
Biology and Host Range of Falconia intermedia
(Hemiptera: Miridae), a Potentially Damaging Natural Enemy

on Lantana camara in South Africa

J. R. BAARS

Weeds Division, Plant Protection Research Institute, Agricultural Research Council,
Private Bag X 134, Pretoria, 0001, South Africa. 

Although various control measures have been implemented, lantana remains one of
South Africa’s most aggressive invasive woody weeds.  Investigations were made into the
biological control potential of a sap-sucking mirid, native to Central America. This active,
leaf-feeding mirid has a high reproductive potential and feeds on the leaves, causing
severe chlorosis and, eventually, defoliation. Host specificity studies under laboratory
conditions indicate that nymphal survival and development occurred on L. camara and
several closely related indigenous species in the genus Lippia. No-choice adult survival
trials indicated that oviposition performance was highest on lantana and significantly
lower on the Lippia species throughout the oviposition period. Multi-choice trials with
adults provided a better indication of the expected natural host range, with lantana as the
preferred host for feeding and oviposition. A risk analysis, using the relative suitability
scores for the three suitability factors investigated and representing the entire life-cycle of
the mirid, indicated that there is, at most, a very low risk involved with the release of the
mirid. With a short life-cycle, an active dispersal ability, a high reproductive rate, and high
level of specificity, the lantana mirid is recommended for release in South Africa as a
potentially damaging natural enemy.
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Oversummering and Host Specificity of Zygina sp.
(Cicadellidae), a Potential Agent for the Control of Bridal

Creeper, Asparagus asparagoides (Asparagaceae) 

K. BATCHELOR1, J. K. SCOTT2, A. B. R. WITT3, and T. L. WOODBURN1

1CSIRO Entomology/CRC Weed Management Systems,
Private Bag, P.O. Wembley, WA 6014, Australia

2CSIRO European Laboratory/CRC Weed Management Systems,
Campus International de Baillarguet, 34980 Montferrier-sur-Lez, France

3CSIRO Entomology/CRC Weed Management Systems, University of Capetown,
Rondebosch 7700, South Africa

Present address: South African Field Station, Queensland Department of Natural
Resources, c/o PPRI, P/Bag x134, Pretoria, 0001 South Africa

Bridal creeper (Asparagus asparagoides) is a plant of southern African origin that has
escaped from horticulture and attained weedy status in nature reserves across southern



temperate Australia. The plant sends up new shoots in autumn. After producing fruit in
spring, the aboveground parts senesce and the plant passes the hot, dry summers as rhi-
zomes and tubers. A potential leaf-feeding, biological control agent against this weed, the
leafhopper (Zygina sp.) was introduced into quarantine in Australia for host testing. In
non-choice tests, feeding, oviposition, and some nymphal development occurred over a
wide range of plants. However, in choice tests, feeding and oviposition was confined to
A. asparagoides and closely related species. It is unknown how Zygina sp. oversummers.
In South Africa, adults were not found in summer either in leaf litter or on surrounding
vegetation. In experiments designed to mimic Australian summer conditions, populations
of Zygina sp. transferred from culture cages rapidly declined (without bridal creeper),
even when offered plants they fed greatest on in non-choice tests. Some feeding occurred
on peach, cherry, and almond leaves, and some oviposition occurred on cherry trees.
However, on dissection, surviving 100-day-old females had many more retained eggs
(mean 8.2, range 3-21) than females from the culture boxes (mean 0.7, range 0-5). In fur-
ther experiments with young adults collected from senescing bridal creeper plants, there
was neither feeding nor oviposition on cherry trees. Plants of cherry, almond, peach, and
sunflower were transplanted next to senescing bridal creeper at sites in South Africa.
Neither eggs nor nymphs were found on the test plants, but minor feeding occurred on
some of the cherry and almond trees. It is still unclear how Zygina sp. oversummers, but
it is concluded that the insect is specific to A. asparagoides and permission has been
sought for its release in Australia.
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Breeding and Development Statistics of Gratiana spadicea
(Col.:Cassidinae) on Wild Tomato (Solanum sisymbriifolium) and

Eggplant (S. melongena)  

JUDITH SCHACHTER BROIDE1, DANIEL GANDOLFO2,

and RICARDO E. GÜRTLER1

1Laboratorio de Ecología General, Depto. de Ciencias Biológicas,
Universidad de Buenos Aires, Ciudad Universitaria, Capital Federal (1428),

Buenos Aires,Argentina

2South American Biological Control Lab., USDA-ARS, Bolivar 1559,
Hurlingham (1686), Buenos Aires, Argentina

A leaf-feeding tortoise beetle (Gratiana spadicea), native to South America, was
released in 1995 in South Africa as a biological control agent for the invasive exotic weed
Solanum sisymbriifolium. In standard starvation tests in quarantine, G. spadicea complet-
ed its life cycle on the crop plant, Solanum melongena (eggplant), although with dimin-
ished larval survival. In this study, we evaluated the possibility of G. spadicea using S.
melongena as an alternative host. In non-choice tests under natural climatic conditions,
larvae reared on eggplant had 2.5 times less larval survival than on its natural host, a sig-



nificant increase in developmental time, and a significant decrease in pupal weight. In
choice tests under natural climatic conditions, adult feeding, and oviposition were signif-
icantly lower on eggplant than on wild tomato, even when the larvae had been reared on
eggplant. Thus, there was no change of preference resulting from effects of previous expe-
rience, at least in the first generation. Under laboratory conditions, preovipositional peri-
od was significantly longer and fecundity was lower when adults were maintained on egg-
plant than on wild tomato. On S. melongena, an important percentage of these females
(36%) did not lay any eggs or only anomalous eggs (without a structure for leaf adher-
ence). All these results show the lack of aptitude of G. spadicea to use S. melongena as an
alternative host. Thus, it provides more evidence for the safety in the use of this tortoise
beetle as a biological control agent for S. sisymbriifolium.
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Getting a Grip on the Target: Experiences with Salsola Diseases 

W. L. BRUCKART1, D. G. LUSTER1, F. RYAN2, I. SCHWARCZINGER3,
L. VAJNA3, and R. SOBHIAN4

1USDA-ARS-FDWSRU, 1301 Ditto Ave., Ft. Detrick, Maryland 21702, USA
2USDA-ARS-HRCL, 2021 South Peach Ave., Fresno, California 93727, USA

3Plant Prot. Inst., Hungarian Acad. Sci., 1525 Budapest, P.O. Box 102, Hungary
4USDA-ARS-EBCL, BP 4168, Agropolis, 34092 Montpellier, Cedex 5, France

Development of biological control agents for management of Russian thistle (Salsola
tragus) has involved two fungal pathogens, Uromyces salsolae and Colletotrichum
gloeosporioides.  All tests were run in a containment greenhouse facility. Collections of
Salsola identified by suppliers as S. tragus, S. australis, S. paulsenii, S. iberica, and S. kali
ssp. ruthenica were inoculated with the two pathogens to determine virulence and to sat-
isfy Koch’s postulates. Each Salsola collection, except S. tragus, was highly susceptible
to either pathogen. These two fungi clearly identified genetic differences, based on phe-
notypic susceptibility, among collections of Salsola that were not apparent at the system-
atic level. Six species of Salsola have been introduced into North America, based on
herbarium records (Mosyakin, Ann. Missouri Bot. Gard. 83:387, 1996). S. tragus is the
name currently applied to Russian thistle in California. It is one of two widespread Salsola
species recognized in the state and it is also the most widespread Salsola species in the
U.S. Mosyakin lists nine synonyms of S. tragus, many of which have been used in refer-
ence to Russian thistle in North America. The distribution and variability of individual
Salsola species is unknown and can not be determined from this study. Recently, a study
on populations of S. tragus provided evidence that there are at least two different types or
genetic entities in California based on differences in allozyme banding patterns, PCR
analysis with Randomly Amplified Polymorphic DNA (RAPD) primers, fruit weight, and
calyx morphologies. Each of these parameters clearly differentiated populations of S. tra-
gus from S. paulsenii, a species sympatric with S. tragus in California. These results raise
the importance of both host, pathogen, and insect identification as a vital part of every suc-
cessful effort in biological control and the usefulness of molecular approaches to plant
systematics.
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Host Specificity Studies of the Pathogen Mycovellosiella lantanae
var. lantanae for the Biological Control of Lantana camara in

South Africa

A. DEN BREEŸEN1, M. J. MORRIS2, and M. SERDANI3

1ARC-PPRI, Private Bag X5017, Stellenbosch, 7599 South Africa
2P.O. Box 1105, Howick 3290 South Africa

3SAPO, Private Bag X5023, Stellenbosch, 7599 South Africa

Lantana camara L. is a poisonous, bushy shrub from South and Central America
which has invaded many of the moist, warm sub-tropical parts of South Africa. It rapidly
reinvades disturbed areas or areas cleared of other weeds.  An isolate (C386) of a leaf
pathogen, Mycovellosiella lantanae var. lantanae, which causes extensive defoliation of
the plant, was collected in Florida, USA, and subsequently inoculated in quarantine onto
South African biotypes of L. camara and a number of closely-related species, i.e.
Clerodendrum glabrum, Duranta repens, Lantana rugosa, Lippia javanica, Lippia
rehmannii, Lippia scaberrima, Phylla nodiflora, Stachytarpheta sp., Verbena bousarien-
sis, and Verbena brasiliensis, to determine its host specificity. None of the potential alter-
nate hosts showed any symptoms of infection and no signs of hyphal growth were
observed.  Inoculation of L. camara with the same isolate caused chlorotic, grey lesions
(20-60 per leaf), and necrosis of flower buds and stalks, as well as defoliation of some
plants after three weeks. This indicates a very restricted host range, making this pathogen
a promising control candidate which should reduce the vigour and reproductive potential
of the plant.

Host Specificity of Algarobius bottimeri and
Algarobius prosopis in Australia

GRAHAM P. DONNELLY

Alan Fletcher Research Station, P.O. Box 36, Sherwood, Queensland 4075, Australia

The mesquite bruchids (Algarobius bottimeri and Algarobius prosopis) were tested for
host specificity as biological control agents of mesquite, Prosopis spp., in Australia, fol-
lowing their release in South Africa. In multiple-choice tests in which test-plant pods and
mesquite pods were placed close together, both A. bottimeri and A. prosopis oviposited
heavily on pods of most non-mesquite test plants as well as on mesquite pods. Both
bruchids developed through to adults in low numbers in seeds of Acacia aneura,
Petalostylis labicheoides, Neptunia gracilis, and Arachis hypogaea with much longer
development times than in mesquite seeds. Algarobius prosopis also developed in



Caesalpinia decapetala. No development occurred in the remaining test-plant pods.
When tested in a large cage in which pods of A. aneura, P. labicheoides, N. gracilis, C.
decapetala, and A. hypogaea were placed 1.5 metres from mesquite pods, females of both
bruchids oviposited only on the mesquite pods. These experimental results indicate that
A. bottimeri and A. prosopis females oviposit on non-host pods in very close proximity to
mesquite pods but not on non-host pods separated from mesquite pods. Such close prox-
imity in the field could only occur if there was physical overlap between mesquite plants
and non-target plants. Mesquite infestations do not occur in areas where the native C.
decapetala grows or the introduced A. hypogaea is grown, but do occur in areas where A.
aneura, P. labicheoides, and N. gracilis are endemic. It is possible that such overlaps
occur or will occur in the future. Indehiscent mesquite pods retain their seeds long after
pods drop. Pods of A. aneura and P. labicheoides shed their seeds at maturity. Neptunia
gracilis retains its seeds in pods on the plant for some time before it releases seeds. A
small proportion of A. aneura and N. gracilis pods may retain some seeds after falling to
the ground. Were occasional physical overlap to occur, actual intermingling of A. aneura,
N. gracilis, or P. labicheoides pods retaining seeds with mesquite pods would be a rare
event and oviposition on no-target pods even rarer. Algarobius bottimeri and A. prosopis
females oviposit in cracks in mesquite pods in preference to the smooth surface of
mesquite pods lacking cracks. The chance of mistaken oviposition on smooth naked non-
target seeds is low. The pod oviposition habits of the bruchids combined with the differ-
ent fates of pods and seeds of mesquite and of A. aneura, P. labicheoides, and  N. gracilis
minimise the possibility of accidental non-target oviposition in the field. Algarobius bot-
timeri and A. prosopis pose no threat to A. aneura, N. gracilis, or P. labicheoides and are
specific to Prosopis and safe to release in Australia. Approval for their release was sought
and granted. Both species have been released.
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Exploring the Host Range of Fusarium tumidum,
a Candidate Bioherbicide for Gorse and Broom in New Zealand

J. FRÖHLICH1, L. MORIN2, and A. GIANOTTI1

1Landcare Research, Private Bag 92170, Auckland, New Zealand
2CRC for Weed Management Systems, CSIRO Entomology,

GPO Box 1700, Canberra, A.C.T. 2601, Australia

Gorse (Ulex europaeus) and broom (Cytisus scoparius), both members of the
Fabaceae, are important weeds that reduce the productivity of pastures and plantation
forests in New Zealand. At Landcare Research, work continues towards developing the
fungus Fusarium tumidum, which occurs naturally in New Zealand, as a bioherbicide
against these weeds. While a bioherbicide capable of affecting both gorse and broom
would be commercially attractive, especially to agriculturalists and the forestry industry,
it is important to determine whether other plants likely to come into contact with the pro-
totype bioherbicide in the field could also be susceptible to the fungus. Key plants of inter-



est are other members of the Fabaceae, which includes legumes grown commercially in
New Zealand (for timber, food, animal fodder, and as nitrogen-fixing cover crops) and
several New Zealand natives. Of eight species of plantation trees and cover crop plants
tested to date, those within the same subtribe or tribe as gorse and broom have shown the
greatest susceptibility to F. tumidum. A further thirteen species of native plants and com-
mercially important legumes will be tested in the next few months. The results from these
host range tests will be used to prepare advice on the appropriate use of the bioherbicide.
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Potential Evolution of Host Range in Herbivorous Insects†

DOUG FUTUYMA

Dept. of Ecology and Evolution, State University of New York,
Stony Brook, New York 11794-5245, USA

Managers who introduce insects for weed control want to know if the species might
adapt to nontarget plants. Such host-plant association expansions would follow from nat-
ural selection on genetic variation in insect characteristics such as the insect’s phenology,
its feeding and oviposition responses to plant features, and its postingestive processing of
nutrients or toxins. Knowledge of these characteristics and their genetics is rudimentary.
But, phylogenetic studies confirm that herbivorous insects generally expand their host
associations to plants closely related to their ancestral host. Therefore, the genetic varia-
tion found in herbivorous insects may be constrained so that evolutionary shifts to close-
ly related plants are more likely than to distantly related species. Ophraella leaf beetles
(Galerucinae) are host-specific to four tribes of Asteraceae. A phylogeny based on mtDNA
sequence data indicates that most host shifts have been among plants in the same tribe.
Using a half-sib breeding design, we screened four species for responses to Asteraceae
that are hosts of other Ophraella. In 16 combinations in which larval survival on period-
ically replenished foliage was scored, genetic variation in survival was documented in two
cases, both on test plants closely related to the insect’s normal host. In 39 larval or adult
feeding tests, we found evidence of genetic variation in feeding in 21 cases. There were
more cases of genetically variable feeding responses to plants in the same tribe as the
insect’s normal host than to plants in different tribes. These data are consistent with the
hypothesis that not only mean responses but also the genetic variation required for adap-
tation to a novel plant are more likely if the plant is closely related to the insect species’
normal host than if it is distantly related. Screening for host specificity of proposed bio-
control agents might profitably be based on large samples, with special attention paid to
rare variants.

FOOTNOTE: Full paper in
†Futuyma D.J.  2000.  Potential evolution of host range in herbivorous insects. In R. Van Driesche, T.A. Heard, A.S. McClay, R.
Reardon [eds.], Proceedings of Session: Host Specificity Testing of Exotic Arthropod Biological Control Agents - The Biological
Basis for Improvement in Safety, USDA Forest Service, Publication #FHTET-99-1, August 2000, pp. 42-53.
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Biology and Host Specificity of the Tortoise Beetle
Gratiana boliviana, a Candidate for Biocontrol

of Tropical Soda Apple (Solanum viarum) 

DANIEL GANDOLFO1, DON L. SUDBRINK2, and JULIO MEDAL3

1South American Biological Control Laboratory, USDA ARS, Hurlingham, Argentina
2Biological Control and Mass Rearing Research Unit,

Stoneville, Mississippi 38776-0225, USA
3Department of Entomology and Nematology, University of Florida,

Gainesville, Florida 32611, USA

Tropical Soda Apple (TSA) (Solanum viarum Dunal), is a noxious weed in southeast-
ern U.S.A. First detected in 1988, it has already invaded ca. 1,000,000 acres. TSA invades
rangelands, improved pastures, and hammocks, reducing livestock carrying capacity. The
weed is native to Argentina and Brazil. Gratiana boliviana (Col.: Cassidinae) is a bio-
control candidate found during a screening of natural enemies carried out in South
America. Its only known hosts are TSA and S. palinacanthum. At 25°C the egg, larval
(five instars), and pupal stages lasted 5.62 ± 0.61, 16.6 ± 1.57, and 6.5 ± 0.51 days respec-
tively. Preovipositional period was 9.8 ± 3.33 days; mean fecundity was 300 ± 119 eggs
per female. Developmental threshold for larval and pupal stages were 13.1°C and 14.6°C.
Two thousand neonate larvae were subjected to a non-choice test on 20 species of
Solanaceae, which included all major crops. Adults were obtained on TSA and two close
relatives species, S. palinacanthum and S. aculeatissimum. Percentage of larvae produc-
ing adults on these plants was 66, 64, and 60% respectively. Beside these plants, adults
were reared on S. melongena (eggplant) and S. sisymbriifolium with ca. 5% adult emer-
gence. Larvae reared on eggplant had a significant increase in their developmental time.
Fecundity on TSA and eggplant was compared by keeping 20 newly emerged couples on
each plant. After five weeks female mortality on TSA was 16% and 55% on eggplant; all
females that fed on TSA laid eggs compared with 45% on eggplant. TSA fed females laid
1881 eggs in contrast to 91 from the eggplant fed females, 30% of which had anomalous
egg cases. Unsprayed eggplant fields in Argentina and Brazil were surveyed. TSA plants
growing within or near eggplants patches hosted G. boliviana, but they were never
observed on eggplants. Additional testing is currently being conducted in quarantine facil-
ities in the US.

The Leaf Surface of Tropical Soda Apple and Other Solanaceae:
Implications for the Larval Host Specificity of the Tortoise Beetle

Gratiana boliviana

DANIEL GANDOLFO

South American Biological Control Laboratory, ARS-USDA, Hurlingham, Argentina

The leaf surfaces of Solanaceae commonly have glandular and non-glandular tri-
chomes.  Several studies have shown the role of trichomes as a defensive structure against
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phytophagous insects, acting as physical and/or chemical barriers. However, during the
evaluation of the foliage feeder (G. boliviana) as an agent for biocontrol of Tropical Soda
Apple (Solanum viarum), it was found that the presence of trichomes is a requirement for
the plant to be a suitable host. The tarsal claws of G. boliviana larvae are broadly  joined
to the tarsus and a hook arises from the external side, giving the claw a depressed “c”
shape. In order to walk, the trichomes are grasped with the “c” shaped claws and the body
is pulled forward. The TSA leaf surface studied under Environmental Scanning Electronic
Microscope (ESEM) reveals the presence of five types of trichomes: simple trichomes,
simple articulated trichomes, stellate trichomes, glandular trichomes type A, and glandu-
lar trichomes type B. The response of neonate larvae to 20 species of Solanaceae plants
was analyzed. In some species the lack or the presence of low densities of trichomes does
not allow the insects to walk. The movements of the larvae are uncoordinated and even a
light draft shakes them off the leaf surface (e.g. Solanum capsicoides). In other species the
larvae can walk but they do not feed, probably due to the presence of deterrents, absence
of phagostimulants or both (e.g. tomato). Finally, there are species where the high densi-
ty of stellate trichomes form an intricate web that acts as a physical barrier that prevents
or makes difficult for first instars to reach the leaf surface (e.g. eggplant).

Cheilosia praecox and C. psilophthalma, Two Phytophagous
Hoverflies Selected as Potential Biological Control Agents of

Hawkweeds (Hieracium spp.) in New Zealand

GITTA GROSSKOPF

CABI Bioscience Centre Switzerland, 1, chemin des Grillons,
2800 Delemont, Switzerland

Several Hieracium spp. (Asteraceae) of Eurasian origin have been accidentally intro-
duced into New Zealand. Of these, Hieracium caespitosum, H. pilosella, H. praealtum,
and H. lepidulum are noxious weeds in pastures and areas of conservation. Since mechan-
ical and chemical control are ineffective and/or not economical, a biological control proj-
ect was initiated in 1993. Surveys for specialized phytophagous insects were made in
Europe. Three hoverfly species, Cheilosia mutabilis, C. praecox, and C. psilophthalma,
were found to be associated with Hieracium pilosella. C. praecox and C. psilophthalma,
strictly univoltine species with adults occurring in April and May, were chosen for further
investigation. Both species were found to occur simultaneously at the same sites.
Although females of both, C. praecox and C. psilophthalma, lay their eggs at the leaf axils
of the host plant, their larvae feed and develop on different plant parts. Upon eclosion, C.
praecox larvae move into the soil to feed externally on the roots, creating small cavities,



while C. psilophthalma larvae feed on the above ground plant parts. Larvae of both
species pupate in September/October and adults emerge in spring of the following year.
Due to the lack of information on the host plant range, no-choice larval transfer tests are
currently being undertaken to determine the physiological host range of C. praecox and
C. psilophthalma. So far, development of both species is restricted to species within the
genus Hieracium. C. psilophthalma developed on all nine hawkweed species tested and
C. praecox on eight of these. Results of oviposition tests carried out with field collected
females in April and May, as well as results of open-field tests, which allowed host selec-
tion by females, are presented.
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The Theory of Plant-Insect Interactions and Its Application
to Host Specificity Testing†

TIM HEARD

CSIRO Entomology, Long Pocket Labs, 120 Meiers Road, Indooroopilly,
Queensland, 4068, Australia

Recent advances have been made in applying the theory of plant-insect interactions to
the practice of determining the host specificity of insects. An understanding of both the
proximate mechanisms that influence the selection of a host plant by an insect and the ulti-
mate causes of the evolution of host specificity can be utilised by biocontrol practitioners
and others interested in predicting field host use. The proximate factors include the
sequence of behaviours in the host selection process, the effects of experience, and time
dependent changes on host acceptance or rejection. An understanding of the ultimate evo-
lutionary causes of a host specificity can allow the prediction of the stability of host asso-
ciations and can also assist in the selection of plants for a host test list. An improved
understanding of the physiological ecology of host-plant interactions has also assisted
practitioners by allowing an improved interpretation of the importance of oogenesis tests,
adaptations of insects to their host plant, and the mismatch between adult oviposition
selection and suitability for larval development. The means by which practitioners can
incorporate this body of theory into the design, implementation, and interpretation of host
specificity tests is reviewed. Practical issues include cage size and design (e.g., small
cages vs. open field tests vs. quasi-cages vs. wind tunnels), the duration of tests, the use
of behavioural observations examining the process instead of the end result, the interpre-
tation of the results of choice vs. no-choice tests, and the use of insect and host plant phy-
logenies.

FOOTNOTE: Full paper in
†Heard T.A.  2000.  Concepts in insect host-plant selection behavior and their application to host specificity testing. In R. Van
Driesche, T.A. Heard, A.S. McClay, R. Reardon [eds.], Proceedings of Session: Host Specificity Testing of Exotic Arthropod
Biological Control Agents - The Biological Basis for Improvement in Safety, USDA Forest Service, Publication #FHTET-99-1,
August 2000, pp. 1-10.
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Host Specificity Assessment of European Peristenus
Species for Classical Biological Control of Native Lygus

Species in North America:
A Safety First Approach for Evaluating Non-Target Risks †

ULRICH KUHLMANN

CABI Bioscience Centre Switzerland, 1 Chemin des Grillons,
CH-2800, Delemont, Switzerland

The Lygus bug complex (Het., Miridae) at many sites in North America causes eco-
nomic damage to a wide variety of agricultural crops and is the focus of numerous
research projects. Lygus can best be suppressed using parasitoids in unsprayed non-crop-
ping 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 alfal-
fa. The success of this project has stimulated interest in research into the potential for the
establishment of additional European 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 rela-
tion to Europe and North America. The host specificity of these parasitoids is studied
qualitatively in the open field in native cultivated and non-cultivated habitats. 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 biolog-
ical control.

Phomopsis cirsii:
A Promising Control Agent Against Cirsium arvense

V. LETH1 and C. ANDREASEN2

1The Danish Goverment Institute of  Seed Pathology for Developing Countries,
Ryvangs Allé 78, DK-2970 Hellerup, Denmark

2The Royal Veterinary- and Agricultural University, Department of Agriculture,
Thorvaldsensvej 40, DK-1871 Frederiksberg C, Copenhagen, Denmark

Like in other temperate regions of the world Cirsium arvense Scop. is a troublesome
weed in Denmark in some important crops, in pastures, and in recreative areas. This this-

FOOTNOTE: Full paper in
†Kuhlmann U., P.G. Mason, R.G. Fosttit.  2000.  Host specificity of European Peristenus parasitoids for classical biological con-
trol of native Lygus species in North America: Use of field host surveys to predict natural enemy habitat and host ranges. In R. Van
Driesche, T.A. Heard, A.S. McClay, R. Reardon [eds.], Proceedings of Session: Host Specificity Testing of Exotic Arthropod
Biological Control Agents - The Biological Basis for Improvement in Safety, USDA Forest Service, Publication #FHTET-99-1,
August 2000, pp. 84-95.



tle is also causing problems for wildlife such as reducing the possibilities for grazing and
nesting. After some effective chemicals have been banned on the Danish market and
organic farming is gaining interest, the thistle problem has increased considerably, and
alternative control measures, such as biological control, have gained interest. In order to
fulfill the farmers’ need for rapid control in the intensive Danish farming system, the
objective of this project was, from the very beginning, to find natural enemies of the this-
tle that could be mass produced and developed into safe herbicidal products suitable for
spraying onto the weed at each growing season. During six years of field surveys six fun-
gal pathogens and some insects were found to be hosted by C. arvense, such as Puccinia
punctiformis (Str.) Röhl, Albugo sp., Sclerotinia sp., Ramularia cirsii Allesch., Septoria
cirsii Niessl., and Phomopsis cirsii Grove. The most interesting insect was Dysaphis lap-
pae subsp. cirsii (according to O. Heie) a specific aphid living on the roots of C. arvense.
It was found for the first time in Denmark in 1980. Septoria cirsii, Ramularia cirsii and
Phomopsis cirsii, were selected for further studies and all three species showed  a prom-
ising  high degree of specificity and good effect against C. arvense in greenhouse trials as
well as and in the field. Due to  the ability of Phomopsis cirsii to invade the host system-
atically, so far most efforts have been put into the study of this fungus and its potential as
a mycoherbicide, but a possible combination with the leaf spot fungi Septoria- or
Ramularia cirsii has also been considered.
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The Use of Eriophyid Mites as
Biological Weed Control Agents in North America 

J. L. LITTLEFIELD

Montana State University, Department of Entomology,
P.O. Box 173020, Bozeman, Montana 59717, USA

The mite family Eriophyidae has more than 1250 species,  producing a wide variety
of plant damage and gall structures. Although a number of eriophyids  are of economic
importance, gall mites have generally been neglected as possible biocontrol agents of
weeds. Several species of gall mites have been utilized in North America for  weed con-
trol. Aceria chondrillae has been successfully established against rush skeletonweed in
the Pacific Northwest. This mite induce galls on the developing leaf and flower buds
which reduces flowering and sometimes suppresses flower formation. Heavy galling
severely stresses the plant, leading to stunted growth and premature death. Another gall
mite, Aceria malherbae, has recently been established  in Texas, Montana, Alberta, and
Washington. This mite induces leaves to fold and severe infestations may reduce root
development and stunts developing plants. Phyllocoptes fructiphilus on multiflora rose,
although not intentionally released for biological control, transmits rose rosette disease,
which eventually kills the plant. Seven other mites species are currently being investigat-
ed as possible agents: Aceria centaureae and A. thessalonicae (diffuse knapweed), A.
acroptiloni and A. sobhiani n.sp. (Russian knapweed), Aceria drabae
(whitetop/Cardaria), Aceria genistae (scotch broom), and  Cecidophyes galii (bedstraw).
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[Rejection of] Fusarium pallidoroseum as a Biological Control
Agent of Mimosa invisa in Upland Rice

MAXIMA O. MABBAYAD1 and ALAN K. WATSON1,2

1Senior Research Assistant and Weed Scientist (Seconded from McGill University),
Agronomy, Plant Physiology, and Agroecology Division,

International Rice Research Institute, MCPO Box 3127, Makati City 1271, Philippines
2Professor, Department of Plant Science, Macdonald Campus of McGill University,

21,111 Lakeshore Road, Ste-Anne-de-Bellevue, QC, H9X 3V9, Canada

Fusarium pallidoroseum, isolated from diseased Mimosa invisa in the Philippines,
provided excellent control of M. invisa seedlings when applied as a foliar spray of the
crude culture filtrate in laboratory and field trials. The effect was immediate contact
action, causing rapid desiccation of treated exposed tissues. The rapid effect was due to
the production of toxin(s) and the cell-free filtrate of F. pallidoroseum was more virulent
than the crude filtrate. Very young seedlings and older seedlings escaped the phytotoxin
action of F. pallidoroseum and regrowth occurred. Inoculum was readily produced on
milled rice and remained virulent for at least six months under room condition storage.
Culture filtrates of F. pallidoroseum caused disease symptoms on a broad range of plant
species. Most plants, however, expressed only light infection, but only Mimosa invisa, M.
pudica, and cantaloupe were susceptible and severely damaged by the isolate. Symptoms
were observed on some upland rice cultivars, but affected rice plants outgrew the effects.
Mycotoxins are known to be produced by F. pallidoroseum, but the degree to which the
use of F. pallidoroseum as a weed control tool would pose a health risk is not known. Until
the health risk is known and documented, the possible use of F. pallidoroseum as a con-
trol strategy for Mimosa invisa is deferred.

Field Plot Experiments, a Method of Assessing the Host Range of
Biological Control Agents for Melaleuca quinquenervia

in Its Native Range 

M. F. PURCELL, K. E. GALWAY, J. A. GOOLSBY, J. R. MAKINSON, and D. MIRA

USDA Australian Biological Control Laboratory, 120 Meiers Road,
Indooroopilly, Q, 4068 Australia 

Field plot experiments provide a means of obtaining experimental host-range data for
potential biocontrol insects in a more natural environment than laboratory/glasshouse host
tests. In 1996 we commenced a field plot experiment in Brisbane, Australia, to obtain
host-range data on potential biocontrol agents of Melaleuca quinquenervia, an Australian
paperbark tree which has become a serious weed in Florida, USA. The experimental
design is a randomized, complete block array of nine plant taxa in five blocks. The nine
Myrtaceae taxa planted are: M. quinquenervia ex. Florida, M. quinquenervia ex.
Queensland, M. alternifolia (Tea Tree), Callistemon viminalis (Weeping Bottlebrush),



Eucalyptus cinerea (Silverdollar Tree), Eugenia uniflora (Surinam Cherry), Myrciaria
cauliflora (Jaboticaba), Psidium guajava (Guava), and Syzygium jambos (Rose Apple).
These taxa were chosen on the basis of taxonomic representation and varying degrees of
relatedness to M. quinquenervia, economic importance and availability in Australia. The
experimental plants were sprayed with insecticide to ensure clean plants prior to planting.
Surveys were conducted every two weeks for the first year, then every four weeks there-
after. All herbivorous insects on M. quinquenervia, their life stage, abundance and habit
were recorded. Only known herbivores of M. quinquenervia were recorded on the remain-
ing tree species. Previous field and laboratory evaluations of the mirid, Eucerocoris sus-
pectus, led to its introduction into quarantine in Florida. However, in the field plot exper-
iment this insect moved onto several plant species after destroying the young foliage on
adjacent M. quinquenervia trees. Damage to P. guajava was severe. These results led to
the rejection of E. suspectus as a control agent.
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Evaluating Host Specificity of Agents for Biological Control of
Arthropods: Rationale, Methodology, and Interpretation†

DON P. SANDS

CSIRO Entomology, Private Bag No. 3, Indooroopilly, Queensland, 4068, Australia 

Before releasing exotic enemies for biological control of weeds, host-specificity tests
are almost universally required by authorities, to ensure that agents are unlikely to have
detrimental impacts on non-target plants. However, for biological control of arthropod
pests, tests to determine the potential host range of exotic agents have not been so wide-
ly practiced, leading to concerns that agents once established may have undesired impacts
on beneficial organisms and native fauna. The rationale for host specificity tests is simi-
lar for weeds and arthropod projects; the centrifugal method for selecting non-target taxa
related to a target is applicable to both, but the taxonomic relationships for arthropods are
often not as well known as for plants. The number and range of non-target arthropods to
be tested with an exotic agent must be selected carefully, since it is impractical to main-
tain in culture an extensive range of taxa. In arthropod projects, the agent and target inter-
actions are often more complex than for weeds; specific stages of non-target taxa and
sometimes tri-trophic host interactions require different procedures for evaluation.
Predators need special evaluation when compared with parasitoids. Although adults are
sometimes generalists, their immature stages may be sufficiently specific to be acceptable.
Non-target beneficial or threatened taxa may be priorities for testing as potential hosts but
their life histories are sometimes unknown or appropriate stages may be difficult to obtain.
Current methods for evaluating the host specificity of agents for biological control of
arthropods are reviewed, taking into account the taxonomic, environmental, behavioral,
and arthropod interactions that influence testing procedures and decisions relating to safe-
ty or risk assessments of potential targets.

FOOTNOTE: Full paper in
†Sands D.P.A. and R.G. Van Driesche.  2000.  Evaluating the host range of agents for biological control of arthropods: rationale,
methodology and interpretation. In R. Van Driesche, T.A. Heard, A.S. McClay, R. Reardon [eds.], Proceedings of Session: Host
Specificity Testing of Exotic Arthropod Biological Control Agents - The Biological Basis for Improvement in Safety, USDA Forest
Service, Publication #FHTET-99-1, August 2000, pp. 69-83.
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Host-Range Testing: What Can It Tell Us,
and How Can It Be Better Interpreted? 

URS SCHAFFNER

CABI Bioscience Centre, 1, chemin des Grillons, 2800 Delemont, Switzerland 

Recent research and review papers highlighting side-effects of introduced biocontrol
agents have contributed to a general shift in the safety assessement of classical biological
control. One aspect which has been largely neglected in the discussion is whether and to
what extent host-range testing as part of pre-release studies is useful in assessing poten-
tial risks towards non-target organsims. Part of the misunderstanding of the usefulness of
host-range testing comes from an inconsistent use of terms such as host-shift and host-
range expansion. In this talk, emphasis will be put on more detailed investigation of the
host-selection behaviour and the genetics of biological control agents in order to improve
the interpretation of the results obtained by the basic host-range testing.

Host Range of Puccinia melampodii: Implications for Its Use
as a Biocontrol Agent of Parthenium Weed in Australia 

MARION K. SEIER1 and ALLAN J. TOMLEY2

1CABI Bioscience, Silwood Park, Ascot, Berks., SL5 7TA, UK
2Alan Fletcher Research Station, Queensland Department of Natural Resources,

P.O. Box 36, Sherwood 4075, Australia

Parthenium hysterophorus, a neotropical annual herb belonging to the Asteraceae, is
an invasive weed of pastures and cultivations in Australia, especially in Central
Queensland, as well as in India and parts of Africa. In addition to its invasiveness, the
plant is highly allergenic and poses a serious health risk, both to humans and livestock. In
Australia, the programme for biological control of P. hysterophorus commenced in 1977
and has led to the release of several coevolved natural enemies from Latin America,
including one host-specific pathogen, the rust Puccinia abrupta var. partheniicola. As the
weed continues to spread into different climatic zones, additional agents are considered
necessary to increase the biocontrol options. Amongst these, the neotropical rust, Puccinia
melampodii, has been selected for evaluation. In the literature, P. melampodii purported-
ly has a relatively wide host range within the Asteraceae. However, field observations in
Mexico, as well as rigorous host range testing undertaken in Mexico and the UK against
an AQIS approved list of closely related test species, strongly indicate the existence of
specialized strains (formae speciales) of this rust with relatively or extremely narrow host
ranges. Based on the results of the host specificity testing undertaken for two strains of P.
melampodii ex P. hysterophorus from Mexico, and taking into consideration field and
greenhouse data available for the closely related rust Puccinia xanthii of the Noogoora
burr complex in Australia, the rust has been proposed for release into Australia. This paper
critically discusses the implications of these results for the use of P. melampodii as a bio-
logical control agent against P. hysterophorus in Australia.
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Find Them, Screen Them and Release Them.
Is There a Better Way? 

MATTHEW SMYTH and ANDY W. SHEPPARD

CSIRO Entomology, Canberra Australia, CRC for Weed Management,
GPO Box 1700, Black Mountain 2601, ACT, Australia

Biological control of weed programs have taken a broad range of paths in the selec-
tion and release of potential agents. Programs can range from those that find a host spe-
cific agent and then release it with little or any ecological impact studies to quantify a bio-
logical agent’s potential. Agents continue to be released in this manner, maximising the
number of agents released in a set time. Increasingly there are programs that measure (to
varying levels of degree) the impact of agents on the target weed in its native range to
select the most damaging and complimentary suite of agents. As suggested by Schroeder
et al. (1996), retrospective studies can test the rigour of pre-release studies and their pre-
dictions. Using the biological control of Echium plantagineum as an example, replicated
field experiments and field sampling pre-release studies were carried out to quantify what
impact insects may have on their host. These data show insects that are potentially dam-
aging to the plant can be selected, though actual damage in the alien range cannot be pre-
dicted. Importantly though, insects that show no impact can be excluded from a biologi-
cal control program. The culling of ineffectual insects from a program frees resources for
the selection, release and mass rearing of potentially damaging insects.

The Role of Coincidence in Host-Range Expansion†

DOUG TALLAMY

Dept. of Entomology and Applied Ecology, University of Delaware,
Newark, Delaware  19717-1303, USA

Host range in a natural system is determined over evolutionary time and constrained
through ecological time by behavioral, neurophysiological and physiological adaptations,
by biogeographic isolation, exposure to a restricted suite of plant communities, inter- and
intraspecific competition, predation, parasitism, and by influential stochastic events.
When a biological control agent is transported to a novel environment, some of the evo-
lutionary constraints and many of the behavioral constraints on host use are relaxed,
encouraging host range expansion that could not have occurred in its native habitat. Host-
specificity tests are designed to identify plants that might serve as acceptable hosts in the
new environment, but behavioral plasticity, both in host discrimination and in the physi-
ological ability to develop on a given host, makes this task difficult at best. One particu-
larly critical challenge lies in the choice of potential hosts to be screened. Selections are

FOOTNOTE: Full paper in
†Tallamy D.W.  2000.  Physiological issues in host range expansion. In R. Van Driesche, T.A. Heard, A.S. McClay, R. Reardon
[eds.], Proceedings of Session: Host Specificity Testing of Exotic Arthropod Biological Control Agents - The Biological Basis for
Improvement in Safety, USDA Forest Service, Publication #FHTET-99-1, August 2000, pp. 11-26.



justifiably based on knowledge of the relatedness of such plants to native hosts, on the
similarity of their primary allelochemicals to those found in native hosts, or on both. I will
argue that these criteria risk underestimating host-range (i.e., risk false negatives) because
host shifts to chemically or geneologically novel plants by newly introduced agents can
occur through coincidence alone. Recent evidence from luperine chrysomelid beetles and
other pharmacophagous insects suggests that evolutionarily novel compounds can elicit
feeding or oviposition responses when their polarity, molecular configuration and stereo-
chemistry at binding sites meet the criteria for depolarization of stimulatory input at
peripheral neuroreceptors. Mechanisms for identifying plants with such compounds will
be discussed.
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The Meaning of “Host-Range” and “Host-Specificity”,
and Implications for Host-Specificity Testing†

RIEKS DEKKER VAN KLINKEN

CSIRO Entomology, Tropical Ecosystems Research Centre,
PMB 44 Winnellie, NT, Australia 0822

“Host-range” and “host-specificity” are two frequently used terms in biological control.
However, there has been some confusion as to their meanings and the distinction between
them has never been clearly articulated. I define these terms, and argue that a better under-
standing of these concepts will in turn provide a valuable conceptual basis for conducting
host-specificity testing.

In simplest terms, the host-range of an insect represents the sum of plant species which
are hosts. Host-range breadth is frequently described according to the phylogenetic relat-
edness of hosts, thus we can distinguish between monophagous, oligophagous and
polyphagous insects. The host-range of an insect has a genetic basis, but can also be
affected by prevailing conditions. We can therefore distinguish between the fundamental
host-range, which includes all the plant species which an insect is capable of accepting or
utilising as a host, and the field (or realised) host range which is what actually happens1.
The field host-range is frequently a subset of the fundamental host-range because the
insect and a potential host may never coincide in space and time. Even if they do coin-
cide, the potential host may still not be attacked because: i) a prior step in the life cycle
(such as oviposition) may not recognise it as a host; ii) the insect may never be sufficiently
deprived to accept a poorer host (i.e. time-dependent effects); or iii) an insect’s behaviour
might be strongly biased by effects of prior experience.

Host-specificity is a continuum from extreme specialists with a host-range restricted to
a single host species, to so-called generalists which have a broad host-range. However, the
host-specificity of an insect can be further differentiated according to how acceptable
and/or suitable hosts are relative to each other. For example, an insect which performs
equally well on all host species is less host-specific than an insect for which only one of
many species is a good host, even though their host ranges are identical. There are there-

FOOTNOTE: Full paper in
†Van Klinken R.D.  2000.  Host specificity testing: Why do we do it and how we can do it better. In R. Van Driesche, T.A. Heard,
A.S. McClay, R. Reardon [eds.], Proceedings of Session: Host Specificity Testing of Exotic Arthropod Biological Control Agents
- The Biological Basis for Improvement in Safety, USDA Forest Service, Publication #FHTET-99-1, August 2000, pp. 54-68.
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fore two dimensions when assessing how specific an insect is - host range breadth and
how “good” hosts are relative to each other. Although the host-specificity of an insect is
frequently defined in relation to its complete life cycle, it can also be described for par-
ticular aspects such as pre and post alighting behaviours, adult feeding, nymphal devel-
opment and oogenesis.

The distinction between fundamental and realised host range, and emphasis on the two
dimensions to host-specificity, give us the conceptual framework with which to predict
non-target effects both accurately and cost-effectively. The most inclusive set of plant
species that could be at risk can be determined by estimating the fundamental host-range.
This can be done accurately by experimentally excluding possible environmental con-
straints to host-range such as coincidence between insect and host (by using representa-
tive plant test lists), time-dependent effects (by using no-choice trials conducted for the
duration of the insect’s life), and effects of prior experience (by using newly emerged,
naive, insects). If the fundamental host-range includes non-targets we can predict what
will happen under particular ecological conditions. This might include predicting field
host-range (by considering possible environmental constraints), and obtaining a more
complete picture of host-specificity by determining how “good” hosts are relative to each
other in order to predict relative attack, and ultimately relative impact. The distinction
between fundamental and realised host range can also be exploited to better assess the risk
of genetic host-range expansion. Concepts of host range and host specificity, and their rel-
evance to the host-specificity testing of potential biological control agents, are discussed
further in van Klinken1.

Brazilian Peppertree - Prospects for Biological Control 

M. D. VITORINO1, J. H. PEDROSA-MACEDO2, C. WIKLER2, L. P. SOUSA2,
J. C. MEDAL3, and J. P. CUDA3

1Av. República Argentina, 2534 Apto 14-A, Bairro Portão,
Curitiba-PR, Brasil, CEP: 80610-260

2Engenharia Florestal, DSM/SCA - Universidade Federal do Paraná, Av Pref. Lothário
Meissner, 3400  80210-170 Curitiba-Paraná-Brazil

3Entomology and Nematology Department - University of  Florida,
Gainesville, Florida - USA

The woody plant Schinus terebinthifolius (Anacardiaceae) Brazilian peppertree (BP)
is native to South America and is common in Southern Brazil. It was first introduced into
the U.S. before 1800 and then reintroduced in 1840 as an ornamental. In Florida this plant
is listed as a category of invasive species by  the Exotic Pest Plant Council and is esti-
mated to infest more than 405,000 ha in central and south Florida. BP displaces native
plants and disrupts natural communities, forming dense stems that reduce the biological
diversity. This plant also spread in Hawaii and South Africa where it is considered a weed.
Surveys for natural enemies in South America were initiated in 1987, and have continued
since 1994 on a cooperative agreement between University of Florida and Federal
University of Parana State. The insects bionomics like thrips Pseudophilothrips ichini
Hood (Thysanoptera), sawfly Heteroperreyia hubrichi Malaise (Pergidae), leafroller
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Time-Dependent Changes in Responsiveness Can Influence the
Outcome of Both No-Choice and Choice Assays†

TONI WITHERS

Forest Research, PB 3020, Rotorua, New Zealand  

Time-dependent changes in responsiveness incorporate physiological processes that
affect central and peripheral excitation or sensitivity by an insect to plant cues. The degree
of responsiveness influences if an insect will approach, alight, and accept plants for feed-
ing or oviposition. Data on the post-alighting acceptance behavior for feeding or oviposi-
tion on different hosts help determine host preferences of oligophages. Experiments on
Zygogramma bicolorata reveal that time-dependent factors influence the outcome of no-
choice and choice assays. Even the preferred host plant, Parthenium hysterophorus, is not
accepted for a meal if the test beetle has recently ingested a meal of a preferred host (false
negative). The non-target plant Xanthium occidentale is unacceptable for feeding when
the beetle is satiated. However, this plant is usually acceptable for ingestion of small
meals, but only after a significantly longer period of food-deprivation. If this period of
deprivation exceeds that occurring in nature, a false positive is possible. Therefore no-
choice feeding assays are capable of both under- and over-estimating field host range of
an agent depending on test duration. Data on outcomes of two-choice assays indicate that
Z. bicolorata entering a choice test when satiated consistently rejected Xanthuium for
feeding and only accepted Parthenium. However, beetles that entered the choice test in a
food-deprived state, and that encountered Xanthium first, were more likely to feed on it.
Deprived beetles took longer to leave Xanthium to locate and feed on Parthenium plants
in the same cage compared to satiated beetles. These experiments explain the occurrence
of adult feeding on sunflower leaves in India. Sunflower is rarely accepted for feeding
within host specificity choice tests, but is sometimes fed upon in no-choice feeding
assays. Choice tests utilizing insects that are not responsive to plant cues may not reveal
lower acceptability of less preferred non-target hosts that may be attacked when agents are
in a state of high responsiveness.

Episimus utilis Zimmerman (Tortricidae), Allorhogas spp. (Braconidae) and an unidenti-
fied species of the Torymidae are being studied to determine for these host specificity
characteristics potential biological control agents. The thrips attack the new shoot tips.
The immatures and adults cause severe damage to this plant. These insects are very com-
mon in the first plateau of Parana State near Curitiba city (about 800 - 900 meters height).
The sawfly is a leaf feeder during the immature stage, and causes severe defoliation,
mainly in young plants and is also collected in the first plateau near Curitiba. The leafrol-
ler may cause stress in young plants; it is found in the coastline and near Curitiba. The
insects Allorhogas spp. and the unidentified Torymidae are associated with a stem gall that
develops at the end of growing season. These insects are not very common in the field but
their effect in the plant is probably significant.

FOOTNOTE: Full paper in
†Withers T.M., L.B. Browne, J. Stanley.  2000.  How time-dependent processes can affect the outcome of assays. In R. Van
Driesche, T.A. Heard, A.S. McClay, R. Reardon [eds.], Proceedings of Session: Host Specificity Testing of Exotic Arthropod
Biological Control Agents - The Biological Basis for Improvement in Safety, USDA Forest Service, Publication #FHTET-99-1,
August 2000, pp. 27-41.
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