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ABSTRACT The objective of this study was to assess the potential pest status of Harmonia axyridis
(Pallas) on autumn-ripening fruit. In autumn, H. axyridis has been observed feeding on pumpkins,
apples, grapes, and raspberries in Minnesota. To determine whether H. axyridis can inflict primary
feeding damage to fruit (i.e., breaking the skin of the fruit), we conducted laboratory feeding
experiments with undamaged pumpkins, apples, grapes, and raspberries. The only fruit that H. axyridis
was able to damage directly was raspberry. Laboratory choice tests were conducted to determine
whether H. axyridis exhibits a preference between damaged and undamaged fruit, between cultivars
of fruit, and between sugar water and water alone. For all fruits tested, H. axyridis showed a preference
for damaged fruits over undamaged fruits. H. axyridis also exhibited a strong preference for sugar water
over water alone. However, few differences were exhibited in preference between cultivars of fruit.
In autumn, it seems that H. axyridis is an opportunist, taking advantage of previously damaged fruit,

caused by other agents.
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THE MULTICOLORED ASIAN LADY beetle, Harmonia axyri-
dis (Pallas), was released into North America for clas-
sical biological control (Gordon 1985). In its native
Asian range, H. axyridis is a well-known predator of
aphids and other small soft-bodied pests (Yasumatsu
and Watanabe 1964, Hukusima and Kamei 1970, Wang
1986). In North America, H. axyridis has proven ef-
fective at mitigating some pest problems, such as the
pecan aphid complex (Tedders and Schaefer 1994).
Unfortunately, the introduction of H. axyridis into
North America may result in adverse impacts to the
environment and humans. Evidence is accumulating
to indicate that H. axyridis may be adversely impacting
native coccinellids (Cottrell and Yeargan 1998,
Michaud 2002). Koch et al. (2003) also identified
H. axyridis as a potential hazard to immature monarch
butterflies, Danaus plexippus L., developing in agri-
cultural systems. Humans have been adversely af-
fected by H. axyridis through the tendency of the
beetle to form fall aggregations on homes and other
buildings (Kidd et al. 1995, Huelsman et al. 2002).
Subsequent entry of H. axyridis into homes through
cracks or holes may result in a nuisance for home-
owners (Huelsman et al. 2002). Furthermore, some
people have developed an allergic rhinoconjunctivitis
from exposure to H. axyridis (Yarbrough et al. 1999).
Finally, H. axyridis has attained status as a potential
pest in fruit production (Koch 2003). Despite numer-
ous extension fact sheets addressing the issue of
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H. axyridis as a potential pest to fruit production (Rat-
cliffe 2002), we are unaware of any published data
confirming H. axyridis feeding activity on damaged or
undamaged fruit.

In Minnesota, we have observed H. axyridis adults
feeding on pumpkins, apples, grapes, and raspberries
in autumn (Koch and Hutchison 2003a; R.L.K. unpub-
lished data). However, the ability of H. axyridis to
inflict primary feeding damage to these fruits (i.e.,
breaking the skin of the fruits) has remained uncer-
tain. The blossoming wine-making industry in Minne-
sota is seriously threatened by H. axyridis. Adult
H. axyridis are difficult to remove from clusters of
grapes during harvest. Subsequently, some H. axyridis
may be processed with the grapes, resulting in un-
marketable, tainted wine (Ejbich 2003). The objective
of these studies was to assess the pest potential of
H. axyridis to autumn-ripening fruit, such as raspber-
ries, grapes, apples, and pumpkins. We conducted
laboratory feeding studies on undamaged fruit, as well
as choice tests between previously damaged and un-
damaged fruit, between popular Minnesota cultivars
of fruit, and between sugar water and water alone.

Materials and Methods

Undamaged Fruit Feeding Studies. To determine
whether H. axyridis can cause feeding damage to
pumpkins, apples, grapes, and raspberries, we con-
ducted feeding studies with undamaged fruit in the
laboratory. In 2002, individual small pumpkins (‘Magic
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Lantern’) with unbroken skins were placed into 14-
liter clear plastic containers (Sterilite, Townsend,
MA). Twenty-five H. axyridis adults were then re-
leased into each container with pumpkins. The un-
damaged pumpkin feeding study was replicated in
eight plastic containers. Pumpkins were checked for
feeding damage after 72 h. The pumpkin feeding study
was started on 1 October. For raspberries, two berries
(proprietary cultivar, Driscoll’'s, Watsonville, CA)
with no apparent surface damage were placed into 100
by 15-mm petri dishes. Five H. axyridis adults were
released into each petri dish with raspberries. The
undamaged raspberry feeding study was replicated in
15 petri dishes. Raspberries were checked for damage
after 48 h. The raspberry feeding study was started on
6 October. H. axyridis adults used in the pumpkin and
raspberry feeding studies were collected on 1 October
from exterior walls of storage sheds at the Rosemount
Research and Outreach Center, University of Minne-
sota, Rosemount, MN. For grapes, groups of three
berries (‘Crimson Seedless’) with unbroken skins and
stems attached were placed into 1.96-liter plastic con-
tainers (Pioneer Plastics, Inc., Dixson, KY). Twenty
H. axyridis adults were then released into each plastic
container with grapes. The undamaged grape feeding
study was replicated in five plastic containers. Grapes
were checked for feeding damage after 72 h. Individ-
ual apples (‘Honeycrisp’) with unbroken skins were
placed into 14-liter Sterilite plastic containers. Twenty
H. axyridis adults were released into each plastic con-
tainer with apples. The apple feeding study was rep-
licated in five plastic containers. Apples were checked
for feeding damage after 72 h. The apple and grape
feeding studies were started on 8 November. H. axyri-
dis adults used in the grape and apple feeding studies
were collected on 7 November from the same location
as beetles used in the pumpkin and raspberry feeding
studies.

In 2003, H. axyridis adults used in the undamaged
fruit feeding studies were collected on 26 September
with a sweep net from soybean, Glycine max (L.)
Merr., at the research farm where H. axyridis were
collected in 2002. Individual pumpkins (‘We-Be-
Little’) and apples (‘Fireside’) with unbroken skins
were placed into separate 1.96-liter plastic containers
(Pioneer Plastics, Inc.). Twenty H. axyridis adults
were then released into each plastic container with
apples or pumpkins. The pumpkin and apple feeding
studies were replicated in three and five containers,
respectively. Pumpkins and apples were checked for
damage after 72 h. The apple and pumpkin feeding
studies were started on 27 and 28 September, respec-
tively. For the grape feeding studies, two cultivars
(‘Frontenac’ and ‘St. Pepin’) were tested separately.
Groups of three berries with stems attached and un-
broken skins were placed into 100 by 15-mm petri
dishes with filter paper. Five H. axyridis adults were
then released into each petri dish with grapes. Each
grape cultivar was replicated in 10 petri dishes, and
checked for damage after 72 h. ‘Frontenac™ and ‘St.
Pepin’ grape feeding studies were started on 27 and
29 September. Pairs of raspberries, one ‘Heritage” and
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one ‘Kiwi Gold, with no apparent surface damage
were placed into 100 by 15-mm petri dishes with filter
paper. Five H. axyridis adults were then released into
each petri dish with raspberries. The pairs of raspber-
ries were replicated in 10 petri dishes. Raspberries
were checked for feeding damage after 48 h. The
raspberry feeding study was started on 27 September.
For 2002 and 2003, all undamaged fruit feeding studies
were conducted on a laboratory bench at tempera-
tures ranging from 25 to 27°C with constant light.

Choice Test Feeding Studies. To determine
whether H. axyridis adults show any preference be-
tween damaged and undamaged fruit, we conducted
laboratory choice test feeding studies. In 2002, we
tested damaged versus undamaged grapes and apples.
Two groups of three grapes (‘Crimson Seedless’) were
placed at opposite ends of 14-liter Sterilite plastic
containers. One of the groups of grapes in each con-
tainer was damaged by punching one 0.75-cm-diam-
eter hole =~0.25 cm in depth into each grape. The other
group of grapes in each container remained undam-
aged. Six H. axyridis adults were then released into
each container with grapes. The damaged versus un-
damaged grape choice test was replicated in ten con-
tainers. After 2, 6, and 28 h, the number of H. axyridis
on each group of grapes was recorded. Two apples
(‘Honeycrisp’) were placed at opposite ends of 14-
liter Sterilite plastic containers. One of the apples in
each container was damaged by punching six 0.75-cm
holes =~0.25 c¢cm in depth. The other apple in each
container remained undamaged. Six H. axyridis were
then released into each container. The damaged ver-
sus undamaged apple choice test was replicated in 10
containers. After 2, 6, and 28 h, the number of
H. axyridis on each apple was recorded. The damaged
versus undamaged grape and apple choice test feeding
studies were started on 8 November, by using beetles
that were collected on 7 November from the exterior
walls of storage sheds near Rosemount, MN.

In 2003, we tested damaged versus undamaged rasp-
berries, grapes, and apples. H. axyridis adults used in
the damaged versus undamaged fruit choice test stud-
ies were obtained as in the 2003 undamaged fruit
feeding studies, except H. axyridis used in the apple
choice test were collected on 29 September. Damaged
fruit and undamaged fruit were placed at opposite
ends of 5.7-liter Sterilite plastic containers. For rasp-
berries and grapes, groups of three berries were used.
One group of berries from each container was dam-
aged by repeatedly pinching approximately a 1-cm?
area at the tip of each berry with a forceps. The other
group of berries in each container remained undam-
aged. For apples (‘Fireside’), damage was created asin
the 2002 damaged versus undamaged apple study. Ten
H. axyridis were then released into each container
with raspberries, grapes, or apples. The damaged ver-
sus undamaged choice tests for raspberries, grapes,
and apples were each replicated in ten containers.
After 2, 6, and 24 h, the number of H. axyridis on
damaged and undamaged fruits was recorded. The
damaged versus undamaged grape, raspberry, and ap-
ple choice test feeding studies were started on 27, 28,
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and 29 September, respectively, by using beetles col-
lected on 26 September from soybean near Rose-
mount, MN.

In 2003, to determine whether H. axyridis adults
show any preference between cultivars of damaged
raspberries, grapes, and apples, we conducted labo-
ratory choice test feeding studies. H. axyridis used in
the cultivar choice test studies were collected as in the
other 2003 laboratory feeding studies, except H. axyri-
dis used in the apple choice test were collected on
29 September. For raspberries and grapes, two groups
of three damaged berries were placed into 5.7-liter
Sterilite plastic containers. The fall-ripening raspberry
(primocane-bearing) cultivars ‘Heritage’ and ‘Kiwi
Gold’ were compared, and the grape cultivars ‘Fron-
tenac’ and ‘St. Pepin’ were compared. Berries were
damaged as in the 2003 damaged versus undamaged
fruit choice tests. The apple cultivars ‘Haralson” and
‘Fireside’ were compared. One damaged apple from
each cultivar was placed into each 5.7-liter Sterilite
plastic container. Apples were damaged as in the 2002
damaged versus undamaged apple choice tests. Ten
H. axyridis were then released into each container.
Each of these choice test studies was replicated in ten
containers. At 2, 6, and 24 h, the number of H. axyridis
on each cultivar was recorded. The raspberry, apple,
and grape cultivar choice test feeding studies were
started on 27, 28, and 29 September.

To determine whether H. axyridis exhibits a pref-
erence between sugar water and water alone, we con-
ducted a choice test feeding experiment. Bottoms of
two 60 by 15-mm petri dishes were placed at opposite
ends of 5.7-liter Sterilite plastic containers. One-half of
a cotton prepping ball (Kendall Curity, Mansfield,
MA) was placed into each petri dish bottom. The
cotton in one petri dish from each container was
wetted with 8 ml of a 20% (by mass) solution of
granular sugar (American Crystal Sugar Company,
Moorhead, MN) in deionized water. Cotton in the
other petri dish was wetted with 8 ml of water. Ten
H. axyridis adults were then released into each con-
tainer. The sugar water versus water choice test was
replicated in 15 containers. At 2, 6, and 24 h, the
number of H. axyridis in each dish was recorded.
H. axyridis used in the sugar water versus water choice
test were collected as in the apple choice test studies
of 2003. The sugar water versus water choice test was
started on 1 October. All choice test feeding studies
were conducted on a laboratory bench at tempera-
tures ranging from 25 to 27°C with constant light. The
side of the container into which each choice was
placed was randomized for each replication.

Measurement of Soluble Solids and Titratable Acid-
ity. In 2003, soluble solids (i.e., sugar content) of ap-
ples (‘Fireside” and ‘Haralson’) and raspberries (‘Her-
itage” and ‘Kiwi Gold’) were measured using a hand-
held refractometer. Soluble solid values in °Brix
provide an industry standard estimate of sugar content
(El-Shiekh et al. 2002). A small piece was cut from
each apple and manually squeezed to produce juice
for the measurement. Measurements were taken from
10 ‘Fireside’ and six ‘Haralson’ apples. For raspberries,
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groups of four berries were crushed with a mortar and
pestle. This product was centrifuged to separate the
juice from the rest of the berry. Measurements were
taken from five groups of four berries for ‘Heritage’
and 10 groups of four berries for ‘Kiwi Gold’ raspber-
ries. For grapes, soluble solids and titratable acidity
were measured by the wine makers at the Horticul-
tural Research Center, University of Minnesota.

Data Analysis. For the 2003 undamaged raspberry
feeding study, a two-sample t-test on the mean
difference in percentage of berries with damage for
‘Heritage’ versus ‘Kiwi Gold” was used to test for any
preference between these two cultivars. The mean
difference was compared with zero, which would in-
dicate no preference. For all choice test feeding stud-
ies, data were analyzed by time period by using a
two-sample ¢-test on the mean difference between the
number of H. axyridis on one choice versus the other
choice. The mean difference was compared with zero,
which would indicate no preference (Koch et al.
2004).

Results

Undamaged Fruit Feeding Studies. H. axyridis
adults did not cause any obvious feeding damage to
pumpkins, apples, or grapes. However, H. axyridis did
cause obvious feeding damage to raspberries. In 2002,
73% of replications for the proprietary raspberry cul-
tivar had obvious feeding damage. In 2003, 70 and 40%
of the replications for ‘Heritage” and ‘Kiwi Gold’ rasp-
berries, respectively, had obvious feeding damage.
The percentage of replications with damage to ‘Her-
itage” versus Kiwi Gold’ did not differ significantly
(t =196, df = 9, P = 0.08). Damage to raspberries
seemed to be localized to individual drupelets and was
characterized as small punctures in the drupelet, a
hole in the drupelet and the drupelet being hollowed
out, or a shriveled appearance of the drupelet. Dam-
age to raspberries ranged from only one to seven
drupelets damaged per berry. Feeding on raspberries
was further evidenced by reddish purple stains on the
filter paper under the feces of the beetles.

Choice Test Feeding Studies. Significantly more
H. axyridis adults were found on damaged fruit com-
pared with undamaged fruit for all observation times
of all cultivars of fruit (Table 1). For apples, after 2 h,
significantly more H. axyridis adults were found on
‘Fireside’ compared ‘Haralson’ (Table 2). The differ-
ence in the abundance of H. axyridis on ‘Fireside’
compared with ‘Haralson” apples decreased through
time; the difference was only marginally significant at
6 h and was not significant at 24 h (Table 2). For
grapes, no significant differences were found in the
abundance of H. axyridis between cultivars (Table 2).
For raspberries, significantly more H. axyridis were
found on Kiwi Gold” at 6 h (Table 2). At all obser-
vation times, the difference in the abundance of
H. axyridis in dishes with sugar water compared with
water was highly significant, with H. axyridis prefer-
ring sugar water (Table 2).
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Table 1. Mean abundance of adult H. axyridis on damaged and undamaged fruits in a laboratory choice test, 2002-2003
. . .Time . Damaged Undamaged .
Fruit Cultivar Year postm(f}e];tatlon Mean + SEM Mean = SEM 5 df P
Apple ‘Honeycrisp’ 2002 2 2.4 *+0.34 0.1 *0.10 6.27 9 0.0002
6 2.1 +0.35 0.4+0.22 315 9 0.012
28 1.6 = 0.40 0.3+0.21 2.90 9 0.017
‘Honeycrisp’ 2003 2 3.2 *£0.55 02*0.13 6.06 9 0.0002
6 5.0 +0.37 02+0.13 11.52 9 <0.0001
24 3.1+ 0.64 0.3+0.15 5.05 9 0.0007
Grape ‘Crimson Seedless’ 2002 2 1.5*0.40 02*0.13 3.07 9 0.013
6 12+029 0 413 9 0.0026
28 1.5+ 045 0 3.31 9 0.0091
‘Frontenac’ 2003 2 4.3 +0.37 0.1*+0.10 10.80 9 <0.0001
6 6.6 = 0.50 0.1 =0.10 14.33 9 <0.0001
24 5.3 +0.47 0.3+0.15 11.17 9 <0.0001
Raspberry ‘Heritage’ 2003 2 5.5 *0.62 0.3*+0.15 8.26 9 <0.0001
6 6.1 = 0.57 0.4 +0.22 9.85 9 <0.0001
24 42 +0.53 05+ 0.17 6.39 9 <0.0001

“ Two-sample t-test on the mean difference between the number of H. axyridis on damaged and undamaged fruit. The mean difference was

compared to zero, which would indicate no preference.

Measurement of Soluble Solids and Titratable Acid-
ity. The concentration of soluble solids (i.e., primarily
sugar concentration) was greater in ‘Fireside,” 14.4
°Brix, compared with ‘Haralson” apples, 11.8 °Brix. The
amount of soluble solids was similar between ‘Heri-
tage,” 14.0 °Brix, and ‘Kiwi Gold’ raspberries, 13.8 °Brix.
For grapes, the concentration of soluble solids of
‘St. Pepin’ and ‘Frontenac” was 22.5 and 23.5 °Brix,
respectively. Titratable acidity for ‘St. Pepin’ and
‘Frontenac” was 0.94 and 1.43%, respectively.

Discussion

In North America, H. axyridis seems to be bivoltine
(LaMana and Miller 1996, Koch and Hutchison
2003b). In autumn, adults of the second generation of
H. axyridis seek out overwintering locations (LaMana
and Miller 1996). A period of time may exist between
the crash of summer aphid populations and the move-
ment of H. axyridis to overwintering locations, when
food is scarce for H. axyridis. In times of food shortage,
phytophagous behaviors have been observed for aphi-
dophagous coccinellids. For example, in early spring,

Adalia bipunctata (L.) will feed on pollen before the
buildup of aphid populations (Hemptinne and De-
sprets 1986). Similarily, H. axyridis has been docu-
mented feeding on pollen and nectar (Hukusima and
Itoh 1976, LaMana and Miller 1996). The phenomenon
of fruit feeding is not limited to H. axyridis. In Europe,
fruit feeding has been documented for Coccinella sep-
tempunctata L. on pears and peaches, and A. bipunctata
on cherries and plums (Hodek and Honék 1996).
The fruit-feeding behavior of H. axyridis may be a
strategy for attaining simple carbohydrates before
overwintering. We found that H. axyridis exhibited a
strong preference for sugar water compared with wa-
ter alone (Table 2). This preference for sugar water
indicates that H. axyridis is not just looking for mois-
ture in autumn but that H. axyridis is seeking simple
carbohydrates. The preference for sugar may explain
some of the differences seen in our choice tests with
different fruit cultivars. In the apple cultivar choice
test, ‘Fireside’, which had a higher concentration of
soluble solids (i.e., sugar concentration) than ‘Haral-
son’ (El-Shiekh et al. 2002), was more preferred by
H. axyridis (Table 2), whereas the cultivars of the

Table 2. Mean abundance of adult H. axyridis on different damaged fruit cultivars, and 20% sugar water versus water, 2003
Time . .
Choices postin(f}eijtation Me(;gogeS]liM Me?:):eS]ZEM t df P
Apple: ‘Fireside’ vs. ‘Haralson’ 2 4.4+ 0.40 2.1 +0.41 3.14 9 0.012
6 4.5+ 0.58 2.4+ 045 2.24 9 0.052
24 2.7+ 0.30 3.5*052 —1.44 9 0.18
Grape: ‘St. Pepin’ vs. ‘Frontenac’ 2 3.5 = 0.56 32 *0.51 0.33 9 0.75
6 3.6 £ 0.60 3.0 =047 0.69 9 0.51
24 3.1+043 3.2 +0.36 —0.14 9 0.89
Raspberry: ‘Kiwi Gold’ vs. ‘Heritage 2 2.8 +0.39 1.9 =041 1.33 9 0.22
6 3.8 +0.39 2.0 = 0.37 3.04 9 0.014
24 2.5 * 0.50 2.4+ 052 0.12 9 0.91
water + sugar vs. water 2 5.7+0.43 0.1 =0.09 11.15 14 <0.0001
6 8.4 +0.38 0.1 =0.07 21.57 14 <0.0001
24 5.4+ 047 0 11.59 14 <0.0001

“ Two-sample t-test on the mean difference between the number of H. axyridis on the first choice and the second choice. The mean difference

was compared to zero, which would indicate no preference.
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other fruit crops had very similar concentrations of
soluble solids, and little difference in preference was
observed (Table 2). However, for apples and other
fruits, sugar content may not be the only variable
influencing the preference of H. axyridis. For example,
the acidity of apples varies greatly between cultivars.
The titratable acidity (percentage of malic acid) of
‘Haralson’ is more than twice that of ‘Fireside” (El-
Shiekh et al. 2002). Further research is needed to
elucidate the factors influencing the preference of H.
axyridis for several fruits.

Our results indicate that with the exception of rasp-
berries, H. axyridis is unable to inflict primary feeding
damage (i.e., breaking the skin of the fruit) to fruits,
such as pumpkin, apples, and grapes. The skins of these
fruits may be too tough for H. axyridis to penetrate
with its mandibles or provide insufficient feeding stim-
uli on the unbroken surfaces of the fruits. However, if
another agent damages the fruits, H. axyridis is at-
tracted to the wounded tissue and feeds. For example,
feeding by wasps (e.g., Vespidae) and birds may cause
breaks in the skin of fruits, such as grapes and apples
(Chang 1968, Boudreau 1972, Tobin et al. 1989). Fur-
thermore, physiological processes, such as excessive
absorption of water through roots or osmotic absorp-
tion of water through the skin of the fruit, may also
break the skin of fruits (Opara et al. 1997). For crops
such as pumpkins, apples, and grapes, if the presence
of H. axyridis on the ripening fruit is not tolerated,
control measures may be taken against the agents that
cause the primary feeding damage to fruit in an at-
tempt to reduce the number of wounds that may
attract H. axyridis. Heavy infestations of H. axyridis on
fruit such as raspberries, which can be directly dam-
aged by H. axyridis, may necessitate use of a short
residual insecticide. Given the high value of fruit
crops, insecticide use may seem to be an attractive
option. However, there is a paucity of data to support
the use of insecticides as an effective control tactic for
H. axyridis on fruit. Further work is needed to evaluate
the efficacy of insecticides and other control tactics
for H. axyridis in various fruit systems.
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