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Abstract

Ecology, mass production and release of a lady beetle, Coccinella septempunctata brucki, 
were investigated in Japan to use the beetle as a biological agent for controlling alfalfa aphids.  
In the alfalfa field, the number of overwintered aphids, Acyrthosiphon kondoi, increased on 
alfalfa in April and the occurrence from late April to mid-May showed a marked peak.  
Without C. septempunctata brucki, the reduction of alfalfa yield by aphids amounted to 40 to 
70%.  The overwintered adults of C. septempunctata brucki appeared in early March on the 
alfalfa field and began predation and oviposition.  In total about 20% of the egg population 
developed to adults successfully.  For mass production, A. pisum population was reared on 
Vicia faba as prey for the lady beetle.  The overwintering adult lady beetle was used to obtain 
the eggs for mass production.  The optimum development stages for release to the alfalfa 
fields where C. septempunctata brucki was absent were the 2nd, the 3rd and the 4th instar 
larvae in early March when the maximum temperature was around 10℃.  The Japanese 
pampas grass, Miscanthus sinensis, was planted near the alfalfa field for keeping lady beetle
populations in winter and summer as their overwintering and estivating sites.
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Introduction 

Alfalfa, Medicago sativa, is a superior forage crop 
because of its high content of nutrients, high dry 
matter production and high palatability. Alfalfa was 
introduced to Japan in 1874 from the USA. The 
area of alfalfa cultivation in Japan which is about 
12,000 ha is increasing8>. In Japan, heavy rain is 
conducive to outbreaks of pest insects and diseases 
for alfalfa cultivation 1.5>. Therioaphis trif olii and 
Acyrthosiphon pisum have been the major pest aphids 
of alfalfa for a long time in the world. However, 
recently A. kondoi has replaced these aphids and 
has become the most harmful insect for alfalfa 3>. 
A. kondoi damages alfalfa by sucking and virus trans
mission, and its honeydew induces the occurrence 
of spring black stem and leaf spot by Phoma 
medicaginis. 

Application of chemicals for controlling aphids 

Present address: 

is limited in grasslands and there is no effective 
method of cultural control except for harvesting the 
aphid-infested alfalfa. Although some resistant var
ieties, CUFI01 for example, have been developed2

', 

they do not cover the resistance to all races of A. 
kondoi. Many natural enemies of aphids are known, 
including lady beetles, chrysophids, syrphids, parasi
toids and fungi 4

'. Biological control of aphids using 
lady beetles appears to be sound in the absence of 
other effective methods of control. In this paper 
Coccinelfa septempunctata brucki which occurs main
ly in grasslands was investigated as a suitable biolog
ical agent for controlling alfalfa aphids. Most of 
the following studies were carried out in fields of 
the National Grassland Research Institute in Tochigi 
Prefecture, Japan. 

Aphids in alfalfa fields 

Fig. 1 shows the seasonal occurrence of aphids 
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Fig. I. Seasonal occurrence of aphids, mainly Acyrthosiphon kondoi, 
in the alfalfa field 

Average number of aphids per row (0.6 x 8 m) collected 
by beating. 

in 1981 and 1982 in the alfalfa field. Almost all of 
the collected aphids in the alfalfa field consisted of 
A. kondoi9>. The number of overwintered A. 
kondoi, mainly viviparous females, increased in April .. 
Occurrence from late April lO mid-May showed a 
marked peak and lhen decreased. In summer few 
aphids were observed . A small peak was observed 
in late autumn. The optimum temperature for 
reproduction of this aphid was in the range o f 
10-15°C. 

The yield loss of alfalfa caused by aphids was 
investigated in Tsukuba, lbaraki Prefecture from 1992 
lO 1993. Without C. septempunctata brucki, the yield 
loss of alfalfa amounted to 40 lO 70%. Earlier at
tack of the aphids enhanced the damage7>. 

C. septempunctata brucki in alfalfa fields 

The major species of lady beetles preying on 
alfalfa aphids was C. septempunctata brucki (Fig. 2). 
The overwintered adults appeared early in March in 
the alfalfa field and began predation and ovi-

pos111on. Harmonia axyridis was also common and 
appeared in the field from May. The larvae of H. 
axyridis began to appear in late May when the popu
lation of aphids decreased drastically. Propylea 
japonica was also found but not as abundantly as 
the other 2 species. 

Other natural enemies, chrysophids, syrphids, 
parasiloids and fungi were also recognized. However , 
the most effective natural enemy for alfalfa aphids 
was assumed to be C. septempunctata brucki be
cause of its early emergence and high population 
density. 

Overwintering C. septempunctata brucki adults 
were detected in mounds and bunches of Japanese 
pampas grass, Miscanthus sinensis, in February 14>. 
Most of the adults were found in the south- and 
east-facing mounds, where the air temperature was 
2-6°C higher and there were more aphids than in 
lhe north-facing mound. Adult beetles started to 
migrate to the alfalfa field infested with aphids in 
early spring, when the daily maximum temperatures 
exceeded J2°C, but only a few adults migrated to 
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the field where the aphids had been eliminated. 
Some of the adults marked in their overwintering 
sites were recaptured in the alfalfa fields. The recap
ture ratio was higher in the population marked in 
the hibernation sites near the alfalfa fields. In Au
gust, estivating adults were found mainly in bunches 
of Japanese pampas grass and some of the adults 
marked in August were recaptured in the alfalfa fields 
in the next spring. 

only in the daytime when the luminosity exceeded 
0.2 MJ/m2/0.5 h, and the wind velocity was less than 
10 mis. P redation, oviposition and mating were ob
served constantly in the daytime. After sunset, the 
insects remained at the base of the alfalfa plants. 
Density of the aphid population also affected the 
intensity of their activity: the lower the density, t he 
more active they were. 

The activity of the adults of C. septempunctata 
brucki in the spring alfalfa field was affected by 
several factors is,. Above 10°C, adults were active 

The overwintered adults of C. septempunctata 
brucki laid their eggs mainly on the undersides of 
dead leaves, mainly those of Quercus serrata and 
other plants (Fig. 3). C. septempunctata brucki 
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Fig. 3. Seasonal changes of oviposition sites of lady beetles 
in the alfalfa field 

oviposited when the aphid density was still low, less 
than I aphid per stem. This oviposition behavior 
appeared to enable them to avoid the shortage of 
prey on a small plant and then the larvae could dis
perse rapidly to find aphids on different plants tii. 
The oviposition sites were also adequate to avoid 
cannibalism by the larvae and may be heated easily 
by sunrays. 

On the contrary, H. axyridis laid their eggs main
ly on the alfalfa leaves, when the adults and the 
hatched larvae could feed on a large number of 

aphids on the plant. 
The distribution of the larvae and adults of C. 

septempunctata brucki showed a negative correlation 
with the distribution of aphids in early May, presuma
bly due to the effect of the predation of aphids by 
C. septempunctata brucki. The 3rd instar larvae dis
persed rapidly to other alfalfa plants when there were 
enough aphids around them. 

Intra- and inter-specific predation of lady beetles 
was found in spring alfalfa fields 13>. All the egg 
predations consisted of sibling cannibalism. Besides 
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(1992) 
Egg 
1st instar 
2nd instar 
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3rd instar 
4th instar 
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Table 1. Life table of C. septempu11ctara brucki on alfalfa 

No. of individuals 
alive at the 

beginning of x(lx) 

280 
206 
89 
69 
56 
2 
0 

280 
221 
104 
89 
86 
66 
56 

Factors of dx 
(dxF) 

Cannibalism, Unknown 
Unknown 
Unknown 
Unknown 
Hail, Unknown 
Hail 

Cannibalism 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
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dying during 

x(dx) 
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Fig. 4. Selection of oviposition sites of C. septempu11crara brucki 
in the laboratory 

dx % 

26.4 
56.8 
22.5 
18.8 
96.4 

100 

21.1 
48.4 
14.4 
3.4 

23.3 
30.3 

105 



106 

egg cannibalism, intra- and inter-specific pupal and 
prepupal predation was observed as the larvae of 

H. axyridis which were detected most frequently at
tacked the pupae or prepupae of C. septempunctata 
brucki. The inter-specific predation between H. 
axyridis and C. septempunctata brucki can be at
tributed to the difference in the oviposition period 

of both species and the lack of aphids. 
Life tables of C. septempunctata brucki were con

structed in the spring of 1992 and 1993 (Table I). 
The rate of sibling cannibalism was around 20, 600/o 
of the 1st instar larvae were likely to die of starva

tion and about 20% of the egg population developed 

into adults successfuJly. rt was assumed that the 
main predator for C. septempunctata brucki was H. 
axyridis. 

Mass production of C. septempunctata brucki 

Many kinds of artificial diets have been tested 
for lady beetles. Although the adults of C. septem
punctata brucki eat powder of drone honeybee, the 

powder is not adequate for their oviposition 6>. Only 
aphids have been found to be the optimum diet for 

all the development stages of C. septempunctata 
brucki so far. The adult beetles ate frozen and freeze
dried aphids, but egg production was lower than when 

live aphids were used. 
As a prey for the adult, A. pisum population 

was reared on Vicia faba under laboratory condi
tions at the temperatures of 20-25°C. The biomass 
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of the aphid population reached a maximum value 

2 weeks after the inoculation of I vivipara on the 
seedling. About 61.5 eggs of C. septempunctata 
brucki can be produced with the aphids obtained 
from I stem. If an artificial diet of C. septempunc
tata brucki could be developed, it would contribute 

significantly to mass production. 
In the laboratory test, H. axyridis laid eggs main

ly on alfa1ra 10>. On the contrary, the females of 
C. septempunctala brucki did noi lay eggs on alfalfa 
nor conditioned si tes witb their excretions, including 

aluminum sheet B, petri dish, nylon screen and al
falfa as shown in Fig. 4. Therefore, it was easy 

to obtain eggs on an aluminium sheet put into a 
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Fig. 5. Number of oviposited eggs produced from 
1 aphid consumed by an adult beetle 

3rd instar 4th instar 

3 

2 

2 3 4 5 I 2 3 
0 

J 2 3 4 5 6 7 I 2 3 4 5 

ll'i 1hout ildcquatc ii thout Adequate 
supply ~upply 
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rearing container replaced by a new one every day. 
The optimum temperature to obtain eggs was 25°C 
and 0.68 eggs could be obtained when l adult beetle 
consumed one 4th instar larva of A. pisum (Fig. 5). 

The mortality of the eggs and larvae at low tem
peratures, 5- 10°C, was high and the adult stage was 
the optimum stage for storage. It was easy to use 
the overwintering females to obtain eggs for mass 
production since the overwintering adults could be 
kept alive for more than 40 days at 5°C without 
feeding on aphids. All the females a fter overwinter
ing were able to oviposit fertilized eggs without mat
ing and no males were needed for mass production. 

When no aphids were supplied under the mass 
production conditions, the eggs were easily attacked 
by larvae in each instar, and most of the 1st and 
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the 2nd instar larvae molted to the next stages only 
with eggs 11>. When a sufficient number of aphids 
was supplied, only the Jst and the 2nd instar larvae 
attacked a few eggs, while the 3rd and the 4th instar 
larvae never attacked eggs. 

When no aphids were supplied, larval cannibal
ism occurred frequently in the 2nd, the 3rd and the 
4th instar larvae, whereas, when an adequate num
ber of aphids was supplied, larval cannibalism was 
minimal (Fig. 6). Pupal cannibalism by the larvae 
occurred only once when no aphids were supplied. 

Release of C. septempunctata brucki in the 
alfa lfa field and its establishment 

In the laboratory test, proper development stages 
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of the lady beetle for release in the alfalfa fields 
at J0-15°C were the 2nd, the 3rd and the 4th instar 
larvae. Since the mortality of the eggs and the I st 

instar larvae at low temperatures, around 10°C in 
early March was high, it was assumed that the release 
of these stages was not effective for mass release 
(Fig. 7). 

The 2nd, the 3rd and the 4th instar larvae which 
were released in the cages located in the alfalfa field, 
provided an effective control of the aphids. The 
higher density of release of C. septempunctata brucki 
larvae led to a lower density of aphids and a higher 
yield of alfalfa. The optimum time for the release 
was early March when the maximum temperature 
was around 10°C. 

The release of the 2nd larvae of C. septempunc
tata brucki in the open field was effective for aphid 
control. However, there were no significant differ
ences in yield because of the low population density 
of the aphids at the time of release. 

Japanese pampas grass was planted around an 
alfalfa field. Many overwintering and estivating 
adults were observed in the year following plaming. 

In the field, it is preferable to use 1PM for per
manent pest management. The combination of the 
use of C. septempunctata brucki, other natural ene
mies and resistant strains should enable to develop 
more reliable 1PM for aphid management in the 
future. 
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