Safety of Natural Enemy
INtroductionS  Rread chis

1. Overview and past cases

2. Methods predicting host rangesiiext
lecture)

3. Predicting indirect effects (ext
lecture)



Historical review of safety

1. Types of risks

2. Rates of errors

3. Examples and lessons




Safe to what?

A Humans
A Risk of introducing contaminants

A Risk of damage to other biocontrol
agents

A Risk to nontarget native or economic spp




Comparative Mandates of Insect and Weed

Insect Biocontrol

A 18901980 Protecting plants was the &
goal; insects were not considered a
resource; believed they would not need
special consideration to survive A

A 19701995 Protect endangered insects
(new law), but little impact as few
Insects are listed

A 19952008 Consider native insects but A
try to do the greatest good for
ecosystem; do not cause important
ecological damage to obtain economic
benefits

Weed Biocontrol

192061970 Protect
economic plants

19701985 Also protect
endangered plants (new
law); significant issue, as
many plants listed
19852008 Protect all

native plants, endangered or

not, from all but trivial
Impacts of new agents




Natural enemies are |mm|nently safe to people
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Would you prefer to work in a greenhouse where pesticide
were being sprayed several times a week or where

predatory mites and parasitoids were released?



Contaminants from abroad

1. Volumes of overseas cargo
brought in via BC shipments is
Infinitesimal compared to
goods in trade

2. Use of quarantine laboratories
to open packages reduces this
concern to a nonissue




Risks to other biocontrol agents

1. Hyperparasitoids-can be
eliminated by observing the
biology of the species in the lab

2. Risks of attack (by parasitoids)
on weed biocontrol agents can
only be detected by host range
screening




Hyperparasitism?

A Primary parasitoids- attack an herbivore
or other target pest

A Hyperparasitoids- attack a primary
parasitoid

A Facultative hyperparasitoid- can either
act as a primary parasitoid of the pest,
or be a hyperparasitoid of the primary




Hyperparasitoids

a / Species with this biology must

detected in shipments of new

biocontrol agents and excluded

quarantme Facultative species
" are the most difficult to
s recognize. Rearing on the host,
ST N the usual screen for detection g
' hyperparasitoids, is not sufficiel
4 In this case (e.g., here,
Spilochalcis torvinan cocoon of
Cotesia rubeculp




Predicting and
avolding
potential risks to
previously
released
biocontrol agents



Melon fly (Bactrocera cucurbitacepis one of
several exotic pest tephritids of concern in Hl

Diachasmimorpha tryoni
Braconidae-a parasitoid introduced
to HI for control of exotic frugivorous
tephritids

Bactrocera cucurbitacea | Does this insect BC program
Tephritidae affect weed BC programs?




Lantana (Lantana camarg Is one an invasive plan
of concern In HI

The tephritid Eutreta xanthochaeta
(Lantana gall fly) has been released
against this weed in Hl

Lantana camara
a major pasture
weed




The melon fly parasitoid, Diachasmimorpha tryonihas been found
attacking lantana gall fly
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Lantana gall fly adult (L ) and
larva in lantana stem (R)




Gall forming tephritids in HI of value as BC agents
t hat mi ght be nNnont ar
released against tephritid pests of fruit crops

Table 2. Beneficial tephritids established for biological weed control in Hawaii.

Tephritid species Year first  Country Target weed Target-weed Association
released or  of origin family with host plant
recorded

Deliberately introduced species

Lutreta xanthochaela

(lantanagall fly) 1902  Mexico Lantana camara Verbenaceae stem gall maker
Procecidochares utilis

(Maui pamakani gall fly) 1944 Mexico Ageratina adenophorum Asteraceae stem gall maker
Acinia picturata 1959  Guatemala Pluchea odorata Asteraceae flowerhead feeder
letraeuaresta obscuriventris 1961 Fiji Elephantopus mollis Asteraceae flowerhead feeder
Procecidochares alani

(Hamakua pamakani gall fly) 1973 Mexico Ageratina riparia Asteraceae stem gall maker

Adventive species

Dioxyna sororcula 1966 7 Bidens pilosa Asteraceae Flowerhead feeder
Ensina sonchi 1968  Europe or Asia Sonchus oleraceus Asteraceae Flowerhead feeder




Risks to nontarget economic or native
species

1. Trophic impacts-foresee and avoiduse
literature records and host range
screening

2. Indirect effects 1 are hard to predict, but
are they so significant that they must be
avoided? All human actions have
potential for indirect effects on nature.




Native gall-forming or seedhead tephritids in HI
potentially hosts for parasitoids of pest tephritids

Table 1. Tephritid flies endemic to Hawaii and their host-plant associations.

Genus No. Host plants Association with host plant
species’

Neotephritis 2 ,4'/(gf1»'m_r/lz)/7/z/m Sp. Stem miners

Phaeogramma 3 Bidens sp. Stem gall former

Trupanea 21 Argyroxyphium sp. Flowerhead or seed feeder
Artemisia sp. (19 spp.) and stem gall
Bidens sp. former (2 spp.)
Dubautia sp.

" Individual species names can be found in Hardy and Delfinado (1980).



Risk levels for natural enemy groups

. Terrestrial vertebrates

. Aquatic vertebrates

. Mollusks

. Social invertebrates

. Generalist herbivores

. Generalist invertebrate predators
. Terrestrial scavengers

. Specialist herbivores, parasitoids or predaceous
Invertebrates

9. Specialist plant pathogens
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Group 1: Terrestrial vertebrates
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Mongoose Kkilling
shake
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Before biological control was a science, farmers and others
Introduced familiar vertebrate predators against pests like rats and
snakes. They failed and often damaged native species because of

flexible feeding behavior of vertebrates.



Mynah bird

Barn owl

Birds have sometimes be introduced to eat
Insects (mynah bird) or rodents (barn owl)




Group 2: Aguatic vertebrates

Gambusia affinis(top left) displaces native top feeding minnows.
Weed eating grass carp (R ) is nonspecific and destroys native pla




Group 3: predatory mollusks

Euglandina roseaas introduced to HI and other Pacific island
for control of giant african snail and severely harmed native land sn




Gilant African snail, name, was spread widely In th
Pacific during WWII as a food snall




Group 4: Social Invertebrates

A -
5 o
v . a
v $ o
" x
. .
-
-
b

Social insects (ants, hornets) are not specific in their

feeding and have high densities. They can harm native
species and should not be introduced.




Group 5: Generalist herbivores

Herbivorous insects, such as many grasshoppers, th
are not highly specialized cannot be used Iin classic:
biological control
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Group 6: Generalist predators and parasitoids
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Coccinella - | Lysiphlebus
semptempunctata testaceipes

Phytoseiulus persimilis

How narrow a diet is enough to be a specialist? Some generalist
predatory arthropods are safe if they are faithful to a plant
habitat and prey type, if not species: phytoseiids on cassava




Typhlodromalus aripowvas safe to introduce to Africa eve

though it Is not a prey specialist, but because it was a pla
specialist, faithful to cassava
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Woolly alder aphid: a nontarget species of interes

Feniseca tarquinius

H. axyridis eats woolly
alder aphids and may
harm F. targquinius by
eating all its prey.

B This butterfly is the only North American butterfly
with carnivorous larvae. WAA is its sole prey




Group 7: Terrestrial scavenger® Dung beetles
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Kangaroo dun
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Dung beetles of Australia were adapted to marsupial duAng- not
placental dung?




Introduced cows and sheep produced dung that was not well
processed by native Australian dung beetles, and it accumulated




Dung beetles from Africa (climatic matched area) were imported tc
process dung in Australia. It worked and harm is not known




Group 8: Specialist herbivores, parasitoids, or
predators

+ Neochetina bruchl

Rodolia cardinalis

Specialized herbivores, parasitoids & predators are the agents classical biocontrol normal
works with. The question for a particular species, is whether it is specialized enough.




How specialized Is specialized enough to be safe

Pickerelweed,Pontederia cordata

waterhyacinth Eccritotarsus catarinensis

This mirid I1s unsafe in the US whereP. cordatais native, but safe In
South Africa where P. cordataitself is an invader



