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Integration of Aphthona spp. flea beetles 
and herbicides for leafy spurge 

(Euphorbia esula) control in the habitat of 
the western prairie fringed orchid 

(Platanthera praeclara), a threatened species

Ann M. Erickson and Rodney G. Lym1

Summary

Leafy spurge is a serious threat to maintaining biodiversity in rangelands and pastures of the northern
Great Plains in the United States and Canada. Leafy spurge is threatening the habitat of the western
prairie fringed orchid (Platanthera praeclara Sheviak & Bowles), a federally listed threatened species
in the US and endangered species in Canada. Aphthona spp. flea beetles, biological control agents for
leafy spurge, have established and controlled leafy spurge in the region, but not in habitat of the orchid.
Also, current law prohibits use of herbicides in areas where the orchid grows. Previous research had
shown that leafy spurge could be controlled with imazapic or quinclorac with minimal or no injury to
the orchid. The purpose of this research was to evaluate leafy spurge control and Aphthona spp. estab-
lishment in habitat of the orchid, using imazapic or quinclorac in combination with the flea beetles.
This combination method in other habitats has resulted in better leafy spurge control than either method
used alone and has increased biological control agent establishment. Leafy spurge was treated with
Aphthona flea beetles, herbicides, and Aphthona flea beetles plus herbicides. Leafy spurge stem density
decreased from about 114 to 4 stems/m2 the season following treatment with herbicides alone and from
an average of 126 to 1 stem/m2 the following season, when the treatment included both Aphthona flea
beetles and herbicides. Stem density of leafy spurge treated with only flea beetles decreased from 150
to 41 stems/m2. The population of flea beetles the season following release was estimated. Fewer than
1/m2 Aphthona flea beetles were collected with sweep nets in plots where the flea beetles were not
released, 6/m2 in plots treated only with flea beetles, and 2/m2 in plots treated with both flea beetles
and herbicides. This is the first establishment of a leafy spurge biological control agent in the habitat
of this orchid.
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Introduction
Platanthera praeclara Sheviak & Bowles, the western
prairie fringed orchid, is a native plant of the tallgrass
prairie that was placed on the federal threatened species
list in 1989 (US Fish and Wildlife Service 1989).
Various threats to the survival of P. praeclara exist and
include habitat invasion by Euphorbia esula L., leafy

spurge (Sieg & Bjugstad 1994, US Fish & Wildlife
Service 1996, Wolken et al. 2001). 

E. esula is one of the most widespread and competi-
tive noxious weeds in North America, where it invades
mainly non-cultivated areas such as native prairie and
rangeland (Hanson & Rudd 1933, Selleck et al. 1962).
E. esula decreases forage production for range animals,
suppresses native plant species, and decreases biodiver-
sity (Westbrooks 1998).

E. esula is very difficult to control with methods
other than herbicides, but herbicides cannot be used in
areas where the orchid is located due to its status as a
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federally listed threatened species. Biological control
of E. esula in the habitat of the threatened species
would seem to be the least harmful approach. Biolog-
ical control of E. esula with the use of Aphthona spp.
flea beetles in North Dakota began in the mid-1980s
(Carlson & Mundal 1990), but establishment of the flea
beetles in the habitat of P. praeclara has not yet been
successful (Lym 1998; Mundal et al. 2000). 

An experiment to evaluate herbicides for E. esula
control in North Dakota in the early 1990s had to be
discontinued two years after establishment due to the
appearance of P. praeclara in areas treated with fall-
applied herbicides (Kirby et al. 2003). Subsequent
research found imazapic and quinclorac provided good
E. esula control with little or no injury to the orchid
(Kirby et al. 2003, Sterling et al. 2000a, b). Therefore,
this study was initiated to evaluate the interaction of
imazapic and quinclorac with Aphthona spp. flea beetles
for E. esula control in the habitat of P. praeclara.

Aphthona spp. flea beetles (Coleoptera: Chrysomel-
idae) are some of the most promising biological control
agents of E. esula. These insects are natural enemies of
E. esula in eastern and central Europe. Years of
research with Aphthona spp. flea beetles were
conducted on several plant species to determine the
host range of the insects (Harris et al. 1985). Six species
have been released in the US, but the three most effec-
tive species of these flea beetles are A. czwalinae
Weise., A. lacertosa Ross. and A. nigriscutis Foudr.
(Hansen et al. 1997, Mundal et al. 2000). 

Aphthona spp. flea beetles oviposit eggs at the base
of an E. esula plant and the eggs hatch in 14 to 19 days
(Mundal et al. 2000). The larvae go through three
instars, and with each instar, the larvae feed on progres-
sively larger roots (Gassmann et al. 1996, Hansen et al.
1997, Mundal et al. 2000). Aphthona larvae prefer to
feed on previously attacked root sections, so aggregate
feeding occurs, which destroys the root sections
(Gassmann et al. 1996). A. abdominalis is the only
multivoltine Aphthona species released in the US, with
four generations per year, and overwintering in the
adult stage (Fornasari 1993). All five other Aphthona
species released in the US are univoltine (Gassmann et
al. 1996). Third instar larvae of univoltine species over-
winter and pupate the following spring (Gassmann et
al. 1996, Mundal et al. 2000). Adult univoltine flea
beetles emerge from late May to early July and live for
2 to 3 months, during which time they feed on the
leaves and stems of E. esula, but do not contribute
greatly to its control (Gassmann et al. 1996, Hansen et
al. 1997). Larval feeding may kill the plant directly by
disrupting water and nutrient transport or indirectly by
creating pathways for plant pathogens to enter the plant
(Hansen et al. 1997).

E. esula densities may be reduced when Aphthona
spp. flea beetles become established (Kirby et al. 2000),
but the control of E. esula with the flea beetles has not
occurred in all habitats (Lym 1998). Establishment of

Aphthona spp. flea beetles has been variable because
they usually do not survive well in habitats that are
moist, shady, contain sandy soil, or have high E. esula
densities (Lym 1998, Mundal et al. 2000), which are
characteristics of the habitat of P. praeclara. 

The use of Aphthona spp. flea beetles is an ecologi-
cally favourable control method for E. esula, but, as
noted, the flea beetles generally do not survive well in
the sandy, mesic habitat of P. praeclara. In fact, no
releases made in the habitat of the orchid have effec-
tively established (Lym 1998). Establishment of
Aphthona spp. flea beetles in the habitat of P. praeclara
may be improved using herbicides (Lym & Nelson
2002, Nelson 1999). An apparently unsuccessful
Aphthona spp. population increased rapidly from an
average of 14 flea beetles swept/m2 to an average of 76
flea beetles swept/m2 1 year after herbicide application
in a study by Lym & Nelson (2002). E. esula stem
density decreased from 114 stems/m2 to 8 stems/m2 one
year after fall application of imazapic, and no E. esula
stems remained in the study area two years after herbi-
cide application. E. esula control generally occurred
more rapidly and was maintained for longer periods
when herbicides were used in conjunction with
Aphthona spp. flea beetles than when either method
was used alone in a number of experiments by Lym &
Nelson (2002). Aphthona flea beetles also are compat-
ible with other methods of E. esula control, such as
sheep grazing and prescribed burning, and the integra-
tion of the flea beetles with either method controls E.
esula better than any of the control methods used alone
(Beck & Rittenhouse 2000, Fellows & Newton 1999). 

Materials and method

An experiment to evaluate the interaction of imazapic
and quinclorac with Aphthona spp. flea beetles for E.
esula control in the habitat of P. praeclara was estab-
lished in June 2001. The experiment was located near a
large population of orchids. 

The experiment was arranged as a randomized
complete block-design with a split-plot arrangement
and four replicates. Whole plots were 3.05 m wide and
9.15 m long. Whole plots consisted of herbicides alone,
and subplots consisted of flea beetles plus herbicides,
flea beetles alone, and an untreated control (neither flea
beetles nor herbicides) (Nelson 1999). Measures were
compared to an untreated check using an ANOVA, and
individual treatment means were separated using
Fisher’s-protected LSDs calculated at the 95% levels of
confidence.

The soil at the site was classified as a Hecla–Hamar–
Arveson association, which is sandy, mixed, frigid
Oxyaquic Hapludolls; sandy, mixed, frigid Typic
Endoaquolls; and coarse-loamy, mixed, superactive,
frigid Typic Calciaquolls; respectively (US Soil
Conservation Service 1975). The soil was 75:20:5
sand:silt:clay and was analyzed for nutrients (Table 1).
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A mixture of A. czawalinae and A. lacertosa was
collected from an established population near Lisbon,
North Dakota, approximately 29 km from the experi-
ment’s location. Approximately 350 adult A. czawal-
inae and A. lacertosa were released into insect cages on
June 27, 2001, and 100 additional beetles were released
on July 17, 2001 to ensure appropriate sex ratios (Olson
& Mundal 1999). Cages were 1.8 by 1.8 by 1.8 m with
a PVC frame covered by a plastic screen (32 × 32
Lumite) (Nelson 1999, Lym & Nelson 2002, Nelson &
Lym 2003). Imazapic and quinclorac were applied on
September 20, 2001 using a CO2-pressurized backpack
sprayer delivering 80 L/ha at 240 kPa with four flat-fan
8001 nozzles. Cages were removed from the plots for
the winter prior to herbicide application (Nelson 1999,
Lym & Nelson 2002, Nelson & Lym 2003). 

The effects of the interaction of imazapic and quin-
clorac with Aphthona spp. were evaluated by counting
the number of larvae that developed into adults from
soil cores collected in October 2001 and May 2002, and
by counting adults in the field in late June and early July
2002. 

Four soil cores were collected per subplot using a
golf cup-cutter. The golf cup-cutter was placed over an
E. esula root crown, and cores 10.8 cm in diameter were
cut to a depth of 15 cm. Soil cores collected in the fall
were placed in plastic bags, transported, and stored in a
refrigeration unit for 75 days at 3°C. Vernalization
induced larvae to pupate and emerge as adults. After 75
days, the soil cores were placed into 0.9 L paper cups.
Cups were covered with 2 L clear plastic cylinders. The
covered cups containing soil cores were maintained in
the laboratory at 21°C with a 16h photoperiod under
artificial lighting. Soil cores collected in the spring
were brought directly into the laboratory. Adults
emerging from soil cores from both fall and spring
collections were counted and removed from trap cham-
bers daily. Soil cores were discarded 2 weeks after the
last adult was collected (approximately 4 weeks)
(Nelson 1999, Nelson and Lym 2003).

To estimate Aphthona flea beetle density in the field,
vegetation in the subplots was swept for adults with a
sweep net having a 38 cm diameter hoop. Quarters of
the subplot and portions of the subplot border, each
totalling 1 m2, were swept in five sweeps in the spring,
and adults captured were counted and returned. E. esula
control was monitored by counting E. esula stems in
four 0.25 m2 areas in each subplot both before and after
treatment (Lym and Nelson 2002, Nelson 1999).

Results

Imazapic or quinclorac applied alone or with Aphthona
spp. flea beetles reduced E. esula density more than flea
beetles alone (Table 2). E. esula stem density was
reduced from an average of 150 to 41 stems/m2 (53%
control) with A. czwalinae/lacertosa alone compared to
a reduction from an average of 114 to 4 stems/m2 (96%
control) and from an average of 126 to 1 stem/m2 (99%
control) with herbicides alone and herbicides with flea
beetles, respectively, one season following treatment.
Imazapic and quinclorac provided similar E. esula
control one season following treatment regardless of
application rate.

Imazapic and quinclorac did not affect A. czwalinae/
lacertosa adult emergence from soil cores collected in the
fall or spring (Table 3). However, approximately 15 flea
beetles emerged per subplot from soil cores collected in
the fall while only an average of 7 flea beetles emerged
per subplot from soil cores collected in the spring. This
47% decrease in the number of flea beetles that emerged
may have been due to low soil temperatures in the
winter of 2001 to 2002 caused by little snow cover. A
similar study reported that soil temperatures in the
winter of 1995 to 1996 that were colder than normal for
an extended period of time caused a 60% winter kill of
A. nigriscutis adults taken from soil cores collected in
the spring compared to soil cores collected in the fall
(Nelson 1999, Nelson and Lym 2003). When that study
was repeated in 1996, snow accumulated in record
amounts in the winter of 1996 to 1997, which insulated
the soil and prevented winter kill of larvae.

The numbers of A. czwalinae/lacertosa adults
collected in the field were higher in subplots without
herbicide treatment compared to subplots with herbi-
cide treatment. An average of six Aphthona flea beetles

Table 1. Western prairie fringed orchid research site soil
characteristics at two depths. 

Depth
(cm)

N
(kg/ha)

P
(ppm)

K
(ppm)

pH EC OM
(%)

0 to 15 12 3 140 7.1 0.12 4.3
15 to 30 9 3 75 NA NA NA

Table 2. Control of leafy spurge one season following
release of Aphthona spp. flea beetles, herbicide
application, or both.

Treatment Rate
(g/ha)

Leafy spurge density
(stems/m2)

June 4, 2001 June 5, 2002

Imazapic 140 104 7
Imazapic + Aphthonaa

a Three hundred and fifty Aphthona flea beetles per subplot were added
on June 26, 2001, and an additional 100 Aphthona flea beetles per
subplot were added on July 17, 2001.

140 115 <1
Imazapic 210 105 1
Imazapic + Aphthona 210 150 0
Quinclorac 840 96 4
Quinclorac + Aphthona 840 132 0
Quinclorac 1120 149 3
Quinclorac + Aphthona 1120 107 2
Control – 99 80
Control + Aphthona – 150 41
LSD (0.05) 44 11
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per m2 was collected with sweep nets from subplots
that received flea beetles alone compared with an
average of 2 flea beetles per m2 collected from subplots
that received both imazapic or quinclorac and flea
beetles (Table 4). Even though fewer Aphthona adults
were collected where herbicides were applied, neither
the choice of herbicide nor the application rate of the
herbicide affected the numbers of flea beetles collected.
Picloram plus 2,4-D did not affect the number of A.
nigriscutis adults collected in the field in a similar study
(Nelson 1999, Lym & Nelson 2002). However, E. esula
density one season following the release of flea beetles
and herbicide application was 55 stems/m2 in the study
by Lym & Nelson, whereas it was less than 1 stem/m2

in this study (Table 2). Fewer Aphthona flea beetles
collected from subplots that received imazapic or quin-
clorac plus flea beetles may have resulted because of
the low densities of E. esula for adults to feed on the
season following herbicide application.

Discussion
This is the first reported establishment of Aphthona spp.
flea beetles in the habitat of P. praeclara. However, an
effective establishment may take up to five years. Using
imazapic or quinclorac in conjunction with Aphthona
spp. flea beetles may be useful to enhance establish-
ment of flea beetles in the habitat of the orchid. Once
the flea beetles become established, need for yearly
herbicide applications decreases. An integrated
approach to leafy spurge control may reduce costs for
land managers (Lym & Nelson 2002).
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