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a b s t r a c t

The impact of pathogens and parasitoids on the recently established population of Popillia japonica New-
man in northwest Arkansas has been unknown. In this study, we quantified the prevalence of natural
enemies: Stictospora villani Hays, Ovavesicula popilliae Andreadis and Hanula, Paenibacillus spp. (Ding-
man), nematodes and parasitic Diptera and Hymenoptera in third instar and adult populations in 2010
and 2011. S. villani was found in 38.4% and 35.5% of larvae in 2010 and 2011, respectively. S. villani
was not found in adult beetles. Paenibacillus bacteria were not found in either larvae or adults in either
year. In 2010, the microsporidian O. popilliae was not found in larvae but was present in 0.2% of adults. In
2011, 2.6% of larvae were infected with O. popilliae, but the microsporidian was not found in adults. A pre-
viously unknown Adelina sp. was found infecting 0.4% of adult beetles in 2010 and 1.3% of larvae in 2011.
Nematode infections were found in 1.8% of larvae and 0.1% of adults in 2010 and not found in either life
stage in 2011. No parasitic Hymenoptera or Diptera were found in either year. Apparently, pathogens and
parasitoids currently provide little control of the Japanese beetle population within northwest Arkansas.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

The Japanese beetle (Popillia japonica Newman) was acciden-
tally introduced to North America in 1916 in New Jersey through
horticultural imports (Fleming, 1972). Since then, it has spread to
cover the Eastern United States, parts of the Midwest, Midsouth
and Southern Canada (NAPIS, 2011).

P. japonica was first found in northwest Arkansas in 1997 (John-
son, 2004). P. japonica larvae are predominantly turfgrass root
feeders and may cause significant damage in high numbers. Adults
feed on over 300 species of woody and herbaceous plants (Fleming,
1972) causing considerable damage by skeletonizing leaves. Larval
populations in turf tend to be relatively low in northwest Arkansas
(Wood et al., 2009, unpublished data); however, adults often dam-
age fruits and ornamental plants within the region.

Regions in the US with long-standing infestations have con-
ducted surveys of pathogens and parasitoids (Régnière and Brooks,
1978; Hanula and Andreadis, 1988; Cappaert and Smitley, 2002;
Redmond and Potter, 2010). There are several pathogens and par-
asitoids that affect either or both the larval and adult stages. The
most commonly reported have been milky disease bacteria Paeni-
bacillus spp. (Dingman, 2009; Hutton and Burbutis, 1974; Cappaert
and Smitley, 2002), the microsporidian Ovavesicula popilliae
ll rights reserved.
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(Andreadis and Hanula, 1987), the gut protist Stictospora villani
(Hays et al., 2004), a tiphiid parasitoid, Tiphia vernalis Rohwer (Rog-
ers and Potter, 2004; Ramoutar and Legrand, 2007), and the tachi-
nid fly, Istocheta aldrichi Mesnil (Fleming, 1968). The prevalence of
these natural enemies in the Arkansas beetle population has been
unknown. Our objective in this study was to determine the preva-
lence of pathogens and parasitoids affecting P. japonica adult and
larval populations in northwest Arkansas.
2. Materials and methods

2.1. Field site selection

Ten field sites were selected for the collection of third instar lar-
val and adult P. japonica in 2010 and 2011. Criteria for site selection
included established beetle populations, ease of access, soil quality,
and pesticide treatment history. The field sites selected included
three golf courses, three City of Fayetteville parks, the University
of Arkansas Research and Extension Farm, one horticultural nurs-
ery and two orchards (Table 1).

2.2. Survey for pathogens and parasitoids in larvae and adults

Each field site was sampled once per month for larvae during
April, May, and September and weekly for adults during June, July
and August in each year. Larval sampling occurred from 16 April
2010 to 13 May 2010, and 14 September 2010 to 24 September
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Table 1
Prevalence of pathogens in third instar Japanese beetles in northwest Arkansas in 2010 and 2011.

Site Percentage infected by year

# Larvae dissected Paenibacillus spp. O. popilliae S. villani Adelina sp. Nematodes
2010/2011 2010/2011 2010/2011 2010/2011 2010/2011 2010/2011

University of Arkansas farm 56/6 0/0 0/0 0/16.7 0/0 3.6/0
Razorback park golf course 32/28 0/0 0/0 50/50 0/0 0/0
Lost springs golf course 32/9 0/0 0/0 81.3/77.8 0/11.3 6.3/0
Valley view golf course 13/1 0/0 0/0 69.2/0 0/0 0/0
Wilson park 41/5 0/0 0/0 65.9/60 0/0 0/0
Gulley park 8/5 0/0 0/0 0/0 0/0 0/0
Lewis park 3/6 0/0 0/0 0/20 0/0 0/0
Westfork horticultural nursery 20/15 0/0 0/13.3 0/6.7 0/0 0/0
Springdale peach orchard 0/1 0/0 0/0 0/0 0/0 0/0
Fayetteville apple orchard 12/0 0/0 0/0 33.0/0 0/0 0/0
Total 217/76 0/0 0/2.6 37.8/35.5 0/1.3 1.8/0

Fig. 1. Stictospora villani gamont found in larval Japanese beetle midgut tissue.

Fig. 2. Sporophorous vesicles of Ovavesicula popilliae in adult Japanese beetle
Malpighian tubule.
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2010. In 2011, larval sampling occurred from 7 April 2011 to 16
May 2011. The methodology used was similar to the field sampling
method originally described by Fleming and Baker (1936). Ten
samples were taken per site on each sampling trip. A sample con-
sisted of sifting 0.1 m2 of soil approximately 8 cm deep. All scarab
larvae found were placed in individual diet cups to be brought back
to the lab for identification (Vittum et al., 1999).

Adults were collected from mid-June to mid-August in both
2010 and 2011 using Jumbo Jug (Trécé Inc., Adair, OK) funnel
mouth traps (1.9 L) baited with floral and sex lures. The 1.9 L jug
traps were later replaced with 3.8 L jugs to accommodate in-
creased beetle volume. Ten to twenty living adult beetles were ran-
domly removed from each weekly trap catch for dissection from
June to August.

All larval and adult beetles were washed in deionized water and
examined externally for the presence of any pathogens or parasit-
oids. Hemolymph smears were taken by removing a prothoracic
leg from a larva or making an incision in the dorsal abdominal
membrane of an adult. Hemolymph samples were examined for
spores of Paenibacillus spp. All larvae and adults were then
dissected. Portions of the midgut and Malpighian tubules were
removed and slide mounted in lactophenol-acid fuchsin for exam-
ination and preservation. Midgut tissues were examined for gut
pathogens while the Malpighian tubules were examined for O.
popilliae. Tissues were examined with 400� phase contrast micros-
copy. All pathogens were identified morphologically (Lacey, 1997).

3. Results

3.1. Larval pathogens and parasitoids

In 2010, a total of 217 third instars were collected and dis-
sected. The most common larval pathogen found was S. villani, a
Eugregarine pathogen of the gut (Table 1, Fig. 1). This protist was
found at 5 of the 10 larval sampling sites. Larvae collected in the
spring and fall exhibited 40.5% and 27.7% infection, respectively,
for an average of 37.8%. No Paenibacillus spp., O. popilliae, or T. ver-
nalis were found in any of the larvae sampled. Only 1.8% of the
third instars contained nematodes. Three of the nematode speci-
mens belonged to the Steinernematidae and one specimen be-
longed to the Heterorhabditidae.

In 2011, 76 third instars were collected and dissected. Again,
the most common larval pathogen found was S. villani (Table 1).
This pathogen was found at 6 of the 10 larval sampling sites and
had a prevalence of 35.5%. O. popilliae (Fig. 2) was found at one site,
the Westfork horticultural nursery, and had an average prevalence
of 13.3% in the larvae at this site. No nematodes, Paenibacillus spp.,
or T. vernalis were found in any of the larvae. The protist Adelina sp.
(Fig. 3) was identified morphologically (Undeen and Vávra, 1997)
in 1.3% of the larvae. To our knowledge, this is the first report of
an Adelina species in P. japonica.
3.2. Adult pathogens and parasitoids

In 2010, a total of 978 adult P. japonica were dissected. No S.
villani, Paenibacillus spp., or I. aldrichi were found in any adult bee-
tles. A few adults, 0.2%, were infected with O. popilliae. A single



Fig. 3. Adelina sp. oospores from adult Japanese beetle midgut.
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nematode belonging to the family Mermithidae was found in one
adult. Adelina sp. was found infecting the midgut of 0.4% of adult
beetles. In 2011, a total of 649 adult P. japonica were dissected.
No S. villani, O. popilliae, Paenibacillus spp., Adelina sp., nematodes
or parasitoids were found in any 2011 adult beetles.

4. Discussion

In 2011, fewer Japanese beetles were dissected than in 2010 be-
cause populations were lower in 2011 possibly due to weather.
Many of our collection sites were flooded during the spring of
2011, possibly reducing larval survival. In April 2011, the region’s
rainfall was 27.8 cm above average (38.8 cm total) and in May
2010 the rainfall was 16.4 cm above average (29.2 cm total)
(NOAA, 2011). In addition, severe drought and heat during the
summer of 2011 may have harmed survival. The adult flight ended
several weeks earlier in 2011 than in previous years. In June 2011,
temperatures were 2.7 �C above average (maximum 35.0 �C), and
rainfall was 10.9 cm below average. In July 2011, temperatures
were 3.1 �C above average (maximum 38.9 �C), and rainfall was
6.4 cm below average. In August 2011, temperatures were 3.0 �C
above average (maximum 43.3 �C), and rainfall was 1.4 cm above
average (NOAA, 2011).

S. villani was the most prevalent pathogen found in P. japonica
in Arkansas, similar to results found in some other states (Régnière
and Brooks, 1978; Hanula and Andreadis, 1988; Cappaert and
Smitley, 2002; Hays et al., 2004; Redmond and Potter, 2010). Host
larvae consume spores in the soil. S. villani’s life cycle within the
host ends with syzygy and the formation of gametocysts which
are expelled from the host (Maddox, 1987). The life stage we found
most frequently was the gamont, although oocysts and trophozo-
ites were also seen. Severity of infections varied. In some speci-
mens, only one S. villani could be found within the midgut, while
other specimens contained hundreds. Although this pathogen is
not known to cause mortality within larval populations, S. villani
may disrupt gut function or nutrient absorption in cases where a
larva has many eugregarines inhabiting its midgut (Maddox, 1987).

No S. villani were found in adults. There are several possible rea-
sons for this. First, mature larvae empty their guts prior to pupa-
tion (Fleming, 1972), possibly eliminating S. villani. Second, after
adults emerge they no longer feed on grass roots in the soil and
would be unlikely to ingest S. villani gametocysts. While female
adults do reenter the soil to lay eggs they do not feed at this time
and would be unlikely to ingest S. villani gametocysts.

Prevalences of larval pathogens and parasitoids have varied
greatly in studies from across the United States. For instance,
Paenibacillus spp. prevalences in P. japonica were 3.7% in Connect-
icut (Hanula and Andreadis, 1988), 7–26% in Delaware (Hutton and
Burbutis, 1974) and <1% in southern Michigan (Cappaert and
Smitley, 2002) and eastern North Carolina (Régnière and Brooks,
1978). In Kentucky, Paenibacillus spp. infected 3.6–13.7% of the
population (Redmond and Potter, 2010). However, we did not find
any P. japonica in northwest Arkansas infected with Paenibacillus
spp.

The microsporidian O. popilliae was first discovered in Connect-
icut (Andreadis and Hanula, 1987). It has been found naturally
occurring in low prevalence in other areas (Cappaert and Smitley,
2002; Redmond and Potter, 2010) and has also been artificially
introduced to try to reduce P. japonica populations in Michigan
(Cappaert and Smitley, 2002; Smitley et al., 2011). O. popilliae ap-
pears to spread slowly with the expanding Japanese beetle popula-
tion as indicated by Michigan (Cappaert and Smitley, 2002) and
Kentucky surveys (Redmond and Potter, 2010). Japanese beetles
were first documented in 1997 in Arkansas (Johnson, 2004). In
2010 we found a prevalence of 0.2% O. popilliae in adult beetles
and zero in larvae. In 2011, it was found in 2.6% of larvae and no
adults were found infected.

Nematode-infected P. japonica larvae were uncommon in north-
west Arkansas. Similar results were found in southern Michigan
(1.4% infected) (Cappaert and Smitley, 2002); in eastern North Car-
olina (10% infected) (Régnière and Brooks, 1978), and in Kentucky
(0.3% infected) (Redmond and Potter, 2010). While nematodes may
provide control in areas where they are augmented as a biological
control agent, they do not appear to account for much natural mor-
tality in northwest Arkansas.

Adelina sp. is a coccidian pathogen inhabiting the midgut tissues
of its host. This genus has been found in Asiatic garden beetles
(Maladera castanea Arrow) in Connecticut (Hanula and Andreadis,
1988). This is the first record of this pathogen in Japanese beetles.
In Arkansas, we observed Adelina sporocysts in both the larval and
adult Japanese beetle midguts.

In our study, no parasitoids were found in either larval or adult
stages of Japanese beetles in Arkansas. Similarly, in Michigan sur-
veys no T. vernalis or I. aldrichi were found (Cappaert and Smitley,
2002). In Kentucky, T. vernalis was found 19.7% in P. japonica larvae
in early May (Redmond and Potter, 2010). It is possible we could
have missed some T. vernalis-parasitized larvae because they are
often found deeper than 8 cm (Rogers et al., 2003).

Based on our study, the impact of pathogens and parasitoids on
Japanese beetle larvae and adults in Arkansas appears to be mini-
mal at this time. This low impact of pathogens and parasitoids may
justify classical or augmentative biological control efforts for this
pest in Arkansas.
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