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BioLocGicaL CONTROL

Host Specificity of Bangasternus orientalis Capiomont
(Coleoptera: Curculionidae) Introduced into the United States for
Biological Control of Yellow Starthistle
(Centaurea solstitialis L., Asteraceae: Carduae)

GAETANO CAMPOBASSO, ROUHOLLAH SOBHIAN, LLOYD KNUTSON, axp GIANNI TERRAGITTI

European Biological Control Laboratory, USDA-ARS, Parc Scientifique Agropolis II, 34397, Montpellier, Cedex 5, France

Environ. Entomol. 27(6): 1525-1530 (1998)

ABSTRACT The weevil Bangasternus orientalis Capiomont was selected as a candidate for the
biological control of Centaurea solstitialis L. (yellow starthistle) in the United States. Its potential
host range was studied during 1982, 1983, and 1984 in Rome, Italy, using populations collected from
C. solstitialis in Thermi near Thessaloniki and Kozani in northern Greece. Adults laid eggs only on
members of the genus Centaurea and the thistle Onopordum acanthium; eggs laid on O. acanthium
hatched but 1st instars died before entering buds. There was no significant difference in the number
of eggs laid on various U.S. and Italian strains of C. solstitialis included in the tests. Eggs were not
deposited on plant species of economic importance such as Cynara scolymus, Helianthus annuus,
Carthamus tinctorius, and Lactuca sativa. Larvae completed their larval development only on C.
solstitialis from Greece and on U. S. and Italian populations of C. solstitialis among the 60 plant
species, varieties, and strains (in 7 families) tested. This restricted host range suggested introduction
of this weevil as a biological control agent against yellow starthistle in the United States. Releases
of B. orientalis were made in California, Washington, Idaho, and Oregon in 1985 and it became
established in all states in 1989.

KEY WORDS Coleoptera, Bangasternus orientalis, yellow starthistle, weed, weevil, biological

control

YELLOW STARTHISTLE, Centaurea solstitialis L., is an her-
baceous plant of Eurasian origin that is adventive in
many parts of the world, including the United States
of America, where it reaches high densities in several
climatic and vegetational zones, especially in Califor-
nia (3,200,000 ha infested), Idaho (81,000 ha), Oregon
(400,000 ha), and Washington (54,000 ha) (Maddox
and Mayfield 1985, Maddox et al. 1985, Roché and
Roché 1988, Callihan et al. 1989). This weed is a se-
rious pest of rangelands, recreational areas, and aban-
doned croplands, and it is spreading at an alarming rate
into new areas (Callihan et al. 1989). Yellow starthistle
displaces native vegetation, its spiny capitulae deters
grazing by livestock, it is a nuisance to people working
or playing on infested lands, and it is poisonous to
horses (Cordy 1978). Yellow starthistle is typically a
winter annual that propagates only by seeds that usu-
ally germinate in the fall, depending on rainfall. Floral
buds undergo a series of maturation stages before they
terminate in yellow inflorescences (Maddox 1981)
that typically open June through August in southern
Europe.

Researchers have surveyed the entomofauna of yel-
low starthistle in southern Europe since 1950 for po-
tential biological control candidates (Zwolfer 1965,
1969; Zwolfer et al. 1971; Sobhian and Zwslfer 1985;
Clement and Mimmocchi 1988; Clement et al. 1988).
Approximately 23 capitulum infesting insect species,

including the weevil Bangasternus orientalis Capi-
omont (Sobhian and Zwélfer 1985), and 7 species
associated with other parts of yellow starthistle were
discovered in the Mediterranean region (Clement
1990). Five insect species, Urophora sirunaseva (Her-
ing) (Diptera: Tephritidae), Chaetorellia australis
Hering (Diptera: Tephritidae), Eustenopus villosus
(Boheman) (Coleoptera: Curculionidae), Larinus
curtus Hochhuth (Coleoptera: Curculionidae), and B.
orientalis, have been released in the United States to
control yellow starthistle (Maddox et al. 1986, White
and Clement 1987, Maddox et al. 1990, Turner et al.
1996) and all are established. The biology and phe-
nology of B. orientalis reported by Sobhian et al.
(1992) was based on studies in northern Greece. Over-
wintered adults appear on bolting yellow starthistle
during mid-May. Oviposition starts at the end of May
and lasts ~3 mo. Eggs are laid singly, on or near young
buds, and are covered with a protective cap of frass
produced by the females. Newly hatched larvae mine
into flower heads from eggs laid on branch tips. Adults
do minimal damage to yellow starthistle by feeding on
leaves, but the larvae consume developing seeds. A
single larva is capable of destroying the entire contents
of a yellow starthistle flower bud, completing its de-
velopment inside the bud. Females oviposit and feed
on buds of sizes categorized by Maddox (1981) as
stages Bu 1, Bu 2, and Bu 3; a few eggs are found on
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bud stage Bu 4 and flower bud stages F-1 and F-2. Two
species of egg parasitoids, Pterandrophysalis levantina
Nowicki (Trichogrammatidae) and an unidentified
species of Mymaridae, emerged from eggs collected in
the field near Thermi in northern Greece (Sobhian et
al. 1992). High eggs and larval mortality (up to 98.7 and
84%), largely the result of predation, does not allow
the weevil to build up large populations in its natural
environment.

One of the most important criteria determining the
introduction into a new country of phytophagous or-
ganism for the biological control of weeds is that they
should be safe, sufficiently host specific to pose no
threat to any cultivated or socially important plant.
The objective of this article is to provide background
information of specific laboratory tests that were con-
ducted at the overseas laboratory with B. orientalis
prior its introduction and release in the United States.

Materials and Methods

Host Specificity Tests. Tests were conducted during
1982, 1983, and 1984 with 60 plant species or varieties
in 7 families (Table 1). The plants included genera and
families closely related to Centaurea (order Asterales),
plants in other orders of the superorder Rosidae, and
plants attacked by other species of Bangasternus, such
as C. diffusa DeLamarck, C. calcitrapa L., C. paniculata
L., C. scabiosa L., and C. maculosa DeLamarck. Engler
(1964) and Heywood (1978) were used as guides in
constructing our list of test plants. Native American
Cirsium, and Centaurea species such as Cirsium undu-
latum (Nuttal) Spreng, C. douglasii Decandolle, C.
andrewsii (Gray) Jepson, and Centaurea americana
Nuttall were included in the tests. Adults for host
specificity tests were collected in Thermi (Thessal-
oniki) and Kozani in northern Greece during May.
The weevils were sexed and kept in a refrigerator at
8-10°C until collections in Greece were completed.
They were transported from Greece to Rome, where
they were caged separately on young bolting plants of
C. solstitialis, allowing them to feed on fresh plant
material for 48 h to recover from the stress of the travel
to Rome. Healthy adults were used to conduct the
various host specificity tests.

Single Plant, No-Choice Oviposition Tests: 1982-
1984. The experiments were conducted in a quaran-
tine greenhouse (shaded on the top) under natural
light during June and July 1982-1984. For the tests,
mean temperature was 24.8 = 5.9°C (range, 16-36°C),
mean relative humidity was 65.6 = 19.6% RH (range,
32-91%), and a photoperiod ~16:8 (L:D) h. The in-
sects were confined on potted plants covered with a
transparent plastic cylinder (20 cm diameter, 70 cm
high) that had 4 holes (10 cm diameter) covered with
organdy on the side of each cylinder to allow air
circulation. Each cage was capped with organdy cloth
held in place by a rubber band. Experiments were
conducted from late May to late July each year. Five
replicates of each plant species were caged with 2 pairs
of B. orientalis adults. Weevils were allowed to feed
and oviposit on test plants until they died. All exposed
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buds of test plants, including the control, were
checked to record the number of eggs laid. Longevity
of caged adults also was recorded. Host specificity data
were analyzed by analysis of variance (ANOVA) and
means were separated by a Student-Newman-Keuls a
posteriori test.

First Instar Survival Test. These trials were con-
ducted in a shaded quarantine greenhouse under nat-
ural light between May and June 1982-1984. For the
tests, mean temperature was 24.9 = 6.2°C (range, 15-
35°C); mean relative humidity was 65.7 + 18.9% RH
(range, 30-92%); and a photoperiod of 16:8 (L:D) h.
The 1982 test was from 2 June to 30 July; 1983, 1 June
to 31 July; and 1984, 3 June to 31 July. Infested buds
were dissected and the numbers of larvae were re-
corded. Eggs for Ist-instar survival tests were obtained
from 10 females each year. Males and females were
caged with C. solstitialis (bearing young buds of cat-
egories Bu 1 and Bu 2) (Maddox 1981). Each day,
newly laid eggs were recorded and removed from the
plants and placed in hatching containers (Rizza 1977).
Instead of using cotton as described by Rizza, the
authors used plaster of paris as a hatching surface to
avoid injury to neonate larvae. Egg development was
monitored daily using a stereoscope. When the head
capsule was visible through the mature eggs they were
transferred to test plants with a moistened camel’s-
hair brush. Each test plant received 20 mature eggs
distributed over 10 flower buds (2 eggs per flower
bud), each bud serving as a replicate. We observed in
the field that only 1 larva can develop in 1 flower bud.
We decided that no more than 2 eggs per bud were
necessary to avoid competition and stress between 1st
instars using the same flower bud. Infested buds were
marked to facilitate reexamination and to allow us to
record the number of hatching eggs. Data of larval
survival test are expressed with means and standard
deviation.

Multiple Choice Test: 1984. Plants for this test were
those that received eggs from tests of no-choice ovi-
position conducted in 1982, 1983, and 1984. The ob-
jectives were to see if B. orientalis adults would select
nonhost plants for oviposition and to determine the
degree of larval development. The degree of prefer-
ence between American and European strains of yel-
low starthistle was also measured. Selected groups of
test plants, each containing a control plant, were pot-
ted together in large plastic pots (80 cm diameter, 70
cm high). Each group of plants in a pot was covered
by a cylinder cage as described previously. Four
groups of plants were prepared, and each group was
replicated 3 times. Ten pairs of B. orientalis were
placed in each cage. Weevils (n = 180) collected in
Thermi, Greece, in mid-May 1984 were used for this
test. The experiment was carried out in a shaded quar-
antine greenhouse under natural light from 15 May to
30 July. All buds per test plant, with and without eggs,
were recorded. During the test, the mean temperature
was 24.4 * 6.3°C (range, 16-36°C), the mean relative
humidity was 65.3 = 19.8% RH (range, 33-91%), and
a photoperiod of 16:8 (L:D) h. The longevity of wee-
vils used in these tests was recorded. Multiple choice
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choice host specificity tests, 1982, 1983, 1984 (mean = SD followed by range)

Total exposed Total floral , Adult
Test plant species NO' floral buds buds attacked Total eges laid Longevity
replicates per plant
per plant per plant Days

1982
Centaurea solstitialis Greece (Control) 5 55.00 £ 474 49-61 51.60 =404 46-36 82.60 =493a T8-90 46.6 = 4.83 39-51
Centaurea solstitialis Goldendale (WA) 5 46.00 = 12.24 27-61  42.00 = 1251 24-39 61.60 +541b 56-70 41.8 = 3.35 39-47
Centaurea solstitialis Walla Walla (WA) 3 40.00 = 12.21 22-53  39.60 = 12.22 21-52 63.40 = 15.95b 43-80 46.4 + 5.46 37-51
Centaurea solstitialis Yakima (WA) 5 39.80 + 15.45 17-59 31.40 =896 17-39 51.40 +15.63c 35-75 44.8 = 5.26 38-52
Centaurea solstitialis Concord (CA) 5 4400 =591 37-51 3800652 30-46 4800+ 11.36d 35-65 40.8 =2.39 38-44
Centaurea solstitialis Bracciano (Italy) 5 50.00 = 418 45-56 39.60 =241 37-43 4780 £ 7.73c 40-38 38.0 = 4.64 32-44
Centaurea solstitialis Salerno (Italy) 5 4.00 2943 46-67 42.00 =274 38-45 6200552 5469 424 =537 37-51
Centaurea solstitialis Bari (Italy) 5 47.00 £ 543 39-53 44.00 = 5.7 37-50  97.80 = 0.84f 97-99 46.4 = 4.39 39-50
Centaurea solstitialis var. schowii (Italy) 5 7.00 273 54-61 4440 X270 40-47 4800 £292g 44-31 442 = 435 37-48
Centaurea diffusa Greece 5 5440 £1.22 52-35 5.00 =245 2-8 6.00 * 2.74h 2-9 282 * 239 25-31
Centaurea jacea Italy 3 440+ 291 39-46 2060 +230 18-24 2860559 24-38 44.0 * 4.36 39-49
Centaurea maculosa Italy 5 48.00 + 6.85 39-57 460035 4-5 6.00 + 2.921 2-9 252+ 3.03 21-29
Centaurea calcitrapa Italy 5 54.60 = 13.37 39-75 14.00 £ 245 11-17 1580 £2.68m 13-19 24.8 = 4.97 19-30
Centaurea calcitrapa Greece 5 5800 =6.12 49-66 20.00 =316 17-25 20.60*351lm 17-26 29.6* 3.65 24-34
Centaurea cyanus Ttaly 5 54.00 £10.01 42-65  0.00=0.00 0-0 0.00 £0.00n  0-0 174230 15-21
Centaurea paniculata Italy 5 46.00 £ 768 37-35 040089  0-2 040 =08In  0-2 2021481822
Centaurea cineraria Italy 5 66.00 £ 5.70 59-72 0.00 £0.00 0-0 0.00 = 0.00n 0-0 162 %311 13-21
Centaurea americana USA 5 580+ 130 4-7 0.00 = 0.00 0-0 0.00 * 0.00n 0-0 176 *1.6715-19
Centaurea scabiosa Italy 5 42.00 + 291 39-46 0.00 = 0.00 0-0 0.00 = 0.00n 0-0 170224 14-20
Helianthus annuus USA 5 180083 1-3 000000 0-0 0.00x000n 0-0 172*14815-19
Helianthus tuberosus USA 5 380+192 2-7 0.00 + 0.00 0-0 0.00 = 0.00n 0-0 168 =217 15-20
Zinnia elegans Ttaly 3 9.40 =545 0-14 0.00x000 0-0 0.00+000n 0-0 184 *19516-21
Carthamus tinctorius USA 5 7.00 £333 4-13 0.00 = 0.00 0-0 0.00 £ 0.00n 0-0 16.0=1.58 14-18
Cynara scolymus USA 5 4.00 £ 1.00 3-5 0.00 £ 0.00 0-0 0.00 £ 0.00n 0-0 16.0=*1.58 14-18
Cynara scolymus Ttaly 5 3.00 158 1-5 0.00 £0.00 0-0 0.00 £0.00n 0-0 158 *1.92 13-18

1983
Centaurea solstitialis Greece (control) 5 82.00 = 8.24 69-89 82.00 £ 825 69-89 14200 3402 99-190 49.0 = 7.84 39-60
Centaurea alba Italy 5 45.80 =3.03 42-50  0.00+0.00 0-0 0.00 + 0.00 0-0 17.0=*1.2215-18
Carduus nutans USA 5 15.00 = 3.16 10-18 0.00 £ 0.00 0-0 0.00 = 0.00 0-0  16.0 =235 12-18
Carduus pycnocephalus Ttaly 5 35.00 £ 6.67 28-45 0.00x000 0-0 0.00 = 0.00 0-0 186=*230 15-21
Carduus acanthoides USA 5 44.20 = 13.64 29-64 0.00 = 0.00 0-0 0,00 £ 0,00 0-0 148 *£277 12-19
Carduus thoermeri USA 3 22.00 = 484 15-26 0.00 = 0.00 0-0 0.00 = 0.00 0-0 16.0=*23513-18
Cirsium lanceolatum Italy 5 200070 1-3 0.00 = 0.00 0-0 0.00 +0.00 0-0 176 =230 14-20
Cirsium undulatum USA 5 240+114 1-4 0.00 = 0.00 0-0 0.00 £ 0.00 0-0 174+28813-21
Cirsium douglasii USA 5 220083 1-3 0.00 £0.00 0-0 0.00 + 0.00 0-0 152 +1.30 14-17
Cirsium andrewsii USA 5 260+134 1-4 0.00 = 0.00 0-0 0.00 £ 0.00 0-0 176 =167 15-19
Onopordum acanthium USA 5 700308 4-11 000x000 00 1.4 *055 1-2 21.0 = 453 17-28
Onopordum illyricum Ttaly 5 420 =228 2-8 0.00=0.00 0-0 0.00 = 0.00 0-0 17.6 =195 15-20
Sylibum marianum Italy 5 420+ 249 2-8 0.00 £0.00 0-0 0.00 £ 0.00 0-0 15.6*19513-18
Chrysanthemum leucanthemum Italy 5 25.80 + 3.36 20-29  0.00 £0.00 0-0 0.00 = 0.00 0-0 160+ 187 14-19
Achillea millefolium Ttaly 5 27.80 = 10.18 17-39 0.00 = 0.00 0-0 0.00 = 0.00 0-0 17.8=*x29513-21
Tanacetum vulgare Ttaly 5 30.00 =380 26-36 0.00+0.00 0-0 0.00 + 0.00 0-0 150 *1.22 14-17
Anthemis tinctoria Italy 5 26.40 £ 6.02 21-36  0.00 £0.00 0-0 0.00 = 0.00 0-0 152+22813-18
Artemisia vulgaris Italy 5 3420769 25-45 0.00+000 0-0 0.00 * 0.00 0-0 18.0 *+2.35 14-20
Senecio jacobea Italy 5 10.00 = 463 6-17  0.00=000 0-0 0.00 = 0.00 0-0 18.0 *2.65 15-22
Lactuca sativa Ttaly 5 34.00 = 7.34 25-44 0.00 = 0.00 0-0 0.00 = 0.00 0-0 152 =130 14-17
Lactuca sativa var. Great Lakes USA 5 26.80 =810 14-35 0.00x=0.00 0-0 0.00 = 0.00 0-0 154 % 1.14 14-17
Leontodon crispus Italy 5 540378 2-10 0.00 = 0.00 0-0 0.00 = 0.00 0-0 154270 11-18
Taraxacum officinalis Ttaly 5 760 =350 2-11 0.00 = 0.00 0-0 0.00 = 0.00 0-0 184 *1.52 16-20
Tagetes erecta Italy 5 500234 3-9 0.00 = 0.00 0-0 0.00 + 0.00 0-0 16,6 =114 15-18
Calendula officinalis Italy 5 15.00 £ 447 10-21 0.00 = 0.00 0-0 0.00 = 0.00 0-0 188 *+228 15-21

1984
Centaurea solstitialis Greece (control) 5 135.60 = 21.96 99-156 146.00 = 12.35 128-160 181.80 = 7.19  173-190 54.8 = 3.89 49-59
Antirrhinum majus Ttaly 5 2440 =720 15-35 0.00 = 0.00 0-0 0.00 = 0.00 0-0 184*11417-20
Linaria vulgaris Ttaly 5 15.00 £ 418 10-21 0.00 = 0.00 0-0 0.00 = 0.00 0-0 20.0 £2.12 18-23
Linaria dalmatica USA 5 9.00 =235 6-11 0.00 = 0.00 0-0 0.00 = 0.00 0-0 20.8 =216 19-24
Silene vulgaris Ttaly 5 2540 + 462 19-32 0.00 + 0.00 0-0 0.00 £ 0.00 0-0 17.8*+258 14-21
Viola bertolinii Italy 5 1400 £394 11-20 0.00=0.00 0-0 0.00 = 0.00 0-0 17.2*0.8316-18
Ranunculus auricomus Ttaly 5 4480 = 1215 27-56  0.00 £ 0.00  0-0 0.00 = 0.00 0-0 170=15815-19
Papaver somniferum Italy 5 1.00£000 1-1 0.00 =000 0-0 0.00 = 0.00 0-0 164 =15114-18
Euphorbia esula Ttaly 5 540152 4-8 0.00 000 0-0 0.00 = 0.00 0-0 154x089 14-16
Euphorbia lathyris Ttaly 5 420+228 2-8 0.00 £0.00 0-0 0.00 = 0.00 0-0 148 =148 13-17
Euphorbia characias Ttaly 5 260 2089 2-4 0.00 000 0-0 0.00 = 0.00 0-0 188=x14817-21
Euphorbia virgata USA 5 3.00x122 2-5 0.00 = 0.00 0-0 0.00 = 0.00 0-0 20.8*+22818-24

Two males and 2 females were used per test plant. Five replicates were made per each tested plant. Means followed by the same letter are
not significantly different (P < 0.05, Student-Newman-Keuls a posteriori test).
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Table 2. Results of B. orientalis larval survival test, 1982, 1983, 1984 (mean * SD followed by range)
) Total replicates Total eggs Total eggs Total larvae
Test plants test plants used hatched found/plant species

1982

Centaurea solstitialis Greece (control) 10 20 2.0+0.0 2-2 10200 1-1

Centaurea solstitialis Goldendale (WA) 10 20 1.7 + 0.67 0-2 1.0+ 0.0 1-1

Centaurea solstitialis Walla Walla (WA) 10 20 1.8 +0.63 0-2 09+ 0.0 0-1

Centaurea solstitialis Yakima (WA) 10 20 1.9 +0.32 1-2 1.0 00 1-1

Centaurea solstitialis Concord (CA) 10 20 1.8 £ 0.63 0-2 09+ 0.0 0-1

Centaurea solstitialis Bracciano (Italy) 10 20 19+0.32 1-2 09+ 00 0-1

Centaurea solstitialis Salerno (Italy) 10 20 2.0+ 0.0 2-2 09=0.0 0-1

Centaurea solstitialis Bari (Italy) 10 20 1.9+0.32 1-2 1.0+00 1-1
1983

Centaurea solstitialis Greece (control) 10 20 1.8 =063 0-2 10200 1-1
1984

Centaurea solstitialis Greece (control) 10 20 1.8 £ 0.63 0-2 1000 1-1

Two eggs were used per test plant. Ten replicates were made per each tested plant. Only 1 larva can develop in 1 bud. Plants that did not
have any larval survival are not listed in this table. For complete list of tested plants see Table 1.

test data were analyzed (ANOVA) and means were
separated by a Student-Newman-Keuls a posteriori
test.

Site Preference for Oviposition: 1983. Yellow
starthistle plants, may have as many as 6 floral bud
stages present at 1 time during the oviposition period
of B. orientalis. Therefore, an experiment was con-
ducted to determine the preferred bud stage for ovi-
position. We used the bud development classes of
Maddox (1981) to identify the various bud stages dur-
ing May and June. Potted plants of C. solstitialis were
used for this test, and 1 pair of adults was caged on each
test plant using the same plastic cylinders as in the
no-choice oviposition test. Ten plants (replicates)
with different bud stages were used in this trial, which
was carried out from 25 May to 18 July in the same
shaded quarantine greenhouse of previous tests. After
5d floral buds were examined and eggs were recorded
and removed. Data of adult oviposition site preference
test are expressed with means and standard deviation.

Results

No - Choice Oviposition Tests: 1982-1984. The total
number of exposed floral buds, floral buds attacked,
total eggs laid, and adult longevity on each plant spe-
cies, varieties, and strains are presented in Table 1.
Adults laid eggs only on members of the genus Cen-
taurea and the thistle Onopordum acanthium. Signifi-
cantly more eggs were laid on C. solstitialis plants (all
populations) than on other test plants in the 1982
(Table 1). The US. yellow starthistle plants were
readily accepted, with plants from WallaWalla, WA,
receiving the highest number of eggs per replicate
(63.40 = 15.95; range, 43-80). Populations from Italy
were also accepted for oviposition, and the 1 from Bari
had the highest mean number of eggs per replicate
(97.80 *+ 0.84; range, 97-99). There was no significant
difference in number of eggs laid on C. solstitialis from
WallaWalla versus C. solstitialis from Goldendale, WA,
or C. solstitialis from Yakima, WA, versus C. solstitialis
from Bracciano, Italy (Table 1). Other species in the

genus Centaurea (C. diffusa, C. jacea, C. maculosa, and
C. calcitrapa from Italy, and C. calcitrapa from Greece)
received fewer eggs. There was no significant differ-
ence in number of eggs laid on C. calcitrapa from
Greece versus C. calcitrapa from Italy (Table 1.). The
only plant outside the genus Centaurea to receive eggs
was O. acanthium with a mean of (1.4 = 0.55). Eggs
were not deposited on plant species of economic im-
portance such as Cynara scolymus, Helianthus annuus,
Carthamus tinctorius, Lactuca sativa, and the U.S. en-
dangered species of Cirsium, C. undulatum, C. dou-
glasii, and C. andrewsii. Adults fed little or not at all on
nonhost plants and were shorter lived (15-20 d) com-
pared with weevils caged on the natural host (39-51
d).
First Instar Survival Test: 1982, 1983, 1984. Results
of this test are summarized in Table 2. In total, 657, 509,
and 530 eggs were collected in 1982, 1983, and 1984,
respectively, for a total of 1,696. Mean percentage of
egg eclosion was 86.5%. This egg production was suf-
ficient for larval survival tests. Larvae completed their
larval development only on C. solstitialis from Greece
and on U.S. and Italian populations of C. solstitialis
among the 60 plant species, varieties, and strains
tested. In the 1982 test, Ist instars completed their
larval development only on the different population of
C. solstitialis. Larval survival was 95% (76 out of 80) in
this test. Survival was 100% in the 1983 and 1984 tests.

Multiple Choice Test: 1984. In all test-plant groups
the plants receiving the most eggs were the C. solsti-
tialis controls from Greece and the U.S. and Italian
ecotypes of yellow starthistle. Significantly (P < 0.05)
more eggs were laid on C. solstitialis from Greece than
on any other test plant. No eggs were found on O.
acanthium (Table 3). B. orientalis laid more eggs on C.
diffusa, C. calcitrapa, C. jacea, and C. maculosa in this
test than it did on these test plants under no-choice
conditions. No large differences were noted in com-
paring adult longevity of B. orientalis caged with the
various test-plant groups (Table 3).

Adult Oviposition Site Preference: 1983. The weevil
oviposited heavily on floral buds Bu-1 and Bu-2. Stages
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Table 3. Results of B. ori lis ovipositi ltiple—choice host specificity tests, 1984 (mean * SD followed by range)
) Total exposed floral Total floral buds Total eggs laid per AdUIt. )
Test plants Replicates attacked Longevity
buds per test plant test plant )
per test plant Days
Group I
Centaurea solstitialis Greece 3 100.00 = 1418 89-116 91.67 = 1553 79-109 143.33 *=160.1a 127-159 61.7 = 3.79 39-66
(control)
Centaurea solstitialis 3 106.67 £ 6.81  99-112 6567 = 21.57 41-81 90.00 = 18.532b  72-109
Goldendale (WA)
Centaurea solstitialis 3 96.67 = 611  90-102 5833+ 586 54-65 66.67 = 27.79b 3587
Walla Walla (WA)
Centaurea diffusa Greece 3 95.00 = 18.73 80-116 7.33 £0.38 7-8 9.00 = 1.00c §-10
Centaurea solstitialis Salerno 3 90.00 =985 T79-98 66.00 =656 59-72 70.00 £ 16.70d  55-88
(Ttaly)
Group I
Centaurea solstitialis 3 100.67 = 7.37  95-109 9200 =721 86-100 129.67 = 33.33a 97-164 647 £6.66 39-72
Greece (control)
Centaurea solstitialis Yakima 3 66.67 = 7.09 59-73 5867 833 52-68 62.33 * 6.66h 58-70
(WA)
Centaurea solstitialis 3 70.00 = 1044 5877 3567 =451 51-60 65.67 = 3.51c 62-69
Concord (CA)
Centaurea solstitialis 3 68.33 £10.02 57-76 49.00 = 3.61  46-53 67.00 = 7.55d 39-74
Bracciano (Italy)
Centaurea solstitialis Bari 3 63.67 =945 55-73 33331680 15-48 59.33 £ 12.50d  45-68
(Italy)
Group IIT
Centaurea solstitialis Greece 3 67.00 £ 31.48 41-102 56.33 = 30.11 32-90 103.33 =357.85a  54-167 62.0 = 438 58-67
(control)
Centaurea solstitialis va. 3 66.00 £ 9.17 538-76 2333 %551 18-29 26.33 = 5.41b 21-32
schowii (Italy)
Centaurea jacea Ttaly 3 4567 * 1.53  44-47 10.00 £2.00 8-12 12.33 = 3.51¢ 9-16
Centaurea maculosa Italy 3 7167 £586 65-76 .00 = 3.61 5-12 13.00 = 5.29d 717
Centaurea paniculata Italy 3 49.00 2954 3855 100+100 0-2 2.00 * 2.00b 0-4
Group IV
Centaurea solstitialis Greece 3 92.00 + 1473 76-105 78.33 =13.31 69-96 13267 = 14.84a 120-149 62.0 = 3.00 59-65
(control)
Centaurea calcitrapa Ttaly 3 85.33 £ 21.55 63-106 23.33 =321 21-27 26.67 * 4.16b 22-30
Centaurea calcitrapa Greece 3 43.00 = 7.00 38-51 3333+ 737 25-39 34.33 = 7.37b 26-40
Onopordum acanthium USA 3 5.00 = 2.00 3-7 .00 = 0.00 0-0 0.00 = 0.00 0-0

Ten males and ten females per replication. Three replicates made per plant species. Means followed by the same letter are not significantly

different (P < 0.05, Student-Newman-Keuls a posteriori test).

Bu-3 and Bu-4 received few eggs, whereas no eggs
were laid on F-1 and F-2 floral buds. Stage Bu-1 had
31.50 = 14.20 exposed buds per plant replicate of
which 22.20 = 11.62 were attacked, receiving 65.30 =
47.66 eggs per replicate. Stage Bu-2 had 8.00 * 5.70
buds per replicate and 5.80 * 3.88 were infested,
receiving 13.90 * 7.11 eggs per replicate. Stages Bu-3
and Bu-4 were much less attacked, receiving 3.10 =
2.69 and 0.60 = 0.84 eggs per replicate (Table 4).

Table 4. Bud size preference for ovipositional site of B. ori-
entalis on yellow starthistle, 1983 (mean * SD)

No. No. buds

Flower bud h
buds/plant  attacked/plant

category

No. eggs
laid/plant

Floral bud stage Bu-1 31.50 = 1420 2220 + 11.62 65.30 * 47.66

Floral bud stage Bu-2  8.00 = 5.70 580 £388 1390+ 711
Floral bud stage Bu-3  3.80 = 2.74 150 = 0.97 3.10 + 2.69
Floral bud stage Bu-4 310 = 1.52 0.40 + 0.52 0.60 + 0.84
Anthesis stage F-1 220114 0.00 = 0.00 0.00 = 0.00
Anthesis stage F-2 1.70 = 0.82 0.00 = 0.00 0.00 = 0.00

One male and one female used per replicate. Ten replicates made.

Discussion

Although some adults in this study oviposited on
plants from which they have not been recorded, such
as Centaurea diffusa, C. jacea, C. maculosa, C. calci-
trapa, and O. acanthium, they deposited a majority of
their eggs on C. solstitialis. Moreover, C. solstitialis was
the only test plant to support larval development;
there was no larval survival on C. diffusa, C. jacea, C.
maculosa, C. calcitrapa, and O. acanthium. First instars
that hatched from eggs placed on floral buds of other
plant species died after hatching or after feeding on
the nontarget floral bud. These studies confirm the
findings of 1984 open-field host specificity tests in
Greece (Maddox and Sobhian 1987). Oogenesis stud-
ies showed that B. orientalis females were incompat-
ible with host plants other than C. solstitialis, their eggs
atrophying after being switched from C. solstitialis to
safflower or native Cirsium species (Maddox and Sob-
hian 1987). While checking for adults or eggs on var-
ious plant genera (Centaurea, Carduus, Onopordum,
Cirsium, and Galactites) in the field in northern
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Greece (Campobasso, unpublished data) as well as in
the laboratory, we found that C. solstitialis is the only
host of B. orientalis capable of supporting larval de-
velopment. The results of these 1982-1984 host spec-
ificity studies in Rome, and field studies in Thessal-
oniki, Greece, at the same time (Maddox and Sobhian
1987), supported release of this weevil against yellow
starthistle in the United States in 1985. The weevil was
released and become established in California, Ore-
gon, Washington, and Idaho (Grossman 1989, Turner
1996).

Acknowledgments

We thank E. Colonnelli (Dipartimento di Biologia Ani-
male e dell'Uomo, Universita di Roma, Rome, Italy) and the
late D. R. Whitehead (USDA-ARS, Systematic Entomology
Laboratory, Washington, DC) for determining Bangasternus
orientalis specimens: D. M. Maddox, and L. A. Andres
(USDA-ARS, Western Regional Research Center, Albany,
CA) for providing U.S. test plants; P. H. Dunn, F. Murano, and
A. C. Pastorino (USDA-ARS, Biological Control of Weeds
Laboratory-Europe, Rome, Italy) for suggestions and tech-
nical assistance in conducting host specificity tests in Rome,
Ttaly; J. Kashefi (USDA-ARS, Thessaloniki, Greece) for sex-
ing the field collected adults; and A. Kirk (European Bio-
logical Control Laboratory, USDA-ARS, Montpellier,
France); E. M. Coombs (Department of Agriculture, Salem,
OR); and M. J. Pitcairn (Department of Food and Agricul-
ture, Sacramento, CA) for critically reviewing the manu-
script.

References Cited

Callihan, R. H,, F. E. Northam, J. B. Johnson, E. L. Michalson
and T. S. Prather. 1989. Yellow starthistle: biology and
management in pasture and rangeland. University of
Idaho, Current Information Series 634. Univesity of
Idaho, Moscow.

Clement, S. L. 1990. Insect natural enemies of yellow
starthistle in southern Europe and the selection of can-
didate biological control agents. Environ. Entomol. 19:
1882-1888.

Clement, S. L., and T. Mimmocchi. 1988. Occurrence of
selected flower head insects of Centaurea solstitialis in
Italy and Greece. Proc. Entomol. Soc. Wash. 90: 47-51.

Clement, S. L., T. Mimmocchi, R. Sobhian, and P. H. Dunn.
1988. Host specificity of adult Eustenopus hirtus (Waltl)
(Coleoptera: Curculionidae), a potential biological con-
trol agent of vellow starthistle (Asteraceae, Carduae).
Proc. Entomol. Soc. Wash. 90: 501-507.

Cordy, D. R. 1978. Centaurea species and equine nigropal-
lidal encephalomacia, pp. 327-336. In R. F. Keeler, K. R.
Van Kampen, and L. F. James |eds.], Effects of poisonous
plants on livestock. Academic, New York.

Engler, A. 1964. Syllabus der Pflanzenfamilien. II. G. Born-
traeger, Berlin.

Grossman, J. 1989. Update. Biological control of weeds-

what’s happening, what’s needed? IPM Practitioner 11:

1-11.
Heywood, V. H. 1978. Flowering plants of the world. May-
flower, New York.

ENVIRONMENTAL ENTOMOLOGY

Vol. 27, no. 6

Maddox, D. M. 1981. Introduction, phenology, and density
of vellow starthistle in coastal. intercoastal, and Central
Valley situations in California. U.S. Dep. Agric., Agric.
Res. Serv., Agric. Res. Results West. Ser. 20.

Maddox, D. M., and A. Mayfield. 1985. Yellow starthistle
infestations are on the increase. Calif. Agric. 39(11/12):
10-12.

Maddox, D. M., and R. Sobhian. 1987. Field experiment to
determine host specificity and oviposition behavior of
Bangasternus orientalis and Bangasternus fausti (Co-
leoptera: Curculionidae), biological control candidates
for yellow starthistle and diffuse knapweed. Environ. En-
tomol. 16: 645-648.

Maddox, D. M., A. Mayfield, and N. H. Poritz. 1985. Distri-
bution of yellow starthistle (Centaurea solstitialis) and
Russian knapweed (Centaurea repens). Weed Sci. 33: 315-
327.

Maddox, D. M., R. Sobhian, D. B. Joley, A. Mayfield, and D.
Supkoff. 1986. New biological control for yellow
starthistle. Calif. Agric. 40(11/12): 4-5.

Maddox, D. M., A. Mayfield, and C. E. Turner. 1990. Host
specificity of Chaetorellia australis (Diptera: Tephritidae)
for biological control of yellow starthistle (Centaurea
solstitialis, Asteraceae). Proc. Entomol. Soc. Wash. 92:
426-430.

Rizza, A. 1977. Comparison of Phrydiuchus spilmani and P.
tau. Ann. Entomol. Soc. Am. 70: 7-10.

Roché, C. T., and B. F. Roché, Jr. 1988. Distribution and
amount of four knapweed (Centaurea L.) species in east-
ern Washington. Northw. Sci. 62: 242-253.

Sobhian, R., and H. Zwdélfer. 1985. Phytophagous insect
species associated with flower heads of vellow starthistle
(Centaurea solstitialis L..). Z. Angew. Entomol. 99: 301-
321.

Sobhian, R., G. Campobasso, and P. H. Dunn. 1992. Con-
tribution to the biology of Bangasternus orientalis Capi-
omont (Col., Curculionidae). J. Appl. Entomol. 113: 93-
102.

Turner, C. E., G. L. Piper, and E. M. Coombs. 1996. Yellow
starthistle, Centaurea solstitialis, pp In N. E. Rees, P. C.
Quimby, Jr., G. L. Piper, E. M. Coombs, C. E. Turner, N.R.
Spencer, and L. V. Knutson [eds.], Biological Control of
Weeds in the West. Western Society of Weed Science,
Washington, DC.

White, I. M., and S. L. Clement. 1987. Systematic notes on
Urophora (Diptera, Tephritidae) species associated with
Centaurea solstitialis (Asteraceae, Carduae) and other
Palaearctic weeds adventive in North America. Proc. En-
tomol. Soc. Wash. 89: 571-580.

Zwolfer, H. 1965. Preliminary list of phytophagous insect
attacking wild Cynareae (Compositae) in Europe. Com-
monw. Inst. Biol. Control Tech. Bull. 6: 81-154.

Zwolfer, H. 1969. Experimental feeding ranges of species of
Chrysomelidae (Col.) associated with Cynareae (Com-
positae) in Europe. Commonw. Inst. Biol. Control Tech.
Bull. 12: 115-130.

Zwélfer, H., H. E. Frick, and L. A. Andres. 1971. A study of
the host plant relationships of European members of the
genus Larinus (Col: Curculionidae). Commonw. Inst.
Biol. Control Tech. Bull. 14: 97-14.

Received for publication 31 October 1997; accepted 8 July
1998.




	Host Specificity of Bangastemus orientalis Capiomont (Coleoptera: Curculionidae) Introduced into the United States for Biological Control of Yellow Starthistle (Centaurea solstitialis L., Asteraceae: Carduae)
	

	file174
	file175
	file176
	file177
	file178
	file179

	Text6:     This article is a U.S. government work, and is not subject to copyright in the United States.


