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Biological control of Carduus thistles in 
Virginia—a long-term perspective, three 

decades after the release of two exotic 
weevils

L.T. Kok, T.J. McAvoy and W.T. Mays1

Summary

One major deficiency in biological control is the lack of long-term post establishment studies on exotic
biological control agents. Host specificity concerns and non-target impacts have raised questions about
past decisions on the release of biological control agents that are not monophagous. One such example
is Rhinocyllus conicus released for control of Carduus nutans, musk thistle, in 1969 in Virginia. With
the release of Trichosirocalus horridus in 1974 for control of C. nutans and Carduus acanthoides,
plumeless thistle, we have studied the establishment and impact of these two weevils for about three
decades. Five sites with releases of R. conicus and T. horridus between 1969–75 that were monitored
annually until 1991 were revisited the past four years to obtain a long-term perspective of the weevils’
impact and current status of vegetation at these sites. Thistle density, associated plant species, and their
coverage were determined pre- and post-release of weevils. Data on target and non-target plants, and
percent coverage of current vegetation support and reinforce pre-release expectations. Carduus thistles
are no longer the dominant species at these five sites. C. nutans control has been complete, declining
from 50% coverage to zero in 2002 (mean density from 6.5/m2 to 0) in the three sites infested with C.
nutans. C. acanthoides declined from 48.8% coverage to 3.1% (mean density from 9.5 to 0.9/m 2), but
persists in 3 of 4 sites, covering < 9% of its most extensive site in 2002. Cirsium discolor, the only
native Cirsium species found in our study, remains in small numbers in two sites despite establishment
of both biological control agents. Current dominant plant species at these sites, are orchard grass
(Dactylis glomerata), Kentucky blue grass (Poa pratensis), fescue (Festuca arundinacea), broom
sedge (Andropogon virginicus), and white clover (Trifolium repens).

Keywords: Carduus nutans, Carduus acanthoides, Rhinocyllus conicus, Trichosirocalus 
horridus, long-term impact, target and nontarget plants, percent coverage.

Introduction

Biological control has often been touted as a long-term
solution to pest problems. By reestablishing the old
association of predator/prey in the target area, classical
biological control successes have been well docu-
mented in a number of weeds (Julien & Griffiths 1999).
Yet, in spite of the importance of long-term impact,
much of the reports in biological control have been
based on short-term studies. This is not due to a lack of

interest by the investigators, but more to the lack of
support for funding post-establishment studies. Hence,
one clear deficiency of biological control literature is
the lack of long-term evaluations.

Carduus nutans L. (musk thistle) and Carduus acan-
thoides L. (plumeless thistle) are introduced Eurasian
noxious weeds in pastures and rangelands in North
America (Kok 1978). Biological control of Carduus
thistles in the USA was initiated in 1956, and in 1969
the first insect imported from France, Rhinocyllus
conicus Froel. (Coleoptera: Curculionidae), was
released for C. nutans control (Dunn 1978). Virginia
was one of three states involved in the initial release of
R. conicus (Kok 1974) and successful establishment
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and impact of the weevil on the target weed soon
followed (Kok & Surles 1975). This was followed by
release of a second weevil from Italy, Trichosirocalus
horridus (Panzer) (Coleoptera: Curculionidae), in 1974
for C. nutans and C. acanthoides control (Kok &
Trumble 1979). Both weevils soon became established
on C. nutans in the state due to additional releases that
were made by relocating adult weevils from the initial
established sites. Subsequent successes at the release
sites have been documented over the years (Kok 1986,
1998, 2001, Kok & Mays 1991). 

Two major issues relating to the use of exotic
biological control agents that are not monophagous
have surfaced. Ecological risk (Simberloff 1986, 1992,
Howarth 1991, Simberloff & Stiling 1996, Stiling &
Simberloff 1999) and non-target effects (Louda et al.
1997, 1998, Johnson & Stiling 1998, Boettner et al.
2000, Follet & Duan 1999, Stiling & Simberloff 1999,
Louda & Arnett 2000, Wajnberg et al. 2001) have
received much attention and debate in recent years.
Questions about the decision to release R. conicus led to
the retesting of host specificity of naturalized popula-
tions of this insect in the USA (Arnett & Louda 2002).
They concluded that its behaviour or host preference
has not changed since its original testing (Zwölfer &
Harris 1984) in the 1960s.

Another aspect that has received little attention is the
long-term benefits of the released biological control
agents on target and non-target plants, and the resulting
vegetation after successful biological control of the
target weed. Data on current vegetation in undisturbed
target areas need to be documented to provide answers to
this basic question. What is the replacement vegetation
as a result of successful biological control of weeds? We
attempt to answer this question in Virginia. After about
20 years of continuous monitoring at release sites, we
discontinued the annual evaluations in 1991 when vege-
tation stabilized and had not changed for several years.
During the past four years, we revisited five selected sites
to examine the status of plant diversity resulting from

successful biological control. These sites were infested
by C. nutans, C. acanthoides, or by both weeds, and were
selected because they were large farms with little or no
management changes or land development. 

Materials and methods 
Five large farm sites maintained as livestock pasture
and infested with one or more thistle species were
selected. These sites were selected on the basis of their
stability of ownership and availability for our use. They
are located in three counties: Farrier and Lester in Giles
County, Belspring and Dublin Arsenal in Pulaski
County, and Copper Creek in Russell County (Fig. 1).
Copper Creek and Farrier were C. acanthoides sites,
Dublin Arsenal was a C. nutans site, and Belspring and
Lester were mixed sites with both C. nutans and C.
acanthoides. Of the five sites, C. nutans was present in
three sites and C. acanthoides in four sites. Pre- and
post-weevil establishment density of thistle and
nontarget plants, and coverage of individual plant
species at each site were determined. Cattle grazed all
the study sites.

When the study was initiated, baseline data on thistle
density and coverage were obtained by counts from 10
marked 16 m × 1 m permanent parallel line transects.
This was continued annually until 1991. In 1999 four
50 m long and 1 m wide transects were marked with 1
inch PVC pipes driven into the ground. The four
transects were parallel to each other and spaced 10 m
apart. Three 1 m2 plots were located in each 50 m
transect for a total of 12 × 1 m2 plots at each site. These
plots were located at the two ends of each transect and
in the center of each transect. 

In May of each year from 1999 to 2002, the number
of plant species and percent cover of each species
within the four 50 m transects were recorded. Senescent
flower heads were collected in July and caged in the
laboratory to collect emerging adult R. conicus. The
flower heads were placed in paper bags, 100 per bag,

  

Fig. 1. Location of five selected thistle sites in Virginia.
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and stapled closed. The total number of R. conicus
adults that emerged was tallied in the autumn. Presence
of T. horridus was based on rosette infestation and
counts of emerging adults found on thistle plants in
June.

Results and discussion

Thistle density and coverage

Total Carduus spp. coverage before weevil release
ranged from 50 to 90% (Table 1). At the Dublin Arsenal
site, C. nutans was the dominant plant species with
about 50% coverage followed by tall fescue (40%) and
orchard grass (10%). The Belspring and Lester sites
were a mixture of C. nutans and C. acanthoides, with C.
nutans (60%) being the dominant plant species in
Belspring, followed by C. acanthoides (30%) and tall
fescue (10%). Lester site had 85% thistle (C. acan-
thoides 45%, C. nutans 40%) and 15% tall fescue.
Copper Creek and Farrier were C. acanthoides sites

with 50% and 70% thistle coverage at each site, respec-
tively, and the remaining 50% and 30% consisting of
Kentucky blue grass, tall fescue, orchard grass, and
white clover. Besides C. nutans and C. acanthoides,
there were two other Cirsium thistle species: Cirsium
discolor (Muhl. Ex Willd.) Spreng. (field thistle) and
Cirsium vulgare (Savi) Tenore (bull thistle). The three
C. nutans sites declined from a mean coverage of 50%
to practically zero (0.01% due to a few isolated plants)
by 2002, while the four C. acanthoides sites declined
from a mean of 48.8% to 3.1% coverage (Table 1).
Although lower in density and coverage, C. acanthoides
persists in three of its four sites (Tables 1 and 2). Copper
Creek and Farrier, which were originally C. acanthoides
sites, have higher densities and coverage of C. acan-
thoides than the third site, Lester. During the past four
years, the Copper Creek site had the highest density of
C. acanthoides (mean 3.4, range 2.1 to 4.7/m2) from
1999 to 2002, and the largest percentage of the area
covered (mean 9.9, range 6.8 to 15.8%) compared with

Table 1. Thistle density and coverage pre and post weevil release.

County:
site2

Spp.a

a M = musk thistle; P = plumeless thistle; R. conicus released in 1969/70 and T. horridus released in 1974/75.

Thistle density (No./m2) % Thistle coverage

Pre-weevil release 2002 % reduction Pre-weevil release 2002 % reduction

Pulaski:
Belspring Mb

b Non-thistle coverage: Belspring 10% fescue; Dublin 40% fescue, 10% orchard grass; Lester 15% fescue; Farrier and Copper Creek 30% and 50%
mixture of Kentucky bluegrass, fescue, orchard grass and white clover, respectively.

4.9 0 100 60 0 100
P 3.7 0.03 91.9 30 0.4 98.7

Pulaski:
Dublin Arsenal M 2.3 0 100 50 0.05 99.0
Giles:
Farrier P 12.5 2.0 87.5 70 2.3 96.7
Giles:
Lester M 12.4 0 100.0 40 0 100

P 16.2 0.4 97.5 45 1.1 97.6
Russell:
Copper Creek P 5.7 1.3 77.2 50 8.3 83.4

Table 2. Mean ± SD % coverage* of dominant replacement vegetation at five thistle sites in Virginia, 1999 to 2002.

Plant species Site

Belspring Copper Creek Dublin Arsenal Farrier Lester

Festuca arundinacea (tall fescue) 59.6 ± 12.1 17.5 ± 4.5 65.6 ± 8.8 33.6 ± 21.4 34.3 ± 7.9
Dactylis glomerata (orchard grass) 0 10.4 ± 7.4 9.1 ± 6.8 33.2 ± 30.8 8.9 ± 9.3
Poa pratensis (Kentucky blue grass) 0 29.0 ± 9.9 4.5 ± 6.3 16.8 ± 18.7 30.7 ± 13.5
Trifolium repens (white clover) 1.0 ± 1.6 9.7 ± 5.8 5.5 ± 3.7 19.4 ± 3.7 38.9 ± 6.5
Andropogon virginicus (broom sedge) 27.2 ± 16.2 0.4 ± 0.9 4.2 ± 4.8 0 0
Panicum sp. (panic grass) 0 9.0 ± 6.0 3.3 ± 5.8 0 0
Thistle spp.
Carduus nutans (musk thistle) 0 0 0.01 ± 0.01 0 0
Carduus acanthoides (plumeless thistle) 0.4 ± 0.3 9.9 ± 4.0 0 5.9 ± 5.4 1.1 ± 1.3
Cirsium vulgare (Bull thistle) 0.1 ± 0.1 0 0 0 0.1 ± 0.1
Cirsium discolor 0 0.1 ± 0.1 0.1 ± 0.1 0 0
No. of non thistle species per sq. m 4.6 ± 1.2 13.0 ± 2.4 8.6 ± 1.4 5.5 ± 1.0 5.6 ± 1.7
Total # plant species 24 37 31 12 17
* Due to overlap of vegetation, sum may exceed 100% coverage.
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the other thistle species (Table 2). The Farrier site has
consistently been the most overgrazed of all sites, and
establishment of T. horridus was hindered for several
years until the owner was persuaded to leave an area
cordoned off from cattle grazing. Thistle density
declined after that, as T. horridus increased. In the inter-
vening years when the site was not visited, overgrazing
resumed and the C. acanthoides recovered. Since 1999,
with mowing by the owner, and the reduction of
grazing, thistle density has declined again. Grazing pres-
sure continued to be fairly high at the Lester site, which
still has some C. acanthoides but not C. nutans. Of the
four sites with initial stands of C. acanthoides, thistle
coverage in 2002 was 8.3% at Copper Creek, < 3.0% at
the Farrier and Lester sites, and only a few plants in the
Belspring site (Table 1). 

No recurrence has occurred at the C. nutans sites
where control has been sustained. Except for brief
periods when soil was disturbed followed by resur-
gence of thistles, C. nutans has been under control. The
two Cirsium species (C. discolor and C. vulgare) are
spotty and are of minor importance in all sites. Cirsium
discolor, the only native thistle species found in small
numbers in Copper Creek and Dublin Arsenal, has
maintained itself in these two sites despite the establish-
ment of the biological control agents. The two Cirsium
species bloom later than the Carduus species and
subsequently avoid oviposition by R. conicus. 

Plant diversity
Mean percent coverage (1999–2002) of replacement

vegetation at the sites shows that the number of plant
species ranged from 12–37 during the past four years
(Table 2). At Farrier, there are 12 plant species. Domi-
nant plants in descending order are Festuca arundi-
nacea Schreb. (tall fescue), Dactylis glomerata L.
(orchard grass), Trifolium repens L. (white clover) and
Poa pratensis L. (Kentucky blue grass). Tall fescue and
orchard grass cover more than 30% while C. acan-
thoides covered 2.3% in 2002 and a mean of 5.9%
during the past four years. At Belspring, of 24 plant
species recorded, two plants that dominate the pasture
are tall fescue (59.6%) and Andropogon virginicus L.
(broom sedge) (27.2%). C. nutans, the dominant
species initially, and C. vulgare were absent in 2002. At
the C. nutans site in Dublin, 31 species of plants were
found. Tall fescue, with 65.6% coverage, was clearly
dominant. Other plants species were orchard grass,
white clover, Kentucky blue grass, and broom sedge,
with each covering < 10%. The four-year average
showed 0.01% coverage due to a few occasional C.
nutans, but no C. nutans were present in 2002. At
Copper Creek, of 37 plant species recorded, the domi-
nant species were Kentucky blue grass, tall fescue, and
orchard grass, all exceeding 10% coverage. C. acan-
thoides ranked fourth with 9.9% coverage (Table 2).
This site had the greatest number of plant species, with
none exceeding 30% coverage. Grazing pressure at

Cooper Creek has been low and may have contributed
to the greater plant diversity. At Lester, there were 17
plant species with white clover, tall fescue, and
Kentucky blue grass exceeding 30% coverage. C. acan-
thoides and C. vulgare were present in 1999 and 2000,
but not in the past two years. Plant diversity has
increased and species richness has recovered with the
reduction of thistles at all five sites. Overall, the six
most dominant plants were tall fescue, Kentucky blue
grass, orchard grass, white clover, broom sedge and
panic grass. All except broom sedge are desirable live-
stock pasture species.

Populations of T. horridus and R. conicus

The thistle weevil populations have also declined
from their previous peaks, but are still present to
suppress the thistles. Trichosirocalus horridus has been
established at these sites for over 20 years and R.
conicus for over 25 years. Both weevils prefer C.
nutans to C. acanthoides and this is confirmed by the
control of C. nutans in the three sites where it once
dominated. However, C. acanthoides is still present in
three of the four original sites, but at much lower densi-
ties. Although the number of weevils has also declined
with thistle density and coverage, sufficient popula-
tions of both weevils remain at the sites with thistles to
maintain the thistle equilibrium at a low level. In 2002,
adult R. conicus per head was 0.57 ± 0.27 at Copper
Creek, 0.68 ± 0.43 at Farrier, and 0.42 ± 0.30 at Lester
(n = 600 heads), and adult T. horridus per plant was
0.44 ± 0.08 at Copper Creek, 0.24 ± 0.08 at Farrier, and
0.14 ± 0.08 at Lester (n = 100 plants). Copper Creek
had significantly more adult T. horridus per plant than
Lester (P < 0.05). C. nutans was not found in these
three sites during the past four years. R. conicus has had
to adapt solely to C. acanthoides and it is possible that
R. conicus has been able to delay its oviposition cycle
to avail itself of the later blooming C. acanthoides
flower heads. During the whole duration of our study,
T. horridus has been found on C. nutans, C. acan-
thoides, C. vulgare and C. discolor, and R. conicus has
been found on C. nutans, C. acanthoides and occasion-
ally on C. vulgare. These are within expectations based
on their host-specificity screening. They have reduced
thistle density and coverage as intended, resulting in
increased plant diversity but have not produced any
major surprises in Virginia.
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