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in Petri dishes at 25°C and a 14L : 10D photoperiod in the labo-

ratory, and identified to species when the larvae hatched.

Data analysis

The most recent study by Manly (1997) is the most adequate

for our system, as it is the only one that allows the mortality

rates to be constant within, but different between individual

instars and simultaneously does not require a priori estimates of

instar durations. This method is too complicated to be explained

here in any detail – we therefore refer to the original source for

description. We approximated the number entering stage 1 by a

4th order polynom and using the program provided by the

author (Manly, 1997) we estimated the survival rates for the 4

different instars. Instar durations were assumed to be the same

for all animals, and not known in advance. Yearly totals for

each of the four years of data were used as inputs.

When the stage specific survival rates, s, were fitted, the

k-values, k, were calculated as k = - ln(s) and their correlation

with the k-values for the total larval life and for the particular

year determined. Subsequently, the b-values (slopes of the

regression of ki on K, where ki is the k-value of the i-th develop-

mental stage and K is the k-value for the whole larval stage,

were calculated (Podoler & Rogers, 1975; Yamamura, 1999).

RESULTS

The stage durations of individual instars (L1–L4) in

days were not measured directly – the Manly’s method

enabled us to estimate them, simultaneously with the cor-

responding mortality rates, from our empirical data. Total

num,bers of individuals on all trees for each of the four

years of data were fitted by the Manly’s (1997) method.

An example of goodness of fit of Manly’s model to the

empirical data for H. axyridis is depicted in  Fig. 1 in

order to show, how closely the data are fitted, when this

method is applied. The estimated instar durations in days

of each instar and of both species under study are shown

in Tab. 1. The estimated instar specific survival rates and

daily survival rates for the two ladybird species studied

are depicdted in Fig. 2, in order to visually compare their

between-instar differences in different years. Both daily

and instar specific survival rates are consistently smallest

for the first and fourth instars in both species, although

there exists a variability between years.

Table 2 show the k-values for individual larval instars

and for the whole larval life and for the total period of

observation (1993–96). Not surprisingly, the k-values  are

largest for the first and fourth instars in both species, as

they were calculated from the mortality rates.

Finally, Table 2 shows correlation coefficients, r,

between the k-value for the particular instar and that for

the whole larval life, and slopes of the regression of  ki on

K (ki is the k-value of the i-th developmental stage and K
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Fig. 1. An example of goodness of fit of Manly’s model to the empirical data from 5 trees for H. axyridis from 1993.



is the k-value for the whole larval stage). The k-values for

the first and fourth instars are best corraleted with the

k-values for the total larval life, although only one of

them is statistically significant. The slopes of the regres-

sion lines are also largest for the first and fourth instars.

The all demonstrates that the first and fourth instars are

the best determinants of the total mortality during the

larval life (the key instars). 

DISCUSSION

 Manly’s (1997) method gave a very close fit to our

empirical data. One fit is given for H. axyridis in 1993 in

Fig. 1. Manly’s (1997) method for unknown stage dura-

tions failed for C. septempunctata in 1995 and in 1996 -

therefore the statistical values are not given in Table 1.

For these data, Manly’s (1997) method with known stage

durations was used and the stage durations were esti-

mated as averages of those for 1993 and 1994.

Fig. 2 shows that in both species, the fourth instar was

the stage with lowest survival, followed by the first instar,

both in terms of the daily and the stage specific mortality.

For comparison of levels of mortality among individual

life stages of each species, daily survival rates are more

suitable than the stage specific ones, as the latter are

strongly influenced by stage duration. The ability to esti-

mate daily survival rates is one of the strengths of

Manly’s (1997) method. Other methods simply assume

daily mortality to be the same for all life stages. The sur-

vival rates of 4th instars is substantially lower for C. sep-

tempunctata than for H. axyridis. This is probably

because the larvae of  C. septempunctata are more likely

to be eaten by H. axyridis than the reverse (Yasuda et al.,

2001).

Table 2 reveals that the correlation coefficients between

the k-values for individual instars and those for the total

larval life are always positive, largest  for the 4th instar

and in case of H. axyridis also for the 1st instar. Because

only 4 years of data were available, only one of the corre-

lation coefficients was significant at the 5% probability

level, but most of them explained at least 2/3 of the total

variability. This shows that the key life stage when most

of the mortality in the system occurred, was always the

4th instar, especially in H. axyridis. The some conclusion

can be drawn from the b-values (slopes of the regression

of ki on K, where ki is the k-value of the i-th develop-

mental stage and K is the k-value for the whole larval

stage in Table 2). These values (key-stage analysis –

Yamamura, 1999) reveal the key life stage even more

clearly then the r values. The food source for both lady-

bird species, the aphids, were scarce when this instar

appeared.

Thus at this time there was probably a high degree of

cannibalism and IGP occurred (Hironori & Katsuhiro,

997), which was reflected in the high mortality rates. As

the mortality rates for C. septempunctata were much
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5.24.829.348.895.2211.19L4

2.71.642.792.721.692.52L3

2.11.571.672.711.391.67L2

432.891.928.21.97L1

199419931996199519941993Year

C. septempunctata H. axyridisSpecies

TABLE 1. Estimated stage durations of individual instars (L1–L4) in

days.

Fig. 2. Instar specific survival rates and daily survival rates for two ladybird species in different years. L1, L2, L3 and L4 refer to

corresponding instars.
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