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Executive Summary 
The Monterey pine aphid (MPA) was first recorded in Australia in 1998. Native to western 
USA, it feeds on pines including Pinus radiata. In 2004, an industry study determined that 
MPA caused production losses of $Aus21M per annum, concluding that the most cost-
effective management option was biological control (May 2004).  
 
The parasitoid wasp, Diaeretus essigellae, which occurs in California and is the only known 
wasp parasitising MPA (Starý & Zuparko 2002), was an obvious choice as a biological 
control agent. As there was no evidence that MPA parasitoids had entered Australia with 
MPA, the introduction of the wasp from California was given high priority. Thus, in 2005 the 
Australian Forestry Industry (through the then Forest and Wood Products Research and 
Development Corporation) commissioned the South Australian Research and Development 
Institute (SARDI), to import the wasp, submit it to the necessary testing, gain approval from 
the appropriate regulatory organisations for release into Australian pine plantations, and to 
provide wasps for release. 
 
SARDI subsequently gained approval to import and test the wasp, and developed efficient 
culturing methods for large populations of MPA and the wasp. Host-specificity testing was 
conducted on seven non-target aphids, and based on the resultant data, permission to release 
was granted in November 2009, after a protracted administrative process. These data were 
published in the Australian Journal of Entomology (Kimber et al. 2010). Between late 2009 
and 2012, 130 individual releases (accounting for approximately 300,000 wasps) were made 
into pine plantations in Queensland, New South Wales, Victoria, South Australia and Western 
Australia. Initial monitoring of release sites occurred and small numbers of field-generated 
mummies (dead aphids containing developing wasps) were discovered at several sites. This 
indicated that released wasps were capable of parasitising MPA in forests. 
 
Subsequent monitoring, occurring post-winter 2010, has failed to provide evidence of 
establishment, although this is not surprising as large aphid populations will need to occur 
over several generations to allow significant wasp populations to develop, and this has not 
occurred since release. Given the ability of the wasp to parasitise MPA in forests, and the 
wide area and range of conditions over which large numbers of wasps were released, we 
consider the most likely outcome is that the wasp has established in low numbers, however, 
this remains to be confirmed.  
 
If the wasp has indeed established, and can provide even very low levels of control (e.g. 
10%), then the cost of the entire seven year project (~$Aus1M) would be recovered (through 
increased production) in about 6 months, indicating the high potential benefit:cost ratio for the 
project. Long term benefits are likely to be economically significant as well as having a 
positive effect on public relations through avoiding chemical use. It is recommended that 
subsequent efforts focus on improved monitoring for establishment, and continued releases 
would also be advisable subject to availability of funding. Further research on MPA/wasp 
biology (and interactions) would be advisable if establishment is ultimately thought to have 
failed.



ii 
 

          
    Female Diaeretus essigellae                                     Diaeretus essigellae adult emerging from        
                          Essigella californica mummy 
 
 

        
Pine needles containing Essigella californica mummies, before and after Diaeretus 

essigellae emergence 
 
 
 

                       
                      Essigella californica adult           Essigella californica infestation of Pinus radiata



 

1 
 

Table of Contents 

Contents	  
Executive Summary ..........................................................................................................................i	  
Introduction......................................................................................................................................3	  

Essigella californica (Monterey pine aphid) ...............................................................................5	  
Taxonomy ................................................................................................................................5	  
Endemic distribution and plant host range...............................................................................5	  
Current distribution beyond endemic range.............................................................................6	  
Host plants in Australia............................................................................................................6	  
Pest status.................................................................................................................................6	  

Diaeretus essigellae (Biological control agent)...........................................................................6	  
Taxonomy ................................................................................................................................6	  
Biology and ecology ................................................................................................................6	  
Endemic range .........................................................................................................................7	  
Current distribution beyond endemic range.............................................................................7	  
Related parasitoid species ........................................................................................................7	  
Estimated likely efficacy as a biological control agent ...........................................................7	  

Approval to import and release Diaereuts essigellae into Australia ...........................................8	  
Methodology ....................................................................................................................................9	  

Sequencing and comparison of Diaeretus essigellae 28S rDNA ................................................9	  
Culturing Essigella californica ..................................................................................................10	  

Development of a viable culturing methodology...................................................................10	  
Culturing methodology ..........................................................................................................11	  

Importation of Diaeretus essigellae into Australia ....................................................................12	  
Sourcing D. essigellae from California, USA. ......................................................................12	  
US Surveys.............................................................................................................................12	  

Culturing Diaeretus essigellae ...................................................................................................13	  
Culturing methodology ..........................................................................................................13	  

Test aphid species ......................................................................................................................16	  
List of test aphid species ........................................................................................................16	  
Culturing of test aphid species...............................................................................................17	  

Host-specificity testing ..............................................................................................................17	  
No-choice experiments ..........................................................................................................18	  
Choice experiments................................................................................................................19	  

Release of Diaeretus essigellae into pine plantations................................................................20	  
Development of a field release methodology ........................................................................20	  
Points considered when choosing the release protocol..........................................................21	  
Field release methodology for aphid mummies containing wasp pupae ...............................22	  
Timing of releases..................................................................................................................22	  
Locations of releases..............................................................................................................23	  

Post-release monitoring. ............................................................................................................23	  
Results............................................................................................................................................24	  

Sequencing and comparison of Diaeretus essigellae 28S rDNA ..............................................24	  
Discoveries associated with preferred method of culturing Essigella californica ....................24	  
Sourcing Diaeretus essigellae from California, USA................................................................25	  

US Surveys.............................................................................................................................25	  
Wasp Shipment Summary......................................................................................................26	  



 

2 
 

Culturing Diaeretus essigellae...................................................................................................27	  
Discoveries made while culturing Diaeretus essigellae ........................................................27	  

Discoveries associated with culturing of test aphid species ......................................................29	  
Host-specificity testing ..............................................................................................................30	  

No-choice experiments ..........................................................................................................30	  
Choice experiments................................................................................................................30	  

Field releases and of aphid mummies containing wasp pupae, and post-release monitoring....32	  
Bagged release methodology testing. ....................................................................................32	  
Releases and post-release monitoring. ...................................................................................32	  

Communication..........................................................................................................................37	  
Discussion ......................................................................................................................................38	  
Conclusions....................................................................................................................................40	  
Recommendations..........................................................................................................................41	  
References......................................................................................................................................42	  
Acknowledgements........................................................................................................................44	  
SARDI Disclaimer .........................................................................................................................45	  
Appendix 1 - Host plant trials for the culturing of Essigella californica. .....................................46	  
Appendix 2 - Unsuccessful methods of culturing Essigella californica on potted pine plants. ....53	  
Appendix 3 - Determining a method of culturing Diaeretus essigellae. .......................................56	  
Appendix 4 - Caged release experiment. .......................................................................................61	  
Appendix 5 - Diaeretus essigellae information sheet....................................................................65	  
 

 
 

 
 

 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 



 

3 
 

 

Introduction 
 
The Monterey pine aphid (MPA), Essigella californica (Essig), was first recorded in Australia 
(Canberra) in 1998 (Carver & Kent 2000). A native of western North America, this aphid feeds 
on members of the Pinaceae family (pines). In Australia, Pinus radiata is the mainstay of the 
national softwood plantation estate. In 2004, a report commissioned by the Australian 
Government’s Forest and Wood Products Research and Development Corporation  (FWPRDC) 
deduced that the pine aphid was causing significant economic losses through defoliation and 
associated reduction in growth-rates of P. radiata (May 2004). A cost-benefit analysis indicated 
that utilisation of biological control against the aphid would be the best strategy for reducing 
defoliation. 
 
Throughout the world, biological control programs targeting aphids have often and most 
successfully utilised the introduction of parasitoid wasps from the aphid’s area of origin 
(Yoshimi 2006). In 2005, the South Australian Research and Development Institute (SARDI) 
was commissioned by FWPRDC to undertake a project to introduce a potential biological control 
agent of E. californica into Australia. In 2002, the parasitoid wasp, Diaeretus essigellae (Starý & 
Zuparko 2002) had been described mainly from individuals that had emerged from MPA 
mummies (the dried outer skin of dead, parasitised aphids; Starý & Zuparko 2002). As part of the 
commissioned project, SARDI was to locate live D. essigellae wasps in California, import the 
wasps into quarantine, undertake host-specificity testing, apply for release of the wasp into pine 
forests in Australia as a biological control for MPA and subsequently carry out releases of the 
wasp into the Australian pine plantation estate. 
 
Diaeretus essigellae belongs to a subfamily of wasps (Aphidiinae) whose members specifically 
parasitise aphids (Sanchis et al. 2000). Female parasitoid wasps oviposit their eggs into live 
aphids. The wasp larva subsequently hatches from the egg and completes its development inside 
the aphid, feeding on the aphid tissues before pupating. This causes the death and 
‘mummification’ of the aphid and adult wasps then emerge from the aphid mummy. One female 
wasp can lay eggs in many individual aphids, however, aphidiine wasps are generally highly 
host-specific and will lay eggs only into one, or a few closely related, host aphid species (Takada 
2002). 
 
Permission to import and subject D. essigellae to host-specificity testing was gained in 2006. 
Mummies containing pupae of D. essigellae were collected at Riverside in southern California 
and transported to the Waite Quarantine Insectary (at Waite Agricultural Research Institute, 
Urrbrae, Adelaide), with the first individuals arriving in March 2007 (Kimber et al. 2010). 
During surveys to locate D. Essigellae the only other likely biocontrol agents collected were 
generalist predators that would not be permitted importation into Australia. 
 
Host-specificity testing was commenced in June 2007 and completed in January 2009. The 
testing process involved exposure of healthy parasitoids to MPA and seven additional (non-
target) test aphids, which are known to occur in Australia. No-choice tests (exposure to one host 
aphid species at a time) and choice tests (exposure to a range of host aphid species 
simultaneously) were conducted (Kimber et al. 2010). Regardless of the type of test, D. 
essigellae only parasitised MPA and no individuals from the seven test aphids were ever 
parasitised.  An application to gain permission to release the wasp from quarantine conditions 
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and hence into the Australian pine plantation estate was submitted to the relevant Federal 
government departments. After a lengthy and thorough process, permission to release was 
granted initially by the Australian Quarantine Inspection Service and then by the Department of 
the Environment, Water, Heritage and the Arts. The first release of the wasp into pine plantations 
was executed on 6 November 2009 in southern Queensland. 
 
Sue Shaw of HVP Plantations was selected by the project Steering Committee to oversee and co-
ordinate subsequent releases throughout the Australian pine plantation estate. A total of 130 
releases were dispatched from the SARDI laboratories and released into pine forests in South 
Australia, Queensland, New South Wales, Victoria and Western Australia. Prospective sites 
would be sampled for aphids and a decision made as to the suitability of the site for a release. 
SARDI Entomology would send release material to the selected site where it would be utilised. 
SARDI also released wasps at a site on Waite Campus (Adelaide) where pine aphids had been 
continually found on Pinus canariensis trees. 
 
Following the delays experienced with gaining permission to release, the difficulty of industry 
maintaining the required cultures, and considering that establishment of biocontrol agents can 
take years (often with confirmation of success requiring even more time), a suggestion for a two 
year extension of the project was first made during the Steering Committee meeting of 29 
October 2008, held at Waite Campus. This recommendation was subsequently discussed and it 
was decided to go ahead with detailed planning to fund the extension which would see SARDI 
conduct breeding and preparation of wasps for all releases, until late 2012. Steering Committee 
chair, Mr Stephen Elms (in consultation with FWPA R&D Projects Officer Dr Jugo Illic) 
conducted negotiations with a range of industry stakeholders who ultimately agreed to fund the 
extension. The Project Variation Agreement was signed by SARDI and FWPA in late March 
2010. Prior to the extended project work, SARDI produced an interim report to FWPA, 
summarising work and results up until the extension. The two year extension to the project 
commenced on 15 December 2010 and will end on 15 December 2012, when the final audited 
financial report is delivered.  
 
During the extension, Ms Sue Shaw of HVP Plantations continued to coordinate and carry out the 
majority of releases. Post-release monitoring for MPA parasitisation occurring in the plantations, 
and indications of establishment (subsequent to winter months), would be performed and/or 
arranged by Sue Shaw in consultation with SARDI and other industry representatives. 
Under the direction of Sue Shaw, some release bags have been recovered from the field for 
counting of MPA mummies and wasp emergences. This indicated that estimations of mummies 
sent for release were extremely conservative. Subsample counts of MPA mummies used for 
releases indicated that the number of mummies per individual release was most likely to be 
around 1500-2000. 
 
Post-release monitoring performed by Sue Shaw at and around release sites, recovered second 
generation (field-generated) mummies at some sites. Recoveries of low numbers of such 
mummies were also possible on the release trees situated on Waite Campus. Post-winter 
monitoring has not located significant numbers of mummies or wasps at any release site, 
although, this would not be expected, given the low aphid populations since wasp releases and 
the requirement for the occurrence of several generations of high MPA numbers, to produce high 
wasp numbers. Given the small size of the MPA mummies (~1mm), the large volume of forest 
where they potentially occur, and the lack of knowledge about preferred sites for these insects, it 
is expected that only low numbers of MPA mummies will be detected prior to significant wasp 
populations establishing.  
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In an effort to determine if consecutive generations of mummies and wasps are produced in 
enclosed conditions when the wasp is released into the forest environment, Sue Shaw and 
Stephen Elms (HVP Plantations) carried out preliminary “caged release experiments” 
(summarised in Appendix 4). Ultimately, these experiments were inconclusive as there was 
100% mortality in all controls (those not containing wasps). Temperature data collected during 
the experiments showed that extremes of heat and cold occurred. Therefore the high level of 
mortality may have been due to the experimental design restricting movement of aphids 
preventing them managing their temperature preferences by moving to protected refuges on the 
trees.  
In order to utilise extra wasps, a second experiment was conducted but failed to produce second 
generation mummies, however, this was conducted in winter months when it is expected that 
wasps/MPA would either be overwintering or exhibiting very low levels of activity (sheltering 
from adverse conditions), and therefore were again inconclusive. 
 
The following methods and results relate to the period from the appointment of the Research 
Officer (Bill Kimber) to this project in March 2006, to the completion of scheduled wasp releases 
in August 2012. 
 

Essigella californica (Monterey pine aphid) 

Taxonomy 
The aphid Essigella californica was first described in California in 1909 by E. O. Essig. Essigella 
californica belongs to the order Hemiptera, family Aphididae, subfamily Lachninae and tribe 
Cinarini. Essigella is one of three genera in the subtribe Eulachnina, and contains 14 species, of 
which E. californica is one. 
 

Endemic distribution and plant host range 
E. californica is a native of western North America from southern British Columbia in Canada, 
south through the US west coast states to Mexico (Sorenson 1994). Its range is known to extend 
eastward, with individuals having been collected in all of the Rocky Mountain states as well as 
Nebraska. Collections have also been made at more remote locations such as southern Florida 
and central Mexico (Sorensen 1994). The centre of origin is thought to be California where 
populations seem most abundant and where the aphid was first described. Essigella californica 
hosts are mostly species of Pinus, both native and introduced to North America, with the aphid 
feeding on the needles of these trees. It is quite polyphagus within Pinus, being recorded on at 
least 34 species worldwide (e.g. P. radiata, P. canariensis; Ensis Monterey pine aphid webpage 
as at May 2008), although it is notably absent from some (e.g. pinyon pines; P. edulis - Sorenson 
1994). It has also infrequently been found on Pseudotsuga spp. (e.g. P. menziesii; Ensis 
Monterey pine aphid webpage as at May 2008). Essigella californica is the most common 
species of Essigella in the western Nearctic (Sorenson 1994) however it is not considered a major 
pest in its native range where it appears to have minimal effect on its hosts. This may be due, at 
least partly, to the efficacy of its parasitoid, Diaeretus essigellae which naturally occurs in the 
endemic range of E. californica. 
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Current distribution beyond endemic range 
Beyond its endemic range, E. californica has been introduced into France (Turpeau & 
Remaudiere 1990), Spain (Seco Fernandez & Mier Durante 1992), southern Brazil (Zonta de 
Carvalho & Noemberg Lazzari 2000), and New Zealand (Carver & Kent 2000). The first 
detection in Australia, in Canberra in 1998, led to surveys that showed it was present in all pine 
growing districts in NSW, Victoria, Queensland and South Australia (Carver & Kent 2000). 
Since then it has also been recorded in Western Australia and Tasmania (Wharton et al. 2004).  
 

Host plants in Australia 
E. californica has been found in Australia on P. canariensis used as ornamental trees in parks 
and gardens, and in stands of this tree in pine plantations (Kuitpo Forest, South Australia). It has 
also been found on P. taeda in Queensland and northern NSW, and across Australia on the 
mainstay of the softwood plantation industry, P. radiata.  
 

Pest status 
In general, little is known of the biology of Monterey pine aphid, with only one small laboratory-
based study published (Wharton et al. 2004). The aphid is not recognised as a major pest in its 
native locality but has been reported as a minor pest of Christmas tree plantations in central 
California, mainly causing aesthetic problems (needle yellowing and drop-off). In Australia, 
since its introduction, it has been associated with defoliation and loss of wood production in 
Pinus radiata softwood plantations. A study in 2004 by CSIRO Forestry and Forest Products 
(May 2004) linked the aphid to defoliation of P. radiata stands and stated that if the damage 
continued at the current levels, it would lead to considerable financial losses across NSW, 
Victoria and the Green Triangle. Stone & Coops (2004) list a range of possible symptoms (at 
leaf, tree and stand scales) associated with infestation of P. radiata by E. californica, including 
decreased photosynthesis, needle chlorosis and eventual shedding, chlorosis of entire tree 
crowns, and increasing presence of understorey plant species. More severe defoliation with 
associated increases in losses in wood production seems to occur in drier years (May 2004), in 
older age classes (Smith et al 2008) and in more nutrient-deficient trees (Hopmans 2008). The 
total reduction in the amount of wood produced across these areas due to Monterey pine aphid 
was estimated to be a total of $21 million per year and of a level that required control strategies 
to be considered (May 2004).  
 

Diaeretus essigellae (Biological control agent)  

Taxonomy 
Diaeretus essigellae (Starý & Zuparko 2002) 
The parasitoid wasp Diaeretus essigellae was first described in 2002 from samples that had 
emerged from mummies of Essigella sp. (Starý & Zuparko 2002). Placed within order 
Hymenoptera, family Braconidae and subfamily Aphidiinae, the new world genus Diaeretus 
contains only two known species, D. leucopterus (Halliday 1834) and D. essigellae. 
 

Biology and ecology 
It is generally accepted that most aphidiine wasps, which are all parasitoids of aphids, have 
similar biology and all are solitary endoparasitoids, that is, one adult wasp produced per host 
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aphid (van Achterberg 1997). Due to their ability to kill host aphids and their inherent specificity, 
Aphidiine parasitoid wasps have been extensively utilised as biological control agents (Kimber et 
al. 2010; Yoshimi 2006). As mentioned, the initial description of D. essigellae was performed 
using stored museum specimens that had emerged from “Essigellae sp. mummies” found on 
Pinus sp. (Starý & Zuparko 2002) and the wasp had not been collected again until this project. 
Therefore, there is a paucity of biological information on this particular wasp species, although 
biology of other aphidiines has been extensively studied. It is likely that all hosts for wasps used 
in the formal description were E. californica, although accurate species identification of all host 
aphids was not on all labels.  Rearing this parasitoid for host-specificity testing and release has 
shown that adult wasps live for between 10 and 14 days at ~23ºC, and lay their eggs in early 
nymphal stages of the host aphid. As with other aphidiine wasps, eggs subsequently hatch and 
wasp larvae successfully develop, leading to the death of the host aphid and development of 
aphid mummies at about 11 days (at 23ºC) post-parasitisation. Adults of the next wasp generation 
emerged approximately 5 days after appearance of mummified aphids, or from about 15-20 days 
post-parasitisation. The length of all developmental processes is highly dependent on 
temperature, as it is for all insects. 
 

Endemic range  
D. essigellae was only known and subsequently described from a small number of specimens that 
were stored in the Essig Museum of Entomology (University of California, Berkeley) and the 
Entomology Research Museum (University of California, Riverside) (Starý & Zuparko 2002). It 
is likely to occur across the endemic range of E. californica but has only been recorded from 
several sites in California including Los Angeles, Marin, Mono, Riverside and Ventura Counties.  
Until mummies of E. californica were collected at Riverside, California specifically for 
exportation to Australia, live D. essigellae wasps had not been recorded. 
 

Current distribution beyond endemic range 
Although E. californica is reported to have been introduced to P. radiata plantations in several 
countries, and that it is seen as a potential problem in these countries (e.g. in France; Turpeau & 
Remaudiere 1990), no prior attempts to introduce D. essigellae as a biological control agent have 
been made. Although D. essigellae mummies have now been released in four states of Australia 
(Queensland, New South Wales, Victoria and South Australia) it has yet to be proven to be 
established. Therefore, presently, the current range of the wasp is still defined as its endemic 
range. However, we expect it to become established in Australia. 
 

Related parasitoid species  
There are only two known species of Diaeretus; D. essigellae and D. leucopterus. As aphidiine 
wasps, both Diaeretus sp. attack aphid hosts that are closely related and similar in their ecology 
(Carver & Kent 2000). Starý & Zuparko (2002) state that D. essigellae attacks E.  californica on 
Pinus spp. while D. leucopterus is a specialized parasitoid of members of the aphid genus 
Eulachnus, occurring on conifers. Therefore, both species of Diaeretus are considered specific to 
the respective host genera. 
 

Estimated likely efficacy as a biological control agent 
Due to a paucity of information on the biology of D. essigellae, there is limited data that could be 
used to estimate its likely efficiency as a biological control of the pine aphid. Prior to this project, 
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no live D. essigellae wasps had been observed and estimation of control efficiency was based 
mainly on observations of aphid populations in California. For example, Starý & Zuparko (2002) 
state that although the ability of D. essigellae to suppress populations of E. californica has not 
been tested, the fact that the aphid does not appear to be highly abundant in the wasp’s endemic 
range and is not considered a pest suggests its populations may indeed be significantly affected 
by the parasitoid. In contrast, pine aphid populations in Australia appear to be denser, to the level 
of producing noticeable affects, probably as the aphid was accidentally introduced into Australia 
without any of its associated parasitoids. 
 
Since importation of D. essigellae into the quarantine facility in Australia, and during the 
subsequent rearing process, female wasps have consistently shown a multiplication rate of 
approximately 50 or more. Five cages each containing 2 females and 3 males have produced over 
200 mummies, and it has been common for such cages to produce over 100 mummies. While 
only extended monitoring following field releases will determine the ultimate effects D. 
essigellae will have on field populations, the dense populations of pine aphids in Australian pine 
forests and the reproductive capacity of the parasitoid observed in quarantine cultures, together 
suggest that there is good potential for significant control of the pine aphid by D. essigellae. In 
addition, there are numerous examples worldwide of wasp parasitoids exerting significant control 
on host aphids in biological control programs (Yoshimi 2006); currently there is no data to 
suggest that Diaeretus should not cause a significant impact on aphid populations, however, there 
are several cases where similar parasitoids have either failed to establish in Australia, or provided 
limited control (Kimber et al. 2010; Powell & Pell 2007; Waterhouse & Sands 2001). 
 

Approval to import and release Diaereuts essigellae into Australia 
In 2004, CSIRO prepared a report entitled “Assessment of the causality of Essigella – ascribed 
defoliation of mid-rotation radiata pine and its national impact in terms of cost of lost wood 
production” (see May, 2004)  for the Forest and Wood Products Research and Development 
Corporation (FWPRDC - now Forest and Wood Products Australia). One of the key conclusions 
was “A preliminary cost benefit analysis indicates that biological control of Essigella will 
probably be the most cost effective strategy (NPV = $15 million) for reducing defoliation in the 
medium term (5-10 years)”. FWPRDC initiated a biological control project in February 2005 by 
issuing a tender for research organisations to introduce host specific biological control agents. 
SARDI won the contract for the biological control program and commenced this work in late 
2005. In order to import the wasp into Australia, import permits were required from both the 
Australian Quarantine Inspection Service (AQIS) that falls within the Department of Agriculture, 
Fisheries and Forestry (DAFF) and the then Department of the Environment, Heritage and the 
Arts (DEHA). Applications for import permits from both departments consist of a standard 
application form to be completed by the applicant as well as an accompanying information 
package with detailed and broad information covering the target species and the potential 
biocontrol agent. These were compiled and submitted concurrently to both AQIS and DEHA. 
The package took the form of a document seeking approval for a test list of aphid species for the 
host specificity testing of D. essigellae to be used as a bicontrol agent of E. californica. This 
document was required to gain approval from both AQIS and DEHA, of the submitted list of 
aphids to be used for host-specificity testing aimed at defining the level of risk of possible off-
target effects if D. essigellae was released into the Australian environment. AQIS confirmed 
approval to import D. essigellae into a Quarantine Approved Premises (QAP) in August 2006, 
with the permit being issued on 7 September 2006, under the condition that DEHA also provided 
a permit. The application submitted by SARDI to DEHA was to amend the list of specimens 
suitable for live import under the Environment Protection and Biodiversity Conservation Act 
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1999 (EPBC Act) to include Diaeretus essigellae. An import permit from this department was 
issued in February 2007 allowing for the importation of D. essigellae for the purpose of testing. 
In March 2007, the first wasps were imported into quarantine facilities at Waite (SA). 
 
Rearing and host-specificity testing were undertaken and concluded successfully in January 
2009. An application to release D. essigellae from quarantine conditions and thence into pine 
plantations across Australia was submitted simultaneously to AQIS and DEHA (now DEWHA). 
Approval to release D. essigellae was granted by AQIS (approval dated 18 February 2009). This 
approval was subject to a number of conditions and considered invalid unless accompanied by a 
permit from DEHA, which allows import of the agent without restriction and involves the agent 
being placed on a list of exotic organisms that may be imported without condition or restriction. 
Although the final report had been submitted to both AQIS and DEHA simultaneously, the 
review process regulated by DEHA did not commence until AQIS approval had been granted. 
The processes of both departments involving applications and issuing of permits for import and 
release had been subjected to broad-ranging reviews that commenced after import permits were 
granted to SARDI, but before the submission of the final report seeking permission to release. 
Due to these circumstances, alterations to protocols and requirements, and even at one stage an 
apparent lack of any rules during the hiatus between old and new protocols, the review process 
carried out by Biosecurity Australia (BA) on behalf of DEHA was protracted. The process 
involved the distribution of the report (Application to Release) by BA to 21 “co-operators”, all of 
whom could raise any issue considered relevant. Some of the queries seemed ill-informed at best 
and bordered on the ridiculous at worst, but under the legislated process had to be dealt with. 
While every issue was successfully negotiated, each caused further delays. Only after extensive 
negotiation and delays, permission to release the wasp from quarantine conditions was granted by 
DEHA on 2 November 2009 (Kimber et al. 2010). The newly introduced system for importing 
and testing biocontrol agents now places all responsibility for host-specificity testing with the 
funding body and involves these data being subject to a generic risk analysis process by AQIS 
and DEWHA, a process that may take up to 24 months (Kimber et al. 2010). Therefore, while the 
delays experienced by this project have been protracted and somewhat frustrating, the timing is 
not unusual and it is fortuitous that the previous regulatory framework was applied, rather than 
the current framework. 
 
Immediately upon receiving permission to release D. essigellae from quarantine conditions, 
arrangements were made to have the necessary AQIS supervision of release of the wasp from the 
Waite quarantine facility. Final approval for release was granted on 2 November 2009 and 
contact was immediately made with AQIS. On 3rd November, two AQIS inspectors supervised 
the removal of one emergence tent containing approximately 300 adult wasps and numerous pine 
cuttings hosting mummies. These were transported to a mature P. canariensis tree on Waite 
Road, Waite Campus, and the contents of the tent, wasp and mummies were released into the 
foliage of the tree. 
 
 

Methodology 

Sequencing and comparison of Diaeretus essigellae 28S rDNA 
DNA sequencing and comparison of D. essigellae to all other published sequences was 
performed to provide strong confirmatory evidence that the imported species was indeed D. 
essigellae. This was performed as follows: genomic DNA was extracted from whole wasps using 
the Promega Wizard kit (as per manufacturer’s instructions). Primers spanning to the D2 and D3 



 

10 
 

regions of rDNA (as per Campbell et al. 2000) were purchased from GeneWorks (Adelaide, 
Australia) and used to amplify target DNA, using PCR with iProof proof-reading polymerase 
(BioRad) under standard conditions as per supplied protocol (annealing temperature 58°C, 30 
cycles). The resultant 614 base-pair amplicon (GenBank Accession HM008960) was purified 
using the MoBio Clean-up Kit as per manufacturer’s protocol, and subsequently cloned into 
pBlunt vector (Invitrogen). Standard M13 primers were used for bidirectional sequencing of the 
cloned product and sequences were analysed using BioEdit software (freeware). Sequence data 
were compared with all known sequences on the GenBank database and aligned against the 
closest sequence (overlapping regions of sequence only) using the ClustalW2 algorithm, accessed 
through the European Bioinformatics Website: 
(http://www.ebi.ac.uk/Tools/clustalw2/index.html).  
 

Culturing Essigella californica 
As there was no established method for culturing MPA on the required scale, it was necessary to 
develop a methodology that was reliable and could produce the high numbers of aphids necessary 
initially for host-specificity testing, and subsequently for the execution of releases at numerous 
sites country-wide. 
 
To establish a reliable laboratory culture of E. californica, aphids were sourced from collections 
made from mature P. radiata trees at a number of sites in Kuitpo Forest (near Meadows, South 
Australia) and from mature P. canariensis trees in Waite Arboretum (Urrbrae, South Australia). 
When culturing phytophagous insects such as an aphid it is necessary to have healthy host plants 
that will sustain the insect. To maintain a healthy/populous culture, a constant supply of host 
plants is required, and this necessitates either growing plants or accessing plants that are at the 
optimal growth stage to support the insect population. With most pest species of aphids that 
generally feed on annual/herbaceous plants, this would be achieved by growing host plants in 
pots in a glasshouse from seed. However, E. californica is an arboreal aphid and therefore host 
trees are required. 
 
The only known culturing of E. californica prior to this project was carried out in order to study 
the development of the aphid (Wharton et al, 2004). This aphid culture was based on 10 month 
old potted P. radiata, kept uncaged in a laboratory under specific light and temperature 
conditions. At the commencement of this project, the assumption was that the culturing 
methodology described in Wharton et al, 2004 would be successful for mass rearing of E. 
californica in the numbers required for both host-specificity testing, and also for mass rearing of 
D. essigellae. Therefore, it was decided to base the culturing of the aphid on P. radiata seedlings 
or the equivalent. 
 

Development of a viable culturing methodology 
Over the initial months of the project, several methods of culturing were trialled including use of 
P. radiata rooted cuttings, potted seedlings, uprooted and re-potted stools, and 4-5 year old 
commercially grown, potted “Christmas trees”. Details of the problems involved with the 
growing and maintenance of potted pine plants to be used as host plants for aphid culturing are 
contained in Appendix 1. Appendix 2 details unsuccessful trialled methods of culturing E. 
californica on potted pine plants. 
 
All potted host plants, maintained in a variety of environments, resulted in extremely slow rates 
of aphid population growth and hence establishment, which often took up to three months. In all 
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cases, when the aphid population achieved numbers of a sufficient level to service the needs of 
the project, this proved to be a population peak and was always followed almost immediately 
with a crash. Regardless of the plant type, factors contributing to the population crash were 
invariably the same, viz:  

• build up of aphid-excreted honey-dew that not only restricted aphid feeding but brought 
about the onset of sooty mould and led to accumulation of shed aphid cuticles on the 
plants 

• deterioration of the plant through being kept in an artificially lit and heated environment 
• ant infestations in pots and the associated tending of aphids for their honey-dew 
• infestation of one or more unwanted phytophagous (or predatory) insects  

 
Removal of infested plants from cultures (for washing to remove honey-dew and sooty mould) as 
well as chemical treatment for ants and other insect pests, resulted in the requirement of a period 
of rehabilitation for aphid populations that could last for weeks to months. Fresh plants were 
introduced to the culture to enable surviving aphids to transfer to a new food source and 
hopefully increase to the required numbers. However, often the population had decreased to such 
a low level that recovery didn’t occur. When such a culture was reseeded with new aphids the 
same slow (up to three months) increase to sufficient numbers re-occurred. In the meantime, 
those plants removed and treated were effectively unavailable for culturing purposes for an 
equivalent time, leaving the number of available plants for culturing purposes at a low level. 
Exacerbating this, a significant number of the potted pines died. Disregarding the fact that 
culturing the aphid on any of the potted plant types was proving to be extremely difficult, to 
maintain the number of fresh plants necessary to support the culture would have required an 
unsustainable level of labour, space and resources. This is essentially because the required 
numbers of aphids always outweighed the capacity of small trees to sustain them, without 
removal and washing. A decision was therefore taken to investigate culturing MPA on cuttings 
excised from in-ground, older, pine trees. 
 

Culturing methodology 
Due to problems associated with using live, potted, pine plants as the host material for the MPA 
culture, cuttings excised from pine trees located in Kuitpo Forest and a range of alternative sites, 
were used. Initially, E. californica aphids were collected from mature P. radiata trees at a 
number of sites in Kuitpo Forest and from mature P. canariensis trees in Waite Arboretum. 
These aphids were used to seed an uncaged culture established in an insect rearing room with a 
set lighting regime and some control over temperature.  
 
The method for culturing E. californica based on excised pine cuttings is as follows: 

• cuttings were taken from mature trees and the basal 20 cm was stripped of needles.  
• opaque, black plastic containers (Silverlock Packaging BP1200, 2250 ml Poison Bottle, 

35 mm Finish) were filled with water containing 10 ml of nutrient solution (Dutch 
Master™ Performance Growth Supplement 1-1-5). 

• potential predators were removed from cuttings and then four or six cuttings held together 
with a foam-rubber collar, were placed in each container. 

• cuttings were then seeded with field-collected aphids and the population was left to 
multiply. Cultures were maintained in controlled environment insect rearing rooms, with 
sodium vapour and metal halide lamps providing a light regime of 13 h light: 11 h dark. 
Temperature varied from around 15°C minimum to 35°C maximum. 

• Half of the infested cuttings were removed and replaced with newly collected cuttings on 
a weekly rotation, and aphids permitted to transfer from the old plant material to the new. 
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While this method required a weekly trip to Kuitpo Forest, or an alternative site, to obtain 
cuttings of the necessary quality, and the equivalent of four person-days labour to service the 
culture, it has proved to be the only method that consistently and, most importantly, readily 
produces the required high populations of healthy aphids. Cuttings excised from trees of a range 
of ages were initially trialled. These trials indicated that cuttings from younger age cohorts would 
not sustain aphids. Successful cutting based culturing used cuttings collected from trees at least 
20-25 years old.  

Importation of Diaeretus essigellae into Australia  

Sourcing D. essigellae from California, USA. 
Diaeretus essigellae was first described in 2002 from examples that had emerged from mummies 
of Essigella sp. (Starý & Zuparko 2002). The mummies from which D. essigellae emerged had 
been collected from a number of sites throughout California, including the counties of Riverside, 
Los Angeles, Marin and Mono. There is no known record of field collections of adult wasps.  
In order to firstly locate, then collect and ship D. essigellae to Australia for the requirements of 
this project, a collaborator in western USA, was necessary. Initially, it was favourably considered 
that the project’s research officers could travel to California, survey for and locate mummies, and 
transport them to Australia. However, given a paucity of biological/ecological knowledge of the 
wasp, and only the records of collection of the aphid mummies used in describing the wasp as 
guidance, there was no definitive knowledge as to the optimal timing for collection of mummies, 
nor of a locale that would definitely produce mummies. An additional hindrance to this strategy 
was the limited allocation of funds for overseas travel restricting the length of time available in 
California, with no promise of success. Those funds initially allocated to funding a collecting trip 
were therefore diverted towards remunerating a Californian collaborator.  
 
Locating a suitable collaborator became the first priority of the research officer on appointment 
in March 2006. Researchers within the University of Adelaide, SARDI, the Australian forestry 
industry, insect research organisations across Australia, the US Department of Agriculture, 
University of California (UC), and other US organisations, were contacted in order to locate 
possible US-based collaborators. Inducements of remuneration were offered for any assistance in 
collecting mummies and posting them to Australian quarantine facilities. Following prolonged 
and unsuccessful negotiations with several likely interested parties, Dr Nadir Erbilgin of Dr 
David Wood’s laboratory at UC Berkeley, agreed to carry out the required survey and collection 
work in California over one season for a cost of $US24,224 (then $AUS32,298). A contractual 
agreement was signed on 19 July 2006, and an initial payment of $US12,122 (then $AUS16,042) 
was made to UC Berkeley. 

US Surveys 
At the time of locating Dr Erbilgin, the aphid/wasp season was at a mid-point in the US and it 
was imperative to commence surveys as soon as possible. With a view to this, Dr Erbilgin 
commenced his work prior to the contract being signed and carried out his first survey in June 
2006. This was focussed on the Monterey Peninsula in central, coastal California on P. radiata, 
and around Freemont, just south of San Francisco, on P. canariensis.  E. californica was 
collected by beating branches and sampling foliage using the following methodologies. 
 
Beating Branches. Sampling of aphids, and its natural enemies, were conducted based on the 
established protocol described in the grant proposal. Briefly, a standard white plastic tray 
(30X40X4 cm deep) was held under branches (2 branches/tree), and then each branch were 
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beaten firmly with a club (5 times/branch). Aphids and mummies were collected with an 
aspirator into glass vials. 
 
Foliage Sampling. In addition to beating branches, branches were collected to sample for 
mummies. Two branches per tree (total 10 trees) in each of 2 sites were selected. Branch tips 
about 50 cm long were cut from each tree and placed into plastic bags and taken to the 
laboratory. In the laboratory, numbers and current stages of aphids, and suspected mummies, on 
each needle were recorded. A following round of surveys was completed during July 2006. 
Surveys were suspended during high summer and both sampling protocols were repeated twice in 
each of August, September, and October 2006.With the approach of the northern winter, surveys 
were again suspended. 
 
Because the mummies that had produced the examples of D. essigellae used to describe the wasp 
were heavily represented by specimens collected from P. canariensis situated on the Riverside 
Campus of UC, it was suggested to Dr Erbilgin to undertake the next season’s surveys in that 
area, rather than in areas closer to his base, that had proved fruitless. Hence, in the spring of 
2007, Dr Erbilgin travelled from UC Berkley to UC Riverside in southern California where 
successful collections were made. 

Culturing Diaeretus essigellae 
Live D. essigellae had never before been collected or studied and hence, reared in culture. While 
numerous other Braconid wasps had been successfully cultured under laboratory conditions, 
these were generally parasitoids of horticultural crop pests. In order to culture any predator, 
parasitoid wasp or otherwise, it is necessary to have a ready supply of healthy prey or host in 
high numbers. In the case of parasitoid wasps with hosts that are herbivorous pests, it is also 
necessary to have a continuous supply of host plants to sustain the herbivore. In most 
circumstances, this is a simple matter of growing the host plant, usually a crop of agricultural or 
horticultural importance that is easily grown in pots under glasshouse conditions. In the case of 
D. essigellae, its host is an arboreal aphid. As outlined in ‘Part 3. Culturing E. californica’ of this 
report, it was not possible to culture the aphid on potted plants. Consequently, it was not possible 
to base a wasp culture on potted, easily grown, maintained and replaceable pine plants. 
 
With no culturing template specific to this wasp to use as a foundation, it was necessary to 
establish an efficient and successful methodology. This was complicated by the need to keep the 
culture in quarantine, where all material removed from the building (e.g. host plant material) 
needing to be destroyed. Commencing with a limited number of wasps created added pressure 
and an urgency to develop a successful culture methodology without delay. Initially, different 
cage sizes and styles, different ratios of female to male wasps introduced to cages, different total 
numbers of wasps, and different numbers of pine cuttings placed in cages were trialled (see 
Appendix 3). 
 

Culturing methodology 
The method of rearing D. essigellae that was found to be reliable, consistent and the most 
efficacious was based on cuttings excised from mature P. radiata. Cage size was found to be 
critical to the success of the wasp in producing sufficient numbers of mummies, and cages (see 
Figs. 2 and 3) were constructed as follows: 
1. Starting material was square P. E. T. jars (Silverlock Packaging JT6300 5000ml Square Jar) 

with two vents (approximately 100 mm x 50 mm) cut in opposite sides of the jar and covered 
with fine mesh voile.  
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2. Jars were inverted, a 15 mm hole cut into the top (for wasp insertion) and a rubber bung 
inserted (the original lid of the jar now became the base).  

3. The base of inverted jars were glued to the lids of round P. E. T. jars (Silverlock Packaging 
JT6120 650 ml Round Jar 98 mm Finish) and two 10 mm holes were drilled through the 
combination lids.  

4. The round jars were painted black to prevent the entry of UV light and subsequent growth of 
algae in the plant nutrient solution subsequently placed in these jars. 

 

 
Figure 2. Cages/arenas used for Diaeretus essigellae rearing and no-choice host-specificity testing. 

 
 
Once culture cages were constructed, P. radiata cuttings and aphids were added as follows: 
5. Fresh pine cuttings of approximately 200-300 mm in length were placed in a container 

containing water and growth supplement, and the container placed in the midst of the existing 
open E. californica culture for at least 24 hours, to allow transfer of aphids from the existing 
culture onto the cuttings. 

6. The round, opaque jars were filled with water containing the growth supplement, and the 
combination lid (referred to as the cage base) was then attached.  

7. One 200-300 mm cutting infested with at least 100 aphids (of all developmental stages) was 
inserted through one of the two holes in the cage base.  

8. A second fresh pine cutting was inserted through the second hole and the square cages placed 
over the top and screwed into position. Therefore, each culture cage contained the “seeded” 
cutting and a fresh cutting. 
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9. To facilitate addition of wasps to the cage, the rubber bung in the cage lid was removed to 
create an entry point. 

10. Wasps were added to the cage through the top hole and the bung re-inserted to seal the cage. 
11. Temperature in quarantine facilities was controlled to a maximum of 23ºC and a light regime 

of 13 hours light and 11 hours darkness was maintained by banks of 36W cool white light 
and Sylvania GRO-LUX F36W/GRO-T8 fluorescent tubes (see Fig. 3). 
 

 
Figure 3. Diaeretus essigellae culture maintained under a controlled temperature and light regime, in quarantine 
facilities at Waite, Adelaide. 
 
During the experimental phase of culturing, different female: male ratios of wasps were tested, 
with numbers varying from one pair to five pairs. The optimal number of wasps (i.e. producing 
most offspring per added female) for the cage size (hitherto determined by extensive trialling of 
cages of various sizes) was found to be 2 females and 3 males, and this was followed routinely 
when culturing wasps. 
 
Initially, cages were checked daily for the appearance of mummies. After collecting data through 
20 generations of the wasp, it was found that mummy production would reach optimum levels at 
14 days, and that emergences generally began 3 to 4 days later (at 23ºC). Mummies were 
collected by removing the needle to which the mummy was attached, cutting away excess needle 
then placing the mummy/needle-section on filter paper within an emergence cage (approx 
20x12x15 cm clear Perspex with 10 cm lid). Each emergence cage ultimately contained 100-200 
mummies. Culture cages were maintained with any apparent mummies being collected until 
mummies ceased to develop, or there was no indication of live aphids. At this point the cage was 
dismantled and the cuttings destroyed.  
 
Wasps were removed from the emergence cage each morning, sexed and utilised for further 
parasitisation in culture cages. Culture cages were set up on a daily basis until there was no 
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further possibility of the appearance of more emergent wasps. As the culture grew in size, it was 
necessary to refine this process, viz: Culture cages were dismantled on day 14. Cuttings were 
inspected for mummies and a count (if numbers were low) or estimation (if numbers were high) 
was taken and recorded. The cuttings were placed in containers of nutrient solution, five cuttings 
to each, and placed in a 60x60x60 cm emergence tent (Fig. 4). In this way, the cuttings were 
maintained for 2 weeks or more, allowing for mummies present after cage-dismantling, to 
continue development. Peak wasp emergence usually occurred 7-8 days after cuttings were 
placed in the emergence tent. To maintain maximum genetic variability, cuttings from blocks of 
cages (e.g. Cages 1 to 15 of 60 cages, etc) were placed in separate tents. Wasps were collected 
from tents, sexed and utilised in the next series of culture cages. Females collected from one tent 
were crossed with males collected from a different tent. 
 
To spread the risk associated with loss of the Australian wasp culture, two isolated wasp cultures 
(A culture and B culture) were established, each consisting of 70 cages, and set-up occurred on 
consecutive weeks. For each culture, there were 5 emergence tents allowing for a variety of 
female/male pairing and every 15 or so generations, wasps from the two cultures were also 
mixed. These measures were again used to maximise genetic variability in the wasps. 
 

 
Figure 4. Emergence tents containing cuttings hosting mummies after removal 

from culturing cages. 
 

Test aphid species 

List of test aphid species 
The list of aphids used in the host specificity testing of D. essigellae was compiled using 
standard methodology. To have a ready supply of these aphids to carry out all necessary testing, 
individual cultures of each had to be established. Aphids were gathered from a number of sources 
(Table 1). This table also indicates the host plants used to maintain the aphids. To combat pest 
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infestations and other factors detrimental to the test aphid cultures from interfering with testing, 
multiple cultures of each aphid were maintained. Duplicate cultures of the same species were 
kept in separation to limit any cross contamination of duplicate cultures. During the host-
specificity testing phase, the project maintained at least 2 cultures of each test aphid as well as 3 
or 4 cultures of MPA, and the 2 cultures of D. essigellae. 
 
 

Test Aphid 
Species 

Test Aphid 
Common Name 

Host Plant in Culture Source of Test Aphid 

Pineus pini Woolly Pine Aphid potted Pinus radiata seedlings ForestrySA seedlings, Mount 
Gambier, SA 

Toxoptera aurantii Black Citrus Aphid potted Citrus sp. root stock 
seedlings 

Qld Dept. of Employment, 
Economic Development and 

Innovation 
Myzus persicae Green Peach Aphid potted cabbage (Brassica sp.) 

plants 
Waite Campus, Urrbrae, SA 

Aphis gossypii Cotton Aphid potted Hibiscus sp. seedlings CSIRO Entomology, Perth, WA 
Rhopalosiphum padi Oat Aphid potted oat (Avena sartiva) 

seedlings 
CSIRO Entomology, Perth, WA 

Therioaphis trifolii    
f maculata 

Spotted Alfalfa Aphid potted lucerne (alfalfa; 
Medicago sativa) 

Waite Campus, Urrbrae, SA 

 
Cinara tujafilina 

 
Cypress Pine Aphid 

potted Juniper sp. seedlings and 
cuttings from mature Juniper sp. 

trees 

Private property, Kadina, SA 

Neophyllaphis lanata A plum-pine Aphid Excised cuttings from mature 
Podocarpus spinulosus 

Qld Dept. of Employment, 
Economic Development and 

Innovation 
Table 1 List of aphid species used for host-specificity testing, including their common names, host plants used for 
culturing, and sources that test cultures were derived from. All of the test aphid species are exotic to Australia except 
for the native aphid Neophyllaphis lanata. 
 

Culturing of test aphid species 
The seven test aphid species were sourced from various localities and established on selected 
host plants (Table 1). All test aphid cultures were maintained in controlled environments in the 
Waite quarantine facility glasshouse, the Insectary glasshouse and a glasshouse in the Waite 
Campus Plant Research Centre. Most of the aphids (except for P. pini and C. tujafilina) were 
cultured in 650 mm x 800 mm x 1000 mm, fine mesh covered, aluminium cages. Due to the 
larger size of host plants, P. pini was cultured in a glasshouse in the Plant Research Centre, while 
C. tujafilina was cultured in an insect rearing room in the Waite Campus Insectary complex. 
Both were maintained as uncaged, open cultures. 
 
All cultures were established in duplicate several months prior to the commencement of host-
specificity testing, and maintained to ensure viable, fit and readily accessible test aphid 
populations. Exotic crop and Juniper host plants were either raised from seed on a weekly 
rotation in a glasshouse, or bought as potted plants from retail nurseries. Permission to obtain 
Podocarpus spinulosus cuttings from established plants in the Adelaide Botanic Gardens was 
kindly granted by the relevant authorities. 
 

Host-specificity testing  
Host-specificity testing was carried out in the Waite Quarantine Insectary (QAP No. S0226) in 
Adelaide, South Australia, using the approved list of test aphids (Table 1). Two types of host-
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specificity tests were conducted; no-choice and choice (Kimber et al 2010). All host-specificity 
tests were carried out in a laboratory in the quarantine facility. Temperature was controlled to a 
maximum of 23ºC and a light regime of 13 hours light and 11 hours darkness was maintained by 
banks of 36W cool white light and Sylvania GRO-LUX F36W/GRO-T8 fluorescent tubes. 
 

No-choice experiments 
No-choice testing provides the most conservative approach to determining host range as it places 
fecund female parasitoids in close proximity with only one species of aphid. These conditions 
therefore provide the greatest chance of drawing out non-target effects as the lack of host choice 
may lead to attempted parasitisation by D. essigellae even if this were never to occur in nature. 
 
Cages for no-choice host-specificity tests were identical to those cages used in rearing D. 
essigellae, that is vented inverted square P. E. T. with enclosed infested cuttings that were 
maintained in nutrient-water solution (see 5.2). Positive-control cages were identical in 
construction but contained only the target aphid E. californica. In each no-choice test, 5 test cage 
replicates were used in addition to 3 positive-control cage replicates, which were used to show 
that wasps and environmental conditions were suitable for parasitisation (i.e. that non-
parasitisation of test aphids was due to the host type and not fitness of wasps or culture 
conditions). Due to availability of wasps, one of the trials on M. persicae had only 2 controls, 
although remainder of the trials on this aphid had the standard 3 controls. When wasp numbers 
were low on days where tests were to commence, a lesser number of test aphid cages were used. 
For each test aphid, no-choice tests (including replicates described above) were conducted at 
least 5 times with a minimum total of 25 test replicates and 15 control replicates per aphid 
species (summarised in Table 2). 
 
Controls were conducted as follows: 
1. Cuttings of 20-30 mm in length (taken from mature P. radiata) were placed within the 

existing E. californica culture and left for a minimum of 24 hours to allow for aphid transfer 
to new cuttings 

2. On the day of a given test, the new cuttings were removed from the aphid culture and 
inspected to ensure at least 100 aphids (covering all developmental stages) had transferred 
onto them.  

3. Suitable cuttings were then placed into culture cages (see 3.3.2) before addition of 2 female 
and 3 male wasps that had emerged within the previous 12 h (as in 3.3.2).  

 
Experiments on test aphids were generally conducted as follows: 
1. 3-4 days prior to a test commencing 7-8 potted host plants were introduced to aphid cultures 

to ensure establishment of aphids on these plants.  
2. On the day of the test, the potted host plants were inspected to confirm sufficient quality and 

that at least 100 aphids of all developmental stages had established on the plants. 
3. 5 replicates were generally set up whereby the best 5 plants were selected and cages placed 

over them. Potted plants were regularly watered during the testing period. 
4. 2 female and 3 male wasps (that had emerged within the previous 12 h) were subsequently 

added to each cage, as for control cages. 
 
Tests on P. pini and C. tujafilina deviated from this methodology in that cuttings from host plants 
of these aphids were used rather than whole potted plants (due to the hosts being trees). The P. 
pini culture was based on P. radiata potted saplings and infested cuttings were excised from the 
saplings and placed in cages identical to those used for controls, with the base of the cuttings 
immersed in nutrient solution (see 5.3). For C. tujafilina, cuttings excised from mature Juniper 
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sp. trees were placed within the C. tujafilina culture and given time for aphid infestation. Aphid-
infested cuttings were selected and treated identically to control cuttings. Due to the 
characteristics of these two aphid species, a minimum of 50 aphids per arena was used (compared 
to at least 100 for the other five test species). 
 
Experience gained during rearing of the wasp showed that mummies generally began to appear 
11-13 days post-parasitisation and new mummies continued to appear for a several days 
following. Cages were inspected daily at about 8-9 days after wasp exposure. After the initial 
mummies began to appear in the control cages, a further 2-3 days were allowed before all cages 
were assessed. An estimate of the number of aphids in the arenas was made during this 
assessment and all mummies collected, counted and placed in emergence cages. Culture material 
was kept for a further period to ensure that delayed mummies were not produced in non-target 
cages. 
 

Choice experiments  
Choice experiments are conducted in order to expose potential non-target effects in a semi-
natural situation with multiple potential host aphids, each on one of their natural host plants (van 
Lenteren et al. 2006). The target aphids were also present as positive controls (to show that 
introduced wasps are healthy and able to parasitise a suitable host). Such testing provides a more 
natural situation and is less conservative (than no-choice tests) in that wasps are less likely to 
parasitise an unusual host given a choice of hosts, one of which is the natural host. It is highly 
unlikely that aphids that are not parasitised in no-choice tests will be parasitised in choice tests, 
although it is possible that wasps that are induced into ovipositing due to the presence of specific 
host cues may inadvertently attack nearby aphids which are not the normal host. 
 
Arenas for choice host-specificity tests were BugDorm-2120 Insect Rearing Tents (white, 60 cm 
x 60 cm x 60 cm); see Figure 8. In each choice test, a control P. radiata cutting infested with E. 
californica was placed into nutrient solution within a given tent. A selection of test aphid-
infested plant material (either potted plants or cuttings treated as for the control) was also placed 
in the tent (Fig. 8). Potted plants were regularly watered during the test period. In most 
experiments, 5 test aphid species were compared against E. californica in a single cage (except 
for the initial test in which 4 were used). In all cases, only healthy plant material was selected and 
then inspected to ensure at least 100 aphids (at least 50 for P. pini and C. tujafilina) of all 
developmental stages had infested the host plant. Five pairs of wasps (emerged within the 
preceding 12 h) were released into the tent (8 pairs were used in the first test only). Tents were 
regularly inspected over the following days and from day 8-9, daily inspections were carried out. 
Two-three days after the first mummies appeared on the control plant, the tests were dismantled. 
All mummies present in the tent were then counted, collected and placed in emergence cages. All 
plant material was thoroughly scrutinised for presence of mummies and kept for a further period 
to ensure that delayed mummy development was not occurring. 
 
With seven test aphid species and arenas that held only 5 host plants (plus a control), it was 
necessary to perform a combination of tests to ensure each test aphid species underwent at least 5 
replications. The placement of the control and test aphid host plants within the arena was arrived 
at through randomisation in order to reduce variation associated with relative plant positioning. 
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Figure 8. Typical examples of choice host-specificity tests. Diaeretus essigellae wasps were added to arenas 
containing different combinations of 6 aphid species (5 test aphids and the target, pine aphid) each contained on its 
relevant host plant. Pine aphid was the only aphid species to be parasitised by Diaeretus essigellae. 
 

Release of Diaeretus essigellae into pine plantations 

Development of a field release methodology 
Two methods of release were considered. Caged release or bagged release. 
 
Caged release. 
During the development of a mass rearing methodology and host-specificity testing of D. 
essigellae, consideration was devoted to developing a release protocol. Initially, caged releases 
were planned, either through containing an aphid infested seedling within a mesh tent, or 
sleeving an infested branch on a mature tree and releasing live adult wasps into the closed 
environment thus created. Factors considered were: 

• During beat sampling for aphids, a broad range of aphid and generalist predators were 
collected, often in high numbers. 

• Examples of these predators included M. tasmaniae and H. conformis, both voracious 
predators of aphids with the capability of decimating prey populations. Previously, we 
had observed populations of these predators peaking some weeks after the peak aphid 
population. However, in more recent seasons, H. conformis has been found in plantations 
in noticeable numbers almost throughout the year, even at times when there have been 
minimal or no aphids. 

• The efficacy of an insectivorous predator is known to increase in an enclosed situation to 
the point of eradicating their prey. 

• Under these conditions, any aphids into which the wasp has oviposited is likely to be 
consumed by a predator before mummification and hence prevents emergence of the 
contained wasp which would represent the next wasp generation. Monitoring to determine 
establishment of the wasp within these caged environments is likely to give a false 
negative for establishment, may conceal any indications that the wasp is a successful 
parasitoid of E. californica under field conditions, or generally reduce the efficiency of 
(or prevent) localised establishment of a wasp population. 
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Caged releases would have allowed close monitoring of secondary parasitisation of field aphids 
if successful, however, the likelihood of any enclosed aphids being eradicated by like enclosed 
predators outweighed that of any parasitised aphids surviving to form mummies. In addition, 
caging could reduce the extent of spread of emerged wasps. 
 
Bagged release. 
Experience with handling the wasp from the initial arrival of the first mummies from California, 
through development of culturing methods and host-specificity testing, highlighted the 
susceptibility of adult wasps to manual handling and transportation. Coupled with the decision 
not to use the caged release methodology (above), it was decided that live wasp releases were not 
the best option. Alternatively, with the experience of the transportation of mummies from the US 
resulting in emerging live and viable wasps, it was decided that release material should consist of 
the more robust pupal stage of the wasp, contained within mummies. 
 
The agreed number of wasps per release was to be 500. Mass rearing indicated that it was 
common to achieve a production rate of 50 mummies per cutting. With an expected emergence 
rate of 70-80%, a conservative estimate of required mummies to achieve 500 live and viable 
wasps was 650 mummies. To achieve the highest possibility of having 500 live wasps on arrival 
at the release site, 20 cuttings hosting at least an estimated total of 650 mummies would be 
packaged and transported to the site (estimates were shown to be highly conservative as 
discussed previously). These were pre-packaged in 4 paper bags (each containing five infested 
cuttings) for transport to collection sites. Subsequent transport to release sites, and release of 
wasps, would be conducted by industry representatives.  
 

Points considered when choosing the release protocol 
There are advantages/disadvantages of both proposed release methods. Release of adults has 
advantages such as potentially quicker establishment and the fact that the sex and exact number 
of adults released is known. In addition, adults can be released under optimal weather conditions 
and there is no lag period (prior to adult emergence from host mummies) where conditions may 
become sub-optimal. However, adult D. essigellae are extremely small and have been found to 
be quite fragile when handled, shaken about during transport or enclosed in small containers. 
Under these conditions, wasp mortality can be high.  Shipping of mummies from California to 
Australia showed that while some damage may occur, mummies are robust and survive quite 
harsh treatment during transport. In addition, as the wasps have lived part of their relatively brief 
adult life, the amount of useful lifetime in the field is reduced compared to having them emerge 
in plantations. For these reasons, it was decided that the primary method of release would use 
mummies as ‘inoculum’. Attempts would be made to monitor aphid populations and weather 
forecasts such that adult wasps will emerge under beneficial conditions.  
Other factors considered included; 

• Fragility of wasps based on experience in vials after collection from emergence cages. 
• Estimation of mummy numbers can be as far out as 50% or more. Potential for healthy 

aphids to begin to exhibit parasitisation symptoms once inside bags. 
• Gender ratio. In laboratory during culturing gender ratio variable but generally about 2:1 

males:females. 
• Release figure of 500 wasps while generally accepted as enough for establishment given 

sufficient hosts and favourable conditions, is arbitrary. When using this figure to score 
mummies, the following  must be considered: 

o emergence rate 
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o gender ratio of emergents (only females lay eggs into aphids and hence perform 
the “inoculation” in the field). 

• More wasps per site will give a better chance of establishment. It would be better if 
thousands of wasps were released at a low number of sites and establishment was 
achieved at these, than to have a long list of release site where low numbers of wasps 
were released, potentially diluting or preventing establishment. 

 

Field release methodology for aphid mummies containing wasp pupae 
The preferred method for field releases is a follows; 

• 10-20 pine cuttings with at least 50 mummies per cutting were selected from culture 
cages. (The number of cuttings would be decided based on estimation of mummy 
numbers). 

• To achieve the maximum number of live wasps, in the right gender mix, to escape from 
the bags into a pine plantation, the estimated number of mummies sent for release would 
be no less than 650 and most often about 800. These numbers are always conservative 
estimates made at time of cage dismantling. 

• Apparently healthy aphids would also be included as most would mummify during 
transport. 

• Cuttings would be divided and placed in four brown-paper bags with at least 20 holes pre-
punched for wasp exit. Bags would be packed in a polystyrene cooler and transported to a 
pre-selected collection location for further transport to release sites by industry 
representatives. 

• On arrival at the release site, bags would be attached to mature pine trees and the 
parasitoid permitted to emerge naturally. 
 

This method was tested prior to adoption, as follows: on four occasions, cuttings containing an 
estimated total of at least 500 mummies were selected from the wasp culture. These were placed 
in brown paper bags as described above and the bags were then placed in emergence tents. After 
the wasps had emerged then left to die naturally, dead wasps were collected, sexed and counted. 
 

Timing of releases 
To ensure D. essigellae has the best chance of establishment, it would be optimal to carry out 
releases during the season when pine aphid numbers are highest. The timing and magnitude of 
peak aphid populations changes each year due to variable localised weather conditions, therefore 
aphid populations require local monitoring. Monitoring carried out in South Australia over 
previous years of the project, indicated that time of high MPA abundance spans the months from 
September through to May, depending on local environmental conditions. Generally two peaks in 
aphid numbers were noted, one in December and another in March/April, which could be utilised 
for release of the wasp. Between these peaks, during the hottest part of summer, populations 
tended to reduce. Indeed, during the summer of 2007/2008, a time of prolonged drought and 
record heat in South Australia, aphids were present only in small numbers in pine plantations 
situated in Kuitpo Forest, south east of Adelaide, even in the ‘normal’ peak periods. 
 
Since commencement of field releases in November 2009, aphid numbers have proved to be 
extremely variable and relatively low. However, as aphid sampling is done at eye level, it is 
probable that in reality there were reasonable populations of aphids present, if eye-height 
sampling collects 10 or more per beat-sample. Taking this into consideration, and with an initial 
difficulty finding sites with high aphid numbers, releases were carried out at a number of sites 
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that may have been considered sub-optimal. Although during early stages of release, the wasp 
cultures intermittently failed to produce sufficient mummies to allow for a release, production of 
mummies continued to improve, often enabling double releases to occur during weeks scheduled 
for one. This trend continued with many shipments of release material containing the equivalent 
of two releases. Depending on the availability of sites, many of these shipments have been 
utilised as a single release.  
 
As co-ordinator of releases, Sue Shaw devised a schedule, albeit reliant on availability of 
mummies, which attempted to give all stakeholders equal opportunity to release wasps into their 
plantations. Releases continued to be made during the sub-optimal winter season, with initially, 
many of these going to areas of Queensland and northern NSW where aphids persist during these 
cooler months. Due to the cycle of culturing, release material was generally available 2 weeks 
out of 3 and this was reflected in the planned schedule. The schedule of releases was flexible by 
necessity due to a variety of factors and can never be considered rigid.  
 

Locations of releases 
In consultation with stakeholders, through monitoring of aphid populations, and with a view to 
achieving a balanced distribution of releases amongst stakeholders, Sue Shaw selected specific 
release sites. The aim was to release wasps into all jurisdictions through Australia. However, the 
selection of release sites would be determined by the presence of aphids in reasonable numbers.  
Several releases of live adult wasps were made on the Waite Campus (Table 5). 

• These wasps were emergences from mummies set aside for maintenance of the wasp culture 
and surplus to these requirements. 

• A limited number of mature P. canariensis exist within the precinct of the Waite Campus. 
• Aphids persist on only some of these trees. 
• Multiple releases have been made on these trees which are regularly monitored for mummies. 

 

Post-release monitoring. 
A protocol for monitoring release sites following the placement of bagged mummies was 
devised. Uncontrollable factors such as inclement weather, available human resources and 
improvements learned through experience deemed that the methodology should be flexible. 
 
Monitoring (assessment is presence or absence of wasps and/or mummies) 
Four weeks after release. 

• Collect paper bags (4 per release site) for assessment in the laboratory for 
emerged/unemerged mummies and dead wasps remaining in the bags. 

• Inspect the 4 release trees for aphids and mummies through visual searching and beating 
• If no mummies are found; inspect infested trees 10m away, in each direction 
• If no mummies are found, move to another area where there many aphids and inspect up 

to five trees at that site 
Eight weeks after release. 

• Repeat as for four weeks; monitoring can stop if mummies are detected as we know the 
wasps have parasitised aphids in the field 

After winter (next season) 
• Search trees where previous mummies found 

Mummy presence indicates that wasps have ‘established’ 
 
Monitoring was to be carried out by Sue Shaw, or by industry staff where practicable. 
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Results 

Sequencing and comparison of Diaeretus essigellae 28S rDNA 
When DNA sequence of D. essigellae was compared to all other published sequences, the closest 
match was D. leucoptertus (GenBank Accession AJ245690), providing strong confirmatory 
evidence that the imported species is indeed D. essigellae (Kimber et al, 2010). 
 
The sequence data that were compared with all known sequences on the GenBank database and 
when aligned against the closest sequence (overlapping regions of sequence only) using the 
ClustalW2 algorithm, accessed through the European Bioinformatics Website (Fig. 1) shows that 
the two Diaeretus species differed by 18 nucleotides within the aligned region, with the greatest 
difference being a four base-pair deletion in D. essigellae relative to D. leucopterus. 
 
 
 
 D. essigellae    ACCCAAAAGATCGAATGGGAAAATTCATCGTTAATATGTTTAATATTAATATATTTAATG 201 
 D. leucopterus   ACCCAAAAGATCGAATGGGAAAATTCATCGTTAATATGTTTAATATTAATATATTTAATG 60 
                
 
 D. essigellae    ATATGTTTTATTTTATTTTTTTTTAAAAAATAATTTATTTCATACATAAATATATTATTT 261 
 D. leucopterus   ATATGTTTTATATTATTTTTTTTTAAAAAATAATTTATTTCATACATAAATATATTATTT 120 
                             * 
 
 D. essigellae    TAATGTTTTACATGTCAGCGTGCACTTTTTCCCTAGTAGGACATCGCGACCTATTAAATG 321 
 D. leucopterus   CAATGTTTTACATGTCAGCGTGCACTTTTTCCCTAGTAGGACATCGCGACCTATTAAATG 180 
                  * 
 
 D. essigellae    TTGATTTACGACCAAATTGGATTAGCCTTTGATAAAAAAATT-TAATT----ATTTATTT 381 
 D. leucopterus   TTGATTTACGACCAAATTGGATTAGCCTTTAATGAAAAAATTATAATTTATAATTTATTT 240 
                                                *  *        *     **** 
 
 D. essigellae    ATTAAAGACCAATTTGTGTTTTTCTAATCAAGTATTTGATAGTAATCGTATGATATTAAG 436 
 D. leucopterus   ATTAAAGACCAATTTGTGTTTTTCTAATCAAGTATTTGATAGTAATCGTATGATATTAAG 300 
                     
 
 D. essigellae    TCGCAAATTAAATTTATATTTTTTTTGCGTTTTTTTACACGTTG-CAAGCAAGGCTATTT 496 
 D. leucopterus   TCGCAAATTAAATTTATTTTTTTTGCGT-TTTTTTTACACGTTGGCAAGCAAGGCTATTT 359 
                                   *      ** **               * 
 
 D. essigellae    TTATTTGTTACAGATTTATATGCTGTCTTTTAAAAATTAAGTCAGCTGTTAGCTACGTTG 534 
 D. leucopterus   TTATTGGTTACAGATTTATATGCTGTCTTTTAAAAATTATGTCAGCTGTTAGCTACGTTG 419 
                       *                                 * 
 
 D. essigellae    TTCTAAAACTGACTTTTAATATCTGTCGGCGATGCTATTGCTTTGGGTACTTTCAGGAC  614 
 D. leucopterus   TTCTAAAACTGACTTTAAATATCTGTCGGCGATGCTATTGCTTTGGGTACTTTCAGGAC  478 
                                  * 
 
 
Figure 1. ClustalW2 alignment of 28S rDNA from the two known species of Diaeretus. Differences between the 

sequences are denoted with asterisks. Numbers indicate nucleotide positions in the total respective sequences 

deposited in the GenBank database (only overlapping regions are shown in the alignment). 

 

Discoveries associated with preferred method of culturing Essigella californica 
The methodology of culturing E. californica (described above) in an open, controlled-
environment culture based on cuttings taken from mature P. radiata in Kuitpo Forest and placed 
in containers of hydroponic nutrient solution, proved to be the best for producing and 
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maintaining a high population of MPA. However, this method has not been without problems, 
which led to the following discoveries: 

• the most efficient culturing method proved to be extremely time-consuming and labour-
intensive 

• seasonal infestations of aphid predators such as Brown lacewings (Micromus tasminiae), 
Green lacewing (Mallada signatus) and Common spotted ladybird (Harmonia conformis), 
necessitating the total shutdown of the culture and subsequent re-establishment. (Small 
numbers of any of these predators’ larvae, and possibly eggs, can be inadvertently 
introduced into the culture on the cuttings from the forest, even after thorough washing of 
the cuttings). In the enclosed environment of the glasshouse, and presented with a 
prodigious food source, predator populations will grow exponentially. Each M. tasminiae 
larva has the capability to consume around 100 aphids a day. Therefore an infestation 
would ultimately, and quite swiftly, eradicate the MPA culture. H. conformis had a 
similar effect. 

• infestation of ants foraging for aphid-excreted honey dew, which is almost pure sugar. 
While tending the aphids, ants defend against predators. If ants are transferred into the D. 
essigellae culture they interfere with the ability of the wasp to oviposit into the aphids. 

• seasonal fluctuations in quality of P. radiata cuttings as an aphid food source. Aphid 
cultures produced highly inconsistent numbers, a factor which was found to be due to 
variation in cutting quality in the field. Indeed, this also appeared to effect aphid numbers 
in the field where the level of aphids witnessed, seemed to correlate with levels produced 
in culture. Aphid numbers in both culture and at field sites were highest in spring and 
autumn and lower in winter and at the height of summer. Inconsistent aphid numbers in 
culture and difficulty sourcing good quality cuttings (i.e. able to support aphid 
populations) has also been exacerbated by persistent drought and/or low rainfall 
conditions in SA, over the preceding few years. 

• difficulty with locating trees in plantations of the required age that have branches at an 
accessible height proved problematic 

• occasional infrastructure breakdown (air-conditioners, lighting) caused decimation of 
cultures requiring considerable time to recover. 

 

Sourcing Diaeretus essigellae from California, USA. 
US Surveys 
During the first survey in June 2006, whilst E. californica were found in relatively high numbers, 
there was no evidence of either mummies or adult D. essigellae, which were required for 
importation (Table 1 and Table 2). A following round of surveys was completed during July 
2006. Again, in terms of finding mummies of E. californica, adult D. essigellae, or any other 
potential biocontrol agents of MPA, the results were negative (Tables 1 and 2). The results of 
suveys during August, September, and October 2006 were again negative. (Tables 3 and 4). 
 
Surveys in the spring of 2007 were successful with the collection of 167 mummies that were 
despatched to the Quarantine Approved Premises (QAP) on the Waite Campus, Urrbrae, South 
Australia, arriving on 23 March 2007 (Kimber et al 2010). Dr Erbilgin completed a further 3 
collection trips resulting in shipments of 23 mummies in March, 576 in April, and 182 in May 
(Kimber et al 2010). A payment of $AUS14,720 was then made to UC Berkeley for the 
successful second round of surveys. These surveys again found no additional, potential 
biocontrol agents of MPA, except for non-specific predators such as already exist in Australia, 
and would not be permitted for import into Australia due to their lack of specificity. 
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Sites Species 
Monterey  Freemont 

Adult E. californica 42 15 
Immature E. californica 89 33 
Adult D. essigellae 0 0 
Mummies of D. essigellae 0 0 

Table 2. Total number of Essigella californica collected by beating foliage of Pinus radiata and P. canariensis on 
the Monterey Peninsula and in Fremont, respectively along coastal and inland California in June and July of 2006.  
 

Sites Species 
Monterey  Fremont 

Adult E. californica 22 13 
Immature E. california 62 29 
Adult D. essigellae 0 0 
Mummies of D. essigellae 0 0 

Table 3. Total number of Essigella californica emerged from cut branches of Pinus radiata and P. canariensis on 
the Monterey Peninsula and in Fremont, respectively along coastal and inland California in June and July of 2006. 
 

Sites Species 
Monterey  

Adult E. californica 62 
Immature E. californica 112 
Adult D. essigellae 0 
Mummies of D. essigellae 0 

Table 4. Total number of Essigella californica collected by beating foliage of Pinus radiata on the Monterey 
Peninsula along central, coastal California in August, September, and October of 2006. 
 

Sites Species 
Monterey  

Adult E. californica 57 
Immature E. california 89 
Adult D. essigellae 0 
Mummies of D. essigellae 0 

Table 5. Total number of Essigella californica captured from cut branches of Pinus radiata on the Monterey 
Peninsula along central, coastal California in August, September, and October of 2006. 
 

Wasp Shipment Summary 
A total of 948 mummies were imported into Australia (see Kimber et al 2010). These mummies 
produced a total of 121 live wasps which could be utilised for culturing purposes and formed the 
basis of the entire Australian population. 

• The first shipment received on 23 March 2007 yielded 24 wasps. With a universal lack of 
experience in culturing D. essigellae, it was necessary to experiment with rearing 
methodologies to find a successful method for this specific wasp. Trialling less-than-
optimal cage sizes, and cage wasp numbers, is likely to have restricted breeding success. 
The 24 wasps available produced only 4 mummies.  

• The second shipment produced no live wasps. 
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• 83 live wasps emerged from the 576 mummies that arrived in the third shipment. This 
permitted the establishment of 16 culture cages. Eight of these cages produced the next 
generation of mummies, a total of 203 mummies being collected. The wasps that emerged 
from these mummies were the first Australian generation, and were then only known D. 
essigellae to exist outside of their natural range. 

• The fourth shipment produced 14 wasps, which were added to those that emerged from 
the third shipment’s second generation, and successfully used to establish the next series 
of culture cages. 

 
It was hoped to retain the services of Dr Erbilgin, or at least Dr Wood’s laboratory with a view to 
having further mummies collected during the 2008 season in order to increase the genetic basis 
of the Australian wasp culture. However, during the off-season, Dr Erbilgin relocated to Canada, 
and Dr Wood entered semi-retirement and declined the offer of further collaboration. Sustained 
efforts to locate other potential collaborators in the USA through a variety of contacts, failed. 
Reasons offered for the refusal to accept collaborative work were varied and included the 
simplicity of the task, no possibility of generating publishable results, insufficient remuneration 
and a lack of available researchers. The wasp culture has been maintained in sufficiently high 
numbers and no inbreeding depression has been noticed.  
 

Culturing Diaeretus essigellae 

Discoveries made while culturing Diaeretus essigellae 
The project began with a dearth of knowledge concerning D. essigellae. During the process of 
developing the most efficacious method of culturing, the following characteristics of the wasp 
were determined (at 23°C). 
 

• Mummy formation occurs at 11 to 13 days after the wasp oviposits an egg into an aphid 
after introduction of wasps to aphids in a culture cage, the first mummies almost always 
appeared at 11 days, although in some instances it was 12-13 days. Mummies continue to 
form within the cage over the next few days. 

• From mummy formation to wasp emergence was on average, 5 days. 
• Emergence rates averaged between 70% and 80%, with the remainder of mummies being 

damaged in handling or non-viable. 
• Following emergence from a mummy, a wasp can survive for up to 10 days when 

provided with a sugar source. Longevity depends on conditions in the cage. If conditions 
in the cage are less than optimal for sustaining the wasp, expiration may occur more 
rapidly. 

• A single female wasp is capable of producing 100 or more mummies. Again, this is 
dependent on the individual female wasp, conditions in each individual cage, as well as 
the number and stage of aphids introduced into the cage at the time of assembly. On six 
occasions, cages containing 2 female wasps have produced over 200 mummies; 218 
mummies (real count), 250 (estimated), 210 (estimated), 286 (estimated) and 200 
(estimated). All six cages were dismantled at 14 days. Experience has shown that with 
live aphids remaining on the cuttings there is a reasonable probability that more mummies 
will develop. Early quality control comparison of real counts to estimated mummy 
numbers indicated that estimations were always conservative, often significantly so. 
Cages producing between 100 and 200 mummies (estimated) at 14 days, from 2 female 
wasps, is not uncommon when the culture is not affected by poor quality cuttings. 
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• The number of wasps produced in culture is closely related to the quality of the pine 
cuttings as a food resource for the host aphids. Low quality cuttings produce diminished 
numbers of aphids and hence lower numbers of mummies, and generally these mummies 
produce smaller, less robust wasps with decreased longevity. In general, low quality 
cuttings also last for less time in nutrient solution before browning occurs. 

• The wasp culture produced the greatest number of mummies during spring (Fig. 5) as 
expected.  

• During flowering and pollen production, all flowers must be removed from culture 
cuttings. Pine flowers produced high volumes of pollen and in an enclosed cage situation 
this causes interference to mummy production. The mechanics of this are unknown but it 
may be that large amounts of pollen inhibit the wasps from ovipositing or reduce the 
efficiency of host-finding. Removal of flowers from cuttings is an example of the 
laborious and time consuming processes involved in generating significant wasp 
populations. 

• As of 30 July 2012, the cultures have produced 95 generations of D. essigellae.  
 

 
 

Figure 5. Seasonal changes in mummy production of both A and B cultures of Diaeretus essigellae. Production of 
mummies peaked during spring in 2010 and 2011, while the trend since culturing began was of a steady increase of 
numbers due to continual refining of techniques, it fell away towards the end of the project.   
 
As the culture was maintain in a controlled environment of 21-23ºC and a light regime of 13 
hours light and 11 hours darkness, the above characteristics reflect the behaviour of the wasps 
under these conditions and will vary when placed in the open environment subject to ambient 
conditions. Mass rearing of D. essigellae has been successful overall. Although the number of 
mummies produced per generation is quite variable, and there have been crash events, overall the 
production of mummies has shown an upward trend.  
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Figure 6. Mummy production achieved with the D. essigellae A Culture, after its creation by splitting of the original 
single culture. As the number of cages varied from 50 to over 80, only the first 50 cages of each generation have 
been considered, therefore overall numbers would be higher in some instances. 
 

 
Figure 7. Mummy production achieved with the D. essigellae B Culture after its creation by splitting of the original 
single culture. As the number of cages varied from 50 to over 80, only the first 50 cages of each generation have 
been considered. 
 

Discoveries associated with culturing of test aphid species 
• Infestation of cultures by a parasitoid wasp (Aphidius colemani), which is cosmopolitan, 

well established within the Waite complex and attacks a number of aphid species (Kimber 
et al. 2010), was a frequent problem culminating in highly reduced aphid culture 
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populations, on more than one occasion. This necessitated the elimination of the infested 
culture, often requiring sourcing of fresh aphids, and the establishment of new, viable, 
parasitoid-free cultures. 

• In the case of Aphis gossypii and Cinara tujafilina, the cost of procuring host plants from 
nurseries was significant, and when out of their growing seasons, extremely difficult. 

• C. tujafilina proved difficult to source. 
• Pine seedlings hosting Pineus pini suffered infestations of Glasshouse thrips, Cypress 

mite and Mealy bug. 
• Toxoptera aurantii host plants (Citrus sp.) were expensive until much cheaper citrus root-

stock seedlings were sourced, and then maintained in glasshouse conditions, to achieve 
the necessary maturity to sustain the aphid. 

• Due to the number of cultures and their size in some cases, space was always an issue, 
especially during the colder and hotter months when controlled environmental conditions 
were a necessity. 

Host-specificity testing  

No-choice experiments  
A total of 42 no-choice tests were performed covering all seven test aphid species, with a total of 
125 controls (Kimber et al. 2010). Table 2 summarises numbers of experiments, controls and 
replicates associated with each test aphid in addition to numbers of mummies scored. None of the 
test aphid species was able to be parasitised by D. essigellae in no-choice tests. In addition, D. 
essigellae rarely failed to produce mummies in positive control cages and produced some 
mummies in every group of replicates. This is strong evidence that the wasp is specific to its 
target aphid and is highly unlikely to produce off-target parasitisation once released into the 
Australian environment. 
 

Choice experiments  
A total of 21 choice tests were performed covering all test aphid species (Kimber et al. 2010), in 
various combinations, each with one control cutting containing E. californica aphids. Table 3 
summarises numbers of experiments and replicates associated with each test aphid, in addition to 
numbers of mummies scored. None of the test aphid species was able to be parasitised by D. 
essigellae in choice tests. In all choice tests wasps were able to parasitise E. californica, 
producing mummies. This is again strong evidence that the wasp will remain specific to the 
target aphid, once it is released. 
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Table 6. Summary of test aphid species, number of tests, number of test/control replicates and number of mummies 
produced in no-choice host-specificity testing on Diaeretus essigellae. No test aphids were able to be parasitised by  
D. essigellae (*). 

 
 
 
 
 

 

 

 

 

 

 

 

Table 7. Summary of test aphid species, number of test replicates (one per experiment) and number of mummies 
produced in choice host-specificity testing of Diaeretus essigellae. No test aphids were able to be parasitised by D. 
essigellae (*). In all tests, Essigella californica aphids were used as controls with mummies produced on each 
occasion. 

 

 
 

Test Aphid 

 
Total 

Experiments 

 
Total 

Replicates 

Total 
Mummies 
Produced 
from Test 
Aphids* 

Total 
Number 

of 
Controls 

Total Number 
Controls 

Producing at 
least One Pine 

Aphid 
Mummy  

Rhopalosiphum padi 

Oat aphid 
5 25 0 15 14  

Myzus persicae 

Green Peach aphid 
6 30 0 17 16  

Aphis gossypii 

Cotton aphid 
5 23 0 15 15  

Toxoptera aurantii 

Black Citrus aphid 
7 30 0 21 19  

Therioaphis trifolii f maculata 

Spotted Alfalfa aphid 
6 26 0 18 17  

Cinara tujafilina 

Cypress Pine aphid 
8 34 0 24 23  

Pineus pini 

Woolly Pine aphid 
5 25 0 15 15  

Neophyllaphis lanata 2 10 0 10 10 

Test Aphid Total 
Replicates 

Total Mummies 
Produced* 

Rhopalosiphum padi/Oat aphid 17 0 
Myzus persicae/Green Peach aphid 18 0 

Aphis gossypii/Cotton aphid 17 0 
Toxoptera aurantii/Black Citrus aphid 7 0 

Therioaphis trifolii f maculate     Spotted Alfalfa aphid 16 0 
Cinara tujafilina/Cypress Pine aphid 13 0 

Pineus pini/Woolly Pine aphid 16 0 
Neophyllaphis lanata 2 0 
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Field releases of aphid mummies containing wasp pupae, and post-release 
monitoring 

Bagged release methodology testing. 
The testing of this method indicated that when an appropriate number of mummies were placed 
in paper bags, the number of wasps emerging was more than the estimated number of mummies 
originally enclosed. 
 

Tent No. cuttings Females Males Total 
I 20 254 368 622 
B 10 262 404 666 
C 10 236 345 581 
E 30 185 389 574 

Table 8. Results of “paper bag release” methodology testing. Bags containing an estimated 500 mummies were 
placed into tents and adult wasps allowed to emerge. These tests proved the “paper bag release” method produced 
the required number of live wasps in acceptable gender ratios. A higher number (estimated) of mummies would be 
selected for actual release shipments to cover losses due to handling and transport. 
 

Releases and post-release monitoring. 
Under the direction of Sue Shaw, releases were performed and release bags recovered from the 
field for counting of mummies. When assembling material for shipment to selected release sites, 
cuttings with sufficient numbers of mummies were selected from the wasp culture and placed in 
four bags. A tally of mummies estimated on these cuttings was kept and depending on the 
production level of the culture, the aim was for a total no lower than 750. As the selected cuttings 
also hosted many aphids of all stages of development and there was an expectation that many of 
these had been parasitised and not yet become mummies, mummies continued to develop during 
transport and after the bags had been placed at the release site. 
 
The indications of post-release counts were that estimations of mummies sent for release were 
extremely conservative. Subsample counts of mummies contained in release bags indicated that 
the number of mummies per release site was most likely to be around 1500 to 2000. This figure 
was based on the results of sampling bags from 35 releases to 20 April 2011. The average 
number of mummies per release determined by these counts was 2081 (Table 9).  
 
With the number of releases at almost 130 and the estimates of mummies contained within each 
varying from 500 to 1800, the average (from estimates) number of mummies dispatched per 
release was 830. However, the figures determined from post release counts suggest that the actual 
number of mummies available at release sites would be approximately three times the estimate at 
point of dispatch. The total number of mummies sent to release sites, based on post-release 
counts stands at 300,000. 
 
Timing of releases was determined by availability of mummies and the necessity to meet set 
milestone. Therefore releases took place throughout the year. During winter months where 
possible, releases were made in northern NSW and Queensland where aphid populations 
persisted throughout the year (Table 10). 
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Site Name 
Total 

mummies  
Unemerged 
mummies  

Emerged 
mummies  

Dead 
wasps in 

bags  

Wasps 
emerged 

from bags 
Stanthorpe 1 A 2623   341   2282   62   2220 
Stanthorpe 2 B 2628   243   2385   22   2363 
Rennick 1116   118   998   15   983 
The Bluff 2073   113   1960   66   1894 
Kilsby 1777   46   1731   20   1711 
Lidsdale B 2616   288   2328   404   1924 
Longford 1672   301   1371   31   1340 
Ovens 863   67   796   4   792 
Nangwarry 1805   306   1499   98   1401 
Green Hills 2829   463   2366   285   2081 
Jacksons 2618   441   2177   176   2001 
Bagdad 2043   646   1397   210   1187 
Warrenbayne 2761   719   2042   207   1835 
Berkins 1906   525   1381   115   1266 
Burbyng 2337   434   1903   133   1770 
Shelley 1462   413   1049   198   851 
Brennans 1814   550   1264   137   1127 
Dorodong 1975   578   1397   162   1235 
Ballarat 1764   501   1263   393   870 
Maryvale 2111   453   1658   211   1447 
Bradvale 1777   506   1271   100   1171 
Flynn C 1770   591   1179   109   1070 
Glen Donald 2412   946   1466   152   1314 
Dorodong B 2069  258  1811  55  1756 
Dorodong B 2447  276  2171  65  2106 
Warrenbayne D 1982   346   1636   92   1544 
Warrenbayne D 2349   346   2003   132   1871 
Dorodong B D 1341  446  895  107  788 
Warrenbayne D 2443  284  2159  25  2134 
Jacksons D 2461  95  2366  38  2328 
Bagdad D 2132  55  2077  21  2056 
Warrenbayne D 2308  166  2142  42  2100 
Warrenbayne D 2405  262  2143  66  2077 
Rennick D 1616  153  1463  35  1428 
Dorodong B D 2534  205  2329  111  2218 
                
Average 2081   357   1725   117   1607 
Minimum 863   46   796   4   792 
Maximum 2829   946   2366   404   2081 

 
Table 9. Numbers of mummies and wasps in 35 releases carried out between 6 November 2006 and 20 April 2011. A 

Based on 100% count of 2 bags + 10% subsample of 2 bags. B Based on 10% subsample of 4 bags. 
CBased on 20% subsample of 3 bags. DAdditional release at site.  

 
Initially conditions in both Tasmania and Western Australia precluded these two states from 
receiving releases, however Western Australia have received 7 releases in total. No releases were 
sent to Tasmania with all offers declined due to a lack of aphid populations. The total of releases 
sent out from SARDI stands at 130. A number of these releases were dispatched as double 
releases and at times low aphid numbers determined that these double releases were combined at 
one site. 
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Year State Spring Summer Autumn Winter Total 
              

2009 Queensland 2       2 
  Victoria 1       1 
  South Australia   2     2 
  New South Wales   1     1 
              

2010 Queensland       3 3 
  Victoria 4 3 6 3 16 
  South Australia 3 2 2   7 
  New South Wales 2 3 1 3 9 
              

2011 Queensland 1       1 
  Victoria 5 3 6 1 15 
  South Australia 1 2 2 1 6 
  New South Wales 2 1 2   5 
  Western Australia 1     4 5 
              

2012 Queensland     1   1 
  Victoria 1 1 3 1 6 
  South Australia 1 3 1 2 7 
  New South Wales 3 1 2 2 8 
  Western Australia   1     1 

              
              

Total   27 23 26 20 96 
              
       

 
Table 10. Summary of Release shipments by Year, State and season (many of the 96 shipments contained 8 release 
bags and were treated as either one release event or split into two release events of 4 bags each). Sites in Queensland 
offered aphid populations throughout the year. 
 
All releases and subsequent monitoring events in pine plantations have largely been co-ordinated 
or performed by Sue Shaw of HVP Plantations. Post-release monitoring indicated mummies had 
been recovered at 10 sites in plantations since releases commenced (Table 11). Despite the 
discovery of mummies putatively created by released wasps, because the introduced wasps must 
go through an overwintering phase, it would not be known for certain if wasp establishment was 
successful until after aphid populations became significant after a period of winter. 
There has been no recovery of wasps or mummies post-winter 2012 at any site. 
Therefore there has been no indication that wasps overwintered successfully or if establishment 
has been achieved. This could be a function of limited monitoring both spatially and temporally 
due to restricted resources, or could be due to plantations experiencing low aphid populations. 
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Date of release  Release site 
Number 

mummies 
Date of 

recoveries 
    recovered   
        

27-Nov-09 Rennick, Victoria 1 4-Feb-10 
        

14-Dec-09 Lidsdale, NSW not available not available 
        

17-Dec-09 Sunny Corner, NSW 1 4-Feb-10 
        

15-Feb-10 Green Hills, NSW 2 
reported Aug 

2010 
        

8-Mar-10 Warrenbayne,Vic 16 
reported Aug 

2010 
        

Nov-09 Stanthorpe, Qld not available 
reported Aug 

2010 
        

4-Feb 2010, March       
and April 2011 Ovens, Vic 13 May-11 

        
August, September       

and December 
2010 Dodorong, Vic 2 Apr-11 

        
Numerous releases Myrtleford, Vic not available reported Feb 2013 

        
not available Kinkella, Vic 6 Feb-12 

        
 
Table 11. Recovery of mummies during post-release monitoring. * Releases were made at Myrtleford, Victoria in 
2010, 2011, and 2012. **Where date of recovery was not recorded, the date of initial reporting is shown. 
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The releases made within the Waite campus produced mummies and these were collected and 
placed in emergence cages in the laboratory. Wasps did emerge from these mummies (Table 12). 
No mummies were found following winter. The release trees were over 30 metres in height and 
only eye-height branches were monitored. 
The following table shows the results of releases on trees within the Waite campus. 
 

Release 
location Date Mummies Days since  Wasps Comments 

   recovered last release observed   
           

Pinus 
canariensis  23-Nov-09 1 20 0 Mummy collected 20 days after last release.  

Waite Road,         . 
Urrbrae; next 

to  6-Oct-10 1 275 0 
Emerged mummy observed 275 days since 
last release.  

 Security 
building.       

 26-Oct-10 1 20 0 Mummy observed 20 days since last release. 
      
 3-Nov-10 1 8 0 Mummy observed 8 days since last release. 
            
            

Pinus 
canariensis  30-Mar-10 1 15 0 Mummy collected 15 days after last release.  
Fullarton 
Road; in           

Waite 
Arboretum. 12-May-10 2 28 1 Mummies collected 28 days after last release. 

          Live wasp on needle feeding on honey-dew. 

  7-Jul-10 11 20 0 

Mummies collected 20 days after last release. 
Six mummies found intact, placed in cage. 3 
wasps emerge 

         
  21-Jul-10 6 14 0 Mummies collected 14 days after last release, 
          found intact placed in cage. 1 male emerged. 
  31-Aug-10 3 55 0 Mummies collected 55 days after last release. 
            
  7-Sep-10 6 49 0 Mummies collected 49 days after last release. 
            
  21-Sep-10 5 14 0 Mummy collected 14 days after last release. 
            
 9-Nov-10 7 47 0 Mummies collected 47 days after last release. 
      
            

Pinus 
canariensis  10-Nov-10   2  50 0  Mummies observed 50 days after last release. 

near Urrbrae 
House           

            
 
Table 12. Releases of live wasps on P. canariensis trees located within the precinct of University of Adelaide’s 
Waite Campus, Urrbrae, South Australia, and mummy recoveries during post-release monitoring.  Releases have 
been made on an additional two trees which have apparently failed to support aphids since; no mummies have been 
found on these two trees. 
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Communication. 
There have been various methods by which we have communicated the progress and results of 
the project to the industry and scientific community. 
 
Any of these communications can be obtained from SARDI or relevant industry participants, and 
include the following: 
 
Wasp information pamphlet (Appendix 5)  
This was produced by SARDI Entomology project members in conjunction with Mr Stephen 
Elms of HVP Plantations (Chair Steering Committee) as an information resource for forestry 
industry field workers engaged in monitoring activities, and to aid in answering questions 
concerning the wasp from the general populace. 
 
Scientific publication 
Kimber, W.R, Glatz, R.V., Caon, G. and Roocke, D. (2010). Diaeretus essigellae Starý and 
Zuparko (Hymenoptera: Braconidae: Aphidiini), a biological control for Monterey Pine aphid, 
Essigella californica (Essig) (Hemiptera: Aphididae: Cinarini): host-specificity testing and 
historical context. Australian Journal of Entomology, 49, 377-387. 
 
This is an important communication as it grounds the project in peer-reviewed science, 
demonstrates that industry has followed world’s best practice, and communicates the project to 
the broader scientific community. 
 
Seminars 

(1) Richard Glatz, presentation to Pine Aphid Steering Committee, 29 October 2008. Pine 
Aphid Biological Control. 

(2) Bill Kimber, SARDI Waite Seminar Series (open to all at Waite Research Precinct), 24 
February 2011. Introduction of the wasp Diaeretus essigellae for the biological control of 
Monterey Pine Aphid in Australia. 

(3) Charlma Phillips. FWPA Forestry Roadshow, Mount Gambier, 19 August 2011. 
Monterey Pine Aphid Biocontrol. 

(4) Richard Glatz (presenter) and Charlma Phillips. FWPA Ideas Fair, Canberra, 28 October 
2011. Introduction of the wasp Diaeretus essigellae for the biological control of 
Monterey Pine Aphid in Australia. 

(5) Charlma Phillips (presenter) & Richard Glatz. FWPA Forestry Roadshow, Tumut, 11 
November 2011. Biological control of the Monterey Pine Aphid (Essigella califonica). 

 
 
Australian Forest and Timber Magazine article 
Matthew Lovering, issue of 01 May 2012. A tiny wasp saves the day. 
 
Film  
Matthew Lovering. Shown at FWPA Ideas Fair (prior to seminar by Richard Glatz) Canberra, 28 
October 2011.Wasp Aphid. 
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Discussion 
Being a wasp from the subfamily Aphidiinae, Diaeretus essigellae (MPA biocontrol agent) is an 
endoparasitic idiobiont that should target specific aphids (from one to a few closely related 
species from a single subfamily) causing their death and ‘mummification’ (van Achterberg 1997; 
Sanchis et al. 2000; Takada 2002). This specificity has made members of Aphidiinae prime 
candidates for biological control of aphids around the world (Powell & Pell 2007), and they have 
been utilised widely in Australia (Waterhouse & Sands 2001; Powell & Pell 2007). Indeed, 23 
species of Aphidiinae have been purposely or accidentally released in Australia (prior to this 
project) for the control of pest aphids (Kimber et al. 2010). There have been various levels of 
success; in most cases establishment has occurred although in five cases establishment is thought 
to have failed and in one case establishment appeared to be limited to certain areas. Levels of 
control have also varied although this has rarely been assessed in detail. However, there has been 
significant control of most of the agricultural/horticultural pests. 
 
D. essigellae was previously only known (and described) from a small number of specimens that 
were stored in the Essig Museum of Entomology (University of California, Berkeley) and the 
Entomology Research Museum (University of California, Riverside) (Starý & Zuparko 2002). As 
live D. essigellae had not been previously witnessed in natural environments, there was a paucity 
of knowledge regarding its biology. There are only two known Diaeretus species; D. essigellae 
and D. leucopterus. Starý & Zuparko (2002) stated that in its natural range, D. essigellae 
parasitises MPA on Pinus spp., while D. leucopterus is a specialised parasitoid of members of the 
aphid genus Eulachnus, occurring on pines. Both species of Diaeretus were considered specific 
to their respective host aphid genera, with both occurring within the subtribe Eulachnina (Starý & 
Zuparko 2002). Similarly, MPA is not a pest in its home range of western USA and so minimal 
work has been performed to elucidate its biology. However, enough was known to develop a 
successful culturing methodology and provide many thousands of wasps for releases in Australia 
and this project therefore focussed on pragmatic issues surrounding culturing, host-specificity 
testing and release of wasps. 
 
Host-specificity testing required to gain permission to release an exotic species into the 
Australian environment was performed by SARDI researchers over a period of 19 months. The 
results of these experiments indicated that D. essigellae was host-specific to E. californica, as 
expected. While kept under optimal conditions the culturing program has shown the wasp is 
capable of breeding outside of its natural range. Results of initial post-release monitoring (prior 
to onset of winter), at least at some release sites, recovered mummies produced in the forest 
environment. There is also the indication from the results of the caged release experiment that 
this indeed occurs.  
 
However, to achieve establishment, two requirements are necessary: 

• that released wasps are able to survive cooler months when aphid activity is low or non-
existent 

• high aphid populations must occur for several generations. Population dynamics of 
parasitoids and their hosts are governed by a mathematical relationship known as Delayed 
Density Dependence (i.e. that wasp populations are dependent on aphid populations, and 
that the rise and fall in yearly wasp populations will be delayed relative to the change in 
aphid populations) (Williams and Leibhold, 1995). Therefore, it is impossible to achieve 
large wasp populations without this pre-requisite, regardless of environmental conditions 
or levels of existing wasp populations. 
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While we have a relatively poor understanding of overwintering biology in this particular 
aphid:wasp pair, it is known that winter diapause is highly induced under conditions that 
correspond to cooler months in many of the release areas, viz: 9 hours light per day and mean 
temperature of 15°C (Langer & Hance 2000). Indeed, many of the southern plantations would 
have more extreme conditions (although rarely subject to snowfall as in California where MPA 
occurs naturally in pine forests). However, it should be noted that only a certain percentage of 
wasps are likely to enter winter diapauses (with others simply reducing activity and 
development) and that the exposure to cold is required to generate cold-tolerance in a population 
and allow selection for diapausing individuals (if in areas where diapause is critical) in released 
populations. 
 
At the time of writing, we have been unable to confirm either of the above requirements; 
however as aphid populations have not been high for a significant period since wasps have been 
released lack of confirmation is not surprising. Additionally, the relatively poor understanding of 
the biology of this system has meant that there is no firm biological basis on which to target 
releases and monitoring, except for the presence of host aphids (which intuitively should be a 
strong positive indicator of suitability for the wasps). It should be noted that monitoring of high 
foliage is yet to be undertaken. It is possible that small wasp populations could exist for a number 
of years before conditions (environment and aphid levels) become near optimal leading to 
production of significant wasp populations that are easily noticeable. It should be noted that it is 
possible that the accidental introduction of pine aphid into Australia occurred many years before 
it was noticed due to large populations developing. Indeed, the aphid was widespread in eastern 
Australian pine forests by the time its distribution was investigated (Carver and Kent, 2000). 
 
Monitoring of aphid population levels in Kuitpo Forest pine plantations by SARDI researchers 
throughout the life of the project found that drought was correlated with crashes in aphid 
populations; this was noted during 2007, 2008 and 2009. Prior to these droughts, aphid 
populations though unstable due to weather conditions and low in winter, persisted for months at 
very high numbers. During the drought years, aphid populations were almost unnoticeable and 
persisted for a week or two at most. Only during 2012 did the Kuitpo aphid population increase 
to an appreciable level, though still low compared to that pre-drought, and persisted for only 
about 5 weeks. During discussions with members of the forestry industry involved in the project, 
the question has been raised as to the state of the aphid populations across Australia during the 
years wasp releases have been performed. The general consensus seems to be that populations of 
aphids have been significantly diminished. It should be noted that sampling for aphids during 
winter often indicates that there are no aphids present in the forest yet this is clearly incorrect as 
populations invariably appear once conditions become suitable. Thus, the lack of aphids/wasps 
during previous monitoring is not necessarily an indication of their absence, particularly given 
the relative lack of host aphids since release. Thus, the establishment of released populations 
remains ambiguous at present. 
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Conclusions  
The forestry industry, with this project, has attempted to provide a long term solution to the lost 
production caused by MPA (estimated by the industry in 2004 to be ~$Aus21M per annum). The 
project has run for seven years at a total cost of ~$Aus1M. Despite involving a pest and potential 
biological control agent whose biology was not characterised, the project has used best practice 
and has been grounded in science, producing some notable achievements such as the import, 
culturing, host-specificity testing and release of an exotic biocontrol agent. Approximately 130 
releases, accounting for many thousands of wasps, have been made across all pine-growing states 
except Tasmania where the problem is less severe. 
 
Releases and subsequent monitoring have been conducted over two full seasons. While there is 
evidence that released wasps have parasitised aphids in forests, there is no evidence that wasps 
have survived winter months and permanently established. However, there is also no evidence or 
obvious reason that they have not established. Indeed, the lack of extended periods of significant 
aphid populations in pine forests since releases have been occurring means that it has been 
impossible for large populations of wasps to be generated. Additionally, the relative lack of 
biological knowledge about these species, and the difficulty in sampling large trees for low 
numbers of minute insects, has further reduced the chances of detecting established populations. 
Industry monitoring is ongoing although there is minimal insect activity in winter months and 
effort will increase in spring. 
 
Given the ability of the released wasps to parasitise MPA in pine forests, the large number of 
sites where releases have occurred (and associated range of local climatic conditions), and the 
large number of wasps released (often multiple releases per site) we consider that the most likely 
outcome has been low level establishment which is difficult to detect with current monitoring 
techniques. However, as mentioned above, this remains to be proven and may not be the case. 
 
One advantage of biological control is that it is an ongoing solution with a relatively low cost of 
implementation. In this case, if the agent establishes, even a minimal level of control will repay 
the industry investment many times over due to the significant lost production caused by MPA 
every year. 
 
In the immediate future, it may be wise to invest in upkeep of the aphid and wasp cultures to 
allow continued releases, provide material for research/testing and prevent the cost and time-
limitation associated with re-importing the wasp for these purposes if establishment has not been 
successful. Additionally, it would be advisable to conduct an expanded monitoring program that 
can cover larger volumes of forest (particularly high foliage) and perhaps use passive methods to 
reduce labour costs (e.g. sentinel plants and/or sticky traps). The purpose of expanded monitoring 
is to confirm establishment as soon as possible so that industry resources can be used more 
efficiently to optimise the biocontrol, or used for other purposes. Research into the detailed 
biology of MPA and the wasp, and the likely effect of climate change, would also be useful in 
aiding establishment and monitoring, and in optimising the level of control in the medium-long 
term. 
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Recommendations 
There are four broad recommendations that should be considered at the current time, given the 
outcomes of the MPA biological control project: 
 

1. Maintain wasp culture and continue releases until establishment confirmed. This should 
be a key priority given that establishment is unconfirmed at present. The culturing process 
SARDI has developed for production of thousands of wasps per generation requires the 
maintenance of healthy aphid cultures in order to continually provide material for wasps 
to parasitise. This is labour intensive and has required a full time technical officer. It is 
possible that industry could take over this work, however, it is quite technically 
challenging and experience has played a big role in preventing loss of the wasp culture 
(this was a key reason that the initial project was extended for two years). 
 

2. Expand current monitoring techniques to confirm establishment. This is a priority as once 
establishment has been confirmed, attention can focus at optimising control, or 
monitoring effort can be reduced or suspended. It should be noted that without further 
releases, monitoring may simply inform industry of establishment. However, it will not in 
itself change the likelihood of establishment and will not be able to confirm failure of 
establishment as it will be impossible to know if small numbers of wasps are present. This 
could be conducted at the most promising sites (e.g. where previously recovered or best 
climatic conditions, or across a range of sites with some chosen in every state). It would 
be advisable to develop monitoring methods so that they: 

• are capable of sampling foliage from the total forest volume (including high 
foliage, foliage of various ages, and foliage in various forest micro-climates). 
Note that ‘shooting down’ of high foliage would be a viable option as aphid 
mummies are stuck to foliage, 

• are passive and don’t require checking often (e.g. sticky traps and/or sentinel 
plants) 
 

3. Research to understand biology of MPA and the parasitoid wasp. Because the wasp was 
described from dead specimens, and MPA is not a pest in its native range, there is a 
paucity of biological knowledge for each insect. In addition, factors that regulate their 
interactions are known in a general sense but not explored in detail for these two species 
(e.g. conditions producing overwintering behaviour). This was not a focus of the current 
project but would allow industry to refine release/monitoring protocols and predict most 
promising sites for establishment. 
 

4. Research to maintain/enhance efficacy of control. This is not a priority until 
establishment is confirmed but may have significant benefits to the level of control 
achievable by established populations. This research could include:  

• strategies for optimising health and conservation of wasp populations through 
provision of additional resources 

• investigating if hyperparasitisation by native wasps is occurring and how to reduce 
levels if it is  

• modelling the expected effects of climate change on MPA and Diaeretus, 
including their interaction. This would allow industry to predict future 
effectiveness of the biocontrol agent and take steps to prevent reductions to levels 
of MPA parasitisation 
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Appendix 1 - Host plant trials for the culturing of Essigella 
californica. 
 
Based upon the only known culturing of E. californica (Wharton et al, 2004) and the assumption 
that this methodology would not only be successful and sustainable for the life of the project, but 
transferable to mass rearing of aphids in the very high numbers required to complete all 
necessary host-specificity testing and resultant mass rearing of D. essigellae, several attempts 
were made at rearing the aphid on potted pine plants. 
 
For host plant material trials included potted Pinus radiata seedlings, potted P. radiata rooted 
cuttings and potted P. radiata "Christmas trees" (3-4 year old 1.5-2 metre trees grown in 45 cm 
pots from seedling stage). Although never tested in aphid culturing, a number of Pinus radiata 
stool-beds uprooted from the field in Mt Gambier were transported to Adelaide and placed in 
pots to determine their suitability as possible host plants. 
 
Seedlings  
Dr Charlma Phillips of ForestrySA at Mt Gambier, South Australia supplied the first shipment of 
seedlings. A hundred were sent bare rooted to Waite Campus, arriving in October 2005. These 
were potted immediately and placed in a glasshouse. To attain a size that would be suitable for 
culturing aphids, the plants were maintained in the glasshouse and allowed to grow. Attempts to 
inoculate a small number of seedlings with MPA commenced in November. Over the next 
several months, seedlings were removed from the glasshouse at regular intervals for use in aphid 
culturing. However, by mid August 2006, only four of the original hundred seedlings remained 
alive.  

 

 
Figure 1. Pinus radiata seedlings from ForestrySA, Mt Gambier after arrival at Waite Campus (bare-rooted) and 
subsequent potting.The seedlings are shown in a glasshouse where they were maintained. In very short time, their 
condition began deteriorating. 

 
An additional twenty seedlings were sourced in August 2006, potted using a different soil mix 
containing coco peat, and also placed in the glasshouse environment. This batch of seedlings 
suffered attack from Cypress mite, and after their appearance deteriorated were moved to a 
shade-house situation. Slow improvement saw 14 surviving at February 2007. Unfortunately, 
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while the quality of plants maintained in the shade-house environment was improved, there was a 
higher incidence of attack by phytophagous insects that included a Mealy bug as well as 
lepidopteran (moth) larvae. A third shipment of one hundred seedlings arrived in early October 
2006, were again potted in coco peat soil and placed within the glasshouse. By late October about 
fifty percent had died.  Early December saw 35 alive and by the end of January 2007 only 16 
remained. 
 

 
Figure 2. Pinus radiata seedlings from ForestrySA, Mt Gambier. The majority seedlings from Mt Gambier that 
were potted and kept in a glasshouse, ultimately died. 
 
Between October 2005 and February 2007, potted seedlings were placed in a variety of 
conditions to determine the optimal location for growth and survivability. Locations included, a 
large glasshouse with controlled temperatures and natural light, a small glasshouse with 
controlled temperature and growth lighting, uncovered outdoors, a controlled environment (CE) 
room and finally a shade-house with natural light and ambient temperature. When maintained in 
glasshouses and CE rooms, plants were often infested with Cypress mite, Mealy bug and 
Glasshouse thrips, all of which, if left untreated, resulted in the ultimate death of the plant. 
Treatment options were limited to chemical insecticides which if used, would be detrimental for 
subsequent aphid culturing. When moved into a shade-house situation, plants continued to be 
attacked by Mealy bugs which were tended by ants that established nests in the pots. Glasshouse 
thrips, Cypress mite and other phytophagous insects such as lepidopteran larvae, were also a 
problem in this situation. Different watering regimes and fertiliser applications were also trialled 
with no apparent effect on mortality. 

 
Rooted cuttings  
One hundred rooted-cuttings were received from ForestrySA, Mt Gambier, SA at the beginning 
of May 2006; they were immediately potted and placed in a glasshouse. However, a combination 
of bare-rooted transportation, potting and maintenance in a glasshouse environment, coupled 
with a subsequent infestation of Cypress mite, caused considerable mortality and by early July, 
around fifty had died. The remaining plants were dispersed to different environments including a 
second glasshouse, a CE room, an insect culture room, a shade-house and uncovered outdoors to 
determine the optimal environment for survival. With minimal removals for aphid culturing 
purposes, 15 remained alive at February 2007. Once in the shade-house environment, plants 
grown from rooted cuttings suffered the same problems as seedlings. 
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Christmas trees 
In April 2006, four trees were purchased from a commercial Christmas tree farm. These had been 
grown from seedlings purchased from ForestrySA. Potted into 30 cm pots, the trees were watered 
by drip-irrigation and left to grow outdoors for five years. When purchased the trees were about 
1800 mm in height, with a main stem of around 50 cm in diameter. Potted into 42 cm pots using 
coco-peat soil mix, the trees were then placed in a glasshouse. An additional 10 trees were 
purchased in September 2006 and also potted into coco peat soil in 42 cm pots and left in the 
glasshouse. With alternating use in aphid culturing trials that included transfer to different 
locations and conditions, all 14 Christmas trees were in excellent condition when moved to the 
shade-house in February 2007. However, due to the size and weight, these trees proved 
cumbersome to handle leading to logistic and OHW&S issues. Through necessity they were 
maintained on the floor and this led to persistent ant nesting in the pots. 
 

 
Figure 3. Five year old Pinus radiata bought from a commercial ‘Christmas tree’ farm where they were grown from 
seedlings, in pots outdoors. At Waite, they were transplanted into 42 cm pots and maintained in a glasshouse. 

 
Regeneration seedlings taken from Kuitpo Forest 
With permission from ForestrySA, regeneration seedlings growing as forest understory were up-
rooted and placed in pots of coco-peat soil. This process began in July 2006 with a total of 134 
seedlings taken from the forest and potted into a glasshouse situation. Of these 134, only 37 
survived. Initially, plants were simply wrenched from the ground, their roots wrapped in damp 
hessian and transported from the forest to the Waite Campus for potting. Often the roots had 
dried out and this obviously limited the likelihood of survival. Lifting the root ball complete with 
soil and immediately placing a plastic supermarket bag about the mass increased the survival rate 
somewhat. Regenerated seedlings, uprooted from the forest floor, varied in survival from 0-80% 
survival (Table 1). 

Date No. Lifting method Treatment Location Survival  
17 July 8 Pulled up, bare rooted Potted into 20 cm pots Glasshouse. 38% (3) 
14 August 22 Pulled up, bare rooted Potted into 20 cm pots Glasshouse. 4.5% (1) 
31 August 3 Pulled up, bare rooted Potted into 42cm pots Outside 0 
3 Sept 22 Pulled up, bare rooted Potted into 25cm pots Outside 4.5% (1) 
8 Sept 17 Pulled up, bare rooted Potted into 20 and 25 cm pots Outside 0 
21 Sept 10 Bagged retained soil around roots. Potted into 42cm pots Shade-house 80% (8) 
28-Sept 8 Bagged retained soil around roots. Potted into 42cm pots Glasshouse 75% (6) 
28-Sept 11 Bagged retained soil around roots. Potted into 42cm pots Shade-house 36% (4) 
20-Oct 13 Bagged retained soil around roots. Potted into 42cm pots Shade-house 54% (7) 
27 Oct* 10 Bagged retained soil around roots. Potted into 42cm pots Shade-house 30% (3) 
17 Nov* 10 Bagged retained soil around roots. Potted into 42cm pots Shade-house 20% (2) 

Table 1. Treatment and survival of regenerated seedlings taken from Kuitpo Forest floor.*moisture content in forest 
floor soil was negligible on 27 Oct and 17 Nov. 



 

49 
 

 
To investigate the possibility of increasing the survivability of up-rooted plants, or those 
delivered bare-rooted, a rough experiment using regenerated seedlings attempted to determine if 
treatments prior to potting would increase the survival rate. All test plants eventually died and no 
benefit due to pre-transplant treatment was found (Table 2). 
 

No of 
plants Treatment 

Location % Survival 

5 Roots submerged in water overnight. Potted into 25cm pots. Outside 0 
5 Roots submerged in Seasol solution overnight. Potted into 25cm pots. Outside 0 
5 Roots submerged in Naturosol solution overnight. Potted into 25 cm pots. Outside 0 
5 Immediately potted. Outside 0 

Table 2. Pre-transplant treatment of bare rooted seedlings from Kuitpo Forest, collected 8 September 2006 all failed 
to increase survival of transplanted seedlings. 
 
Regenerated seedlings that survived and demonstrated growth were again moved through a 
variety of locations and conditions to determine the optimal set of growing conditions. 
 

 
Figure 4. Regenerated seedlings taken from Kuitpo Forest with soil retained about root ball. Seedlings were then 
potted and maintained in a glasshouse. 
 
Stool Beds 
In July 2006, Mr Andrew Moore of Green Triangle Forest Products delivered 25 Stool beds to 
Waite Campus. Uprooted at Mount Gambier SA, they were placed in a trailer with roots covered 
with dampened sawdust, and transported to Adelaide. During potting into 42cm pots using coco 
peat soil, it was noted that most stools had received noticeable root damage, to varying degrees. 
The stools were placed outside and watering was limited to when soil felt dry. These stools 
appeared healthy until early September 2006 when foliage began to dry out and only two stools 
remained at the end of October. One had been kept in the open, and one in the quarantine 
glasshouse. That in quarantine was watered spasmodically, and while often appearing close to 
death, survived until February 2007 when the combined ravages of infestations by Glasshouse 
thrips, Cypress mite and Woolly pine aphid, and the associated treatments, caused death of the 
plants. 
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During September/October, stools were moved to different locations to find an environment 
more encouraging to survival.  Stools were place in a glasshouse, shade-house, CE room, an 
insect culture room, the quarantine glasshouse or left in the open. Some stools survived for a 
longer period than others, but this was not related to any particular treatment. The amount of 
damage to the root system also did not appear to influence the length of survival. 

 

 
Figure 5. Stool bed from Mt. Gambier, transported to Waite Campus and potted into 42 cm pots. These were 
maintained in a shadehouse. All three stool beds were received on the same date. As can be seen, deterioration 
rates differed for individual stools. 

 
 
 

 
On 21 August 2006, a further 85 stools were collected from Mount Gambier and transported to 
Adelaide. During uprooting, these sustained root damage from minor to extensive. Potted into 
42cm pots they were placed immediately into a shade-house. After 2-3 weeks there were signs of 
deterioration in condition. By 20th September, 25 had died and by 11th October, another 36 had 
succumbed. The remainder perished during November. These 85 potted stools were only watered 
when the soil appeared dry. After death, the root systems were inspected. The majority had roots 
that were internally brown and softened, and some had a whitish fungal growth. It is not known 
whether this rot occurred post mortem, or was the cause of death.  
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Figure 6. Stool beds from Mt. Gambier, transported to Waite Campus and potted into 42 cm pots. 
 
If stools had been lifted gently, which would be labour-intensive, survival rates could possibly 
have been higher. This is suggested by a number of trials carried out on forest regeneration 
seedlings. Lifted in much the same way as the stools, a 10-15% survival rate independent of pot 
size, soil type, watering regime, seedling size/age and location has been achieved. Soil was 
retained about the root systems of forest seedlings lifted on another 4-5 occasions, with the root 
ball bagged for transport. Initially this achieved a survival rate of about 80%, but this fell to 
about 20% on the next effort, rose to 60% and the last batch taken when the forest floor had dried 
considerably giving only 10%.  
 
If plants are lifted with minimal damage to the roots, with moist soil retained around the roots, 
potted into 42cm pots as soon as practicable and left to establish in either a glasshouse or under 
shade-cloth, there is a possibility of achieving increased survival. Consideration of the expense 
associated with the labour required for lifting, cost of pots and soil, the weight of a potted stool 
bed, space requirements for transport, in situ potting and transporting stools, and the likelihood of 
high plant mortality, determined that this method was not viable.  
 
 

Date received No. Treatment Location % Survival 
12 July 2006 
 
 

25 
 
 

Arrived bare rooted. Potted 
into 42cm pots using Coco-
peat soil mix. 

Placed on raised benches 
in the open.  

0.5% (2) 
 
 

21 August 2006 85 Arrived bare rooted. Potted 
into 42cm pots using coco-
peat soil mix. 

Placed in a shadehouse. 0% 

Table 3. Survival rates of up-rooted and re-potted stool beds. 
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As mentioned, sustaining plants in a glasshouse environment often leads to phytophagous insect 
attack. All MPA culturing methods using potted plants experienced problems with the host plants 
suffering insect (other than MPA) attack. Potted Pinus radiata kept in both glasshouse and 
shade-house conditions for use in MPA culturing, succumbed to attack from Glasshouse thrips, 
Mealy bug and mites. Glasshouse thrips were the prevalent pest and by the time they were easily 
noticeable, had caused sufficient damage to the plant to necessitate removal and destruction to 
prevent spread of this pest. 
 

 
Figure 7. Glasshouse view of ‘Christmas trees’, regenerated seedlings and seedlings from Mt. Gambier. The Mt 
Gambier seedlings in bottom half of the image (centre and right) display common symptoms of the deterioration 

experienced for all treatments. 
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Appendix 2 - Unsuccessful methods of culturing Essigella californica 
on potted pine plants. 
 
Several methods of culturing E. californica were investigated. Seeding or inoculating seedlings, 
saplings or trees with E. californica always a resulted in a high aphid mortality rate. To start an 
aphid culture, approximately 200 or more aphids were collected from a field population and 
introduced to the selected plant substrate. Plants were always placed in white plastic trays to 
collect dead aphids and allow monitoring of mortality and development through life stages. Both 
black, dead aphids, and white-grey aphid moults (indicating progress through instar stages) 
would fall into the trays giving an indication of developmental progress and/or mortality rates. It 
was not uncommon to find mortality rates of 90% and above, after the initial inoculation. This 
may have contributed to a greater than expected time period for aphid populations to establish on 
potted plants. 
 
Examples of attempts to establish populations of pine aphids on potted pine plants include: 

• A ‘Christmas tree’ culture was established in a glasshouse using 1.5-2 metre potted trees 
bought from a commercial farm. To establish a good population, repeated seeding of 
aphids and a period of approximately 3 months were required. This population remained 
for only 2-3 weeks until the build-up of honeydew excreted by the aphids, necessitated 
washing the trees. This had an adverse effect on the aphid population. After this washing 
it required several months for a very low population of aphids to re-establish. 
 

• A culture based on a number of potted pine seedlings and 2 ‘Christmas trees’ was placed 
in an insect culture room with air-conditioning and a 1000 watt growth lamp set at 
12L:12D. About 3 months were required for a population to establish, and while there 
were fluctuations, the population remained relatively stable. Washing of the trees in this 
culture produced the same adverse effects as that described above. Seedlings also 
required washing but could be replaced by clean seedlings held in reserve. While it was 
imperative that washing of all pine material took place, it was more important in the case 
of seedlings as these develop sooty mould growth on the honeydew and, in the worst 
case, this resulted in loss of the associated aphids. When this culture supported a high 
population of aphids, they were concentrated on seedlings due to be washed. There 
seemed to be an inclination for the aphids to remain on the infested pines and transfer to 
fresh plants was minimal. Removal of the infested plants and subsequent washing 
decimated the population. Again, washed plants required months to recover from the 
effects of both infestation and washing. 
 

• Using 2 ‘Christmas trees’, a number of potted seedlings, 4 rooted cuttings, and a 
regeneration seedling from Kuitpo forest, a culture was established in a controlled-
environment room. The environment was set at a constant temperature of 27°C and a light 
regime of 14L:10D. Lighting was supplied by a bank of 400 watt globes alternately 
sodium vapour and metal halide. This method initially produced high numbers of aphids 
on all host plants, albeit again taking around 3 months, but with transfer onto the 
‘Christmas trees’ that were introduced after the population increase, taking only 2 weeks. 
Again, when the aphid population peaked, honeydew build-up and subsequent sooty 
mould began to detrimentally affect the plants and phytophagus insect attack also began. 
Plants were removed for washing and follow-up rehabilitation and replacements appeared 
less palatable to the aphids. 
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Figure 1. Attempt at culturing E. californica on pines prepared in various ways and then  

placed in a controlled environment room. 
 

• Uncaged seedlings in a controlled-environment, insect-culturing room with banks of 
alternating growth and white-light fluorescent tubes above and behind, were seeded with 
aphids. This method was slow in producing good numbers of aphids taking up to 3 
months, and when the population peaked, it inexplicably crashed. It proved impossible to 
re-establish a population of aphids with this culture, and the seedlings again required 
regular washing. This method produced only very low numbers of aphids. 

 

 
Figure 2. Uncaged seedlings used for testing methods of E. californica culturing. 
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All of the aphid culturing methods described were repeated a number of times always with the 
same results, viz:  

• high mortality of inoculant aphids always occurred in the short term 
• population peak always required about 3 months 
• following the population peak came an inevitable crash 
• plants generating high MPA populations were invariably effected by excessive 

honeydew, subsequent sooty mould and attack by phytophagous insects 
• washing of plants appeared to affect their palatability to aphids limiting all plants to a 

single use  
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Appendix 3 - Determining a method of culturing Diaeretus essigellae. 
 
Introduction. 
After development of a successful methodology of mass culturing MPA, and the importation of 
D. essigellae into Australia, it was imperative to develop a method of not only culturing, but of 
mass rearing the wasp. As D. essigellae had hitherto only existed in the wild, and indeed had 
been only relatively recently described, there was no available experience or literature related to 
culturing this specific parasitoid. 
 
However, within SARDI Entomology there exists a wealth of experience in culturing a broad 
range in insects and other invertebrates, including parasitoid wasps and their host aphids. 
Diaeretus essigellae is a Braconid wasp and experience culturing other Braconids was readily at 
hand. However, there existed a paucity of experience with aphid parasitoids whose host is 
arboreal. With the initial idea of culturing the wasp’s host aphid on potted pine plants rejected, it 
followed that it would not be possible to culture the wasp on potted pines infested with MPA as 
originally envisaged. It is customary to culture parasitoid wasps in cages, and with the dismissal 
of potted pines, this became an option. A variety of cage sizes and styles were tried. As the aphid 
was successfully being cultured on excised pine cuttings, these became the basis for the wasp 
culture as well. 
 
Cages. 
1. The “Mini cage” 
Initially it was envisaged that a small cage would be used to culture both aphids and wasps. A 
small excised pine cutting would be enclosed within the cage and a known number of aphids 
introduced and left to multiply. When the aphid population achieved around 100, a pair of wasps 
would be introduced. The original design (Figure 1) involved; 

• a 500 ml clear polypropylene, cylindrical jar inverted and place on top of a 250ml 
polypropylene cylindrical jar. 

• the lids were fixed to each other and a single hole drilled through them. 
• two 20 mm holes were cut into the sides of the larger jar and fine voile mesh glued over 

to allow ventilation. 
• a 10 mm hole was cut into the “top” of the larger jar and a rubber bung inserted to allow 

for the introduction of aphids and wasps. 
• a 10 mm hole was drilled through the two attached lids. 
• when in use, the bottom 250 ml was filled with water, a small excised pine cutting 

inserted through the hole in the lids with the stem immersed in the water. 
• the larger jar was then placed over the cutting and screwed securely to the double lid. 
• aphids were introduced through the small hole in the top which was then sealed with the 

rubber bung. 
• after the aphid population achieved the required level, one adult female and one adult 

male wasp were to be introduced. 
 

After several attempts at this method, it was determined that the increase in aphid numbers in 
these cages would occur only rarely, and longevity was minimal. These cages were therefore 
abandoned. 
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         Figure 1. “Mini cage” (size indicated by 50 cent coin). 

 
2. “Biscuit barrel” cages 
Concurrently with the trialling of the “Mini cage”, prototype cages using the same materials as 
cages ultimately used in host-specificity tests and wasp mass rearing were constructed. 

• P. E. T. jars (Silver lock Packaging JT6300 5000ml Square Jar) were purchased. 
• four vents approximately 20 mm in diameter were cut in opposite sides of the jar and 

covered with fine mesh voile. Two of these vents on one side were situated towards the 
top of the cage, while another two were positioned towards the bottom on the opposite 
side 

• jars were inverted, a 15 mm hole cut into the top (for wasp insertion) and a rubber bung 
inserted (the original lid of the jar now became the base).  

• the base of inverted jars were glued to the lids of round P. E. T. jars (Silverlock 
Packaging JT6120 650 ml Round Jar 98 mm Finish) and a 10 mm hole was drilled 
through the combination lids. 

• the bottom jar was filled with water. 
• initially an excised cutting was placed in the cage with its stem protruding through the 

hole in the combination lid and immersed in the water in the jar below. 
• again, aphids were introduced into the cage and left to multiply, prior to wasp addition. 

 
As with “Mini cages”, an increase in the aphid population often failed to eventuate. However, 
successes occurred more often, suggesting modifications to the cage and/or methodology would 
produce the desired results. 
 
3. Modified “Biscuit barrel” cages. 
A number of modifications to the original “Biscuit barrel” cage were tried and subsequently a 
suitable cage fulfilling the necessary requirements evolved (Figure 2). 

• vents were altered to allow a more “natural” air flow through the cage. Two vents 
(approximately 100 mm x 50 mm) cut in opposite sides of the jar and covered with fine 
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mesh voile took the place of the small 20mm vents. This slightly increased the success 
rate of aphid culturing in these cages. 

• to maintain the quality of the cuttings as a food source, 10 ml of nutrient solution (Dutch 
Master™ Performance Growth Supplement 1-1-5) was added to the water. 

• the addition of nutrients to the water saw the advent of algal growth and consequent 
reduction in the success of this cage. 

• the bottom jar was painted black to exclude the entry of UV light hence ending the 
growth of algae. 

• the pine cutting placed in the cage was initially placed in the open MPA culture and 
aphids allowed to transfer onto the cutting. Once a good number of aphids had established 
on the cutting, it was transferred to the cage, and wasps introduced. 

• For some months these modifications allowed production of good numbers of mummies 
and hence, wasps. Subsequently, it was noticed that the wasp culture began to deteriorate 
and it was observed that the cuttings were beginning to lose condition in these cages. It 
was decided that the placement of cuttings into the MPA culture to await aphid transfer 
shortening the available time when the cuttings would retain their quality within the wasp 
cage. Thus, aphids would die before wasps had completed sufficient development to 
produce aphid mummification. 

• to increase the potential longevity of the aphids and wasps, a second hole was cut through 
the combination lid allowing for a second, un-infested (and therefore fresher) cutting to 
be placed through this hole alongside the infested cutting. 
 

Following these modifications to both the cage and the methodology, a sustainable method of 
culturing D. essigellae was attained. 
 

 
Figure 2. Final version of the “Biscuit barrel” cage. 

 
4. Other ready-made cages. 
A number of cages, either constructed for previous projects, or commercially available were 
trialled with a view to increasing wasp production to supply mummies for release purposes. 

• BugDorm-2120 Insect Rearing Tents (white, 60 cm x 60 cm x 60 cm) were trialled on 
several occasions. Cuttings infested with aphids alternating with fresh un-infested 



 

59 
 

cuttings were placed in 250 ml cylindrical polypropylene jars painted black, and with two 
10 mm holes in the lids for entry of the cutting stems. Water with nutrient additive was 
placed in the jar with the cutting stems immersed. Five of these cutting combinations 
were place in the BugDorm tent. 10 pairs of wasps were introduced. This method of 
culturing wasps resulted in very haphazard success and was abandoned. 

• A number of cage styles, including those built for other projects, were also trialled. In all 
cases, the same 250 ml jar containers and cutting combinations were used. The size of 
these cages determined the number of cutting combinations and number of wasp pairs 
used. None of these cages produced mummies at acceptable levels consistently. 

 

      
Figure 3. Various cages tested for use in culturing D. essigellae were not ultimately utilised as they proved 

to be unsuitable. 
 

Wasp numbers 
Various combinations of female and male adult wasps, and various numbers of pairs were 
trialled. Following the decision on cage type, determining the number of wasps to be introduced 
into the cage was important.  
From a single pair (1 female and 1 male) to 5 pairs were introduced into cages. In a short time it 
was found that the higher number of wasps limited their ability to produce mummies. It also 
became apparent that restricting wasps to one of each gender limited success. After much trial 
and error, it was determined that the most consistent success in mummy production came from 
cages with two females. In an attempt to mimic the gender balance in emergence tents which was 
almost always a 2:3 female:male ratio, 2 females and 3 males became the standard. 
 
Environmental regime 
The season of insect proliferation is generally spring/autumn when conditions are intermediate. 
In order to culture insects all year round, it is necessary to mimic ambient springtime 
environmental conditions. To do this, a light regime of 13 hours light and 11 hours darkness was 
maintained by banks of lights of 36W cool white light and Sylvania GRO-LUX F36W/GRO-T8 
fluorescent tubes Temperature was controlled to a maximum of 23ºC with a minimum of 21ºC. 
 
Continuing Problems 
During the establishment and maintenance of cultures of D. essigellae, some ongoing problems 
became apparent. As with culturing MPA, the wasp is ultimately reliant upon excised pine 
cuttings of sufficient quality as a source of nutrition for the aphid to thrive. Without a continual 
supply of healthy aphids, the wasp culture declines. Therefore, with certain seasonal influences 
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acting on the pine trees in plantations limiting the supply of quality cuttings, the wasp culture 
generally experiences intermittent population crashes which have always been recoverable. 
Location of cultures, albeit in identical, artificially induced environments, also appeared to affect 
mummy output. A solution to this problem has demanded considerable time and effort and as yet 
remains elusive. 
 
Conclusion. 
Continuing problems aside, mass culturing of D. essigellae utilising the modified “Biscuit barrel” 
cages has been achieved successfully to a level to support the required releases. As at 31 July 
2012, 95 generations of D. essigellae have been raised. While the numbers of mummies 
produced per generation is variable, over the culturing history, the trend is an ongoing increase 
(Figure 4). 
 
 
 

 
 
Figure 4. The seasonal averages of mummy production in both the A and B Diaeretus. essigellae cultures, show 
an overall increasing trend reflecting ongoing refinements to the culture procedure. 
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Appendix 4 - Caged release experiment. 
 

Survival of Diaretus essigellae caged releases - Rennick 2012 
 
HVP Plantations – Research Summary 
16 April 2012 
S Shaw & S Elms 
 
Introduction 
Diaretus essigellae is a parasitoid wasp introduced into Australia over a three year period from 
2009 to assist with control of Monterey pine aphid (Essigella californica). An experiment 
involving the release of D. essigellae into caged branches of Pinus radiata at Rennick was 
undertaken to examine the fate of wasps during the first generation or two after release into 
plantations. 
 
 
Methods 
Four trees from routine plantation at Rennick, Victoria were selected for the trial, on the basis 
that aphid counts from a single branch were relatively high for the surrounding plantation during 
February 2012.  Counts ranged between 15 and 55 per sample, using the field folder sampling 
technique.  It is estimated that this method counted between half and one quarter of the total 
aphids on each branch. 
 
Three lower branches, approximately 2 metres long on each of the 4 trees were covered with 
muslin bags of a fine mesh (<0.5mm), approximately 2 m long and 1 m wide so as to isolate the 
branches from any aphid or wasp movement.   
 
Aphid mummies derived from the SARDI release program were counted into brown paper bags 
and installed within the muslin cages following the standard release program protocol on 
2/2/2012.  One hundred mummies were placed in each bag, and any live aphids removed from 
the bags prior to release. 
 
One additional branch of two of the trees was caged as a nil wasp control to monitor aphid 
development in the absence of wasps. Temperature loggers were placed in one release cage and 
on one adjacent un-bagged branch on each of the release trees. 
 
Cages were harvested and insect and mummy populations within the bags were counted after 4 
weeks, on 28-9/3/2012.  Mummies were scored as emerged or non-emerged. Counts of emerged 
mummies in the release bags were subsequently undertaken in the laboratory.  A subsample of 
mummies was sent to SARDI for dissection.  The remaining mummies were reinstalled in 
emergence cages on two further trees on 29/3/2012. 
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Results 
1. No live aphids or wasps were found in the control cages 
 
2. Aphid mummies were found in all bags, but generally at low abundance 
 
3. Emergence of mummies from within the release bags was acceptable (82%), yielding between 
71 and 95 wasps per bag. 
 
4. Mating appears to have been successfully accomplished and mummies were produced within 
the cage at varying levels, ranging from 2 to 145 per cage. 
 
5. No emerged mummies were found in the cages. 
 
6. No significant levels of predators were found within the cages. 
 
 

Tree Branch 
# Aphid numbers 

2/02/12 
# Wasps 
released 

# Mummies      
28-9/03/12 

1  55   
1 A  79 93 
1 B  80 67 
1 C  76 145 
1 Control  0 0 
2  29   
2 A  91 10 
2 B  94 12 
2 C  87 17 
3  34   
3 A  85 15 
3 B  95 2 
3 C  71 14 
3 Control  0 0 
4  15   
4 A  84 3 
4 B  95 5 
4 C  72 37 
4 Control  0 0 

Table 1 Cage emergence data. 
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Temperature data: 
Temperatures ranged between 0.5 and 45°C during the 55 day sampling period 
Relative humidity ranged between 10 and 100%. 
 

 
Figure 1.  Temperature 2/02/12 to 27/03/12 Rennick Tree 1B 

 
 
Total Mummies Dead Live Damaged 
27 20 0 7 

 
Table 2.  Dissection data 

 
 
 
Discussion 
Successful emergence, mating and infestation of the first generation of wasps is encouraging and 
suggests that current methods are satisfactory. The number of wasps per bag appears to have 
been too high, and competition for aphids or superparasitism may have resulted in a reduction of 
the number of mummies produced on trees where aphid counts were lower (refer figures below). 
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Death of wasps appears to have been complete with total failure of the first generation of 
mummies produced in the field. This mortality, which was initially assumed to be induction of 
diapause is probably related to two days of high temperature experienced on 24th and 25th of 
March.  This contrasts with only partial mortality of wasps at SARDI after extended periods of 
similar hot conditions. 
 
RECOMMENDATION 
Repeat cage trial on two further sites as soon as possible, with lower wasp populations (~20/bag). 
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Appendix 5 - Diaeretus essigellae information sheet 
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Diaeretus essigellae. 

Wasp Parasitoid 
of the 

Monterey Pine Aphid, 
Essigella californica. 

 
 

Diaeretus essigellae is a small wasp about 2 mm 
long, imported into Australia from California as a 
biological control agent of the aphid Essigella 
californica, the Monterey Pine Aphid (MPA). MPA is a 
serious pest on Pinus spp., the mainstay of Australian 
softwood plantations. 

 

 
The parasitoid wasp D. essigellae on a 

radiata pine needle 
 

 
 

 

 
 

THE PEST 
MPA (Essigella californica) 
MPA are slender, long aphids, grey-green to lime 

coloured, and about 1.5 - 2.0 mm long. The thorax can 

sometimes have dorsal brown spots. The adults are all 

female and can either be winged or wingless. 

The aphid develops through three instars to adult. 

Populations in Australia are low in spring, building in 

summer to peak in autumn (March - May) after which 

numbers decline rapidly. There are several generations in 

a year, depending on temperatures. The aphids feed 

singly on needles rather than in colonies. 

When disturbed, the aphids move rapidly 

through the foliage to the centre of the 

stem where they shelter. 

Damaged needles turn yellow and drop 

during autumn and winter, resulting in 

significant loss of growth. Trees will generally re-sprout in 

Spring, but may be defoliated annually depending on 

aphid abundance. 

 
Essigella californica (MPA) on radiata pine needle 

THE BIOLOGICAL CONTROL AGENT 
The wasp D essigellae is a small wasp under 2 mm in 

length. The average size is 1.2 to 1.8 mm for males, and 

1.4 to 1.9 mm for females. 

 

It appears black to the naked eye, but closer inspection 

will reveal areas of brown-yellow.  This brown-yellow 

colouration is noticeable on the legs, particularly in the 

female. The area at the base of the antennae is also 

brown-yellow, as are some of the mouth parts. The 

constriction between the thorax and abdomen also 

appears brown-yellow. In young adult males, the 

abdomen can appear to be light to brown-yellow. 

Colouration is likely to be variable; colour variability is 

common in insects. 

 

The end of the female abdomen is distinctly pointed 

while that of the male is blunt. Females are larger on 

average. 
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The Wasp Life Cycle 
• The female D. essigellae forages for an MPA host 

and oviposits (lays) an egg into the aphid. 
• Inside the host-aphid the egg hatches, releasing a 
wasp larva. The aphid continues to feed and develop as 
the wasp larva grows inside it, feeding on non-vital 
tissues like fat. 
• At 11-13 days after oviposition (at 23°C) the wasp 

larva has completed development and pupates 
within the aphid. 

• As the larva pupates the aphid stops feeding and 
dies. The exoskeleton (skin) of the aphid swells, 
hardens and turns a straw yellow colour. This 
hardened aphid shell, containing a wasp pupa is 
termed an aphid “mummy”. Aphid mummies are 
easily identified and distinct from living adult aphids. 

• At about 5 days after “mummification”, a fully 
developed (adult) wasp chews a circular hole at the 
tail end of the aphid mummy creating a cap which it 
pushes open to emerge. 

• After mating, a female wasp searches out aphids to 
repeat the process. A female wasp can lay eggs in 
well over 50 aphids. 

Life cycle of Diaeretus essigellae 

WHAT TO LOOK FOR 
Evidence of parasitism (aphid mummies). 
The best way to recover wasps is by looking for aphid 
mummies which contain the wasp larvae. 
Description. 

• When aphids begin to transform into mummies, 
they begin to turn greyish in colour and they 
become immobile and distended. The swollen 
aphid begins to harden as the exoskeleton forms 
the straw yellow mummy case. 

     
 

Mummies of the aphid E. californica on dry 
radiata pine needles 

 
• The mummy is firmly glued to the pine needle on 

which it forms. 
• When the wasp inside the mummy is ready to 

emerge, it chews a suture around the tail end of 
the mummy and pushes a small cap open and 
crawls out. Mummies from which wasps have 
emerged will sometimes have this cap attached. 
Otherwise there will be a perfectly circular 
opening at the anal end of the mummy. 

• Some mummies will still contain developing 
wasps and some wasps will die within a mummy. 

Frequently asked questions. 
• Will the wasp sting humans? 

No. The wasp does not sting, or bite. D. essigellae 
is a parasitoid wasp that will only seek out the 
particular species of aphid in which it lays its egg. It 
does not even sting other aphids and is incapable of 
stinging humans. It does not contain harmful venom as 
do some other wasps; its ovipositor is adapted to 
laying eggs, not paralysing prey. 

• How big is it? 
D. essigellae is a small wasp between 1.2 and 1.9 mm 
in length. It is smaller than an aphid as it has to 
develop within the aphid. 

• Will it attack other insects? 
No. D. essigellae is highly host specific. That is, it will 
search out only Monterey Pine Aphids, and will only 
lay its eggs in this aphid and no other organism. 

• Will it damage plants? 
No. It does not eat or attack plants in any way. The 
wasp feeds only on honeydew that is secreted by the 
aphid as a waste product, or nectar  

• Have other similar wasps been released? 
Yes. Many similar wasps have been released in 
Australia and overseas as they are highly specific 
parasites of one or several aphid species These 
wasps have become widely applied as biological 
control agents. None have yet been found to attack 
aphids other than the target. 

• What impact could the wasp have on native fauna? 
All biological control agents require stringent risk-
analysis. This wasp was imported into quarantine and 
underwent several years of testing against a range of 
potential host aphids (both native and introduced) but 
did not lay eggs in any of them. 

• When and where will the wasp be released? 
It is expected that the wasp will be released during the 
summer of 2009-10 throughout south eastern 
Australia. 
 
 

Disclaimer: Although SARDI has taken all reasonable care in preparing this advice, neither SARDI nor its officers 
accept any liability resulting from the interpretation or use of the information set out in this document.  Information 
contained in this document is subject to change without notice.

Aphid mummifies 

5 days 

Adult wasp emerges 
from mummy 

Females lay  eggs 
in live aphid 

11-13 days 
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