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Adalia bipunctata L. (Col., Coccinellidae) on different artificial diets. — Ann.
Ent. Fenn. 42, 91—97.

About 60 vanations of artificial diets were formulated and tested for rear-
ing Adalta hipunctata L.. The basic ingredients were: wheat germ, brewer's
yeast, sucrose, honey, eggs, casein, liver, a salt mixture, vitamins, antibiotics,
agar and water. A series of seven diets is presented showing increasingly

promising results. On the best diets larval development was delayed by about
20—30 9, as compared with naturally fed larvae, and adult weight was

about 30 % lower than in animals fed on Myzus persicae Sulz. On the best
diets the percentage of adults emerging varied between 60 and 80 9%, while
the corresponding figure in naturally fed insects was 65—95 % . On these
test diets matings were frequently observed, but no eggs were laid, although
some adults survived for six months.

Many attempts have been made to rear but Adalia bipunctata was not among them.
coccinellid beetles on artificial diets. ATaLLaH  Oxgapa et al. (1972) reared Harmonta axyridis
% Newsom [(1966) have succeeded in rearing Pall. on lyophilized drone honevbee brood for
Coleomegilla maculata De Geer for generations 16 generations. Using the same diet, MaTsuxa
on an artificial diet. SmMirNorr (1958) has rear- et al. (1972) succeeded in reaning Menochilus
ed 19 coccinellid species on his artificial diet, sexmaculatus Fabr. for three generations, but
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Propylea japonica Thun., Aiolocaria mirabilis
Motsch. and Chilocorus kuwanae Silv. for only

one generation. Many adult coccinellids could

survive on the drone powder up to one year.
SMITH (1965) has reared A. bipunctata among

other coccinellid species on his artificial diets.
The diet of AtaLLan & Newsom (1966) was

chosen as a basis for reformulation because the
first-instar larvae of A. bipunctata survived
slightly longer on that diet in preliminary tests
than on the diets of Smmmnorr (1958) and
SMITH (1965).

The purpose of the present investigation was
to formulate and test an artificial diet on which

A. bipunctata could be reared for generations.
We are interested in A. bipunctata as a means

of biological control of aphids in greenhouses.

Material and methods

Experimental animals and rearing
methods

Adults of Adalia bipunctata were collected for ege-
laving from the field at Tikkunla, Vantaa, South Fin-
land, in the sprning of 1973, and maintained in a green-
house at the Agncultural Research Centre, Tikkunla.
In the greenhouse the temperature varned between
+ 20 and 35°C and the R.H. between 25 and 80 .
The photoperiod was about 18 L : 6 D. The adults
were kept in glass jars (diameter 93 mm, height 35
mm) 5 to 10 per jar and fed daily on Myzus persicae
Sulz.,, which is a suitable prey for A. bipunctata
(BLACKMAN
wrinkled and wetted filter paper for retention of
humidity and for egg-laying, walking and hiding. The
jars were covered with thin gauze. The eggs were
removed daily, counted and transferred to the in-
sectarium at the Department of Physiological Zoology,
University of Helsinki, where the reanng of larvae
took place. In the insectanum the temperature was
+ 23 + 0.5°C and the R.H. varied between 63 and
75 9. The rearing table was illuminated by three 40-
W fluorescent tubes at a height of 150 ecm. A photc-
period of 18 L : 6 D was used. Under these conditions
the eggs hatched in three to four days. After the
emerging larvae had consumed the egg remnants, they
were reared individually in glass tubes (diameter 20
mm, height 55 mm) containing the diet to be tested.
The tubes were plugged with cotton, and checked
daily. If the feed was considered dry or contaminated,

the animals were transferred on to fresh feed.

1957). The jars were provided with
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A. bipunctata has four larval instars, but a fifth in-
star sometimes occurred., An insect attached to its

support, but still inside the last larval cuticle, was
considered a prepupa. Emerged adults were reared

in glass jars (4—15 per jar) containing the larval
diet and a tube of water plugged with cotton.

Preparing the artificial diets

All the ingredients (Table 1), except aureomycin,
the vitamins, agar and hall of the water, were placed
in a 500-ml glass container. After the ingredients had
been ground to a fine suspension with an Ultra-
Turrax-homogenizer (Janke & Kunkel KG.), the
mixture was heated to +65°C under continuous
stirring. After about 5 to 10 minutes a clear, hot
solution of agar was added, and finally after two min-
utes the vitamins and the aureomycin were mixed in
the diet. When the final mixture was evenly coloured,
indicating good mixing, it was pipetted into the rear-
ing tubes while still hot (1 to 1.5 ml/tube). The tubes
were placed in small plastic bags and stored in a
relrnigerator at 4 1°C.

Results

Diet 1. — The first diet to produce adults
differed considerably from that of AtaLLan &
(1966). The development from
hatching to adult emergence was very slow and
took on an average 30.0 = 1.2 days, while
larvae fed on M. persicae completed their
development in about 18 days. The rearing
started with 193 first-instar larvae and 6 (3 %)
reached the adult stage. The mean weight of
these adults was only 4.4 & 0.2 mg, compared
with 10.2 = 0.3 mg for adults (N = 49) fed
during larval life on M. persicae. For develop-
ment and mortality see Figs. 1, 2 and 3.

Diet 2. — This diet was similar to Diet 1
except for the addition of egg yolk. The reanng
started with 76 first-instar larvae and 8 (about

10 %) reached the adult stage. The animals
were still small (mean weight 4.4 = 0.3 mg)
and the developmental period long (30.1 = 0.7
days). The adults were lighter in colour than
normal; their behaviour seemed normal; they
fed on the diet and some of them survived up

NEWSsoOM
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T -
able 1. The formulae of the seven diets tested. The diet used by AraLLan & Newsos (1966) is also in-

cluded for comparison.

TS e —

Number of the diet

] (ATALLAN &
2 3 4 5 f 7 Newsosm 1966)
ﬁ::: ::;chd ml Eng.g 2000 2000 2200 2200 2200 220.0 200000
g 1 2.0 2.0 2.0 5.0 5.0 5.0 4.0
gm'{ﬂ'l yeast g BRI =20 20 50 100 70 1.0
asein, soluble BDH 'y 1.5 1.5 1.5 1.5 5}}
Carrot-lipid-casein!) P f i a7 o |
4 3.0 3.0 3.0 .
Cotton-leaf-extract e oo L E_H & . i '
Egg, yolk 4 — 20.0 20.0 —- — —: — 3
Egs, whole g — — — 500 500 500 500 -
ucrose g 7.0 7.0 7.0 7.0 7.0 7.0 7.0 3.0
Liver fractions g - — 2 e = | ﬁ.[}
ﬁff liver, fresh g 200 200 500 500 500 500 500
S { natural g 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Lri}‘t{agl':n 2 - e = FE_if i
soybean hydrolysate s — —_— - 5 SE : g:]}
Butter [at o - A — = 2 i i E-l']
Corn ol m] - - - - o, — s . rl]
Dextrose Iy — — — - - oo 1 .l]
Amino acid solution?) ml — - Foe & i 0.0 Al _
Salt rni.:-:’u,llrn:-"lI iy 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.25
."E:%E'ZI'J'I!':ILTIE acid, Merck o 0.5 0.5 0.5 0.5 1.0 1.0 1.0 0.5
Vitamin stock?) ml 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0%)
Choline chloride®) ml 1.5 1.5 1.5 1.5 1.5 1.5 1.5 —
I].L--::-Tmupheml. Merck ml (.1 0.1 0.1 0.1 0.1 0.1 0.1 (0.2]
Nipagin®) . ml 1.5 1.5 1.5 1.5 1.5 1.5 1.5 0.2g
Aureomycin?} 4 0.8 0.8 (1.8 0.3 0.3 0.3 0.3 0.06
Sorbic acid, Fluka g 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Agar, Bacto-agar, Difco g 4.0 4.0 4.0 4.0 3.7 3.7 3.7 4.0
I'qta] | g 258 278 308 358 362 387 364

2317

') Carrot lipids, extracted from 1 kg of washed and macerated carrots with chloroform-methanol (1:2). The ex-
tract stll containing the solvent was added to 100 g of casein and evaporated to drvness under vacuum. The
carrot-hpid-casein mixture was prepared monthly and stored at —18°C.

) Amino acid mixture (Levamin Infundibile, Leiras, N-cont. 0.88 /100 ml).

#) Salt mixture (BeckMmax et al. 1953).

'} Vitamin stock (Ioxorro 1963) prepared monthly and stored at + 1°C.
) Choline chloride, 15 9 solution in water.

“} Nipagin, 15 % solution in 95 9% EtOH.
*} Aureomycin, veterinary grade, Cyanamide, chlortetracyclinechloride 55 g/ke.
*) The concentration of the vitamin stock was one-sixth of that of Iexorro (1063).

Diet 3. — This diet differed from Diet 2
only by containing more than twice the amount
of fresh liver. Larval development was more
synchronous than on the previous diets. The
rearing was started with 214 larvae and 58

(27 Jo) became adults. The period of develop-
ment was shorter (about 25.0 = 0.3 days), but
the weight of the adults was still rather low
(4.8 = 0.2 mg). Figs. 1, 2 and 3.

Diet 4. — This diet was similar to Diet 3.
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| —IV = larval instars, E

with the exception that whole egg was added
instead of only yolk, and the amount of
aurecomycin was reduced. The yield from 50
first-instar larvae was 29 adults (58 9z), with
a mean weight of 5.0 == 0.2 mg and a develop-
mental period of 27.1 &= 0.3 days. Figs. 1, 2

and 3.
Diet 5. — This diet was similar to Diet 4,

except for an increase in wheat germ and
brewer's yeast. From 116 first-instar larvae 86
adults (74 %) emerged. Their mean weight
was 5.5 = 0.1 mg and the developmental period

23.4 = 0.3 days. These adults were grown in
groups of 4 to 15 and fed on the larval diet,

on which they survived from one to eight weeks,
without laying eggs. Figs. 1, 2 and 3.

Diet 6. — This diet differed from IDiet 5
only by a further increase in brewer’s yeast and
the addition of a solution of amino acids. From
100 larvae 62 adults emerged. The mean weight
was higher (7.1 == 0.1 mg) and the development
was completed in 22,3 == 0.2 days. The coloration
of the adults was normal. About 30 adults were
reared together on the larval diet and many
matings were observed, although no eggs were

produced. Figs. 1, 2 and 3.

= prepupa, P = pupa.

Diet 7. — This diet was similar to Diet 6,
except for the omission of the amino acid
solution and a reduction in the amount of
brewer's yeast. From 80 first-instar larvae 64
adults (80 9% ) emerged. Their mean weight was
7.0 &= 0.1 mg and they completed development

in 21.7 #= 0.1 days. These normally coloured
adults mated frequently from about two weeks

after their emergence, but no eggs were pro-

duced, although some of the animals survived
up to six months on the larval diet. Figs. 1, 2

and 3.
Iiscussion

In the present study the formulation of an
artificial diet for Adalia bipunctata was based
solely on the method of trial and error. About
60 different compositions were tested and the
seven diets described here illustrate the progress

made. Length of the developmental penod.
adult weight, and the percentage of adults pro-

duced were chosen as criteria of success.

It is well known that insect development tends
to be longer on artificial diets than on natural
diets. For example, on the semi-svnthetic diets



36 Kariluoto, Junnikkala & Markkula, Attempts at rearing Adalia bipunctata L. ...

%

00 o
30 90
70 DIET 1 DIET 2 DIET 3 DIET & DIET 5 DIET 6 DIET 7 70
60

B

= 0

&0

0
HINIVEPA T IIIVEPA |HHINIVEPA [IIIMIVEPA |IHIIVEPA |ILIIVERPA | HINIVEPA
N =193 N=76 N =214 N =50 N =116 N =100 N =80
Fig. 3. Mortality in different developmental stages on Diets 1—7. I—IV = larval instars, E = prepupa.

: mmaﬂmﬂﬂhhﬂ[&_ﬂ e

a0
L0

P = pupa, A = adult.

used for rearing Pieris brassicae L. the larval
stage 15 two days longer than in naturally fed
larvae (Davip & Garpiner 1966, van der
GeesT 1968, JunmigRkKaLa 1969). The same
tendency 1s evident in coccinellid beetles. In C.

kuwanae the development is lengthened by 15
% and in M. sexmaculatus by 23—56 Gp

( MATSUKA et al. 1972). According to MonTEs
Ocas (1970), the larval stage in A. bipunctata
takes 12—14 days and the pupal stage 9—11

days. The total time from hatching to adult
emergence at +23°C is thus 21—25 days. In

the present study the larval stage was longer,
taking 15—17 days on Diets 5, 6 and 7, but
this was compensated by a pupal stage (pupa
+ prepupa) of only 6—7 days. On these three
diets (3, 6 and 7) 4. bipunctata completes
development at +23°C in 23.4, 22.3 and 21.3
days, respectively. This represents a delay of
about 20--30 % as compared with rearings on
natural diets.

The weight of adult 4. bipunctata reared on
Diets 6 and 7 was not more than about 70 %
of that of the animals reared on Myzus persicae.
According to Matsuka et al. (1972), the
corresponding value varied from 60 to 83 % in
M. sexmaculatus, was about 67 % m C.

kuwanae and about 63 % in P. japonica. These

percentages compare very well with those for

A. hipunctata.

The percentage of adults emerging from a
given number of first-instar larvae provides a
rather good basis for the evaluation of some
qualittes of an artificial diet. Studies dealing
with such diets for coccinellids show great

variation in these values. In 16 generations of
H. axynidis reared on honeybee brood, they

varied between 38.6 and 60.6 9¢ (Oxapa et al.
1972). When AtaLran & Newsom (1966)

reared C. maculata on an artificial diet, they
obtained an adult yield of about 90 9. The

corresponding value was 3—19 % for M. sex-
maculatus, 12.8 9 for P. japonica, 8.6 F-;F: for
C. kuwanae and only 1.2 9 for A. mirabils, on

honeybee brood (MaTsuga et al. 1972). On the
best diets of this study the yield of adults vaned

between 60 and 80 9. When the larvae were
fed on Aeyrthosiphon pisum Harris, the corres-
ponding value was 70—95 %¢ and on M. persicae
63—90 %.

The results of the present expeniments can
be considered encouraging. The main aim, how-

ever, that of producing a diet on which 4. b:-
punctata could be reared for generations, was

Ic
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not achieved. While frequent matings were ob-
served, no eggs were produced, in spite of
survival of some of the adults for six months.
On the other hand, adults produced on these
diets did lay fertile eggs when fed during adult
life on living or frozen aphids. Further, adult
beetles that had been fed on aphids as larvae

produced eggs on Diets 6 and 7. This would

suggest that it might be rewarding to include

an "aphid factor” in future diets to achieve
fertile adults.
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