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Acceptance and suitability of exotic 

stemborers for the development of the 

Australia endoparasitoid Cotesia nonagriae 

 



 

 

 

 

Major pest species do not occur in 

Australia 

Minor pest: Bathytricha truncata 

(Noctuidae) - distributed throughout 

Queensland & NSW 

 

 

Stemborer status in Australia 

.  



Major pest are distributed 

throughout SE Asia 

 

Risk of stemborer incursions 

from neighboring countries 

PNG & Indonesia 

 

Incursion will impact other 

industries such as rice & 

cereals 

Stemborers threat  



The Cotesia flavipes species complex 
Larval endoparasitoids of lepidopteran stemborers associated with grass crops: 

sugarcane, sorghum, maize, millet, rice etc. 

Economically important for biological control 

Complex comprises four species:   

 Cotesia flavipes: Indo-Asian region 

 Cotesia sesamiae: central and southern Africa 

 Cotesia chilonis: east Asia, including Japan 

 Cotesia nonagriae:  Australia and PNG: Apanteles nonagriae   

 synonymised with Cotesia flavipes based on morphology (Austin &  

 Dangerfield 1992)  

 

  

 

 

C.  lunata 



 

 

Morphology 

 

Characterised in part by a dorso-

ventrally flattened body 

Limited phenotypic diversity 

High levels of intraspecific variability  

Male genitalia separates the complex 

into 2 morphospecies: C. flavipes/C. 

nonagriae and C. sesamiae/ C. 

chilonis  

 

 

 

C. flavipes/ C. nonagriae C. sesamiae/ C. chilonis 

C.  flavipes C.  lunata 



Taxonomically difficult group: 

 

(1) Lack of clear diagnostic characters to separate the species 

 

(2) Occurrence of host specific strains  

  

• Polyphagous- can attack a range of mothborer species 

• Some populations have a more limited host range (Potting et al. 

1997; Gitau et al. 2007; Dupas et al. 2008) 

  

• The ability to discriminate between genotypes on different hosts 

and cryptic species is crucial for biological control. 

 

 

 

 

Issues in biological control 



Polydnavirus (PDV) 
  

 

  

 

 

Virus particles are 

injected into the 

host during 

oviposition 

PDV alters the physiology 

and suppresses the 

immune response 

enabling the wasp larvae 

to develop undetected 

 

Virus is passed 

on to progeny 

via vertical 

transfer 

 

Wasp pupae Wasp larvae 



  

CrV1 genotypes in Cotesia sesamiae (Dupas et al. 2008) 

 Two populations of C. sesamiae from west & east Kenya have different CrV1 variants and 

virulence to the host Busseola fusca 

PDV CrV1 
 

 

 

 

Cophylogeny in Cotesia (Whitfield et al. 2000): 

 

C. congregata 

 

C. melitaearum 

CrV1 from Co 

C. rubecula 

 

C. glomerata 

 

CrV1 from Cr 

CrV1 from Cc 

CrV1 from Cg 

CrV1 from Cme 

C. orobenae 

C. marginiventris 

CrV1 from Cma 

Cotesia wasps 

Cotesia PDVs 

 

PDV is an important factor determining host range  

CrV1 a diagnostic tool for host biotypes  



Relationships support  

phylogeographical barriers 

& movement history of C. 

flavipes for biological 

control 

 
 

 

 

 

 

Two C. sesamiae clades 
    - East Kenya  

    - West Kenya 

 

C. nonagriae   
    - Australia 

     - PNG hybrid? 

Three C. flavipes clades 
     - Japan 

     - Indo      Indian Ocean Islands 

     - Asia      New World & Africa 

 

Absence of know host associations 



 
Two C. sesamiae clades 
    - virulent to B. fusca 

    - avirulent to B. fusca 

 

 

 

Australian C. nonagriae &  

PNG distinct 

Three C. flavipes clades 

    - Japan 

      - Asia, Africa & New World 

      - Indo, Sri Lanka, Thailand & Indian Ocean Islands 

host specific lineages 

 

PDV CrV1 



Total life cycle of C. nonagriae averaged 24 days 

 

Life cycle of C. nonagriae longer than C. flavipes (20 days) due to 

increased time larval stages within the host 

 

Potential fecundity similar to C. flavipes, however C. nonagriae allocates 

three times the amount of eggs into each host 

 

Average number of eggs allocated, cocoons, adult  progeny, cocoon weight durat ion of 

immature stages, sex ratio, adult  longevity, emergence rate and potential fecundity of C. 

nonagriae clutches on the nat ive stemborer host Bathytricha truncata (n = 18). 

 
Cotesia nonagriae 

life history parameter 

Mean (± SE) 

Egg allocation 111.61 (3.49) 

Number of cocoons 99.28 (5.37) 

Cocoon weight (mg)   0.101 (0.01) 

% Emergence 91.97 (1.04) 

Durat ions of immature stages (days) 21.07 (0.17) 

Adult progeny 91.56 (5.26) 

Sex rat io (% fem./total progeny) 52.06 (1.38) 

Adult  longevity (unfed) (days)   2.92 (0.08) 

Potent ial fecundity/ egg load 196.56 (2.38) 

 

Biology 



Pro-ovigenic species - fixed number of eggs upon emergence- ~200 

 

clutch size allocated to hosts decreased with oviposition number ~ 100 on first 

host 

 

Over 80% of the egg load allocated after the second host - most females only 

utilised 2 hosts 

 

Differs from C. flavipes in numbers allocated to each host (30-40) - utilise 4 to 5 

hosts 



Summary & Implications 

 

 

•  The Australian populations and their PDVs are genetically divergent to C. 

 flavipes populations 

•  Cotesia nonagriae life history traits differ from C. flavipes 

•   There are different PDV variants among geographic populations and  

 species of the C. flavipes complex. 

•   Important implications for the use of these wasps as biological control  

 agents; populations may have differential virulence to certain host species  

  

 

 

 

 

 

 



Aims of Postdoctoral Research Project 

1) Determine host acceptance and suitability of C. nonagriae against exotic 

hosts to test it’s potential as a biological control agent 

2) Determine if C. flavipes or C. sesamiae are compatible with Australian host 

B. truncata  

3) Test if C. nonagriae is reproductively compatible with C. flavipes or C. 

sesamiae 

4) Expand the phylogenetic framework for the C. flavipes complex and explore 

likely cryptic species e.g. Japan, China and PNG populations.  

5)   Expand the framework for the PDV - C. flavipes complex cophylogeny, in 

particular developing a phylogeny for hosts. 

 

 

 

 

 

 





 

 

  

 

 

 

 

Crambidae 

• Chilo infuscatellus Pakistan 

• Chilo partellus Kenya  

• Diatraea saccharalis USA 

• Scirpophaga excerptalis Pakistan 

 

Noctuidae 

• Sesamia grisescens PNG 

• Sesamia inferens Thailand 

• Sesamia calamistis Kenya  

• Sesamia nonagrioides Kenya  

• Busseola fusca Kenya  

• Busseola segeta Kenya  

 

Pyralidae 

• Emmalocera depressella Pakistan 

• Bissetia steniella Pakistan 

Exotic borers 



Observation Acceptance 

Most female parasitoids offered 

(>80%) preferred the PHC over 

undamaged plants 

++++ 

About 40-80% of parasitoids 

preferred the PHC over undamaged 

plants 

+++ 

Only 10-40% of parasitoids preferred 

the PHC over undamaged plants 

++ 

Less than 10% of parasitoids 

preferred the PHC over undamaged 

plants 

+ 

No parasitoids flew to the PHC _ 

Observation Acceptance 

Most larvae offered (>80%) were 

readily accepted by a female 

parasitoid.  

++++ 

About 40-80% of larvae accepted 

for ovipostion 

+++ 

Only 10-40% of larvae of larvae 

accepted for oviposition  

++ 

Less than 10% of larvae accepted 

for oviposition   

+ 

No larvae were accepted for 

ovipostion 

_ 

Acceptance 

Test 1. Host location of plant-host-complex in a 

y-tube olfactometer 
Test 2. Host acceptance in a vial 



Observation Suitability 

More than 80% of the larvae 

contained parasitoid eggs when 

dissected 3 days after onset of trial 

++++ 

About 40-80% of the larvae 

contained parasitoid eggs when 

dissected 3 days after onset of trial 

+++ 

Only 10-40% of the larvae contained 

parasitoid eggs when dissected 3 

days after onset of trial 

++ 

Less than 10% of the larvae 

contained parasitoid eggs when 

dissected 3 days after onset of trial 

+ 

No larvae contained parasitoid eggs 

when dissected 3 days after onset of 

trial 

_ 

Observation Suitability 

Most parasitized larvae (>80%) 

produced progeny  

++++ 

About 40-80% of parasitized 

larvae  produced progeny  

+++ 

Only 10-40% of parasitized larvae  

produced progeny  

++ 

Less than 10% of parasitized 

larvae  produced progeny  

+ 

No larvae produced progeny  _ 

Suitability 

Test 1. Eggs found in host Test 2. Suitability 



 

 

Moth borer species Host location Host 

acceptance 

Eggs found in 

host 

Host suitability 

Chilo infuscatellus ++++ ++ NA - 

Chilo partellus ++++ +++ ++ - 

Diatraea saccharalis ++++ + + - 

Scirpophaga excerptalis +++ ++ + - 

Sesamia grisescens ++++ ++++ ++++ ++++ 

Sesamia inferens ++++ +++ NA NA 

Sesamia calamistis ++++ ++++ +++ +++ 

Sesamia nonagrioides ++++ ++ ++ - 

Busseola fusca ++++ +++ ++ - 

Busseola segeta ++++ +++ NA - 

Emmalocera depressella - - - - 

Bissetia steniella + + - - 

•  C. nonagriae is attracted to the PHC of most hosts and will accept them for oviposition   

•  Most hosts when dissected produced encapsulated eggs 

•  Only two Noctuidae hosts (S. grisescens & S. calamistis) produced progeny 

 

 

Host Acceptance and Suitability 



Life history parameter S. grisescens S. calamistis B. truncata 

Egg allocation 86.2 (5.36) a 62.3 (6.52) b 111.6 (3.49) c 

Number of cocoons 74.6 (4.65) a 54.7 (2.66) b 99.2 (5.37) c 

Cocoon weight (mg) 0.12 (0.05) a 0.09 (0.02) a 0.10 (0.01) a 

% Emergence 76.1 (4.65) a 72.5 (6.87) b 91.9 (1.04) a 

Duration of immature 

stages (days) 

20.2 (0.56) a 21.6 (0.72) a 21.1 (0.17) a 

Adult progeny 56.4 (4.86) a 39.3 (3.91) b 91.5 (5.26) c 

Sex ratio % fem./total 

progeny 

51.8 (4.75) a 53.2 (2.65) a 52.1 (1.38) a 

Adult longevity 

(unfed)(days) 

2.7 (0.61) a 3.1 (0.35) a 2.9 (0.08) a 

Potential fecundity 192.4 (4.4) a 187.6 (8.3) a 196.5 (2.38) a 

•  No significant difference in the potential fecundity, however C. nonagriae  

 allocates more eggs into native host 

 

•  The number of adult progeny significantly differs in all three hosts 

 

 



Species Host 

location 

Host 

acceptance 

Eggs found 

in host 

Host 

suitability 

C. flavipes ++++ ++++ ++++ ++++ 

C. sesamiae ++++ ++++ ++++ ++++ 

Life history parameter C. flavipes C. sesamiae C. nonagriae 

Egg allocation 26.8 (2.56) a 12.2 (3.94) b 111.6 (3.49) c 

Number of cocoons 32.4 (3.61) a 8.6 (2.6) b 99.2 (5.37) c 

Cocoon weight (mg) 0.06 (0.06) a 0.02 (0.02) b 0.10 (0.01) c 

% Emergence 85.1 (5.45) a 64.5 (1.72) b 91.9 (1.04) a 

Duration of immature 

stages (days) 

17.8 (0.42) a 18.2 (0.54) a 21.1 (0.17) b 

Adult progeny 21.4 (4.13) a 7.8 (2.56) b 91.5 (5.26) c 

Sex ratio % fem./total 

progeny 

57.8 (2.47) a 51.2 (3.65) a 52.1 (1.38) a 

Adult longevity 

(unfed)(days) 

3.4 (0.11) a 2.8 (0.25) a 2.9 (0.08) a 

Potential fecundity 162.9 (8.4) a 145.7 (6.3) b 196.5 (2.38) c 

Both C. flavipes and C. sesamiae can successfully parasitize Australia host B. truncata 

•  Significant difference in the potential fecundity, however C. nonagriae allocates more  

        eggs into native host 

 

•  The number of adult progeny significantly differs 



Summary & Implications 
C. nonagriae is not able to successfully parasitize most tested pest hosts, but 

readily accepts most hosts species 

So, C. flavipes or C. sesamiae may have to be introduced into Australia if an 

incursion occurs 

However, both C. flavipes or C. sesamiae can produced progeny on the 

Australian native host, B. truncata  

Issues: 

Competition for resources 

Crossbreeding/hybridization: Determine if C. nonagriae is reproductively 

compatible with C. flavipes or C. sesamiae 

Potential and actual host range:  

Field trials 

Test C. nonagriae on other potential threats to the Australian sugar industry 

(e.g. Indonesia pest species) 
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