
Estimating  

Risk/Benefit of 

Biological Control Agents  

Read Chs. 17 & 18 

a) Estimating the likely host range relative to the local 

native biota (Ch 17) 

b) Spotting potential indirect effects (Ch 18) 



Use of ice packs is standard to prevent overheating 

Eat species A, B, C? 

Prediction of 

genera or 

species at risk 

 

screening 

prediction 

Defining the FUNDAMENTAL HOST RANGE not just 

testing safety to a list of species  



Step 1. Compile information from 

literature and museum records 



Step 2 . Run surveys and do biology 

studies in donor region 

A lot can be learned during the collecting 

surveys in the native range: is the insect of 

interest found  

a) only on the target weed species?  

b) on congeners of the target weed?  

c) on less related plants? 



Step 3. Host range testing- in quarantine  

or in open field in donor country  



A testing scheme popular in weed bc in the 1970s 

Test 1 

Test 2 

Test 3 

Larval ï 

no choice 

ovipositionï 

no choice 

oviposition ï 

field choice 



Step 3a. Picking the test list 



 
1. Species of special economic or 

ecological concern in area 

 

 2. Taxonomically related species (esp. 

same genus) 

         a) centrifugal method  

                 (concept of Wapshere) 

         b) use of phylogenetic trees  

 

Defining the test list 



HI drosophilds are a jewel of evolution and would need to be 

considered if a parasitoid of pests in this family were targeted in HI 

In picking the test list, species of special concern for 

conservation reasons are logical inclusions 



Step 3b. What to measure and what test 

designs to use 



 

 

 

Predators and herbivores 

    adult oviposition 

    adult and larval feeding 

    larval development 

Parasitoids 

    adult oviposition 

    larval survival & development 

 

Parameters 



TEST DESIGNS 

1.no choice (ñstarvationò) 

 

2. preference (choice or sequential)  

        (ABA, BACA [A = pest]) 

3. open field 

 

4. oogenesis 

 

5. continuation 



 

What does it mean when choice and no-

choice data do not agree? 

 



Pizza 



Yes, broccoli is a human food! 



     1. Confinement effects 

     2. Conditioning effects 

     3. Time dependent effects 

     4. Having a good model 

Do Techniques Work? 

(things to worry about) 



Step 3c. Standardization of test animals 

and conditions 



Old manôs beard is an 

aggressive weed in NZ 

Effect of fly age on host 

range- mature flies with host 

plant experience accept more 

plant species 



    

1. rearing host 

2. prior contacts with hosts 

3. sugar hunger level 

4. level of host deprivation 

DESIGNING HOST RANGE LAB TESTS: 

Variables to Control 



open field tests in donor country 

What are the benefits and limits of field 

tests in the donor country? 



Use of ice packs is standard to prevent overheating 2-step open field (choice, with removal) 

Black circles = target weed; open circles = test plants 

 



Step 4. Assessing the technologyðhow 

accurate are laboratory tests in 

predicting field host ranges? 

Post establishment non-target impact 

surveys 



Use of ice packs is standard to prevent overheating Parasitism of native NZ weevils by 

Microctonus aethiopoides or M. hyperodae 



Example #1:  

Cotesia parasitods of Pieris butterflies 

Larvae of Pieris rapae, the 

imported cabbageworm 

C. glomerata C. rubecula 



Test list: what species to consider? 



  

 Pieris napi 

 

Pieris rapae 

 

  

 
  

 

Choice 

 

52 Ñ 6.9% 

 

(105/201) 

 

24 Ñ 6.1% 

 

(46/189) 

 

 

20 

 

  

P < 0.005 

 

No 

Choice 

 

32 Ñ 3.3% 

 

(137/428) 

 

18 Ñ 3.9% 

 

(67/370) 

 

 

20 

 

  

P < 0.005 

 

Cotesia glomerata in lab tests 

The native nontarget species P. napi is a preferred host  



  

 
% Parasitism in field larval exposures 

 
  

 
Pieris napi 

 

Pieris rapae 

 
98-MA#1 

 

52 Ñ 8    (81/156) 

 

  7 Ñ 3    (17/256) 

 
98-MA#2 

 

79 Ñ 9    (69/87) 

 

13 Ñ 5    (20/160) 

 
98-VT #1 

 

14 Ñ 6    (22/156) 

 

  0 Ñ 0    (0/363) 

 
99-MA#1 

 

37 Ñ 4    (268/725) 

 

11 Ñ 2    (96/868) 

 
98-MA#3 

 

  2.4 Ñ 1 (12/504) 

 

  0.6 Ñ 1 (6/938) 

 
99-VT#1  

 

  9 Ñ 3    (40/443) 

 

  1.5 Ñ 1 (11/751) 

 

Total 

 

24 Ñ 2    (492/2214) 

 

  5 Ñ 1    (150/3336) 

 

Cotesia glomerata in field tests 



  

 Pieris 

napi 
 

Pieris 

rapae 

 

  

 
  

 

Choice 

(4 h) 

 

49 Ñ 6.8% 

  

(102/210) 

 

67Ñ 6.5% 

  

(132/198) 

 

  

15 

 

  

P < 0.005 

 

No 

Choice 

(24 h) 

 

  

42 Ñ 6.9% 

  

(82/196) 

 

  

48 Ñ 6.9% 

  

(97/203) 

 

  

10 

 

  

P = 0.25 

 

Cotesia rubecula in lab tests 

The invader P. rapae is preferred host, but both acceptable  



  

 
% Parasitism in field larval exposures 

   

 
Pieris napi 

 

Pieris rapae 

 
98-MA#1 

 

0 (0/156) 

 

7 (18/256) 

 
98-MA#2 

 

            0 (0/87) 

 

2  (3/160) 

 
98-VT #1 

 

0 (0/156) 

 

11 (40/363) 

 
99-MA#1 

 

0 (0/725) 

 

10 (87/868) 

 
98-MA#3 

 

0 (0/504) 

 

   0.3 (3/938) 

 
99-VT#1  

 

0 (0/443) 

 

   0.9 (0/751) 

 
05-MA  

 
  3 (9/291) 

 

 

 

Cotesia rubecula in field tests 

21 (52/245) 



Example #2  

Predators of Hemlock Woolly Adelgid 



Adult Laricobius nigrinus 



ÅInvaders 

Å1. Balsam wooly 

adelgid 

Å2. Eastern spruce gall 

adelgid 

Å3. Hemlock woolly 

adelgid 

ÅNative or ?? 

Å1. Pine bark adelgid 

Å2. Pine leaf adelgid 

Å3. Cooley spruce gall 

adelgid 

Å4. Spruce gall adelgid 

Å5. Red spruce gall 

adelgid, and 6 more 

What species to test? 

Conifer adelgids in N. America 



 

 

 

non-gall 

maker 

 

native? 

 

 

Pine bark adelgid 

 



 

 

a nonnative 

pest 

Balsam woolly adelgid 



Cooley spruce gall, native pest adelgid 

 



Host plant choice test 



Test list and rationale for inclusion 

Assumption (using literature and specialization of 

biology): This insect probably just feeds on adelgids, 

so casting a net somewhat wider to include other 

Homoptera should show boundaries of host range 

Species tested: 

 

Group 1. Other adelgids ï Adelges piceae, A. 

abietis,  Pineus strobi 

 

Group 2. Aphids (homopteran family resembling 

adelgids; one conifer feeder, one not)-Cinara 

pilicornis and Myzus persicae 

 

Group 3. Scales (sessile, arboreal Homoptera, but 

not closely resembling adelgids) 



Test  

species 

No-choice 

test 

Choice test- 

on target 

Choice test- 

on nontarget 

Pest (A.t) 12.2 

A. abietis   0.7 7.6 0.4 

A. piceae  3.1 10.1 1.8 

P. strobi  7.9 12.3 2.3 

C. pilicornis  0.2 12.4 0 

M. persicae  0.0 9.8 0 

C. pinifoliae  0.1 17.5 0 

Oviposition of L. nigrinus  
(# eggs per female in 3 days) 



Test  

species 

Reached 4th 

L instar 

Pupated Emerged as 

adult 

Pest (A.t) 58% 19% 17% 

A. piceae 11%  0%  0% 

P. strobi  7%  0%  0% 

A. abietis   0%  0%  0% 

C. pilicornis  0%  0%  0% 

C. pinifoliae   0%  0%  0% 

Survival of L. nigrinus lifestages 

on given prey 



Example #3  

Decapitating flies attacking 

imported fire ants 



Pseudacteon sp. fly attack foraging ants 



Sequential choice tests with Pseudacteon curvatus and 

native (S. geminata) vs imported fire ants (S. invicta) 

Time 1-- 

S. invicta 

Time 2 -- 

S. geminata 

Time 3-- 

S. invicta 

P. litoralis 23/23 

2.33 attacks/fly 

2/23 

0.34 attacks/fly 

20/21 

1.11 attacks/fly 

P. wasmanni 18/18 

3.21 attacks/fly 

2/18 

3.1 attacks/fly 

8/13 

3.0 attacks/fly 

P. tricuspis 25/25 

1.91 attacks/fly 

1/25 

0.04 attacks/fly 

15/21 

1.17 attacks/fly 

P. curvatus 20/20 

1.53 attacks/fly 

13/20 

0.75 attacks/fly 

-- 

No. attacking flies and attack rate per fly Fly species 



Example #4  

Yellow starthistle 



Centaurea solstitialis  Asteraceae (sunflower family)  


