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PreventioN and preparedness Guidelines for Spodoptera frugiperda
Spodoptera frugiperda, known as Fall Armyworm or FAW, can cause unprecedented impacts to crops, particularly maize, sorghum, rice and other agricultural crops if not managed properly. The introduction and spread of this pest should be prevented where still possible. 	Comment by Mariangela Ciampitti: paragraph 2. this guidelines are also addressed to those NPPOs that have not yet regulated FAW as a quarantine organisation, but are therefore invited to do so urgently
it is not necessary to include in the text the definitions already present in ISPM 5	Comment by Dale, Chris: I agree as there many NPPO’s that have not officially reported FAW detections and incursions in their countries through the NRO obligations but should include FAW as a quarantine pest to access national and international resources to manage and assist in managing or preventing further distribution	Comment by Dale, Chris: FINAL – COMMENTS FOR TWG REFERENCE AND NOT FOR INCLUSION IN THE GUIDELINES	Comment by Sarah Brunel: ok
The terms used in these guidelines are compliant with ISPM 5 (FAO, 2019a). The IPPC Secretariat maintains a dedicated webpage at https://www.ippc.int/en/the-global-action-for-fall-armyworm-control/. 
These guidelines are directed at National Plant Protection Organization (NPPOs) of countries where S. frugiperda is absent or of limited distribution where it is or should be a quarantine pest, meaning according to ISPM 5 “a pest of potential economic importance to the area endangered thereby and not yet present there, or present but not widely distributed and being officially controlled”. Official control is “the active enforcement of mandatory phytosanitary regulations and the application of mandatory phytosanitary procedures with the objective of eradication or containment of quarantine pests or for the management of regulated non-quarantine pests”. 	Comment by Ciampitti Mariangela: I would avoid to include all the definitions in the text. We may decide to remove the definitions from the text since there is the phrase in the paragraph 2 referring to ISPM 5 or we may decide to create a glossary of terms used and insert it at the end or beginning of the guidelines text.
These guidelines assist NPPOs to take action against FAW through timely detection and to prevent or slow its further spread and reduce its impacts. The content of these guidelines is as follows:
1. 	FAW preparedness and contingency plans
1.1 	While FAW is still absent from the country, preparedeness and contingency plans should be drafted, and the preparedness plan should be implemented
1.2 	Once an outbreak is officially found in the country, the contingency plan should be implemented
1.3 	Communication and information sharing with stakeholders
2. 	Preparedness plan: when the pest is still absent
2.1 	Pest Risk Analysis (PRA) should be included as part of the preparedness plan and carried out for the agricultural industries likely to be impacted. PRA is defined as “the process of evaluating biological or other scientific and economic evidence to determine whether an organism is a pest, whether it should be regulated, and the strength of any phytosanitary measures to be taken against it”. PRA’s specific to Fall Armyworm and PRA’s for high risk commodities such as cut flowers and asparagus are important for NPPO’s to manage the ‘regulated’ trade and commercial pathways of FAW and therefore an important part of a preparedness plan. Fall Armyworm pathway vulnerability plans are also useful tools to assist NPPO’s in identifying and potentially mitigating the FAW pest risks for both natural and regulated risk  pathways.	Comment by Tay, Tek (H&B, Black Mountain): Items 2.1 to 2.3 are just definitions, they have not outlined what the preparedness plan should be and should include.	Comment by Dale, Chris: PRA’s specific to the FAW or PRA’s for high risk commodities such as cut flowers and asparagus are important for NPPO’s to manage the ‘regulated’ trade and commercial pathways of FAW and therefore an important part of a preparedness plan. FAW pathway vulnerability plans could also be useful tools to assist NPPO’s in identifying and potentially mitigating the FAW pest risks for both natural and regulated risk  pathways. 	Comment by Ciampitti Mariangela: I agree with Tek, the list in paragraph 3 is a glossary, it does not provide useful elements, but only definitions. See my proposal for glossary in the previous comment. I would delete the whole of paragraph 3 except the first sentence.	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES
2.2 	Phytosanitary legislation, defined as “basic laws granting legal authority to a national plant protection organization from which phytosanitary regulations may be drafted” 	Comment by Tay, Tek (H&B, Black Mountain): I think we need an opening sentence about phytosanitary legistlation, follow by the definition,

Perhaps:
Phytosanitary legislation should be drafted and be included as part of the preparedness plan. Phytosanitary legislation is defined as “basic …”
2.3 	Inspection, defined as “official visual examination of plants, plant products or other regulated articles to determine if pests are present or to determine compliance with phytosanitary regulations”, “official” being defined as “established, authorized or performed by a national plant protection organization”; and diagnostic	Comment by Tay, Tek (H&B, Black Mountain): An opening sentence that mention ‘inspection’, ‘official’, and ‘diagnostic’ is needed, follow by the definitions.
2.4 	Surveillance plan to detect a new infestation; surveillance is defined as “an official process which collects and records data on pest presence or absence by survey, monitoring or other procedures”	Comment by Hadi, Buyung (NSP): This is a good clarification, also to somehow delineate/ yet link this from the ‘monitoring and early warning’component of the IPM guidelines. The technology used may be similar, but perhaps the details of the technology deployment can be fitted to the objectives. 
One aspect that may need clarification is monitoring/ surveillance in the areas along migratory pathways. These are areas in which FAW cannot establish a year-round life cycle but get colonized routinely only in certain months within a year. Once the migratory pathway of FAW in NENA/Southern Europe is known, surveillance to detect new infestation can transition to monitoring to detect an onstart of migration.   
3.	Contingency plan: as soon as the pest is officially found
3.1	Delimiting survey
3.2	Phytosanitary measures to be implemented once an outbreak is officially found in order to eradicate or contain it. Eradication is defined as “application of phytosanitary measures to eliminate a pest from an area”, while containment is defined as “application of phytosanitary measures in and around an infested area to prevent spread of a pest”. Include export certification and PFA.	Comment by Hadi, Buyung (NSP): A number of FAO FAW documents mention that eradication is not possible. E.g. GA framework, p24 http://www.fao.org/3/ca9252en/ca9252en.pdf 
3.3	Suppression of the pest, defined as “the application of phytosanitary measures in an infested area to reduce pest populations”.

National Plant Protection Organizations (NPPOs) are the competent authorities to implement such Phytosanitary measures. NPPO’s should implement phytosanitary measures and also regulate phytosanitary and quarantine measures through inspection of imported cargo, treatment if found to be infested, and post-border surveillance, response and management of FAW at a national level. 	Comment by Sarah Brunel: EPPO indicates it is inherent to phytosanitary measures. If this applies to Europe, is it that evident in NENA and the Pacific?	Comment by Dale, Chris: NPPO’s should be the competent authorities in the countries to implement these phytosanitary measures but to also regulate phytosanitary and quarantine measures through inspection of imported cargo, treatment if found to be infested, and post-border surveillance, response and management of FAW at a national level. This should be the NPPO responsibility throughout the pacific in accordance with national biosecurity and quarantine legislation of all pacific countries.	Comment by Brunel, Sarah (NSP): To keep or not to keep?	Comment by Ciampitti Mariangela: I would refer to the ISPM 5 definition for NPPO. We can include the term in the glossary if we choose to include a glossary, but it doesn't make sense here in the text. I would delete paragraph 4.	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES

These guidelines complement the series of publication on FAW available at http://www.fao.org/fall-armyworm/background/en/. CABI also maintains a very rich information portal on this pest containing the materials from multiple organizations https://www.cabi.org/isc/fallarmyworm. 
Background information on the pest Tek
Categorization of the pest
FAW originates from tropical and sub-tropical regions of the Americas. FAW has recently spread across all of sub-Saharan Africa, the Near East and North Africa, Asia and Oceania. 
FAO maintains a map of the worldwide spread of FAW since 2016 (see http://www.fao.org/fall-armyworm/monitoring-tools/faw-map/en/), and the European and Mediterranean Plant Protection Organization (EPPO) maintains a referenced list of distribution and of detection status of the pest (see https://gd.eppo.int/taxon/LAPHFR).	Comment by Ciampitti Mariangela: the distribution refers to pest, but the status refers to the country or area and not to pest. We could eliminate "and status" since pest status is mentioned in the last bullet point.	Comment by Tay, Tek (H&B, Black Mountain): Good point Mariangla. Have modified to ‘detection status’.
As of October 2020, FAW is absent or of limited distribution only in Southern Europe, some countries in the Near East and North Africa, and the Pacific, where it is listed as a quarantine pest.	Comment by Ciampitti Mariangela: this is not true for all areas, to my knowledge, some North African countries have not yet regulated FAW as a quarantine pest.
The pest status of each country The status of the pest should be made available on the International Phytosanitary Portal (www.ippc.int) . Contracting Parties are encouraged to update the FAW status on their territories, as part of their National Reporting Obligations.

General information on the biology of the pest Tek

Detailed factsheets for Spodoptera frugiperda are provided by several organizations, including University of Florida (2020), EPPO (2020) and CABI (2020). In addition, poster and videos on the life cycle of the pest are respectively provided by FAO & CABI (2019) and CABI (2019). General information only is provided here.
Taxonomic position: Animalia: Arthropoda: Hexapoda: Insecta: Lepidoptera: Noctuidae
HostsPlant hosts: FAW is considered a highly polyphagous noctuid moth species, with larvae recorded feeding on more than 350 plant hosts from more than 75 families, although it has a preference for monocots, mainly Poaceae, but also for Asteraceae and Fabaceae. A detailed host list is provided by EPPO at https://gd.eppo.int/taxon/LAPHFR/datasheet (EPPO, 2020)	Comment by Ciampitti Mariangela: In my opinion the list of major hosts and the crops that suffer the most damage (maize, sorghum, rice, Solanceae...) should be included here.	Comment by Tay, Tek (H&B, Black Mountain): The major crops attacked is already mentioned in [1], therefore suggest to keep as is for this section to avoid being too repetitive.	Comment by Tay, Tek (H&B, Black Mountain): Have moved this Plant hosts section to combine with Chris’ ‘Host range’ section
There are two FAW genotypes on the basis of the host plant preference: either ‘rice-preferred’ (Sfr) or ‘corn-preferred’ (Sfc). There are no distinguishable morphological characters to differentiate between Sfc and Sfr and identification is currently achieved via molecular diagnostics, either of the partial mitochondrial DNA cytochrome c oxidase subunit I (mtCOI) or the Triose-phosphate isomerase (Tpi) partial gene. 
Developmental temperature range: The fall armyworm is a tropical species and optimal developmental temperature has been reported to range between 23.9 to 32.2˚C (Barfield et al. 1978). Annual minimum temperature is important for S. frugiperda as it is unable to enter into diapause and will not survive below a certain temperature. The minimum temperature for development was variously reported as 13.8˚C (Hogg et al. 1982), 9.5–10.9˚C (Busato et al. 2005) and 10˚C (Wood et al. 1979). >13.8˚C – 32˚C (Hogg et al. 1982)	Comment by Ciampitti Mariangela: For us Southern European countries it would be important to include information on the lack of diapause and a more precise indication of the minimum development temperature. We could include 
“Annual minimum temperature is important for S. frugiperda, as the species cannot enter diapause and so die below a certain temperature. The minimum temperature for development was variously reported as 13.8°C (Hogg et al., 1982), 9.5–10.9°C (Busato et al., 2005) and 10°C (Wood et al., 1979).” From EFSA PRA 	Comment by Tay, Tek (H&B, Black Mountain): Modified as suggested
Egg-laying capacity per female: females are highly fecund, capable of laying 1-8 egg masses per generation, with each egg mass containing few (e.g. 9) to >700 eggs. Up to 2142 eggs have been reported to be laid by a single female during her life time (Luginbill 1928).
Number of generations per year: FAW is a tropical species and is capable of undertaking 6-8 generations under optimal temperature. Its development cycle can be completed in about 28 days under optimal temperature, which could extend to 80-90 days under colder temperature (Sparks 1979; Vickery 1929; Luginbill 1928). 
Long distance natural spread: Adult FAW moth is a strong flyer and with the assistance of prevailing wind, has been reported to travel at least 160 km (Sparks 1979). Seasonal migration of adult moths are known to travel 1600 km in 30 hours (Rose et al. 1975) from Mississippi to southern Canada.	Comment by Ciampitti Mariangela: 100 km per night (Johnson, 1987).Form EPPO Datasheet
Pathways of introduction: larvae and pupae of FAW may be transported as contaminants of traded commodities, especially in parts of plants vegetables or fruits; and sometimes on herbaceous ornamentals (Seymour et al., 1985; Cock et al., 2017). In addition, the pest (adults or eggs) has been considered in the study by Early et al. (2018) as having the potential to be introduced as a stowaway on international flights such as via visiting tourists. 
Resistance development: FAW readily develops resistance to conventional insecticides used for its control. See ??? (other documents?) for insecticide resistance status of FAW.
· Widespread resistances were reported to organophosphates (OPs) and pyrethroids in both native populations from the Americas and Caribbean. 	Comment by Ciampitti Mariangela: In this document there is no part with insecticide details for the control because we refer to other documents. So the detail of the cases of resistance should perhaps be included in the control document and not here	Comment by Tay, Tek (H&B, Black Mountain): Ok, makes sense. Deleted.
· Resistance to the Bacillus thuringiensis (Bt) toxin Cry1F is also reported from native populations and is widespread in Latin America and Puerto Rico. 
· Resistance to the Vegetative Insecticidal Protein VIP3A has been reported in North American populations, and presence of the VIP3A resistance alleles has been detected in field populations of FAW from Brazil.
· Insecticide resistances have also been reported in recent invasive populations from Africa and China (OP), and to Pyrethroid from China and Indonesia.

FAW preparedness and contingency plans Mariangela
1.1 While FAW is still absent from the country, preparedeness and contingency plans should be drafted and the preparedness plan should be implemented. Actions to be taken include:	Comment by Tay, Tek (H&B, Black Mountain): Should this be 8.1, 8.1.1., … 8.2, 8.2.1, .. etc.?
1. Verify that Spodoptera frugiperda is included in the list of quarantine pests in the national phytosanitary legislation and if this is not the case, work to ensure that the pest is included. The categorisation of S. frugiperda as a quarantine pest may be based on the result of the pest risk analysis (PRA) conducted in the country of the NPPO, or may be based on the published documents on PRAs conducted in areas with similar characteristics (to discuss).
2. Identify (i) a reference laboratory to confirm the pest species identity, and (ii) an official FAW diagnostics protocols as has been published by relevant plant protection authorities and/or scientific communities (e.g., EFSA PLH 2017; EPPO (2015); Van De Vossenberg and Van Der Straten 2014). national diagnostics protocols and procedures should be included in preparedness and contingency plans to ensure consistency of identification methods (morphological or molecular). Multiple laboratories may be utilised to provide FAW identification and diagnostics, but all need to be working from nationally consistent diagnostic protocols.	Comment by Sarah Brunel: is missing from the other version	Comment by Dale, Chris: there should be national diagnostics protocols and procedures included in any preparedness and contingency plan to ensure consistency of identification methods (morphological or molecular) and may be multiple laboratories but all need to be working from nationally consistent diagnostic protocols.	Comment by Ciampitti Mariangela: I agree with Chris. We can also add the reference to the official protocol	Comment by Tay, Tek (H&B, Black Mountain): We could provide the EFSA protocol but also suggest the countries to consider developing their own national/standardised protocol as an alternative?	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES	Comment by Francoise Petter: @ Tay Tek the pest categorization or pest risk assessment is not a diagnostic protocol as such. What do you mean exactly there?  I would delete although these documents include sections on detection and identification they are not diagnostic protocols in the IPPC meaning. 
If we want to refer to a diagnostic protocol we can refer to EPPO (2015)
3. Prepare and implement a preparedeness and contingency plan. Roles, and responsibilities and command structure of those who would implement the plan should be clearly defined. It should be noted that emergency plant pest response plans and organistational arrangements will vary from country to country but should be consistent with other animal and plant quarantine and biosecurity plans.  This plan should include:	Comment by Sarah Brunel: EPPO comment: In EPPO PM 9 /10 it highlights the command structure and the need for responsible staff.	Comment by Dale, Chris: The emergency plant pest response plans and organistational arrangements will vary from country to country and should be consistent with other animal and plant quarantine and biosecurity plans. 	Comment by Ciampitti Mariangela: It seems to me that the original sentence could include both what was in EPPO PM 9/10 and what Chris reported. But if you can find a better and more explicit wording, it's fine by me	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES
	Comment by Valério Lucchesi: I’m proposing to add ‘command structure’
· an inspection programme at borders, based on risk assessment of imported commodities that are known to support S. frugiperda introduction pathways such as originating from countries or areas where the pest is present. The inspectors/control officers in charge of import controls should be trained on the pest and have access to information material for the prompt identification of the insect at all developmental life stages and to recognise signs of presence. The programme should ensure that samples are properly collected for official identification of the pest by the certified laboratory.
· an effective surveillance programme to facilitate the early detection of pests and to minimise the risk of pest outbreaks. The programme should include both general and specific surveillance. 
General surveillance should be conducted through public education and awareness raising initiatives addressed to stakeholders, in particular maize producers which is the most attractive crop for S.frugiperda.
Specific surveillance should be carried out by detection surveys based on visual inspection and the use of pheromone traps. Surveys should be concentrated in areas adjacent to countries or areas where the insect has already been reported, in sites representing a high phytosanitary risk (i.e., storage places for imported plants and vegetables), and in regions with the highest concentration of crops that could be most damaged by S. frugiperda: maize, rice, sorghum and vegetables such as Asparagus spp. and Solanaceae. Survey procedures should be clearly defined and staff should be adequately trained. Sampling of moths from pheromone traps and plant material taken in the field should follow a standarised procedure.
4. NPPOs should establish national FAW response and management units to plan, coordinate and manage the FAW response activity across policy, technical and operational functionsPre-identify participants in the crisis unit that will have to settle when the pest is found, which is responsible for policy and decision-making regarding pest control in preparation for when the pest is found.
5. Draft FAW preparedness and contingency plans with all relevant NPPO staff at national and local levels and in consultation with relevant stakeholders, including for example, producers organizations; seeds organizations; crops, fruits and vegetable harvest and transformation centers; and sellers of crops, fruits and vegetables. Such stakeholders would particularly be informed on the impacts and status of the pest and any information related to the plans. They could also be actively engaged in surveillance and in the implementation of phytosanitary measures. The IPPC Guide on Managing Relationships with Stakeholders should be consulted.
6. Officially publish the FAW preparedness and contingency plans on the national and local NPPOs websites.There will only be national (country level) NPPO’s but jurisdictions may also have plant protection legislative obligations at a state and jusrisdictional level that and may be responsible for the policy and operational coordination of a FAW response with high level oversight from the NPPO.	Comment by Tay, Tek (H&B, Black Mountain): national and local PPOs (instead of NPPOs)? local NPPOs doesn't quite make sense ...	Comment by Dale, Chris: agreed, there will only be national (country level) NPPO’s but juristictions may also have plant protection legislative obligations (as in Australia with states and territories) and may be responsible for the policy and operational coordination of a FAW response with high level oversight from the NPPO. 	Comment by Ciampitti Mariangela: also in my opinion there is only one NPPO	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES 

	Comment by Sarah Brunel: EPPO comment: to be part of the communication plan?	Comment by Dale, Chris: agreed
7. Organize training courses for the NPPO staff to ensure proficiency in implementing the plans, in particular surveillance activities and phytosanitary measures.
8. Check the availability of plant protection products and biological control agents considered most effective against S. frugiperda as reported in published peer-reviewed scientific literature (e.g., Jepson et al. 2020). In the case of shortcomings, NPPO should urge the production/import, registration and marketing of what is needed to implement effective, safe, economically sustainable and low environmental impact control, such as the use of lower risk pesticides (Jepson et al. 2020). (reference Jepson paper, to include phytosanitary products such as biopesticides).
9. Secure financial resources on the general annual budget for implementing FAW preparedness and contingency plans. In some cases it may not be practical to wait for annual funding budgets and National FAW funding may need to be part of emergency budget and resourcing arrangements to activiate rapid and immediate responses to mobilise surveillance and monitoring activities	Comment by Sarah Brunel: is missing from the other version	Comment by Dale, Chris: may not be practical to wait for annual funding budgets and may need to be part of emergency funding and resourcing arrangements to activiate rpid and immediate responses to mobilise surveillance and monitoring activities	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES
10. Coordinate and exchange information with neighboring countries.regional and neighbour countries to help in regulating trade pathway risks and potential natural pathway routes.	Comment by Sarah Brunel: Comment from EPPO: This is very important and warrants further explanation.  and this is fundamentally important for the CP and should be written in the CP.  

Its unclear if its about drafting or implemting the CP.	Comment by Dale, Chris: Agreed andand was also raised by Japan in the recent APPPC FAO forum in relation to regional and near neighbour reporting to help in regulating trade pathway risks and also potential natural pathway routes. 	Comment by Ciampitti Mariangela: I agree with the comments. If you want to add something or develop this concept more, that's fine with me.	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES


11. Develop an awareness programme for small stakeholders and growers (How to identify FAW, What should be done, How to report to NPPO, etc.)	Comment by Sarah Brunel: That was suggested by the TWG	Comment by Dale, Chris: Agreed and we (Aus) have developed these materials for remote PNG villages to assist our survey and communications teams as well as the PNG NPPO.	Comment by Ciampitti Mariangela: ok
12. Organize simulation exercises with all stakehodlders to .promote good operational preparedness and also identify gaps and raise awareness at the government, industry and local levels.	Comment by Rob Tanner: I would make it clear that simulation exercises test the plans 	Comment by Sarah Brunel: suggested by EPPO	Comment by Dale, Chris: agreed and this has also bee suggested as a priority activity for the Pacific region to encourage and promote good operational preparedness and also identify gaps and raise awareness at the government, industry and village levels.	Comment by Ciampitti Mariangela: ok	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES

1.2 Once an outbreak is officially confirmed in the country, a contingency plan should be implemented:	Comment by Hadi, Buyung (NSP): Outbreak? Or simply a confirmed detection? Do we need a definition of ‘an outbreak’? >30% of a given crop areas (e.g. maize) affected by FAW (this is arbitrary)?	Comment by Rob Tanner: Why only officially? What about before official ID?	Comment by Rob Tanner: What about simulation exersices for contingency plans? 
1. Comply with the National Reporting Obligations and share the outbreak information with the IPPC Secretariat and other relevant bodies (e.g., Europhyt for EU countries).
2. Activate national FAW response and management units the crisis unit described above (point 4).	Comment by Brunel, Sarah (NSP): See comment from Chris under point 4.	Comment by Ciampitti Mariangela: Done	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES BY MARIANGELA
3. Appoint a dedicated communications team and a spokesperson from the NPPO, this person would be solely responsible to provide information to the media according to contents and modalities defined within the crisis unit through a communication plan.
4. Implement all activities of the contingency plan as necessary, including the communication plan listed above.	Comment by Rob Tanner: I see no reference to a communication plan above, its been deleted. 
5. Revise and update the FAW preparedness and contingency plans to adapt to the situation.

Details on the technicalities of the preparedness and contingency plans are provided below. Elements to be taken into account for drafting a communication plan are also summarized.

1.3 Communication   Alison/Roger
Communication is a critical element in effectively monitoring (pre-incursion), and in managing fall armyworm once its presence is detected. The IPPC Guide to Pest Risk Communication (2019) guides NPPOs in identifying and engaging with stakeholders, and in developing pest risk communication strategies including on the key goals and concepts of pest risk communication, factors that may influence its success, and principles of good pest risk communication. 
Once FAW is detected, communication strategies will need to quickly adapt to address the urgent need for clear, timely, consistent, relevant and science-based information targeted to the needs of different stakeholders. Building trust and credibility through inclusive dialogue and participation is critical from the beginning, particularly as the arrival of FAW presents a complex and new threat to farmers. Sound and consistent advice that can support farmers in managing FAW is critical. Identification of the different stakeholders involved and their needs is essential so that communication modes can be appropriately targeted. The Framework for Strategic Communication during Pest Outbreaks: Learning from Fall Armyworm (CABI, 2019) sets out clear advice for preparing a FAW preparedness plan and communication strategy in the event of an outbreak. 
Australian NPPO communications and awareness materials include NPPO information on FAW (official scientific and national response information), juristictional information (states and territories providing operational  and technical information to industry and farmers on surveillance, management and reporting), and industry information (affected industries such as grains, cotton, horticulture providing targeted industry information, resources and reference materials to support their specific industries). NPPO, Juristictional and Industry FAW information website links are available through the FAW website contributed resources and may be used in this guidance document as hyperlinks for NPPO’s to access.Part to give concrete guidance. E.g. EPPO, Australia examples, Chris to contribute resources.

1. Preparedness plan: when the pest is still absent

A preparedness plan includes all activities to be undertaken while Spodoptera frugiperda is absent from the territory, namely, pest risk analysis, Phytosanitary legislation, inspection and diagnostic.

2.1 Pest Risk Analysis Pila	Comment by Valério Lucchesi: the PRA specific for FAW cannot be part of a preparedness plan but will have to be done before the preparedness plan, if the outcome would be that FAW is not a risk for your country, you will not prepare a preparedness plan, So we propose to deleting or moving..
Pest Risk Analysis or PRA is defined as “the process of evaluating biological or other scientific and economic evidence to determine whether an organism is a pest, whether it should be regulated, and the strength of any phytosanitary measures to be taken against it” (FAO, 2019a). PRA should be undertaken in accordance with ISPM 2 Framework for Pest Risk Analysis (FAO, 2007) and ISPM 11 Pest Risk Analysis for Quarantine Pests (FAO, 2017).
According to the European Food Safety Authority (EFSA) Pest Risk Assessment (Jeger et al 2018), FAW could enter new countries through international trade. Being a polyphagous pest, it arrived and could arrive on several host plant products, such as eggplant, asparagus and cut rose. This EFSA Pest Risk Assessment includes pathway models which indicate that peppers (Capsicum spp.) are the most likely for entry into the EU, although peppers are not preferred hosts. Being that pepper is regulated and inspected upon entry into many countries (e.g. in the EU), further regulation is estimated to have a marginal effect.
The pathway analysis for Australia indicates that the majority of FAW interception records in Australia are from fresh Asparagus officinalis (Asparagus), which could contain egg, larvae or pupae. Capsicum spp. (sweet or hot peppers), Momordica spp. (bitter melon), Solanum macrocarpon (African eggplant), Solanum melongena (eggplants) maize (excluding seeds) and cut flowers are also likely pathways for FAW on commercially imported products (Australian NPPO FAW Pathway Vulnerability Assessment). 
Given the high rate of natural spread of FAW, its likelihood of entry by natural dispersal is high. Indeed, FAW may continue to spread within North Africa, and could relatively easily enter southern European countries (particularly the Andalusia region in Spain and Sicily in Italy) through migration. In the Pacific, natural spread of FAW to Solomon Islands is possible with the confirmation of the pest (May 2020) in the north-west region of Papua New Guinea (Madang Province) that borders the Bismack Sea (Tay et al., 2020). Onward natural spread of S. frugiperda to other Pacific countries (e.g., Vanuatu, New Calidonia, Fiji, Tonga) may be less likely due to the geographic distance between these island nations despite the insect’s strong flight ability. However, examples of the spread of the coconut rhinoceros beetle Oryctes rhinoceros in the pacific nations (likely due to movements of contaminated plant material) also suggest that establishments of FAW across these Pacific nations may be possible with antropogenic-assisted spread.

2.2 Phytosanitary legislation Mekki

An extensive review on pest categorization of Spodoptera frugiperda is available at the EPPO global data base (https://gd.eppo.int/taxon/LAPHFR/categorization) as of October 2020. In review of the information on this database it is evident that FAW is a regulated quarantine pests in Morocco, Tunisia and in A1 list in Egypt, Bahrain, and Jordan. FAW is also a quarantine of concern in the Pcific area (Visone:PPPO) and in  many countries of the NENA region.

In the EU, it is a quarantine pest as per the Commission Implementing Regulation 2019/2072 (and is listed in Annex II part A). It is also considered a priority quarantine pest as per the Commission Delegated Regulation 2019/1702. In addition, there are some specific requirements regarding this pest on some plants (which should be reflected by an additional declaration on the Phytosanitary Certificate). These requirements are permanent until further notice on plants such as Chrysanthemum sp., Dianthus sp. and Pelagonium sp., as per point 25 of Annex VII of Implementing Regulation 2019/2072. These requirements are temporary for fruits of Capsicum L., Momordica L., Solanum aethiopicum L., Solanum macrocarpon L. and Solanum melongena L., and plants, other than live pollen, plant tissue cultures, seeds and grains, of Zea mays L. originating in third countries other than Switzerland until the 20 June 2021, as per the Commission Implementing Decision 2018/638 amended by the Commission Implementing Decision 2019/1598.	Comment by Microsoft Office User: It seems that only EU implemented regulation against FAW.	Comment by Dale, Chris: The Australian NPPO has implemented regulation through the PRA process for high risk FAW host products (cut flowers, asparagus etc) and also included on the National Priority Plant Pest List as a priority target for surveillance, inspection, diagnostics and stakeholder awareness. 	Comment by Brunel, Sarah (NSP): Chris, could you please further elaborate on this, providing the linka dn reference to the law? What about in PNG, etc?
.? 	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES

In Australia, the NPPO has implemented regulation through the PRA process for high risk FAW host products (cut flowers, asparagus etc) and also included on the National Priority Plant Pest List as a priority target for surveillance, inspection, diagnostics and stakeholder awareness.


2.3 Inspection and diagnostic Valerio	Comment by Valerio Lucchesi: There are some repetitions (e.g. detection or biology) with other parts of the documents. However, I propose to leave them at this stage as the TWG might decide to delete/modify other sections e.g. the section on ‘general information on the biology’ etc	Comment by Dale, Chris: Agreed, I think the whole TWG needs to review the doc and confirm where these details need to be located	Comment by Dale, Chris: WILL THE TWG HAVE THE OPPORTUNITY TO REVIEW EARLY NEXT WEEK?

Detection	Comment by Brunel, Sarah (NSP): Chris, isn’t that redundant with your part? Is this well placed? Please feel free to change the text directly.	Comment by Dale, Chris: I AGREE WITH SARAH, INSPECTION SHOULD RELATE TO THE REGULATED PATHWAY INSPECTION OF IMPORTED COMMODITIES (THROUGH AIRFREIGHT AND SEAFREIGHT). THESE DETAILS ARE MORE ALIGNED TO THE SURVEILLANCE SECTION THAT I HAVE UPDATED SO IS CURRENTLY REDUNDANT UNLESS RELATED DIRECTLY TO COMMODITY INSPECTION AT THE BORDER THROUGH QUARANTINE OR BIOSECURITY INSPECTIONS.	Comment by Dale, Chris: 
Due to their polyphagous nature, Spodoptera species can be found on almost all types of commodities of plants or above ground plant parts. Fruits can also be infested by eggs or, more often, by larvae. For host lists see the EPPO datasheet (2020). Symptoms caused by the larvae are similar for most leaf-eating Lepidoptera. All stages of the pest can be detected visually, with a hand lens for early stages, and specimens can be collected by hand or a sweep net (adults). In the field and in production-, storage-, handling- and other facilities adults can also be detected with the aid of light traps and pheromone traps. Pheromone traps allow adult males to be caught although this may include non-target species, and light traps are species-nonspecific and catch both female and male adults, and further confirmation of pheromone or light traps captured target species through morphological characters or molecular diagnositcs is therefore needed. Adults can sometimes be found and collected by hand, especially in a commodity that is transported or stored in cool conditions. Eggs can be found on all above ground plant parts, mostly on the underside of leaves. The larvae are mainly external feeders especially in young plants, while later instar larvae can completely destroy all plant parts including stems, branches, leaves, and reproductive structures (EPPO 2020; Czepak et al. 2019). Symptoms of the presence of larvae are holes in fruits or leaves along with the presence of excrements. Early stages are likely to be found scraping the epidermis of the underside of the leaves, but for example in cut flowers such as Rosa, larvae tend to migrate to the flowers very soon after hatching. Larvae never tie leaves together. Symptoms caused by the larvae are not specific to Spodoptera but generic for most primarily foliage feeding Lepidoptera species. Under natural conditions pupation takes place in the soil where the pupae are difficult to detect. However, pupae can incidentally be found in commodities without soil, since larvae will always start pupae. 
 
Diagnostics
The diagnostic activities for the identification of the species are carried out by the laboratory of the NPPO or by another laboratory under the authority of the NPPO according to the international standards available.
A diagnostic protocol covering Spodoptera littoralis, Spodoptera litura, Spodoptera frugiperda, and Spodoptera eridania has been approved and published by EPPO (2015) This protocol describes morphological and molecular identification of Spodoptera species including S. frugiperda. 
A reliable morphological identification is best carried out on adult stages. Experts with experience on this genus may make an identification to species level based on the morphology of immature stages (in particular larvae), given consideration of context.
Molecular tests are also included in the EPPO Diagnostic protocol although it is noted that a molecular identification can be relatively time-consuming especially if DNA sequencing facility and service provider are not readily accessible, and in which caseas opposed to a morphological identification from larvae or adult moths by an experienced person could help with timely confirmation of suspect specimens. For a rReliable positive identification of S. eridania, S. frugiperda, S. littoralis and S.litura by can be readily achieved via well-established these molecular tests such as through sequence identity confirmation, the specimen should have been identified to the genus level based on morphology. In the EPPO Diagnostic protocol, when a molecular test is recommended, this is indicated in the morphological identification sections for the different stages and species. The identification of S. eridania, S. frugiperda, S. littoralis and S. litura can also be performed using four simplex real-time PCR tests that can be combined in a single test based on the TaqMan chemistry (Van De Vossenberg & Van Der Straten, 2014). To cover the overlap in geographical distribution the S. eridania and S. frugiperda tests, and the S. littoralis and S. litura tests are combined in a single test. 	Comment by Tay, Tek (H&B, Black Mountain): Should this be upper casel ‘D’?	Comment by Tay, Tek (H&B, Black Mountain): I don’t think this statement is accurate. In molecular diagnostic approaches such as DNA sequencing will readily identify to the Spodoptera genus and species, no prior genus-level identification is necessary (especially for eggs/neonates where identification to the ‘Spodoptera’ genus may be challenging.	Comment by Dale, Chris: Agreed and there may be challenges for some countries in identifying large trap counts of FAW down to genus level	Comment by Brunel, Sarah (NSP): Valerio to take into account this comment.	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES BY VALERIO	Comment by Francoise Petter: This was the choice made in our region but I realize this may be challenging. It is sometimes easier to combine both. In any case this is a guideline. 	Comment by Tay, Tek (H&B, Black Mountain): Check if this should be ‘D’ or ‘d’
Molecular diagnostics based on the partial mitochondrial DNA cytochrome c oxidase subunit I (mtCOI) gene has been the most widely used approach for species confirmation which also allows the differentiation of ‘rice’ and ‘corn’ host preference (i.e. Sfr and Sfc). A LAMP test  has been developed in South Korea (Juil et al. 2020)Another LAMP assay to support diagnosis of FAW at the border and in surveillance is being developed by Agriculture Victoria in Australia (Australian NPPO) FAW Pathway Vulnerability Assessment). 	Comment by Tay, Tek (H&B, Black Mountain): Note that the method has also been developed by South Korean lead group

Development of a simple and accurate molecular tool for Spodoptera frugiperda species identification using LAMP
Juil Kim, Hwa Yeun Nam, Min Kwon, Hyun Ju Kim, Hwi-Jong Yi, Sabine Haenniger, Melanie Unbehend, David G. Heckel
bioRxiv 2020.04.07.029678; doi: https://doi.org/10.1101/2020.04.07.029678	Comment by Dale, Chris: My program is coordinating the development of this FAW Lamp Assay diagnostic tool and protocols and we hope to finalise in early 2021 with trials in Timor-Leste, PNG and Solomon Islands along with a suite of virtual training courses for NPPO surveillance and diagnostic staff to access.	Comment by Brunel, Sarah (NSP): Then how to refence this please?	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES	Comment by Francoise Petter: For consistency with the rest of the paragraph I have shorten and included the full paper in the reference list. 
In addition the published paper (even if this is a pre print)  should be mentioned before the reference to the test under development in Australia 

 
Inspection
Phytosanitary inspections of consignments (e.g., Zea mays, Capsicum spp., Solanum melongena, etc. (; EFSA, 2018)) which are likely to be pathways for the entry of Spodoptera S. frugiperda should be conducted at the point of entry. When conducting an inspection, methods should be consistent with international standards, ISPM 23: Guidelines for phytosanitary inspection (IPPC, 2016) and ISPM 31: Methodologies for sampling consignments (FAO, 2008). The sample (as minimum number of individuals selected from the lot or consignment to be examined) should be determined based on lots, taking into account the statistical background provided in ISPM 31 Methodologies for sampling of consignments (IPPC, 2008). For regulated pests absent not yet reported from the area of import the objective should be of to aiming at to detecting an infection level of 1% or more with a confidence level of at least≥ 99%. Quarantine border inspections should not just be targeted based on the FAW pest status of the exporting country, but also the host commodity (such as cut flowers, asparagus etc). It is also accepted that many countries with confirmed FAW detections and incursion status have not updated their FAW pest status through the IPPC NRO processes and therefore, countries still free from FAW should take extra precautions when conducting PRA’s and identifying FAW host consignments for inspection at the border.	Comment by Tay, Tek (H&B, Black Mountain): note that this could be misleading. For example, Australia detected FAW from countries where FAW had not been reported (e.g., Asia since 2013; Africa since 2014). 

Status of ‘absence of pest’ is only often limited by the country’s biosecurity and plant protection capabilities.	Comment by Dale, Chris: I agree with Tek’s comments and the quarantine or biosecurity inspection should not just be targeted based on the FAW pest status of the exporting country, but also the host commodity (such as cut flowers, asparagus etc) which is reflected in the Australian ‘cut flowers PRA’ document. It is also accepted that many countries with confirmed FAW detections and incursion status have not updated their FAW pest status through the IPPC NRO processes and therefore, countries still free from FAW should take extra precautions when conducting PRA’s and identifying FAW host consignments for inspection at the border. 	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES
For visual examination of consignments, plant health inspectors should be equipped with a torch, knife and magnifying lens (10x). The place where the inspection is conducted should be well-lit. The visual examination should begin with an overall examination of the consignment. Visual examination of the container and packaging should be conducted to determine if any eggs, larvae or adults are present on any of the surfaces.  A thorough examination of the consignment should follow where a visual examination is carried out for the detection of eggs, larvae and pupae.     
 
Any part of the plant sample with characteristic symptoms of lepidopteran feeding damage should be removed for further thorough examination. Destructive sampling of a number of randomly selected i consignemt samples (i.e., corn cobs, cut flower bunches, asparagus bunches, etc.) ndividuals of the sample (e.g. maize cobs) may be conducted to look for larvae which may have bored into the commodity (plant material).  	Comment by Tay, Tek (H&B, Black Mountain): Plant material? ‘Individuals of the sample’ reads like for the caterpillars…	Comment by Dale, Chris: I agree with Tek and the sentence should read ‘destructive sampling of a number of randomly selected consignemt samples (ie corn cobs, cut flower bunches, asparagus bunches etc) may be conducted to look for FAW larvae which may have bored into the commodity (plant material)’	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES BY TEK
 
In case of the detection of suspected Spodoptera S. frugiperda, a sample  specimens should be taken and sent to the designated laboratory to confirm species identity.  Collected larvae should be placed in 95–100% ethanol. If adults are collected, they can be contained in hermetic containers or ethanol before being sent to the laboratory. Care must be taken to preserve the wings which are fragile. If the inspector suspects the presence of exotic Spodoptera species especially Spodoptera S. frugiperda, the lot/consignment should be detained under official control (see # [30] (i) in Delimiting survey section).    	Comment by Tay, Tek (H&B, Black Mountain): Actually we generally prefer to have a few specimens sent to us, in case of poor DNA quality, or to help eliminate potential contamination at the DNA extraction stage, etc.	Comment by Dale, Chris: agreed	Comment by Tay, Tek (H&B, Black Mountain): need to update this reference. Not sure which reference this was…? Cite author/organisation+year please.


2.3 Surveillance plan Chris	Comment by Dale, Chris: updated with additional technical information around FAW surveillance design, methodology, record management etc. I have provided a summary of key FAW surveillance protocol planning information and happy to summarise or consolidate more if needed 	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES

Host range and part of host affected	Comment by Ciampitti Mariangela: Consider whether to move this part to the chapter “General information on the biology of the pest”	Comment by Tay, Tek (H&B, Black Mountain): This 
FAW are extremely polyphagous, and a recent review suggest they have been recorded on over 350 host species from more than 75 families, although it has a preference for monocots, mainly Poaceae, but also for Asteraceae and Fabaceae (Montezano et al. 2018). A detailed host list is provided by EPPO at https://gd.eppo.int/taxon/LAPHFR/datasheet (EPPO, 2020). FAW are a serious pest of corn, rice, sorghum, cotton, soybean and sugarcane around the world and their range extends to potatoes, tomatoes and cucurbits and a number of other vegetable and fruit crops (Casmuz et al. 2010). Damage can reduce production severely, particularly in high population numbers. Young seedlings are usually targeted as larvae emerge at the beginning of the growing season, but vegetative and reproductive plants are also attacked as larvae age. Larvae begin feeding in the whorl and feeding extends to leaves, stems and reproductive parts and larger larvae may cut the plant at the base. 
Pest damage
Feeding begins after hatching, though the damage from young larvae on leaves is superficial. As the larvae move into the whorl they begin feeding more, and skeletonise the leaves as they develop. If the plant is older, larvae may travel to the cob or fruit and feed on the developing seeds. Recovery for plants is dependent on population numbers, but where infestation is high, larval damage is often too extensive and plant death is common. In corn, FAW destroy silks and tassels, limiting the plants’ ability to fertilise. Damage in a field attacked by FAW has been compared to that of hail storm damage (CABI 2019) and feeding damage will often lead to secondary infections such as fungus. 
Detection and identification 
A diagnostic protocol to support surveillance activities for S. frugiperda, S. eridania, S. littoralis and S. litura is available (van der Straten et al. 2015). It is well established that there are two morphologically identical strains within FAW – a corn strain (C), which preferentially feeds on large grasses, and a rice strain (R), which feeds on smaller grass hosts. These strains may be in the process of speciation, or merging, but hybridisation is common in sympatric ranges (Prowell et al. 2004). Molecular identification is available for all life stages and strains are able to be distinguished using DNA barcodes and haplotype analysis has also identified differences at the population level. 	Comment by Ciampitti Mariangela: See 2.3 on diagnostics	Comment by Ciampitti Mariangela: These parts have already been dealt with in previous chapters	Comment by Francoise Petter: Indeed should be deleted.
Morphological keys give high confidence for adult moths, using genitalia, but species level morphological identification is possible for larvae, particularly in combination with contextual information including type and extent of damage. Border interceptions must rely on a combination of keys and pathway considerations, but there are three other Spodoptera (S. littoralis, S. litura, and S. eridania) pest species that must be eliminated to confirm identification of FAW. 	Comment by Tay, Tek (H&B, Black Mountain): This section could be combined with the Diagnostic section “In the EPPO Diagnostic protocol … based on the TaqMan chemistry (Van De Vossenberg & Van Der Straten, 2014)”

[image: ]
Maize: eggs (on the left), signs of larvae feeding on the leaves (at the center), larvae inside the cob (on the right).

FAW Identification leaflets are available, as for instance the ones developed by the FAO & CABI (2019b&c), by the Australian Grans Research & Development Corporation (GRDC) https://grdc.com.au/resources-and-publications/resources/fall-armyworm , CottonInfo https://www.cottoninfo.com.au/sites/default/files/documents/ID_guide_sc2.pdf, ICAR Research (Firake et al. 2019), Réseau d’avertissement phytosanitaire – Ministère de l’agriculture, des pêches et de l’alimentation du Québec (MAPAQ) (2018), or Australian Government FAW Field Identification Dive Card. Such identification factsheets should usefully be made available for field staff.	Comment by Francoise Petter: I know there are called identification but is that really the case or it incudes elements of identification. 	Comment by Francoise Petter: LINK DOES NOT WORK is it not 
https://www.agric.wa.gov.au/sites/gateway/files/Fall%20armyworm%20larval%20identification%20guide%20DPIRD.pdf 	Comment by Francoise Petter: what is the point if no link given
There are many FAW surveillance protocols available (e.g., Kearns et al. 2020), the FAO & CABI (2019) instructions, and the EFSA FAW surveillance guidelines (EFSA 2020) that detailed specific objective-oriented considerations. The Fall Armyworm Trapping and Surveillance Manual of the Australian Government provides very operational instructions to select a site, place a trap, maintaining a trap, submitting samples and managing data (Britton &Greenwood 2020).	Comment by Hadi, Buyung (NSP): Field scouting protocols can also be found in FAO FFS guide for FAW management (2019) http://www.fao.org/3/i8665en/I8665EN.PDF 
A description on using FAMEWS app and global platform as a way to pool and visualize surveillance information can be found in FAO FAW Guidance Note #10 on FAMEWS http://www.fao.org/3/ca9484en/ca9484en.pdf 	Comment by Tay, Tek (H&B, Black Mountain): See https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/sp.efsa.2020.EN-1895

Pages 18 – 20:  Section 3. Key elements for survey design	Comment by Dale, Chris: I have also sent a copy of the Australian NPPO FAW surveillance protocol as an example of a National Protocol and can be hyperlinked to the IPPC FAW website if needed	Comment by Dale, Chris: INCORPORATE TEK’S SURVEY DESIGN REFERENCE INTO THE SURVEILLANCE RESOURCES	Comment by Dale, Chris: This Australian FAW surveillance manual (operational for field staff and surveillance officers) can also be hyperlinked to the IPPV FAW website if needed	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES

Detection surveys
A detection survey is defined as “survey conducted in an area to determine if pests are present” (FAO, 2007). They should be conducted regularly to rapidly identify individuals or populations of FAW which were accidentally introduced or spread naturally.

These detection surveys can be conducted through trapping, visual inspections and taking samples.

Survey locations
FAW Trapping surveillance should be conducted in regions where the pests have not been detected previously, or in regions where migratory populations can be expected. This can be supported by visual surveillance in susceptible crop regions.   

Trapping surveillance
Trap-lure combinations can differ significantly in both sensitivity and specificity, depending on strain and geographic variation within fall armyworm populations. Intraspecific variation in FAW is well recognised and there is corresponding strong intraspecific variations in the composition and response to pheromones. This became apparent in central and South America, when there were poor responses to traps containing lures from North America (Andrade et al. 2000, Malo et al. 2001). Subsequent sex pheromone characterisation has found considerable differences between North and South American populations (Batista-Pereira et al. 2006), and lure compositions have been adjusted for use in these regions. Recent research from populations in Togo have also shown differential responses to trap-lure combinations (Meagher et al. 2019). 
It may be necessary to field test trap-lure combinations for early detection  to optimise trapping success for previously unmonitored populations. 

FAW Lures	Comment by Dale, Chris: These paragraphs maybe removed if too technical and detailed. This information is detailed in the Aus NPPO FAW surveillance protocol document  	Comment by Ciampitti Mariangela: In my opinion, the information contained in this paragraph is important and therefore I would maintain it.	Comment by Dale, Chris: AGREED – KEEP SECTIONS IN THE GUIDELINE AS SUGGESTED BY MARIANGELA
As noted, FAW lure composition varies but can be refined easily within known populations through comparative studies. All lure types tested for FAW in various studies around the world have captured moths, but efficiency has varied and as an early detection indicator in low populations this efficiency may be crucial to meeting program objectives. 

Lures should be replaced every 3-5 weeks dependent on rainfall or high winds which may degrade the lures’ efficacy faster. Lures are dispensed on a rubber septa, which is hung in the selected trap design and pierced to release the pheromone. 

FAW Traps
Trap height is commonly 1.5m, but always just above the canopy level of the grasses. Traps are placed at a minimum of 20m apart for monitoring or mass-trapping. Most trap types are likely to be suitable during the dry season but must also be durable during the high rainfall events of the wet season, which is when high numbers of moths are likely to be present. The trap types described below have been used successfully in various places around the world but durability and cost vary. Both trap type and lure composition have an effect on by-catch numbers. Overall bucket traps (preferably yellow – Gilson et al. 2018) are the most suitable for FAW, but design will most likely need to be refined for high rainfall events. 	Comment by Ciampitti Mariangela: mass trapping is not a detection survey tool, but intervenes later when populations are high.	Comment by Ciampitti Mariangela: Bucket traps are considered the most effective for pest monitoring. In my opinion it should be further investigated whether they are also effective for detection survey. In my experience, delta traps may be the most effective for detection survey, especially if the moths captured are analyzed by molecular method.
Visual surveillance	Comment by Ciampitti Mariangela: we do not usually use this term, we use visual inspection or visual examination. In the chapter 1.1 I used “visual inspection”. We need to agree on which terms to use to aromonize the text	Comment by Dale, Chris: GOOD POINT BUT VISUAL INSPECTION MAY BE CONFUSED WITH A BORDER QUARANTINE INSPECTION OF AN IMPORTED COMMODITY. MAY NEED TO CHECK ISPM5 FOR INSPECTION AND SURVEILLANCE TERMINOLOGY
Fall armyworm larvae are nocturnal and commonly feed deep in the parts of plants where they cannot be easily seen, as such visual surveillance is time consuming. Nevertheless, in the following conditions the plants should be examined for armyworm:
· When the damage includes skeletonising of leaves or large borer type holes;
· When the damage occurs overnight and;
· Damage occurs after rainfall or irrigation events.

FAW damage is not specific but similar to that of other foliage feeding lepidopterans. Nevertheless, when FAW are present, large amounts of frass that resembles sawdust when dry should be obvious and window-paning or skeletonising of leaves should be common.  Depending on the crop, surveillance may require plant parts such as new leaves to be pulled apart, e.g. in corn, the whorl, ear, cob and tassels should be examined for damage. 

FAW Surveillance Collections	Comment by Dale, Chris: These paragraphs maybe removed if too technical and detailed. This information is detailed in the Aus NPPO FAW surveillance protocol document  

Sweep netting 
Adult moths, can be collected with a sweep net designed to capture lepidopterans. Sweep netting should take place before other collections to avoid adults flying away. 

Eggs on oviposition sites
Eggs are commonly seen on the underside of leaves in large, layered clusters.   

Beating trays and hand collections
Caterpillars and pupa that are fixed to the surface of the leaves can be removed by hand or collected with beating trays. These life stages should be collected with host plant material if they are to be reared. 
Survey timing and frequency
According to best estimates for natural pathway entry, winds blowing FAW adults into the region are most likely to occur during the regional wet seasona. However, FAW are likely to reproduce all year round in this region and will likely take advantage of wet microclimates, including irrigated areas, during the drier months. Trapping surveillance in these areas should be placed all year long although trapping could be periodic, rather than continuous, depending on logistical constraints. Visual surveillance should coincide with the growing season and high rainfall or irrigation events.

In cooler regions where seasonal incursions are expected, trapping and visual surveillance should coincide with migratory patterns in the northern populations. 
Survey design
FAW survey design considers known regulated and unregulated pathways, and establishment and spread potentials. Although eradication is not feasible, knowledge of when FAW arrives in a new area through the pathways most likely to lead to establishment is essential, to develop and instigate appropriate control options in response to further spread. Trapping surveillance is the best option to achieve these objectives and can be supported by visual surveillance in produce areas where high concentrations of hosts are available.
FAW Sample handling
Samples should be collected carefully to prevent spread and preferably under the direction of a NPPO quarantine or biosecurity officer. Diagnostic laboratory contact, preparation and sample submission information is important and laboratories should be contacted before sample submission to determine if they have suitable diagnostic capability for the pest.

Adults 	Comment by Dale, Chris: These paragraphs maybe removed if too technical and detailed. This information is detailed in the Aus NPPO FAW surveillance protocol document  

Adults collected via sweep net should be carefully placed in a killing jar with cotton wool to prevent damage, and if long transport times are expected, either pinned and dried rapidly, or placed in a freezer for preservation. Moths should be relaxed before pinning and setting for identification, but a body part (e.g. a leg) should be removed prior to this process for molecular work. Moths from pheromone traps will be a mixture of dry and fresh specimens. These can be placed in labelled small brown paper sandwich bags, and placed in jars or boxes in a freezer for storage prior to diagnostics. Samples should be unambiguously labelled so that they can be associated with collection data. 

Molecular collections
Eggs, pupae and adults collected should be placed in 90% ethanol for preservation to undergo molecular diagnostics. Larvae not being reared can be preserved by immersing in near boiling water for 30-60 seconds, then placed into 80-90% ethanol.  Adults which have been dry preserved and not relaxed are also suitable for molecular diagnostics.

Live collections 
Eggs, larvae and pupae collected by beating tray or by hand can be reared for identification. Host plant material should be noted, collected and refreshed when housing the insect, and damp paper towel should be included for moisture. If keeping alive, moths should be kept in an uncramped container in a cool dark place with something to roost on (such as a section of egg carton).

Finally, information and training programs are to be planned for those involved in the production and handling of herbaceous and horticultural crops in order to collect reports on cases of suspected presence of the insect. Citizen science programme can be usefully undertaken to have everybody watch out for FAW, as done in Australia. simple FAW identification and information resources may be provided to importers, growers and home gardners to assist authorities in identifying and reporting FAW incursions (Australian Government, Fall armyworm and other exotic armyworms website, 2020).	Comment by Sarah Brunel: EPPO comment: Information and training is mentioned before – we’ll need to check to avoid repetitions

FAMEWS	Comment by Hadi, Buyung (NSP): FAO FAW Guidance Note #10 can be referenced here: http://www.fao.org/3/ca9484en/ca9484en.pdf 
FAMEWS mobile app is an application for Android v6 or higher smartphones provided by FAO. The app could be used every time a field is scouted and pheromone traps are checked for FAW. The app has these parts:
· Data entry: to collect, record and transmit:
· Scouting data, including basic farm data, scouting data (manual or using artificial intelligence) and immediate advice; 
· Trap data
· IPM education
· Digital library
· Chat to share experiences
· Expert resources

Data are entered by making selections from drop-down lists. Each item provides a useful explanation that, in some cases, includes photos – for example, of different pests and natural enemies to help the user enter accurate data. The app is intuitive, easy and fast to use. It is currently available in 29 languages. FAMEWS can be downloaded for free from the Google Play Store.
The FAMEWS mobile app can be used to conduct both detection and delimiting surveys. FAMEWS is freely available for any low-cost Android 5.0 or higher smartphone from the Google Play store. 

2. Contingency plan: when the pest is officially deceted and confirmed

Once Spodoptera frugiperda is officially found in a new territory, the contingency plan should then be implemented, including preventive measures, phytosanitary measures and measures to suppres the pest. The implementation of the previously described preparedness plan still applies.


3.2 Phytosanitary measures Mariangela

i. In the event that the presence of S. frugiperda is officially confirmed, the NPPO immediately implements official control measures to contain the spread of the pest.	Comment by Dale, Chris: Agreed 

Delimiting surveys
A delimiting survey is defined as “survey conducted to establish the boundaries of an area considered to be infested by or free from a pest” (FAO, 2019a).
In the event that the presence of Spodoptera frugiperda is detected during detection surveys or following the verification of a report, a delimiting survey program must be put in place to establish the boundaries of the infested area. Depending on the data available on the mobility of the insect (which varies depending on climatic conditions), a radius of 100 km can be considered adequate as a radius of the area to be investigated. In the territory falling within this area, the phytosanitary services must conduct surveys through visual inspections and the use of traps, favoring the areas cultivated with corn, but at the same time guaranteeing homogeneous coverage of the entire area.

ii. If S. frugiperda is detected in an import consignment, the infested commodity should be immediately destroyed or treated to prevent the spread of the pest. All lots of the same consigment should be checked and, if necessary, destroyed or rejected. The NPPO should notify the pest interception at national and international level.	Comment by Dale, Chris: All good points and I agree with including the content 
iii. If S. frugiperda is detected in a site presenting a high phytosanitary risk such as storage places for imported plants and vegetables, it is necessary to trace the source of the infestation and destroy or treat the infested plants or vegetables. It is important to check all plants and plant products present on the site which may have been infested by the pest. An accurate specific surveillance programme should be implemented around the site to exclude that the pest has already spread to the surrounding environment.
iv. If S. frugiperda is detective in field, probably in commercial maize crops, insecticide treatments should be applied and surveys should be intensified on maize and other host plants throughout the country.
v. If pest is not yet widespread throughout the country, the NPPO may officially delimit a demarcated area (infested area + buffer zone) in which control measures are implemented and consider the rest of the country as free area. The statement of Pest Free Area should be supported by the results of detection surveys. Given the great flying capacity of S. frugiperda, it is very difficult to define the radius of the buffer zone; the NPPO could consider entire provinces or administrative districts as areas with the presence of the pest.

Caution: FAW has a high rate of spread of more than 100 km in one night; it is very polyphagous and can be easily confused with other pests. These factors render its early identification difficult. Biological factors such as high reproductive rates and short generation time have made the eradication of FAW impossible. Eradication of FAW was attempted in Taiwan and Brunei, involving total destruction (cut and burn) of infested maize crop, however this has been unsuccessful to prevent resurgence of the FAW. In Australia, eradication of the FAW was deemed not feasible following rapid detections of FAW at multiple sites (EPPO 2020) and Governmental agencies swiftly transitioned to advising industries and State Government agencies to mitigate and manage the pest via chemical control as a short-term solution, and to invest and develop IPM strategies for long-term ecologically responsible solutions. It is important to note that to-date, none of the >70 nations with which the FAW was detected has been able to eradicate this pest, with the pest successfully established significant populations in these affected nations. The Australian FAW response example has shown that the NPPO should provide advice to agricultural producers and industry on surveillance and on-farm management techniques but accepts that these need to be implemented at an industry or farm level with technical guidance on IPM / management practices by the NPPO	Comment by Sarah Brunel: EPPO comment: Guidance needed how NPPOs decide to start eradication or move to containment or slowing down spread	Comment by Dale, Chris: The Australian example has shown that the NPPO should provide advice to agricultural producers and industry on surveillance and on-farm management techniques but accepts that these need to be implemented at an industry or farm level with technical guidance on IPM / management practices by the NPPO
	Comment by Dale, Chris: FINAL – MY COMMENTS HAVE BEEN INCORPORATED INTO THE GUIDELINES	Comment by Francoise Petter: How does that answer EPPO’s comment? 
PFA and export certification. Chris	Comment by Dale, Chris: I propose removing this section from the guidance document noting the prevention, preparedness and response focus of the document and developing a separate document which focuses on PFA and Export Certification (Phytosanitary Cert’s) for FAW susceptible export commodities to avoid confusion for NPPO’s.

3.3 Suppression of the pest Roger	Comment by Dale, Chris: Roger’s latest updates reviewewd and endorsed as part of final review 	Comment by Brunel, Sarah (NSP): I think it is a reasonable proposal.

Suppression is defined in ISPM5 as “The application of phytosanitary measures in an infested area to reduce pest populations”. Phytosanitary measures include legislation, regulation or official procedures, some of which have been discussed in other sections. Here potential suppression methods are summarised that could be considered for official procedures such as eradication or containment.
A fuller analysis of suppression methods and the evidence for their effectiveness is presented in relation to Outcome 2 of the FAO Global Action (see XXX). It is emphasised that Integrated Pest Management (IPM) is the preferred overall approach for suppression, but different methods will be appropriate in different situations. Choosing which method to use where and when, at national, local or farm level, is critical to effective IPM. Those decisions are not discussed here, but should be based on appropriate surveillance and/or monitoring. In order to meet phytosanitary requirements of trading partners, a systems approach may be appropriate (ISPM 14).	Comment by Hadi, Buyung (NSP): Reference documents include:
- FAO FAW Guidance Note #11 – FAW IPM along FAW migrational pathways - http://www.fao.org/3/ca9486en/ca9486en.pdf 
 FAO FAW Guidance Note #9 – FAW IPM in year-round breeding areas - http://www.fao.org/3/ca8967en/ca8967en.pdf 
FAO FFS guide for FAW management - http://www.fao.org/3/i8665en/I8665EN.PDF 

An additional upcoming resource: General Guidelines for the development of regional IPM strategy in collaboration with the TC (TWG 1-6) 
Any suppression method being considered for use can be evaluated against several criteria:	Comment by Hadi, Buyung (NSP): The General guidelines for the development of regional IPM strategy agrees on the following criteria:
 Cost
 Efficacy
 Safety (human and environmental, including non-target effects)
 Accessibility (e.g. regulatory framework/ registration status and need for infrastructure/ supply chain)
 Scalability (commercialization potential for technologies, complexity and need for added incentives for techniques)
· Efficacy. Results demonstrating a positive effect in controlled trials in an appropriate context are desirable, though not always available.
· Safety. Control methods, particularly pesticides, can be hazardous to human health. Safety should be considered in relation to how a method is likely to be used rather than whether recommended safety precautions are adequate, as often the recommended precautions are not followed.
· Sustainability. Possible effects on non-target organisms such as pollinators, natural enemies, wildlife etc should be considered, as well as the risks of creating new problems (such as resurgence of other pests or pesticide resistance).
· Practicality. Some methods may be impractical for some farmers, particularly those requiring elaborate safety precautions. Others may be only practical at a small-scale. Some methods are only effective if adopted in an areawide approach.
· Availability. Availability of regulated products is initially determined by their registration status, but even registered products may not be widely stocked if distribution is expensive and/or the perceived market is small. Availability of other inputs, such as seeds of companion plants, may also be a constraint.
· Cost-effectiveness. At the simplest level the cost of control must be less than the value of crop loss avoided for it to be worthwhile. Opportunity and other costs may also need to be considered.

Table X lists the main categories of suppression methods, and some of their advantages and disadvantages. Further information is available in ?Buyung/FAO (2020), Prasanna et al (2018), and FAO (2018). 

	Method	Comment by Hadi, Buyung (NSP): Suggest to re-arrange to prioritize the interventions that form the basis of classic IPM pyramid:
Host plant resistance
Agronomic practice
Conservation Biocontrol
Augmentative Biocontrol
Microbial pesticides
Botanical pesticides
Chemical pesticides
This is consistent with the upcoming general guidelines for IPM
	Advantages
	Disadvantages

	Chemical insecticides
Synthetic insecticides of many modes of action are effective against FAW when applied appropriately. Can be applied as seed treatment or to growing plants.



	
· Act rapidly
· Generic products can be low-cost
· Widely available

	
· Many, especially cheaper generics, are hazardous to humans, non-target organisms and the environment
· Necessary personal protective equipment is often not available
· Seed treatments may not last very long
· Resistance to some pesticides

	Microbial pesticides
Pesticides based on bacteria, viruses and fungi are registered for use against FAW in some countries
	
· Generally lower risk to humans, non-target organisms and the environment than synthetic pesticides
	
· May be slower acting that synthetic pesticides
· Not all products are widely available

	Botanical pesticides
Pesticides based on plant extracts are registered for use against FAW in some countries

	
· Generally lower risk to humans, non-target organisms and the environment than synthetic pesticides
	
· May be slower acting that synthetic pesticides
· Not all products are widely available

	Pest resistant or tolerant host plants
Conventionally bred plant varieties and transgene-based varieties


	
· No active intervention is required
· Compatible with other suppression methods

	
· Few conventionally bred resistant varieties available
· Transgenic crops (including maize) are not available in all countries
· Resistance to some Bt genes in transgenic maize


	Agronomic practices
Planting time, weed management, soil health management/plant nutrition, companion cropping, intercropping, crop rotation and other practices can all affect FAW

	
· Low risk to humans, non-target organisms and the environment
· Some require no financial expenditure
· Can encourage natural enemies of FAW
	
· Can be labour intensive
· Effects may depend on the context and environmental conditions
· May not fit with usual production practices

	Augmentative biological control
Mass production and release of natural enemies of FAW (mostly egg parasitoids)

	
· Low risk to humans, non-target organisms and the environment

	
· Economically sustainable production and distribution of natural enemies not easily achieved


	Conservation biological control
Practices to conserve and encourage existing natural enemies: agronomic practices, protecting nests of predators (ants, social wasps), providing food sources or other attractants
	
· Low risk to humans, non-target organisms and the environment



	
· Knowledge intensive and context specific
· Some opportunity or other non-financial costs
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