October 1960

was prepared according to the procedure described
by Paech and Tracey (1955) .

1. Leaves ground in o large blender and extracted
3 times with acetone.

2. Acctone extract diluted with 2 volumes of water.

3. Mixture extracted several times with ethyl ether.
Lithyl ether extract reduced to dryness in a rotary
evaporator under vacuum.

4. Sufficient cthanol (but not less than 10 ml)
added to the dry residue to dissolve it completely and
then 60% (w/v) aqueous potash (1 ml/10 ml etha-
nol) added with shaking. Mixture covered with
nitrogen to prevent oxidation and left for 12-16 hr
(preferably overnight) in the dark at room tempera-
ture. The solution then diluted with 3-4 times i:s
volume of water and extracted with an equal volume
ol peroxide-frec ethyl cther. Extractions continued
until all the pigment was extracted. Combined ether
extracts washed with about 14 their volume of warin
water; repeated until all the soaps were washed from
the ether layer.

5. Ether extract impregnated on casein, dried un-
der vacuum until odor of the ether disappeared.
Mixture kepe frozen until used. Data obtained from
use of this diet are summarized in Table 3.

Larval development was more uniform on Dict 16
than any of the others tested (Table 3). It was
necessary to change the food once or twice during
larval development. The adults reared on this diet
fed readily, copulated, and the females oviposited.
Copulation was increased by adding 0.2 ml Vitamin
.. Kight gencrations of the beetles were reared on
this diet in the laboratory without observed reduction
in the viability of the culture after the 2nd genera-
tion. All the €. maculata used in toxicological and
ceological studies conducted in the laboratory were
reared on it. However, it failed to support Coccinelia
novemnolata Herbst, Cycloneda spp., or the conver-
aent lady beetle, Hippodamia convergens Guérin-
Méneville.  Adule Olla abdominalis (Say) fed on
the diet, but neither copulation nor oviposition was
observed.

AckNowrepeyexT.—~All photographs were made Ly
J. H. Roberts.
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Ecological and Nutritional Studies on Coleomegilla maculata De Geer
(Coleoptera:Coccinellidae). II. The Effects of Different Population

Densities and Sex Ratios on Oviposition'

Youser H. AtarLan
Deparement of Entomology, Louisiana State University, Baton Rouge

ABSTRACT

Eight ditlerent population densities of adult lady beetles,
Coleomegilla maculata De Geer, were tested in a standard
space of 568 cc. The adults were provided with excess
food and water. As the number of adults increased the
number of cggs per female decrcased. A greater degree

of intraspecific competition occurred among females than
among males and females. Oviposition was affected by the
number of individuals and their sex. Maximum cgg pro-
duction was obtained by confining mated females singly
in oviposition cagcs.

Much research has been done to study the effect of

3 Accepted for publication May 31, 1966,

crowding on the fecundity of animals under labora-
tory conditions. Various techniques and designs have
been used. Pearl (1932) found that as the popula-
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Table 1.~—Effect of different population levels on egg
production of C. maculata.*

Population
level Experiment 1 Expcriment 2
Level
no. d ¢ Batches  Eggs Batches  Eggs
1 0 1 4.8%3.6 22.6+13.7 5.022,0 29.1=*=14.7
2 0 2 3.8+0.9 17.5%x69 3.7*1.2 18.0*8.6
3 1 1 2.8*1.5 14.8+84 8.1=1.3 17.2*5.3
+ 2 2 1.5=1.0 58+39 1.7%£09 6.3%=4.1
5 3 3 0.0 0.0 02+4 1.0*24
6 0 5 0 .0 0 0.0
7 5 5 .0 0 .0 0
8 0 4 24 8*2.0

a Experiment 1 had 4 replicates and experiment 2 had 6 repli-
cates.

tion density of Drosphila melanogaster (Meigen)
increased in a limited or closed universe, the rate of
egg production per female per day decreased. He
stated also that the effect of population density upon
egg laying was immediate and probably resulted from
collision or the interfering action of the flies upon
one another. Pearl concluded that crowding affects
3 major functions, food intake, energy output in mus-
cular activity, and oviposition,

Later, several biologists arrived at the same con-
clusions on the basis of similar studies. Among them
were Kluijver (1951), who worked with wild popula-
tions of the great tit, Parus major L. (after Odum
1962) ; Frank (1952) with laboratory cultures of the
crustaccan Daphnia pulicaria (Forbes); and Watt
(1955) with the confused flour beetle, Tribolium con-
fusum Jacquelin du Val. Nicholson (1957) stated
that in cultures of the sheep blow fly, Lucilia cuprina
Wiedemann, governed by larval competition only, 2
large number of flies laid so many eggs that larval
overcrowding prevented any offspring from reaching
maturity; whereas in those which were governed by
adult competition alone, adult crowding prevented
any eggs being produced. Nicholson observed also
that the small flies laid fewer eggs. Flanders and
Badgley (1963) found that with a constant food sup-
ply the periodicity of increase and decrease of the
Mediterranean flour moth, Anagasia kuehnielle (Zel-
ler), appeared to be the result of variations in the
intraspecific competition for requisites.

Atallah and Newsom (1966) developed an artificial
diet and a satisfactory laboratory rearing technique
for Coleomegilla maculata De Geer. Before under-
taking a “mass” rearing program for this predator it
was necessary to study the effects of intraspecific com-
petition on oviposition.

MATERIALS AND METHODS.~Eight different popula-
tion levels of adults were tested in a standard space
of 568 cc provided by a 1-pint paper ice cream carton.
The adults were provided with an excess of the
synthetic diet formulated according to the method
described by Atallah and Newsom (1966) .

The population levels were:

. One mated @ and 1 tube of diet

2. Two mated @ and 1 tube of diet

3. One 3 and 1 @ and 1 tube of diet
4. Two & and 29 and 2 tubes of diet
5. Three 8 and 3 2 and 2 tubes of diet

—
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3. Five mated @ and 2 tubes of diet

7. Five & and 5 2 and 2 tubes of diet

3. Four mated ¢ and 2 tubes of diet

‘Water was supplied in 10-cc shell vials stoppered
with absorbent cotton. Water was changed at 4-day
intervals. The food was changed each 36 hr. The
eggs were collected at 12-hr intervals— 9 am and 9
pM. Two experiments were conducted during the
summers of 1963 and 1964.

REsuLTs.—Summarized data for egg production un-
der the different population levels studied are shown
in Table 1. The figures in experiment 1 were the
average of 4 replicates. There were 6 replicates in
experiment 2.

Obviously, intraspecific competition exerted an im-
portant regulating effect on egg production. Even 1
¢ laid more eggs than 2 9 together. A female con-
fined with a male laid more eggs than the average
laid per female where 2 were caged together. Four
individuals, 2 & and 2 ¢ (level 4), laid more eggs
than 4 @ (level 8). It scems that not only the num-
ber of individuals present in a space but also the sex
of these individuals affects oviposition. The data in-
dicate that at a certain population level there may be
a greater degree of intraspecific competition among
fernales than among males and females. The presence
of another female inhibits oviposition more than the
presence of a male; compare levels 2 and 3; 4 and 8;
and 5, 6, and 8.

No eggs were deposited when more than 4 @ were
held in 1 cage.

In a rearing program for C. maculata, maximum
egg production should be obtained by confining
mated females singly in oviposition cages. Satis-
factory egg production was obtained by caging to-
gether 1 3 and 1 2. The latter method was used, in
the rearing techniques reported previously (Atallah
and Newsom 1966) .
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