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Analysis of the time spent in the egg, larval and pupal stages by insects reveal a distinct 
pattern. Although, well fed individuals kept at high temperatures complete their  
development much faster than poorly fed individuals kept at low temperatures, 
nevertheless, they all spend the same  proportion  of  the  total  time  required  for 
development in each  developmental  stage. Data will be presented that indicate that 
ladybirds conform to this pattern. All stages of development appear to have the same lower 
developmental threshold. If this is true than it will greatly facilitate practical studies on the 
development of ladybirds and improve our understanding of how selection has shaped their 
life history strategies and those of insects in general. 
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INTRODUCTION 

That the developmental rate of insects increases 
with temperature is described by many models. 
To the best of our knowledge, the most 
appropriate model is that of SHARPE & DE 
MICHELLE (1977), which predicts a linear 
relationship between the developmental rate and 
temperature in the middle of the temperature 
range. The linear part of the relationship 
corresponds to temperatures that are ecologically 
relevant for insect development, and gives the 
most reliable approximation of developmental 
rate (J. Polechová personnal communication). 
Here we show that the linear approximation is the 
most appropriate for ladybirds (Coleoptera: 
Coccinellidae), and introduce the notion of 
developmental isomorphy. 

When data on duration of development are 
converted into its reciprocal, the developmental 
rate, the linear approximation of the relationship

between the rate of development and temperature 
enables us to calculate two virtual constants: the 
sum of effective temperatures, SET, i.e. the 
amount of heat needed to complete a 
developmental stage, and the lower 
developmental threshold, LDT, i.e. the 
temperature below which development ceases 
(e.g., HODEK & HONĚK 1996, pag. 65-71). The 
thermal constants SET and LDT can be used for 
the timing of life-history events, the 
determination of pre-adult thermal requirements 
when forecasting and monitoring agricultural and 
forestry pests, assessing natural enemies suitable 
for biological control, comparing populations, 
and determining the effect of phylogeny, 
geography, body size, food and other constraints 
on the duration of development. Since LUDWIG 
(1928) introduced this method it has been widely 
used, and there are several reviews of the results, 
including those for ladybirds (HONĚK & 
KOCOUREK 1990; HONĚK 1996; HODEK & 
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HONĚK 1996; KIRITANI 1997; DIXON 2000).  
If the proportion of total developmental time 

spent in a particular developmental stage does not 
change with temperature, than the LDT is the 
same for all developmental stages of a species, 
and it shows developmental isomorphy. 
Developmental isomorphy is known for 7 species 
of mites and 342 species from 11 insect orders 
(JAROŠÍK et al. 2002). Here developmental 
isomorphy is demonstrated in non-dormant 
ladybirds. We discuss how developmental 
isomorphy can greatly facilitate practical studies 
on the development of ladybirds.  

MATERIAL & METHODS 

The linear model 

The linear approximation of the relationship 
between the developmental rate, DR (i.e. 
proportion of development occurring per unit 
time) and temperature, t, can be described as DR 
= a + b.t, where a is the intercept with the y-axis, 
and b the slope of the linear function. From this 
equation, the lower developmental threshold, 
LDT, i.e. the temperature when development 
ceases (DR = 0, t = LDT) can be estimated as 
LDT = -a/b. Graphically, LDT is the value at 
which the relationship intercepts the temperature 
axis. Using the relationship between DR and t, the 
sum of effective temperatures, SET, i.e. number 
of day degrees above the LDT necessary for the 
completion of a particular developmental stage, 
can also be estimated. At the moment of 
completion of a development stage, DR = 1 and t 
= SET. Then, shifting y-axis so that a = 0, SET = 
1/b.  

Reliability of linear vs. exponential models of 
developmental rates 

To assess the suitability of a simple linear model 

for predicting thermal requirements, the accuracy 
of linear and exponential approximations of 
developmental rates were compared. Because the 
developmental rates at the very low and high 
temperatures for a species, where mortality 
sharply increases, are of little practical 
importance, only data for those temperatures 
where the mortality was lower than 10% of the 
maximum survivorship were included in the 
analysis. Then, the residuals of the linear and 
exponential approximations were compared using 
a paired T-test. The data used for this was that for 
Hyperapsis notata (DREYER et al. 1997), 
Harmonia axyridis (LAMANA & MILLER 1998), 
Scymnus levaillanti and Cycloneda sanguinea 
(ISIKBER 1999). These data sets are exceptional as 
they include the mortality experienced by the 
species at each temperature. 

Testing of developmental isomorphy 

The ratios of the times spent in each 
developmental stage at different constant 
temperatures (ºC) were recalculated from the data 
on duration of non-dormant development. In most 
cases, it was calculated as a ratio of time spent in 
a particular stage divided by the total pre-
imaginal development, i.e., 
(egg)/(egg+larva+pupa). However, data on a 
particular stage and an uncompleted total 
development, e.g., (larva)/(larva+ pupa) were 
also analysed. The calculations used data for three 
or more temperatures. The data was obtained 
from the studies listed in Table 1. All the 66 
populations of 48 species and subspecies were 
analysed to avoid bias in favour of the hypothesis 
being tested. All the data for each particular stage 
evaluated fell within the range of the linear 
relationship between the rate of development and 
temperature.
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Table 1 
The species and source of the data used for determining developmental isomorphy. 

Species Temp. (0C) 
 

Reference 
#1 Range 

Adalia bipunctata (L.) OBRYCKI & TAUBER (1981) 4 18.3-26.7
Adalia bipunctata (L.) HONĚK & KOCOUREK (1988) 4 15-24 
Adalia bipunctata (L.) GURNEY & HUSSEY (1970) 3 16-24 
Adalia flavomaculata DeGeer MICHELS & BATEMAN (1986) 3 25-29 
Brumus suturalis F. DE FLUITER (1939) 5 23.1-32.2
Calvia quattuordecimguttata (L.)  LAMANA & MILLER (1995) 3 14-26 
Calvia quattuordecimguttata (L.)  SEMYANOV (1980) 4 15-30 
Cheilomenes sulphurea (Olivier) OKROUHLÁ et al. (1983) 3 20-28 
Chilocorus stigma (Say) MUMA (1955) 3 16.7-26.7
Hyperaspis notata (Mulsant) CORREJO et al. (1991) 3 22-30 
Coccinella novemnotata Herbst MCMULLEN (1967) 3 15.6-26.7
Coccinella quinquepunctata L. HONĚK & KOCOUREK (1988) 4 15-24 
Coccinella septempunctata (L.) HONĚK &KOCOUREK (1988) 4 15-24 
Coccinella septempunctata (L.) HODEK (1958) 3 15-25 
Coccinella septempunctata (L.) BUTLER (1982) 4 17-25 
Coccinella septempunctata (L.) OBRYCKI & TAUBER (1981) 4 18.3-26.7
Coccinella septempunctata (L.) XIA et al. (1999) 3 15-25 
Coccinella septempunctata (L.) TRITISCH (1997) 3 17-25 
Coccinella septempunctata brucki Mulsant KAWAUCHI (1983)  4 15-25 
Coccinella septempunctata brucki Mulsant KAWAUCHI (1979) 3 20-30 
Coccinella septempunctata brucki Mulsant SAKURAI et al. (1991) 3 22-30 
Coccinella transversalis F. VEERAVEL & BASKARAN (1996) 3 18-30 
Coccinella transversoguttata Brown OBRYCKI & TAUBER (1981) 4 18.3-26.7
Coccinella trifasciata L. MILLER & LAMANA (1995) 5 18-34 
Coccinella undecimpunctata L. ERAKY & NASSER (1993) 4 14-26 
Coelophora quadrivittata Fauvel CHAZEAU (1981) 3 20-30 
Coleomegilla maculata (DeGeer) OBRYCKI & TAUBER (1978) 4 18.3-26.7
Coleomegilla maculata (DeGeer) GURNEY & HUSSEY (1970) 3 16-24 
Coleomegilla maculata lengi Timberlake WRIGHT & LAING (1978) 4 19-25 
Curinus coeruleus Mulsant DIRAVIAM & VIRAKTAMATH (1991) 4 22.8-25.8
Cycloneda sanguinea (L.) ISIKBER (1999) 4 20-27.5 
Cycloneda sanguinea (L.) GURNEY & HUSSEY (1970) 3 16-24 
Delphastus catalinae (Horn) HEMACHANDRA (1994) 3 20-26 
Eriopis connexa (Germar)  MILLER & PAUSTIAN (1992) 4 14-26 
Harmonia axyridis (Pallas)  KAWAUCHI (1979)  3 20-30 
Harmonia axyridis (Pallas)  LAMANA & MILLER (1998) 5 14-30 
Hippodamia convergens Guerin BUTLER & DICKERSON (1972) 4 20-28.9 
Hippodamia convergens Guerin OBRYCKI & TAUBER (1982) 5 15.6-26.7
Hippodamia parenthesis (Say) ORR & OBRYCKI (1990) 4 14-26 
Hippodamia quinquesignata (Kirby) KADDOU (1960) 3 15.6-30 
Hippodamia sinuata Mulsant MICHELS & BEHLE (1991) 4 15-30 
Hippodamia variegata Goetz MICHELS & BATEMAN (1986) 3 25-29 
Hyperaspis notata Mulsant DREYER ET AL. (1997) 5 18-32 
Lemnia biplagiata (Swartz) SEMYANOV & BEREZNAYA (1988) 3 20-30 
Lioadalia flavomaculata (DeGeer)  BROWN (1972) 6 13-27 
Menochilus sexmaculatus (F.) KAWAUCHI (1979) 3 20-30 
Menochilus sexmaculatus (F.) VEERAVEL & BASKARAN (1996) 3 18-30 

1Number of temperatures   
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Table 1 (continued) 
The species and source of the data used for determining developmental isomorphy. 

Temp. (0C) Species Reference 
#1 Range 

Olla v-nigrum (Mulsant) KREITER (1985) 5 15-30 
Pharoscymnus flexibilis (Mulsant) SHARMA et al. (1990) 3 24-32 
Pharoscymnus numidicus (Mulsant) KEHAT (1967) 3 24-31 
Propylea japonica (Thunberg) KAWAUCHI (1979) 3 20-30 
Propylea japonica (Thunberg) KAWAUCHI (1983) 4 15-25 
Propylea quatuordecimpunctata (L.) HONĚK & KOCOUREK (1988) 3 15-24 
Propylea quatuordecimpunctata (L.) BAUMGAERTNER et al. (1987) 3 15.3-25.3 
Scymnus apiciflavus Motschulsky DE FLUITER (1939) 6 19.1-32.2 
Scymnus frontalis (F.) NARANJO et al. (1990) 3 15-26.2 
Scymnus hoffmani Weise ZHAO & WANG (1987) 4 18-30 
Scymnus hoffmani Weise KAWAUCHI (1983) 4 15-25 
Scymnus interruptus (Goeze) TAWFIK et al. (1973) 3 15.5-27.9 
Scymnus levaillanti  Mulsant ISIKBER (1999) 5 17.5-27.5 
Scymnus roepkei de Fluiter DE FLUITER (1939) 6 19.1-32.2 
Semiadalia undecimnotata (Schneider) HONĚK & KOCOUREK (1988) 4 15-24 
Stethorus bifidus Kapur PETERSON (1993) 5 12.5-27.5 
Stethorus punctillum Weise BERKER (1958) 3 19-35.6 
Stethorus japonicus H.Kamiya TANAKA (1966) 13 17-29 
Subcoccinella vigintiquatuorpunctata (L.) ALI (1971) 3 18-28 

1Number of temperatures   
 
Angular transformed proportion of total 

developmental time spent in a particular stage 
was plotted against temperature, and the existence 
of developmental isomorphy inferred from a zero 
change in proportion. Temperature was first 
regressed with a different intercept and a different 
slope for each stage (using average proportion for 
replicated data due to origin or photoperiod), and 
the significance was then evaluated by 
simultaneous deletion test. Individual studies on 
populations of the same species were analysed 
separately because the results varied due to 
differences in experimental design. The 
calculations were performed using general linear 
modelling in GLIM v. 4 (FRANCIS et al. 1994). 

To reach a general conclusion, all the data was 
then tested using meta-analysis, a statistical 
synthesis of the results of separate, independent 
experiments (HEDGES & OLKIN 1985; 
GUREWITCH & HEDGES 1993; COOPER & 
HEDGES 1994). The outcome of each analysis was 
represented by a quantitative index (the effect 

size), which is independent of sample size, and 
the null hypothesis that the overall effect size 
indicates a zero slope was tested. The assumption 
that the individual analyses share a common 
population effect size was tested by the 
homogeneity statistic Q (SHADISH & HADDOCK 
1994). Details of the statistical procedure are 
described in JAROŠÍK et al. (2002). 

RESULTS 

Linear vs. exponential models of developmental 
rate 

For the four ladybird species for which there is 
sufficient data on developmental rate and 
mortality, the linear model gave a better fit (R2 = 
0.991 ± 0.0102) than the exponential (R2 = 0.973 
± 0.0194) (t = 2.62; df = 3; P < 0.05) (Table 2). 
That is, the simple linear model is the best for 
practical purposes.  
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Table 2 
Comparison of explained variance (R2) obtained by 

fitting exponential (exp) and linear (lin) 
approximations to the relationships between 

developmental rate and temperature in 4 species of 
ladybirds. 

Species Stage R2 lin R2 exp 
Cycloneda sanguinea Pupa 0.990 0.960 
Harmonia axyridis Pupa 0.999 0.976 
Hyperaspis notata Egg - Adult 0.998 0.999 
Scymnus levaillanti Pupa 0.977 0.957 

Average  0.991 0.973 
Standard error  0.0102 0.0194 
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 Fig. 1. Effect of temperature (t) on rate of 
development (RD) within the linear range of the 
relationship for Propylea japonica. Data from 
Kawauchi (1983). The population is isomorphic and 
spent 28% of total development in egg, 50% in larva, 
and 22% in pupa at temperatures 15, 18, 20 and 25 0C. 
All developmental stages have a common lower 
developmental threshold (LDT = 9.2) and for 
assessment of the number of day-degrees above the 
LDT necessary for completion of a particular 
development stage the sum of effective temperatures 
can be determined at any temperature within the linear 
range. 

Developmental isomorphy  

Combining statistically the results of the 68 
studies in a meta-analysis indicated the overall 
prevalence of developmental isomorphy in 
ladybirds (the overall weighted average effect 
size: 7.10E-04 with 95% confidence interval from 
–2.94E-03 to 4.36E-03; homogeneity statistic Q = 
0.64, df = 65, p = 1). That is, all the populations 
and species showed developmental isomorphy.  

Developmental isomorphy in ladybirds 
implies no change in the proportion of time spent 

in a particular developmental stage with change 
in temperature. It is illustrated for Propylea 
japonica in Fig. 1. Therefore, within the 
temperature ranges with a linear relationship 
between RD and t, for each species there is (1) a 
proportional SET for completion of each 
developmental stage at each temperature and (2) a 
common LDT for all developmental stages.  

DISCUSSION 

Linear vs. non-linear models of developmental 
rate 

There are three categories of models of the 
relationship between temperature and duration of 
development in insects and other ectotherms 
(HONĚK 1999): (i) Non-linear. The objective of 
this kind of data fitting is the description of the 
developmental rate over a wide range of 
temperatures (e.g. STINNER et al. 1974; 
HAGSTRUM & MILLIKEN 1991). This type of 
model gives a good fit to the data, but the 
parameters have little biological meaning. (ii) 
Non-linear incorporating physiological and 
biochemical constants. These not only describe 
but also attempt to explain the relationship in 
terms of physiological mechanisms (e.g. LOGAN 
et al. 1976; SHARPE & DEMICHELLE 1977; 
SCHOOLFIELD et al. 1981; WAGNER et al. 1984, 
1991). (iii) A linear approximation. 

Models of type (ii) are often theoretically 
correct, but not tractable for most ecologists. In 
addition, only relatively recent models of this 
type (e.g. LACTIN et al. 1995) enable one to 
calculate lower developmental threshold. On the 
other hand, the type (iii) linear approximation 
within the range of temperatures ecologically 
relevant to where an insect lives, is a reliable 
model, and can be easily used to calculate two 
virtual constants: the lower developmental 
threshold, LDT (the temperature below which 
development ceases), and the sum of effective 
temperatures, SET (the amount of heat needed for 
completing a developmental stage). This greatly 
simplifies modelling. Therefore, we argue against 
non-linear models for practical purposes, and 
advocate the simple linear model. We believe that 
the simple linear model of the relationship 
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Even if LDTs are calculated from data 
collected over a range of ecologically relevant 
temperatures, and the regression of development 
rate on temperature is linear, the accuracy of the 
estimates is affected by errors in the estimates of 
the developmental rate (CAMPBELL et al. 1974). 
The low precision of LDTs is obvious from their 
standard errors (CAMPBELL et al. 1974), which 
are typically between 1-3 0C (J. JANÁČEK & A. 
HONĚK, unpublished data). Crucial from a 
statistical point of view is any bias in the 
measurements made at extreme temperatures. 
Important determinants of the slopes of the linear 
regressions, from which the LDTs are inferred, 
are the extreme values (see CRAWLEY 1993, p. 
78-82). Therefore, a relatively small bias in the 
developmental rates measured at extreme 
temperatures will cause a large shift in the LDT. 
Poor estimates of developmental rate are most 
likely at high temperatures because the precision 
with which the duration of development is 
measured is poor and the error large 
(development rate is the reciprocal of duration of 
development). 

between developmental rate and temperature 
gives the best approximation of LDT and SET in 
insects. 

The existence of a common LDT for all the 
developmental stages of a species 

When the data for ladybirds were plotted against 
temperature, the developmental isomorphy 
hypothesis was supported by a zero change in the 
proportion of the total developmental time spent 
in a particular stage of a development. 
Developmental isomorphy in the overall pattern 
of the data thus indicates that all the 
developmental stages of each ladybird species 
have a common LDT. If so, there should be little 
variation in the LDT between stages and instars 
within a species, and within populations of 
individual species. This is not supported by the 
literature on ladybird development (HONĚK & 
KOCOUREK 1990; HONĚK 1996; HODEK & 
HONĚK 1996). Therefore, if developmental 
isomorphy is a common feature of ladybirds, then 
a significant proportion of the variation in LDTs 
within species is illusory and possibly a 
consequence of how it is estimated from 
experimental data.  

CONCLUSIONS 

The existence of rate isomorphy in ladybirds has 
important practical implications for the timing of 
life-history events. The experimental procedure 
for determining the thermal development 
constants, LDT and SET, can be simplified. The 
lower developmental threshold can be determined 
based on data for one stage, preferably the pupa, 
which is little affected by factors other than 
temperature, and has a duration usually longer 
than that of the egg stage. SET may also be 
calculated from the duration of development at 
one temperature (Fig. 1). Thus more effort can be 
invested in greater precision in determining the 
length of development.  

What are the sources of error in estimating 
LDT? First, the values of developmental rate 
obtained at extreme (high or low) temperatures 
may violate developmental isomorphy (JAROŠÍK 
et al. 2002). At low temperatures there may be 
differential mortality. The individuals with the 
fastest development complete their development 
but the rest are more likely to succumb to adverse 
conditions, because their development is 
prolonged. Second, imprecise measurement of 
developmental time, particularly at high 
temperatures. As developmental rate increases 
with temperature, the number of observations per 
stage should also increase. To measure the rate of 
development with the same precision at low and 
high temperatures, the time interval must be 
proportional to the length of the development 
stage at each temperature. This is not the case in 
most studies (SHAFFER 1983; VAN RIJN et al. 
1995). A constant monitoring is the most 
probable source of bias in data collected at high 
temperatures. 

ACKNOWLEDGEMENTS 

The work was supported the Ministry of 
Education Youth and Sport of the Czech Republic 
(grant no. J13/98113100004), and the Grant 
Agency of the Czech Republic (grant no. 
522/01/0864). 

 60 



 
 
 
 
 
 

Biology, Ecology and Behaviour of Aphidophagous Insects 

REFERENCES 

ALI, M. 1971. The effect of temperature and 
photoperiod on the behaviour and development of 
Subcoccinella vigintiquatuorpunctata L. (Col., 
Coccinellidae). Acta Phytopathologica Academiae 
Scientiarum Hungaricae 6: 185-189. 

BAUMGAERTNER, J., M. BIERI & V. DELUCCHI 1987. 
Growth and development of immature life stages of 
Propylaea 14-punctata L. and Coccinella 7-
punctata L. (Col.: Coccinellidae) simulated by the 
metabolic pool model. Entomophaga 32: 415-423. 

BERKER, J. 1958. Die natürlichen Feinde der 
Tetranychiden. Zeitschrift für angewandte 
Entomologie 43: 115-172. 

BROWN, H.D. 1972. On the biology of Lioadalia 
flavomaculata (Deg.) (Col., Coccinellidae), a 
predator of the wheat aphid (Schizaphis graminum 
(Rond.)) in South Africa. Bulletin of Entomological 
Research 61: 673-679. 

BUTLER, G.D. 1982. Development time of Coccinella 
septempunctata in relation to constant temperatures 
(Col.: Coccinellidae). Entomophaga 27: 349-353. 

BUTLER, G.D. & U.A. DICKERSON 1972. Life cycle of 
the convergent lady beetle in relation to 
temperature. Journal of Economic Entomology 65: 
1508-1509. 

CAMPBELL, A., B.D. FRAZER,  N. GILBERT, A.P. 
GUTIERREZ & M. MACKAUER 1974. Temperature 
requirements of some aphids and their parasites. 
Journal of Applied Ecology 11: 431-438.  

CORREJO, N.S., A.C. BELLOTTI & R. GONZÁLEZ 1991. 
Evaluacion de algunos factores determinantes de la 
efficiencia de Cleothora notata (Col.: 
Coccinellidae) como depredator del piojo harinoso 
de la Yuca Phenococcus herreni (Hom.: 
Pseudococcidae). Revista Columbiana de 
Entomologia 17:  21-27. 

CHAZEAU, J. 1981. Données sur la biologie de 
Coelophora quadrivittata (Col.: Coccinellidae), 
prédateur de Coccus viridis (Hem: Coccidae) en 
Nouvelle-Calédonie. Entomophaga 26: 301-312. 

COOPER, H. & L.V. HEDGES (Eds). 1994. The handbook 
of research synthesis. Russell Sage Foundation, 
New York.   

CRAWLEY, M.J. 1993. GLIM for ecologists. Blackwell, 
London.  

DE FLUITER, H.J. 1939. Beitrag zur Kenntnis der 
Biologie und Ökologie einiger Coccinelliden von 
Java. 7th International Congress of Entomology, 
Berlin, 1939: 1106-1119. 

DIRAVIAM, J. & C.A. VIRAKTAMATH 1991. Biology of 
the introduced ladybird beetle, Curinus coeruleus 

Mulsant (Coleoptera: Coccinellidae). Journal of 
Biological Control 5: 14-17.  

DIXON, A.F.G. 2000. Insect predator-prey dynamics: 
ladybird beetles and biological control. Cambridge 
University Press, Cambridge.  

DIXON, A.F.G., J.-L. HEMPTINE & P. KINDLMANN 1997. 
Effectiveness of ladybirds as biological control 
agents: patterns and processes. Entomophaga 42: 
71-83. 

DREYER, B.S., P. NEUENSCHWANDER, B. BOUYJOU, J. 
BAUMGÄRTNER & S. DORN 1997. The influence of 
temperature on the life table of Hyperaspis notata. 
Entomologia Experimentalis et Applicata 84: 85-
92.  

ERAKY, S.A. & M.A.K. NASSER 1993. Effect of 
constant temperatures on the development and 
predation prey efficiency of the ladybird beetle, 
Coccinella undecimpunctata L. (Coleoptera: 
Coccinellidae). Assiut Journal of Agricultural 
Sciences 24: 223-230.  

FRANCIS, B., M. GREEN & C. PAYNE (Eds). 1994. The 
GLIM system.  Release 4 manual. Clarendon Press, 
Oxford.  

FRAZER, B.D. & R.R. MCGREGOR 1992. Temperature-
dependent survival and hatching rate of eggs of 
seven species of Coccinellidae. Canadian 
Entomologist 124: 305-312.  

GILBERT, N. & D.A. RAWORTH 1996. Insects and 
temperature - a general theory. Canadian 
Entomologist 128: 1-13. 

GUREVITCH, J. & L.V. HEDGES 1993. Meta-analysis: 
Combining the results of independent experiments. 
Pp. 378-398 in S.M. SCHEINER & J. GUREVITCH 
(Eds). Design and analysis of ecological 
experiments. Chapman & Hall, New York.. 

GURNEY, B. & N.W. HUSSEY 1970. Evaluation of some 
coccinellid species for the biological control of 
aphids in protected cropping. Annals of Applied 
Biology 65: 451-458.  

HAGSTRUM, D.W. & G.A. MILLIKEN 1991. Modelling 
differences in insect developmental times between 
constant and fluctuating temperatures. Annals of 
the Entomological Society of America 84: 369-379. 

HAMALAINEN, M. & M. MARKKULA 1977. Cool storage 
of Coccinella septempunctata and Adalia 
bipunctata (Col., Coccinellidae) eggs for use in the 
biological control in greenhouses. Annales 
Agricultural Fennicae 16: 132-136.  

HEDGES, L.V. & I. OLKIN 1985. Statistical methods for 
meta-analysis. Academic Press, New York.  

HEMACHANDRA, K.S. 1994. Development, reproduction 
and feeding behaviour of Delphastus catalinae, a 
coccinellid predator of glasshouse whitefly, 

 61



 
 
 
 
 

8th International Symposium on Ecology of Aphidophaga 
University of the Azores, Ponta Delgada, 1-6 September 2002 

Trialeurodes vaporariorum. M.Sc. Thesis, 
University of London.  

HODEK, I. 1958. Influence of temperature, rel. humidity 
and photoperiodicity on the speed of development 
of Cocinnella septempunctata L. Časopis 
Československé Společnosti Entomologické 55: 
121-141. 

HODEK, I. & A. HONĚK 1996. Ecology of 
Coccinellidae. Kluwer, Dordrecht.  

HONĚK, A. 1996. The relationship between thermal 
constants for insect development: a verification. 
Acta Societatis Zoologicae Bohemoslovaca 60: 
115-152. 

HONĚK, A. 1997. Incidence of protogynous and 
protandrous development in the pre-imaginal stage 
of insect development: an overview. Acta Societatis 
Zoologicae Bohemoslovaca 61: 113-128. 

HONĚK, A. 1999. Constraints on thermal requirements 
for insect development. Entomological Science 2: 
615-621. 

HONĚK, A., V. JAROŠÍK, Z. MARTINKOVÁ & I. Novák 
2002. Food induced variation of thermal constants 
of development and growth of Autographa gamma 
(Lepidoptera: Noctuidae) larvae. European Journal 
of Entomology 99: 241-252.  

HONĚK, A. & F. KOCOUREK 1988. Thermal 
requirements for development of aphidophagous 
Coccinellidae (Coleoptera), Chrysopidae, 
Hemerobiidae (Neuroptera), and Syrphidae 
(Diptera): some general trends. Oecologia 76: 455-
460. 

HONĚK, A. & F. KOCOUREK 1990. Temperature and 
development time in insects: a general relationship 
between thermal constants. Zoologische 
Jahrbücher Abteilung für Systematik und Ökologie 
der Tiere 117: 401-439. 

ISIKBER, A.A. 1999. Evaluation of two predatory 
coccinellid beetles, Scymnus levaillanthi and 
Cycloneda sanguiea (Coleoptera: Coccinellidae) 
for the biocontrol of cotton aphid, Aphis gossypii 
(Homoptera: Aphididae). Ph.D. Thesis, University 
of London.    

JAROŠÍK V., A. HONĚK & A.F.G. DIXON 2002. 
Developmental rate isomorphy in insects and mites. 
American Naturalist 160: 497-510.    

KADDOU, I.K. 1960. The fleeding behavior of 
Hippodamia quinquesignata (Kirby) larvae. 
University of California Publications in 
Entomology 16: 181-232. 

KAWAUCHI, S. 1979. Effect of temperatures on the 
aphidophagous coccinellids. Kurume University 
Journal 28: 47-51. 

KAWAUCHI, S. 1983. The threshold temperature and 
thermal constant for development from the egg to 

the adult form of Cocinella septempunctata brucki, 
Propylea japonica and Scymnus (Pullus) hoffmani 
(Coleoptera, Coccinelldiae). Kurume University 
Journal 32: 45-51. 

KEHAT, M. 1967. Studies on the biology and ecology of 
Pharoscymnus numidicus [Coccinellidae] an 
important predator of the date palm scale 
Parlatoria blanchardi. Annales de la Societé 
Entomologique de France (N.S.) 3: 1053-1065.  

KIRITANI, K. 1997. The low development threshold 
temperature and the thermal constant in insects, 
mites and nematodes in Japan. The Miscellaneous 
Publications of the National Institute of Agro-
Environmental Sciences 21: 1-72. 

KREITER, S. 1985. Etude bioecologique d´Olla v-
nigrum et essai de quantification de l´efficacite 
predatrice d´Adalia bipunctata (L.) contre les 
aphides en verger de pechers (Coleoptera: 
Coccinellidae). Ph.D. Thesis, Universite de Droit, 
d´Aix, Marseille.  

LACTIN, D.J., N.J. HOLLIDAY, D.L. JOHNSON & R. 
CRAIGEN 1995. Improved rate model of 
temperature-dependent development by arthropods. 
Environmental Entomology 24: 68-75. 

LAMANA, M.L. & S.C. MILLER 1995. Temperature-
dependent development in a polymorphic lady 
beetle, Calvia quatuordecimguttata (Coleoptera: 
Coccinellidae). Annals of Entomological Society of 
America 88: 785-790. 

LAMANA, M.L. & S.C. MILLER 1998. Temperature-
dependent development in an Oregon population of 
Harmonia axyridis (Coleoptera: Coccinellidae). 
Environmental Entomology 27: 1001-1005. 

LAMB, R.J. 1998. Insects and temperature - some 
comments on a general theory. Canadian 
Entomologist 130: 111-114. 

LOGAN, J.A., D.J. WOLLKIND, S.C. HOYT & L.K. 
TANIGOSHI 1976. An analytic model for description 
of temperature dependent rate phenomena in 
arthropods. Environmental Entomology 5: 1133-
1140. 

LUDWIG, D. 1928. The effects of temperature on the 
development of an insect (Poppilia japonica 
Newman). Physiological Zoology 1: 358-389. 

MCMULLEN, R.D. 1967. The effects of photoperiod, 
temperature, and food supply on rate of 
development and diapause in Coccinella 
novemottata. Canadian Entomologist 99: 578-586. 

MICHELS, G.J. & A.C. BATEMAN 1986. Larval biology 
of two imported predators of the greenbug, 
Hippodamia variegata Goetz and Adalia 
flavomaculata DeGeer, under constant 
temperatures. Southwestern Entomologist 11: 23-
30. 

 62 



 
 
 
 
 
 

Biology, Ecology and Behaviour of Aphidophagous Insects 

MICHELS, G.J. & R.E. BEHLE 1991. Effects of two prey 
species on the development of Hippodamia sinuata 
(Coleoptera: Coccinellidae) larvae at constant 
temperatures. The Journal of Economic 
Entomology 84: 1480-1484. 

MILLER, J.C. 1992. Temperature-dependent 
development of the convergent lady beetle 
(Coleoptera: Coccinellidae). Environmental 
Entomology 21: 197-201.   

MILLER, J.C. & M.L. LAMANA 1995. Assessment of 
temperature-dependent development in the general 
population and among isofemale lines of 
Coccinella trifasciata (Col.: Coccinellidae). 
Entomophaga 40: 183-192. 

MILLER, J.C. & J.W. PAUSTIAN 1992. Temperature-
dependent development of Eriopis connexa 
(Coleoptera: Coccinellidae). Environmental 
Entomology 21: 1138-1142. 

MUMA, M.H. 1955. Some ecological studies on the 
twice-stabbed lady beetle Chilocorus stigma (Say). 
Annals of the Entomological Society of America 48: 
493-498. 

NARANJO, S.E., T.L. GIBSON & D.D. WALGENBACH 
1990. Development, survival, and reproduction of 
Scymnus frontalis (Coleoptera: Coccinellidae), on 
imported predator of Russian wheat aphid, at four 
fluctuating temperatures. Annals of the 
Entomological Society of America 83: 527-531. 

NYLIN S., C. WIKLUND, P.O. WICKMAN & E. GARCIA-
BARROS 1993. Absence of trade-offs between 
sexual size dimorphism and early male emergence 
in a butterfly. Ecology 74: 1414-1427. 

OBRYCKI, J.J. & M.J. TAUBER 1978. Thermal 
requirements for development of Coleomegilla 
maculata (Coleoptera: Coccinellidae) and its 
parasite Perilitus coccinellae (Hymenoptera: 
Braconidae). Canadian Entomologist 110: 407-412.  

OBRYCKI, J.J. & M.J. TAUBER 1981. Phenology of three 
coccinellid species: thermal requirements for 
development. Annals of the Entomological Society 
of America 74: 31-36. 

OBRYCKI, J.J. & M.J. TAUBER 1982. Thermal 
requirements for development of Hippodamia 
convergens (Coleoptera: Coccinelldiae). Annals of 
the Entomological Society of America 75: 678-683. 

OKROUHLÁ, M., S. CHAKRABARTI & I. HODEK 1983. 
Developmental rate and feeding capacity in 
Cheilomenes sulphurea (Coleoptera: 
Coccinellidae). Věstník Československé Společnosti 
Zoologické 47: 105-117. 

OLSZAK, R.W. 1987. The occurrence of Adalia 
bipunctata (L.) (Coleoptera, Coccinellidae) in 
apple orchards and the effect of different factors on 

its development. Polish Journal of Ecology 35: 
755-765. 

ORR, C.J. & J.J. OBRYCKI 1990. Thermal and dietary 
requirements for development of Hippodamia 
parenthesis (Coleoptera: Coccinellidae). 
Environmental Entomology 19: 1523-1527. 

PETERSON, P.G. 1993. The potential ability of Stethorus 
bifidus (Kapur) to regulate populations of 
Tetranychus lintearius (Dufour). M.Sc. Thesis, 
Massey University, New Zealand.  

ROSENTHAL, R. 1994. Parametric measures of effect 
size. Pp. 231-244 in H. COOPER & L.V. HEDGES 
(Eds). The handbook of research synthesis. Russell 
Sage Foundation, New York.  

SAKURAI, H., N. YOSHIDA, C. KOBAYASHI & S. TAKEDA 
1991. Effects of temperature and day length on 
oviposition and growth of lady beetle, Coccinella 
septempunctata bruckii. Research Bulletin of 
Faculty of Agriculture Gifu University 56: 45-50. 

SEMYANOV, V.P. 1980. Biology of Calvia 
quatuordecimguttata L. (Coleoptera: 
Coccinellidae). Revue d´Entomologie de l´URSS 
59: 757-763. 

SEMYANOV, V.P. & E.B. BEREZNAJA 1988. Biology and 
prospects of using Vietnam´s lady beetle Lemnia 
biplagiata (Swartz) for control of aphids in 
greenhouses. Pp. 267-269 in E. Niemczyk & 
A.F.G. Dixon (Eds). Ecology and effectiveness of 
aphidophaga. Academic Publishers, The Hague.  

SHADISH, V.R. & C.K. HADDOCK 1994. Combining 
estimates of effect size. Pp. 261-281 in H. COOPER 
& L.V. HEDGES (Eds). The handbook of research 
synthesis. Russell Sage Foundation, New York.  

SHARMA, D.C., U.S. RAWAT & A.D. PAWAR 1990. 
Effect of temperature and humidity on the 
development, longevity and predatory potential of 
Pharoscymnus flexibilis Muls. on San Jossé scale. 
Journal of Biological Control 4: 11-14. 

SHAFFER, P.L. 1983. Prediction of variation in 
development period of insects and mites reared at 
constant temperatures. Environmental Entomology 
12: 1012-1019. 

SHARPE, P.J.H. & W. DE MICHELE 1977. Reaction 
kinetics of poikilotherm development. Journal of 
Theoretical Biology 64: 649-670. 

SHARPE, P.J.H., G.L. CURRY, D.W. DEMICHELE & C.L. 
COLE 1977. Distribution model of organism 
development times. Journal of Theoretical Biology 
66: 21-38. 

SCHOOLFIELD, R.M., P.J.H. SHARPE & C.E. MAGNUSON 
1981. Non-linear regression of biological 
temperature-dependent rate models based on 
absolute reaction-rate theory. Journal of 
Theoretical Biology 88: 719-731. 

 63



 
 
 
 
 

8th International Symposium on Ecology of Aphidophaga 
University of the Azores, Ponta Delgada, 1-6 September 2002 

SLANSKY, F. 1993. Nutritional ecology: the 
fundamental quest for nutrients. Pp. 29-91 in N.E. 
STAMP & T.M. CASEY (Eds). Caterpillars. 
Chapman and Hall, New York.  

SLANSKY, F. & J.M. SCRIBER 1985. Food consumption 
and utilization. Pp. 87-163 in G.A. Kerkuth & L.I. 
Gilbert (Eds). Comprehensive Insect Physiology, 
Biochemistry and Pharmacology, Vol. 4. 
Pergamon, Oxford.  

STINNER, R.E., A.P. GUTIERREZ & G.D. BUTLER 1974. 
An algorithm for temperature-dependent growth 
rate simulation. Canadian Entomologist 106: 519-
524. 

TANAKA, M. 1966. Fundamental studies on the 
utilization of natural enemies in the citrus grove in 
Japan I. The bionomics of natural enemies of the 
most serious pests II. Stethorus japonicus H. 
Kamiya (Coccinellidae), a predator of the citrus red 
mites, Panonychus citri McG. Bulletin 
Horticultural Research Japan Station Series D 4: 
22-42.  

TAWFIK, M.F.S., S. ABDUL-NASR & B.M. SAAD 1973. 
The biology of Scymnus interruptus Goeze 
(Coleoptera: Coccinellidae). Bulletin de la Societe 
Entomologique d´Egypte 57: 9-26. 

TRITISCH, H. 1997. Der Marienkäfer Coccinella 
septempunctata L. im Komplex Winterweizen-
Getriedeblattläusen Antagonist. Agrarökologie, 
Vol. 24. Verlag  Agrarökologie Berne, Hannover.  

TRUDGILL, D.L. 1995. Why do tropical poikilothermic 
organisms tend to have higher threshold 
temperature for development than temperate ones. 
Functional Ecology 9: 136-137. 

TRUDGILL D.L. & J.N. PERRY 1994. Thermal time and 
ecological strategies - a unifying hypothesis. 

Annals of Applied Biology 125: 521-532. 
VAN RIJN, C.J., C. MOLLEMA & G. STEENHUIS-BROERS 

1995. Comparative life-history studies of 
Frankliniella occidentalis and Thrips tabaci 
(Thysanoptera: Thripidae) on cucumber. Bulletin of 
Entomological Research 85: 285-297. 

VEERAVEL, R., & P. BASKARAN 1996. Temperature-
dependent development, adult longevity, fecundity 
and feeding potential of two coccinellid predators 
under laboratory conditions. Entomon 21: 13-18. 

WAGNER, T.L., R.L. OLSON & J.L. WILLERS 1991. 
Modeling  arthropod development time. Journal of 
Agricultural Entomology 8: 251-270. 

WAGNER, T.L., H.I. WU, P.J.H. SHARPE, R.M. 
SCHOOLFIELD & R.N. COULSON 1984. Modeling 
insect development rates: a literature review and 
application of a biophysical model. Annals of the 
Entomological Society of America 77: 208-225. 

WRIGHT, E.J. & J.E. LAING 1978. The effects of 
temperature on development, adult longevity and 
fecundity of Coleomegilla maculata lengi and its 
parasite, Perilitus coccinellae. Proceedings of the 
Entomological Society of Ontario 109: 33-47. 

XIA, J.Y., W. VAN DER WERF & R. RABBINGE 1999. 
Temperature and prey density on bionomics of 
Coccinella septempunctata (Coleoptera: 
Coccinellidae) feeding on Aphis gossypii 
(Homoptera: Aphididae) on cotton. Environmental 
Entomology 28: 307-314. 

ZHAO, D.X. & Z.W. WANG 1987. Influence of 
temperature on the development of the coccinellid 
beetle, Scymnus hoffmani Weise. Acta 
Entomologica Sinica 30: 47-53. 

 
 
Accepted 31 May 2003. 

 64 


