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Host Specificity Assessment of European Peristenus Parasitoids
for Classical Biological Control of Native Lygus species

in North America: Use of Field Host Surveys
to Predict Natural Enemy Habitat and Host Ranges

��������	

��������	��
��	
���������������

���������	
���
���������������	��������	���
������������������������

�����
�������������� !������������"�	���������������#��	������	���
$������
#�����#�������%�����&��������

Abstract
The Lygus bug complex (Het., Miridae) at many sites in North America causes economic
damage to a wide variety of agricultural crops and is the focus of numerous research projects.
Lygus can be best suppressed using parasitoids in unsprayed non-cropping situations as
well as in crops where pollination is important for maximizing yields. The European
parasitoid Peristenus digoneutis Loan (Hym., Braconidae), which attacks several species in
the genera Lygus and Adelphocoris in Europe, has been established in the eastern USA to
control the native pest Lygus lineolatus (Palisot de Beauvois) in alfalfa. The success of this
project has stimulated interest into the potential for the establishment of additional Euro-
pean species for biological control of pest Lygus bugs in several regions of North America.
The research of this ongoing case study concentrates on assessing strategies and methods
for host specificity testing of these parasitoids in relation to Europe and North America.
Predicting the impact of European parasitoids by using existing and new knowledge of the
host range and habitats in the area of origin will aid in choosing Peristenus species for
further release in other regions and will have important implications for the practice of
classical biological control.

Introduction

Need to Estimate Host Ranges of
Entomophagous Biological Control Agents
Concerns about reliance on chemical pesticides in crop
protection worldwide have led to the development of
integrated pest management strategies, which depend on
natural enemy manipulations as alternatives to exclusive
use of chemicals. Classical biological control, the
introduction of exotic biological control agents to
permanently suppress exotic pests, is one such approach.
It is practiced ever more widely as successes accumulate
and pest invasions follow trade liberalization.

A high level of host specificity in the introduced natural
enemies is desirable and should be sought during foreign
exploration (Nechols et al., 1992). Potential

environmental risks of arthropod biological control
agents have usually seemed negligible, but recent
concern about the impact of alien species on
biodiversity and natural ecosystems has caused this
belief to be reconsidered.

The potential risks of arthropod biological control to
native non-target arthropods are being examined for
some cases (i.e., Goldson and Phillips, 1990; Barratt et
al., 1998, 1999). While there are no recorded examples
of monophagous or narrowly oligophagous agents
changing their host range to cause damage to non-target
insects (Waterhouse, 1991), the use of polyphagous
insects as biological control agents may reduce
populations of non-target hosts or cause their extinction
(Horn, 1991; Howarth, 1991; Samways, 1994).
However very little quantitative information is available
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on the influence of these agents on the population
densities of these non-target populations.

Regulatory agencies that oversee biological control
introductions are responding to concerns of potential
non-target impacts by requiring more rigorous
testing and demonstration of a high degree of host
specificity by candidate arthropod biological control
agents before granting permission for release.
However, because of an earlier lack of concern for
non-target arthropods, methodologies for host
specificity screening of arthropod natural enemies are
much less developed than for testing of herbivorous
insects imported for weed biological control. Recent
papers discuss methods to evaluate the potential
impact of parasitoids of arthropod pests on non-
target hosts before and after release of parasitoids
(i.e., Sands, 1997, Sands and Van Driesche, 2000;
Van Driesche and Hoddle, 1997; Hopper, 1998).
Two categories of data can help in estimating the host
ranges of insects: (1) host-natural enemy associations
as seen in the published literature or in specially
conducted surveys; and (2) laboratory testing in
which candidate species are presented in cages to
natural enemies, whose oviposition and immature
development are then observed. Because insect faunas
are often very large, study of host-natural enemy
associations by field surveys are often important in
choosing species for testing in the laboratory.

Approaches to Host Ranges
Estimation for Parasitoids: Field
Surveys vs. Laboratory Testing
for Large Faunas

will also ensure that actual alternate hosts, occasionally
used, are reported.

The laboratory methods used to assess the host ranges of
herbivorous insects being introduced as weed biological
control agents are often suggested as a model for efforts
to assess host specificity of entomophagous insects.
However, several difficulties exist in applying this
approach. A significant problem is the major difference
in the status of systematic knowledge of plants and
insects. Whereas the taxonomy and phylogenetic
relationships of plant species are relatively well known,
far less is known about these relationships for insects.
The uncertainty of the relatedness of insects within
families and tribes makes the choice of species for
testing uncertain. Secondly, the large number of species
in some insect groups often easily exceeds the number
of plants in similar level taxa by an order of magnitude.
This often precludes testing of more than a tiny
subsample of species in related groups. If for example,
the target insect’s family contains 5000 species (a
common possibility), most of which have biologies and
distributions that are poorly known, choosing a list of
species for host range testing is extremely difficult.
Consequently, systematics is a critical part of host
specificity testing programs for projects of biological
control targeting insect pests. Reconstructions of
phylogenies may be needed to guide the host testing and
agent selection process. Finally, lack of information
about the biology and rearing methods for many insects
makes it impractical to assemble sets of target species for
laboratory testing in the conventional manner used to
test herbivory on plants (which may be collected and
stored as seeds until needed in most cases).

Once a species test list has been defined, uncertainties
exist on how to conduct and interpret laboratory host
range tests for entomophagous species. Sands (1993)
identified several difficulties in interpreting results of
such laboratory tests on the physiological
(=fundamental, see Van Klinken, 2000) host ranges of
entomophagous insects. It is extremely difficult to
reproduce accurately the cues and stimuli that influence
the host searching and assessment behavior of a
parasitoid in a natural environment. In laboratory tests,
entomophagous insects often accept a broader range of
hosts than in nature, over-estimating field host range
(Loan and Holdaway, 1961). In laboratory trials,
patterns of oviposition, feeding, or development in
arthropod hosts are typically assessed in small
containers. Sands and Papacek (1993) reported that
restricted space often leads to an inaccurate assessment

Traditionally, host association records from the literature
provide the first estimate of the host range of an
entomophagous biological control agent. Such records
are especially useful for distinguishing candidates with
obviously broad host ranges from those that might have
suitably narrow ones. Misidentifications, especially in
the older literature, often cause spurious host records.
However, some of the problems posed by such errors
may be avoided by considering the quality of data,
taking into account such aspects as numbers of
individuals examined, percent parasitism observed,
spatial and temporal extent of studies, and confirmation
of identity by a specialist. In this way, observations of
attacks on non-hosts, especially those based on single or
few specimens and not properly identified are less likely
to be incorrectly entered into the host record list. This

Host Specificity Assessment of European Peristenus Parasitoids 85



���������	
�� �
�� ������������ ��
���	� ��� ������� ���������� �����	����� �������� �	���
�

���� �����	����� ��
�
� ���� ������������ ��� ������

86 Host Specificity Assessment of European Peristenus Parasitoids

of host specificity by disrupting the processes governing
host recognition and acceptance. For example,
parasitoids in small cages may oviposit in hosts that
normally do not support development of the parasitoid,
or parasitoids may oviposit in hosts that normally are
not accepted in the field. The physiological host range
measured in the laboratory and the realized host range
in the field thus might differ.

Field studies of parasitoid-host complexes in the area of
the pest’s origin (or for new association projects, the area
where parasitoids are to be collected) provide the basis
for correctly interpreting host range estimation made via
laboratory testing. This is important because in the
laboratory there are inherent problems related to altered
behavior of entomophagous agents and rearing of
potential hosts. These field studies can be designed to
gain insight into such important issues as the range of
habitats in which a candidate agent might forage if it
were to be released and the level of attack (observed as
the level of parasitism) achieved in various field habitats
on various hosts. In general, it is believed that such field
data on the host ranges of candidate biological control
agents in the area of origin are a reasonably good
predictor of what the realized host range will be in the
area of introduction.

A set of field surveys of parasitoids of mirid bugs is
being conducted in Europe to guide the choice of
parasitoid species for possible introduction to North
America, for suppression of pest mirids of the genus
Lygus. These mirid host-parasitoid surveys are being
done in a variety of different habitats in the area of
origin over several years to assess the ecological host
ranges of several European Peristenus species under field
conditions. Data from the survey will be compared to
results from laboratory experiments to estimate the
physiological host range of the candidate species chosen
for introduction. These findings will help improve the
design of testing methods used to study potential risks
of European parasitoids that become candidates for
introduction to North America. The host range survey
in Europe will also provide information that can be used
to determine which species of North American mirids
should be included in the laboratory host range tests.

Biological Control of Lygus Plant
Bugs: A Case Study

have been the focus of numerous research projects.
Parasitoids are best able to suppress Lygus species in
unsprayed non-cropping situations and crops in which
pollination is important for maximizing yields.
Nymphal parasitoids of the subfamily Euphorinae
(Hymenoptera: Braconidae) belonging to the genera
Leiophron Nees and Peristenus Foerster are known to be
associated with plant bugs of the family Miridae in
Europe and North America (Loan, 1974a, 1980; Loan
and Shaw, 1987). Analysis of Nearctic and Palaearctic
Peristenus species attacking species of Lygus revealed that
a larger number of European species exist compared to
indigenous species in North America. Biological control
practitioners, therefore, became interested in the
possibility of reducing pest plant bug numbers in North
America by introducing additional exotic parasitoids,
choosing species that were more successful in attacking
all generations of the Mirini genera Lygus and
Adelphocoris Reuter.

North American efforts at biological control of Lygus
species began in the 1960s and have been summarized
for the United States (Coulson, 1987) and Canada
(Craig and Loan, 1987; Carl and Mason, 1996).
Surveys were conducted to search for exotic parasitoids
in Europe, Turkey, Iran, Pakistan, India, Indonesia, and
eastern and southern Africa. Several Peristenus species
have been introduced and released in Canada and the
United States, with some success (Craig and Loan,
1984; Hedlund and Graham, 1987; Day, 1996). The
European species Peristenus digoneutis Loan
(Hymenoptera: Braconidae), a parasitoid of Lygus and
Adelphocoris species, has been established in the
northeastern United States to control the native pest
Lygus lineolaris (Palisot de Beauvois) (Day, 1996, 1999).
Day et al. (1992, 1998) reported that an additional
species, Peristenus conradi Marsh, probably of Palaearctic
origin, has also established, but this parasitoid was
introduced accidentally.

The success of the introduction of P. digoneutis has
stimulated interest in research into the potential for the
establishment of additional European species of
Peristenus for biological control of pest Lygus species in
several regions in North America. Accordingly,
Kuhlmann et al. (1998) outlined an approach for the
assessment of potential risks for introducing additional
European Peristenus species as biological control agents
of native Lygus species in North America. Kuhlmann et
al. (1998) concluded that research is required on the
taxonomy of Lygus and Peristenus, the biology and
realized host range of candidate biological control

Species of Lygus Hahn plant bugs (Heteroptera:
Miridae) cause economic damage to a wide variety of
agricultural crops in various parts of North America and
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agents, the development of rearing techniques for target
and non-target host species as well as Peristenus species,
and the development of suitable techniques for
evaluating the physiological host range of biological
control agents in the quarantine laboratory.

This paper concentrates on assessing strategies to predict
the impact of European Peristenus species on potential
non-target mirid populations by using existing and new
knowledge of the phylogenetics of Lygus, the systematics
and biology of Peristenus, and on strategies to assess the
realized host ranges of Peristenus species in Europe in
different habitats.

Pest Status of North American
Lygus Plant Bugs
Schwartz and Foottit (1992) reported that the most
important Lygus pests in North America are the
tarnished plant bug, L. lineolaris; the western tarnished
plant bug, Lygus hesperus Knight; the pale legume bug,
Lygus elisus van Duzee; and Lygus borealis (Kelton). Lygus
lineolaris is distributed continent-wide and is the only
species causing economic damage in eastern North
America, affecting seed alfalfa (lucerne), cotton,
vegetables, and fruit crops such as apples and
strawberries. In western North America, L. hesperus
occupies approximately the same ecological niche as L.
lineolaris in the East, but is more abundant, being
especially common on alfalfa and cotton (Day, 1987).
Lygus elisus and L. borealis are serious pests of canola in
the western United States and the Canadian Prairie
Provinces (Butts and Lamb, 1991ab). Lygus borealis, a
well-known pest of seed alfalfa, became a pest of canola
(Butts and Lamb, 1991b) as the acreage of that crop
increased (Lamb, 1989). This is an example of how
development of new crops can lead to new associations
that result in the emergence of new pests. All species of
Lygus feed preferentially on either the developing
reproductive organs (buds, flowers, and developing
seed) or on the apical meristematic and leaf primordial
tissue (Strong, 1970). It is the concentration of feeding
on reproductive parts that makes Lygus species some of
the most insidious pests of seed crops (Schwartz and
Foottit, 1992).

Phylogenetics of Nearctic and Palaearctic
Lygus Species
Discussions of safety issues in Lygus biological control
projects have identified a need for better identification
tools for Lygus species, for both the adult and immature
stages. Many species of Lygus are morphologically

similar, taxonomic character differences are subtle, and
in some species there is a wide range of ontogenetic and
geographic variation (Schwartz and Foottit, 1992). This
variation may reflect recent adaptations and evolution in
changing natural and agricultural environments in
North America. Additionally, the genus itself and its
relationships to other related genera have been difficult
to define.

Much of the recent taxonomic research on Lygus has
being synthesized in a revision of the Nearctic species
(Schwartz and Foottit, 1998), which includes a review
of and key to the Palaearctic species. The latter are
important as hosts of potential biological control agents
for the Nearctic species. The revision includes
illustrations, descriptions, and keys to the species of
Lygus, data on species relationships, distributions,
biogeography, and the range of plant species attacked.
Although much information is provided by this
comprehensive systematic study of Lygus, involving
classical and molecular approaches, there is still a need
to determine the genetic variability among populations
within various Lygus species to better understand their
relationships.

Taxonomic characters of Lygus were classified by
Schwartz and Foottit (1998) as primitive (ancestral) or
advanced (derived) and were used to produce a
cladogram, which represents the hypothetical
relationships among the species. Fig. 1 shows a
maximum fit cladogram of Lygus and outgroup taxa
adapted from Schwartz and Foottit (1998), based on
morphological and molecular characters, with
biogeographic placement. These cladograms have aided
in the recognition of natural groups of Lygus species.
Cladograms also provide practical information, as for
example, that the major North American pest species L.
lineolaris is not necessarily closely related to other North
American pest species such as L. elisus, L. hesperus, and
L. borealis. Understanding these relationships is
important when searching for candidate biological
control agents in the area of origin for suppression of
Lygus in North America (Foottit and Schwartz, 1996).
The cladogram also provides information about the
relatedness of North American and European species
(e.g., Lygus rugulipennis Poppius and Lygus pratensis [L.])
from which Peristenus cocoons are collected for
shipments to North America. Fig. 1 demonstrates that
the European L. pratensis is most closely related to the
North American pest L. hesperus, closely related to L.
elisus and L. borealis but only distantly related to L.
lineolaris. Interestingly, L. rugulipennis, widely
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Fig. 1. Maximum fit cladogram of Lygus and outgroup taxa based on morphological and molecular
characters with biogeographic placement (adapted from Schwartz and Foottit 1998).

distributed in Europe and the major host source for
Peristenus cocoons, has been recently recognized as a
senior synonym of Lygus perplexus Kelton (Schwartz and
Scudder, 1998), a species confined to the montane and
northern regions of western North America. Thus, L.
rugulipennis is Holarctic (Schwartz and Scudder, 1998;
Schwartz and Foottit, 1998).

The evolution of host plant associations and
biogeography in other plant bug taxa has been
investigated by fitting extrinsic data (host plant or areas
of endemism) to phylogenetic hypotheses based on
structural characters (Stonedahl, 1990; Schuh, 1991).
Schwartz and Foottit (1998) applied this method to the
maximum fit cladogram of proposed relationships for
Lygus, but no clear patterns of either host-plant
association or biogeography were found because of the
non-specific host plant utilization and the widespread
distribution of many species. However, Schwartz and
Foottit (1998) generalized that Lygus is composed of
species that feed on a wide range of host plants and,
with the exception of the Lygus striatus Knight, Lygus
bradleyi Knight, and Lygus lupini Schwartz clade, the
Lygus species that do feed on plants of the same family

are not closely related. Therefore Schwartz and Foottit
(1998) considered that the major Lygus pest species, L.
hesperus, L. elisus, L. borealis, L. rugulipennis, and L.
lineolaris do not form a monophyletic group.

European Peristenus Parasitoids
Systematics of Peristenus. Comprehensive revisions to
species of Leiophron and Peristenus are available for
Europe (Loan and Bilewicz-Pawinska, 1973; Loan
1974a) and North America (Loan, 1974b). New name
combinations were provided by Loan (1974b) because
of the separation of Peristenus from Leiophron (Loan and
Bilewicz-Pawinska, 1973). In Europe, 17 Peristenus
species are described (Loan 1974a, 1976; 1979) and of
those, P. digoneutis, Peristenus stygicus Loan, Peristenus
rubricollis (Thomson), Peristenus adelphocoridis Loan, and
Peristenus pallipes (Curtis) (Holarctic) are known to
parasitize species of Lygus and/or species of Adelphocoris.
Day et al. (1992) described an additional Peristenus species
for Europe, P. conradi, reared from Adelphocoris lineolatus
(Goeze), and he considered that this species was
introduced, unknowingly, with other European Peristenus
species at the beginning of the 1980s. Peristenus
adelphocoridis and P. pallipes are sibling species that are
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morphologically difficult to separate (Loan, 1979), and
this species complex also includes the Nearctic Peristenus
pseudopallipes (Loan) (Loan and Shaw, 1987). Although P.
pseudopallipes is nearly inseparable morphologically from P.
pallipes, its temporal separation is evidence of species
isolation (Loan, 1970). Peristenus digoneutis, P. rubricollis,
and P. conradi belong to another complex of species that
are difficult to separate morphologically (Loan and
Bilewicz-Pawinska, 1973; Day et al., 1992), but P. conradi
differs because it is deuterotokous or nearly thelytokous
(Day et al., 1992). Goulet (pers. comm., 1999) reported
that subsequent studies are confirming Loan’s species
concept for several Peristenus species, but numerous
difficulties occurred when Loan’s keys to species in Europe
and North America were used by biological control experts
and taxonomists. Recent studies by Goulet (personal
communication, 1999) suggest that the European species
P. pallipes could be a complex of up to 10 sibling species.

Biology of Peristenus. In general, Peristenus species attack
mirid nymphs of the second or third instar and emerge
from the fifth (last) nymphal instar or occasionally from
the newly emerged (teneral) mirid adult. There are
probably six Peristenus species that attack nymphs of
Lygus and/or Adelphocoris species in Europe. Of these P.
digoneutis and P. stygicus are known to be bivoltine
(Bilewicz-Pawinska, 1982). Peristenus rubricollis is
strictly univoltine, and P. adelphocoris appears to be
univoltine (Carl and Mason, 1996). Peristenus rubricollis
appears not to be well synchronized with either the first
or the second generation of A. lineolatus; the peak of
adult abundance probably falls between the two
generations. Carl and Mason (1996) suggested that P.
rubricollis might be better adapted to the trivoltine L.
rugulipennis in Europe which may in fact be its major
host. Peristenus conradi is univoltine and attacks A.
lineolatus in northeastern United States (Day et al.,
1992). This species is considered to belong to the
Palaearctic, but its distribution and area of origin is still
obscure. The Holarctic species P. pallipes is considered to
be univoltine in Europe as it attacks first generation
plant bug nymphs (i.e., A. lineolatus) in early summer.

European Host-Peristenus Associations. A comprehensive
study was carried out in Poland from 1966 to 1971 and
continued from 1973 to 1977 (Coulson, 1987) to
examine the role of braconid parasitoids in the regulation
of populations of L. rugulipennis and other Lygus species,
primarily in cereal crops. A complex of braconid parasitoid
species was identified and reliable information was
obtained on their mirid hosts in different habitats.
Taxonomic studies in Canada carried out by Loan clarified

the identity of Peristenus species in Europe (Loan and
Bilewicz-Pawinska, 1973; Loan 1974a). Results of these
studies are well documented in several publications by
Bilewicz-Pawinska (1969; 1974a; 1974b; 1975; 1977;
1982). According to information in the CAB Pest CD
(1973 – May 1999) there have not been any recently
published studies on parasitoids of Lygus plant bugs in
Europe, despite recent European work on Lygus
parasitoids as documented in internal reports.
Additionally, the most recent catalogue of parasitoids
and predators of heteropteran hosts (Herting, 1971) has
no information about Peristenus-Lygus relationships
(results of the Polish study were published later).
However, these catalogues might also contain errors by
the original authors and the records require critical
appraisal to distinguish reliable reports from doubtful or
erroneous ones.

In Table 1, host associations of six European
Peristenus spp. determined by analysis of reliable
published information, are presented. Included are
the Peristenus species, host species, reference, habitat,
and country of record. According to the literature
reviewed, the host ranges of the selected Peristenus
parasitoids seem to be specific and are probably
restricted to the family Miridae. Previously, Loan
(1980) concluded that all of the Peristenus species for
which host records exist have restricted host ranges.
Some are monophagous and others attack a few Miridae
species on the same plant or type of plant growth. In
addition, Loan and Shaw (1987) characterized species
in the genus Peristenus as specific to particular or few
species in the Miridae. In the northeastern United
States, Day (1999) recently demonstrated that the
introduced European P. digoneutis parasitized
principally only the first and second generation of L.
lineolaris. Peristenus digoneutis was also found
parasitizing small numbers of the Miridae Trigonotylus
coelestialium (Kirkaldy) and Leptopterna dolobrata (L.)
which have a Holarctic distribution (Day 1999).

Realized Host Range Evaluation
in the Area of Origin
Information is often lacking on the realized host ranges of
parasitoids in their area of origin. This is important to
predict the potential risks, such as competition between
introduced and native parasitoids, to non-target host
species in the area of introduction. Knowledge of the hosts
attacked by a candidate biological control agent (and its
near relatives) in the area of origin can be used to select
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Table 1.  European Peristenus-Miridae host associations based on published information.

European Peristenus Host (Miridae) Reference (Habitat and Country)

Peristenus digoneutis Lygus rugulipennis Loan and Bilewicz-Pawinska, 1973
(Poland); Bilewicz-Pawinska, 1976
(potato, Poland); Bilewicz-Pawinska,
1977 (alfalfa, Poland); Bilewicz-
Pawinska, 1982 (rye, barley, wheat,
alfalfa, potatoes, clover, maize, Poland);
Carl and Mason, 1996 (alfalfa,

                                       Switzerland and Germany)
Lygus pratensis ?*
Adelphocoris lineolatus Carl and Mason, 1996 (alfalfa, Switzer-

land and Germany)

Peristenus stygicus Lygus rugulipennis Bilewicz-Pawinska, 1977 (alfalfa,
Poland); Bilewicz-Pawinska, 1976
(potato, Poland); Bilewicz-Pawinska,
1982 (rye, barley, wheat, oats, alfalfa,
potatoes, clover, maize, Poland); Carl
and Mason, 1996 (Switzerland, Germany)

Lygus pratensis ?*
Adelphocoris lineolatus Carl and Mason, 1996 (alfalfa,

Switzerland and Germany)
Polymerus unifasciatus Drea et al., 1973 (asparagus, Turkey)
Trigonotylus coelestialium Bilewicz-Pawinska, 1982 (barley, wild

growing grasses, Poland)

Peristenus rubricollis Lygus rugulipennis Bilewicz-Pawinska, 1977 (alfalfa,
Poland); Bilewicz-Pawinska, 1982 (rye,
barley, wheat, oats, alfalfa, Poland); Carl
and Mason, 1996 (alfalfa, Switzerland
and Germany)

Lygus pratensis ?*
Adelphocoris lineolatus Bilewicz-Pawinska, 1977 (alfalfa,

Poland); Bilewicz-Pawinska, 1982
(alfalfa, Poland); Craig and Loan, 1987
(alfalfa, Austria);Carl and Mason, 1996
(alfalfa, Switzerland and Germany)

Peristenus conradi Adelphocoris lineolatus Day et al., 1992 (alfalfa, USA, but not in
Europe so far)

Peristenus adelphocoridis Adelphocoris sp. Loan, 1979 (France, Denmark)
Adelphocoris lineolatus Craig and Loan, 1987 (alfalfa, Austria);

Carl and Mason, 1996 (alfalfa, Switzer-
land and Germany)

Peristenus pallipes Adelphocoris lineolatus Bilewicz-Pawinska, 1977 (alfalfa,
Poland); Bilewicz-Pawinska, 1982
(alfalfa, Poland)

Leptopterna dolobrata Bilewicz-Pawinska, 1982 (rye, Poland)
Trigonotylus coelestialium Bilewicz-Pawinska, 1982 (wild growing

grasses, Poland)
Closterotomus norvegicus Brindley, 1939 (UK)

Bilewicz-Pawinska, 1982 (wild growing
grasses, Poland)

*In studies by Bilewicz-Pawinska, occasional individuals of Lygus pratensis (L.) occurred among the larger
number of L. rugulipennis but not in sufficient numbers to permit sampling for incidence of parasitoids.
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species from the area of proposed introduction for host
specificity testing in quarantine. The Lygus case study
discussed here includes research on developing strategies
and testing methods for realized host range evaluation in
the area of origin. To obtain such information, long-term
surveys in the area of origin are needed to assess the effects
of European Peristenus species on target and non-target
mirid hosts in their native habitats. Such studies can
define, at least qualitatively, the realized host ranges of
candidate European Peristenus species.

Most of the central European species of Heteroptera
belong to the family Miridae, which has 8 subfamilies.
There are about 10,000 species worldwide (Kerzhner
and Josifov 1999), of which 1,500 species occur in an
area from northern France east to Russia to beyond the
Black Sea, south to the middle of the Red Sea, and west
to Spanish Sahara (Wagner, 1971). Therefore some
simplifying assumptions were made to identify species
of greatest relevance for field sampling to determine the
realized host ranges of candidate Peristenus species. We
assumed that:

• Host ranges of Peristenus species are restricted to
the family Miridae, based on an analysis of the
literature.

• Rare or endangered species of Miridae are not
present in the area of origin.

• To be at potential risk, non-target mirids in the
areas of origin and introduction must have similar
climatic affinities, regional and habitat distributions,
as the target pest species.

• European Peristenus species search for hosts
belonging to Miridae in cultivated habitats (i.e.,
alfalfa, red clover, barley, etc.) but might also search
for other mirids in non-cultivated habitats and that
such habitats may contain a rich assortment of mirid
species of interest; assessment of the insect complexes
in various specific habitats allows evaluation of the
diversity of species at potential risk, from which species
should be chosen for testing.

• Phylogenetic relatedness can be used to select test
species more likely or less likely to be attacked.

• Biological characteristics of non-target and target
mirids are similar enough so that the host/parasitoid
synchrony will provide opportunities for introduced
Peristenus species to encounter non-target species.

• Non-target mirids chosen for field sampling should
be common so that adequate numbers in replicated
samples can be obtained to accurately measure
parasitism.

Using these assumptions, appropriate mirid species can be
selected for host specificity studies of European Peristenus
species in the areas of origin and introduction. A clear
understanding of the taxonomic identity (especially mirid
nymphs) and basic life histories of the hosts and their
associated Peristenus species is needed before valid host
specificity tests can be carried out in the field. For some
potential test species, the lack of such biological and
ecological information may prevent the correct timing of
collection of test species or may prevent the development
of effective rearing methods needed for emergence of
parasitoid adults (needed for identification).

Selection of Lygus spp. for testing is based on review of the
literature. Schwartz and Foottit (1998) recognized 20
Palaearctic species and two Holarctic species of Lygus. Of
these, only five Palaearctic (Lygus wagneri Remane, L.
pratensis, Lygus gemellatus [Herrich-Schaeffer], Lygus
maritimus Wagner, and Lygus adspersus [Schilling]), and
two Holarctic species (L. rugulipennis and Lygus punctatus
[Zetterstedt]), occur in the study area of central Europe.
The European species L. pratensis and L. wagneri are
closely related to the North American pest species L.
hesperus (occurring in crop habitats as alfalfa and cotton)
and Lygus shulli Knight (occurring in crop habitats as
alfalfa, clover, potato, and several vegetables), respectively.
These two European species, L. pratensis and L. wagneri,
should be collected in their area of origin to determine if
their parasitoids might be suitable candidate biological
control agents based on the high degree of host relatedness
and similarity of habitat. In addition, the Holarctic L.
rugulipennis is common in European crop habitats and,
therefore, shares habitat preferences with the North
American key target L. lineolatus (occurring in crops as
alfalfa, cotton, canola, vegetables, and fruits). None of the
European Lygus species is closely related to the North
American target species L. lineolaris.

Cultivated and non-cultivated habitats selected for
surveying must be chosen based on ecological
characteristics (e.g., field crops, mountain meadow, grassy
fallow field) and the dominant flowering plants in each
habitat must be identified. Samples of mirid nymphs and
adults must be sorted to morphologically similar types,
authoritatively identified, parasitoid cocoons obtained by
rearing host nymphs, and the parasitoid cocoons reared to
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obtain adult wasps for identification.

In Europe, field surveys were carried out in cultivated
habitats, crops such as alfalfa, red clover, barley, and
mustard as well as in non-cultivated habitats such as
Swiss Mountain meadow (up to 1000 m) and fallow
field (study by H. White, University of Manitoba,
Canada, in collaboration with CABI Bioscience,
Switzerland). During these surveys a total of 27 mirid
species were found and studied for Peristenus parasitoid
occurrence. Miridae collected belonged to 21 genera in
5 subfamilies: Lygus, Adelphocoris, Polymerus,
Leptopterna, Megaloceraea, Stenodema, Notostira,
Calocoris, Closterotomus, Stenotus, Megalocoleus, Capsus,
Lygocoris, Pithanus (Mirinae), Lepidargyrus, Amblytylus,
Plagiognathus (Phylinae), Heterotoma, Orthocephalus
(Orthotylinae), Dicyphus (Dicyphinae), and Deraeocoris
(Deraeocorinae). Mirid species richness was high with
21 species in the Swiss Mountain meadow, followed by
fallow field and red clover with twelve mirid species
each, alfalfa with eleven, seven in mustard, and four in
barley. Interestingly, the number of Peristenus species
reared from host mirids was not related to the mirid
species richness/habitat or habitat. For example,
Peristenus was reared from five host species in a non-
cultivated habitat where 21 mirid species occurred, but
three out of four mirid species collected in a cultivated
habitat were parasitized by Peristenus. Individuals of the
following five mirid genera are parasitized by three
Peristenus species: Lygus, Adelphocoris by P. digoneutis,
Stenodema by P. stenodema, Closterotomus and
Leptopterna by P. pallipes, but the remaining 16 mirid
genera are not attacked by Peristenus species.

European field surveys demonstrated that some mirid
species, L. pratensis, L. rugulipennis, and A. lineolatus, are
common and present in all habitats sampled. These
mirid species are parasitized only by P. digoneutis and
this parasitoid was not reared from other host mirid species
collected in these habitats even when a high mirid diversity
is present. It can be concluded that although the biological
control agent P. digoneutis occurs in several different
European habitats studied it appears to be specific,
parasitizing only L. pratensis, L. rugulipennis, and A.
lineolatus.

European Field Surveys Provide
Basis for Laboratory Host
Range Testing

Sampling mirids and their parasitoids in Europe provides
an opportunity to obtain information about the diversity

of mirids that live in different kinds of habitats and to
assess the host ranges of their associated parasitoids. This
information can then reveal much about the degree of host
specificity that particular European mirid parasitoids might
have. This information, which would be logistically very
difficult to obtain by laboratory testing, can provide initial
guidance about which Peristenus parasitoids might be
specific enough to consider using as biological control
agents for introduction into North America. Such field
collecting, as a means to assess host ranges, might be
useful for other studies in arthropod classical biological
control. This approach narrows the host test list,
avoiding the need to maintain a large number of
potential host species often making testing programs
impractical. It also resolves such potential practical
problems related to test species as uncertainty about
their identity, lack of information about their biology, or
difficulty in their rearing.

Phylogenetic hypotheses for host and parasitoid groups
can provide valuable insight when interpreting the
significance of host range data. However, practical
application of these methods for selection of appropriate
non-target species for physiological host range testing of
entomophagous biological control agents is not useful.
This approach may result in overestimating host range
because, as shown above, parasitoids may attack a few
species that are not closely related even though they
occur in the same habitat. Thus, good biological control
agents would not be considered for further evaluations.
Use of ecological information obtained in European
habitats will reduce the number of mirid species that
must be tested. Field surveys for target and non-target
mirids are necessary to assess the diversity of mirid
species present in the proposed area of importation so
that only appropriate non-target species will be collected
in selected habitats and reared for testing in the laboratory.
In conclusion, the realized host range of Peristenus
parasitoids is a reasonably good predictor of host range in
the area of introduction and should be always considered
as an important step in classical arthropod biological
control projects.

Acknowledgments

We greatly appreciate critical comments and suggestions to
improve this paper by Dr. Mike Schwartz (mirid
specialist), and Dr. Henri Goulet (Peristenus specialist),
both Agriculture and Agri-Food Canada, ECORC,
Ottawa, Ontario, Canada.



���������	
�� �
�� ������������ ��
���	� ��� ������� ���������� �����	����� �������� �	���
�

���� �����	����� ��
�
� ���� ������������ ��� ������

Host Specificity Assessment of European Peristensus Parasitoids 93

References
Barratt, B.I.P., A.A. Evans, C.M. Ferguson, M.R. McNeill,

J.R. Proffitt, and G.M. Barker. 1998. Curculionoidea
(Insecta: Coleoptera) of New Zealand agricultural
grassland and lucerne as potential non-target hosts of
the parasitoids Microctonus aethiopoides Loan and
Microctonus hyperodae Loan (Hymenoptera:
Braconidae). New Zealand Journal of Zoology 25:47-
63.

Barratt, B.I.P., Ferguson, C.M., McNeil, M.R., and S.L.
Goldson. 1999. Parasitoid host specificity testing to
predict field host range, pp. 70-83. In T.M Withers, L.
Barton-Browne and J. Stanley (eds.) Host Specificity
Testing in Australasia: Towards Improved Assays for
Biological Control. CRC for Tropical Pest Management,
Brisbane, Queensland, Australia. 98 pp.

Bilewicz-Pawinska, T. 1969. Natural limitationof Lygus
rugulipennis Popp. By a group of Leiophron
pallipes Curtis on the rye crop fields. Ekologia
Polska.17:811-825.

Bilewicz-Pawinska, T. 1974a. Emergence and
longevity of two species of Peristenus Foerster
(Braconidae) under laboratory conditions.
Ekologia Polska 22: 213-222.

Bilewicz-Pawinska, T. 1974b. Observations of
introduction of Peristenus rubricollis Thomson under
laboratory conditions. Bulletin Acad. Polska. Sci.
22:681-684.

Bilewicz-Pawinska, T. 1977. Parasitism of Adelphocoris
lineolatus Goeze and Lygus rugulipennis Popp.
(Heteroptera) by braconids and their occurrence on
alfalfa. Ekologia Polska 25:539-550.

Bilewicz-Pawinska, T. 1982. Plant bugs (Heteroptera,
Miridae) and their parasitoids (Hymenoptera,
Braconidae) on cereal crops. Polish Ecological Studies
8:113-191.

Brindley, M.D. 1939. Observations on the life-history
of Euphorus pallipes (Curtis) (Hym: Braconidae), a
parasite of Hemiptera-Heteroptera. Proceedings of the
Royal Entomological Society of London (A) 14: 51-
56.

Butts, R.A. and R.J. Lamb. 1991a. Pest status of Lygus
bugs (Hemiptera: Miridae) in oilseed Brassica crops.
Journal of Economic Entomology 84:1591-1596.

Butts, R. A. and R.J. Lamb. 1991b. Seasonal abundance
of three Lygus species (Heteroptera: Miridae) in
oilseed rape and alfalfa in Alberta. Journal of Economic
Entomology 84:450-456.

Carl, K.P. and P.G. Mason. 1996. Overseas collection and
importation of Lygus parasitoids, pp. 30-33. In Soroka,
J. (ed.) Proceedings of the Lygus Working Group Meeting,
Winnipeg, Manitoba, 11-12 April 1996. Agriculture
and Agri-Food Canada, Saskatoon, Saskatchewan,
Canada.

Coulson, J.R. 1987. Studies on the biological control of
plant bugs (Heteroptera: Miridae): an introduction and
history, 1961-1983, pp. 1-12. In Hedlund, R. and
H.M. Graham (eds.) Economic Importance and Biological
Control of Lygus and Adelphocoris in North America.
USDA-ARS National Technical Information Service,
ARS-64. Springfield, Virginia, USA; 95 pp.

Craig, C.H. and C.C. Loan. 1984. Chapter 14. Lygus spp.,
Plant Bugs (Heteroptera: Miridae), pp. 45-48. In
Kelleher, J.S. and M.A. Hulme (eds.) Biological Control
Programmes Against Insects and Weeds in Canada 1969-
1980. Commonwealth Agricultural Bureaux, Slough,
United Kingdom. 410 pp.

Craig, C.H. and C.C. Loan. 1987. Biological control efforts
on Miridae in Canada, pp. 48-53. In Hedlund, R. and
H.M. Graham (eds.) Economic Importance and Biological
Control of Lygus and Adelphocoris in North America.
USDA-ARS National Technical Information Service,
ARS-64. Springfield, Virginia, USA. 95 pp.

Day, W.H. 1987. Biological control efforts against Lygus and
Adelphocoris spp. infesting alfalfa in the United States,
with notes on other associated mirid species. pp. 20-39.
In Hedlund, R. and H.M. Graham (eds.) Economic
Importance and Biological Control of Lygus and
Adelphocoris in North America. USDA-ARS National
Technical Information Service, ARS-64. Springfield,
Virginia, USA. 95 pp.

Day, W.H. 1996. Evaluation of biological control of the
tarnished plant bug (Hemiptera: Miridae) in alfalfa by
the introduced parasitoid Peristenus digoneutis
(Hymenoptera: Braconidae). Environmental
Entomology 25:512-518.

Day, W.H. 1999. Host preferences of introduced and
native parasitoids (Hymenoptera: Braconidae) of
phytophagous plant bugs (Hemiptera: miridae) in
alfalfa-grass fields in the northeastern USA. BioControl
44:249-261.

Day, W.H., P.M. Marsh, R.W. Fuester, H. Hoyer, and
R.J. Dysart. 1992. Biology, initial effect, and description
of a new species of Peristenus (Hymenoptera: Braconidae),
a parasitoid of the alfalfa plant bug (Hemiptera: Miridae),
recently established in the United States. Annals of the
Entomological Society of America 85: 482-488.



���������	
�� �
�� ������������ ��
���	� ��� ������� ���������� �����	����� �������� �	���
�

���� �����	����� ��
�
� ���� ������������ ��� ������

94 Host Specificity Assessment of European Peristensus Parasitoids

Day, W.H., J.M. Tropp, A.T. Eaton, R.F. Romig, R.G. Van
Driesche, and R.J. Chianese. 1998. Geographic
distributions of Peristenus conradi and Peristenus
digoneutis (Hymenoptera: Braconidae), parasitoids of
the alfalfa plant bug and tarnished plant bug
(Hemiptera: Miridae) in the northeastern United
States. Journal of the New York Entomological Society 106
(2-3): 69-75.

Drea, J., Jr., L. Dureseau, and E. Rivet. 1973 Biology of
Peristenus stygicus from Turkey, a potential natural
enemy of Lygus bugs in North America. Environmental
Entomology 2:278-280.

Foottit, R.G. and M.D. Schwartz. 1996. Lygus systematics:
current status and future needs, pp. 11-14. In Soroka,
J. (ed.) Proceedings of the Lygus Working Group Meeting,
Winnipeg, Manitoba, 11-12 April 1996. Agriculture
and Agri-Food Canada, Saskatoon, Saskatchewan,
Canada.

Goldson, S.L. and C.B. Phillips. 1990. Biological control
in pasture and lucerne and the requirements for
further responsible introduction of entomophagous
insects. In Scott, R. R. (ed.) New Zealand Applied
Entomology: Future Challenges. Bulletin of the
Entomological Society of New Zealand 10:63-74.

Hedlund, R.C. and H.M. Graham. 1987. Economic
Importance and Biological Control of Lygus and
Adelphocoris in North America. USDA-ARS National
Technical Information Service, ARS-64. Springfield,
Virginia, USA. 95 pp.

Herting, B. 1971. A Catalogue of Parasites and Predators of
Terrestrial Arthropods. Section A Host or Prey/Enemy.
Volume 1 Arachnida and Heteroptera. Commonwealth
Institute of Biological Control, Farnham Royal, Slough,
United Kingdom.

Hopper, K.R. 1998. Assessing and improving the safety of
introductions for biological control, pp. 501-510. In
University of Queensland (eds.) Pest Management –
Future Challenges. Proceedings of the Sixth Australian
Applied Entomological Research Conference, 29
September –2 October 1998, University of
Queensland, Brisbane, Australia.

Horn, D.J. 1991. Potential impact of Coccinella
septempunctata on endangered Lycaenidae in
northwestern Ohio, pp. 159-162. In Chambers, R. J.,
Dixon, A.F.G., and I. Hodek (eds.) Behaviour and Impact
of Aphidophaga. Academic Publishing,The Hague,
Netherlands.

Howarth, F.G. 1991. Environmental impacts of classical
biological control. Annual Review of Entomology
36:485-509.

Kerzhner, I.M. and M. Josifov. 1999. Cimicomorpha II,
Miridae. In B. Aukema and C. Rieger (eds.) Catalogue
of the Heteroptera of the Palaearctic. Vol. 3. The
Netherlands Entomological Society, Wageningen
XIV, 577 pp.

Kuhlmann, U., P.G. Mason, and D.J. Greathead. 1998.
Assessment of potential risks for introducing
European Peristenus species as biological control agents
of native Lygus species in North America: a cooperative
approach. Biocontrol News and Information
19(3):83N-90N.

Lamb, R.J. 1989. Entomology of oilseed Brassica crops.
Annual Review of Entomology 34:211-229.

Loan, C.C. 1970. Euphoriana Gahan: a redefinition with
new name combinations and a new Canadian species.
Proceedings of the Entomological Society of Washington
72:437-442.

Loan, C.C. 1974a. The European species of Leiophron
Nees and Peristenus Foerster (Hymenoptera:
Braconidae, Euphorinae). Transactions of the Royal
Entomological Society of London 126:207-238.

Loan, C.C. 1974b. The North American species of
Leiophron Nees, 1818, and Peristenus Foerster, 1862
(Hymenoptera: Braconidae, Euphorinae) including
the description of 31 new species. Le Naturaliste
Canadien 101:821-860.

Loan, C.C. 1976. Peristenus malatus (Hymenoptera:
Braconidae, Euphorinae) a new species, parasitic
on Blepharidopterus angulatus (Fallén)
(Heteroptera: Miridae) in Britain. Le Naturaliste
Canadien 103:437-440.

Loan, C.C. 1979. Three new species of Peristenus Foerster
from Canada and western Europe (Hymenoptera:
Braconidae, Euphorinae). Le Naturaliste Canadien
106:387-391.

Loan, C.C. 1980. Plant bug hosts (Heteroptera: Miridae)
of some euphorine parasites (Hymenoptera:
Braconidae) near Belleville, Ontario, Canada. Le
Naturaliste Canadien 107:87-93.

Loan, C.C. and T. Bilewicz-Pawinska.1973. Systematics
and biology of four Polish species of Peristenus Foerster
(Hymenoptera: Braconidae, Euphorinae).
Environmental Entomology 2:271-278.

Loan, C.C. and D.C. Holdaway. 1961. Microctonus
aethiops (Nees) auctt. and Perilitus rutilus (Nees)
(Hymenoptera: Braconidae), European parasites of
Sitona weevils (Coleoptera: Curculionidae). The
Canadian Entomologist 93: 1057-1079.



���������	
�� �
�� ������������ ��
���	� ��� ������� ���������� �����	����� �������� �	���
�

���� �����	����� ��
�
� ���� ������������ ��� ������

Host Specificity Assessment of European Peristensus Parasitoids 95

Loan, C.C. and S.R. Shaw. 1987. Euphorine parasites of
Lygus and Adelphocoris (Hymenoptera: Braconidae and
Heteroptera: Miridae), pp. 69-75. In Hedlund, R.
and H.M. Graham (eds.). Economic Importance and
Biological Control of Lygus and Adelphocoris in North
America. USDA-ARS National Technical Information
Service, ARS-64. Springfield, Virginia, USA.

Nechols, J.R., W.C. Kauffman, and P.W. Schaefer. 1992.
Significance of host specificity in classical biological
control, pp. 41-52. In W.C. Kauffman and J.E.
Nechols (eds.) Selection Criteria and Ecological
Consequences of Importing Natural Enemies.
Proceedings Thomas Say Publicatiuons in
Entomology. Entomological Society of America,
Lanham, Maryland, USA.

Samways, M.J. 1994. Insect Conservation Biology.
Chapman and Hall, New York, USA. 358 pp.

Sands, D. P. A. 1993. Effects of confinement on
parasitoid/host interactions: interpretation and
assessment for biological control of arthropod pests,
pp. 196-199. In Corey, S.A., D.J. Dall, and W.M.
Milne (eds.) Pest Control and Sustainable Agriculture.
CSIRO, Division of Entomology, Canberra, Australia.

Sands, D.P.A. 1997. The “safety” of biological control agents:
assessing their impact on beneficial and other non-target
hosts. Memoirs of the Museum of Victoria 56: 611-615.

Sands, D.P. A. and R. G. Van Driesche. 2000. Evaluating
host specificity of agents for biological control of
arthropods: rationale, methodology, and
interpretation, pp. 69-83. In Van Driesche, R.G., T.
A. Heard, A. S. McClay, and R. Reardon (eds.)
Proceedings: Host Specificity Testing of Exotic Arthropod
Biological Agents: The Biological Basis for Improvement
in Safety. X International Symposium on Biological
Control of Weeds, July 4-14, 1999, Bozeman,
Montana. USDA Forest Service Bulletin, FHTET-
99-1, Morgantown, West Virginia, USA. 95 pp.

Sands, D.P.A. and D.F. Papacek. 1993. Specificity
requirements for biological control agents. In Corey,
S.A., D.J. Dall, and W.M. Milne (eds.) Pest Control
and Sustainable Agriculture. CSIRO, Division of
Entomology, Canberra, Australia. 495 pp.

Schuh, R.T. 1991. Phylogenetic, host and biogeographic
analyses of the Pilophorini (Heteroptera: Miridae:
Phylinae). Cladistics 7:157-189.

Schwartz, M.D. and R.G. Foottit. 1992. Lygus bugs on
the prairies: biology, systematics, and distribution.
Technical Bulletin 1992-4E. Agriculture Canada
Research Branch, Ottawa, Ontario, Canada. 46 pp.

Schwartz, M.D. and R.G. Foottit. 1998. Revision of the
Nearctic Species of the Genus Lygus Hahn, with a
Review of the Palaearctic Species (Heteroptera: Miridae).
Memoirs on Entomology International, Vol. 10.
Associated Publishers, Gainesville, Florida, USA. 428
pp.

Schwartz, M.D. and G.G.E. Scudder. 1998. Newly
recognized Holarctic and introduced plant bugs in
North America (Heteroptera: Miridae). The Canadian
Entomologist 130:267-283.

Stonedahl, G.M. 1990. Revision and cladistic analysis of
the Holarctic genus Atractotomus Fieber (Heteroptera:
Miridae: Phylinae). Bulletin of the American Museum
of Natural History 198:1-88.

Strong, F.E. 1970. Physiology of injury caused by Lygus
hesperus. Journal of Economic Entomology 63:808-814.

Van Driesche, R.G. and M. Hoddle. 1997. Should
arthropod parasitoids and predators be subject to host
range testing when used as biological control agents?
Agriculture and Human Values 14: 211-226.

Wagner, E. 1971. Die Miridae Hahn, 1831, des
Mittelmeerraums und der Makaronischen Inseln
(Hemiptera, Heteroptera). Teil 1. Entomologische
Abhandlungen 37 Suppl. 484 pp.

Waterhouse, D.F. 1991. Guidelines for Biological Control
in the Pacific. South Pacific Commission, Suva, Fiji.


	X International Symposium on the Biological Control of Weeds
	Welcome
	Helpful User Tips
	----------------------------------------
	Proceedings Table of Contents (TOC)
	-----------------------------------------
	Proceedings: Host Specificity Testing of Exotic Arthropod Biological Control Agents-The Biological Basis for Improvement in S
	Abstracts / Acknowledgements / Program
	Table of Contents
	Concepts in Insect Host-Plant Selection Behavior and Their Application to Host Specificity Testing
	Physiological Issues in Host Range Expansion
	How Time-Dependent Processes Can Affect the Outcome of Assays
	Potential Evolution of Host Range in Herbivorous Insects
	Host Specificity Testing: Why Do We Do It and How We Can Do It Better
	Evaluating the Host Range of Agents for Biological Control of Arthropods: Rationale,Methodology and Interpretation
	Host Specificity Assessment of European Peristenus Parasitoids for Classical Biological Control of Native Lygus Species in No






