
.\TALLAII AZ\"D NEWSOM: Coleomegilla macula/a. l. ] ]7!1

was prepared acconlin~ to the procedure described
bv Paech and Tracey (] 955) .

I. Leave~ ground in a larg'e blcnder and extracted
~\ time~ with acetone.

~. Acetonc extract diluted with 2 volumes of water.
3. l\Iixture extracted sc\'eral times with ethyl etheT.

}',thyl ether extract reduced to dryness in a rotal y
('\'aporator under \'acuum.

4. Suflicieut ethanol (but not less than 10 m])
:Idded to the dry residue to dissolve it completely and
lhen (iO'l~ (wi\') aqueous potash (1 mlilO ml etha-
nol) added with shaking. l\Iixture covered with
nitrogen to pre\'ent oxidation and left for 12-16 hr
(preferably O\'ernight) in the dark at room tempera-
lure. The solution then diluted with 3-4 times i':s
\ olume of water and extracted with an equal volume
of peroxide-free ethyl ether. Extractions continued
!lntil all the pigment was extracted. Combined ether
e'dracts washed with about Y2 their \'olume of warm
\\:1 ter: repeated until all the soaps were washed from
the ether layer.

5. Ether extract impreguated on casein, dried un-
der \'acuum until odor of the ether disappeared.
:\1ixture kept frozen until used. Data obtained from
use of this diet arc summarized in Table 3.

Lar\'al de\'e1opment was more uniform on Diet 16
Ihan auy of the others tested (Table 3). It was
necessary to change the food once or twice during
larval developmcnt. The adults reared on this diet
kd readily, copulated, and the females oviposited.
Copulation was increased by adding 0.2 ml Vitamin
E. Eight g'enerations of the beetles were reared on
this diet in the laboratory without observed reduction
ill the viahility of the culture after the 2nd genera-
tion. All the C. II/(/culllia lIsed in toxicological and
ecological studies conducted in the laboratory were
reared Oll it. Howe\'er, it failed to support Coccinelia
IIm'I'II/1/0/lIla Herbst, Cyrlolll'da spp., or the conver-
gent lady beetle, Hil)/Jodamia co/wel'gens Guerin-
:\I{>ne\'illc. .\dult Olla abdominalis (Say) fed on
the diet, but neither copulation nor oviposition was
observed.

ACKN(H\'I.EDG1\lEl'T.-AIl phoLOgTaphs were made by
.J. H. Roherts.
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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 Oviposition1

YOliSEl' H. ATAI.LAII

Department of Entomology, Louisiana State Uni\'ersity, Baton Rouge

ABSTRAC'l'
Eighl dilkrl'lll populatio!l densities of adult lady beetles, of intraspecific competition occurred among females than

(;Oll'OIlH'gillll lIIacu/ll/a lk Geer, were tested in a standard among males and females. Oviposition was affected by thl'
space of 568 cc. The adults were pro\'ided with excess number of individuals and their sex. Maximum egg p1'O.
food and watn. As the number of adults increased the duction was obtained by confining mated females singly
nlllllhn of eg!l;s per female decreased. A g-reater degree in ol'iposition cages.

;'IIuch research has been done to study the effect of crowding on the fecundity of animals under labora-
tory conditions. Various techniques and designs have

) Anl'ptl'(\ for puhfiratioll 1\1:1)' ~l!. 19(iii, heen used. Pearl (1932) found that :IS the popula-
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• Experiment I had 4 replicates and experiment 2 had 6 repli·
cates.

Table I.-Effect of different population levels on egg
production of C. maculata."

Level
no. d' 'i' Batches Eggs Batches Eggs

0 I 4.8±3.6 22.6±13.7 5.0±2.0 29.l±14.7
2 0 2 3.8±0.9 17.5±6.9 3.7±1.2 18.0±8.6
3 I I 2.8±1.5 14.8±8.4 3.1±1.3 17.2±5.3
4 2 2 1.5±1.0 5.8±3.9 1.7±0.9 6.3±4.1
5 3 3 0.0 0.0 0.2±.4 1.0±2.4
6 0 5 .0 .0 .0 0.0

5 5 .0 .0 .0 .0
R 0 4 .2±.4 .8±2.0

tion density of DrosPhila melanogaster (I'vfeigen)
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
:l major functions, food intake, energy output in mus-
cular activity, and oviposition.

Later, several biologists arrived at the same con-
elusions on the basis of similar studies. Among them
were Kluijver (1951), who worked with wild popula-
tions of the great tit, Pants major L. (after Odum
1962); Frank (1952) with laboratory cultures of the
crustacean DaPhnia pulicaria (I'orbes); and Watt
(1955) with the confused flour beetle, Tribolium can-

jusum Jacquelin du Val. Nicholson (1957) stated
that in cultures of the sheep blow fly, Lucilia cuprina
Wiedemann, governed by larval competition only, a
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 tile periodicity of increase and decrease of the
Mediterranean flour moth, Anagasta kuehniella (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 I-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:
1. One mated ~ and 1 tube of diet
2. Two mated ~ and 1 tube of diet
3. One i!i and I ~ and 1 tube of diet
4. Two i!i and 2 ~ and 2 tubes of diet
5. Three i!i and 3 <j? and 2 tubes of diet
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-3. Five mated ~ and 2 tubes of diet
'7. Five i!i and 5 <j? and 2 tubes of diet
8. Four mated ~ and 2 tubes of diet
'Water was supplied in IO-cc shell vials stoppered

with absorbent cotton. ,.vater 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 L The figures in experiment I 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 I
~ laid more eggs than 2 ~ together. A female con-
fined with a male laid more eggs than the average
laid per female where 2 were caged together. Four
inclividuals, 2 i!i and 2 ~ (level 4), laid more eggs
than 4 9 (Ievcl 8). It seems 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
females 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.

:~o 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 i!i and 1 ~. The latter method was used, ill
the rearing techniques reponed previously (Atallah
and Newsom 1966) .
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