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COCCINELLIDAE (COLEOPTERA)
IN APPLE ORCHARDS OF EASTERN
WEST VIRGINIA AND THE IMPACT

OF INVASION BY HARMONIA AXYRIDIS 1

M. W. Brown, S. S. Miller2

ABSTRACT: Twenty-five species of Coccinellidae were found on apple in eastern West Virginia
from 1983 to 1996. From 1989 through 1994, the exotic coccinellid, Coccinella septempunctata

(first collected in 1983), has dominated the fauna of the tribe Coccinellini. Another adventive

species, Harmonia axyridis (first collected in 1994), became the dominant species in the tribe

Coccinellini in 1995, and continues to dominate the coccinelline guild on apple. Harmonia axyridis

has displaced C. septempunctata and is providing better biological control of Aphis spiraecola
on apple in eastern West Virginia.

Coccinellids (Coleoptera: Coccinellidae) are an important group of aphid

predators in many ecosystems. Because of their ability to contribute to the

control of pests, many coccinellids have been selected for introduction in bio-

logical control programs. As of 1985, there had been 179 introductions of

coccinellids into the U. S., with 26 species having become established; how-

ever, 8 were a result of accidental introductions (Gordon 1985). Two recent

coccinellid immigrants have made an obvious impact in the mid-Atlantic states.

In 1973, Coccinella septempunctata L. was first found in New Jersey (Angalet
et al. 1979), and it gradually spread throughout the Northeast (Schaefer et al.

1987). In 1988, H. axyridis was first found in Louisiana (Chapin and Brou

1991), and has since spread into the mid-Atlantic region (Day et al. 1994).

Although both species had been released intentionally, their establishment ap-

pears to be a result of accidental introductions (Day et al. 1994). Both species
are now abundant throughout much of the northeastern United States and east-

ern Canada (Hoebeke and Wheeler 1996) and have even become subjects of

public concern because of occasional massive migrations of C. septempunctata

(Schaefer et al. 1987) and by large numbers of H. axyridis overwintering in

houses (Knodel and Hoebeke 1996).

There have been numerous studies cataloguing the coccinellids in apple
orchards in Europe and North America. In Europe, more than 23 species of

coccinellids have been collected on apple, but usually 3 to 14 species in any
one study (Hodek and Honek 1996). In a study spanning 4 years in 3 regions
of Hungary, 23 coccinellid species were found on apple (Marko et al. 1 995). In

Europe, Adalia bipunctata (L.) and C. septempunctata dominate in apple

1 Received July 7, 1997. Accepted September 6, 1997.

2 USDA, ARS, Appalachian Fruit Research Station, 45 Wiltshire Road, Keameysville, WV 25430.
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orchards. The number of coccinellid species recorded from North American

orchards has been similar to that reported in Europe: 7 species in Ontario (Smith

1957), 17 in another study in Ontario (Hagley 1974), 15 in Quebec (LeRoux
1960), 8 in Washington state (Carroll and Hoyt 1984), and 6 in Pennsylvania

(Horsburgh and Asquith 1 968). Putman ( 1 964) found 1 species of coccinellids

in peach orchards in Ontario. In Washington, Coccinella transversoguttata
Faldermann was the most abundant (Carroll and Hoyt 1984) but in the east, the

dominant species varied temporally and spatially. In this paper, we character-

ize the coccinellid fauna of apple orchards in eastern West Virginia. Data are

taken from several studies covering a 14-year period, 1983 to 1996. These

years span the time of the invasion of//, axyridis into the region and are used

to evaluate the effect of H. axyridis on other species in the tribe Coccinellini,

and on Aphis spiraecola Patch (Homoptera: Aphididae) populations.

MATERIALS AND METHODS

Data from several studies were used to characterize the Coccinellidae in

apple orchards in eastern West Virginia. Except for the years 1993 to 1995,

both conventionally managed and unsprayed orchards were sampled in each

study. Data from 1983 to 1984 were taken from Brown and Adler (1989), and

Brown et al. (1988). These studies covered the region from Virginia to New
York, but only data from West Virginia are used in the present paper. Sampling
consisted of visual examination of 7 branches from 6 trees in each of 4 or-

chards, repeated 6 times per year. The purpose of the study was to examine the

phytophagous community structure on apple, but occurrence, not abundance,

of natural enemies was also recorded. Data from 1 984 to 1 988 were from Brown
and Welker (1992) using whole-tree visual sampling from 5 to 10 trees from

each of 3 orchards, 4 to 6 times per year. Data from 1989 to 1990 were from

Brown (1993), sampling in 2 orchards, 2 branches from each of 10 trees in

1989 and 5 trees in 1990, 6 samples per year. Data from 1991 were taken from

limb-jarring samples from 3 branches of 6 apple trees each hour over a 24-

hour period 4 times during the summer. Limb-jarring samples from 2 peach
trees per hour and one sour cherry tree every other hour provide data for

Coccinellidae on those tree species. A second study in 1991 added data for

Coccinellidae on peach trees (Brown and Puterka 1997) and used observations

on 6 branches from each of 6 trees in 3 orchards at 5 times during the summer.

Coccinellid data from 1992 to 1996 were based largely on two experimen-
tal orchards planted in 1992: one managed with conventional methods, and the

second managed with reduced insecticides and diverse ground cover plantings

underneath the trees. In 1992, sampling involved two, 15-tree transects per

orchard 6 times per year (Brown and Lightner 1997). Every terminal on each

sample tree was examined for aphids and predators. Monthly samples from 10

randomly selected trees per orchard, 10 shoots per tree, were collected from
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1993 to 1995 (Brown etal. 1997). In 1996 the same two orchards were sampled
more intensively to estimate populations ofA. spiraecola and aphid predators.

Ten terminals on 20 randomly selected trees were sampled weekly in May and

June, then biweekly into September whenever aphids were present. In 1992

and 1996, three other orchards were also sampled with the same methodology
as described above for those years.

Identification of adult Scymninae, Sticholotidinae, and Psylloborini were

made by R. D. Gordon, USDA, ARS, Systematic Entomology Laboratory,

Washington, DC. Adult Coccinellinae (except Psylloborini) and Chilocori-

nae were identified using Dillon and Dillon (1961).

Data on populations ofA. spiraecola, the predominant aphid on apple trees

in West Virginia (Pfeiffer et al. 1989), resulted from pest monitoring in three

conventionally managed apple orchards. Ten terminals on two trees from each

orchard were sampled and the number of leaves per terminal infested with

aphids was recorded. Sampling was conducted every week from early May to

September from 1992 to 1996.

Assessment of the impact of//, axyridis on coccinellids was limited to the

tribe Coccinellini. Any effect on the endemic fauna would be expected to be

greatest on members of the same tribe because of their generally similar biolo-

gies and niche requirements.

RESULTS AND DISCUSSION

Twenty-five species of coccinellids in 4 subfamilies and 9 tribes were found

on apple in eastern West Virginia from 1983 to 1996 (Table 1). Fourteen spe-

cies of coccinellids were found on peach, including Scymnus caudalis LeConte,
which was not found on apple, and 7 on sour cherry in limited sampling on

these host trees (Table 1). In addition to those species listed, 4 others, all be-

longing to the Coccinellini, were caught in sticky or blacklight traps located in

apple orchards but were not seen foraging on fruit trees: C. transversoguttata,

Hippodamia convergens Guerin, H. tredecimpunctata tibialis (Say), and

Mulsantina picta (Randall). The 25 species listed in Table 1 represent a larger

and more comprehensive list of the coccinellid fauna on apple than other stud-

ies because it covers a 14-year period, whereas all previous studies, except for

Marko et al. (1995), covered only 1 to 3 years.

For the 8 years in which numerical data are available (1989 to 1996), the

two exotic species, C. septempunctata and H. axyridis, dominated the

coccinelline fauna (Table 2). Although 7 species of Coccinellini were recorded

on apple during these years, over 70% of the individuals collected belonged to

the two exotic species. Coccinella septempunctata was first collected from

apple in West Virginia in 1983. By 1985, C. septempunctata was the most

frequently encountered coccinelline in orchards, and it was the only coccinelline
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Table 1. Coccinellidae, by subfamily and tribe (after Kovar 1996), found in

apple orchards of eastern West Virginia, 1983-1996.

Scymninae
Stethorini

Stethorus punctum (LeConte) 1

Scymnillini (Zilini)

Zilus horni Gordon

Scymnini
Diomus terminates (Say) 1 ,2

Scymnus fraternus LeConte

S. circumspectus Horn 2

5. iowensis Casey 1 ,2

S. rubricaudus Casey

Scymnus sp. 1

Brachiacanthini

Brachiacantha ursina (F.)

Hyperaspidini

Hyperaspis proba (Say) 1,2

Chilocorinae

Chilocorini

Chilocorus stigma (Say) 1,2

Coccinellinae

Coccinellini

Adalia bipunctata (L.)
'

Anatis labiculata (Say)

Anatis mali (Say) 1

Coccinella novemnotata Herbst

C. septempunctata L. 1 ,2

C. transversoguttata Faldermann

Coleomegilla maculata lengi

Timberlake 1

Cycloneda munda (Say) 1

C. sanguinea (L.)

Harmonia axyridis (Pallas)

Hippodamia parenthesis (Say)

Olla v-nigrum (Mulsant) 1

Psylloborini

Psyllobora vigintimaculata (Say) 2

Sticholotidinae

Microweiseini

Microweisea misella (LeConte) 1

Also found on peach trees; Scymnus caudalis LeConte (Scymninae: Scymnini) was found only
on peach trees.

Also found on sour cherry trees.

Table 2. Percentage composition of the coccinelline fauna on apple in eastern West Virginia,
1989-1996.

Species
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seen in 1987 and 1988 during sampling of the same orchards (Kozar et al.

1994). Coccinella novemnotata Herbst, which Wheeler and Hoebeke (1995)

suggest may be negatively correlated with C. septempunctata, has not been

seen in West Virginia apple orchards since 1985. In a survey prior to the arrival

of C. septempunctata in nearby south-central Pennsylvania (Horsburgh and

Asquith 1968), the only Coccinellini found were A. bipunctata, C. munda, and

H. convergens.
Harmonia axyridis, first collected in 1994, has replaced C. septempunctata

as the dominant coccinelline in apple orchards (Fig. 1). In 1995, C.

septempunctata was reduced to the third most abundant species of Coccinellini

behind H. axyridis and Coleomegilla maculata lengi Timberlake (Table 2). Of

1 00%

90

C. septumpunctata _J Harmonia axyridis LJ All others

Fig. 1. Percentage composition of the coccinelline fauna in apple orchards of eastern '.Vest Vir-

ginia from 1990 to 1996, showing the displacement of C. septempunctata by H. axyridis.
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the less abundant coccinellids, A. bipunctata, Cycloneda munda (Say), Anatis

labiculata (Say), and Olla v-nigrum (Mulsant) have not been seen in apple
orchards in the three years since H. axyridis appeared. Only C. maculata lengi

has seemed to become more abundant on apple since the arrival of//, axyridis.

Harmonia axyridis has shown its ability to rapidly dominate in other ecosys-
tems in other regions where it has invaded (Tedders and Schaefer 1994, Day et

al. 1994).

Comparing the two years in which intensive sampling of aphid predators
was conducted, 1992 and 1996, gives insight into the interaction between C.

septempunctata and H. axyridis (Table 3). In 1992, all but one coccinelline

Table 3. Number of Coccinellini collected in two intensive surveys of aphid predators in eastern

West Virginia apple orchards.
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Fig. 2. Population estimates of A. spiraecola by day of the year in three conventionally managed
orchards in eastern West Virginia; A, 1991 to 1993, prior to arrival of H. axyridis; B, 1994-1996,
after arrival of//, axyridis.
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axyridis dominated the coccinelline fauna, were insecticide sprays not applied
to control aphids. Data on aphids were obtained only from a few trees in three

orchards in only one location and, therefore, cannot be considered conclusive.

The indication, however, is that the arrival of H. axyridis has improved the

biological control of aphids on apple.

Conclusions: Exotic species of Coccinellini have greatly affected the

coccinelline fauna of West Virginia apple orchards. First, C. septempunctata
dominated the fauna, but it was in turn displaced by the newly arrived H. axyridis

in 1995. The overall effect of H. axyridis on native Coccinellini has not been

evaluated, but since the arrival of C. septempunctata, native coccinellines have

represented only a very minor component of the fauna on apple. Aphid bio-

logical control has been enhanced since the arrival of//, axyridis, so this latest

addition to the coccinelline fauna has been beneficial in the apple agroeco-

system.
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