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Abstract

A number of recent studies indicated that establishment of exotic lady beetles (Coleoptera: Coccinelli-
dae) may have adverse affects on native lady beetle species. In the present study, we analyzed changes in
coccinellid community inhabiting potato crops in northern Maine over the past 31 years. Prior to 1980,
lady beetle communities were comprised almost exclusively of the two native species, Coccinella trans-
versoguttata Brown and Hippodamia tredecimpunctata (Say). Starting 1980, an exotic species Coccinella
septempunctata L. became permanently established in potato crops and quickly started to dominate lady
beetle community. Two other exotic species, Harmonia axyridis (Pallas) and Propylea quatordecimpunctata
(L.) became prominent members of the lady beetle community in 1995 and 1996. Invasion by exotic spe-
cies was followed by a significant decline in the abundance of C. transversoguttata and H. tredecimpunc-
tata, and a significant increase in the overall diversity of lady beetle community. The abundance of
aphid prey was substantially reduced after the establishment of H. axyridis. The observed trends demon-
strate the profound effects that exotic natural enemies may have on target and non-target native species,
and highlight the importance of their thorough evaluation before initiating biological control programs.

Introduction

Invasion by exotic species has become one of the
major environmental problems in a variety of
ecosystems all over the world. Expanding human
transport and commerce have led to a dramatic
increase in the geographic scope, frequency, and
number of exotic introductions (Mack et al.
2000). Furthermore, numerous species have been
deliberately introduced into new locations for
biological control of economically important
pests (De Bach and Rosen 1991). Historically,
most scientists and the general public viewed bio-
logical control as an efficient, low-cost, and envi-
ronmentally safe approach to pest management

(De Bach and Rosen 1991). However, serious
concerns over negative impacts of natural enemy
introductions have been recently raised by a
number of prominent ecologists and conservation
biologists (see reviews in Howarth 1991; Lock-
wood 1993, 1996; Simberloff and Stiling 1996;
Hopper 1998). Therefore, a better understanding
of natural enemy fate following introduction and
its impacts on the new environment is essential
for advancing theory and practice of biological
control.

Lady beetles (Coccinellidae) are one of the
most important groups that prey on pest insects,
particularly on aphids and other Homoptera.
Spectacular success of the introduced Vedalia
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beetle, Rodolia cardinalis (Mulsant) in controlling
cottony cushion scale in California in late 19th
century has ever since been a textbook example
illustrating accomplishments of biological control
(De Bach and Rosen 1991). Overall, a total of
179 lady beetle species have been deliberately or
inadvertently introduced into the USA. Of those,
26 species became established, often contributing
to the suppression of insect pests (Gordon 1985).
Unfortunately, a number of recent studies indi-
cated that establishment of exotic lady beetles
may have adverse effects on native lady beetle
species. Increased competition for food, intra-
guild predation, and the combination of those
two factors were suggested as possible explana-
tions to the observed negative interactions among
the species (Evans 1991, 2000; Hironori and
Katsuhiro 1991; Elliott et al. 1996; Obrycki et al.
1998; Kajita et al. 2000).

Coccinella septempunctata L., Harmonia axyri-
dis (Pallas), and Propylea quatordecimpunctata
(L.) are three species of exotic lady beetles that
are currently very common in eastern North
America (Day et al. 1994; Wheeler and Hoebeke
1995; Hoebeke and Wheeler 1996; Ellis et al.
1999). All three of them are Old World in origin.
C. septempunctata and P. quatordecimpunctata
are widespread paleoarctic species (Gordon 1985;
Hoebeke and Wheeler 1996), while H. axyridis
occurs in southern Siberia, Manchuria, China,
Taiwan, Korea, Japan, Ryukyu Islands, and
Bonin Islands (Gordon 1985; Chapin and Brou
1991). The exact mode of their introduction to
North America is unknown. At one time or
another, all three species have been deliberately
released for biological control of pest aphids
(Shands et al. 1972; Gordon 1985; Schaefer et al.
1987; Day et al. 1994). However, subsequent sur-
veys at or near release sites usually failed to
detect the establishment of these species. On the
opposite, most of them were first recovered in
the vicinity of seaports (Day et al. 1994). There-
fore, it is generally assumed that their current
populations in North America resulted from
inadvertent introductions with ship cargoes (Day
et al. 1994; Wheeler and Hoebeke 1995).

Based on an extensive literature review,
Wheeler and Hoebeke (1995) suggested that inva-
sion by C. septempunctata, a polyphagous lady
beetle of paleoarctic origin, might have been

responsible for the observed dramatic decline of
the native lady beetle Coccinella novemnotata
Herbst. Similarly, Elliott et al. (1996) observed
20–32-fold decrease in the abundance of native
C. transversoguttata Brown and Adalia bipunctata
(L.) after C. septempunctata establishment in
alfalfa, corn, and small grain fields in eastern
South Dakota. In turn, C. septempunctata has
been recently replaced by H. axyridis (Pallas), in
West Virginia apple orchards (Brown and Miller
1998). Clearly, invasion by exotic species is caus-
ing profound modifications in lady beetle com-
munities, and a better understanding of such
changes has important theoretical and practical
implications.

Lady beetle populations commonly exhibit
high temporal variability (Kieckhefer and Elliott
1990; Evans and Youssef 1992). Therefore, long-
term studies conducted at the same location are
essential to reliably delineate trends and patterns
in ecological processes taking place in their popu-
lations (Elliott et al. 1996). Elliott et al. (1996)
and Brown and Miller (1998) obtained extremely
valuable information on the impacts of exotic
lady beetles using 13- and 16-year data sets col-
lected in South Dakota and West Virginia,
respectively. In the present study, we further
expanded this line of research by analyzing
changes in coccinellid community inhabiting
potato crops in northern Maine over the past
31 years.

Materials and methods

Data used in the present study have been col-
lected from the untreated control plots set-up as
a part of insecticide trials at the Aroostook Re-
search Farm, Presque Isle, Maine. The trials were
conducted every year between 1971 and 2001,
except for 1976 and 1979. Experimental protocols
were very similar each year of investigations.
Approximately 17.7 m long and four row wide
experimental plots were planted to certified seed
potato tubers that were cut into 75–80 g pieces
prior to planting. The distance between the rows
was ca. 90 cm, and seed spacing was ca. 35 cm.
Approximately 1.8 m was left between the plots
within each block, and blocks were spaced at ca.
3 m. All plots were fertilized with NPK fertilizer
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at planting and sprayed weekly with fungicides
to control fungal diseases of potatoes. Between 5
and 30 plots were planted each year, depending
on the number of chemicals tested. Potatoes were
grown in a two-year rotation with small grains.

Twenty-five plants were randomly selected at
weekly intervals from the middle two rows of
each plot and visually examined for the presence
of lady beetles. The number of adult Hippodamia
tredecimpunctata (Say), Coccinella transversogut-
tata Brown (two native species), as well as the
number of exotic C. septempunctata L., H. axyri-
dis (Pallas), and P. quatordecimpunctata (L.) pre-
sent on each selected plant was recorded.
Together, these five species usually accounted for
100% of all lady beetles present at the potato
plots. Lady beetles belonging to other species
were found sporadically during only 3 years of
the 31-year study. Those were recorded as ‘other’
without attempting to identify them to a species.
Additionally, the number of potato-colonizing
aphids [potato aphid, Macrosiphum euphorbiae
(Thomas), buckthorn aphid, Aphis nasturtii
Kaltenbach, and green peach aphid, Myzus persi-
cae (Sulzer)] infesting one top, one middle, and
one bottom leaf of each selected plant were
counted at weekly intervals throughout the grow-
ing season. For operational reasons, the number
of plants sampled at each plot was reduced to 20
starting 1995.

For each year of the study, mean seasonal
insect density was calculated separately for each
replication. Densities were expressed on per plant
(for lady beetles) or per leaf (for aphids) basis.
Because there is no evidence that any aphid spe-
cies is a preferred prey for ladybeetles, all three
of them were pooled together. The seasonal mean
values were used for further statistical analysis.

Relative abundance of different lady beetle spe-
cies at different years of the study was compared
using chi-square test (PROC FREQ; SAS Insti-
tute 1999). Species diversity was characterized
using the Berger–Parker species dominance index
(d) and the Shannon diversity index (H¢) (Magur-
ran 1988). Differences in species diversity among
years, as well as differences in total abundances
of lady beetles and their aphid prey were ana-
lyzed by ANOVA (PROC GLM; SAS Institute
1999) (Magurran 1988; Wright and DeVries
2000). Data normality was checked before the

analyses using the Wilk–Shapiro test (P ¼ 0.01)
(PROC UNIVARIATE; SAS Institute 1999).
Because of its non-normal distribution, the data
were then transformed using rank transforma-
tions (Conover and Iman 1981) or arcsine trans-
formations (Zar 1999). Mean and standard errors
presented in this article were calculated from the
non-transformed data only. ANOVA was fol-
lowed by orthogonal multiple contrasts that were
designed a priori (Zar 1999) to test the differences
between various time periods. Those were:
(1) time period before 1980 when lady beetle
complex consisted almost exclusively of native
beetles vs time period starting 1980 when exotic
beetles became well-established within experimen-
tal plots; (2) time period between 1980 and 1995
when C. septempunctata was the major exotic
species vs time period starting 1995 when H. axy-
ridis and P. quatordecimpunctata also became
prominent part of the community. Mutual inter-
actions of different lady beetle species was ana-
lyzed using Spearman’s rank correlations (PROC
CORR; SAS Institute 1999), and the impact of
those species on the abundance of aphid prey
was analyzed by multiple regression (PROC
REG; SAS Institute 1999).

Additional information on lady beetle popula-
tions in the untreated control plots for the period
between 1955 and 1964 was obtained from the
archive maintained at the Aroostook Experiment
Farm. Unfortunately, those records contained
only information on relative abundance of differ-
ent species, and not on their population densities.
Also, no data were available for the period
between 1964 and 1971. Therefore, only data col-
lected starting 1971 were included in the statisti-
cal analysis.

Results

The relative abundance of different lady beetle
species varied substantially among the years
(Figures 1 and 2), with the observed difference
being highly significant (v2 ¼ 452.8, df ¼ 28,
P < 0.0001). Prior to 1980, lady beetle commu-
nities were comprised almost exclusively of the
two native species, H. tredecimpunctata and
C. transversoguttata. Despite extensive releases of
laboratory-reared eggs and larvae conducted in
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1964–1969 (Shands et al. 1972), C. septempunctata
was virtually absent from experimental plots until
1980. Starting 1980, however, this species has
become permanently established, and its relative
abundance skyrocketed from 6.1% in 1980 to
100% in 1994 (Figure 1). Concomitantly, the rel-
ative abundance of H. tredecimpunctata and
C. transversoguttata decreased dramatically, with
no C. transversoguttata encountered for periods
up to several years. P. quatordecimpunctata was
first observed in 1993, and H. axyridis was first
observed in 1995. In the following years, both
species became prominent members of the lady
beetle community.

There were highly significant negative correla-
tions between the abundance of native C. trans-
versoguttata and all three species of exotic lady
beetles (Table 1). Abundance of H. tredecimpunc-
tata was negatively correlated with the abun-
dance of C. septempunctata, but not the other
two exotic species (possibly because H. tredecim-
punctata populations had already been decimated
at the time of their establishment in potato
plots). In the same time, abundances of exotic

species in most cases were positively correlated
with each other (Table 1).

There were significant fluctuations in the diver-
sity of lady beetle communities as evidenced both
by the Berger–Parker species dominance index
(F ¼ 5.13, df ¼ 28, 292, P < 0.0001) and the
Shannon diversity index (F ¼ 6.25, df ¼ 28, 292,
P < 0.0001). Species diversity, on average,
increased following the establishment of the first
exotic lady beetle, C. septempunctata, in 1980.
Subsequent establishment of H. axyridis and
P. quatordecimpunctata led to further elevation in
species diversity (Table 2).

Absolute abundance of lady beetles (all species
pooled together) varied significantly among the
years (F ¼ 10.84, df ¼ 28, 292, P < 0.0001).
Fewer beetles were encountered at the experimen-
tal plots after 1980 (Table 2). However, this dif-
ference was largely due to unusually high beetle
populations in 1978 (Figure 3). When that year
was dropped from the analysis, the difference
between those two time periods became statisti-
cally insignificant (F ¼ 0.49, P ¼ 0.4863). In the
same time, more beetles were observed between
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Figure 1. Relative abundance of different lady beetle species in untreated potato plots in northern Maine in 1971–2001.
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1980 and 1995 than between 1995 and 2001
(Table 2). Establishment of C. septempunctata led
to a pronounced reduction in density of H. tre-
decimpunctata and C. transversoguttata popula-
tions, while establishment of H. axyridis and

P. quatordecimpunctata had a statistically signifi-
cant impact only on C. transversoguttata (Table 2).

Mean number of aphids infesting sampled
leaves varied significantly among the years of the
study (F ¼ 21.914, df ¼ 28, 292, P < 0.0001).
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Figure 2. Relative abundance of different lady beetle species in untreated potato plots in northern Maine in 1955–1964.

Table 1. Spearman’s rank correlation among densities of lady beetle populations in untreated potato plots in northern Maine.

C. transversoguttata C. septempunctata H. axyridis P. quatorodecimpunctata Other species

H. tredecimpunctata

Rs 0.2574 )0.1241 )0.0840 )0.0149 )0.0760
P-value <0.0001 0.0180 0.1100 0.7778 0.1483

C. transversoguttata

Rs )0.2291 )0.1763 )0.1330 )0.0650
P-value <0.0001 0.0007 0.0112 0.2165

C. septempunctata

Rs 0.0849 0.1740 0.0437

P-value 0.1063 0.0009 0.4061

H. axyridis

Rs 0.4142 0.1425

P-value <0.0001 0.0065

P. quatorodecimpunctata

Rs 0.0763

P-value 0.1470
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Noticeably fewer aphids were encountered at the
experimental plots after establishment of exotic
lady beetles, especially H. axyridis and P. quator-
decimpunctata (Figure 4; Table 2). Multiple
regression analysis indicated that lady beetle den-
sity had a highly significant impact on aphid den-
sity (F ¼ 9.0, df ¼ 6, 356, P < 0.0001), although

the majority of observed variation was better
explained by other factors (R2 ¼ 0.13). Among
all species, only densities of H. tredecimpunctata
and H. axyridis were predictive of aphid density
(Table 3). As evidenced by regression coefficients
(Table 3), high densities of H. tredecimpunctata
observed at experimental plots predicted that

Table 2. Effect of C. septempunctata, H. axyridis, and P. quatordecimpunctata establishment on lady beetle community in untreated

potato plots in northern Maine.

C. septempunctata H. axyridis and P. quatordecimpunctata

Before After F c-value P-value Before After F c-value P-value

Mean species diversity

Berger index 0.8733 0.7771 4.73 0.0305 0.7430 0.6743 14.27 0.0002

(SE) 0.0152 0.0135 0.0221 0.0285

Shannon index 0.2530 0.4372 8.02 0.0049 0.5004 0.6621 19.83 <0.0001

(SE) 0.0268 0.0257 0.0415 0.0617

Mean lady beetle densitya

All species 0.0265 0.0212 8.26 0.0043 0.0230 0.0276 16.53 <0.0001

(SE) 0.0026 0.0013 0.0024 0.0030

H. tredecimpunctata 0.0120 0.0039 24.82 <0.0001 0.0057 0.0028 0.46 0.4995

(SE) 0.0016 0.0004 0.0008 0.0006

C. transversoguttata 0.0144 0.0034 206.01 <0.0001 0.0083 0.0004 8.85 0.0031

(SE) 0.0018 0.0005 0.0011 0.0002

Mean aphid densityb 5.4828 2.7039 21.18 <0.0001 3.4154 0.6155 158.3 <0.0001

(SE) 0.3177 0.1173 0.1722 0.0729
a Per sampled plant (see text for sampling details).
b Per sampled leaf (see text for sampling details).
c Single degree of freedom orthogonal contrasts (Zar 1999).
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Figure 3. Population density of lady beetles (all species combined) in untreated potato plots in northern Maine in 1971–2001.
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aphid densities would also be high, while high
densities of H. axyridis predicted that aphid den-
sities would be low.

Discussion

Both density of lady beetle populations and rela-
tive abundance of different species comprising
the lady beetle community varied significantly
between the years of our study. Such a variation
is quite common for this group of insects (Kieck-
hefer and Elliott 1990; Evans and Youssef 1992),
and often makes it difficult to detect changes in
their communities (Evans 2000). However, shifts
in the species composition observed in our study
appear to be consistent over long periods of time

(Figures 1 and 2). At first, the community previ-
ously consisting of native species became domi-
nated by C. septempunctata. This is very similar
to the situation observed by Wheeler and
Hoebeke (1995) at a number of locations at
northeastern North America, and by Elliott et al.
(1996) in South Dakota. More recently, C. sep-
tempunctata domination was challenged by the
other two exotic species, H. axyridis, and P. qua-
tordecimpunctata. Brown and Miller (1998)
reported comparable trend in West Virginia
apple orchards. Therefore, it appears that
changes observed in our study agree with
broader changes occurring in lady beetle commu-
nities at a large geographic scale.

Interestingly, there was a highly significant
positive correlation between the densities of

Year of Survey

1970 1975 1980 1985 1990 1995 2000

M
ea

n 
nu

m
be

r 
of

 a
ph

id
s 

pe
r 

sa
m

pl
ed

 le
af

0

2

4

6

8

10

12

14

Figure 4. Population density of potato-colonizing aphids in untreated potato plots in northern Maine in 1971–2001.

Table 3. Multiple regression results testing for effects of different lady beetle species on resident

aphid populations in untreated potato plots in northern Maine.

Variable b SE t P-value

Intercept 176.86 7.58 23.34 <0.0001

H. tredecimpunctata 1783.69 451.33 3.95 <0.0001

C. transversoguttata 410.64 386.94 1.06 0.2893

C. septempunctata ) 227.13 450.22 )0.50 0.6142

H. axyridis )6658.82 1791.26 )3.72 0.0002

P. quatorodecimpunctata )3710.91 2200.18 )1.69 0.0925

Other species )5041.58 4146.73 )1.22 0.2249

469



H. axyridis and P. quatordecimpunctata, as well
as between the densities of P. quatordecimpuncta-
ta and C. septempunctata. This implies the possi-
bility of biotic facilitation, a phenomenon when
two or more invading species enhance each
other’s survival and/or population size (Simberl-
off and Von Holle 1999). Biotic facilitation is
probably more common in nature than previ-
ously thought (Simberloff and Von Holle 1999).
However, our data are far from sufficient for
making definite conclusions on this subject. It
seems counter-intuitive that competitors would
engage in facilitative interactions, and it is possi-
ble that the observed correlation is caused by
some external factor having a similar impact on
populations of different invading species.

Replacement of native lady beetles by C. sep-
tempunctata did not appear to cause significant
reduction in the number of potato-colonizing
aphids (Figure 4), just as it was the case in the
study by Evans (1991). In the same time, estab-
lishment of H. axyridis and P. quatordecim-
punctata coincided with a dramatic decrease in
the abundance of their prey (Figure 4). Multiple
regression analysis indicated that H. axyridis den-
sity had a significant influence on the density of
aphid populations. No such effect was detected
for P. quatordecimpunctata. Brown and Miller
(1998) observed a similar suppression of pest
aphids after H. axyridis had become a dominant
species at their study sites, suggesting that
H. axyridis is probably a superior biological con-
trol agent of aphid pests when compared with
C. septempunctata.

Classical biological control via introduction of
exotic natural enemies has come under increasing
scrutiny because of its possible detrimental effects
on non-target species (Howarth 1991; Lockwood
1993, 1996; Simberloff and Stiling 1996; Hopper
1998). Among other things, such negative inter-
actions are caused by predation and competition
for common resources, as was probably the case
with the lady beetles observed in the present
study. Although invasion of C. septempunctata,
H. axyridis and P. quatordecimpunctata is com-
monly thought to originate from inadvertent
introductions rather than from deliberate releases
(Day et al. 1994; Wheeler and Hoebeke 1995),
our results still demonstrate the profound effects
that exotic natural enemies may have on non-tar-

get native species. However, it is yet unknown if
those effects have negative environmental conse-
quences from the conservation standpoint.

Despite dramatic reduction in their relative
abundances, both C. transversoguttata and H. tre-
decimpunctata persisted at low densities in potato
plots after the establishment of exotic species
(Figure 1). As a result, the invasion increased the
species diversity at the experimental plots
(Table 3). Furthermore, potato is as exotic a spe-
cies in northern Maine as C. septempunctata, H.
axyridis, or P. quatordecimpunctata. In spite of
usually being able to utilize a variety of different
habitats, at least some aphidophagous lady beetle
species have been shown to display preference
toward certain environments (Honek 1985).
Therefore, it has been argued that arrival of the
invaders might simply cause ‘habitat compression’
for native lady beetles (Evans 2000). This entails
retreat to ancestral habitats, where native species
may have competitive advantage over the new-
comers. Also, our study has been conducted using
a small sampling unit at a single geographical loca-
tion, and untreated plots were embedded within
insecticide trial plots. All this does not allow us to
make far-reaching conclusions solely based on our
data. Further investigations on a larger spatial
scale are required to fully assess the environmental
impacts of exotic lady beetles. Knowing these
impacts will improve our ability to evaluate the
safety of entomophagous agents considered for
introduction in biological control programs.
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