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1) Direct effects on non-targets: 

What is the host range?  
Is there a population impact?

2) Indirect effects on non-targets

3) Range change of biocontrol agent, 
target, or non-target





Rhinocyllus conicus

Larinus planus



For entomophages:

1) systematics often poorly worked out

2) ecological similarity of hosts

3) generally poor knowledge of non-target hosts

cf. Messing 2001



Kuhlmann et al. 2006



Sasijiscymnus
tsugae

Laricobius
nigrinus



Tetrastichus
planipennisi Oobius agrili Spathius agrili



Prasinalia imperialis

Lepismadora algodones



from E. Mahenthiralingam
et al., 2005



Holt and Hochberg 2001



Holt and Hochberg 2001



DE Pearson and RM Callaway, 2003



Asparagus asparagoides from Peter Turner



from Peter Turner



Cactoblastis cactorum,
the cactus moth



from Bradley et al.
2010

kudzu





From R.W. Pemberton 1984, Native plant considerations in the biological control of
leafy spurge.



from Van Nouhuys and Lei 2004, J. Anim. Ecol. 73:526-535





from T.M. Bezemer and T.H.
Jones, 1998. Oikos 82:212-222





target host geographic range shift?

non-target host geographic
range shift?

natural enemy geographic
range shift?

target host phenology shift?

non-target host phenology shift?

natural enemy phenology shift?

changed direct
interaction?

changed indirect effect

?



van Lenteren et al.
2003



Living organisms, including biological control
agents:

1)Disperse

1) Evolve

We are severely limited in our ability to predict
the exact trajectory of both processes!



Bigler and Kölliker-Ott, 2006
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