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III. Abstract

We propose to release populations of adults of the weevil, Eustenopus
villosus, from Greece in infestations of the noxious weed yellow starthistle,
Centaurea solstitialis, in California. It is expected that the weevil will
spread, over a period of many years, to other infestations of the weed.
No-choice and two-choice tests, confirmed by field tests, against 34 plant
species in the United States and Burope showed that the weevil is restricted
to C. solstitislis (yellow starthistle), C. nicaeensis, and C. diffusa
(diffuse knapweed), and thus has no potentially harmful environmental
effects., Incipient populations could be destroyed within the first three
years after release by treating the weeds with herbicides at the time when
larvae are feeding in the flowerheads.

IV. Introduction

This petition is the result of studies and testing conducted at the
USDA-ARS Biological Control of Weeds Laboratory - Europe in Rome, Italy, by -
Luca Fornasari, Stephen L. Clement, and Tiziana Mimmocchi; in Thessaloniki, 0
Greece by Rounhollah Sobhian; and at the USDA-ARS Biological Control of Weeds #
Laboratory in Albany, Califormia, by Charles E. Turner and Lloyd A. Andres. )

Yellow starthistle (Centaurea solstitialis L.) (Asteraceae: Cardueae) is an
herbaceous winter annual that occasionally exhibits a biennial habit. It is an
adventive in the United States, and is believed to have been introduced after
1824 (Maddox and Mayfield, 1985). Yellow starthistle presumably arrived from
the Middle East through numerous introductions, alfalfa seed being suspected
as the principal carrier. It is a pioneering plant that is now widespread in
the U.S., occurring in at least 208 counties in 23 states, primarily in the
Northwest (Maddox et al., 1985) and especially in California, Idaho, Oregon,
and Washington (Maddox, 1981; Maddox and Mayfield, 1985). In California yellow
starthistle is estimated to have increased from 1.2 million gross acres in
1958 to 7.9 million gross acres in 1985, primarily in northern California
(Maddox and Mayfield, 1985). According to Callihan et al. (1982}, yellow
starthistle has the potential to invade nearly all of the semiarid to subhumid
rangeland in the western U.S. It is a persistent weed of considerable
economic importance because it invades rangelands, grain fields, orchards,
vineyards, cultivated crops, pastures, roadsides, and wagstelands. Moreover,
yellow starthistle seeds are an important contaminant in commercial seeds. The
weed is also a contaminant in alfalfa hay and invades cereal grains in
California. It is toxic to horses, in which it causes "chewing disease”, a
neurological disorder that leads to eventual death if ingested over an o
extended period of time (Cordy, 1954). 5

V. Purpose and Need

The objective of releasing Bustenopus villosus is to establish a fourth
natural enemy to assist in the biclogical control of yellow starthistle,
primarily in California and the northwestern USA.
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POPENTIAL CONTROL VALUE

Rome test (1988)

A laporatory test was carried out in the quarantine greenhouse to evaluate the
impact of E. villosus on yellow starthistle plants from Greece. Ten replicates
of two adult males and two females each were caged on a potted yellow
starthistle plant using black, nylon tulle sleeve cages. Dead weevils were
replaced with fresh ones until food was available. Ten replicates were also
used in the control (yellow starthistle without Eustenopus). The experiment
was started on June 22 and was terminated on August 12, 1988, when all the
plants were dead. Observations of the conditions of the plants were conducted
during the experiment, and at the end of the trial 2ll of the undeveloped
buds, flowers, and seedheads were collected and counted and the number of
seeds produced by each plant were counted.

No overall differences in plant size as indicated by their height {(range 65-80
cm) were observed between test and control plants. On the contrary, the plants
caged with weevils produced fewer seedheads, due to the weevil feeding on the }
buds. On control plants, 192 undeveloped buds and 117 flowers were collected. b
On test plants, 218 undeveloped buds and 53 flowers were collected. Control ‘
plants (n = 10) produced a total of 107 seedheads and 6,416 seeds, and test
plants produced a total of 27 seedheads and 80 seeds. The number of seeds
produced was exiremely low on test plants, due to the overall damage by the
insect. The overall reduction in seeds per plant has two components: the
effect of external feeding by adults in reducing the number of seedheads per
plant and the effect of internal feeding by larvae in reducing the number of
seeds per seedhead. On test plants only 8.0 * 9.3 seeds per plant (n = 10)
and 3.0 * 5.4 per seedhead (n = 27) on average were produced, while on the
control plants a mean of 641.6 + 416.9 seeds per plant {(n = 10) and 59. 9 *
21.8 seeds per seedhead (n = 107) were produced. The effect of adult
Bustenopus feeding led to 75 per cent reduction in the total number of
seedneads produced by ten plantas, larval feeding reduced seeds per seedhead by
9% per cent, and the overall reduction of seeds per plant was 99 per cent.
Phis trial was conducted under the following temperature and humidity
conditions:

Mean Temp. Mean R.H.
Temp. Range R.H. Range
(¢ +8.D.) (¢) (% + 5.D.) (%)

22.9 + 4.9 15-35 59.1 + 16.7  30-90 .

Evaluation scoring systems .
The effectiveness of Bustenopous villosus for the biological control of yellow
starthistle was evaluated using the scoring systems proposed by Harris (1973) and
Goeden (1983). From the scores obtained we can place this weevil among the
candidates that should be partially effective and should be complemented by other
imported agents for successful control,




HARRIS SYSTEM GOEDEN SYSTEM
1 Host Specifiecity % INITIAL ASSESSMENT OF DESTRUCTIVENESS IN NATIVE RANGE
2 Direct Damage Inflicted 5 1 Direct Damage Inflicted Under Field Conditions 6
3 Indirect Damage Inflicted ° 2 Indirect Damage Inflicted 0
4 Phenology of Attack 4 3 Phenology of Attack 6
5 Number of Generations 0 4 Number of Generations 0
6 Number of Progeny/Generation O 5 Number of Progeny/Female/Generation 0
7 Extrinsic Mortality Factors O 6 Extrinsic Mortality Factors 0
8 Feeding Behaviour 2 7 Feeding Behavior 3
9 Compatibility with COther 2 8 Diatribution 4
Control Agents
10 Distribution 4  SUITABILITY AS A BIOLOGICAL CONTROL AGENT
11 Effectiveness 3 9 Host Plant Source of Insect 6 i
12 Size of agent 2 10 Ease of Culture 2 -
11 Potential Safety 4 %
12 Host Plant Specificity 0
POTENTIAL EFFECTIVENESS IN AREA OF INTRODUCTION
13 Evidence of Effectiveness as a Control Agent 4
14 Ecoclimatic Similarity 4
15 Colonization History of Agent 0
25 39

The benefits from release and establishment would be effective,
environmentally sound, economic, and energy-efficient, non-chemically based
control of this major weed.

A. Description of the program
The purpose of the proposed field release of E. villosus is for biological
control of the weed yellow starthistle. Successful biological control control
of yellow starthistle would be highly beneficial economically and
ecologically: increased sustainable productivity on rangeland and pasture,
reduced levels of "chewing disease in horses, inecreased sustainable
profitability in croplands, reduced inputs of herbicides such as picloram into oY
the environment, reduced interspecific competitive pressure from the weed on o
native plant species, and enhanced quality on recreational lands.
The high degree of host specificity of E. villosus is described in the next
section (Description of Organism to be Released). If E. villosus populations
are established from field releases, conventional techniques of population
ecology will be utilized to monitor the populations of E. villosus, yellow
starthistle, and associated vegetation (Harper, 1977; Southwood, 1978).



B. Description of the Organism to be Released

TAXONOMIC POSITION OF EBustenopus villosus

Csiki (1934) established a large number of subgenera in the genus
Larinus, and placed the species villosus in the subgenus Eustenopus
Petri. There is a consensus among curculionid taxonomists (D. R.
Whitehead (U.S.A.), M. E. Ter-Minasyan (U.S.S.R.), E. Colonnelli
(Italy), M. L. Fremuth (Czechoslovakia), and M. L. Cox (U.K.), that
Eustenopus should be elevated to the generic level. In addition to E.
villosus (= hirtus (Waltl, 1838), not hirtus (Gyllernhal, 1836)),
Ter-Minasyan (1978) recognized two other species in the genus, E.
lanuginosus (Faust) and E. abbreviatus (Faust).
The candidate insect being petitioned herein is Bustenopus villosus
(Boheman), determined by the curculionid taxonomist Dr. E. Colonnelli,
(Dipartimento di Biologia Animale e Dell'Uomo, Viale dell'Universita’
%2, Roma, Italia) and confirmed by Dr. D. R. Whitehead (Systematic
Entomology Laboratory, USDA-ARS, Washington, D.C.). In previous reports
from this laboratory the weevil called E. abbreviatus and E. hirtus is
in fact E. villosus. The classification is as follows:

e u

Family : Curculionidae

Subfamily : Cleoninae

Tribe : Lixini

Genus : Bustenopus Petri

Species : Villosus (Boheman) (Larinus)

Voucher specimens from studies in Burope are deposited in Biological
Control of Weeds Laboratory-Burope (BCWL-E) and Systematic Entomological
Laboratory (SEL). Voucher specimens from populations to be released will be
deposited in BCWL-E, SEL, and State Museums in the states were releases will

be made.
GEOGRAPHIC DISTRIBUTION
Eustenopus villosus is known from Greece, Turkey, Syria, Iran, and the

Caucagus region of U.S5.S.R. (Clement et al., 1988; Sobhian and Zwolfer,
1985; Ter-Minasian, 1978)}.

HOST PLANTS

With regard to the insect-plant host literature, C. solstitialis is the .
only known breeding host of E. villosus (Clement et al., 1988; Sobhian
and Zwolfer, 1985)., The weevil is not recorded from any crop plant in
Europe, the Middle East, or western Asia, the area in which E. villosus

occurs (Clement et al., 1988).

LIFE HISTORY AND PARASITOIDS

Sobhian and Zwdlfer (1985) described the life cycle, phenology, and
parasitoids as follows. Eusfencpus villosus (Fig. 1) produces only one
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generation per year. The adult weevil hibernates during_the winter
outside the host plant, in the litter layer on the soll surface, and
becomes active during late May or June. Mating adults have been observed
during late June in northern Greece (fhessaloniki area). The female
weevil chews a hole into the flower bud, where she lays a single egg
(Fig. 2), then plugs the oviposition hole with frass. The eggs hatch
within 3 days at 27 C. The larvae (Fig. 3) are capable of destroying
almost all of the achenes in small heads of yellow starthistle. Their
development is completed inside the flowerhead, and the adult weevil
chews its way out of the flowerhead to emerge during the summer. In our
studies, adult weevils feed on flowerhead buds (stages BU 1 - BU 4 of
Maddox, 1981) by piercing through the sides in the involucral area with
the rostrum. There is some preference for the early bud stages (BU 1 and
BU 2). Adult weevils oviposit in relatively mature flowerhead buds
(stages BU 3 - BU 4 of Maddox, 1981). An Ichneumonid wasp, Exeristes
sp., and a chalcid wasp, Habrocytus sp., have been observed as larval
parasitoids (Sobhian and Zwolfer, 1985). <

HOST SPECIFICITY EXPERIMENTS

Material and Methods

LABORATORY TESTS -~ ROME, ITALY

Adult feeding and oviposition tests were conducted on weevils (Fig. 1)
collected in Oreokastro, Thessaloniki, and Doirani, Greece and shipped
to the Rome laboratory. They were allowed to feed on yellow starthistle
buds, after which mating pairs were selected for no-choice and choice
tests during 1985, 1987, and 1988. During 1986 adult weevils from two
sources were uged: 1) weevils collected in Greece that were allowed to
overwinter in plant debris in two outdoor cages at Rome; and 2) weevils
that were collected in Greece and shipped to Rome during the season.
These weevils were allowed to feed initially on yellow starthistle as
vefore, and then were used in "no-choice” and "choice" type tests. The
procedures for each type of test were as follows:

No-choice tests (feeding and oviposition) - 1985 and 1986

These tests consisted of presenting a single test plant ox control plant
(yellow starthistle) caged in a nylon organdy sleeve cage (diameter
14=20 cm; length 30-42 cm). Plants tested are listed in Table 1. Each
cage contained 2-9 weevils (1-4 females) and branches of mature buds of
one test plant species. Each plant species was replicated 1-15 times.
Feeding damage was classified in the following way: (~), no feeding or
very slight nibbling on buds; (+), light to moderate feeding, some buds .
with two or more feeding punctures; (++), moderate to heavy feeding,
less than 1/3 of buds riddled with feeding punctures; and (+++), heavy
feeding, more than 1/% of buds riddled with punctures. Observations were
made for 15 days. Weevil mortality was also recorded, and dead females
were examined for the condition of their ovaries.

No-choice tests (feeding and oviposition) - 1987 and 1988
These tests were conducted (in a quarantine greenhouse with natural
lighting) on 25 plant species and on yellow starthistle plants from
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Greece, California, and Washington, listed in Tables 4 .and 5. Branches
of each test plant were caged in black, nylon tulle sleeve cages (Fig.
4). Two males and two females were caged on each potted plant; there
were 5 replicates of each test plant species in 1987 and ten replicates
in 1988. Weevils were allowed the opportunity to feed and oviposit for
7-10 deys, then caged onto another fresh plant and again left for 7-10
days. This procedure was repeated until all the beetles died. All of the
exposed buds were dissected to record the feeding damage and count the
number of eggs laid. During 1987 this test was made between July 5 and
August 27, and in 1988 between June 17 and August 12.

Choice tests (feeding and oviposition) - 1986, 1987, and 1988

Field collected adult weevils (2 mating pairs per cage) were placed in
black organdy sleeve cages, containing branches from a potted yellow
starthistle plant from Greece and 'the test plant species were tied
together. The test plant species used were:

1. Carthamus tinctorius L.

2. Cynara scolymus L.

3. Cirsium arvense Scopoli

4. Cichorium intybus L.

5. Centaures nicaeensis Allioni

6. Centaurea americana Nuttall

7. Zinnia elegans Jacquin Nicolaus Joseph

8, Calendula officinalis L.

A choice of food and oviposition substrate was thus offered and the test
was terminated when choice was no longer available, i.e. when yellow
starthistle branches were completely destroyed by the weevils.

Field tests

These were conducted in Thermi, Greece in 1985, to measure diversity,
abundance, and pattern of attack of the adult weevil as well as other
parameters. The garden plot contained C. solstitialis from three souces
(Greece, California, Idaho), Cirsium creticum (De Lamarck)
Dumont'Urville, Cynara scolymus L., and Carthamus tinctorius L. in each
of 6 rows, using a randemized block design for a total of 36 plants. The
rows and plants were spaced about 2 m apart. Sampling was done by ‘
harvesting and holding the seedheads for emergence of weevils and
parasitoids.

LABORATORY TESTS - ALBANY, CALIFORNIA

Ll
:

Adult feeding and oviposition tests were conducted during 1988 on
weevils field-collected near Doirani, Greece and shipped to the Albany .
laboratory. The weevils were initially allowed to feed on bouquets of
yellow starthistle flowerhead buds in sleeve cages. Apparent
mixed-gender pairs were removed for no-choice cage and carton tests
conducted in the gquarantine greenhouse. Because the literature and the
garden plot experiment in Greece indicated a very narrow host range, all
test plant species were from the Asteraceae, and most were from the
thistle tribe Cardueae.



No-choice cage tests

These tests consisted of multiple pairs of weevils placed inside a 1

mJ screen cage enclosing multiple potted plants of one test plant
species per cage. The test plant taxa, chosen on the basis of taxonomic
affiliation, commercial significance, and place of origin, were as
follows: Centaurea solstitialis L. (from California), Centaurea
rothrockii Greenman (one of two closely related Centaurea species native
fo the southwestern U.S.), Carthamus tinciorius L. var. "4440"
(safflower variety grown in California), C. tinctorius var. "ss541"
(safflower variety widely grown in the northcentral states), Cirsium
douglasii De Candolle (native to California), and Helianthus annuus L.
(sunflower). For each cage test, the number of Eustenopus pairs was
equivalent to the number of plants per cage. Ten or 15 plants were used
per cage (Tables 8, 9). Thus, for example, the test with C. tinctorius
"g541" involved 15 plants of this safflower variety and 15 pairs (30
weevils total) of Bustenopus. The weevils could move freely on and
between plants in each cage. All test plants possessed flowerhead buds
at stages potentially suitable for Eustenopus adult feeding and
oviposition. For each test, the plants were exposed to the weevils for
14 days, at which time the weevils were removed from the cages. The cage
tests for all test plant species were completed between 23 June and. 20
July. All flowerheads at a suitable stage during the l4-day exposure
period were later examined between 15 August and 12 September for
feeding scars and for oviposition holes and were dissected to inspect
for evidence of larval feeding and development. To measure adult
feeding, all flowerheads that had been in any bud stage (Bu 1 to Bu 4)
were examined. To measure ovipositiom, all flowerheads that had been in
the late bud stages (Bu 3 to Bu 4) were examined. Flowerheads containing
living Bustenopus were set aside to allow development to proceed.

No-choice carton tests

In these tests, pairs of weevils were placed in pint (ca. 473 cm3)
cardboard cartons which enclosed one flowerhead bud of a potted test
plant species: either Centaurea solstitialis or Carthamus tinctorius
var. "4440". This test isolated the activities of the weevils onto
specific flowerhead buds. The weevils used in this test originated from
the sleeve cage containing bouquets of yellow starthistle flowerhead
budas or from previous carton tests with either yellow starthistle or
aafflower. Closed flowerhead buds (stages Bu 1 - Bu 4) were inserted
into the cartons via slits in the side of the cartons. Any gaps between
the carton and the stem were filled with cotton. The cartons had clear
plastic lids to allow light passage and facilitate observation of the
activity of the weevils . The weevils were introduced into the cartons
through holes in the sides; the holes were then plugged with cotton. All
teats were conducted July 6- 22. Flowerhead buds were exposed to
Eustenopus for 2-4 days, then the weevils were removed; any living
weevils were used in subsequent carton tests. The exposed buds were held
for possible larval development, then examined August 10-17 for feeding
punciures and oviposition holes.

‘:.'! ..‘:
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Results

LABORATORY TESTS - ROME, ITALY

No-choice tests - 1985 and 1986

Adult feeding was recorded to some degree on all test plant species and
yellow starthistle plants (from Greece and U.S.)} tested. There was
considerable damage to the seed heads of yellow starthistle, Centaurea
nicaeensis Allioni, C. diffusa De Lamarck, Cnicus benedictus L., and
Cirsium spp. Although adult feeding occurred, it is important to stress
that eggs were deposited only into the buds of two Centaurea species, C.
nicaeensis, and C, diffusa in addition to C. solstitialis (from Greece
and U.S.). The results of the no-choice tests, which include the
mortality data, are given in Table 1. Only two larvae were found in C.
diffusa buds and they died as first instars (Clement et al., 1988).
Dissection of 50 females revealed rudimentary oocyte development in only
two females, one each from Carthamus tinctoriug and a Scolymus
hispanicus L. plant (Clement et al., 1988).

No-choice tests - 1987 and 1988
These tests were conducted under the following temperature and humidity
conditions:

Mean Temp. Mean R.H.
Temp . Range R.H. Range

(¢ + 5.D.) (¢) (% + $.D.) (%)
1987 22.5 + 4.1 14-33 €0.7 * 17.8 28-88
1988 22.6 + 5.0 14-35 59.4 + 16.9 30-90

The results of these tests are given in Tables 2 and 3, showing the
total number of exposed and damaged buds for each species. As in the
previous tests, Greek and American ecotypes of yellow starthistle
were very well accepted, with a high level of feeding and oviposition
(Table 3). Adult feeding occurred to some degree on several plant
species under no-choice conditions, but significant damage occurred
only within the genus Centaurea. Oviposition occurred principally on
yellow starthistle {107 eggs in 1987), but a few eggs also were laid
on other Centaurea spp., i.e. Centaurea scabiosa L. (18 eggs), C.
maculosa De Lamarck (8 eggs), C. napifolia L. (5 eggs), and C. jacea
L. (3 eggs).

Choice tests - 1986, 1987, and 1988
The results of the preference tests showed that heavy feeding and
oviposition only occurred on yellow starthistle and C. nicgeensis.

. Some feeding but no oviposition occurred on C. americana Nuttal
(Table 6). Very little feeding and no oviposition took place on
safflower (Table 4), Zinnia elegans Jacquin Nicolaus Joseph (Table
5), and Cirsium arvense, while no feeding occurred on Cichorium
intybus, Cynara scolymus, and Calendula officinalis. Weevil survival
was high and well developed ovaries were observed in dissected dead
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females. It is important to note that only minor feeding was recorded
on safflower (leaves only) when yellow starthistle buds were present.

Field tests

The number of adults that emerged from seed heads of the host plant
(yellow starthistle from Greece and the U.S.) and non-host test plant
species, grown together in the field plot at Thermi, Greece was as
follows. A total of 303 adult weevils emerged from yellow
starthistle, and no weevils emerged from any of the test species
(safflower, artichoke, and Cirsium creticum). Furthermore, no eggs
were laid in the heads of these three non-host species (Table 7).
Collected yellow starthistle seedheads revealed extensive
parasitization {45-50 per cent) of Eustenopus larvae.

LABORATORY TESTS - ALBANY, CALIFORNIA

No-~choice cage tests :
ADULT FREDING - All buds that were at any bud stage {Bu 1 through Bu
4) during the l4-day test periocd were examined for feeding scars
caused by adult weevils {Table 8). All test plant taxa in the thistle
tribe were fed upon to some degree. The greatest amount of feeding
was on yelllow starthistle (26 per cent of the flowerhead buds), with
the next greatest amount of feeding on another Centaurea species (g;
rothrockii, with 20 per cent of the flowerhead buds). There was a
small extent of feeding on both safflower varieties, as we found
feeding scars on 9.2 per cent of the buds in variety "4440" and on
3.6 per cent of the buds of variety “S541". There were 2.8 (variety
"4440") to 7.2 (variety "S541") times as many yellow starthistle buds
with feeding scars as safflower buds with feeding scars. The effect
of adult feeding on yellow starthistle flowerhead buds was to cause
considerable damage especially to the early stage buds, which were
frequently destroyed by the adult feeding. Safflower produces two
gsets of flowerhead buds. The primary buds are larger and more
vigorous than the secondary buds, which arise in the axilas of the
shoots bearing the primary buds. Compared to yellow gtarthistle,
safflower flowerhead buds are more protected, as the involucral
bracts are thicker than those of yellow starthistle, and the early
stage primary buds are also surrounded by a layer of tough foliage
leaves. It was difficult to ascertain the effect of adult feeding on
safflower bude in our tests because the primary flowerhead buds were
already at a late stage or were flowering at the time of exposure {o
Eustenopus. Most of the early stage buds exposed to Bustenopus were
secondary flowerhead buds, and most of these secondary buds failed to
develop further whether or not FBustenopus adults attempted to feed
from them.

OVIPOSITION AND DEVELOPMENT - All flowerheads that were at the Bu 3
or Bu 4 bud stage during the l4-day test periocd were examined for
oviposition holes (Table 9). Eustenopus oviposited only on yellow
starthistle, with about 18 per cent of the flowerhead buds being
attacked. At the time of dissection, 16 of the 23 flowerheads with
oviposition holes contained immature Bustenopus (larvae or pupae)
(Table 10). Each of these flowerheads contained a gingle immafure
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Eustenopus. Three of the five Eustenopus pupae ultimately developed
into adults. Two of these emerged from their flowerheads by 12
September, and one was found alive but inside iis re-opened
flowerhead in early October,

No-choice carton tests

As shown in Table 11, adult feeding was much more extensive on yellow
starthistle (96.6 per cent of the flowerhead buds with feeding scars)
than on safflower (26.6 per cent of the flowerhead buds). There were
5.4 times as many yellow starthistle buds with feeding scars than
gafflower buds, Oviposition holes (on 51.5 per cent of the buds) and
evidence of larval activity were present on yellow starthistle buds,
while no oviposition occurred on safflower, Behavioral observations
corresponded io these differences: Rustenopus adults were generally
much more active on yellow starthistle flowerhead buds than on
safflower buds. ’

C. Description of Organism Targeted for New Biocontrol Agents

: Asteraceae
:+ Cardueae

Subtribe: Centaureinae

Species : Centaurea solstitalis L.

Yellow starthistle (Centaurea solstitialis L.) is in the subtribe Centaureinae
of the thistle itribe Cardueae in the family Asteraceae. The species is native
to the eastern Mediterranean Basin. Yellow starthistle is an annual that
reproduces only by seed production. Flowering and seed formation occurs
during the summer months. Two types of seeds are produced, pappus-hbearing
seeds and seeds without a pappus. Seeds without a pappus simply fall from the
spent heads at the end of the growing season. The pappus~bearing seeds have a
pappus of short bristles, which may allow for some degree of wind-mediated
dispersal or animal-mediated dispersal where the pappus gets lodged in the fur
of passing animals. Human-mediated dispersal by yellow starthistle seed
contamination of transported alfalfa or grain crop seed is probably an
important mode of long distance dispersal, and is likely the means by which
the weed arrived in North America (Maddox and Mayfield, 1985).

All of the insects including E. villosus being considered for biological i
control of yellow starthistle have a high degree of host specificity that does o
not extend beyond the genus Centaurea, and usually is confined to a small :
number of species within the genus. Plant taxonomy is an excellent predictor

of relative likelihood of host use of nontarget plant species in stenophagous

biological control insects (Turner, 1985). The nontarget relatives that would
potentially most likely attacked by a yellow starthistle biocontrol insect are

other plant taxa within the subiribe Centaureinae. The Centaureinae is

essentially an 01d World group of plants. The only native North American

species in the Centaureinaem are one or possibly two apecies of Cenfaurea

native to the southern United States. Centaurea americana Nutt. is native to

the southecentral U.S. and northern Mexico, while the c¢losely related and

possibly conspecific Centaurea rothrockii Greemm. is native to mid-elevations

in the southwestern U.S. (Kerney and Peebles, 1960; USDA-SCS, 1982)., These
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species, which are outside the primary geographic range of yellow starthistle,
were included in the host specificity tests for E. villosus, and there is no
evidence of host uge of these native Centaurea species by the insect. The
only cultivated plant species of importance in the Centaureinae in the oilseed
crop safflower, Carthamus tinctorius L. This species was also included in the
host specificity testing, and there is alsc no evidence of host use of
safflower by E. villosus. A number of other, more distantly related plant
species (e.g. native North American Cirsium species and artichoke, Cinara
scolymus L.) were also included in the host specificity testing with the
predictable result of no evidence of host use of them by the insect.

Voucher specimens of yellow starthistle are located in the herbarium of the
USDA~ARS Biological Control of Weeds Laboratory in Albany, California (c. E,
Turner, curator) and in the weed herbarium of the California Department of
Food and Agriculture in Sacramento, California (D. Barbe, curator) as well as
in the herbaria of all the land grant Universities in the states of
California, Idsho, Oregon, and Washington.

D, Alternatives within Proposal

The purpose of the field releases is field establishment for
biological control of the weed yellow starthistle. We will release
E. villosus adults in areas infested by yellow starthistle, and plan
ultimately to try to obtain field establishment in all areas with
serious infestations of the weed. All lines of evidence indicaie a
high degree of host specificity to E. villosus. Accordingly, there
is no need for restriction of releases inside field cages, in remote
test sites, or to sites with a hostile climate.

E. Site-Specific Description

Potential release sites include any areas with & serious infestation

of the weed yellow starthistle. The most serious infestations of the

weed are in the western states of California, Idaho, Oregon and

Washington (Maddox et al., 1985; Maddox and Mayfield, 1985; Roché et

al., 1986; Roché and Roché, 1988; Callihan et al., 1989)., Specific

initial field release sites will be determined later. The purpose of

this proposal is to ultimately obtain field establishment of

B. villosus at all sites of serious infestations of the weed in order s
to effect biological control of the weed. This would occur through %i
human-mediated redistributions as well as through dispersal of the o
winged adults from established field populations.

VI. Affected Environment and Envirnmental Consequences

A. General. As the result of extensive literature searches and the results
of the biological studies and host specificity tesfing, no adverse or
negative affect on the environment is anticipated.

B. Physical Environment
1. Air. There were no published or non-published records located of

this species or any member of the genus contaminating any air or
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altering the air quality in any way.

2, Water. There were no published or non-published records located

of this species or any member of the genus contaminating water or
altering any water quality in any way.

%, Land. There were no published or non-published records located

of this species or any member of the genus contaminating land or
negatively altering any land quality. It should be noted on the
other hand, that this species should complement other natural enemies
in reducing the population of yellow starthistle.

¢. Human Health Risks. There is no health risk anticipated from the
release of this weevil. No record has ever been made of any
detrimental contamination, either in the literature or laboratory
records.

D. Ecological Relationships.
1. Wildlife. This species is of no threat to wildlife.
2. Endangered and Threatened Species. Host specificity teating
indicates that there will be no threat to endangered or threatened
apecies of plants.
3. Non-target Invertebrates. Because of its size and life history
and habit information, this species is of no threat to invertebrates.
4. Other Biocontrol Agents. Because of its size, location of
larval feeding, and its delicate nature, this species is of no threat.
5., Pollinators. This species is of no threat to pollinators.

E, Cumulative Impacts.
If E, villosus and other insects (Bangasternus orientalis -
Coleoptera: Curculionidae; Urophora sirunaseva - Diptera:
Pephritidae; Chaetorellia australis - Diptera: Tepnritidae) for which
field release permiits were previously issued are unsuccessful in
biological control of yellow starthistle, the weed will continue to
inerease, and there will be a corresponding increase in the
undesiderable impacts of the weed: competitive displacement of native
plants in grassland and woodland habitats, reduced substainable
productivity of rangelands and pastures, reduced profitability on
grainfields and other croplands, higher levels of poisoning
{encephalomalacia = "chewing disease”) in horses,higher levels of
applications of herbicides such as picloram into the environment for
chemical control of the weed {Roché et al., 1986, Callihan et al.,
1989), and reductions in the quality of recreational lands Tgécause
of the weed's spiny capitula).

If E. villosus and other insects for wich field release permits
were previously issued are successful in hiological control of yellow .
starthistle, there could be many indirect beneficial economic and
‘ecological impacts: improved environments for native plants due to
reduced competition from yellow starthistle, increased sustainable
productivity on rangelands and pastures, reduced levels of
encephalomalacia in horses, reduction in applications of herbicides
such as picloram that are used for chemical control of the weed,
increased profitability of croplands infested by the weed, and
enhancement of recreational lands.
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VII. Mitigative Measures.

Because biological control of yellow starthistle is environmentally
and economically heneficial, and because of the high degree of host
specificity of BE. villosus to yellow starthistle, there are no planned
mitigative measures. In the event of some unknown problem that arises shortly
after field release and makes necessary to destroy the initial field
colonization populations, this could be done by using pyrethroid or carbamate
insecticides on the adults, and & systemic insecticide such as aldicarb or
mechanical harvesting of yellow starthistle capitula for the larvae (which
feed inside the capitula of the weed).

VIII. Conclusicns
The results of laboratory studies showed a high level of larval host
specificity of E. villosus to C. solstitialis. These studies also confirmed
and completed the results of previous host specificity testing (Clement et -
al., 1988). In nature, C. solstitialis is the only known host of E. Yy
villosus. In the laboratory, under no-choice conditions, oviposition was bl
restricted to some species within the genus Centaurea of those tested, with
much higher amounts of oviposition on C. solgtitialis. There was no
oviposition on the Centaurea species native %o North America, C. americana and
C. rothrockii., In the laboratory, under choice conditions, oviposition
occurred only on yellow starthist}e. Sobhian and Zwdlfer (1985), and Clement
and Mimmocchi {unpublished data)é. reported larval development on safflower,
following artificial larval transfer. However, oviposition never occurred on
this species, and all tests, both in the laboratory and in the field, clearly
demonstrated that safflower is not a host of F. villosus. The oviposition
information is critical for determining the aspecificity and value of this
insect as a biclogical control agent, since the adult is the only stage
capable of dispersal from one plant to another. Also, E. villosus adults
showed a low level of atiraction for safflower, with reduced activity and
feeding on this plani under laboratory conditions, even though it is known
that under such condiiions the feeding of a monophagous or oligophagous
species could be broader than in the field (Force, 1966}. Adult feeding on
gafflower should not be a problem because it is minimal, and safflower buds
are well protected by thick, tough cauline leaves and involucral bracts.
Because of the combined effects of adult and larval feeding, %. villosus
appears to be a very promising candidate agent for biological control of

yvellow starthistle.
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IX. Consultation and Coordination

Iuca Fornasari

Research Entomologist

USDA, ARS

Biclogical Control of Weeds Laboratory-BEurope
American Embassy, AGRIC.

APO NY 09794 ;

Tel.: (6) 507-0140/507-0093

FAX (6) 507-0415

Lloyd Knutson

Laboratory Director

USDA, ARS

Biological Control of Weeds Laboratory-Eurcpe
American Embassy, AGRIC.

APQ NY 09794

Tel.: (6) 507-0140/507-0093

FAX (6) 507-0415

Charles E. Turner

Research Botanist

USDA-ARS-WR

Biological Control of Weeds Laboratory
800 Buchanan Street

Albany, CA 94710

Tel.: (415) 559-5975

FAX: (415) 559-5777

Stephen L. Clement

Research Entomologist

Plant Germplasm Research
USDA, ARS

Washington State University
59A Johnson Hall

Pullman, WA 99164

Tel.: (509) 335-3572

Rouhollah Sobhian

Research Entomologist
American Bmbagsy, Agriculture
APO New York 09108

Tel.: (21) 266-121
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Research Entomologist

USDA, ARS

Biological Control of Weeds
American Bmbassy, AGRIC.
APO NY 09794

Pel.: (6) 507-0140/507-0093
FAX (6) 507-0415'

Lloyd Knutson

Laboratory Director

USDA, ARS

Biological Control of Weeds
American Embassy, AGRIC.
APO NY 09794

Tel,: (6) 507-0140/507-0093
FAX (6) 507-0415

Charles E. Turner

Research Botanist
USDA-ARS-WR

Biological Control of Weeds
800 Buchanan Street

Albany, CA 94710

Pel.: (415) 559-5975

FAX: (415) 559-5777
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XII. Appendices

A. List of Release Areas
Field releasses are planned in areas with severe infestations of

yellow starthistle in the states of California, Idaho, Oregon, and
Washigton {see map in B below). Specific initial release sites will
be determined later. - ’

B. Map
This map (ex Maddox et al., 1985) shows areas infested by yellow

gtarthistle. There are no known sensitive areas.

C¢. PPQ Form 526
PPQ Form 526 has previously been submitted through the states of

California, Idaho, Oregon, and Washigton.

T,

Pl AR e
RS 3 .. e

B



S
LR

\b -
i
wit %
g (i}
i @ _— m
S
AN
o (f-It: 1
.0 Q

%

K Under 405 hectares per county R

1982 distribution of yellow starchistle (Centtanrea solstitialis) in the United States,

APPENDIX B



: *(sTTe31op 810w JoF 3Xa3 29s) Furpesl LaBoy = (+++)
‘Jutpesy Aagey 01 838ISPOW = (+4) {Furpesy symiepow 03 FYUSTT = (+) {FUTTQQTU 1gs1rs L1ea 10 Surpesl ou = (-) :pusfer \m
*sesoyjuesed ur seTBWLI Fo sasquny /-

0°00T “ 0 0 + (€ )9 VT ¢ T BAT)ES BON]OEr
07007 9-4 0 0 + (ot)oz 94 § < snoTueds Ty snmdT0dg
0°00T L=7 0 0 - (¢ )9 o1 & T STIOIUB SNUFUBTT3]
0708 B 0 4] 4 (6 )ot 1 S T SN30IpauUsq SNOTL
07001 q 0 0 + (v )6 T T T SNIATO0S BIBUA;
L*9T q ¢] 0 P (¢ )9 L 1 T TTSBIINOP WNTSIT!
0"00T ¥ 0 0 ++ (9 )et &t 2 T W3 BTNPUR UNTSITE
0°09 8-¥ 0 0 ++ (6 )ot LL 4 1 SEUBALR WNTSIT{
0°00T 9-v 0 0 - (21)2e ey § I ST BIUIP STIPYJIE{
07001 L-¥ 0 0 + (8 )61 LS g T ST BUET SUWEBLLIEY
UBmOIIBY “JBA
6L°9L 0T-¢ 0 0 ++ (82)94 zL ST 22T SNTIOJOUT] SNUWBYIIB]
0 01-6 0 0 ++t (ot)oz ¢e s z BUBDTIQWR BOJINBIUS]
c'09 8-L (peep)z 0 +44 (¢ Yot ¢02 G T BSNIJTP BIINBIUS,
6711 ot-¥ ¢l A -4 (£1)92 ¢L 8 cEI STSU=2®BOTU BaJINBUS]
"YISTn ‘uorduryssy
¢ ce T1-01 14 ¢ T (€ )9 8T ¢ T S1TBT3TI8T0S BOINBLUS!
8088an
L9°9T 0T-9 1 7S +++ (81)9¢ S0T ¢l ¢ ®T STTBT}E1STOS BOINBRUS]
1593 squztd 01 amAxE] s88y \Mmmﬁcmmm \mwwapwmm spng Jut SjUBTg "ou
Sutanp (%) PRUTIUQD e png Jo -I9M0TJT 1S9F saToadg JuUBT,
Ay TTR330W s8T108q spng Ut junoury pue
aTjesqg siep -oy punojy “of PSSO
*ON T®B10J

(8861 ¢-1% 39 juswelp Woay ‘peryipom) ATe}I ‘omoy ‘986T-G8GT ‘ATnp-sunp
‘sotoeds jusTd suwo ATUO YITM 10BIUOD DPAMOTIER S1TUPR sSnsoT{ra sndousjsng jo Sutussids £3T1oTFtoads 3soy Jo sisdoudg -1 27qe;




ble 2. Bustenopus villosus ad

ult feeding, oviposition, and longevity no-

choice test in Rome, Ttaly, 1987

No. Total Total Toeding®  Total Total no. bads Longevity Bud
Plant Species plants no. o, ~  demage no. with sqwt  (days) diameter
egge feeding  rating exposed feeding scars X ¥ 1) range (mm)
laid  scars buds  (No.- %)

ontaurea solstitialis 5 107 440 3 04 267-81.8 21.8 + 8.%4 7T-9

fram Greece

‘entaurea scabiosa 5 18 69 0-2 B 50-51.0 13.3 + 6.54 10-13

lentaurea paniculata 5 0 110 2 164 94-51.5 12,1 +4.% 5-17

lentavres maculosa 5 8 77 2 437 166~38.0 17.2 *12.70 7-9

Jentaurea calcitraps 5 0 54 2 128 49-35.5 8.7+ 3.1 6£-8

Jentaurea napifolia 5 5 37 2 119 20-25.2 10.8 + 4.%5 5-8 :
Centaurea albe 5 0 69 2 116 57-49.1 1.8+ 5.8  8-12
Centaurea jacea 5 3 46 0-2 ) 39-39.4 9.2 + 4.(8 9-11 ¥
Centaurea cyanus 5 0 64 2 120 50-41.7 8.1 + 2.63 4 -6
Carthemus tinctorius 5 0 32 1 36 21-58.3 14.6 + 4.52 15-30
Carduus pycnocephalus 5 0 16 0-1 43 10-23.3 7 4-6
Cynara scolymus 5 0 8] 0 5 0 T 6800
Zinnia elegens 5 0 4 0-1 21 4148  T7.9+239 1012
Aster principessa 5 0 0 0 43 0 7 15-20

Calendula officinalis -5 0 0 0 33 0 7 12-17
Achillea millefolium 5 0 0 0-1 ca 2,00 190.9 8.3 + 2.85 2-2.5
(27 corymbs) (20-50 corymbs)

Tegetes erecta 5 0 0 0 28 0 7 g -12
Gazania splendens 5 0 12 0-1 21 8-38.1 7 14-17 s
Silene vulgaris 5 0 0 0 63 0 7 3-6

#msed on & scale of O to 3¢ 0 = no feeding;
little feeding on a well developed capitula,

d destruction.

1 = very little feeding,
ot considerable damage to young

no effect on bud development; 2 = Very
buds; % = heavy damage, complete
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T appne

ible 5, Eustenopus villosus adult feeding ard oviposition two choice test in Rome, Italy, 1987

Total Total Feeding Total Total
Plant Species ne. egegs no. feeding damage no. Io.
laid punctures rating 3/ exposed attacked
buda © buds
ysrl/ 2/ BT ST TP YSP TP ¥ST TP
(No.- %) (No.- %)
Cynara scolymus 6 0 33 0 3 o 7 5 21-57.4 0
Zinnia elegans 16 0 5] 4 3 O-1 149 27 75-50.3 3-11.1
Calendula officinalis 10 0] 1935 0 3 0 120 44 92-76.6 0

1/ YST = Yellow starthistle from Greece

2/ T = Test Plant

2/ Pased on a scale of O to 3 : O = no feeding; 1 = very little feeding, no effect on bud develoment; 2 = very little

feeding on & well developed capitula, but considerable damsge to young tuds; 3 = heavy damage, complete tud

destruction,

Table 6. Pustenopus villosus adult feeding and oviposition choice test in Rome, Italy, 1988

Total no. Total no. + Feeding Total no, Total no.
Plant apecies eggs laid feeding damage exposed attacked
scars rating tuds uds
YST TP ST P YST TP YST TP ST TP
(No.~ %) (no.- %} i
Centaurea americana 52 0 26 19 3 1-2 242 23 169-69.8 8-34.7
Cynara scolymus 51 0 2 0 3 0 1% A 172-88.2 O
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Table 8. Feeding by Bustenopus villosus adults in no-choice cage teats in Albany,

California,

Test plant No. Test plants  No. No. (%) Total no. No.

species and weevil adult flowerhead flowerhead buds feeding feeding scars
budsd: with feeding acars per flowerhead

scars bud

‘gggtaurea 15 503% 131 166 ¢.330

solstitialis (26.0 %)

Centaurea 10 85 17 19 0.223

rothrockii (20.0 %)

Carthamus 15 142 13 16 0.112

tinctorius ( 9.2 %)

ll4440l|

Carthamus 15 83 3 4 0.048

tinctorius ( 3.6 %)

TS541"

Cirsium 10 593 44 66 0.111

douglasii ( 7.4 %)

Helianthus 10 Tt 0 0 0

annuus

l/ Includes all stages (Bu 1 through Bu 4) of closed

flowerhead huds.

oF
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Table 9. Oviposition by Eustenopus villosus adults in no-choice cage tests in Albany,

California, 1988

Test plant No. test plants  No. No. (%) Total no. No.
species and weevil adult flowerhead flowerhead buds oviposition oviposition

pairs budsd: with oviposition holes holes per

holes flowerhead bud

Centaurea 15 128 23 30 0.234
solstitialis (17.9 )
Centaurea 10 46 0 0 0
rothrockii
Carthamus 15 63 0 0 0 .
tinctorius i
“4440" .
Carthamus 15 68 0 o 0 ?F
tinctorius
"854-1"
Cirsium 10 131 0 0 0
douglasii
Helianthus 10 70 0 0 o
annuus

1/ Includes later stages (Bu 3 through Bu 4) of closed flowerhead buds.

Table 10. Development of Eustenopus villosus in cage tests in Albany, California, 1988

Host No. flowerhead Total no. No. Total no,
plant buds with oviposition immatures in flowerheads emerged
species ovipogition holes with oviposition holes adult weevils .
holes at time of dissections v
Living Dead ILiving Pt
Larvae Larvae Pupae
Centaurea 25 30 4 7 5 3

solstitislis
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Table 11. Feeding and oviposition by Bustenopus villosus adults in no-choice carton
tests in Albany, California, 1988

Test Plant No. Flowerhead No. (%) Flowerhead No. (%) Flowerhead

Species Buds Buds With Feeding Buds With Oviposition
Scars Holes

Centaurea 33 32 ) 17

solstitialis (96.9 %) (51.5 &)

Carthamus 56 10 Q

tinctorius {(17.8 %)

sl oy
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Fig. 1 - Bustenopus villosus adult on yellow starthistle flowerhead.

Fig., 2 -~ Fustenopus villosus egg in a dissected yellow starthiatle bud. It is

posgible to see the larva under the chorion.



Fig., 5 - Eustenopus villosus first instar larva in a dissected yellow

starthistle bud.
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Fig, 4 - Test plant in a black nylon tulle sleeve cage.



