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Classical biological control of weeds in Oregon began in 1947 with the introduction of
Chrysolina hyperici to control St. Johnswort (Mypericum perforatum). From 1947-74, 11
species of biological control agents were introduced on 6 species of weeds. In 1975 the
Oregon Department of Agriculture (ODA) implemented an intensive program to control tansy
ragwort (Senecio jacobaga) emphasizing biological control. The ragwort project generated
public interest to support other biological control projects. By 1991, 42 species of biological
control agents were released against 20 species of noxious weeds. Of the 42 agents, 31 are
established, 6 failed to establish, and the status of 5 recently introduced species is unknown.
Biological control of H. perforatum and S jacobaea has been successful throughout most of

Oregon.

Introduction

Classical biological control of weeds in Oregon
began in 1947 with the release of Chrysolina
hyperici (Forster) (Coleoptera: Chrysomelidae)
on St. Johnswort (Hypericum perforatum L.;
Hypericaceae) (Ritcher 1966). In the following
year C. quadrigemina (Suffrain) (Coleoptera:
Chrysomelidae) was also released against H.
perforaturn. By 1952 spectacidar results were
becoming evident in southwestern Oregon. The
beetles were widespread and had achieved
regional controt by 1965,

Initial releases of biological control agents in
Oregon from 1847-74 were through cooperative
programs involving the United States
Department of Agriculture's Agricultural
Research Service (USDA-ARS), Oregon State
University (OSU), and QSU County Extension
offices. In 1971, the Oregon Department of
Agriculture (ODA} began to participate in
biological control of weeds. A total of 11
species of biological control agents were
released against 6 species of weeds from 1947-
74,

in 1875, the Oregon legislature amended
Oregon Revised Statutes 452 to include tansy
ragwont {Senacio jacobaea L., Asteraceae) as a
target of an intensive statewide control program
(Hawkes 1985, Brown 1990). Funding was

allocated and the Noxious Weed Control
Program of the ODA became involved in an
intensive integrated ragwort control program that
stressed biological control (Isaacson 1978).

The ODA began intensive collection and
redistribution of Longitarsus jacobaeae
(Waterhouse) (Coleoptera: Chrysomelidas),
Tyria jacobaeae (l..) (Lepidoptera: Arctiidae),
and Pegohylemyia seneciella (Hardy) (Diptera:
Anthomyiidae), and achieved regional control of
ragwort in the 1980s (Brown 1990, McEvoy et
al. 1991, Coombs ef al. 1991a). During the
ragwort control program, the ODA became
increasingly involved in other biological control
projects and has assumed leadership of
cooperative state projects since 1975,

The ODA manages one of the most intensive
statewide biological control of weeds programs
in the U.S., with primary focus on introduction,
collection, and redistribution (Hawkes 1985).
Cooperative programs with USDA-ARS and
USDA’s Animal Plant Health Inspection Service
(APHIS) have provided 42 species of biological
control agents released against 20 species of
noxious weeds (Coombs ef al. 1991b).
Research projects on the biology and impacts of
biological control agents have been done in
cooperation with OSU, USDA-ARS and USDA-
APHIS.
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Methods and Materials

The introduction process described by Klingman
and Coulson {1882) was followed before a new
biological control agent was released in Oregon.
Environmental assessment reports on possible
impacts of biological control projects are also
required before new species and some
previously established agents are released.
Initial releases were similar to the methods used
by USDA-ARS scientists; i.e., open, caged, and
transplanting infested host plants. Releases
weare made with agents at various stages of
development, depending on the spacies and the
time they were available. Release site selection
was an important factor to protect and manage
the subseqguent nursery colonies. Site
monitoring to determing establishment was done
by direct observation, sweep nets, vacuum
apparatus, dissection of host tissues, Berlese
funnel extraction, and rearing out suspect
biological agents in a laboratory. Surveys of the
number of plants attacked at representative
release sites were made by visual inspection
and dissection of plant parts. Gross field
surveys 1o determine attack rates were done by
estimating the percent of infested target plants.
Rates of attack for individual plants, such as the
number of seed heads/plant attacked are not
ingluded. Aftack rate data from multiple
locations were pooled and averaged.

When surplus agents became available at
nursery sites, they were collected and
systematically redistributed to other infested
counties, townships, and local areas (Coombs

1991}, The ODA has utilized computer data
bases and mapping programs, i.e., geographic
information system (GIS), to improve the
efficiency of redistribution (Isaacson et al. 1892).
Several accidentally-introduced and native
species of insacts have also been managed for
weed conirol (Coombs 1991). A major goal of
the ODA biological control program was to
establish approved agents throughout significant
infestations in the state. interdisciplinary
projects involving federal, state, county, and
private parties have been developed to
accomplish that goal. The primary funding of
ODA’s biclogical control program has come from
state general funds and contracts with USDA
Forest Service, United States Departmeant of the
Interior, (USDI} Bureau of Land Management,
and the Bonneville Power Administration.

Resuits and Discussion

The 42 species of biclogical control agents of
noxious weeds released in Oregon include 3%
insects, a mite, a nematode, and a pathogen. A
total of 31 species are established, 6 failed 1o
establish and the status of 5 species is unknown
(Table 1). The ODA has collected and
radistributed 25 species of biclogical control
agents. The distribution status of each agent is
correlated to the project phase and is grouped
into & categories: widespread (monitoring
phase); limited (redistribution phase), nursery
(establishment phase); unknown (introduction);
and failed.

Table 1. General siatus of biological control agents of weeds in Oregon by number of

species.
Distribution Number of Attack Rale Mumber of Availability Number of
Siatus Without Species Species  for Collection Species
Host Alange
Widespread 10 Heavy (>50%) 16 Mass 17
Limited 11 Medium (>10%) 5 Limited 8
Mursery 9 Light (<10%) 2 Unavailable' 11
Unknown 5 Undstermined? 13 - -
Failed 6 - - - -
Total 42 - 36 - 36

"Doss not include species that faited to establish.
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Table 2. Phases of biological control of weeds projects by year in Oregon.
Biological Control Agent Intro- Estab- Redistri- RMonitoring
(Order: Family) duced lished buied

Agapeta zoegana L. 1987 1991 - -
{Lepidoptera: Cochylidae)

Agrilus hyparici (Creutzer) 1986 1980" - -
{Coleoptera: Buprestidae)

Aplocera plagiata (L) 1989 b - -
(Lepidoptera: Geometridae)

Aphthona cyparissiae (Koch) 1989 1980 1991 -
(Coleoptera; Ghrysomelidas) _

A. flava Gillebeau 1989 1990 1991 -
{Coleoptera: Chrysomelidae)

A. nigriscutis Foudras 1989 1490 - -
{Coleoptera: Chrysomelidae)

Apion fuscirostre F. 1983 1984 1986 -
{Coleoplera: Apionidae)

Bangasternus fausti (Reitter) 1689 1990 - -
{Coleoptera: Curculionidag)

B. orientalis (Capiomont) 1985 1986 1989 -
(Coleoptera: Curculionidae)

Calophasia lunula (Hufnagel) 1983 i - -
(Lepidoptera: Nociuidae)

Ceutorhynchus litura (F ) 1981 1991 - -
(Coleoptera: Gurculionidae) 1988°

Chaetoreliia australis Hering 1989 b - -
{Diptera: Tephritidae)

Chellosia corydon (Harris) 1991 o - -
{Diptera: Syrphidae)

Chrysolina hyperici (Forster) 1947 1950 1952 1965
{Coleoptera: Chrysomelidae)

C. quadrigemina (Suffrain) 1948 1950 1952 1965
{Coleoptera: Chrysomelidae)

Cystiphora scmidti Ribsaamen 1978 1979 - -
{Diptera: Cecidomyiidae)

Eriophyes chondrillae {Canestrini) 1978 1979 - -
{Acarina: Eriophyidae)

Eustenopus villosus (Boheman) 1990 1991 - —
{Coleoptera: Curculionidae)

Exapion ulicis (Forster) 1656 1957 1959 1986

{Coleoptera: Apionidae)
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Table 2. Continued.

Biological Control Agent Intro- Estab- Redistri- Monitoring
{Order: Family) duced lished buted

Hyles euphorbiae (L.) 1980 “ - -
{Lepidoptera: Sphingidae)

Leucoptera spartifoliella Huebner 1970 ¢ — -
(Lepidoptera: Lyonetiidae)

Longitarsus jacobaeae (Waterhouse) 1971 1972 1974 1990
{Coleoptera: Chrysomelidae) -

Metzneria paucipunctella Zeller 1981 1583 1988 -
{Lepidoptera: Gelichiidae)

Microlarinus fareynii (Jaquelin du Val) 1963 1985 # -
{(Coleoptera: Curculionidae) 1082°

M. lypriformis (Wollaston) 1963 1985 ¢ -
(Coleoptera: Curculionidas) 1982"

Oberea erythrocephala {Schrank) 1982 € - -
{Coleoptera: Cerambycidae)

Pegohylemyia seneciella (Hardy) 1966 1980 1983 1988
{Diptera: Anthomyiidae) 1976

Phrydiuchus spitmani Warner 1969 ° - -
{Coleoptera: Curculionidae)

P. tauWarner 1869 1972 1979 1984
(Coleoptera: Curculionidag)

Pterolonche inspersa Staudinger 1986 b - -
{Lepidoptera: Pterolonchidae)

Pucecinia chondrillina Bubak & Syden. 1978 1979 - -
{(Fungus: Uredinales) ;

Rhinocyifus conicus Froelich 1979 1980 1981 1991
{Coleoptera: Curculionidag)

Sphenoptera jugoslavica Obenberger 1880 1981 1984 -
(Coleoptera: Buprestidae) '

Spurgia esula Gagne 1988 b - _
(Diptera: Cecidomyiidae)

Subanguina picridis Kirjanov & Ivanova 1990 € - -
(Nematoda: Tylenchidae}

Tyria jacobaeae (L.) 1960 1961 1870 1984
(Lepidoptera: Arctiidae)

Urophora affinis Fravenfeld 1975 1977 1979 1986
(Diptera: Tephritidae)

U, eardui (L..) (Diptera: Tephritidag) 1980 1982 1985 -

U. quadrifasciata (Meigen) 1979 19817 1882 1986

{Diptera: Tephritidag)
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Table 2. Continued.
Biological Control Agent Intro- Estab- Redistri- iMonitoring
{Order: Family) duced lished buted

U. sirunaseva (Hering) 1985 1989 1980 -
(Diptera: Tephritidag)

U. stylata (L.) {Diptera: Tephritidae) 1988 - 1989 1990 -

Zeuxidiplosis giardi Kieffer 1981 © - -

{Diptera: Cecidomyiidae)

Codes: "= Establishment by immigration from Idaho: °= Establishment not confirmad, recent releass; ©

Faited to

establish; "= Re-released after previous failure lo establish; *= Established prior to introduction; '= Population may
have died out afler severe winter; and "= Immigrated from Washington and Idaho via Canada.

There are 4 management phases to each
ODA biological control project: introduction;
establishment; distribution; and monitoring. In
Table 2, biclogical agents released in Oregon
are listed along with the year each project phase
was accomplished. An avarage of 1.6 yrs was
required to verify the establishment of a new
agent, 4.5 yrs before redistribution of
established agents began, and 19.2 yrs for a
project to reach the monitoring phase (Table 2),
The monitoring phase of a biological control
project began when an agent was widespread
within its host range and redistribution was done
on an as-needed basis.

Results from the successtul biolegical control
of H. perforatum and later on 8. jacobaea,
provided political and public support for the ODA
to expand its biological cantrol of weeds
program. Data in Fig. 1 show the steady
increase of targeted noxious weeds and the
number of species of biolagical control agents
released in Oregon. As a result of the increased
number of biclogical control projects, research
and monitoring have decreased. The ODA has
worked to increase involvemant with county
weed controt supervisars on well established
biological control projects. Table 3 shows the
number of Oregon's 36 counties infested with
target noxious weeds, the associated species of
biological control agents, the number of counties
where each agent has been released, and the
number of counties where each agent has
become established. In Fig. 2, a map of Oregon
shows the number of species of classical
biological control agents introduced in each
county, Counties with larger numbers of
biological agents species contain several

vegetation zones, which aiso contain more
species of noxious weeds.
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Figure 1. Cumulative number of target
weed species and classical biological

control agents released in Oregon, 1947-91.
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Several species of biological control agents
have become reassociated with former hosts
which were not primary targets during initial
infroductions. Urophora quadrifasciata (Meigen)
(Diptera: Tephritidae), originally introduced
against diffuse (Centaurea diffusa Lamarck;
Asteraceae) and spotted knapweeds (C.
maculosa Lamarck), has become reassociated
with several other Centaurea species (Table 3).
Data from surveys on yellow starthistle, C.
solstitialis L. (Asteraceae), in southwestern
Oregon showed that it may also be attacked by
U. quadrifasciata . The thistle seed head weevil,
Rhinocyllus conicus Froelich (Coleoptera:
Curculionidae), has also become reassaciated
with other several host species (Table 3).

About one-third of the biological control
agents released in Oregon are so new that
impacts on thair target weeds have not yet been
determined. Success of each project is
measured by rates of establishment, disparsal,
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Table 3. Status of biological control of weeds projects by number of counties in Oregon.
Target Weed (Family) Mumber of Biological Conirol Number of Counties
Infested Agent Released  Established
Counties
Acroptifon repens (L.} DC. 17 Subanguina picridis 1 0
{Asteraceae)
Carduus nutans L. 5 Cheilosia corydon 1 0
{Asteraceae) Rhinocyllus conicus 4 4
C. pycnocephalus L. 5 R. conicus 5 5
C. tenuiflorus Curtis 5 R. conicus 5 4
Centaurea cyanus L. 6 Chaslorellia australis 1 0
{Asteraceae) Urophora quadrifasciata 0 1
C. diffusa Lamarck 19 Bangasternus fausti 1 1
Ptarolonche inspeisa 4 0
Sphanoptera jugoslavica 11 a
Urophora affinis 19 19
Urophora quadrifasciata 19 19
C. jacea L. 2 U. quadrifasciata 0 1
C. jacea x nigra 14 U. quadrifasciata 11 11
C. maculosa Lamarck 16 Agapeta zosgana 5 2
Metzneria 8 3
paticipunctella
U. affinis 18 20
U. quadrifasciata 18 20
C. solstitialis L. 20 B. orientalis 8 2
C. australis 2 4]
Eustenopus viflosus 1 1
Urophora sirunaseva 7 2
C. virgata Lamarck 1 U. quadirifasciata 0 1
{Asteraceas)
Chondrilla juncea L. 9 Cystiphora scmidti 4 2
(Asteraceas) Eriophyes chondriflae 4 4
Puccinia chondrilfina 2 2
Cirgium arvense (L.) 36 Ceutorhynchus Iura 8 4
Scopoli (Asteraceae) R. conicus 3 2
Urophora cardui 30 i3
C. vuigare (Savi) Tenore 36 Urophora stylata 12 4
Cylisus scoparius (L) 20 Apion fuscirostre 20 11
Link (Fabaceae) Leucoptera spartifolielia 20 19
Euphorbia esula L. 9 Aphthona cyparissiae 4 1
{Euphorbiaceae) Aphthona flava 4 2
Aphthona nigriscutis 6 2
Hyles euphorbiae 1 0
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Table 3. Continued.

Target Weed (Family) Number of Biological Control Number of Countias
Infested Agent Released  Established
Counties
Obsrea erythrocephala i 0
Spurgia esula 2 0
Hypericum perforatum L. 36 Agrilus hyperici 2 1
(Hypericaceae) Aplocera plagiata 6 0
Chrysolina hyperici 19 19
Chrysolina 36 a8
quadrigemina
Zeuxidiplosis giardi 1 0
Linaria dalmatica (L..) Miller 16 Calophasia lunula 1
{Scrophulariaceae)
L. vulgaris Miller 10 C. lunula 1 0
Salvia aethiopis L.. 7 Phrydiuchus spilmani 1 0
(Lamiaceas) Phrydiuchus tau 3 2
Senecio jacobaea L. 27 Longitarsus jacobaeae 24 19
(Asteraceae) Pegohylemyia 27 27
senaciglfa
Tyria jacobaease 25 22
Sifybum marianum (L) 11 R. conicus LAl 10
Gaertner (Asteraceae)
Tribulus terrestris L. 24 Microlarinus lareynii 7 1
(Zygophyllaceas) M. lypriformis 7 i
Ulex europasus L. 8 Exapion ulicis 5

(Fabaceae)

and impact on host plant density (Table 4). We
are experimenting at some sites with single vs.
muitiple introductions of agents. We assume
that mulliple introductions against a single host
are not in conflict with the objectives of reducing
target weeds below economic and
environmental damage thresholds.

The ODA has assisted in testing new
candidate agents on gorse (Ulex europaeus L.
Fabaceae) in cooperation with scientists in New
Zealand and Hawaii. The ODA has also
provided cooperative support and funding for the
testing of candidate biological control agents for
purple loosestrife (Lythrum salicaria L.;
Lythraceae).

Figure 2. Number of species of classical
biclogical control agents released in Oregon
cournties, 1947-91,
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~_Table 4. General status of biological controi agents of weeds in Oregon.

Agent Status Infestation Rate’ Availability for
Redistribution

Agapeta zoegana Nursery Undetermined Limited
Agrilus hyperici Limited Heavy Limited
Aplocera plagiata Unknown Undetermined Linavailable
Aphthona cyparissiae Nursery Undetermined Limited

A flava Nursery Undetermined Limited

A. nigriscutis Nursery Undetermined Unavailabie
Apion fuscirostre Limited Heavy Mass
Bangasternus fausti Nursery Light Unavailable
Bangasternus orientalis Limited Medium Mass
Calophasia lunula Failed - -
Ceutarhynchus litura Nursery Light Unavailable
Chaetoreliia australis Unknown Undetermined Unavailable
Cheilosia corydon Unknown Undetermined Unavailable
Chrysolina hyperici Widespread Heavy Mass

C. quadrigemina Widespread Heavy Mass
Cystiphora scrmidti Limited- Undetermined Limited
Eriophyes chondrillas Limited Heavy Limited
Eustenopus villosus Nursery Undetermined Unavailable
Exapion wlicis Widespread Heavy Mass

Hvtes euphorbiae Failed - -
Leucoptera sparifoliella Widespread Heavy Mass
Longitarsus jacobaeae Widespread Heavy Mass
Metzneria paucipunctelia Limited Heavy Mass
Microtarinus lareynii Nursery Undetermined Unavailable
M. lypriformis MNursery Undetermined Unavailable
Oberea erythrocephala Failed - -
Pegohylernyia seneciella Wiclespread Heavy Mass
Phrydiuchus spilmani Failed - e

P. tau Widespread Heavy Mass
Pterolonche inspersa Unknown Undetermined Unavailable
Puccinia chondrilfina Lirnited Medium Limited
Rhinocyllus conicus Widespread Heavy Mass
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Table 4. Continued.

Agent Status Infestation Rate' Availability for
Redistribution

Sphenoptera jugosiavica Limited Heavy Mass
Spurgia esula Unknown Undetermined Unavatilable
Subanguina picridis Failed - -
Tyria jacobagae Widespread Heavy Mass
Urophora affinis Widespread Heavy Mass
U, cardui Limited Medium Mass
U. quadrifasciata Widespread Heavy Mass
U. sirunaseva Limited Medium Mass
U. siylata Limited Medium Limited
Zeuxidiplosis giardi Failed - —

'Rate of infestation: Heavy (=50%); medium (=10%); and light (<1G%).
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