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What is a “difficult” target?

• Opuntia in Australia (Cactoblastis cactorum) &
cottony cushion scale(vedalia beetle) = "easy"

• Lantana & Gypsy moth = "hard ”

Opuntia in Australia -- 12 agents introduced, 1920-1930s
(Dodd 1944).

Vedalia beetle "lucky" ; compare subsequent introduction of 
40 species of coccinellids for other homopteran pests,
only 4 established and none of the pests were controlled 
(Caltagirone and Doutt 1989).

• Every project has its challenges

Entomophaga maimaiga
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Success Rate

83% of weed projects in NZ partial or full success of 
mature projects (Fowler et al. 2000)

"Overall, I would suggest that there is an 80% or even 90% 
probability that a properly resourced and conducted 
program of biological control will result in satisfactory 
control of the weed." (Cruttwell-McFadyen 2000).

Arthropod pests: 58% (=16% full + 42% partial successes) 
(Hall et al. 1980)[up to 1960]
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Why projects fail?

• Agents fail — “Anna Karenina principle”
(many reasons for failure)

“Happy families are all alike; every unhappy family is
unhappy in its own way.”

• Lack of sustained support
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Availability of prospective agents
Suitable host (taxonomy)
Suitable environment
Synchrony
No higher trophic level
Impact on host
Population dynamics (stability, rapidity of response)
So, if something is missing, then not propitious

Avoid direct (and indirect) nontarget effects

Why is a project successful?
sample effort
cryptic species
politics/war
molec. genetics

CLIMEX, etc.

key, but hard to predict

low injury threshold



6

How many species are left?

Sheppard and Thomann (2004) XI International Symposium on Biological Control of 
Weeds, pp. 162-174.

French broom
Genista monspessulana
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Examples of “Stalled” Projects

Filth Flies Veterinary

Stored Grain Insects Post-harvest

Cassava Green Mite Crop

Spotted Knapweed Rangeland

Yellow Starthistle Rangeland

Russian Thistle Fallow / Rights-of-Way
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Filth Flies

manure -- naturally very ephemeral.
(flies not controlled by natural enemys)

Annoyance

Sanitation 
(food)
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Filth Flies - dairies

manure -- naturally very ephemeral.  (flies not controlled by ne’s)

Dairies produce permanent resource for 
fly reproduction.
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Filth Flies

Commercial producers of parasitoids:
Muscidifurax 

raptor

Spalangia 
cameroni

Spalangia 
endius

Spalangia nigra

Urolepis rufipes

Phygadeuon 
fumator

(Smith, L.  1989)
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Filth Flies - Dairies

Frequent disruption of manure habitat.
BC complements cultural managment & 

insecticides.
Adults are pest; they can disperse widely; 

so, needs“area-wide” control.
Use of frozen hosts to conserve parasitoid 

populations. (Petersen & Pawson 1993)

Petersen, J. J. & B. M. Pawson.  1993.  Discrimination by the pupal parasite 
Spalangia comeroni (Hymenoptera: Pteromalidae) between live and freeze killed 
house fly (Diptera: Muscidae) pupae.  J. Entomol. Sci.  28: 120-125.
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Stored Grain Insects

Direct damage. 
BC agent also is a "pest" because it 

contaminates food.

maize weevil
Sitophilus zeamais

Anisopteromalus 
calandrae
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Stored Grain Insects

Relative population 
growth rates of 
pest & parasitoid.

Control 
temperature to 
manage pests 
(too hot or too 
cold).

Augmentative 
releases & 
supplemental 
feeding (sugar?)

A. calandrae

Rice weevil

Cool by ventillation

Relative population growth rates of pest 
& parasitoid.
Control temperature to manage pests (too 
hot or too cold).
Augmentative releases & supplemental 
feeding (sugar?)
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Maize Weevil-Parasitoid Model

A few inoculative releases are as good as weekly releases.

A. calandrae

Rice weevil
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Stored Grain Insects

Augmentative release
of parasitoids & predators 
searching for infestation

of spillage.

http://3.bp.blogspot.comhttp://media-2.web.britannica.com

Zero tolerance

Peanut warehouse Grocery Store
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Cassava Green Mite

Outbreaks in Brazil during dry periods.

Generalist predators don’t control it in 
Africa.

Native to S. Ameria. Staple in W. Africa.

(Mononychellus tanajoa)
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Cassava Green Mite

Drought tolerant, heavy rains; low-tech production.
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Cassava Green Mite

Typhlodromalus aripo
survives on plant in absence of prey!

CIAT - IITA
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Cassava Green Mite

Yaninek & Hanna (2003)

Release and recovery of Phytoseiids from Colombia & Brazil 
into Africa 1984-2001.
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Cassava Green Mite
Typhlodromalus aripo in Africa



21

Spotted Knapweed (Centaurea stoebe)

Perennial plant 
and long-lasting 
seed bank.

14 agents 
introduced; 
5 widespread

gall fly 
bio-

control 
agent

deer 
mouse 

predator

Pearson & Callaway (2003) TREE 18: 456-461.

Indirect 
Effects

“Why reduced seed production is not necessarily translated into successful biological 
weed control” (Myers & Risley 2000, Proc. X Int. Symp. Biol. Control of Weeds pp. 569-581.

(knapweed >> flies >> mice >> 
hanta virus!)
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Diffuse Knapweed (Centaurea diffusa)

Diffuse = biennial plant
Well controlled in Montana, Colorado, 

Br. Columbia
Seastedt et al. 2003. Weed Sci. 51: 237-245.
Smith. 2004. Int. Symp. B.C. Weeds,pp. 589-593.

Myers, et al. 2009. Biol. Control 50: 66-72.

Spotted Knapweed also decreasing
Story  et al. 2006. Biol. Control 38: 227-232.
Seastedt et al. 2007. Biol. Control 42: 345-354.
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Yellow Starthistle
• Started 1960s
• 6 insects introduced
• 2 widespread in CA
• some impact (OR, CA)
• Rust intro. 2003

• Foreign exploration
• Testing new agents
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rosetteseed

bolted 
plant

Ceratapion basicorne

Psylliodes 
chalcomera

Eustenopus villosus

Chaetorellia succinea

Aceria
solstitialis

Tingis grisea

Larinus 
filiformis

Puccinia jacea
var solstitialis

Rust

Prospective YST agents

flower head

established
evaluated
preliminary data
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Russian Thistle

Not one but 6 species! -- too many species to control?
Highly mobile ruderal (pioneer) species.

First seen in 1874 in Bonhomme County, 
South Dakota
(from flax seed brought from Russia).



27

S. australis

Ryan, Bell & Sobhian.  2002 .  Calif. Conf. Biol. Control III.  pp. 51-56.

Genetic Diversity of Russian Thistle

Uzbekistan
Italy

S. collina

Similarity

S. tragus
California, 
Oregon, 
Washington

S. paulsenii

polyploid hybrids

S. x gobicola

S. x ryanii

UPGMA dendrogram 
using 56 RAPD and ISSR 
polymorphisms

Statistical analysis of DNA sequences helps to unravel the taxonomic 
confusion by showing a “family tree” (trunk on left, branches on right).

Type A = S. tragus (common in USA & Eurasia).

Type B = S. australis (south central & coastal CA, Australia, S. Africa).

S. collina is east of the Rocky Mtns.

S. paulsenii (barbwire Russian thistle) is in CA deserts.
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from Salsola tragus
Ultarma, Uzbekistan R. Sobhian, USDA-ARS-EBCL

R. Sobhian, USDA-ARS-EBCL

Salsola gall fly (Desertovelum stackelbergi )

June July
S. tragus 11.4 + 18.0 58.7 + 50.9
S. australis 0.0 0.6 + 2.0
T-test (P value) 0.001 <0.0001

No. galls per plant

Infestation of plants in a field garden at Ultarma,  Uzbekistan in 2000.

Sobhian et al.  2003.  Biological Control.  28: 222-228.

Adult male.
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only dead 
mites

Aceria salsolae

* = mites were very abundant, but were not counted.

Smith, L.  2005.  Biological Control  34: 83-92.

No. mites per
infested test plant

Plant species No. plant
replicates

Plants
infested (%)

Test
plant

Positive
control

Subfamily Salicornioideae
Allenrolfea occidentalis 9 0 0 525
Salicornia bigelovii 18b 0 0 361
Salicornia maritima 9 0 0 1107
Sarcocornia utahensis 9 0 0 46

Subfamily Salsoloideae
Halogeton glomeratus 9 0 0 170
Salsola collina 9 100 106 695
Salsola tragus type A 136a 100 378 --
Salsola tragus type B 9a 100 *
Salsola tragus type C 9a 100 *
Salsola paulsenii lax-form 9a 100 *
Salsola paulsenii spinose-form 9a 100 *
Salsola soda 9a 22 1c 232
Sarcobatus vermiculatus 9 0 0 191
Suaeda calceoliformis 5 0 0 206
Suaeda moquinii 18b 11 6c 748

The mite multiplied on the weedy target species: Salsola tragus (A= S. 
tragus, B= S. australis, C= x ryanii), S. paulsenii and S. collina.

Trace numbers of dead mites were found on S. soda, Suaeda moquinii and 
G. globosa, but no damage was observed.

* = mites were very abundant, but were not counted.



30

Impossible Challenges?

• Close relatives to nontarget T&E or 
economic spp. (grasses, native pests)

• “Zero” tolerance (human disease 
vectors, quarantine pests)

• Not enough natural enemies available

• System is too unstable

• Regulatory approval (?)
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How Should You Assess a 
difficult target?

• very carefully


