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Abstract Coccinella septempunctata L. (Coleoptera:
Coccinellidae), a Palearctic coccinellid, has established
and rapidly spread throughout the United States. This
quantitative examination of larval interactions between
C. septempunctata and Coleomegilla maculata (DeGeer)
(Coleoptera: Coccinellidae), a Nearctic coccinellid, was
conducted under controlled prey densities. Larvae of
both coccinellid species are a�ected by a limited diet [one
pea aphid per day Acyrthosiphon pisum (Harris) (Hom-
optera: Aphididae)] compared with an excess diet (>20
aphids per day). Larval survival decreased from 86 to
63% in C. maculata and from 84 to 33% in C. sept-
empunctata; mean preimaginal developmental time in-
creased from 20.6 to 26.7 days in C. maculata, and from
18.1 to 32.0 days in C. septempunctata. Additionally, on
one aphid per day, mean adult weight was reduced from
12.39 to 9.79 mg in C. maculata, and from 39.57 to
14.44 mg in C. septempunctata. Interspeci®c interac-
tions, favoring C. septempunctata over C. maculata at
a low prey density (one aphid per day), take the form
of reduced survival of C. maculata compared with
C. septempunctata (14 versus 66%). Reduced survival
of C. maculata may be the result of competition for
aphids or intraguild predation by C. septempunctata on
C. maculata. No interspeci®c interactions (measured as
e�ects on larval survival, preimaginal developmental
time, and adult weight) were observed between larvae of
these two species at a high prey density (>20 aphids per
predator per day).
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Introduction

Twenty-six of the over 470 described species of Cocci-
nellidae in North America north of Mexico are exotic
(Gordon 1985). Sixteen of these species were intention-
ally imported for biological control purposes; one such
species is Coccinella septempunctata L. (Coleoptera:
Coccinellidae), an aphid-feeding species widely distrib-
uted in Eurasia (Gordon 1985; Hodek and Honek 1996).
It is not known if North American populations of
C. septempunctata are a result of intentional release or
if establishment was accidental (Angalet et al. 1979;
Schaefer et al. 1987). Recent intraspeci®c comparisons
and electrophorectic analyses of selected Palearctic and
Nearctic C. septempunctata populations failed to resolve
the question of origins of Nearctic populations (Krafsur
et al. 1992; Phoofolo and Obrycki 1995).

Because C. septempunctata has invaded many of the
same habitats occupied by a complex of Nearctic co-
ccinellids (Obrycki and Tauber 1985; Coderre et al.
1987; Giles et al. 1994), questions have been raised about
the e�ects of C. septempunctata on these Nearctic
coccinellid species (Schaefer et al. 1987; Kieckhefer
and Elliott 1990). In South Dakota, densities of two
coccinellid species, Adalia bipunctata (L.) (Coleoptera:
Coccinellidae) and C. transversoguttata, were reduced
following the establishment of C. septempunctata (Elliott
et al. 1996). Based upon trends in sampling data in
North America, the introduction of C. septempunctata
is correlated with a decline in the indigenous species
C. novemnotata (Wheeler and Hoebeke 1995).

Agarwala and Dixon (1992) reported on intraguild
predation under laboratory conditions among larvae
and adults of A. bipunctata (L.) (Coleoptera: Coccinell-
idae) and C. septempunctata on the eggs of both of these
species. Intraguild predation by Harmonia axyridis
(Pallas) (Coleoptera: Coccinellidae) and C. sept-
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empunctata larvae on the eggs, prepupae, and pupae of
both of these species in the ®eld has been described by
Takahashi (1989).

The Nearctic coccinellid selected for our research is
Coleomegilla maculata (DeGeer) (Coleoptera: Cocci-
nellidae), a widely distributed species in the eastern
United States (Hagen 1962; Gordon 1985). It is fre-
quently one of the more abundant coccinellid species in
the herbaceous stratum [e.g., agricultural crops includ-
ing alfalfa (Medicago sativa L.), maize (Zea mays L.),
and potato (Solanum tuberosum L.) (Obrycki and Tau-
ber 1985; Kieckhefer and Elliott 1990; Giles et al. 1994).

In this paper, we focus on interactions between larvae
of C. maculata and C. septempunctata because adult
coccinellids are highly mobile in the ®eld (Tamaki and
Weeks 1973; Kieckhefer and Olson 1974; Ives 1981).
Coccinellid larvae are more likely to remain in a ®eld
under conditions that might result in competition for
food or intraguild predation. The pea aphid, Acyrtho-
siphon pisum (Harris) (Homoptera: Aphididae), was se-
lected as prey in our research because it is highly suitable
for complete larval development of C. maculata and
C. septempunctata (Smith 1965a; Obrycki and Tauber
1978, Obrycki and Orr 1990; Hodek and Honek 1996).

The objectives of this research were to quantify and
compare the e�ects of intraspeci®c and interspeci®c
competition and intraguild predation between larvae of
C. maculata and C. septempunctata when prey resources
are limiting. These interactions were measured as e�ects
on larval survival, preimaginal developmental time, and
adult weight. Interspeci®c interactions were also exam-
ined when the density of aphid prey was not limiting to
larval development of either species.

Materials and methods

Larvae were obtained from eggs laid by ®rst-generation laboratory-
reared females. Adults of both species were collected in Story
County, Iowa, USA. Pairs were maintained in individual l/2-pint
paper cages (Neptune Paper Products, Jersey City, NJ) with water,
on A. pisum and the green peach aphid, Myzus persicae (Sulzer)
(Homoptera: Aphididae). Cages were held at 22 � 1°C/16:8 (L:D).
First instars were put into their respective treatments one day after
eclosion.

C. maculata and C. septempunctata larvae were reared on
A. pisum that were reared on fava beans (Vicia faba L.) in a
greenhouse. Mature apterous aphids (average weight 3.02 mg, SE
0.07 mg, n� 100) were selected as prey. Coccinellid larvae were fed
daily with freshly collected aphids and checked for survival and
molting. All rearing was done at 22 � 1°C/16:8 (L:D) in 1/2 pint
paper cages. Water was supplied from a cotton-plugged glass vial.

The six experimental treatments were: (1) one coccinellid larva
per cage with 1 A. pisum per day; (2) two coccinellid larvae of the
same species per cage with 2 A. pisum per day; (3) two coccinellid
larvae of di�erent species (one C. maculata and one C. sept-
empunctata) per cage with 2 A. pisum per day; (4) one coccinellid
larva per cage with 2 A. pisum per day; (5) one coccinellid larva per
cage with more than 20 A. pisum per day; (6) two coccinellid larvae
of di�erent species (one C. maculata and one C. septempunctata)
per cage with more than 40 A. pisum per day.

There were three replicates with 30 cages for each treatment; a
total of 90 cages was established for each of the six treatments.
Treatments 1 (one aphid per predator per day) and 4 (two aphids

per predator per day) have no potential competitor and were de-
signed as controls for comparison with the competitive treatments.
Treatments 2 and 3 were designed to measure intraspeci®c and
interspeci®c competition, respectively, at a prey density of one
aphid per predator per day. Treatment 5 was designed to show the
e�ect of unlimited prey availability on survival, developmental
time, and adult size. Treatment 6 was included to examine inter-
speci®c interactions at high levels of prey availability.

Newly emerged adults were held for 24 h in their cages at
22 � 1°C/16:8 (L:D) with water, but no prey. Adults were then
weighed to the nearest 0.01 mg using an analytical balance. Total
body length and width were measured using an Olympus SZH
zoom stereomicroscope and sex was determined. Voucher speci-
mens of C. maculata, C. septempunctata, A. pisum, and M. persicae
were deposited in the Iowa State University Insect Collection,
Department of Entomology, Iowa State University, Ames,
Ia 50011, USA.

Analysis of variance (PROC GLM; SAS 1985) was used to
compare the e�ects of prey density and the presence of another
larva on developmental time from ®rst instar to adult, percentage
survival, and adult size for each coccinellid species. The survival
data were transformed for the analysis of variance and the mean
comparisons by calculating the arcsin of the square root of pro-
portion that survived (Steel and Torrie 1980). A priori-determined
comparisons among treatment means were made using Bonfer-
roni's method, P � 0.05 (Milliken and Johnson 1984).

To test the e�ects of prey density on larval survival, preimaginal
developmental time, and adult weight, treatments (1, 4, and 5) in
which larvae were reared alone at densities of 1, 2, or more than 20
aphids per day were compared for each coccinellid species. To test
the e�ects of the presence of another larva (conspeci®c or hetero-
speci®c) on larval survival, preimaginal developmental time, and
adult weight, treatments 2 and 3 with potential competitors (con-
speci®c and heterospeci®c, respectively) and a prey density of
1 aphid per predator per day were compared with each other and
with the two treatments in which larvae were reared alone on either
1 aphid per day (1) or 2 aphids per day (4). The comparison with
the treatment with no competitor and 2 aphids per day (4) was
made because this would be the maximum number of prey that
could be captured by a larva in either of the treatments (2 and 3) in
which another larva was present.

Finally, treatment 6 in which larvae were reared with a com-
petitor of the other species and more than 20 aphids per predator
per day was compared to the treatment in which a larva was reared
alone with more than 20 aphids per day (treatment 5). At these prey
densities, surplus aphids were continually available to larvae. This
comparison was made to examine larval interactions when prey is
unlimited.

An estimated measurement of adult coccinellid body area was
calculated using the equation for an ellipse [P � a � b, where a� 1/
2(body length) and b� 1/2(body width)]. This is the general shape
of a coccinellid adult when viewed from a dorsal perspective. Adult
weight was correlated with this adult body area measurement.
Using this body size measurement, a comparison was made be-
tween adult C. maculata and C. septempunctata sampled from
alfalfa ®elds in central Iowa, USA, over a 6-year period (1987±
1992) (J.J. Obrycki, unpublished data) and adults reared with ex-
cess aphids in this study. In the ®eld study, body length and width
were measured for 5,739 C. maculata and 1,866 C. septempunctata.
Body area was calculated as above. Each individual from the ®eld
collections was tested using Z scores to determine if its body area
was signi®cantly less (P < 0.05) than those of adults reared in the
laboratory with unlimited prey (Steel and Torrie 1980). Tests were
performed separately for males and females of each species.

Results

Signi®cant di�erences were observed for the e�ects of
diet, presence of another larvae, and the interaction
between the level of aphid prey and larval presence on
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developmental time from ®rst instar to adult, adult
weight, and transformed survival from ®rst instar to
adult for C. maculata and C. septempunctata (Table 1).
Comparisons of main e�ects will be presented; however,
it should be noted that signi®cant interactions between
prey density and presence of a competitor were observed
(Table 1).

Comparisons of immature survival, preimaginal de-
velopmental time, and adult weight among di�erent prey
levels (1, 2, or >20 aphids per day: treatments 1, 4, and
5, respectively) showed that larval survival from ®rst
instar to adult was lower for C. maculata at 1 aphid per
day than for those fed >20 aphids per day (63.3 versus
85.6% Table 2). Survival at 2 aphids per day (78.9%)
was similar to that at >20 aphids per day for C. mac-
ulata (Table 2). Similar comparisons for C. sept-
empunctata show a reduction in survival at 1 aphid per
day (33.3%) compared to either 2 (83.3%) or >20
(84.4%) aphids per day (Table 2). The percentage
reduction in larval survival at 1 aphid per day compared
with 20 aphids per day was greater for C. septempunctata
[(84.4)33.3)/84.4 � 60%] than for C. maculata.
[(85.6)63.3)/85.6 � 26%] (Table 2).

Developmental time increased for C. maculata on a
diet of 1 aphid (26.7 days) or 2 (27.0 days) aphids per
day compared with a diet of >20 aphids per day (20.6
days; Table 2). Developmental time of C. sept-
empunctata from ®rst instar to adult was di�erent at all
diet levels (1, 2, or >20 aphids per day: 32.0, 25.8, and
18.1 days, respectively (Table 2).

The weight of adult C. maculata was reduced when
fed 1 aphid per day (9.79 mg) compared to 2 aphids
(12.56 mg) or >20 aphids (12.39 mg) per day (Table 2).
Adult weights were di�erent among diet levels (1, 2, or

>20 aphids per day: 14.44, 18.26, and 39.57 mg,
respectively) for C. septempunctata (Table 2).

C. maculata larval survival from ®rst instar to adult
was not a�ected by the presence of a conspeci®c larva
(58.9%) compared with survival of C. maculata fed
1 aphid per day (63.3% Fig. 1). However, the presence
of a C. septempunctata larva signi®cantly reduced sur-
vival of C. maculata larvae to 14.4% (Fig. 1).

The presence of a conspeci®c larva did not signi®-
cantly a�ect larval survival of C. septempunctata com-
pared with that of C. septempunctata on 1 aphid per day
(27.8 versus 33.3%; Fig. 1). Larval survival of C. sept-
empunctata increased signi®cantly when a C. maculata
larva was present (65.5%) compared with C. sept-
empunctata alone (33.3%) or with a conspeci®c larva
(27.8%). However, C. septempunctata larval survival
was signi®cantly lower than that of C. septempunctata
alone with 2 aphids per day (83.3%; Fig. 1).

Developmental time of C. maculata reared with a
second C. maculata (26.0 days) did not di�er with that of
C. maculata alone with one aphid per day (26.7 days;
Table 2). When C. maculata was reared with a larva of
C. septempunctata, preimaginal developmental time de-
creased (23.8 days). In 7 of 11 instances, when a
C. maculata larva survived in this treatment it did so
because the C. septempunctata larva died as a ®rst or
second instar in the experiment. The presence of a
second larva (C. septempunctata or C. maculata) did
not a�ect preimaginal developmental time of C. sept-
empunctata (25.3 and 25.1 days, respectively) compared
to those reared alone with 2 aphids per day (25.8 days;
Table 2). Preimaginal developmental times of C. sept-
empunctata for these treatments (presence of a second
larva or 2 aphids per day) was shorter than that of

Table 1 ANOVA table for
arcsin [square root(proportion
survival from ®rst instar to
adult)], preimaginal develop-
mental time (from ®rst instar to
adult in days), and adult weight
(mg) for Coleomegilla maculata
and Coccinella septempunctata

Species Variable Source df MS P

C. maculata Survival Prey density 2 0.429 0.0001
Competitor 2 0.152 0.0001
Prey density � competitor 1 0.217 0.0001
Error 12 0.007

Developmental time Prey density 2 624.830 0.0001
Competitor 2 14.660 0.0292
Prey density � competitor 1 56.491 0.0002
Error 389 4.112

Adult weight Prey density 2 66.249 0.0001
Competitor 2 24.621 0.0008
Prey density � competitor 1 51.894 0.0001
Error 389 3.381

C. septempunctata
Survival Prey density 2 0.304 0.0001

Competitor 2 0.095 0.0001
Prey density � competitor 1 0.073 0.0002
Error 12 0.003

Developmental time Prey density 2 2,897.257 0.0001
Competitor 2 376.303 0.0001
Prey density � competitor 1 759.826 0.0001
Error 355 2.272

Adult weight Prey density 2 17,502.978 0.0001
Competitor 2 33.105 0.0018
Prey density � competitor 1 472.479 0.0001
Error 355 5.137
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C. septempunctata reared singly on 1 aphid per day (32.0
days; Table 2).

Adult weight of C. maculata reared with a conspeci®c
larva (11.17 mg) was between the weights of those alone
with 1 aphid per day (9.79 mg) and those alone with 2
aphids per day (12.56 mg; Table 2). The adult weight of
C. maculata reared with C. septempunctata (12.78 mg)
was not di�erent from weights of those alone with 2
aphids per day (12.56 mg; Table 2). The adult weight of
C. septempunctata reared with another larva (C. sept-

empunctata or C. maculata; 16.96 mg and 17.03 mg,
respectively) was similar to the adult weight of C. sept-
empunctata reared alone with 2 aphids per day
(18.26 mg), but was greater than the adult weight of
C. septempunctata reared alone with 1 aphid per day
(14.44 mg; Table 2).

At high prey levels (>20 aphids per predator per day,
treatments 5 and 6), C. maculata survival was not af-
fected by the presence of a larva of the other species
when compared with survival of those reared alone
(both 85.6%). A similar pattern was observed for
C. septempunctata (85.6 versus 84.4%; Table 2; Fig. 2).
The developmental time of C. maculata reared with a

Table 2 Mean percentage survival from ®rst instar to adult, pre-
imaginal developmental time, and adult weight (�SE) of C. ma-
culata and C. septempunctata reared at di�erent competitive
conditions and prey densities, 22°C � 1°C/16:8 (L:D) [Competitor:
None = no competitor, Same = competitor of the same species,
mixed = competitor of di�erent species; Diet: 1 = 1 aphid per

predator per day, 2 = 2 aphids per predator per day,
>20 = more than 20 aphids per predator per day; % Survival:
mean percent survival from ®rst instar to adult based on three
replicates; Developmental time: days from ®rst instar to adult (n is
the same as that for adult weight); Weight: adult weight (mg) (n
from each of three replicates)]

Competitor
(treatment

Diet C. maculata C. septempunctata

number) % Survival Developmental Weight % Survival Developmental Weight
time time

None 1 Mean 63.3 26.7 9.79 33.3 32.0 14.44
(1) SE (1.9) (0.20) (0.21) (1.9) (0.53) (0.37)

n 18, 19, 20 10, 11, 9
Same 1 Mean 58.9 26.0 11.17 27.8 25.3 16.96
(2) SE (0.6) (0.25) (0.22) (1.4) (0.29) (0.29)

n 35, 35, 36 18, 17, 15
Mixed 1 Mean 14.4 23.8 12.78 65.5 25.1 17.03
(3) SE (1.1) (0.67) (0.56) (2.2) (0.20) (0.28)

n 4, 4, 5 19, 21, 19
None 2 Mean 78.9 27.0 12.56 83.3 25.8 18.26
(4) SE (5.9) (0.24) (0.24) (1.9) (0.19) (0.30)

n 23, 27, 21 24, 26, 25
None >20 Mean 85.6 20.6 12.39 84.4 18.1 39.57
(5) SE (2.9) (0.23) (0.30) (2.9) (0.10) (0.41)

n 27, 24, 26 27, 24, 25
Mixed >20 Mean 85.6 21.0 12.26 85.6 18.8 36.24
(6) SE (4.8) (0.19) (0.23) (2.9) (0.10) (0.52)

n 28, 26, 23 27, 24, 26

Fig. 1 Mean percentage survival of Coleomegilla maculata and
Coccinella septempunctata from ®rst instar to adult when reared in
di�erent competitive conditions (Alone-1 one larva with one aphid per
day, Same-1 two individuals of the same species with one aphid per
larva per day, Mixed-1 two individuals of di�erent species with one
aphid per larva per day, Alone-2 one larva with two aphids per day).
Letters indicate signi®cant di�erences among treatments within a
species, Bonferroni test (P < 0.05)

Fig. 2 Mean percentage survival of C. maculata and C. sept-
empunctata from ®rst instar to adult when reared alone or with an
individual of the other species on unlimited prey. There are no
signi®cant di�erences
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C. septempunctata larva at >20 aphids per predator per
day (21.0 days) was not di�erent from that of those
reared alone with >20 aphids per day (20.6 days;
Table 2). At this prey density; the preimaginal devel-
opmental time of C. septempunctata was not a�ected by
the presence of a C. maculata larva (18.8 days) compared
with that of those alone with >20 aphids per day
(18.1 days; Table 2).

The adult weight of C. maculata at >20 aphids per
predator per day when reared with a C. septempunctata
larva (12.26 mg) was similar to the adult weight of
C. maculata reared alone (12.39 mg; Table 2). The adult
weight of C. septempunctata was also not a�ected by the
presence of a C. maculata larva (36.24 mg) compared
with weights of C. septempunctata reared alone
(39.57 mg) at this prey density (Table 2).

Adult weight was highly correlated with the co-
ccinellid body area calculation for female and male
C. maculata. This correlation was higher for females
(P � 0.80, n � 215) than for males (P � 0.66;
n � 186). This relationship was used to compare the size
of adults collected from the ®eld with the size of those
reared in the laboratory on a diet of >20 aphids per day.
In all 6 years, >79% of female C.maculata from the ®eld
were signi®cantly smaller than those reared in the labo-
ratory >20 aphids per day (Table 3). In half of the years,
>50% of C.maculatamales collected from the ®eld were
signi®cantly smaller than those reared in the laboratory
on >20 aphids per day (Table 3).

For C. septempunctata, adult weight was also highly
correlated to coccinellid body area for females
(P � 0.97, n� 189) and males (P � 0.97, n � 178).
Comparison between ®eld-collected adults and those
reared in the laboratory at >20 aphids per day showed
that in all 6 years, >79% of C. septempunctata females
and >68% of males from the ®eld were signi®cantly
smaller than those reared in the laboratory at >20
aphids per day (Table 3).

Discussion

Reduced food intake by preimaginal stages of predatory
arthropods generally has been shown to result in
reduced survival, increased developmental time, and
reduced adult weight and reproduction (Smith 1965b;
Turnbull 1965; Canard et al. 1984; Sengonca and Frings
1985; Valicente and O'Neil 1995; Hodek and Honek
1996). For example, Legaspi and O'Neil (1994) demon-
strated that nymphs of Podisus maculiventris (Say)
(Heteroptera: Pentatomidae) fed a minimal diet had
lower survival, longer developmental time, and devel-
oped into smaller adults than well-fed nymphs. Smaller
female P. maculiventris produce fewer eggs than larger
females (Evans 1982). Similarly, smaller females of
C. septempunctata are less fecund than larger females
(Sundby 1968). Larvae of C. maculata required at least
5 mg of dried A. pisum to complete development to the
adult stage (Smith 1965a). The weight of the resulting
adults was lowest at 5 mg and increased as the amount
of dried A. pisum increased to 10 mg.

Interspeci®c competition between insect predators is
based on a shared limited resource (Lawton and Hassell
1984; Keddy 1989). A reduction in the survival, growth,
or fecundity of both species involved is the result of
interspeci®c competition, but the e�ect may be one-sid-
ed, appearing to be amensalistic (Begon and Mortimer
1986). In this study, aphid prey was the resource for
which the coccinellid larvae completed. Our data show
that a prey intake rate of one mature A. pisum (3.02 mg
live weight) per day is limiting to the development of
C. maculata and C. septempunctata larvae compared
with those to which excess aphids are available. Com-
petition for food would manifest itself in the same way
that reduced food availability would. Our study and the
others discussed above show that competition between
larvae of two coccinellids that share common prey can
be assessed by measuring e�ects on larval survival,
preimaginal developmental time, and adult weight.

The presence of a conspeci®c larva did not signi®-
cantly a�ect survival of either C. maculata or C. sept-
empunctata larvae on a diet of one pea aphid per
predator per day. The survival of both C. maculata and
C. septempunctata larvae was signi®cantly a�ected by
the presence of a heterospeci®c larva at a prey level of
one pea aphid per predator per day. Survival of
C. maculata larvae was signi®cantly reduced when
reared with a C. septempunctata larva. In contrast, sur-
vival of C. septempunctata larvae signi®cantly increased
when reared with a C. maculata larva. This asymmetry
may be caused by the C. septempunctata larva capturing
more prey, resulting in starvation of the C. maculata
larva, or it could be caused by the C. septempunctata
larva preying on the C. maculata larva, or a combination
of the two. Larvae of both species were observed feeding
on dead coccinellid larvae, but no attacks on a living
larva were observed. This interspeci®c interaction be-
tween larval C. maculata and C. septempunctata favors

Table 3 Percentage of ®eld collected C. maculata and C. septem-
punctata adult females and males signi®cantly (P < 0.05) smaller
than adults reared from larvae on unlimited prey in the laboratory
(>20 pea aphids per day). Collections from alfalfa ®elds in central
Iowa

Year Sex C. maculata C. septempunctata

1987 Female 86.2%, n = 1,080 79.5%, n = 39
Male 55.3%, n = 293 79.3%, n = 29

1988 Female 97.0%, n = 263 92.0%, n = 87
Male 81.6%, n = 87 78.4%, n = 102

1989 Female 90.5%, n = 359 84.3%, n = 562
Male 64.2%, n = 173 80.8%, n = 484

1990 Female 79.1%, n = 129 89.9%, n = 69
Male 41.7%, n = 84 87.5%, n = 56

1991 Female 85.8%, n = 1,123 82.2%, n = 90
Male 36.6%, n = 659 68.5%, n = 89

1992 Female 85.4%, n = 907 84.5%, n = 129
Male 33.0%, n = 582 76.2%, n = 130

Six-year total
Female 86.8%, n = 3,861 85.0%, n = 976
Male 43.2%, n = 1,878 79.0%, n = 890
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survival of the larger C. septempunctata larvae. Agarw-
ala and Dixon (1992) found that starvation increased the
vulnerability of A. bipunctata larvae to predation by
other coccinellid larvae. This may have been a contrib-
uting factor in our study; C. maculata larvae may have
been stressed by low prey availability and became more
vulnerable to predation by C. septempunctata larvae.

Asymmetry in interspeci®c competition in insects
occurs more frequently than symmetric competition
(Lawton and Hassell 1981; Ridsdill-Smith 1993). Pers-
son (1985) argues that larger animals are competitively
superior to smaller animals in interference competition.
This may be the basis for the results of our study because
adult C. septempunctata can be up to three times heavier
than C. maculata (Table 2).

No previous studies have demonstrated asymmetric
competitive interactions between an introduced co-
ccinellid and an indigenous coccinellid. Evans (1991)
studied competitive interactions between third-instar
Hippodamia convergens Guerin (Coleoptera: Coccinell-
idae) and C. septempunctata. Larvae were placed
together on living plants at an initial pea aphid density
of eight aphids per predator; larval weight gain was
measured over a 2-day period. No di�erence was found
when an H. convergens larva was paired with conspeci®c
or heterospeci®c larva. The pea aphids reproduced
during the experiment, thus aphid densities were not
limiting for either coccinellid species.

When prey is not limiting (i.e., surplus aphids are
available, >20 aphids per day), no negative interactions
were measured between larval C. maculata and C. sept-
empunctata. At this prey density, larvae would not be
starved and would be less vulnerable to predation by
other larvae. Our results at these high prey levels are
similar to the results of Evans (1991).

Our laboratory study documented competitive inter-
actions between larvae of C. maculata and C. sept-
empunctata only when prey levels were low. Aphid prey
levels vary in the ®eld, and when prey levels are limiting
in the ®eld, our laboratory results may be used as a basis
to explain interactions under ®eld conditions. The ma-
jority of C. maculata and C. septempunctata adults col-
lected from alfalfa ®elds from 1987 to 1992 were smaller
than those reared in the laboratory on >20 aphids per
day. One possible factor causing reduced adult size
would be low food intake during the larval stage. Thus,
at low prey densities, asymmetric competitive interac-
tions similar to those observed in our laboratory study
could occur in the ®eld.

Interspeci®c competition and intraguild predation
among arthropod predators have been previously stud-
ied (Spiller 1986; Niemala 1993; Wissinger and
McGrady 1993). Because coccinellids are predatory,
intraguild predation is likely to occur among these spe-
cies (Polis et al. 1989; Polis and Holt 1992; Rosenheim
et al. 1995). Understanding these interactions is impor-
tant when several natural enemies are used for biological
control of pest species (Rosenheim et al. 1993, 1995).
Intraguild predation by predatory bugs in the genera

Geocoris, Nabis, and Zelus (Heteroptera) on the larvae
of Chrysoperla carnea (Stephens) (Neuroptera: Chry-
sopidae) results in higher aphid densities than those
resulting from C. carnea predation alone (Rosenheim
et al. 1993).

Our study provides a ®rst step in identifying the
e�ects that C. septempunctata might have on Nearctic
coccinellid species in the United States. We documented
two possible mechanisms (competition and intraguild
predation between coccinellid larvae) that could be
involved. Cage studies conducted to determine if these
interactions occur in the ®eld have shown that inter-
speci®c interactions between C. septempunctata and
C. maculata larvae did not signi®cantly a�ect aphid
densities (Ormord 1994; Obrycki and Ormord 1998).
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