
strips of sponge, which had been found in the present study to meet the ovipositional 
requirements of C kuwanae, were supplied for this species. 

The Diaspidid scale insects Aonidiella aurantii Mask., Chrysomphalus aonidum 
L. and Aspidiotus nerii Bouch6 served as food for the predatory beetles. 

Effect of  constant temperatures 
This effect was studied in plastic containers (13 x 30 x 20 cm) closed with a 

glass plate, and with ventilation apertures covered with copper net. Strips of sponge 
were glued to the edges of the cover plate to prevent the beetles from escaping the 
containers. Infested whole butternut squashes were placed on wooden frames at the 
bottom of these containers. A known number of eggs, up to 24 h of age for tem- 
peratures lower than 27~ and up to 48 h of age for the higher temperatures (on 
flannel strips for C bipustulatus and on sponge strips for C kuivanae), was placed on 
each squash. The containers were then transferred to incubators with the following 
constant temperatures: 18 ~ 22 ~ 24 ~ 26 ~ 28 ~ 30 ~ and 32~ for C bipustulatus, 
and all these except 24~ for C kuwanae. The numbers ot~larvae, pupae and adults, 
as well as the moults, were recorded daily. The duration of each developmental stage 
was determined by employing the equation: 

T -  Z(Nx" t) 
~N x 

where 

T = mean development time (in days) from oviposition 
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x = developmental stage 
N x = number of insects entering stage x on day t 
t = total time from oviposition; 

and the equation: 

T x = T - Ty 

where 

T x = mean development time of stage x 
Ty = total development time of all stages preceding stage x. 

The results were summarized and analyzed applying the following methods: 
(i) the law of heat summation according to the Bliinck-Bodenheimer equation; (ii) the 
logistic curve as suggested by Davidson (2); and (iii) the modified logistic curve as 
suggested by Pradhan (9). The first equation (i): 

t (T-c)  = C(onstant) 

where 

t = development time at temperature T 
c = lower temperature threshold 
C(onstant) = thermal constant 

This equation can be rearranged to represent a rectilinear curve: 

1 c 1 
_ = V = _ _ + _ T  
t C C 

where V = rate of development. This-equation provides the values of lower threshold 
temperature (c) and of the total heat required for the development of the insect (C). 

The logistic equation (ii): 

1 K 

where 
V = the rate of development at temperature T 
K = the upper asymptote 
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a and b define the location of the curve on the axes and the rate of change of 
the curve, respectively. 

This equation can be rearranged to represent a rectilinear curve: 

K - V  
l n ~ - -  = a - b T 

This equation takes into account the upper asymptote, which represents the maximal 
rate of development that the insect can attain. 

The last equation (iii): 

V = Yo e -  2 ~a (To - T) 

where 
Yo = highest value of developmental index 
T O = the temperature at which Yo is attained 
a = constant which represents the inhibiting effect of the temperature on the 

rate of the process. 
This equation takes into account not only the maximal rate of development 

but also the decrease in this rate as the temperature exceeds a certain value. The 
parameters of this equation were calculated using the program for non-linear regression 
of BMDP on the CDC Cyber 74 computer of The Hebrew University of Jerusalem. 

The calculated values were compared with the observed data employing the 
chi-square test. 

RESULTS AND DISCUSSION 

The effects of constant temperatures on the duration and rate of development of 
the two species of Chilocorus are presented in Table 1. The three methods employed 
to analyze the data provided satisfactory results for both species, with very low, 
nonsignificant values of X 2. Among these methods, the one suggested by Pradhan (9) 
had the best fit to the observed data (smallest value of X2). Similar results were ob- 
tained recently by Kay (4), who compared these methods for analyzing the effect of 
temperature on the duration of development of eggs of the pest Heliothis armiger 
(Hbn.) (Noctuidae: Lepidoptera). The main advantages of the widely used equation 
of Bliinck-Bodenheimer over the other methods are its simplicity in application and 
that it provides the parameters of lower temperature threshold (c) and total heat 
requirements of the insect for development (presented as days x degrees). On the 
other hand, the availability of computers in recent years, and especially of micro- 
computers, does not justify any but the most suitable method in all future analyses 
of such data. Moreover, as Pradhan's equation provided the best fit to the observed 
data, the biological validity of c and C when calculated by linear extrapolation of the 
Bliinck-Bodenheimer equation should be tested biologically whenever other methods 
provide a better fit. This is important because the discrepancy between the line pre- 
dicted by the Bliinck-Bodenheimer equation and those based on the logistic curve is 
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least at the middle of the temperature range, and increases toward the lower or upper 
ranges of the temperature scale. 

The development time of C kuwanae was considerably shorter than that of 
C bipustulatus at the lower range of temperatures tested (Table 1). However, this 
advantage disappeared as the temperature exceeded 28~ Moreover, while C. bi- 
pustulatus completed its development normally even at 32~ eggs of C. kuwanae 
did not hatch, and died when exposed to this temperature. 

The duration of each developmental stage was calculated for both species 
(Table 2) and the data were analyzed employing the three above mentioned methods 
(Table 3). Again, Pradhan's method provided a better fit to the observed data, as is 
shown by the lower values of • The faster rate of development of C kuwanae is 
obvious at the lower range of temperatures. The main difference between these species 
is in the rate of development of the eggs and L I stage. For example, at 18~ the 
developmental time of eggs plus L I of C bipustulatus was 34.5 days as compared 
with 19 days for C kuwanae. Another interesting conclusion which was drawn from 
the data in Table 2 is that in most cases C. bipustulatus stays at the egg stage longer 
than at any other developmental stage. In C kuwanaethe duration of L IV and the 
pupal stage usually equals, or" is sometimes even longer than, that of the egg stage. 

The effect of the temperature on survival (lx) of the developmental stages of 
both species is summarized in Fig. 1 and in Table 4. In both species the highest mor- 
tality occurred usually during the egg stage. This phenomenon was more apparent in 
C kuwanae but occurred also in C. bipustulatus, other than at 28~ C kuwanae 
suffered a much higher mortality than C bipustulatus throughout the range of tem- 
peratures studied. Survival of C kuwanae reached its highest value, "~20%, at 18~ 
while at all other temperatures it oscillated around 10%. In C. bipustulatus the highest 
rate of survival, 52%, was achieved at 28~ while at the other temperatures it varied 
from 47% (at 26~ to 10% (at 32~ 
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Ftg. 1. Survival curves of developmental stages of the predatory berries Gailocorus bipustalatus 
(left) and C.. kuwanae (tight) at constant temperatures. 
L I - L IV, larval stages; P, pupal stage; A, adult stage; Ix, proportion of survivors at start of age 
interval. 
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TABLE 4 

SURVIVAL OF TWO SPECIES OF CHILOCOR US FROM EGG TO THE ADULT 
STAGE, AT DIFFERENT CONSTANT TEMPERATURES 

I 
Temperature, I ~ Survival 

T ( ~ C] ] C. bipustulatus C. kuwanae 

18 27 19 
22 20 3 
24 44 - * 
26 47 9 
28 52 11 
30 29 6 
32 10 0 

* Not studied. 

Summarizing these findings it can be concluded that while C kuwanae had a 
faster rate of  development at low temperatures, this advantage almost disappeared at 
the higher temperatures. This species suffered very high egg mortality throughout the 
whole range of  temperatures studied, and particularly at or above 22~ As both 
species are active during late spring and summer, C kuwanae has a very poor chance to 
establish and maintain a population under the environmental conditions of  Israel, 
where the temperature during this period usually exceeds 22~ These results might 
explain in part the fact that there have been no indications that the mass releases of  
this species resulted in establishment of this predator in the citrus groves of  Israel. 
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