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ABSTRACT Coeeinella septempunetata L. larvae reared at 23 ± 2°C (16:8 [L:D]) on pea
aphids, Aeyrthosiphon pisum (Harris), required an average of 13.1 d to complete develop-
ment, a significantly faster rate of development than observed on corn leaf aphids, Rhopa-
losiphum maidis (Fitch) (16 d). Adult C. septempunetata from larvae reared on A. ptsum
were larger and weighed more than adults reared on R. maidts. Developmental times of
Nearctic Hippodamia variegata Goeze and Propylea quatuordecimpunetata L., were not
influenced by larval prey, but adult P. quatuordecimpunetata were heavier and larger when
reared on A. pisum. First instars of the three coccinellid species tested did not feed on
European corn borer eggs, Ostrinia nubilalis (Hiibner) and desiccated within 3 d at 23°C.
A. pisum is a highly suitable larval prey for Nearctic populations of these predators; redis-
tribution program releases in alfalfa infested with A. ptsum are appropriate. In corn, these
coccinellids can develop on R. maidis, but first instars cannot utilize O. nubilalis eggs as an
alternate food source.

KEY WORDS Insecta, Coceinella septempunetata, Hippodamia variegata, Propylea qua-
tuordeeimpunctata

AN UNDERSTANDINGof prey suitability for intro-
duced insect predators provides a basis for exam-
ining the potential range of predator-prey inter-
actions in the field and interpreting results of these
releases (Hagen et al. 1976). The present studies
were done to quantify aspects of the predator-prey
relationships for three newly established Palearctic
coccinellids in North America, Cocci nella septem-
punetata L., Hippodamia variegata (Goeze), and
Propy/ea quatuordeeimpunetata L. (Schaefer &
Dysart 1988). Since 1973, C. septempunetata has
rapidly expanded its range throughout eastern and
central North America (Obrycki et al. 1987, Schae-
fer et al. 1987). By comparison, P. quatuordeeim-
punetata, collected in 1968 near Quebec, Canada,
has dispersed less than 500 km in 20 yr (Gordon
1985, Dysart 1988). The third species, H. variegata,
has only recently been discovered in eastern Can-
ada (Gordon 1987).

These coccinellids are abundant in a wide range
of Palearctic and African agroecosystems, preying
upon several economically important aphid species
(e.g., Chambers et al. 1983, Aalbersberg et al. 1984,
Angood 1985, Honek 1985). Eurasian populations
of these species are well studied (Hodek 1973), but
relatively few studies have examined the biology
and ecology of North American populations (e.g.,
Rogers et al. 1972, Obrycki & Tauber 1981, Kar-
ieva 1987, Michels & Bateman 1986).

Currently, C. septempunetata, H. variegata, and
P. quatuordeeimpunetata are being collected and
reared for the biological control program against
the Russian wheat aphid (Diuraphis noxia (Mord-

vilko)). Collections from aphid-infested cereals have
been made in Turkey, France, and the USSR, in
addition to redistribution of established Canadian
populations, for release in regions infested by D.
noxia in the United States (Puttler & Reed 1988,
Flanders & Nelson 1989).

As part of a series of studies to document inter-
actions of these exotic coccinellids with selected
abiotic and biotic factors in the central United States
(Obrycki 1989; J.J.O. & c.J.O., unpublished data),
we initiated the present prey suitability tests. The
objectives were to quantify the influence of three
relatively common, potential prey species in the
Midwest (European corn borer eggs, Ostrinia nu-
hila/is (Hubner); Corn leaf aphids, Rhopa/osiphum
maidis (Fitch); and pea aphids, Aeyrthosiphon pi-
sum (Harris) on larval development and survival
and on adult size and weight of these three coc-
cinellid species.

Materials and Methods

Adult C. septempunetata, H. variegata, and P.
quatuordeeimpunetata (2-4 generations removed
from field) were obtained from the USDA-APHIS
Biological Control Laboratory, Niles, Michigan,
during 1987-1988. C. septempunetata originated
from Georgia and Delaware; H. variegata and P.
quatuordeeimpunetata were reared from Mon-
treal, Quebec, Canada, collections. Mating pairs
were maintained at a photoperiod of 16:8 (L:D),
23 ± 2°C and provided with a standard diet of
water, a Wheast (Qualcepts Nutrients, Minneap-
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Table I. Mean prcimaginal developmenlallime and percentage of females and survival for C. septempunctata (C7),
H. variegata (HV), and P. quatuordecimpunctata (PI4) reared on two aphids at 23 ± 2'C and 11 photoperiod of 16:8

Developmentaltimes(days± SE) %Cocci-
ndlid No.replicateAphidprey Instar

Totalblarval Totalspecies Egg Pupal preimaginal Females Survival
First SecondThird Fourth"

C7 (15,21,23) R. maidis 3.6 3.1 2.2 2.6 8.0 16.0± 1.5 6.0 25.7± 3.5 54 ± 8 79 ± 10
(19,20,22) A. pisum 3.8 3.1 2.2 2.4 5.4 13.1± 1.4 6.3 23.3± 3.5 56 ± 9 83 ± 3

BV (22,25,23) R. maidis 3.5 3.0 2.0 2.1 4.6 11.8± 2.0 4.2 19.4± 3.3 43± 6 95 ± 3
(23,22,21) A. pisum 3.7 3.3 2.2 1.8 4.0 11.3± 1.5 4.3 19.3± 2.8 49 ± 7 88 ± 2

P14 (18,23,22) R. maidis 3.6 2.6 1.9 1.7 4.2 10.4± 1.2 5.2 19.2± 2.2 49 ± 13 90 ± 1
(18,25,20) A. pisum 3.4 2.6 1.8 1.9 3.3 9.6 ± 1.4 5.2 18.2± 2.5 42 ± 6 94 ± 4

"Signilicantdifferencesror fourth-instardevelopmentaltimesbetweendietsfor eachspecies(ANOVA,F = 9.0;df = 2,17;P <
0.006).
bSigniBcantdifferencefor totallarvaldevelopmentorC7betweendiets(ANDV A,F = 35.6;df = 2,5;P < 0.03).

olis)-honey mixture, and a daily supply of R. maidis
and A. pisum. Larvae from three replications of
4-6 females (5 larvae/female) were reared indi-
vidually in glass vials on either O. nubilalis eggs,
R. maidis, or A. pisum at 22-24°C, at a photoperiod
of 16:8 and checked daily for ecdysis. The R. mai-
dis were reared on 'Robust' barley (Hordeum vul-
gare L.), and A. pisum were reared on 'Windsor'
broad bean (Vicia faba L.). Both aphids were pro-
vided ad lib daily, R. maidis on leaf sections or A.
pisum without plant material. The O. nubilalis
used in these studies were reared on wheat germ
(Lewis & Lynch 1969) using methods described by
Guthrie et al. (1985). Preimaginal developmental
times, survival, and the sex of emerging adults were
recorded for individuals reared on each diet. In-
dividuals were frozen 1 d after adult eclosion,
weighed to the nearest milligram, and measured
(mm) for overall body length and width. Data were
analyzed by using analysis of variance (ANOVA)
(SASInstitute 1985). Voucher specimens of the three
species are deposited in the Iowa State Insect Col-
lection, Department of Entomology, Iowa State
University, Ames.

Resuhs

European corn borer eggs are not suitable prey
for larvae of C. septempunctata, H. variegata, and
P. quatuordecimpunctata. No individuals survived
to the second instar when provided O. nubilalis
egg masses; first instars did not feed on the eggs
and desiccated within 3 d. Because of this mortality
on Q. nubilalis eggs, the statistical analysis for diet
effects was limited to A. pisum and R. maidis.

First-, secondo, and third-instar developmental
times of each predator were not different for the
two aphid prey (Table 1). The duration of the
fourth instar for each coccinellid predator was sig-
nificantly longer on R. maidis than on A. pisum.
This influence of aphid prey on the fourth instar
was reflected in the total larval developmental time
for C. septempunctata, which was significantly
longer on R. maidis. (Table 1). Rearing C. septem-
punctata, H. variegata, or P. quatuordecimpunc-

tata on R. maidis or A. pisum did not influence
the percentage of survival or sex ratio (Table 1).

No significant diet-by-sex interaction was ob·
served for any of the three species, so adult size
and weight data presented are for combined fe-
male and male values (Fig. 1 and 2). However,
females of each coccinellid species reared on each
prey were significantly heavier and larger than
males reared on the same prey (Table 2).

Adult C. septempunctata reared on A. pisum
weighed (x ± SD; 0.035 ± 0.004 g) significantly
more than adults reared on R. maidis (0.022 ±
0.004 g) (Fig. 1). C. septempunctata adults reared
on A. pisum were also significantly larger (7.39
mm x 5.74 mm) than those reared on R. maidis
(6.46 mm x 5.06 mm) (Fig. 2). The weight of H.
variegata adults (0.008 ± 0.002 g) was not influ-
enced by the two aphid diets. However, adult H.
variegata were significantly larger (4.97 mm x
3.15 mm) when reared on A. pisum than those
reared on R. maidis (4.52 mm x 2.87 mm). Com-
pared with adults from a R. maidis diet, P. qua-
tuordecimpunctata reared on A. pisum weighed
more (0.006 ± 0.001 g cf. 0.0056 ± 0.002 g) and
were slightly larger (4.23 mm x 3.31 mm) when
reared on A. pisum than on R. maidis (4.06 mm
x 3.19 mm) (Fig. 1 and 2).

Discussion

The inability of first-instar C. septempunctata,
H. variegata, and P. quatuordecimpunctata to feed
on O. nubilalis eggs limits the potential use of this
lepidopterous species as an alternate larval food
source. By comparison, 50% of P. quatuordecim-
punctata in Poland completed development on Si-
totroga cerealella (Oliver) eggs, and larval survival
and development were enhanced when reared on
a S. cerealella egg/A. pisum diet (Olszak 1986,
1.988).The potential utilization of O. nubilalis eggs
by adults of these three predators as an alternate
food needs further investigation. Among indige-
nous coccinellids, adult Coleomegilla maculata De
Geer are considered important Q. nubilalis egg
predators (Conrad 1959, Whitman 1975).
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Fig. 1. Mean (+SE) weight (g) of emerging adult
C. septempunctata (C7), H. variegata (HV), and P. qua-
tuordecimpunctata (P14) reared on two aphids, R. mai-
dis (CLA) and A. pisum (PA). * indicates significant
difference between diets, P < 0.05, ANOV A. NS, not
significant.

in classical biological control have not been easily
established or did not result in successful biological
control (Hagen 1962, Gordon 1985). Various rea-
sons have been proposed to explain these poor re-
sults, including lack of understanding of prey spec-
ificity and potential competition for prey with
existing indigenous predatory species (Thompson
1951, Hagen et al. 1976). For example, releases of
C. septempunctata in the United States occurred
over a 15-yr period with little apparent success.
The subsequent discovery of established popula-
tions in Canada and the United States cannot be
accurately traced to specific release efforts and may
be a fortuitous introduction (Larochelle 1979,
Schaefer et al. 1987). One of the established pop-
ulations was found in a New Jersey tidal salt marsh-
meadow habitat, feeding upon nontarget aphid prey
(Angelet & Jacques 1975). Similarly, in biological
control programs directed against the Colorado po-
tato beetle, Leptinotarsa decemlineata (Say), in
Europe, releases of predatory pentatomids Perillus
bioculatus (F.) and Podisus maculiventris (Say)
have not resulted in permanent establishment of
these predators (see Clausen 1978). Recent studies
with P. maculiventris have shown not only that an
understanding of prey range is required with these
nonspecific predators but also that host plant feed-
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A. pisum is a highly suitable prey for North
American populations of C. septempunctata, P.
quatuordecimpunctata, and H. variegata. Similar
results have been reported for two Palearctic pop-
ulations of C. septempunctata from England
(Blackman 1967) and Poland (Olszak 1988). Rear-
ing C. septempunctata at 20°C on six aphid species,
Blackman (1967) found A. pisum to be highly suit-
able, based upon mean larval developmental time
(13.3 d), larval survival (81%), and adult weight at
eclosion (0.0372 g). Similarly, 80% of C. septem-
punctata survived to the adult stage (mean weight
= 0.0405 g) when reared on A. pisum at 20°C in
Poland (Olszak 1988). Recent studies in Massachu-
setts showed that C. septempunctata pupae from
larvae reared on A. pisum were heavier than those
reared on green bugs (Schizaphis graminum (Ron-
dani)), R. maidis, or bird cherry-oat aphids (Rho-
palosiphum padi (L.)), and that adults maintained
on A. pisum reared from larvae fed A. pisum pro-
duced more eggs per female per day than adults
Similarly maintained and reared on either S. gra-
minum, R. maidis, or R. padi (W. C. Kauffmann
& c. P. Schwalbe, unpublished data).

Fewer studies have been done on aphid suitabili-
ty for P. quatuordecimpunctata and H. variegata
development and survival. Olszak (1988) reported
that 67% of P. quatuordecimpunctata reared on
A. pisum survived to adults (mean weight = 0.0064
g). Previously, Rogers et al. (1972) showed that
survival of P. quatuordecimpunctata ranged from
27 to 69% when reared on several aphids associated
with small grains and sunflower. By comparison,
more than 90% of the P. quatuordecimpunctata
in our study completed development on either A.
pisum or R. maidis.

Hippodamia variegata from Africa required 17
d to complete development when reared on S. gra-
minum at 25OC;larvae consumed an average of 20
aphids per day (Michels & Bateman 1986). In China,
Wang et al. (1984) documented H. variegata feed-
ing on S. graminum, Myzus persicae (Sulzer), and
R. maidis and reported overall mean larval and
adult consumption rates of 31 and 66 aphids per
day, respectively.

Hippodamia variegata was accidentally intro-
duced into Africa and is now the most abundant
coccinellid in D. noxia-infested wheat but is also
common in lucerne and uncultivated habitats (Aal-
bersberg et al. 1984, 1988). Similarly, C. septem-
punctata, P. quatuordecimpunctata, and H. var-
iegata are abundant in aphid-infested Eurasian
cereal fields but also are among the most abundant
coccinellid species in potatoes, sugar beets, and al-
falfa (Hodek 1973, Rautapiiii 1975). Although the
target insect for releases of these predators in the
United States is D. noxia, examination of the suit-
ability of nontarget prey species is warranted and
may be critical for the successful establishment of
these predatory species.

Several non prey-specific insect predators (gen-
eralists), including aphidophagous coccinellids, used
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Fig. 2. Mean (+SE) length and width (mm) of adult C. septempunctata (C7), H. variegata (HV), and P.
qUlltuordeCimpullctata (PI4) reared on two aphids, R. maidis (CLA) and A. pisum (PA). * indicates significant
difference between diets, P < 0.05, ANOVA. NS, not significant.

ing has a significant effect on development and
reproduction (Ruberson et al. 1986). Understand-
ing the role of alternate prey and nonprey items
not only improves the likelihood of permanent es-
tablishment of nonspecific predators, but is re-
quired for any subsequent manipulations of pred-
atory species (Hagen & Hale 1974) and may provide

a rational basis for concerns regarding the ecolog-
ical effect of these predatory species (e.g., Howarth
1983).
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Table 2. Characteristics of aduhs of C. septempunctata (C7), H. variegata (HV), and P. quatuordecimpunctata
(PI4) reared on Iwo aphids at 23 ± 2°C and a photoperiod of 16:8

Co('('indlid Sex Aphid Weight, g Length, mm Width, mm

C7 9 A. pisum 0.0377 ± 0.003 7.65 ± 0.25 5.91 ± 0.13
R. maidis 0.0233 ± 0.006 6.71 ± 0.11 5.19 ± 0.1

0 A. pisum 0.0321 ± 0.001 7.13 ± 0.3 5.56 ± 0.11
R. maidis 0.0204 ± 0.002 6.22 ± 0.17 4.93 ± 0.05

IIV 9 A. pisum 0.0092 ± 0.001 5.16 ± 0.23 3.27 ± 0.09
R. maidis 0.0066 ± 0.001 4.66 ± 0.04 2.98 ± 0.13

0 A. pisum 0.008 ± 0.001 4.78 ± 0.25 3.02 ± 0.12
R. maidis 0.0061 ± 0.001 4.37 ± 0.15 2.75 ± 0.12

P14 9 A. pisum 0.0067 ± 0.001 4.38 ± 0.05 3.41 ± 0.04
R. maidis 0.006 ± 0.002 4.19 ± 0.14 3.25 ± 0.1

0 A. pisum 0.006 ± 0.001 4.08 ± 0.07 3.21 ± 0.02
R. maidis 0.005 ± 0.001 3.92 ± 0.06 3.13 ± 0.02

For each species characteristic combined over the two aphid prey, females were significantly (ANOVA: P = 0.05) heavier and larger.
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