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ICE2020Helsinki, President’s Welcome Address

THE IMPORTANCE OF ICE CONGRESSES

and the benefits that result from knowledge sharing

Welcome to the XXVI International Congress of Entomology ICE2022 in Helsinki. This
congress is one in a series of over 100 years of ICE congresses. This history is reflected
on the cover page of the program book. The impact of ICE congresses on the field of
entomology for over a century is a strong motivation to be part of this great legacy. | am
happy and proud to host you at the ICE2022Helsinki.

In the context of our contemporary world, in person meetings at congresses have become less frequent
- and therefore immensely valuable. Personal meetings at congresses enhance, stimulate and create
knowledge, innovation, and collaboration, which is vital to the success of our discipline. Congresses
give opportunity for the further creation of knowledge and the application of that knowledge. These
opportunities arise from different sources and come in many forms. They may be industrial innovations, or
new scientific collaborations, new professional friendships, or perhaps the emergence of new clusters of
expertise, centres of excellence, and collaboration. All of these are outcomes of successful congresses.

For organising a congress, one needs multiple skills. The congress host works with those colleagues
who are willing, and in a position to influence the congress direction. To enable this, we have relied
on scientists, academic leaders, political and social leaders, business leaders,
as well as the trained professional staff of our congress venue and the
PCOs. Organizing a congress requires a long-term commitment
. by the organising committee to the established program. This is
" no minor issue, given the long period between bidding for and,
if successful, running the event. In the case of ICE2022 with
two years of postponement due to restrictions caused by the
covid19 pandemic, this period lasted for over seven years. The
organizers need a core-group of hundreds of people distributed
# globally, with a long-term commitment to the ICE congresses.
L ‘W& The colleagues all around the world helped the core organizing
iy ‘s . team in Helsinki to align our objectives with those of the key
“ stakeholders in the area of entomology. For these reasons my
+ sincere thanks and gratitude go out to all our section organisers,
symposium organisers, sponsors, exhibitors, volunteers, and
congress participants, as well as to the staff of our PCOs, the City
of Helsinki, and the staff of the congress venue Messukeskus and the
Finlandia Hall. In terms of practical support to the ICE2022 congress the most
significant was provided by the Helsinki Region Transit Authority and the City of Helsinki
Mayor's office. All congress participants receive the ticket for public transportation system in and around
Helsinki for the time of the congress. Many thanks to the HSL-HRT for giving us this environmental touch.
Many thanks to the City of Helsinki Mayor for hosting the reception for our delegates.

1—\

For ICE2022Helsinki, universities and other educational institutions along with research institutes are the
dynamic key elements of this event. They offered standing expertise and knowledge, but they also open
paths of knowledge to be followed. These new knowledge designs attract interest in our discipline and
facilitate cooperation.

Since the beginning of 2020 there have been serious public health issues around the globe, which have
shown us how vulnerable we are as human beings and as societies. Measures enforced in the interest of
public health have left their marks on ICE2022 Helsinki. Despite these events we carried on the planning
of the congress while trying to avoid over-reactions; over-reactions can lead to wrong decisions. The fact
that you now read my address in the program booklet means that we have successfully overcome these
two years of restrictions on meetings and travels, thanks to the support of many groups and individuals.
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ICE2020Helsinki, President’s Welcome Address

My sincere thanks go to the support groups that
we had nationally and internationally to make
this congress happen. My personal thanks go

in particular to the University of Eastern Finland,
Department of Environmental and Biological
Sciences, which allowed me to continue to work
academically. | also want to thank the Southwest
University, Chongging, China, which adopted me during
the last years as one of their staff members and gave me
the opportunity to continue educating the next generations of
entomologists.

The congress organising team has attended international meetings and

events in entomology during the past six years. This has been rewarding, but also necessary for
disseminating knowledge about the ICE2022Helsinki congress. Besides the members of the organizing
committee, numerous colleagues have spread our promotional material at probably hundreds of
meetings around the world.

Our sincere thanks go to the numerous sponsors, who have made this congress possible, in particular
the sponsors of individual symposia. Our sponsors range from the City of Helsinki and the Helsinki
Region Transit Authority to influential international organisations, companies, and professional
associations. Last, but not least, my sincere thanks go to all our exhibitors, who travelled to Helsinki to
meet the congress participants.

Let me close off by stating that we need nature and insects for our existence: to support our lives and
our lifestyle. Insects are one of the most speciose taxa on our planet. They sustain life on Earth and
fulfil many critical ecosystem functions, from pollination and biocontrol to being human food. This is the
reason for us to choose as the core message on the ICE2022Helsinki congress “bear-mat”: “Insects
feed the belly of nature”. This “bear-mat” every participant will find in their congress package.

Thank you all for being here, and for making ICE2022Helsinki happen. We hope the congress will
contribute to a sustainable co-existence of humans and insects.

Heikki Hokkanen
President of the ICE2022Helsinki Organizing Committee
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Maps and floor plans

MAPS AND FLOOR PLANS
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General floorplan

Messukeskus Siipi
conference centre

Entrance | Rautatielaisenkatu 3
Siipi Car Park | Ratamestarinkatu 13

Public transportation

Messukeskus is situated right next to
Pasila train station. You can also reach
Messukeskus easily by bus or tram.

Parking

Messukeskus parking facilities are situated
right next to Messukeskus and have room
for 4 600 vehicles. Parking facilities are
open 24/7.

Accessibility

All entrances are accessible for people with
disabillities and all floors can be accessed
with elevator. The majority of Messukeskus
restaurants are also accessible.

Holiday Inn > |
Helsinki - Expo

Conference Centre
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Maps and floor plans
1st floor exhibition stands and facilities
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Congress Theme

ENTOMOLOGY £0R OUR PLANET

Insects are in many respects the backbone for Life on our Planet, being the major engineers of ecosystems
and dominating organisms of the Animal Kingdom. “To a first approximation, every animal is an insect” (J.
Kukalova-Peck). The biomass of insects ranges from over 2000 kg/ha in the tropics to around 1000 kg/
ha in the temperate zone, while the biomass of human beings averages at only 7 kg/ha. The Theme for
the ICE 2022 is “Entomology for our Planet”, in order to highlight the crucial role of insects in maintaining
and shaping our lives, and overall, life on Earth. Specific emphasis includes topics such as:

Entomology for a hungry planet

Insects and mites are main competitors for humans for food, feed and fiber, requiring understanding
of their properties for successful management. Progress in entomology is essential to coping with the
ever-evolving race with insect pests. Insects and mites are also part of any solution to successful pest
management, as more than half of all known insects are natural enemies of herbivorous insects. As the
growing human population on our planet is seeking for alternative sources of animal protein to satisfy the
world hunger, increasing attention is paid to the possibility to use insects as a major source of proteins
for food as well as for feed.

Entomology for a diverse planet

Global biodiversity is the ecological base for sustainability of the world’s ’1.“.12 HEL&“@
ecosystems and the ecosystem services they produce for humans, but \(.a v
also the resource base for and driver of bioeconomy and businesses
arising from innovative uses of biomaterials, many of which originate
from arthropods. Insects pay a key role in global biodiversity, as over
% of all known animal species are insects, and they outnumber known
vascular plant species by 1-2 orders of magnitude. Furthermore, it
is believed that the vast majority of all insect species have not been
described yet (are unknown), and that most species will go extinct before .
they have been discovered. logy tor our ¥

Entomology for a healthy planet

There is a dramatic increase in vector-borne disease epidemics over the past decades, and nearly all
of the most important vector-borne human diseases have exhibited dramatic changes in incidence and
geographic range. These include dengue fever, malaria, Lyme disease, West Nile virus, Rift Valley fever,
chikungunya, yellow fever, and most recently, zika. Overall, vector-borne infectious diseases cause a
significant fraction of the global infectious disease burden, and nearly half of the world’s population is
infected with at least one type of vector-borne pathogen. Vector-borne plant and animal diseases not
only pose serious health hazards to humans and reduce the quality of life, but also reduce agricultural
productivity and disrupt ecosystems throughout the world. At the same time, the world is facing an
extreme shortage of entomologists and vector control experts, as many countries do not have any
entomology programs at the undergraduate university level, and some countries have only a handful of
expert entomologists.

Entomology for a changing planet

Global ecological challenges such as climate change, biodiversity loss, and invasive species all have a
strong entomological component, and are usually interlinked. Thus climate change profoundly affects
species distributions and abundances, exacerbates biodiversity losses, and facilitates invasions of
harmful species into new geographical areas. Such drivers further disrupt critical ecosystem services
such as biological control, pollination, and decomposition, in all of which insects play the determining
role. Even a country like Finland records well over 100 new insect species per year, among them a recent,
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Congress Theme

established invader Anoplophora glabripennis (the Asian long-horned beetle), found in 2015. In turn, we
appear to be losing specialist arctic species at an accelerating pace, including some bumble bee species
such as Bombus arcticus.

Entomology with latitude

Helsinki will be the northernmost ever location for the ICE Congress (at 60°10'N, equivalent to Seward,
Alaska, or Nanortalink, Greenland). Thanks to the warm Gulf-stream, however, Finland enjoys (usually)
warm and nice summers, and the world’s northernmost agriculture (self-sufficiency in all key agricultural
products). Also insect life is adapted to the white nights (i.e., practically no night in the summer), which
the delegates to the ICE 2022 congress are welcome to experience and to explore.

President of the ICE2022Helsinki Organizing Committee
Professor Heikki Hokkanen

Prof. Heikki Hokkanen is currently a visiting research professor at the
Department of Environmental and Biological Sciences, University of Eastern
Finland, Kuopio campus. He is professor Emeritus of agricultural zoology
at the Faculty of Agriculture and Forestry, University of Helsinki. He holds
a Lic. Phil. degree in ecology and natural resource management (1978.
Univ. Jyvaskyla. Finland), and a PhD in applied entomology (1983, Cornell
University, Ithaca, NY, USA). After his PhD Heikki Hokkanen stayed for
extensive periods as a visiting scholar at the Institute of Biological Control
(Darmstadt, Germany), CABI Institute of Biological Control (Silwood Park,
UK), University of Kiel, Germany, and at the OECD Directorate for Agriculture
(Paris, France). In Finland his main work has been carried out first at the
University of Kuopio (deputy professor), at the Agricultural research center
of Finland (Jokioinen), and since 1990 until 2018 as a professor at the
University of Helsinki. Currently he is the CEO of the SME Aasatek Oy.

His main interest and focus of work has been on all aspects of biological control, with emphasis on insect
control. In recent years his interests have covered pollinators, and plant-derived bioactive compounds
with an aim at plant protection applications. He has a long track record of coordinating international
collaborative research, e.g., over ten years at the OECD Directorate for Agriculture (Paris). He coordinated
the EU-project ERBIC (FAIRS5), coordinated the FP7 project ‘ForestSpeCs’, and has participated in five
other EU-RTD projects. Hokkanen is an active player in scientific publishing: Editor-in-Chief of BioControl
(1997-2006); Founding EiC of Arthropod-Plant Interactions (2006-), editor of book series ‘Progress in
Biological Control’, all by Springer. He recently established a new book series with CABI, called ‘CABI
Ecostacking Series’, jointly with Dr. Ingeborg Menzler-Hokkanen (editors of the series). The first volume
in this series is due to be published at the end of 2022, titled “The Concept of Ecostacking: Techniques
and Applications”. This book is edited by Jinjun Wang (SWU, China), Huai Liu (SWU, China), Ingeborg
Menzler-Hokkanen (UEF, Finland) and Hongbo Jiang (SWU, China).

Professor Hokkanen has experience in organizing scientific meetings. He was the Chair of the Organizing
Committee for the Society of Invertebrate Pathology Annual Meeting in 2004 in Helsinki. This congress
gathered around 350 experts to Helsinki and has been credited as one of the most successful SIP
meetings in recent times. Currently he is the President of the Local Organizing Committee for the 26th
International Congress of Entomology, to be held in Helsinki in July 2022. In 2012 the International
Organization for Biological Control (IOBC-Global) selected Hokkanen as its Honorary Member.

XXVl International Congress of Entomology Helsinki, Finland, July 17-22, 2022




Daily schedules

PRELUDE TO THE SCIENTIFIC PROGRAM

The daily program of the ICE2022 Helsinki congress is the result of a core group of international
entomologists, who challenged the corona pandemic and other geopolitical situations to make this
congress happen. The cover page of the program book lists the ICE congresses during the last over 100
years. More than 100 years of ICE congresses is a tradition which is not broken lightly.

The originally proposed symposia sometimes needed to change the speakers, and often also the
symposium organizers during the past two years. After two years of modifications, and the still existing
corona and travel restrictions, made it impossible for many symposium organizers to attend the ICE2022
Helsinki. Often colleagues picked up the responsibility of organization, where other scientists had to give
up. Please see the current program as a platform to mend traditions after the pandemic, and to facilitate
communication and knowledge exchange in-person after two years of lockdown.

The LOC (local organizing committee) had to set deadlines, and according to these deadlines this program
has been compiled. The abstracts have been submitted (and peer reviewed) over a long period of time,
ranging from 2019 to 2020, 2021 and 2022. Modifications of some of the abstracts submitted in 2019
could be done in time, while other abstracts and presentations are included in the original version. Some
delegates, who joined research groups after 2019, might not be listed as authors. Some authors might
be still listed, although they left science after 2019. LOC hopes that as delegate to ICE2022 Helsinki
you have an understanding about the task which the section organizers, symposium organizers and
the scientific advisory council have accomplished. Please forgive us any omissions or mistakes, which
are inevitable. This is not the place to hunt for errors - this is the occasion to continue to stimulate
entomological research on a global scale.

Current Research in i
Open

Insect Science s
Part of the CO+RE suite of journals |

Ed itO r'i n'Ch iE'F If_-ﬂ Current Fres:ar:.h n
Brent J. Sinclair Nsect
Western University in Ontario, London, Ontario, Canada

Current Research in Insect Science is a peer reviewed, gold open
access journal from Elsevier. CRIS publishes original research
articles, review articles, short communications, methods reports and
graphical review articles, covering all aspects of the broad discipline
of insect science, and is a companion journal to the highly regarded
review journal Current Opinion in Insect Science.

o COME AND MEET THE CRIS EDITOR
iisevier AT THE ELSEVIER BOOTH AT ICE!
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Enrich the
world with

We exist to support entomology and
increase the understanding of insect
science around the world. We are a
community of professional and
amateur entomologists, joined together
by events, special interest groups,
publications, and public outreach.

Anyone with an interest in insect
science can become a member.

- Concessions are available for retired
and student entomologists, with one
year free membership for students.
Come and join our global community
of entomologists!

insect
science

¥ 0000




CODE OF COnDUCT

For congress participants

By attending the ICE2022 event, you agree voluntarily to abide by our ethics policy and the Code of
Conduct. A code of conduct is a collection of rules and regulations that include what is and is not acceptable
or expected behaviour. The ICE2022 ethics policy applies to speakers, staff, volunteers, and attendees.
It defines expected behaviours, definitions of harassment, and reaffirms our support for diversity, equity,
and inclusion in the field of entomology and, specifically, at our congress. Congress participants violating
these rules may be sanctioned, expelled from the congress, and/or barred from future attendance at ICE
events.

Expected Behaviour
» All attendees are to be treated with respect and consideration.
» Public critique should be of ideas rather than individuals.

» Avoid personal attacks directed toward other attendees, participants, ICE2022 organizers, and
suppliers/vendors.

» Be mindful of your surroundings and of your fellow participants. Alert ICE2022 organizers if you
notice a dangerous situation or someone in distress.

» Respect the rules and policies of the meeting venue, hotels, ICE2022 contracted facility, or any
other venue.

Unacceptable Behaviour

« Harassment, intimidation, or discrimination in any form.
» Physical or verbal abuse of any participant.

» Disruption of talks at oral or poster sessions, in the exhibit hall, or at other events organized by
ICE2022 at the meeting venue, hotels, or other ICE2022-contracted facilities.

Examples of unacceptable behavior include, but are not limited to, verbal comments related to gender
identity, sexual orientation, disability, physical appearance, body size, race, religion, national origin;
inappropriate use of nudity and/or sexual images in public spaces or in presentations; exclusion of
transgender or intersex individuals; or threatening or stalking any attendee, speaker, volunteer, exhibitor,
ICE2022 organizers member, service provider, or other meeting guest. ICE2022 is dedicated to providing
a safe, hospitable, and productive environment for everyone attending. It is important to remember that a
community where people feel uncomfortable or threatened is neither healthy nor productive. Accordingly,
ICE2022 prohibits intimidating, threatening, or harassing conduct during our congress.

Authorship: All authors connected to a presentation and/or abstract must agree on all information
contained in the presentation. Failure of an author to agree to the presentation format will lead to the
presentation being withdrawn from the congress.

An author who submits a presentation to the congress must have intentions of attending, registering, and
presenting at the meeting once the submission is accepted into the program. Repeated or consecutive
last-minute cancellations by presenters may result in future submissions being denied.

Capturing, Sharing, and Posting without Permission: Presenters and attendees cannot photograph,
screenshot, capture, or otherwise share images or presentation data without a presenter’s expressed
written permission. Presenters are encouraged to use share/do not share icons. Presentations without
“share” icons should be considered privileged and should not be shared outside the virtual platform.

XXVI International Congress of Entomology Helsinki, Finland, July 17-22, 2022 12



Code of conduct

COVID-19 Safety: Before, During and After the Meeting

* Follow relevant guidance provided by the Centers for Disease Control and Prevention (CDC),
World Health Organization (WHQO), or your local health authority.

+ Adhere to government issued travel restrictions and guidance issued by the region you will be
traveling to and the regions you are traveling through and from.

» Evaluate your own health and that of people you are in close contact with; contact the meeting/
event organizers if you have concerns.

« Stay home if you feel sick.

Onsite During the Event

+ Abide by the venue’s rules and requirements for onsite attendance.

+ Assume all risks of attending an in-person event, including the potential risk of becoming infected
with COVID-19

» Follow guidance from the local health authority, for everyday preventive actions to help prevent
the spread of respiratory viruses, including:

o Washing hands often with soap and water for at least 20 seconds, or an alcohol-based
sanitizer with at least 60% alcohol.

o Avoiding touching eyes, nose, and mouth with unwashed hands.

o Covering your nose and mouth when coughing or sneezing. Throw used tissues in the
trash.

» Agree to show proof of immunizations if required by ICE2022 or the local venue officials.
» Adhere to social distance protocols put in place by ICE2022 and respect others’ personal space.

+ Go to the event First Aid office (or equivalent) at any time if you feel unwell or are experiencing
flu-like symptoms.

« Stay in your room and contact ICE2022 for further instructions if you wake up not feeling well
during the event.

Post-event: Based on current contact tracing advice from many health authorities, if you test positive for
COVID-19 up to 14 days after returning home, please contact ICE2022 to advise them.

Want to file a complaint?

Please contact ICE2022 Helsinki registration desk, or write an email to Heikki Hokkanen
(heikki.hokkanen@uet.fi).

r

® 0O ANDREW GRIFFITHS DESIGN

Graphic design services include:
Annual Reports * Banners * Books ° Brand Management * Brochures
Business Cards and Stationery ° Calendars ° Direct Mail * Exhibition Displays and Stands
Flyers  Folders * Leaflets * Logo Design * Media Planning * Menus
Newsletters and Magazines * Merchandise * Packaging Design
Point of Sale Displays ° Posters * Print Management * Website Design

For further information, please contact:
t: 029 2115 9069 m: 07877 069153  e: info@ag-design.co.uk )
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Pleary presentation abstracts

PLEARY PRESENTATION ABSTRACTS

Complex responses of herbivore insect pests to climate warming
Author: Battisti Andrea, DAFNAE, University of Padua, Italy

Abstract: Although it is well known that insects are sensitive to temperature, how they will be

affected by ongoing global warming remains uncertain because these responses are multifaceted

and ecologically complex. We reviewed the effects of climate warming on 31 globally important

phytophagous (plant-eating) insect pests to determine whether general trends in their responses

to warming were detectable. We included four response categories (range expansion, life history,

population dynamics, and trophic interactions) in this assessment. For the majority of these species,

we identified at least one response to warming that affects the severity of the threat they pose as pests.

Among these insect species, 41% showed responses expected to lead to increased pest damage,

whereas only 4% exhibited responses consistent with reduced effects; notably, most of these species

(55%) demonstrated mixed responses. This means that the severity of a given insect pest may both

increase and decrease with ongoing climate warming. Overall, our analysis indicated that anticipating

the effects of climate warming on phytophagous insect pests is far from straightforward. Rather, efforts
to mitigate the undesirable effects of warming on insect pests must include a better understanding

of how individual species will respond, and the complex ecological mechanisms underlying their

responses.

In relation to outbreak propensity linked to climate change, four situations are envisaged:

1. The extent of range expansion of non-outbreak insects is virtually unknown; this should come as no
surprise because, by definition, these insect species occur at low density. It is quite likely, however,
that such expansion has occurred but should be of minor importance from a management point of
view, given that the population ecology of these putative species in the new area is similar to that in
their core area.

2. A bias exists in the literature with almost all evidence of climate-change effects coming from
outbreak species. In the event that outbreaks occur in the expanded range, an important question
will then be whether the outbreak dynamics are similar to those in the original distribution range or
show new characteristics.

3. Outbreaks in the historical area can be more, or less, frequent under climate change depending
on the life history of the insect and how climate affects biotic interactions with host tree, natural
enemies, insect pathogens. So far, there are no data to suggest that pest dynamics are significantly
different under intensive management.

4. Plant health problems due to non-native insect species will most likely continue to increase in the
future. Some non-natives will establish but with dynamics of the low-density type. The distribution of
other non-natives will expand, perhaps as a consequence of climate change, and establish in areas
where populations increase to outbreak level, becoming thus an invasive.

Changing the paradigm for measuring the impact of insect control
interventions

Author: Hemingway Janet, Liverpool School of Tropical Medicine, Liverpool, UK

Abstract: | will describe an embedded cluster-randomised trial using Uganda’s 2017-2018 campaign
to distribute long-lasting insecticidal nets (LLINs) for malaria control. The largest RCT of this type ever
undertaken. Clusters were assigned to PBO LLINs (PermaNet 3-0, Olyset Plus) and conventional
LLINs (PermaNet 2-0, Olyset Net) using proportionate randomisation. LLINs were delivered from
March 2017 to March 2018. In April-September 2019, 11 cross-sectional surveys were conducted in
50 randomly selected households per cluster; 12 households per cluster were randomly selected for
entomology surveys. Due to COVID-19 13 restrictions, only 90 of the 104 clusters were surveyed. The
primary outcome was parasite prevalence by microscopy in children aged 2-10 years. In the as-treated
analysis, two clusters were excluded (no predominant LLIN received) and four were reassigned; LLINs
with piperonyl butoxide (PBO) reduced parasite prevalence more effectively than conventional LLINs
for 18 and 24 months. The underlying insect vectors and their resistance status were assessed. WHO
have now made an interim recommendation on the use of these nets on the basis of this trial benefiting
millions of children in malaria endemic areas.
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Pleary presentation abstracts

Innovations in Insect Science for Impact
Author: Kelemu Segenet, International Centre of Insect Physiology and Ecology (icipe), Kenya

Abstract: The International Centre of Insect Physiology and Ecology (icipe) is an African Centre and a
regional and global leader in research for development (R4D) through insects and related arthropods
and their impacts on food and nutrition security, human health, environmental sustainability, and
livelihoods. The year 2020 marked the 50th anniversary of icipe’s founding. Since 1970, the Centre’s
achievements have reached many aspects of rural and urban life in Africa and beyond. icipe has also
made a difference in science capability of the region through the significant contribution it has made to
building the careers of thousands of staff and students who have worked with the Centre.

Three key elements define icipe’s research strategy: (a) a focus on research domains in which insects
and related arthropods have critical roles as vectors, pests or are the basis for beneficial uses (such
as for food, feed, ecosystem services and value-added products); (b) innovation that can be applied
to develop sustainable and safe alternatives to reliance on agri-chemicals; and (c) highly valued R4D
Capacity Building and Institutional Development (CBID).

icipe and its partners have delivered science-driven, innovative, and sustainable insect-

based technologies that are addressing multidisciplinary developmental challenges through an
environmentally benign circular economy approach. In less than a decade, icipe’s edible insects
programme has generated and disseminated ground-breaking knowledge and innovations on
sustainable insect farming/harvesting; recycle bio-waste into nutrient-rich organic fertilizer for improved
soil fertility and crop yields; nutritional profiling and safety of insect products; integration of insect
proteins in livestock and fish feeds; insect-based feed for improved gut health; and processing of
insects into value-added products such as insect oils, sterols, antimicrobial target for novel drug
development, chitin, chitosan among others.

icipe is a leading institution in the field of arthropod symbiosis in Africa. Microbiome research is being
advanced with the aim of finding strategic entry points to reduce disease transmission. For example,
the newly discovered Microsporidia MB in mosquitoes completely blocks plasmodium transmission.

icipe’s innovative push-pull technology that can simultaneously address multitude of challenges such as
stemborers, the fall armyworm, the parasitic weed Striga, mycotoxins, soil fertility, livestock feed, among
others, that affect cereal-livestock farming systems in Africa is now effectively developed for vegetable
production system.

Considering the enormous role insects play in food systems, ecosystem health, and many facets
of livelihoods, this presentation would highlight and take stock of the R4D efforts in edible insects,
arthropod symbiosis, and push-pull technology for vegetables.

On wings and wavelengths, or why moths fly into candle flames
Author: Pierce Naomi, Museum of Comparative Zoology, Harvard University, Cambridge, MA, USA

Abstract: The wings of butterflies are living structures that function as sensitive temperature sensors
throughout the lifespan of the insect. To function properly, the wings must be maintained within a
window of suitable temperatures, and these are exquisitely regulated by butterflies through multiple
structural and behavioral adaptations. Despite the diverse colors and patterns of butterfly wings,
regions that contain live cells, such as veins and androconial organs, are always the coolest parts of
the wing. An investigation of whether butterflies and moths can also detect long wavelengths reflected
by certain wing structures showed that long wavelength opsin duplication coupled with specific
mutations in the protein binding pocket can result in spectral tuning shifts that may greatly extend the
range of vision. The potential evolutionary significance of these results can be explored through a
phylogenetically informed, multispectral survey of museum specimens.
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From Me to We: Searching for the Genetic Roots of Social Life with
the Honey Bee
Author: Robinson Gene, University of lllinois at Urbana-Champaign, IL, United States

Abstract: One of the most significant developments in the history of this planet has been the evolution
of social life. True societies are very rare in biology, but have evolved repeatedly in a group of insects
that includes the ants, bees, and wasps, with the honey bee widely considered a paragon of sociality.
This lecture uses honey bees to demonstrate how sociogenomics enables researchers to understand
social life in molecular terms: how it evolved, how it is governed and how it influences all aspects of
genome structure, genome activity, and organismal function. Research will be discussed that illustrates
that the relationship between genes and social behavior is 1) close, 2) conserved, and 3) causal.

These three principles are used, respectively, to show that:

1) shifts between cooperative and selfish behavior are subserved, at the whole transcriptome level, by
surprisingly fluid and continuous changes in brain gene expression and gene regulation;

2) social behavior likely evolved using genetic toolkits present in solitary ancestors; and

3) evolutionary changes in colony aggression involve changes in brain gene regulatory networks,
involving specific transcription factors in specific subsets of brain neurons. These results demonstrate
how a research framework that emphasizes both the dynamic and deterministic aspects of the genome
leads to new insights on the mechanisms and evolution of social life.

Insect Decline in the Anthropocene: Death by A Thousand Cuts
Author: Wagner David, University of Connecticut, United States

Abstract: The human population has grown to nearly 8 billion and anthropogenic activities are affecting
marine, terrestrial and freshwater ecosystems from pole to pole. Nature is under siege. Losses in
diversity, abundance, biomass, and range are well-documented for lineages across of the tree of life.
Earth’s plant and animal life has been plunged into crisis, with insects among the taxa at the forefront
of many recent scientific reports and worldwide media attention. Population trends for insects include
reports of both increasing and decreasing trends of varying magnitude that are both temporally and
spatially complex, with increasing numbers of studies documenting worrisome declines. While many
well-documented declines are from regions of high human settlement or activity, some studies report
declines from preserves and wildlands free of obvious anthropogenic stressors such as urbanization
or pesticide use. My talk will examine etiology of declines as well as studies documenting stable and
increasing insect populations, briefly review annual decline rates and how we should look at these,
and identify principal stressors. Special emphasis will be placed on the increasing threats of climate
change to the biota of wildlands, especially changes in hydrology and climate variability. There remain
many important data gaps that require study, e.g., in-situ, cross-taxon studies of pesticides effects;

the spatial consequences of light pollution across different spectral bands; how agricultural practices
can be changed to better protect biodiversity, locally and globally; and the impacts of tropical forest
deforestation, principally for agriculture. The conclusion of the talk will address some ongoing research
projects, citizen science efforts, policymaking, and solutions that can slow rates of insect decline.

Sex, conflict and selfish genes
Author: Wedell Nina, University of Exeter, Penryn, CORNWALL, United Kingdom

Abstract: Selfish Genetic Elements (SGEs) are genes, organelles or microorganisms present within
the genome or cell of an organism that spread by subverting normal patterns of inheritance to increase
their representation in the next generation; hence the term ‘selfish’. SGEs such as endosymbionts,
transposable elements, and meiotic drive genes are ubiquitous in living organisms and often associated
with fithess costs to the bearer. Despite their impact on the reproduction of their host, their potential role
in sexual selection and sexual conflict is largely overlooked. | will discuss some recent work examining
the impact of a variety of SGEs showing they can affect the behaviour and reproduction of their host,
often with sex-specific effects, and argue they are important contributors in shaping sexual selection
and sexual conflict.
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Effects of soil microbiome on phyllosphere and aphid microbiome assembly

Authors: Abdelfattah Ahmed3, Wolfgang Adrian2, Tack Ayco J.M.! and Berg Gabriele?, 'Department of Ecology,
Environment and Plant Sciences, Stockholm University, 2Institute of Environmental Biotechnology, Graz University of
Technology, 3Leibniz-Institut fir Agrartechnik und Bio6konomie

Abstract: All multicellular organisms are now known to be associated with diverse microbial communities. Identifying
the mechanisms by which these communities are assembled is crucial to understanding community dynamics. Here
we aimed at identifying the effect of manipulating soil microbiome on the assembly of oak phyllosphere and aphid’s
microbiomes. We further evaluated the impact of aphid herbivory on the phyllosphere and soil microbiome. We used
microcosms, which physically separate above- and below-ground compartments, to grow oak seedlings in three soils
with different microbiomes yet the same physiochemical properties. Amplicon sequencing and RT-gPCR were used to
characterize and quantify the bacterial and fungal communities in soils, leaves, and aphids. Soil microbial community
composition had a significant effect on the fungal and bacterial community compositions of leaf and aphid microbiomes,
indicating assembly processes, at least partially, from soil to aphids through plants. Aphid herbivory significantly
decreases microbial alpha diversity in leaves. Leaf fungal community composition and soil bacterial community
composition shifted upon aphid herbivory.

Efforts to use soft Pesticides for the Control of Insect Pests as contribution towards Green
Chemistry

Authors: Abdelgader Hayder, Agricultural Research Corporation, Integrated Agricultural Pests Management Research
Center, Sudan

Abstract: In the last decades during the post-war period, the agriculture has developed towards methods that are more
intensive. Among these is increased use of agrochemicals. In the Sudan Gezira, as an example, cotton spraying started
as early as season 1945/46 when only 1% of the cotton area was sprayed once. By 1978/79 the problem caused by the
cotton insect pests, particularly the cotton whitefly (Bemisia tabaci) flared up. The number of sprays per season went up,
reaching 9.25 sprays in season 1978/79, which might be attributed partly to the rapid resurgence of insects’ pests as a
result of the use of non-selective insecticides, which badly affected the natural enemies of these pests. The joint use of
natural enemies and selective pesticides might attribute to combat this problem. Studying the side effects of pesticides is
of prime importance to save natural population and encourage their role as biological control agents. This paper discuss
the various methods which can be used to study the side effects on natural enemies and the results of some studies
carried on the side effects of some insecticides on natural enemies both at small and large scale levels in Sudan. The
study includes testing the side effects of some insecticides and their impact on bio-safety (Talstar, Polo, Metasystox,
Marshal and the mixture Reldan + Endosulfan) on two Predators at small-scale level at the Gezira Research Farm, Wad
medani. The Impact of Polo (diafenthiuron) on natural enemies in the cotton-based ecosystem of the Gezira Scheme
(Large Scale) was tested in the Study. The results indicated that Polo was relatively safe both at small scale and large-
scale level to the natural enemies observed during the study. This study can be considered as a begin of regional testing
program in Africa with collaboration of international organization interested on conserving bio-agent.

Integrated Pest Management of Citrus
Authors: Abd-Elgawad Mahfouz, Plant Pathology Department, National Research Centre, Giza, Egypt

Abstract: Citrus group is one of the most popular fruits in tropical regions and elsewhere. Yet, its production has
significant instability and decrease since it is usually affected by several biotic and abiotic constraints. The most
important abiotic constraints are edaphic factors and bad weather conditions especially during flowering and early fruit
set that cause flowers and small fruits to dramatically fall. As for biotic stresses, Citrus tristeza virus, Citrus psorosis
virus, Phytophthora, Fusarium and T. semipenetrans rank high in general. Although regional in scope, additional insect
pests and the citrus greening disease caused by the bacteria Candidatus Liberibacter spp. should be adequately
managed. Given such constraints, integrated pest management (IPM) in citrus for stabilizing high citrus yield and quality
by methods that do not degrade the environment should be sought. Phytosanitary measures to prevent further infection
or pest/disease transfer should also address weed control, tillage to get rid of infected residue and kill soil-dwelling
insect pests, and citrus certification programs. Regulation on certifiable pathogens of citrus-propagating material may
include bacteria, fungi, nematodes and graft-transmissible pathogens. Genetic resistance is considered the most
desirable method to control many diseases and pests since it is more cost effective and environment friendly than the
use of synthetic chemicals. Biological control may emerge as a safe alternative to chemicals, and offers economically
viable and ecologically sustainable management but bio-pesticides should be integrated in ways that make them
complimentary or superior to such chemicals. This is especially important where bio-pesticides can act synergistically
or additively with other horticultural inputs in IPM programs. Developments in IPM of insects, weeds, main disease-
causing fungi and bacteria, and nematodes on citrus trees were reviewed. This research is funded in part by Science
and Technology Development Fund.
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Impact of mosquito coil on the development of pyrethroid resistance in Aedes (Stegomyia)
aegypti

Authors: Ablorde Aikins', Kudom Andreas?, Wieser Andreas' and Kroidl Inge?, 'Ludwig Maximilian University, Munich,
2University of Cape Coast, Ghana

Abstract: In this study, we assessed the effect of pyrethroid-based mosquito coil on the development of pyrethroid
resistance in Aedes aegypti. An established colony of Ae. aegypti originally from Elmina, Ghana was used for the
experiment. Six generations of the colony were severally exposed to sub-lethal doses (7 min) of mosquito coil in a
Peet-Grady chamber. After the sixth generation, susceptibility levels to Deltamethrin (0.05%) and mosquito coil were
evaluated against the experimental colony. The colony was also genotyped for F1534C kdr mutations using an AS-PCR
technique. The LT50 (95% CI) resulting from the sub-lethal dose of the coil rose from 7.8 minutes (95% ClI; 6.14 — 9.41)
at the beginning of the experiment (FO generation) to 28.3 minutes (95% Cl; 23.11 — 33.58) at the 6th generation. The
F1534C kdr resistant allele increased from 54% in the unexposed colony (control) to 77% in the experimental colony.
The data shows that exposure of Ae. aegypti to a sub-lethal dose of mosquito coil increased the tolerance of the
population against the coil as well as selected for the F1534C kdr resistant mutation. This may ultimately result in the
development of a pyrethroid-resistant population driven by the homozygous genotype.

A successful method of cold storing brown marmorated stink bug egg masses for the rearing of
its parasitoid, Trissolcus japonicus

Authors: Abram Paul', Oscienny Angela?, Sherwood Jade® and Walz Matt?, 'Agriculture and Agri-Food Canada,
Canada, 2The University of the Fraser Valley, Canada

Abstract: Trissolcus japonicus (Ashmead) is a candidate biological control agent that is an egg parasitoid of the brown
marmorated stink bug (Halyomorpha halys Stal), a worldwide pest. As the mass rearing of T. japonicus is predicated on
the availability of its host egg masses, the methods of producing and storing large quantities of H. halys egg masses is
essential for future release programs. Currently, the two options for storing H. halys eggs are cold storage or freezing.
However, it has been demonstrated that frozen egg masses can reduce parasitism rate by 35 - 44%. Our study
demonstrates that emergence rates of T. japonicus can remain above 85% when host eggs are exposed to 8 degrees
celsius storage for up to two months. T. japonicus fitness proxies such as emergence time, fecundity, activity, weight,
and longevity are largely unaffected when host eggs were stored in 8 degrees celsius for 14 days.

Intraspecific variation in traits determining benefits and risks of egg parasitoids: a case study
with Trissolcus japonicus

Authors: Abram Paul?, Haye Tim5, Moffat Chandra?, Thiessen Jason? and Tuttle Sasha?, 'Agriculture and Agri-Food
Canada, Agassiz Research and Development Centre, Agassiz, British Columbia; University of the Fraser Valley,
Abbotsford, British Columbia, 2Agriculture and Agri-Food Canada, Agassiz Research and Development Centre,
Agassiz, British Columbia, Canada, 3Agriculture and Agri-Food Canada, Canada, “Agriculture and Agri-Food Canada,
Summerland Research and Development Centre, Summerland, British Columbia, Canada, 5CABI, Delémont,
Switzerland

Abstract: Egg parasitoids introduced for classical biological control have both benefits and risks that are inevitably
difficult to predict. To complicate matters further, there may be intraspecific variation in egg parasitoid traits that are
associated with both their potential biocontrol efficacy, and their non-target risk. Thus, the risks and benefits of an egg
parasitoid introduction may depend on what strain is selected, and/or what adventively established strains are already
present in introduced areas. Here, we propose using an invasion biology framework to select traits that may determine
the relative efficacy and non-target risk of different strains of egg parasitoids. We use the samurai wasp (Trissolcus
japonicus), a parasitoid of the brown marmorated stink bug, Halyomorpha halys, as a case study to demonstrate that
there is significant intraspecific variation in egg parasitoid traits, including behaviours, symbiont infection, and life
history, that are predicted to determine the risks and benefits of their introduction and spread in new geographic areas.

Non-reproductive effects of Insect Parasitoids on their hosts

Authors: Abram Paul', Tena Alejandro?, 'Agriculture and Agri-Food Canada, Canada, 2Instituto Valenciano de
Investigaciones Agrarias, Spain

Abstract: Parasitic wasps are important components of natural communities and are used to control insect pests in
biological control programs worldwide, in addition to being fruitful models in theoretical ecology. As biological control
agents, their main modes of action are considered to be killing their hosts with egg laying followed by offspring
development (reproductive mortality), and feeding on them directly (host feeding). However, parasitoids can also
negatively affect their hosts in ways that do not contribute to current or future parasitoid reproduction (non-reproductive
effects). Outcomes of non-reproductive effects for hosts can include death, altered behavior, altered reproduction,
and altered development. Based on these outcomes and the variety of associated mechanisms we will first categorize
non-reproductive effects into: (i) non-consumptive effects; (ii) mutilation; (iii) pseudoparasitism; (iv) immune defense
costs; and (v) aborted parasitism. Since these effects are widespread in the wild, we will present some of the most
representative cases of non-reproductive effects of parasitic wasps on their hosts and their implications in biological
control and community ecology.
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UV light environment influences host location and exploitation in egg parasitoids

Authors: Abram Paul', Gaudreau Mathilde?, Souza Mikaela® and Brodeur Jacques?, 'Agriculture and Agri-Food
Canada, 2Department of Biological Sciences, University of Montreal, Canada, 3Luiz de Queiroz College of Agriculture,
University of Sdo Paulo, Brazil

Abstract: Parasitoids respond to a variety of biotic and abiotic factors to successfully interact with their hosts in highly
variable natural settings. To that effect, the influence of light environment on parasitoid behaviour and fitness could be
underestimated compared to better-studied olfactory cues. Because hymenopteran parasitoids can see the ultraviolet
(UV) light that can harm both their mature and immature life stages, behavioral strategies involving UV vision could

not only help find hosts, but also minimise negative effects of UV exposure to both mother and progeny. To investigate
if or how this type of colour vision could be involved in assessing host and microhabitat quality, we conducted a

series of laboratory experiments on stink bug egg parasitoids placed under different UV intensities using UV-visible
fluorescent lights as well as UV-blocking and UV-transmitting filters. First, we examined whether foraging females tend
to seek or avoid UV wavelengths by evaluating the walking activity of Telenomus podisi and Trissolcus cosmopeplae
(Hymenoptera: Scelionidae) in absence of hosts. Wasps spent more time in areas exposed to UV light, while individuals
and species varied in the intensity of this behavioral response. We then tested the implications of this apparent
attraction to UV wavelengths on patch finding ability and maternal investment intensity (i.e. oviposition and brood
guarding duration), by releasing individual T. podisi parasitoids in laboratory mesocosms containing a single egg mass
on top of a soybean plant under similar UV treatments and recorded it for 24 h. Results will be discussed in the context
of light environment control in protected agriculture.

Creepy crawlies or beauty queens? The effect of type of insect on the evaluation of foods
containing insects

Authors: Adamczyk Dominika', Modlifiska Klaudia?, Maison Dominika', Goncikowska Katarzyna?, Ekstrém Sebastian'
and Pisula Wojciech?, 'Faculty of Psychology, University of Warsaw, 2Institute of Psychology, Polish Academy of
Sciences

Abstract: Rich in digestible protein, insects are more and more widely considered to be “the food of the future” and
a good substitute for meat. However, the willingness to ingest them depends largely on the consumers’ perception of
insects. To understand the specificity of insects among other animals, their characteristics as a potential food source,
and to examine what makes some insects more acceptable as food than others, we conducted two complementary
studies (qualitative and experimental). The qualitative study (18 IDIs) allowed us to identify the dimensions that
determine the perception of insects as potentially edible and inedible.

In the experimental study (n=437), we examined the potential of three different types of insects (larvae, ants,

crickets) as food ingredients. Pictures of four versions of the same product (Bolognese sauce) were presented to the
respondents — three containing insects and one without insects (control condition). The results showed that foods
containing insects scored lower on each dimension. Furthermore, we observed a different impact of various insects on
product evaluation: products containing crickets were evaluated higher than those with larvae. In addition, we noted
some individual differences in acceptance of insects as food. Respondents with a higher level of food neophobia and
a lower level of variety-seeking tendency assessed products containing insects more negatively than participants with
higher levels of the latter trait.

Of insects and men - analysis of visual characteristics and labeling of a food product containing
insects on its acceptance as a meal

Authors: Adamczyk Dominika', Goncikowska Katarzyna', Maison Dominika', Modlinska Klaudia2 and Pisula Wojciech?,
"Faculty of Psychology, University of Warsaw, Poland, 2Institute of Psychology, Polish Academy of Sciences, Poland

Abstract: Studies suggest that the appropriateness of food is more important than its sensory characteristics, such as
taste. Inappropriate of insects as food seems to be linked to their appearance and texture. An image of the whole animal
elicits strong objection and negative emotions to the food offered i.e. people are reluctant to eat animal heads, entire
limbs, etc. Perhaps in the case of insects, the fact that they are often served whole elicits similar reactions. In addition,
adding entire insects or their recognizable parts to meals may convey the impression that the food is polluted or dirty.
Insects in the form of flour should reduce this strong negative response. However, data on that matter are inconclusive.
Therefore, we propose a study analyzing the effects of the form of insects added to food and a description of a meal on
people’s assessment of the sensory properties of food.

In our study, every participant was offered a set of three food products (a cookie, a cupcake, and a date ball). None of
the dishes contain insects. However, the respondents from the two experimental groups were informed that the products
contained edible insects (in the form of flour or pieces). Also, half of the products presented in the study contain an
ingredient that may look like traces of added insects. Every food set had a label informing that the food contains insects
in the form of flour or pieces or contains other common ingredients. For each product, the respondent was asked to fill
in a short questionnaire to evaluate its taste, appearance, smell, etc. Additionally, we asked participants to fill in a set of
questionnaires measuring psychological variables (such as food neophobia, disgust, sensation-seeking, etc.).

We assume that a food label indicating the insect content will lower scores for sensory properties of food. What is more,
we hypothesize that meals with ingredients in the form of insects’ pieces will be scored lower than that described as
containing insects’ flour. The results of the study will be presented at the conference.
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No silver bullet: Multiple mechanisms are used by the wasp Cotesia congregata on its host the
caterpillar Manduca sexta

Authors: Adamo Shelley?, Miles Carol2, Miller Dylan' and McMillan Laura’, 'Dept Psychology and Neuroscience,
Dalhousie University, Canada, 2SUNY Binghamton, United States

Abstract: The parasitic wasp, Cotesia congregata, uses a multi-pronged approach to control behaviour in its host
Manduca sexta. During emergence from the host, the area around the exit wound is numbed by the exiting wasps.

This numbness prevents the host from disturbing the wasps as they leave the host. The host also exhibits extreme
quiescence. The host regains some mobility after wasp emergence. However, host feeding behaviour is suppressed.
The suppression appears to be due to changes in the central brain. Both motor and chemosensory systems are normal.
For example, cutting the connective to the part of the brain that controls chewing (subesophageal), restarts chewing in
parasitized caterpillars. A proteomics study demonstrated a number of protein changes in the central brain that correlate
with the change in host behaviour.

A proposed hypothesis of a “natural”; phylogenetic-classification for the world Blastobasidae
(Lepidoptera: Gelechioidea) based on macromorphological features of the adult.

Authors: Adamski David?, Frandsen Paul', 'Department of Plant and Wildlife Sciences, Brigham Young Univ., Provo,
UT, United States, 2Dept of Entomology, Smithsonian Institution, Washington, DC, United States

Abstract: Previous intuitive classifications of world Blastobasidae made minimal contributions in providing a natural
phylogenetic-classification for the Blastobasidae. In our study, two analyses were conducted. In the first analysis, four
different phylogenetic simulations were used to hypothesize relationships between and among clades for the family.
These simulations included TNT Parsimony Analysis (PA), TNT Parsimony with Bootstraps (PBA), Bayesian Analysis
(BA), and Maximum Likelihood Analysis (MLA). All four simulations show high congruence in separate tree topologies
at the family and subfamilial levels within the world Blastobasidae. Although PA and PBA simulations recognize
different monophyletic solutions within Holcocerinae, BA and MLA recognize cause for reexamination between the
cladistic relationships between Inbioxa and Hera with other Holcocerinae genera. For the Blastobasinae both PA and
PBA tree topologies are nearly identical. Tree topology generated by (BA) for Blastobasinae is most similar to the tree
generated by (MLA). Both show strong support at the family level. Additionally, both BA and MLA mirror values with
the greatest support at the Blastobasinae node and significantly less support at the Holcocerinae node. In summary,
all four simulations show high congruence in separate tree topologies at the family and subfamilial levels within the
world Blastobasidae. In the Blastobasinae clade, all four simulations show high congruence levels for support of the
clade containing Doscostoma, Lateantenna, Neoblastobasis + Sirindhorn. Similarly, all four simulations show strong
congruence in support of the clade uniting the two sister genera Blastobasis + Hypatopa that is rooted to the clade of
Pheos, Hallicis, and Barbaloba. In addition, Koleps and Pseudokoleps are also recognized in all four simulations as a
clade with high support values. The cladistic relationships for the sister genera, Pigritia + Mastema remains uncertain,
however, the significantly higher support value in MLA may indicate a more confident relationship with Blastobasis +
Hypatopa.

In the second analysis coded data were taken from all primary types and/or authoritatively identified specimens
representing species in the analysis. This approach shows that the “exemplar approach” for underestimates homoplasy
within the in-group and overlooks new combinations at the generic and species levels. Contrastingly, an “all-inclusive
approach” finds unrecognized genera represented from type specimens not previously dissected. Once stability is
achieved in the later analysis the evolution of hosts preferences and zoographical hypotheses can be attempted for the
family.

Morphological Phylogenetics of World Blastobasidae (Lepidoptera: Gelechioidea):
A Comparative Approach Using Exemplar and Super-Saturated Sampling

Authors: Adamski David?, Frandsen Paul’, 'Department of Plant and Wildlife Sciences, Brigham Young Univ., Provo,
UT, United States, 2Dept of Entomology, Smithsonian Institution, Washington, DC, United States

Abstract: Morphological characters and character states were taken from exemplar and super-saturated samples to
construct matrices in order to generate phylogenetic trees from simulations based on cladistic methodology for the
world Blastobasidae (Lepidoptera: Gelechioidea). Phylogenies generated from an exemplar data matrix using maximum
parsimony analyses did not show direct evidence when taxa shared cladistic characters as part of a transformation
series. Bayesian and maximum likelihood analyses were limited in diagnosing transformation series among these taxa
by arranging them in unresolved polytomies. Only when a super-saturated sampling of taxa was used to construct a
character matrix, and analyzed using maximum parsimony with bootstraping were these transformation series detected
and arranged into fully resolved clades. Moreover, this highly resolved tree simulation, based on dense taxon sampling,
shows significant advantages in detecting paraphyly at various categorical levels resulting in many nomenclatural
changes at the species and generic levels, and a more “natural” phylogenetic-classification compared to those
previously published.
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Criticisms and recommendations on the current situation of response to invasion of the fall
armyworm in Asia and Africa
Authors: Adati Taro', Sato Yoshiki', "Tokyo University of Agriculture, Japan

Abstract: In recent years, the fall armyworm (FAW), Spodoptera frugiperda from the Americas has invaded Africa
and Asia. However, so far, there have been no reports of catastrophic crop damage due to outbreaks of the FAW

in the invaded areas. In these areas, there are indigenous FAW-related species, as well as other pest species that
have invaded and established themselves in the past. Whether the new invasive species will cause significantly
more damage than these indigenous pests remains a matter of speculation. In fact, FAW population density in forage
corn fields in south-central Kyushu, Japan, is dependent on crop height and other factors, and is not necessarily
dominant in some fields among several pests, including indigenous species. In response to the invasion of the FAW
into Africa and Asia, there have been calls for increased application of synthetic insecticides and the introduction of
GM crops. However, the effectiveness of such measures that were implemented in the original habitat of the species
is questionable due to the emergence of strains resistant to insecticide components and Bt toxin. Such measures
risk increasing dependence on foreign sources of commercial crop seeds and pest control agents and fundamentally
altering indigenous agricultural systems that have adapted to local environments. Therefore, from the perspective of
sustainable pest management strategy and comprehensive food security, recommendations for appropriate responses
to the invasion of the FAW are required.

Understanding the multi-pathway spread of agricultural pests; challenges, network models and
results
Authors: Adiga Abhijin, University of Virginia, United States

Abstract: Movement of humans and their goods is widely accepted as the primary driver of invasive species invasions.
But rigorous methods that account for the multiple pathways of spread are few and far between. Epidemiological models
based on network dynamics can simulate the spatiotemporal spread of the pest and thereby help policy makers make
informed decisions in monitoring, prevention and mitigation efforts. Unlike pest risk maps based primarily on

ecological suitability, these models can provide causal explanations to the observed spread and enable counterfactual
analysis. However, modelers face a number of challenges in realizing such systems: data scarcity, complexity of the
phenomenon, and need for multi-domain expertise, to name a few. We have developed robust data-driven models to
study the role of natural and anthropogenic drivers of invasive species spread, with application to T. absoluta. This talk
will present our recent work demonstrating the role of this new modeling approach in analyzing the spread, the role of
tomato trade, various intervention measures and economic impact.

Does Miillerian mimicry structure pollinators communities over time? A case study for bees and
wasps in Bonifacio (France)

Authors: Adrien Perrard?, Chatelain Paul’, Cornuel-Willermoz Alexandre?, Villemant Claire®, Fontaine Colin2, Dajoz
Isabelle?, Elias Marianne® and Andrei-Ruiz Marie-Cécile?, 11) Sorbonne Université, CNRS, INRA, IRD, UPEC, Institut
d’écologie et des sciences de I'environnement, IEES, Paris, France 2) Université de Paris, IEES, France, 2Centre
d’Ecologie et des Sciences de la Conservation (CESCO), Muséum national d’Histoire naturelle, Centre National de

la Recherche Scientifique, Sorbonne Unive, 8Institut de Systématique, Evolution, Biodiversité (UMR 7205) Muséum
national d’Histoire naturelle, France, “Institute of Ecology and Environmental Sciences, iEES-Paris, France, SInstitute
of Ecology and Environmental Sciences, iEES-Paris, France, ®Muséum National d’Histoire naturelle, Institute of
Systematics, Evolution, Biodiversity (ISYEB UMR 7205), France, 7Office de 'Environnement de la Corse, Observatoire
Conservatoire des Insectes de Corse, France

Abstract: Many stinging bees and non-parasitoid wasps (Hymenoptera, Aculeata) exhibit contrasted colour patterns,
which constitute an aposematic signal. Such aposematic signal enables predators to recognize and to avoid the painful
experience of the sting of these potential preys. Because the efficacy of a given aposematic signal increases with its
own abundance, predation pressures induce Millerian mimicry: the convergence in aposematic colour patterns among
co-occuring stinging species. Although Mullerian mimicry has already been reported for some Hymenoptera groups, to
date no study has investigated this mimicry at the level of an entire community of stinging Hymenoptera. Our purpose
here is to evaluate the prevalence of co-mimic species within an aculeate community sampled at a same site (Bonifacio,
South Corsica) after more than a century. The mimicry rings are identified for the whole community by quantifying
aposematic colour patterns using image analysis of collection specimens. Here we will show that a community of
aculeates tend to be partitioned in different mimicry rings. We will also discuss how these rings are related to the size
of the different species and how changes in community composition through time can affect the aposematic landscape.
These data contribute to a better understanding of mimicry and its importance within pollinators communities and may
help to evaluate the actual impact of predation on local extinctions and ecosystem services.
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IDmyBee, a free, collaborative tool to face the current taxonomic impediment for European wild
bees

Authors: Adrien Perrard’, Straka Jakub?, Polaszek Andrew®, Schatz Bertrand?®, Michez Denis®, Mario Saliba Elie?, Le
Divelec Romain2 and Radchenko Vladimir, 11) Sorbonne Université, CNRS, INRA, IRD, UPEC, Institut d’écologie et
des sciences de I'environnement, IEES, Paris, France 2) Université de Paris, IEES, France, 2Agence Francgaise de la
Biodiversité, Paris, France, 3Centre d’Ecologie Fonctionnelle et Evolutive, CNRS, Montpellier, France, 4Department of
Zoology, Faculty of Science, Charles University, Czech Republic, ®Institute for Evolutionary Ecology of the National
Academy of Sciences of Ukraine, Kiev, Ukraine., Ukraine, ®Natural History Museum, United Kingdom, “Sorbonne
Université, France, 8Université de Mons, UMONS, Belgique, Belgium

Abstract: There are more than 2000 wild bee species recorded in Europe, many of which require an expert’s eye for
identification due to the lack of proper identification keys. In many parts of Europe, studies and monitoring projects
about wild bees rely therefore on a handful of taxonomists to identify the specimens. However, in the current state of
low funding for taxonomic work, wild bee taxonomists cannot answer the high demand for bee identification, clarify
taxonomic problems, educate a new generation of taxonomists, develop clear identification tools and keep them up to
date, all at the same time. As a result, many pollination scientists focus on a few species, or work at a coarse taxonomic
scale, which leads to under-exploitation of available pollinator diversity data. The project IDmyBee, which started in
2019, aims at developing collaborative identification tools to facilitate wild bee identification, to promote education
about wild bee diversity and to centralize our knowledge on European wild bee taxonomy. Using the online platform
Xper3, we are developing a set of identification tools that act as biodiversity database for the different bee genera and
species. These tools have several advantages over the current identification keys: they are available freely, online, so
that scientists and conservation actors can easily access this knowledge. They can be built collaboratively, so that the
tedious work of key creation and improvement can be shared among taxonomists and with other actors depending

on their availability. These tools can be easily updated to follow the changes in the taxonomy, so they offer an up to
date vision of wild bee diversity. They are based on a matrix of characters instead of the classical dichotomic key, so
they are more versatile for the user. Finally, they are not limited in terms of space or illustration. lllustrations are crucial
since access to reference collections is time-consuming and difficult to many people. Despite these advantages, these
tools are not aimed at replacing the taxonomic expertise. They will help identify which species require an expert’s help
and which can be identify by non-specialists. They will also help taxonomists to build and to keep a clear taxonomic
framework that can be used by the different environment actors interested in wild bees. In the end, this project should
stimulate the taxonomic work on wild bees by reducing the workload of taxonomists due to specimen identification and
by providing them with a way to highlight their work through the publications linked to these tools. Once in place, this
knowledge database could be linked to other identification methods such as barcoding or image analysis to facilitate
wild bee identification even further.

Development of a Novel Biopesticide using an RNA Interference Approach Targeting Potassium
and Fibroblast Growth Factor in Helicoverpa armigera.
Authors: Afifi Feras, Newcastle University

Abstract: This project has two main aims first, Development of a novel and sustainable form of pest control based
on an RNAi approach targeting potassium ion channel and fibroblast growth factor in Helicoverpa armigera. Second,
evaluation of the biosafety of the use of dsRNA on non-targeted organisms such as honeybees. The results were
observed the knockdown of both target genes (potassium ion channel and fibroblast growth factor) via silencing of
the expression by qPCR and measuring mortality rate after delivered dsRNA through injection and feeding. Biosafety
studies will be perform by using adult honeybee to observed that there are no significant different of gene expression
and mortality rate.

Current knowledge of Anagonia cf. lasiophthalma, a promising biological control agent of
Gonipterus platensis

Authors: Afonso Catarina', Martins Catia3, Gongalves Catarina?, Valente Carlos® and Branco Manuela?, 'Forest
Research Centre (CEF), ISA, University of Lisbon & RAIZ, Aveiro, Portugal, 2Forest Research Centre (CEF), ISA,
University of Lisbon, Portugal, 3RAIZ Forest and Paper Research Institute, Eixo, Aveiro, Portugal

Abstract: The Tasmanian eucalyptus snout beetle Gonipterus platensis (Marelli) is the most widely distributed
Eucalyptus weevil in the world. In Portugal, this pest has been managed by classical biological control programs using
the egg parasitoids Anaphes nitens (Girault) and Anaphes inexpectatus Huber & Prinsloo (Hymenoptera: Mymaridae).
However, economically relevant attacks in eucalypt plantations still occur in many areas. Supplementary natural
enemies of this insect pest, namely parasitoids targeting other host life stages, such as larvae, may boost the overall
control of the pest.

Field surveys undertaken in Tasmania in 2017 followed by the import of Gonipterus spp. larvae allowed the
establishment of larval parasitoid populations from genus Anagonia (Diptera: Tachinidae) under quarantine conditions in
Portugal. Since then, a stable population of Anagonia cf. lasiophthalma is being reared and studied at RAIZ facilities.

Before A. cf. lasiophthalma can be released in the field, several aspects of its bioecology must be resolved.
Furthermore, its potential efficacy as a biological control agent and the likelihood of environmental undesirable
outcomes must be assessed. Here, we present the available results of the studies conducted so far on the identification,
basic life cycle traits, and parasitism behaviour of A. cf. lasiophthalma.
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Challenges to the use and exchange of classical biological control agents: the case of
Cleruchoides noackae

Authors: Afonso Catarina?, Seehausen Lukas?, Mendel Zvi2, Hurley Bretté, Martinez Gonzalo?, Wilcken Carlos?,
Barbosa Leonardo' and Branco Manuela®, 'Brazilian Agricultural Corporation (Embrapa), Colombo, Parand, Brazil,
2Centre for Agriculture and Bioscience International (CABI) Delémont, Switzerland, 3Department of Entomology, Volcani
Center, ARO, Bet Dagan, Israel, 4Forest Research Centre (CEF), ISA, University of Lisbon & RAIZ, Aveiro, Portugal,
5Forest Research Centre (CEF), ISA, University of Lisbon, Portugal, 6Forestry and Agricultural Biotechnology Institute
(FABI), Pretoria, South Africa, National Institute of Agricultural Research of Uruguay, Montevideo, Uruguay, 8School of
Agricultural Sciences, UNESP Botucatu, Sao Paulo, Brazil

Abstract: The eucalypt bronze bug, Thaumastocoris peregrinus (Hemiptera: Thaumastocoridae) is a small sap-feeding
insect native to Australia. Since the first report of this species as a pest, in 2001, it has spread and established on non-
native eucalypts in many countries in the world, causing major economic losses. This insect is effectively managed by
means of classical biological control using the egg parasitoid Cleruchoides noackae (Hymenoptera: Mymaridae).

The first country to use C. noackae against the eucalyptus bronze bug was Chile, in 2010. Since then, Brazil,

Uruguay, Argentina, South Africa, Israel, and Portugal have imported and released it in the field. All these countries

are contracting parties of the IPPC and have adopted the procedures established in the ISPM3 for import and release
of biological control agents. All are also members of regional plant protection organizations. However, the import and
release of this biological control agent involved a variety of approaches, even between members of the same regional
platform. These different approaches stemmed from particularities of each country in their national regulations or from
the lack of specific legislation regarding the introduction of biological control agents. Some countries were able to
introduce the parasitoid without any host-specificity tests. Other countries required results from host-specificity tests and
to be included in an application for release, but even here the extent of information required differed between countries.
The disparities in regulations and procedures adopted by the different countries influenced the agent’s introduction
promptness.

Adapt or bust? Predicting insect adaptation to new dietary challenges

Authors: Agashe Deepa', Buddh Shyamsunder! and Ravi Kumar Vrinda', 'National Centre for Biological Sciences,
Bangalore, India

Abstract: Insects are incredibly adept at using diverse diets. Yet, it remains challenging to predict their survival and
dynamics in new habitats. Which populations can adapt to sudden dietary change, and what information do we need to
predict this? Among other factors, theory suggests the importance of evolutionary history and ancestral trait variation,
and the position of the ancestor along the generalist-specialist continuum. We tested our ability to predict long-term
adaptive dynamics in laboratory populations of a generalist pest, the red flour beetle Tribolium castaneum. We founded
replicate lines using beetles collected from 10 locations in India, and allowed them to adapt to new diets for over 50
generations. Resource identity had a strong impact on population dynamics: despite substantial trait divergence across
source populations, all lines adapting to the same resource showed surprisingly parallel dynamics. Although the same
source populations adapted most successfully to different diets, these best-adapted populations did not always have the
most “generalist” ancestors. Indeed, adaptation to each resource was associated with different ancestral traits. Thus,
we suggest that predicting insect dietary shifts requires detailed understanding of ancestral trait variation, tailored to the
new diet.

Influence of multifunctional flower margins on the improvement of biodiversity and production
of Pisum sativum L.

Authors: Aguado Martin Luis Oscar!, Peris-Felipo Francisco Javier?, Miranda-Barroso Luis®, Rad Carlos?,
Sacristdn Pérez-Minayo Gonzalo*, NUfiez Seoane Eva? and Vasileios Vasileiadis, 'Andrena Iniciativas y Estudios
Medioambientales, 2Centro Investigacién y Tecnologia Agroalimentaria de Aragén, 3Syngenta Crop Protection,
“Universidad de Burgos

Abstract: Conventional agriculture faces three complex challenges because of climate change, high loss of biodiversity
and increase demand of sustainable food production by society and markets.

As an approach to enhance pollinator biodiversity in agricultural landscapes, Syngenta had proactively introduced
Operation Pollinator (OP) programme in agricultural areas which objective is to improve pollinator biodiversity in crops
by mixture of flower margins.

In this presentation, we focus our experiment in three pea fields from Spain. This crop is considered as an
“improvement crop” due to the ability to fix atmospheric nitrogen thanks to the bacterium Rhizobium leguminosarum,
associated with its roots and the important role it plays in crop rotations. Its agronomic qualities make it a key crop in the
European Common Agricultural Policy (PAC) where it is given a premium as “Area of Ecological Interest”, restricting the
application of phytosanitary products, so enhancing the presence of beneficial insects and pollinators can contribute to
improving the profitability of the crop.

In each field a multifunctional margin was sown, and insects were sampling following a gradient of distance by
sweeping net and yellow traps. The results of the pollinator biodiversity and pollinator-production correlation on pea
fields are going to be presented.
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Local depressions play a key role in the maintenance of ant diversity in a forested mountain
landscape

Authors: Aguilon Dianne Joy*, Lorinczi Gabor3, Médra Gébor?, Elek Maak Istvan3, Juhdsz Orsolya' and Bétori Zoltans,
'Department of Ecology, University of Szeged Doctoral School of Biology, University of Szeged, Hungary, 2Department
of Ecology, University of Szeged Doctoral School of Environmental Sciences, University of Szeged, Hungary,
3Department of Ecology, University of Szeged, Hungary, “University of the Philippines Los Bafos, Department of Forest
Biological Sciencesences, University of Szeged Department of Forest Biological Sciences, College of, Philippines

Abstract: Sinkholes (or dolines) are bowl-shaped depressions in karst surfaces. They provide a diversity of
environmental factors (e.g., humidity, nutrient, soil, temperature, and water), thereby facilitating the persistence of
various functional groups of species, and hence could function as local biodiversity hotspots. Here, we investigated

the potential of dolines to function as safe havens by studying the distribution patterns of ants in forested and non-
forested (i.e., grassland) microhabitats inside (south-facing slopes, bottoms and north-facing slopes) and outside of
dolines (i.e., plateau) in the Bukk Mountains, north Hungary. We used only non-destructive sampling methods (such as
baiting and hand collecting) to assess the species diversity and relative abundance of ants. We found that the fine-scale
distributions of the functional groups of ants correspond to the different microhabitats and vegetation cover. The north-
facing slopes and bottoms of dolines provided key habitats for ants associated with cooler and/or moister conditions
(e.g., Myrmica ruginodis), while the south-facing slopes provided key habitats for ants associated with warmer and/or
drier conditions (e.g., Myrmica sabuleti). The occurrence of species on the surrounding plateau indicated intermediate
conditions. In addition, non-forested microhabitats had more ant species than forested ones. To our knowledge,

this is the first study to illustrate that the fine-scale topography of dolines may provide microhabitats for diverse ant
assemblages. We can conclude that in forested landscapes the maintenance of semi-natural grasslands may be
especially important to preserve high biodiversity.

Barley varieties Stoneham and Sydney exhibit mild antibiosis and antixenosis resistance to the
wheat curl mite, Aceria tosichella

Authors: Aguirre Rojas Lina', Michael Smith C' and Khalaf Luaay?, 'Department of Entomology, Kansas State
University, United States, 2Department of Plant Protection, University of Baghdad, Iraq

Abstract: The wheat curl mite, Aceria tosichella (Keifer), devastates cereal crops worldwide by direct feeding damage
and transmission of several deadly viruses. Cereal crop varieties resistant to A. tosichella are fundamental for the
integrated pest management of this pest. Barley varieties resistant to A. tosichella are not known to exist. Non-choice
and choice experiments were conducted to determine if A. tosichella resistance exists in the barley varieties Sydney and
Stoneham which are resistant to the Russian wheat aphid, Diuraphis noxia (Kurjumov). Sydney barley displayed mild
resistance to A. tosichella biotype 1 and 2, while Stoneham barley exhibited only mild resistance to biotype 2.

Mexican Research Experiences with Genetically Modified Corn

Authors: Aguirre U Luis Alberto?, Hernandez J Agustin', Flores D Mariano', Cerna CH Ernesto’, Frias T Gustavo'! and
Ochoa Yisa', 'Universidad Auténoma Agraria Antonio Narro, Mexico

Abstract: Genetically modified organisms (GM) is a controversial issue worldwide. In Mexico, debate is greater being
the center of origin of corn. Mexico approved controlled planting in 2009-2013 for research purposes allowing testing

of hybrids AgrisureTM 3000 GT, Agrisure® VipteraTM 3110 y Agrisure® VipteraTM 3111 with Bacillus thuringiensis
(BT) genes which codify Cry1Ab, Vip3Aa20 and mCry3A proteins resistant to Lepidoptera and Coleoptera in the State
of Sinaloa. Resistance of hybrids to foliar damage by armyworm Spodoptera frugiperda, cob damage by corn earworm
Helicoverpa zea and the sugarcane borer Diatraea saccharalis and compared with their respective isohybrids and

an insecticide treatment. Results proved that hybrids containing Bt genes were resistant to foliar and cob damage

from above-mentioned pests. Low incidence of sugarcane borer was observed; however, damage was lower on the

GM hybrid when compared with conventional hybrids. Corn pests evaluated using GM hybrids could be a strategy to

be incorporated in an insect pest management system. This technology may contribute to preserve agroecosystem
biodiversity compared with other management options avoiding the use of chemical insecticides if their use is approved.
Evaluations in other Mexican areas are needed to better understand this technology and support regulatory decisions in
the matter.
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Development of a PCR-based method to discriminate between dead and living insect pest
present in stored rice

Authors: Agusti Nuria’, del Arco Lidia2, Riudavets Jordi?, 'IRTA, Spain, 2Sustainable Plant Protection, IRTA, Cabrils
(Barcelona), Spain

Abstract: Most of the current methods to detect the presence of insects in stored cereals are not sensitive enough

to detect low pest levels or some immature stages, like the visual inspection of the grain after sieving. Once the pest

is detected in the grain, the only method to determine if it is dead or alive is the grain incubation until completing the
developmental period, which can last up to 40-50 days. Alternative tools to discriminate between live or dead individuals
present in the grain in a shorter period are needed.

We have developed a PCR-based method to discriminate between dead and living insect pests present in stored rice
by using primers that amplify long DNA fragments. Our hypothesis was that short DNA fragments are detected in both
living and dead individuals, whereas long DNA fragments are only detected in living specimens, due to the degradation
process after the death of the organism. For this, degenerated primers that amplify long DNA fragments have been
designed within the mitochondrial regions Cytochrome Oxidase | and Il. Results on some Coleoptera and Lepidoptera
species that are pests in stored rice are shown and discussed depending on the time elapsed after death.

Understanding food webs in agroecosystems: the use of a universal arthropod and plant multi-
primer NGS approach
Authors: Agusti Nuria2 and Alomar Oscar?, 'IRTA, 2IRTA, Spain

Abstract: The use of DNA metabarcoding is becoming an important tool to study biological control of pests in
agroecosystems by revealing unknown details of the food webs. In this study, we have developed a multi-primer NGS
approach to analyze the gut content of predatory arthropods present in a peach crop. This multi-primer system, which
allows identifying the ingested arthropods and plants, is composed by two pairs of universal arthropod primers and
two pairs of universal plant primers. The use of both arthropod universal primers was compared when used together or
separately regarding the number of prey species obtained after the analysis. The resolution of both plant primers was
studied to determine the assignment level to the plant resources detected. Obtained results showed that the analysed
predators ingested arthropod and plant resources, including peach, other crops, and other plants present around the
peach orchard. Within the arthropod resources, it was possible to detect peach pests, as well as other preys present in
the peach crop and in the surrounding vegetation. This molecular tool could also be used to reveal the most important
arthropod and plant resources consumed by omnivorous predators in other agroecosystems.

The diversity and spatiotemporal distribution of microbiota associated with Macrosteles
leafhoppers (Hemiptera: Cicadellidae)
Authors: Ahlen Mulio Sandra’, Lukasik Piotr' and Michalik Anna?, 'Jagiellonian University, Poland

Abstract: Microbial symbionts play important roles in insect biology, but their diversity, distribution, and dynamics over
time across host populations is poorly understood.

We surveyed the spatio-temporal distribution of bacterial symbionts in several species of the broadly distributed,
diverse, and economically significant leafhopper genus Macrosteles, with emphasis on Macrosteles laevis. Amplicon
sequencing of the Cytochrome oxidase | (COIl) gene allowed us to distinguish species, revealed lack of strong genetic
differentiation across M. laevis populations combined with significant levels of heteroplasmy, and multiple cases of
parasitoid infections. 16S rRNA amplicon sequencing data confirmed the omnipresence of the ancient nutritional
endosymbionts Sulcia and Nasuia and a high, but variable prevalence of Arsenophonus, previously shown to colonise
Sulcia cells. Other abundant symbionts included Rickettsia, Wolbachia and a previously unreported symbiont in
Auchenorrhyncha, Ca. Lariskella. Further, we detected the known plant pathogen phytoplasma in 31 specimens, or
8.5% of samples. However, there was no discernable patterns in the symbiont prevalence among M. laevis populations,
or associations between the presence of different symbionts. Combined, our data show how the simultaneous
characterization of host and symbiont marker gene amplicons in large insect collections can reveal patterns critical for
the understanding of their significance.
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Influence of Macronutrients Induced Biochemical Changes in Plant as Mediator of Insect Pest
Population in Okra (Abelmoschus esculentus (L.) Moench)

Authors: Ahmad Shahbaz', Azam Ayesha?, ljaz Butt Hira?, Mahmood Rashid?, 'Institute of Agricultural Sciences
University of the Punjab, Pakistan, 2Institute of Agricultural Sciences, Pakistan

Abstract: Okra is highly nutritious crop with the production rate of 303.16 tons per year from the area 232.05 ha in
Pakistan with the growing contribution of 2% in the world. Insect pests of okra are one of the key factor in reducing or
effecting its yield and esthetic value. Nutrition of a plant plays an important role in regulating the insect pest population
and the rate of infestation. The nutrients in the plant induces the biochemical changes which act as a mediator of
insects of okra. The research was conducted in the greenhouse of Institute of Agricultural Sciences during the summer
season 2018-19 to evaluate that upto what extent different levels of nitrogen, phosphorus and potassium modulates
the insect pest population on okra. Three levels of nitrogen and phosphorus were prepared (315, 210, 105 ppm)

with two levels of potassium (117 and 234 ppm). The number of insects were counted after every 7 days of interval.
The encountered sucking insects of okra include whitefly, aphid, jassid and mealybug. The results of this study were
assessed through RSM (response surface methodology) which shows that the high level of nitrogen increase the rate
of leaf production (RLP), and total yield of okra in contrast to nitrogen at the high level of potassium the rate of soluble
sugars are reduced which suppresses the insect pest population. Conclusion from results depict that nitrogen along
phosphorus enhance the primary growth of plant and soluble sugar content and potassium turns it into secondary
growth. Through RSM the maximum optimum rate of yield and minimum optimum rate of insects were predicted at
different recommended concentration of nutrient solution of NPK.

Assessing biodiversity value of linear farm habitats across different levels of farming intensity
in agricultural grassland using Diptera as bioindicators

Authors: Ahmed Karzan D.2, O Hanlon Aidan?, Volpato Alessio?, White Blanaid3, Williams Christophers, Mulkeen
Collette2, O hUallachain Daire®, Moran James?, Stout Jane?, Carey Johns, Day Michael?, Gormally Mike!, Rotchés
Ribalta Roser® and Ruas Sara?, 'Applied Ecology Unit National University of Ireland Galway, Ireland, 2Applied Ecology
Unit, National University of Galway, Ireland; Ryan Institute, National University of Ireland Galway, Ireland, 3DCU Water
Institute, School of Chemical Sciences, Dublin City University, Glasnevin, Dublin 9, Ireland, “Department of Natural
Sciences; Galway Mayo Institute of Technology, Galway Campus, Galway, Ireland, SNational Parks and Wildlife Service,
Agri Ecology Unit, Food St Galway, Ireland, 8School of Natural Sciences and Psychology, Liverpool John Moores
University, United Kingdom, 7School of Natural Sciences, Trinity College Dublin, Dublin, Ireland, 8Teagasc Environment,
Soils and Land use Department, Johnstown Castle, Co Wexford, Ireland

Abstract: Agricultural intensification is known as one of the primary causes of rapid decline in farmland biodiversity,
particularly insects. While the incorporation of linear farm habitats to counteract biodiversity decline have been
proposed, much remains unknown about the specific impacts on insect diversity of different types or combinations

of linear farm habitats, particularly on farmlands of different intensities. With this in mind, we investigated the value of
different linear farm habitats for invertebrates using adult species of two dipteran families (Sciomyzidae and Syrphidae)
as bioindicators, at three levels of land use intensity. The study was conducted on grassland farms (in the north-west of
Ireland) which were grazed by sheep/cattle and categorised into extensive, intermediate and intensive farms based on
stocking rates and proportional area of semi-natural vegetation/linear feature density (High Nature Value index). Five
categories of linear farm habitats were selected within each farming intensity: a) Dense hedgerow; b) Open hedgerow;
c) Dense hedgerow adjacent to a watercourse; d) Open hedgerow adjacent to a watercourse; and e) Watercourse only.
Insect sampling was conducted from May-September 2018 using bi-directional Malaise traps which separated catches
originating in the linear habitat and field respectively. In addition, the quality of the habitats was assessed using a rapid
assessment method developed for both fields and linear habitat types. Our results show that hedges associated with
watercourses within extensive farming systems support important habitats for the selected indicator taxa. Syrphidae
species richness was significantly greater in dense hedges associated with watercourses than either open hedges or
watercourses only. On the other hand, Sciomyzidae species richness was significantly greater in water courses with

or without hedges than either dense or open hedges only. NMS analysis showed that the community composition of
both insect families was significantly affected by habitat quality of linear habitats in intermediate and intensive farms,
while in extensive farms, community structure was significantly affected by habitat quality of grasslands, soil moisture
and/or organic matter. While the abundances of Syrphidae/Sciomyzidae captured were consistently greater on the
linear feature side of the malaise traps across all faming intensities, proportionally more were captured on the linear
feature side in intensive farms. Moreover, indicator species analysis revealed significant Sciomyzidae and Syrphidae
indicators of linear farm habitats and farming intensification. Our study indicates that not only are linear farm habitat
type and quality important for biodiversity but the context in which these are found i.e. farming intensity also plays a
role. This needs to be taken into consideration when developing or designing new agri-environment schemes to improve
biodiversity associated with linear farm habitats.
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Skeletomuscular transformations in the mesosoma of ants to support forward leaping
Authors: Aibekova Lazzat' and Economo Evan', 'Okinawa Institute of Science and Technology

Abstract: Ants, one of the most successful groups on the planet, play an essential role in almost all terrestrial
ecosystems. They evolved different locomotion patterns to be able to move on different surfaces, to exploit different
habitats, and also to cope with adverse conditions. Some ants are specialized in running, such as desert ants, some are
specialized for gliding, swimming, and many other locomotion types. One rare specialization in the evolution of worker
ant locomotion is the ability to jump. Jumping is one of the fastest terrestrial mode of locomotion. It is used to get away
from predators, to move from one place to another, and for hunting prey. Forward jumping in ants convergently evolved
in three subfamilies. Although, kinematics of jumping was thoroughly studied in previous contributions, no research has
been done on the anatomical modifications in jumping ants. Evolution of jumping behavior often involves a combination
of structural transformations, e.g., muscular volumes, skeletal elements, energy storage, and tendon. In this study, we
will focus on the gross anatomy and the muscle architecture of the leg apparatus, to understand the underlying cause of
the jumping ability in ants.

Developing Strategies to Use Zoophytophagus Mirid Predators to Control Pests in Open Field
Tomato Crops: Preparation for the Potential Incursion of Tuta absoluta in Southern U.S.A.

Authors: Ajlan Aziz8, Roda Amy?, Kostyk Barry? and Castillo Jose?, 'United States Department of Agriculture, Animal
and Plant Health Inspection Service, Plant Protection and Quarantine, Science and Technology, United States,
2University of Florida, Institute of Food and Agricultural Sciences, Southwest Florida Research and Education Center,
United States, King Faisal University, Saudi Arabia

Abstract: The tomato leafminer, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) is expanding in the greater
Caribbean region and threatens U.S. tomato production. To prepare for the potential incursion of the pest, we
investigated the ability of plant-feeding mirid predators to control established leafminer (Keiferia lycopersicella Busck)
(Lepidoptera: Gelechiidae) and whitefly (Bemisia tabaci) tomato pests. In cage studies, one exotic, Nesidiocoris tenuis
(Reuter) (Hemiptera: Miridae), and one native, Macrolophus praeclarus (Distant) (Hemiptera: Miridae), Florida mirid
species were found to significantly reduce the number of leafminers and whiteflies on tomatoes compared to tomato
plants without mirids. We also investigated the ability of N. tenuis and M. praeclarus to control B. tabaci on tomato in
seven open field tomato trials conducted in South Florida, U.S.A. Fewer whitefly eggs and nymphs were seen in the
mirid and pesticide treatments compared to the no treatment controls. Nesidiocoris tenuis was found to establish, while
M. praeclarus was observed only during the first weeks of the studies. Field trials that included sesame plants with
tomato plants increased the numbers of N. tenuis when prey was scarce and allowed sustained whitefly control. U.S.
native and fortuitously established mirids may prove to be immediately available biological agents for the management
of Tuta absoluta should the pest reach U.S. shores.

Development of a Precision Guided SIT technology to control wild populations of D. suzukii
Authors: Akbari Omar, UCSD, United States

Abstract: Drosophila suzukii has caused significant worldwide economic losses including significant damage in the
berry- and cherry-growing industries of western North America. Achieving effective control of D. suzukii has been
difficult in a number of crop systems including cherries, and control measures have largely relied on prophylactic
application of expensive broad spectrum insecticides, which have been expensive and problematic. Alternative, highly
promising approaches that could complement existing control methods are urgently needed. To fill this void, here | will
describe the development of a novel CRISPR based approach termed Precision Guided SIT technology (pgSIT) that
can be used to control and eliminate wild populations of D. suzukii.

Insecticidal potential of cardamom and clove extracts on adult red palmweevilRhynchophorus
ferrugineus
Authors: Al Dawsari Mona, Prince Sattam bin Abdel Aziz university, Saudi Arabia

Abstract: Toxicity of cardamom and clove seed powder and extracted compounds against the red palm
weevil,Rhynchophorus ferrugineus(Coleoptera: Dryophthoridae), was assessed in laboratory exposure experi-ments.
The treatments comprised different amounts of seed powder of cardamom (0.8, 1, 3, and 5 mg)and clove (1, 3, 5, 7
mg), and extract concentrations (0.2, 0.4, 0.5, 0.6, 0.7, and 0.8) for both plants usingether petroleum or chloroform.
Data showed that 5 mg of cardamom powdered seed resulted in 93% mor-tality after one day and 100% mortality after
two days. Whereas after two days, lower amounts (0.8, 1,and 3 mg) resulted in 26%, 40%, 46%, respectively. A similar
result was obtained for clove seed powder,where 7 mg caused 53% mortality after one day and 100% mortality after
three days, other amounts(1, 3, and 5 mg) resulted in 33%, 73%, and 80%, mortality respectively, after three days.

We found thatall amounts of extract of both plants resulted in 100% mortality after three days. GC-MS analysis of
thecardamom and clove extracts revealed the presence of a large number of terpenes of particular notewas eugenol
and two novel compounds Hydroxy-alpha-Terpenyl Acetate and Labda -8(17),13(E)-Diene- 15. The current work aims
at the possibility of benefiting from natural plants pesticides as beingsafer as well as on the separation of volatile oils,
which was known to be important in the control pests.02019 Production and hosting by Elsevier B.V. on behalf of King
Saud University. This is an open accessarticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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The API-Tree project: Developing Apple Pest control strategies through an Integrated Agro-
ecosystem approach
Authors: Alaphilippe Aude, French National Institute of Agricultural Research Experimental Unit Gotheron, France

Abstract: Apple trees account for 35% of the European orchards and apple production is questioned since it relies on a
heavy use of pesticides. The objective of the API-tree project is to design and assess the efficiency and sustainability of
combinations of practices alternative to chemicals to control apple pests. In this project, the whole apple pest complex
has been considered, with a focus on aphids, for which chemical control solutions are missing due to regulatory
pesticide withdrawal. The novelty of this project is the integrated approach that takes into account agroecosystems
management, orchard design and practices, as well as economic constraints.

A range of geographic and climatic conditions is covered by API-tree thanks to the consortium, which comprises
countries from Northern to Mediterranean Europe. This also permits to share various experiences and knowledge

to propose innovative context-adapted solutions. API-tree will permit to design and assess new orchard systems in
collaboration with end-users (mainly growers), who will participate in co-design activities and test some proposed
strategies in their commercial orchards. Targeted practices will aim at building consistent and resilient systems that
reduce both pest attacks and damage to attacked plants. Those practices are related to the enhancement of plant
diversity (additional cultivars, cover crops, introduction of companion plants...), to soil and tree management (cultural
practices) and to the design of agroecological infrastructures (e.g. habitat management to provide pest natural enemies
with food resources and shelters, push-pull plant assemblages etc.).

In this presentation we will introduce a framework to combine all the levers and methods we have been working on to
reach the zero insecticide in apple orchard and give an overview of the different tested levers. Following presentations
will give more details on the tested levers and outcomes.

The Evolution of the Sternopriscina (Coleoptera: Dytiscidae, Hydroporinae) larval forms
Authors: Alarie Yves, Department of Biology, Laurentian University, Sudbury, Ontario, Canada P3E 2C6, Canada

Abstract: All Australian Hydroporini (Coleoptera: Dytiscidae, Hydroporiniae) have been historically regarded as strongly
monophyletic and therefore put into the subtribe Sternopriscina, one of the four putative lineages within the tribe. As
different expressions of the same genotype, larval characters help to complement adult characters that have been
traditionally the primary basis for Holometabola classification. The fact that all Sternopriscina genera were historically
regarded as strongly monophyletic raises an interesting question: what larval phylogeny tells us about the evolution
of the Sternopriscina larval forms? This paper aims at comparing in a phylogenetic context the larvae of the recently
described genera Chostonectes Sharp, Antiporus Sharp, 1882, Barretthydrus Lea, 1927, Megaporus Brinck, 1943,
Paroster Sharp, 1882, Sternopriscus Sharp, 1880, and Necterosoma MacLeay, 187. In this provisional phylogenetic
framework Paroster stands out as sister to all the other Sternopriscina studied, which are characterized by well-
developed frontoclypeal lateral branches as well as by the presence of elongate natatory setae on femora, tibiae and
tarsi. Such character states coupled with variably elongate urogomphi with numerous secondary setae are probably
adaptations to improve the swimming ability of their larvae.
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Behavioral responses of Drosophila suzukii females to odors of blackberry and bramble

Authors: Alawamleh Amanis, Anfora Gianfranco?, Wackers Felix', De Cristofaro Antonio*, Magsood Hashmi Maaz?,
Giovanna Di Stefano Maria* and Ganassi Sonia?, 'Biobest Group NV, Belgium, 2Center Agriculture Food Environment,
University of Trento, San Michele all’Adige, TN, Italy; Research and Innovation Centre, Fondazione Edmund Mach, Via
E. Mach, ltaly, 2Institute for Research in Terrestrial Ecosystems National Research Council of Italy, Italy, “University

of Molise, Department of Agricultural, Environmental and Food Sciences, Italy, *University of Molise, Department of
Agricultural, Environmental and Food Sciences, ltaly; Biobest Group NV, Belgium

Abstract: Drosophila suzukii Matsumura (Diptera: Drosophilidae), an invasive fruit fly originated from Eastern Asia,
has a wide range of crop and non-crop host plants. It infests the most valuable crops in Europe including soft fruits
such as strawberries and cherries, and several non-crop plants. Similarly to polyphagous fruit pests, D. suzukii utilizes
different odor cues for feeding and oviposition behaviors, involving odors emitted by host fruits and their associated
microorganisms. However, D. suzukii behavioral response towards crop host fruits has been evaluated enormously,
but has been rarely investigated towards non-crop host fruits. Thus, we conducted this study to assess the behavioral
responses of female D. suzukii towards odors emitted by crop and non-crop host fruits of same host species. We
designed a laboratory experiment using naive flies and ripen fruits of blackberry crop Rubus fruticosus along with

wild blackberry fruits, commonly known as bramble. Fruits were individually treated with chemical sterilization and

no sterilization then tested using dual-choice bioassays with Y-tube olfactometer. The flies showed a significant
preference for non-sterilized fruits of blackberry and bramble over the sterilized fruits. Blackberry fruits showed higher
attractiveness towards non-sterilized fruits more than bramble fruits. Moreover, the overall flight activity was significantly
increased when both fruits were tested in sterilized treatment. The highest activity of flies was recorded in bramble fruits.
Our data indicates that flies attraction can be related to volatile compounds emitted by ripen fruits and microorganisms
associated with fruits’ surface. The low flies’ attraction towards sterilized fruits indicates that the fruits lack the active
microorganisms that may attract the flies. However, crop host fruits were more attractive than non-crop host fruits

due to different volatile profiles and microbial communities. These results highlight the importance of selection of key
volatile compounds emitted by both crop and non-crop host fruits and their associated microorganisms to increase
attractiveness of current attractive lures. Our findings present the first report of behavioral responses of D. suzukii

to sterilized and non-sterilized fruits of crop and non-crop hosts, providing promising prospects for developing a new
trapping system for D. suzukii management. Such system can be based on the exploitation of volatiles emission from
host fruits and microbes in a selective attractant lure which enables efficient trapping of flies during the fruiting season
of both crop and non-crop hosts.

Hedgehog regulation
Authors: Alenius Mattias, Department of Molecular Biology Umea University, Sweden

Abstract: Metabolic status regulates olfaction and taste responses in insects. During starvation many insects change
food preference and response to odors. Even if we start to understand the coding principles behind olfaction and taste
in insects are the molecular mechanisms that connect metabolic state and chemo sensation poorly understood.

We have previously identified that Hedgehog, a key development regulator that control segmentation in most insects, is
reused after development in Drosophila to regulate the olfactory sensory neurons odor response. The results revealed
a non-canonical Hedgehog signaling pathway that regulate odorant receptor transport to the cilium. Our results further
showed that the system is conserved in large detail from Drosophila to humans.

Here, | will present our novel results that reveal Hedgehog to be an endocrine signal. Interestingly, the endocrine
signal uses a specific receptor and suppress the olfactory sensory neuron odor response. Our results show that food
composition determines the level of Hedgehog in the circulation and like that link metabolic state with food detection.
Finally, I will disclose how Hedgehog skews some of the odor responses and possibly change the odor perception in
Drosophila.

Measuring the evolutionary potential of a diapause-avoiding parasitic wasp to climate change

Authors: Alford Lucy?, van Baaren Joan', Louapre Philippe® and Mougel Florence?, '"UMR-CNRS 6553 ECOBIO, Univ
Rennes 1, France, 2University of Bristol, United Kingdom, 3University of Burgundy UMR CNRS 6282 Biogéosciences,
France, “University Paris-Sud, France

Abstract: The earth is currently experiencing rapid changes in climate. In addition to warming temperatures, an
increase in the incidence of unpredictable thermal events such as heat / cold waves is also forecast. Species are
differently affected by these climatic changes depending on their ability to buffer from and/or to respond to stressful
thermal conditions. In areas with mild winters, an increasing number of ectothermic species have lost their diapause
strategy, thus remaining active all year. As a consequence, such species are increasingly vulnerable to unpredictable
cold stress events. The current study aimed to better understand the evolutionary potential of one such species by
estimating heritability of cold tolerance. Using a parental half-sibling breeding design, cold tolerance, morphology
and longevity of the parasitoid wasp Aphidius avenae, which has lost its diapause strategy in western France,

was investigated and heritability estimates obtained. If the low heritability estimates obtained are indicative of the
evolutionary potential of A. avenae cold tolerance, A. avenae may be increasingly reliant on behavioural responses
and adaptive phenotypic plasticity to persist in a changing climate, with potential implications for the biological control
function they provide.
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Neuroendocrine control of environmental stress responses

Authors: Alford Lucy?, Davies Shireen?, Dornan Anthony', Dow Julian', Cabrero Pablo', Marley Richard', Terhzaz
Selim?, 'Institute of Molecular, Cell and Systems Biology, College of Medical, Veterinary and Life Sciences, University of
Glasgow, United Kingdom, 2University of Bristol, United Kingdom

Abstract: Insects are exposed to a continuous multiple stressors across a range of environments. Desiccation
tolerance and survival is dependent on fluid homeostasis by fluid transporting epithelia including the Malpighian tubules.
Fluid transport by insect Malpighian tubules is modulated by diuretic neuropeptides which have also recently been
shown to affect desiccation and cold tolerance in e.g. Drosophila melanogaster and D. suzukii.

Evidence suggests that at least three diuretic neuropeptides (capa, DH44, kinin) perform functions in environmental
stress tolerance via the Malpighian tubules. Thus, Malpighian tubule function, and diuretic neuropeptides, have much
wider implications for physiology and behaviour beyond osmoregulation.

Population dynamics of microbial symbionts from the common bed bug Cimex lectularius

Authors: Alhasdi Dina' and Welkinson Tom?', TUCD School of Biology and Environmental Science, University College
Dublin, Belfield, Dublin, Ireland

Abstract: The common bed bug Cimex lectularius harbours multiple symbiotic partners, at least one of which has been
implicated in the supplementation of the vitamin-deficient blood diet. However, the integration of these multiple partners
into the development of the insect has not been investigated in detail. In this study we monitor the population density

of two cohabiting bacterial symbionts (Wolbachia and BLS) from egg to adulthood, and assess how insect gender,
reproduction and availability of food impacts the bacterial populations.

Determination of Resistance Improving Potential of Cotton Whitefly Bemisia tabaci (Genn.)
(Hemiptera: Aleyrodidae) Biotypes Against Cyantraniliprole
Authors: Ali Isse Hassan' And Yikselbaba Utku®, 'Akdeniz University, Turkey

Abstract: In this research, the resistance development potential of MEAM1 and MED genetic groups of cotton whitefly
Bemisia tabaci to Cyantraniliprole was investigated. In addition, it was also determined the development of multiple
resistances to different insecticides (pyriproxyfen, Spirotetramat and acetamiprid) in each biotype of B.tabaci. The
obtained data will be a useful reference for future monitoring and management of insecticide resistance.

Field evaluation of natural pest control services at rice landscape
Authors: Ali MP, Entomology Division, Bangladesh Rice Research Institute (BRRI), Gazipur, Bangladesh

Abstract: Climate change induces salinity intrusion into soil and crop production land (terrestrial ecosystem) and the
rate of salinity growth increases in terrestrial agricultural production landscape yearly. The impact of salinity on crop
production, environment, social and food security is widely studied. However, the impact of elevated salinity on a natural
pest control service system (where plant, pest and pest control providers live together) remains elusive. We tested the
impact of elevated salinity on pest control service in coastal sites of Bangladesh using artificial inoculation approaches
where insect pests and its eggs were released into rice field. Two gravid brown planthoppers were introduced in each
place where six rice hills were covered with nylon mesh net. Three places were covered by nylon mesh net and three
were exposed to natural enemies. Three locations of salinity elevated area and three locations of non-saline areas
were selected for this experiment. Brown planthoppers (only 0.55) were not observed in exposed area where eggs and
adult BPH were released at the mid stage of rice growth in field. On the other hand, where BPH introduced area was
covered by nylon mesh cage showed significant higher number of populations developed (180.89) and feed rice plant
(P < 0.001). Statistically similar development trends were found in three locations as saline area (P > 0.05). Number of
natural enemies in exposed and non-exposed area were also recorded. Among the natural enemies, lady bird beetle,
staphylinid beetle, carabid beetle and spiders were largely found both in exposed and non-exposed areas. These
indicate that natural enemies are available to destroy insect pests in rice field. Significant number of lady bird beetles
(21), spiders (13), and staphylinid beetle (30) were recorded outside the cage in rice field. Higher number of lady bird
beetle (31), spiders (18) and staphylinid beetle (46) were recorded in pest exposed area. Similarly, natural enemies
were observed in non-saline area both in exposed and non-exposed pest area. Significant number of lady bird beetles
(12), spiders (10), and staphylinid beetle (20) were recorded outside the cage in rice field. Higher number of lady bird
beetle (18), spiders (14) and staphylinid beetle (26) were recorded in pest exposed area. In non-exposed pest area,
natural enemies including lady bird beetle, spiders and staphylinid beetles densely prevail closed to cage where pest
remained throughout the experimental period. More importantly, we quantified the yield reduction due to pest introduced
in cage. Significant lower amount of rice yield observed in non-exposed area (total 9 hills/ cage, area: 0.36 m2). Non-
exposed area showed 206.52 g rice yield where as exposed area showed 238.52 g yield. This result indicates that
brown planthopper can reduce 13.41% rice yield if natural enemies are absent in the field.
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Establishing next generation pest control service in rice landscapes

Authors: Ali MP?, Bari MN2 and Haque SS', 'Entomology Division, Bangladesh Rice Research Institute (BRRI),
Bangladesh

Abstract: Pesticides are commonly used in food crop production systems to control crop pests and diseases and
ensure maximum yield with high market value. However, the accumulation of these chemical inputs in crop fields
increases risks to biodiversity and human health. In addition, people are increasingly seeking foods in which pesticide
residues are low or absent and that have been produced in a sustainable fashion. More than half of the world’s human
population is dependent on rice as a staple food and chemical pesticides to control pests is the dominant paradigm

in rice production. In contrast, the use of natural enemies to suppress crop pests has the potential to reduce chemical
pesticide inputs in rice production systems. Currently, predators and parasitoids often do not persist in rice production
landscapes due to the absence of shelter or nutritional sources. In this study, we modified the existing rice landscape
through an eco-engineering technique that aims to increase natural biocontrol agents for crop protection. In this system,
planting nectar-rich flowering plants on rice bunds provides food and shelter to enhance biocontrol agent activity and
reduce pest numbers, while maintaining grain yield. The abundance of predators and parasitoids and parasitism rates
increased significantly in the eco-engineering plots compared to the insecticide-treated and control plots. Moreover, a
significantly lower number of principal insect pests and damage symptoms were found in treatments where flowering
plants were grown on bunds than in plots where such plants were not grown. This study indicates that manipulating
habitat for natural enemies in rice landscapes enhances pest suppression and maintains equal yields while reducing the
need for insecticide use in crop fields.

Host sex discrimination by egg parasitoids of stink bugs

Authors: Alinc Tugcans, Arif Mokhtar Abdulsattar ', Guarino Salvatore 2, Colazza Stefano3, Cusumano Antonino® and
Peri Ezio®, 'Ministry of Agriculture, Baghdad, Iraq, 2National Research Council of Italy (CNR), Palermo, ltaly, 3University
of Palermo, ltaly

Abstract: Chemical traces deposited by herbivores walking over the plant surface may act as contact kairomones for
their associated insect parasitoids during the host location process. In the several stink bug-egg parasitoid systems,
these indirect host-related cues do not only provide information about the potential presence of the stink bug host in

the surrounding areas but also provide information on the host sex. Particularly, egg parasitoids spend more time on
the traces left by female bugs, which would normally be of higher hierarchical value, showing the fact that such female
wasps have evolved strategy based on host sex discrimination to arrive in the vicinity of freshly laid host eggs. Here, we
provide a comprehensive overview of host sex discrimination ability in egg parasitoids of stink bugs and discuss the role
of cuticular hydrocarbons as key compounds mediating the discrimination behavior.

Release of earwigs (Forficula auricularia Linnaeus (Dermaptera: Forficulidae)) to control woolly
apple aphid (Eriosoma lanigerum Hausmann (Hemiptera: Aphididae))

Authors: Alins Georgina', Lordan Jaume' and Rodriguez-Gasol Neus?, 'IRTA Fruitcentre, PCIiTAL, Park of Gardeny,
Fruitcentre Building, Lleida, Spain

Abstract: Woolly apple aphid affects apple trees and causes damage to branches, trunks and roots. Previous studies
indicate that earwigs can play an important role in the control of this pest; however, even though earwigs are naturally
present in apple orchards, they do not prevent outbreaks. For this reason, a trial was carried out to evaluate the effect
of earwig release on the biological control of woolly apple aphid. This trial was carried out in 2017, 2018 and 2019 in an
organic apple orchard located in Catalonia (NE-Spain). In 2017 and 2018 earwigs were released in June, while in 2019
they were released in May. Two treatments were evaluated: release (by means of a shelter with 30 earwigs) and control.
The experimental design was completely randomized with 10 replicates. Each replicate was constituted by a tree in
which an infested bud of woolly apple aphid was selected to evaluate the growth of the colony. The release carried out
the first year (2017) did not affect the presence of the woolly apple aphid. However, the releases that were performed in
2018 and 2019 caused a decrease in colony size. Our results show the potential of earwigs’ releases in the biological
control of woolly apple aphid.

Perspectives on the potential applications of Antimicrobial Peptides

Authors: AlJabr Ahmed M?, Hussain Abid! and Al-Ayedh Hassan?, 'Laboratory of Bio-Control and Molecular Biology,
Department of Arid Land Agriculture, College of Agricultural and Food Sciences, King Faisal University, Hofuf 3, 2Life
Science and Environment Research Institute, King Abdulaziz City for Science and Technology, Kingdom of Saudi Arabia

Abstract: Antimicrobial peptides (AMPs) are small evolutionarily conserved biologically active molecules widespread
in nature. These naturally occurring AMPs are considered essential protective component, thereby imparting the first-
line of defense against pathogens. Currently, more than 2900 AMPs from six life Kingdoms including bacteria (335),
fungi (16), archaea (4), protists (8), plants (343) and animals (2219) have been reported. Multidimensional biological
characteristics such as antimicrobial, immune modulator, least toxicity and decreased resistance development make
APMs versatile promising future drug candidate in pharmaceutical industries. They are mainly involved in their defense
mechanism in order to protect them against invading infections agents including fungi, bacteria, yeast and viruses. In
addition to antifungal, antiviral and antibacterial response through diverse mechanisms, AMPs provide the avenues
for the development of novel therapeutic alternative due to their anticancer response against cancer cell lines. This
presentation intents to highlight how short antimicrobial peptides can become novel therapeutic tool to tackle future
resistance development challenges.
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Monitoring Elaterid Beetles on Sweet Potato in the Mississippi Delta
Authors: Allen Clint', Johnson Chris' and Reddy Gadi', '"USDA-ARS, United States

Abstract: Wireworms, the larvae of click beetles, are insect pests with a wide host

range consisting of vegetables, grains and other crops such as peanuts, strawberries and tobacco. They are capable
of inflicting economic damage to the roots and tubers during their long-life cycles. They are difficult to control due to
their protected habitat below ground. In Mississippi and in the southeastern U.S. Conoderus spp are major wireworm
pests. The cryptic life cycle of wireworms renders chemical control efforts unsuccessful and estimation of pest numbers
difficult. The primary objective of this research was to determine the damage potential and distribution of wireworms/
click beetles. The Noronha Elaterid Light Trap, or “NELT”, is made with three pieces — a small solar-powered spotlight,
a plastic white cup and a piece of screening. The light is set close to the ground to attract the source of the wireworms,
the female click beetles that emerge from the ground in April and May. These traps will be installed at several sweet
potato fields in the Mississippi Delta. The proposed survey work will help us to determine the distribution of click beetles
in the Mississippi Delta and the potential need for preventative control of this important insect group.

Australian Eadya (Braconidae) as larval endoparasitoids for classical biocontrol of globally
invasive paropsine leaf beetles

Authors: Allen Geoff2, Pugh Andrew', Sharanowski Barb?, Ridenbaugh Ryan#, Quarrell Stephen? and Withers Toni?,
'Scion, New Zealand, 2Tasmanian Institute of Agriculture, University of Tasmania, Australia, 3University of Central
Florida, Department of Biology, Orlando, FL, United States of America, United States

Abstract: A number of countries using Eucalyptus in plantations have been the recipient of a number of invasive
paropsines (Col.: Chrysomelidae: Chrysomelinae) from Australia. All species are significant defoliating pests. In a
departure from the reliance upon egg parasitoids, further investigations into larval endoparasitoids began as a result of
interest in locating host specific classical biological control agents. A collaboration between the University of Tasmania
and Scion in New Zealand and the University of Central Florida over the last eight years has resulted in the description
of four new species discovered in the field and confirmed with molecular identifications, as well as a revised key for the
genus of Eadya. Eadya which are striking black and orange wasps, were found to be larval parasitoids of nine differing
paropsine species, and one species studied in most detail suggest all attack any of the four larval instars during spring/
early summer when they are feeding either clustered or singly on Eucalyptus leaves.

Paropsis charybdis is New Zealand’s arguably most damaging eucalyptus pest, Eadya daenerys which attacks P.
charybdis has now been approved for release there. The most common field host of this parasitoid in Tasmania is
Paropsisterna agricola. Paropsisterna variicollis is also a pest causing concern in New Zealand and spreading rapidly.
Field and laboratory host range data suggest Eadya annleckieae specialises on Pst. variicollis and Pst. selmani. With
Pst. selmani being a pest of Eucalyptus plantations in Ireland, this species could become a promising biocontrol agent
in both New Zealand and Ireland.

Invasive ants and virus dispersal
Authors: Allen Margaret, U.S. Department of Agriculture, Agricultural Research Service, United States

Abstract: Ants are highly effective invasive species. | have scrutinized RNA viruses in Mississippi USA populations
of red imported fire ants, and have identified evidence of six viruses. Each virus present has unique implications and
potential applications.

The Role of Chemical Ecology in the Management of Forest Insect Pests
Authors: Allison Jeremy, Great Lakes Forestry Centre, Canadian Forest Service, Canada

Abstract: The study of the chemistry, biochemistry and function of natural products (chemical ecology), has immense
potential to inform our understanding of the biotic world. It also has the potential to provide biorational tools for
integrated pest management (IPM) and the promise of this potential has been the primary impetus for the development
of the discipline of chemical ecology. Examples of pest management tools based on the chemical ecology of target
pests are now common but remain far more numerous for agricultural than forestry pests. In part this is a product of a
larger research investment into agricultural than forest pests. It is also a reflection of the reality that trying to develop
IPM for forest insect pests has challenges unique to forest settings. Primary among these are: 1) rotation periods

that can mean that decades pass before a return on the investment in IPM can be realized; and 2) spatial scales and
associated limited infrastructure that can make implementation of IPM difficult. While the area of planted forests is
increasing globally and compartments of planted forests can be large, plantation forests are typically characterized by
intensive management and consequently good infrastructure and accessibility, as well as short rotation periods. As a
result, the temporal and spatial constraints that limit the application of chemical ecology to the IPM of insect pests in
natural forests may be attenuated in plantation forests. This presentation will provide an overview of current applications
of chemical ecology to the management of forest insect pests and discuss potential areas for increased contributions to
the development of IPM tactics for insect pests in plantation forests.
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Sugar feeding increases immunity in the gut and protects the female mosquito Aedes aegypti
against arboviruses

Authors: Almire Floriane!, Kohl Alain', Pondeville Emilie!, McFarlane Melanie' and Terry Sandra', '"MRC-University of
Glasgow Centre for Virus Research, Glasgow, Scotland, United Kingdom

Abstract: Female mosquitoes usually drink sugars from plants and flowers for their own energy but also require a blood
meal to reproduce. Due to this last strategy, they are vectors of arthropod-borne viruses (arboviruses) such as Zika
(ZIKV) or chikungunya (CHIKV) viruses. Sugar sources can be rare in some arboviral endemic regions, forcing female
mosquitoes to feed exclusively on blood to use it as a nutrient source and therefore, leading to a higher risk of arbovirus
transmission. Mosquito immunity is an important factor influencing vector competence. The gut is the first barrier to

be overcome by an arbovirus after blood meal and is the major determinant of arbovirus infection. We demonstrate

that the gut immunity in females is enhanced and maintained through regular sucrose solution feeding. Our data show
that sucrose, glucose and fructose (sugars naturally present in plant and flower nectar) can all maintain gut immunity

in females. We next investigated the role of the intestinal microbiota in sugar-induced immunity. Antibiotic-treated
mosquitoes showed a stronger sugar-induced immunity than non-treated mosquitoes. Therefore, sugars increase gut
immunity independently of the microbiota. Moreover, microbiota decreases immunity, either by directly competing with
the mosquito host for sugars, either by directly inhibiting immunity. Also, we found that females that fed on sucrose few
hours before the intake of an arbovirus-infected blood meal are less susceptible to the virus than non-sugar-fed females.
Altogether, these results showed the extreme importance of sugar on the gut immunity and on arbovirus infection in the
female mosquito Aedes aegypti.

Pea leaf weevil and broad bean weevil control time in broad bean (Vicia faba)

Authors: Aimogdad Mohammad?, Semaskiene Roma’, 'Department of Plant Pathology and Protection, Institute
of Agriculture, Lithuanian Research Centre for Agriculture and Forestry, Lithuania, 2Lithuanian Research Centre for
Agriculture and Forestry, Lithuania

Abstract: Pea leaf weevil (Sitona lineatus) and broad bean weevil (Bruchus rufimanus) are destructive insect pests

on broad bean (Vicia faba) worldwide. The best control time under natural field conditions of these two pests was
investigated at the Institute of Agriculture, Lithuanian Research Centre for Agriculture and Forestry during 2018-2020.
Contact and systemic insecticides were used. The abundance of S. lineatus and B. rufimanus was monitored from
germination till full ripening. For S. lineatus, several application times were tested (at growth stage BBCH 08; when

the first weevil adult was caught in the yellow water trap; when the daily air temperature for three days exceeds that

of threshold for adult activity; at the local threshold (5—10 beetles m-2); at the growth stage BBCH 10-11). For B.
rufimanus, several application times were tested (when the first weevil adult was caught in the yellow water trap; when
the daily temperature for three days exceeds that of threshold for adult activity; at the end of flowering (BBCH 69); spray
three times beginning at growth stage BBCH 69 with a one-week interval).

At low density of S. lineatus adults (3.5 beetles m-2) at early growth stages, application of insecticides according to the
tested spray regimes did not show significant effect on leaf damage (notches). At high density of S. lineatus adults (18
beetles m-2), application according to the local threshold gave significantly the lowest number of notches on leaves
compared to the early spray at BBCH 08 growth stage. The abundance peak of B. rufimanus adults corresponded with
the full flowering stage (BBCH 65). The best control of B. rufimanus was achieved when insecticide application was
done three times beginning at the end of flowering (BBCH 69) with a one-week interval. This spray regime decreased
the damaged seeds by 57.7% compared to the untreated control and resulted in 38.9% yield increase.

Recent trends in stream macroinvertebrates: warm-adapted and pesticide-tolerant taxa increase
in richness

Authors: Altermatt Florian', Obrist Martin K.2, Siber Rosi', Bollmann Kurt? and Schuwirth Nele', 'Eawag: Swiss Federal
Institute of Aquatic Science and Technology, 2Swiss Federal Institute for Forest, Snow and Landscape Research WSL

Abstract: In recent years, massive declines in insect biodiversity have been reported from many European countries.

We analysed nationwide, systematic monitoring data on aquatic insect diversity collected at 438 sites in Switzerland
from 2010 to 2019. In addition to taxonomic richness, we considered functional traits such as temperature preferences
and feeding guilds. Furthermore, we explored the sensitivity of aquatic insects towards pesticides. We found that insect
species richness increased in the time period considered. Warm-adapted species showed the strongest increase with
time while cold-adapted species richness remained stable. Generalists such as collector-gatherers displayed the highest
gain in species richness, and pesticide-insensitive taxa increased most with time. Moreover, we developed a predictive
model of aquatic insect richness by considering both in-stream conditions such as temperature and catchment-

level factors such as land use and found that the importance of predictors depended on the functional group under
consideration.

Our results suggest that recent developments in insect species richness are context-dependent and affect functional
groups differently. Longer investigations are needed to confirm the positive trend and to reveal if the increase in
temperature and pesticide tolerant species could lead to a decrease in specialised species and a homogenisation of
biotic communities in the long term.
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Effect of landscape complexity and Bt technology on phytophagous stink bugs and predatory
arthropods abundance in soybean

Authors: Altier Nora', Silva Horacio*, Bentancur Oscar?, Abbate Silvana? and Pons Xavier?, 'Instituto Nacional de
Investigacién Agropecuaria. INIA. Uruguay, Uruguay, 2Universidad de la Republica. CENUR Litoral Norte. Uruguay,
3Universidad de la Republica. Facultad de Agronomia, EEMAC, Biometria y Estadistica. Paysandu, Uruguay,
4Universidad de la Republica. Facultad de Agronomia, EEMAC, Departamento de Proteccién Vegetal. Paysandu,
Uruguay, SUniversidad de Lleida. Departamento de Produccion Vegetal y Ciencia Forestal. Lleida, Catalufa, Spain

Abstract: In Uruguay, as in the rest of South America, agroecosystems underwent two major changes: agricultural
intensification and the inclusion of Bt crops. The removal of natural habitats caused by landscape simplification and the
high adoption of transgenic cultivars resistant to defoliating lepidoptera could generate side effects on phytophagous
and beneficial arthropods. This research aimed to evaluate the effect of landscape complexity (percent of landscape

in agriculture) and the technology used at the local scale (RR or RRBt) on the abundance of phytophagous stink bugs
and predominant predatory arthropods in soybean. Sampling was completed in 32 fields (16 RR and 16 RRBt) located
in the Northwest of Uruguay throughout the whole cycle of the crop during 2017-18 season. Arthropod abundance was
estimated every three weeks using sweep netting conducted inside the fields and in field edges. Landscape complexity
was measured as the proportion of agriculture-land use within 1km radius circle. The average values obtained in the
six sampling moments were accumulated and analyzed fitting generalized linear models (p-value<0.05). Piezodorus
guildinii was the predominant stink bug species in all sampled fields, while spiders, predatory bugs and ladybugs were
the most abundant predators. Soybean fields surrounded by landscapes with more than 75% of agriculture had higher
number of stink bugs, but reduced landscape complexity did not affect any group of predators. Abundance of stink bugs
or predators was not significantly different between RRBt and RR soybean fields. Spontaneous vegetation at the edges
of the field had a greater abundance of spiders than the crop area, while stink bugs, predatory bugs and ladybugs were
more abundant inside the crop. Understanding the relative importance of agricultural practices at different scales and
the interaction with stink bugs and predators dynamics will facilitate recommendations on the sustainable management
of soybean pests at the local and landscape scales.

Effect of landscape composition and Bt technology on phytophagous stink bugs and predatory
arthropods abundance in soybean

Authors: Altier Nora', Abbate Silvana3, Madeira Filipe? and Pons Xavier4, 'Instituto Nacional de Investigacion
Agropecuaria. INIA. Uruguay, Uruguay, 2Mountains of Research Collaborative Laboratory. Portugal, 2Universidad de la
Republica. CENUR Litoral Norte. Uruguay, “Universidad de Lleida. Espafna

Abstract: South America agroecosystems underwent two major changes: agricultural intensification and the inclusion
of Bt crops. The landscape simplification and the adoption of transgenic cultivars resistant to defoliating lepidoptera
could generate side effects on phytophagous and beneficial arthropods. We evaluated the effect of landscape
composition (1km radius) and the technology used (RR or RRBt) on the abundance of phytophagous stink bugs

and arthropods predators in soybean. Over two-year, sampling was completed in 60 soybean fields in the Northwest
of Uruguay. Arthropod abundance was estimated using a sweep and a beating sheet. Piezodorus guildinii was the
predominant stink bug, while spiders, predatory bugs and ladybugs were the most abundant predators. The abundance
of stink bugs and predators in soybean was affected by the type of vegetation cover and did not differ between

RRBt and RR soybean fields. Spontaneous vegetation at margin’s fields had a greater abundance of spiders than

the crop area, while stink bugs, predatory bugs and ladybugs were more abundant inside the crop. Abundance of
many predators in soybean was positively associated with their abundance in the margins. Our results contribute to
understand the relative importance of agricultural practices at different scales towards the sustainable management of
these pests.

Priming of Beauveria bassiana spores to enhance biocontrol of the red-banded stink bug
Piezodorus guildinii

Authors: Altier Nora3, Sessa Lucia?, Abreo Eduardo? and Pedrini Nicolas’, 'INIBIOLP, Universidad Nacional de La
Plata. Argentina, 2Instituto Nacional de Investigacion Agropecuaria. INIA. Uruguay, 3Instituto Nacional de Investigacion
Agropecuaria. INIA. Uruguay, Uruguay

Abstract: The hydrocarbon layer of the insect epicuticle represents the first barrier to infection by entomopathogenic
fungi such as Beauveria bassiana. The aim of the present research was to study the effect of hydrocarbon nutrition on
virulence and gene expression of two B. bassiana strains (ILB308-high and ILB299-low virulence) towards Piezodorus
guildinii, a hemipteran highly resistant to infection. Strains were grown on minimal media (MM) with n-pentadecane as
sole carbon source (HC15); Piezodorus guildinii insects were inoculated by immersion and mortality was recorded daily
for 12 days. The expression of genes involved in either spore viability and osmolarity, spore adhesion, hydrocarbon
assimilation or oxidative stress was evaluated by qRT-PCR. Strain ILB308 showed an increase on its virulence towards
P. guildinii as well as early over-expression of mostly all evaluated genes. The low virulence strain -ILB299- also showed
an increase on its virulence when grown on HC15, but the overexpression of genes relevant to infection and HC
degradation metabolism was low and delayed in time. In conclusion, gene induction patterns (identity, time, and level of
induction) are different in both strains and correlate well with the different virulence enhancement patterns exhibited on
P. guildinii.
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Insect-specific virus-arbovirus interactions in mosquitoes

Authors: Altinli Mine®, Agboli Eric2, Schnettler Esther4, Schulze Jonny?, Hermanns Kyra', Leggewie Mayke® and
Junglen Sandra®, 1- Institute of Virology, Charité — Universitatsmedizin Berlin, corporate member of Free University
Berlin, Humboldt-University Berlin, and Berlin Institute of, 21-Molecular Entomology, Molecular Biology and Immunology
Department, Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany; 2-Department of Epidemiology and
Biostatistics, School of Public Health, University of Health and Allied Sciences, Ghana, 31-Molecular Entomology,
Molecular Biology and Immunology Department, Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany;

2- German Centre for Infection research (DZIF), partner site Hamburg-Libeck-Borstel-Riems, Hamburg, Germany,
4Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany German Centre for Infection research, partner side
Hamburg-Libeck-Borstel-Riems, Germany, 5Bernhard Nocht Institute for Tropical Medicine; German Centre for Infection
research, partner side Hamburg-Liibeck-Borstel-Riems, Germany, éCharité Universitatsmedizin Berlin, Germany,
"Molecular Entomology, Molecular Biology and Immunology Department, Bernhard Nocht Institute for Tropical Medicine,
Hamburg, Germany

Abstract: Virus discovery has long depended on outbreaks, and the research to understand their pathogenicity
depended on their isolation and culture. Due to the persistent nature of their infections, the ubiquity and diversity

of insect-specific viruses of mosquitoes have been only discovered following the recent advances in sequencing
technologies. While the interactions of these viruses with arboviruses raised scientific interest in insect-specific viruses,
these interactions are usually studied in acute infections and not in persistently infected hosts. In this study, we focus
on a recently isolated insect-specific virus Agua-Salud Alphavirus (ASALV, Togaviridae). We studied the interactions

of ASALV with different arboviruses and have observed differences in the interference capacity of ASALV with
arboviruses depending on its infection status (acute versus persistent). ASALV was able to interfere with the replication
of two different arboviruses, but only in the case of ASALV persistent infection. No difference in arbovirus replication
was observed in the case of simultaneous co-infection of ASALV and the arboviruses. Further research is needed to
understand the mechanisms behind these interactions.

The RNAi response in vector mosquitoes against mosquito-specific viruses versus arboviruses

Authors: Altinli Mine?, Schnettler Esther3, Kohl Alain®, Hermanns Kyra', Varjak Margus®, Badusche Marlis3,

Leggewie Mayke?, Junglen Sandra* and B. Sreenu Vattipally®, '1- Institute of Virology, Charité — Universitatsmedizin
Berlin, corporate member of Free University Berlin, Humboldt-University Berlin, and Berlin Institute of, 21-Molecular
Entomology, Molecular Biology and Immunology Department, Bernhard Nocht Institute for Tropical Medicine, Hamburg,
Germany; 2- German Centre for Infection research (DZIF), partner site Hamburg-LUbeck-Borstel-Riems, Hamburg,
Germany, ®Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany German Centre for Infection research,
partner side Hamburg-LUbeck-Borstel-Riems, Germany, Charité Universitdtsmedizin Berlin, Germany, SMRC-University
of Glasgow Centre for Virus Research, Glasgow, Scotland, United Kingdom

Abstract: Mosquito-specific viruses (MSVs) often share several similarities with arboviruses, but are, in contrast to
arboviruses, restricted to their mosquito host. All findings support a worldwide distribution of MSVs in a variety of
mosquito species, including important arbovirus vector mosquitoes.

RNA interference has been shown to be one, if not the most important antiviral response in mosquitoes against
arboviruses and linked to vector competence. Although, for some MSVs it was shown that they also induce and
interfere with the RNAI response, little is known about this interaction for most MSVs, especially the ones sharing strong
similarities to arboviruses. Besides, it is unclear whether the interaction between MSVs and the mosquito vector could in
turn have an effect on a potential co-infection with an arbovirus. Comparing the interaction of an arbovirus and a MSV,
belonging to the same virus genus, with the mosquito RNAI response is important to understand potential effects on
vector competence of mosquitoes for arboviruses.

Knockdown experiments of key proteins of the different RNAi pathways (siRNA, miRNA and piRNAs) in Ae. aegypti
derived cells are performed followed by infection with the mosquito specific Agua Salud Alphavirus (ASALV). Effects

on ASALYV infection are compared to results of arbo-alphaviruses (e.g. Chikungunya virus and Semliki Forest virus).
Moreover, production of virus specific small RNAs in infected cells is investigated.

Similar to arbovirus infection, the siRNA pathway is triggered by ASALV infection and has antiviral activity. Surprisingly,
an antiviral effect was also observed for the miRNA pathway in case of ASALV, not seen for the arbovirus infections.
Results regarding the piRNA pathway, showed an antiviral activity for Piwi4 for MSV and arboviruses; however, no
ASALV-specific piRNAs could be detected.

Taken together, these results highlight important differences between the interactions of the mosquito with MSVs versus
arboviruses.
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Field-evolved resistance to Bt Crops in Latin America
Authors: Alves Analiza, Corteva Agriscience

Abstract: Fall armyworm, Spodoptera frugiperda (J.E. Smith) is one of the most destructive maize pests in the
tropical zone of the American Continent, causing significant yield losses under moderate-high infestations. Historical
S. frugiperda management in South America relied on plant protection with synthetic insecticides, ranging from 1-10
applications per crop cycle, depending on pest pressure and crop system management. More recently, genetically
modified maize plants expressing insecticidal Bt proteins gained significant role in managing this pest in the region due
to its effectiveness. Nonetheless, local environment, landscape, and agricultural practices can create intense selection
pressure favoring resistance development to chemistries and biotech traits, representing a significant challenge

to effective long-term control of this pest. Short term financial and food security goals driving maximization of land
productivity in large monoculture agricultural systems with potential extraction of two to three crops per year impose
strong selection pressure through an environment biologically accelerated. Understanding regional landscape, pest
ecology, insect-crop/trait interactions, and genetic variability is fundamental for deployment of effective, locally adapted
practices. The utilization of a variety of control tactics is key for sustainable management and cropping systems. The
biggest challenge is balancing economic, environmental, and social aspects of sustainability at the local level.

Crop pollination by nocturnal bees

Authors: Alves dos Santos Isabel?, Inés Silva Claudia*, Schlindwein Clemens?, Krug Cristiane', Duran Cordeiro
Guaraci®, Oliveira Reisla?, Mateus Sidnei* and Détterl Stefan3, 'TEmbrapa, Manaus, Brazil, 2University of Minas Gerais
(UFMG), Brazil, 3University of Salzburg, Austria, “University of Sdo Paulo, Brazil

Abstract: Most bees are active during the day. However, approximately 1% of the bee species are nocturnal and
forage in search for flowers during the low light intensities of the night, between sunset and sunrise. They account for
about 250 species and are distributed among the families: Andrenidae, Apidae, Colletidae and Halictidae. We evaluate
the role of nocturnal bees in the pollination of “cambuci”, Campomanesia phaea, Myrtaceae, and “guarana”, Paullinia
cupana, Sapindaceae, both economically highly important plants of the Brazilian Atlantic Rainforest and Amazon,
respectively. Furthermore we collected floral volatile from the host plants using dynamic headspace method and tested
if these compounds were capable of attracting nocturnal bees in the field. Synthetic scent mixtures that contained
various of the identified floral scent components, successfully attracted nocturnal bee pollinators. Our data show that
cambuci and guarana attract their nocturnal bees by strong floral scents and suggest that the chemical communication
between these plant and their pollinators is a key step in crop production of these economically important plant species.

Insect role in transmitting Dickeya dianthicola among potato plants

Authors: Alyokhin Andrei’, Hao Jianjun? and Insinga Jonas', 'School of Biology and Ecology, University of Maine,
United States, 2School of Food and Agriculture, University of Maine, United States

Abstract: The blackleg bacterium Dickeya dianthicola Samson is an important pathogen of potato, Solanum
tuberosum, in North America and Europe. Previous work has suggested that insects, particularly aphids, may be
able to vector bacteria in this genus between plants. However, no empirical work was conducted to evaluate their
epidemiological role in transmitting this disease on commercial potato fields. We tested vector potential of the two
potato pests most common in most temperate growing areas: the Colorado potato beetle (Leptinotarsa decimlineata
Say) and the green peach aphids (Myzus persicae Sulzer).

Olfactometry and recruitment experiments evaluated if either insect discriminates between infected and uninfected
foliage. Infection was determined using visual symptoms and genus-level PCR primers for Dickeya. In the laboratory,
beetles and aphids were fed infected plants and then transferred to uninfected plants to determine if bacteria would be
transmitted between plants. In the field, insect densities were manipulated to correlate them with the incidence of the
disease.

Neither Colorado potato beetles nor green peach aphids were attracted to infected foliage in either olfactometry or
recruitment experiments. To the contrary, presence of butanediol, which is product of Dickeya fermentation, significantly
reduced beetle attraction to the odor of potato foliage. Green peach aphids preferred uninfected foliage, but only

when conspecifics were present. Neither Colorado potato beetles nor green peach aphids acquired and transmitted

D. dianthicola through feeding on infected plants in the laboratory. In the field, neither insect’s abundance correlated
significantly with the spread of this disease. Therefore, controlling these pests is unlikely to prevent blackleg outbreaks
in potato fields. Instead, the efforts to limit spread of this disease should focus on sanitation, water management, and
seed screening.
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Endogenous insect resources for a more sustainable aquaculture

Authors: Ameixa Olga®, Duarte Pedro?, Lillebg Ana', Maciel Elisabete?, Pinho Marisa', Calado Ricardo' and
Domingues Rosario*, 'Department of Biology & CESAM & ECOMARE, University of Aveiro, Portugal, 2Department of
Biology & CESAM, University of Aveirol, Portugal, 3Department of Chemistry & CESAM, University of Aveiro, Portugal,
4Department of Chemistry & CESAM, University of Aveiro; Mass Spectrometry Center, Department of Chemistry,
University of Aveiro, Portugal, SUniversity of Aveiro, Portugal

Abstract: The future and the ability of the world food system to ensure food security for a growing world population are
closely tied to improve the protection of natural resources, and in the delivery of alternative sustainable protein sources.
The need for more sustainable feedstuffs in the aquaculture sector has determined the use of alternative food sources,
and in this context, insects have been investigated as potential ingredients. However, nutritional profiles of commonly
studied insects lack important nutrients for marine organisms. Here, we show how endemic costal insect species may
contribute to overcome this gap and contribute to improve the nutrition of aquaculture marine species.

Hermetia illucens egg volatile signalling and its relevance for mass-scale production

Authors: Ameixa Olga?, Rodrigues Daniela' and Calado Ricardo', 'Department of Biology & CESAM & ECOMARE,
University of Aveiro, Portugal, 2University of Aveiro, Portugal

Abstract: Available data on oviposition behaviour of H. illucens, one of the most important insect species reared for
food and feed, is scarce and highlights the variability associated with oviposition in this species reinforcing the need

to gain additional knowledge on this topic to achieve economically feasible mass-scale production. Here we provide a
first screening of the volatile organic fraction of H. illucens eggs from oviposition to hatching, shedding light over the
temporal evolution of semiochemicals composition, a knowledge which can contribute to advance the state of the art on
H. illucens mass-scale production.

Can insect pests be controlled using antifungal lipopeptides?

Authors: Ameline Arnaud>, DENOIRJEAN Thomas?, Hance Thierry', Cherqui Anas?, Coutte Frangois® and Doury
Géraldine?, 'UCLouvain, Belgium, 2UMR CNRS 7058 EDYSAN, Université de Picardie Jules Verne, France, 3University
of Lille, INRA, ISA, University of Artois, University Littoral Céte d’'Opale - Charles Viollette Institute, France, University
of Picardie Jules Verne - UMR CNRS 7058 EDYSAN (Ecologie et Dynamique des Systémes Anthropisés), France,
sUniversity of Picardie Jules Verne - UMR CNRS 7058 EDYSAN (Ecologie et Dynamique des Systémes Anthropisés),
France

Abstract: The development of organic agriculture and the increasing restriction on pesticide use have impulsed a
growing interest to develop new strategies of weeds, pathogens and pests control. Bacteria are well identified sources
of biocontrol molecules, among which lipopeptides exhibit interesting properties such as broad spectrum of activities
(Ongena and Jacques, 2008) and biodegradability. Although lipopeptides produced by Bacillus subtilis show well-
documented anti-bacterial and anti-fungal properties, the number of studies on their putative insecticidal effects remain
scarce (Guo et al., 2015) despite a growing interest to develop ecofriendly alternatives for plants protection. Aphids

are major pests causing great damages to vegetable crops and orchards either because of their direct action by sap
sucking, or indirectly by the transmission of viruses. We compared the effects of three different lipopeptides families
(fengycin, mycosubtilin and surfactin) produced by B. subtilis strains, on Myzus persicae (a polyphagous aphid)

and Dysaphis plantaginea, the major aphid pest of apple trees. Two modes of exposure were used, either by topical
application or by ingestion using artificial diet with different lipopeptide concentrations. The effects of each lipopeptide
were assessed on aphid survival and fertility. The results are discussed in the context of versatile molecules combining
both pests and pathogens biocontrol properties in a management program.

Bibliography

Guo D-L, Wan B, Xiao S-J, Allen S, Gu Y-C, Ding L-S and Zhou Y, 2015. “Cyclic lipopeptides with herbicidal and
insecticidal activities produced by Bacillus clausii DTM1”. Natural Product Communications, 10 (12): 2151 -2153.

Ongena M and Jacques P, 2008. “Bacillus lipopeptides: versatile weapons for plant disease biocontrol”. Trends in
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Companion planting involving Amaryllidaceae (ex. Alliaceae): a strategy for aphid pest control?

Authors: Ameline Arnauds, Couty Aude?', Doury Géraldine®, Lateur Marc?, van Havermaet Robin4, Baudry Xavier® and
van Begin Xavier®, 'CNRS / University Picardie Jules Verne, France, 2CRA-W. Walloon Agricultural Research Center.
Gembloux, Belgium, 3Edysan, Ecology and Dynamics of Human-influenced Systems, UMR CNRS 7058 University of
Picardy Jules Verne., France, “Research station for vegetable production, Sint-Katelijne-Waver, Belgium, SUniversity

of Picardie Jules Verne - UMR CNRS 7058 EDYSAN (Ecologie et Dynamique des Systémes Anthropisés), France,
6Xavagri, Belgium

Abstract: “Companion planting” is one specific type of polyculture, under which two plant species are planted together
that are known, or believed, to synergistically improve one another’s growth trait. This kind of plant association can

help to control insect pests either directly, by disturbing pest settling and/or indirectly, by attracting natural enemies.
Some plants belonging to the Alliaceae family (chives, garlic, onion, leek) release Volatile Organic Compounds (VOC)
with strong repellent potentialities. The aim of this work was to investigate the disturbance of aphid pest colonization
behavior when submitted to putative repellent plant or essential oil extracts. Plants selected in our experiments belong
to species conventionally grown in the field or in greenhouses in the Hauts de France Region and Belgium. The
companion plants belong to Alliaceae, whereas pepper was the target plants. The positive control consists of submitting
volatils from Alliaceae extract to the pest — plant target system. EPG technique and Clip cage experiments were

used to assess the effects of companion plant vs essential oil extract VOC on the feeding behavior and demographic
parameters of aphids when feeding on the target plants. Results are discussed in the context of environmentally friendly
and sustainable pest management strategies.

Insect decline — an issue in forensic entomology?
Authors: Amendt Jens, Institute of Legal Medicine, Goethe-University am Frankfurt, Germany

Abstract: At the end of 2017, a study showed a significant decline in insect populations within the last 27 years

in German nature reserves. This was a scientific validation of what many had long since subjectively perceived: a
widespread reduction in insect abundance. Insects play a key role in terrestrial ecosystems and perform important
ecosystem functions and services such as pollination, the formation of important linkages in food webs or the disposal
and recycling of dead organisms. The latter builds the bridge to forensic entomology (FE) and its use of necrophagous
insects, degrading the dead organic matter, here: human bodies. Statements in the media give the impression that
insect decline threatens FE. However, no reliable data on this exist at this time. Numerous factors of insect decline are
discussed, such as the intensification of agriculture with increased pesticide consumption and the establishment of
large monocultures, are of questionable relevance for necrophagous insects. In addition, the main application of FE is
mainly based on the analysis of an insect complex that can be described as “species-poor”, focusing on a few polyvoltin
species with an extremely high reproductive potential. In accordance with these assumptions, our own studies over the
last 20 years at the institute of legal medicine in Frankfurt/Germany show no significant changes in the diversity and
abundance of these species on human bodies and in the field. However, it cannot be ruled out that this will change

in the coming years, not least because of the challenges associated with climate change such as e.g. prolonged

heat waves or the dispersal of invasive species. This could lead to a shift in phenology patterns and abundances of
forensically relevant taxa.
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50 shades of green — a case-based introduction to the insect infestation of the living and the
dead

Authors: Amendt Jens?, Lutz Lena', 'Goethe-University, Germany, 2Institute of Legal Medicine, Goethe-University am
Frankfurt, Germany

Abstract: Forensic entomology uses insects to draw conclusions on legal matters. The main emphasis is on estimating
the minimum post-mortem interval (PMImin) by determining the age of the juvenile insect stages developing on a
corpse. It is highly useful when human remains are found more than 72 hours after death, at a point when forensic
pathological approaches are no longer appropriate to determine the time of death. Forensic entomology can also help
in the detection of neglect, where living people are infested with insects. Such infestation of live vertebrates (humans
and/or animals) with dipterous larvae, which feed at least for a certain period of time on the host’s dead or living tissue
is defined as myiasis. Since 2001 the Institute of Legal Medicine Frankfurt am Main analyses insect infested bodies
and research on necrophagous taxa, supports death investigations at the crime scene and during autopsies, and
delivers entomological reports to answer questions of legal interests. To proof the importance of forensic entomology
we evaluated insect associated cases from 2001 to 2019 (n = 852). Sex and age of the deceased, date of autopsy and
discovery, place of finding (indoor or outdoor), supposed post mortem interval (PMI) (based on the time last seen or
other hints such as newspapers, letters or neighbors’ statements), and the cause of death were noted. Overall more
dead bodies were found indoor (82 %) than outdoor (18 %) regardless of year and month and the majority were male
(70 %) and in the age of 60 — 70 years. From June to August, i.e. summer months and typical blow fly season the most
bodies were found, while in winter December to March only a few bodies were colonized. In more than 70 % of all cases
the PMI ranged from one day to three weeks, so that in these cases it would have been possible to estimate the PMImin
to the day on the basis of entomological findings. In about half of the cases the person died of natural causes (e.g.
cardiac failure) but in many cases a clear cause of death was not visible due to external and internal decay of the body.
Detailed information on insect species and diversity was available for about 25% cases. There were over 20 frequent
insect taxa, of which the blow flies Lucilia sericata and Calliphora vicina were the most dominant species. There was a
seasonal trend in the occurrence of the two species, with L. sericata being active in the summer months and C. vicina
colonizing carcasses mainly in spring, autumn and winter, i.e. during the colder period of a year.

When it comes to the infestation of the living, most cases have been neglect in a domestic environment where people
were overstrained with the care of their relatives. The relevant species differed according to where the living or
meanwhile deceased person was found. While blowflies and here Lucilia sericata dominated the outdoor cases, mainly
Muscidae colonized the bodies indoors. Musca domestica was the most common species here.

Intercepted Mosquitoes at New Zealand’s Ports of Entry, 2001 to 2018: Current Status and
Future Concerns

Authors: Ammar Sherif5, Derraik José?, Kasper Julia?, Mcintyre Mary4, Baker Michael*, Hales Simom#* and Swan Tom?,
'Australian Institute of Tropical Health and Medicine, James Cook University, Queensland, Australia, 2Liggins Institute,
University of Auckland, Auckland, New Zealand, 3Museum of New Zealand, Te Papa Tongarewa, Wellington, New
Zealand, *University of Otago, New Zealand, University of Otago, New Zealand

Abstract: Mosquito vectors are extending their range via international travel and trade. Climate change makes New
Zealand an increasingly suitable environment for less tropically adapted exotic mosquito vectors to become established.
This shift will add a multiplier effect to existing risks of both the establishment of new species and of resident exotic
species extending into new areas. We describe trends in the border interceptions of exotic mosquitoes and evaluate the
role of imported goods as a pathway for these introductions. Ae. aegypti and Ae. albopictus, the two most commonly
intercepted species, were only intercepted in Auckland. Used tyres and machinery were the main mode of entry for both
species. The majority of Ae. albopictus were transported as larvae by sea, while most Ae. aegypti were transported as
adults by air. Continuing introductions of these mosquitoes, mainly arriving via Japan or Australia, increase the risk of
the local transmission of mosquito-borne diseases in New Zealand in general and in the Auckland region in particular.
These findings reinforce the need for a high performing and adequately resourced national biosecurity system,
particularly port surveillance and inspection. Recommended biosecurity improvements are described.
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Invasions old and new: reconstructing the spread of winter moth (Operopthera brumata) in
Europe and North America

Authors: Andersen Jeremy', Elkinton Joseph?, Caccone Adalgisa* and P. Havill Nathan3, 'Department of Environmental
Conservation, University of Massachusetts Amherst, United States, 2Department of Environmental Conservation,
University of Massachusetts, Amherst, United States, 3Northern Research Station, USDA Forest Service, Hamden, CT,
United States, “Yale University, United States

Abstract: Native to Europe, outbreaks of the invasive geometrid Operophtera brumata (winter moth) have in recent
times been reported in geographically isolated populations including Northern Scandinavia (1900s), Nova Scotia
(1930s), Oregon (1950s), the Pacific Northwest (1970s), Northern Africa (1970s), and New England (1990s). Using

a combination of phylogenetic and population genetic techniques, we explore the evolutionary history of winter moth
populations across four continents to unravel 1) the ancestral origins of this species; 2) the use of glacial refugia in
Europe and Africa during the Last Glacial Maximum (LGM); and 3) the contemporary origins of invasive winter moth
populations. Using coalescent species tree analyses based on DNA sequences from three nuclear loci (28S, EF1?,

and Wingless) and one mitochondrial locus (COIl) we find that winter moth is more closely related to Asian species in
the genus Operophtera than to European or North American species, and that it likely diverged from species found in
Japan and Eastern Russian between 400,000 and 1.4 million years ago suggesting that winter moth is a relatively new
addition to the European ecological community. To explore the use of glacial refugia during the LGM as well as the
contemporary origins of invasive species in Northern Africa, Northern Scandinavia, and North America, we amplified

24 polymorphic microsatellite loci and conducted Approximate Bayesian Computation (ABC) simulations. These
simulations indicate that 1) the invasive population in Northern Africa is native to the region, and likely established in the
North African refugium during the LGM; 2) that outbreaks in Northern Scandinavia are caused by a population that likely
migrated along the coast of Norway from the British Isles following the retreat of glacial ice sheets after the LGM, and

3) that invasive populations in North America are the result of at least three separate introductions from geographically
distinct source populations.

Real-time witness to formation of a hybrid zone between non-native winter moth and native
Bruce spanworm

Authors: Andersen Jeremy?, Elkinton Joseph?, Havill Nathan3, Caccone Adalgisa®*, 'Department of Environmental
Conservation, University of Massachusetts Amherst, United States, 2Department of Environmental Conservation,
University of Massachusetts, Amherst, United States, 3USDA Forest Service, Northern Research Station, United States,
“Yale University, United States

Abstract: The European winter moth, Operophtera brumata (Lepidoptera: Geometridae), is an invasive species in
North America which is known to hybridize with a related native species, Bruce spanworm, O. bruceata. We genotyped
thousands of moths across a hybrid zone in New England using polymorphic microsatellite loci from 2007-2018. This
period captured the time when the hybrid zone was settling on the landscape. This study is a unique glimpse at hybrid
zone formation in nature and may provide insight into the impacts of hybridization between native and non-native
species on biological invasions.

Functional characterization of odorant receptors in the spruce bark beetle Ips typographus and
prediction of their ligand binding site

Authors: Andersson Martin', Léfstedt Christer?, K. Yuvaraj Jothi', Roberts Rebecca E.!, Johanson Urban’, Hou
Xiaoging' and Sonntag Yonathan', 'Lund University, Sweden

Abstract: The European spruce bark beetle (Ips typographus L.) causes severe destruction of spruce (Picea abies)
forests across large parts of Europe. Improved pest management is urgently needed, and one avenue towards this
aim could be to target the odorant receptors (ORs), which are used by the beetles to find mates and hosts. Hence, we
sequenced an antennal transcriptome, and identified 73 ORs of which 52 ORs were present as full-length sequences.
Functional characterization of two of these ORs in HEK293 cells and Xenopus oocytes revealed highly selective
responses to pheromone compounds that are used by several bark beetle species in chemical communication.
Homology modelling and ligand docking simulations were performed to predict the ligand binding sites of these ORs.
Site-directed mutagenesis targeting two of the amino acid residues that were predicted to be central for the binding,
abolished the response to pheromone, demonstrating a key functional role of these residues. The characterization

of the two ORs and their putative ligand binding sites is an important first step towards OR-targeted control of bark
beetles because these ORs can be screened for better agonists or antagonists, or be employed in biosensors for early
detection of bark beetle infestations.
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Food webs associated with epigeal predators in an integrated crop-livestock-forestry system in
Brazil
Authors: Andow David? and Pires Paula Debora', 'TEmbrapa-Cenargen, United States, 2University of Minnesota

Abstract: We conducted a large-scale experiment manipulating vegetational diversity and evaluate the effects on

the epigeal natural enemy community. We used molecular gut content analysis to determine what the most common
predator species were consuming to determine how these predators might contribute to pest suppression. We tested
four hypotheses: (1) the vegetationally diverse production system has higher predator species richness at higher
abundance than the other systems; (2) the predator community composition of the diverse system will overlap the
community composition of all of the other production systems; (3) the predators in the diverse system will have more
prey and more herbivore prey than in the other systems; (4) the prey consumed in the diverse system will overlap the
prey consumed in all of the other production systems. In addition, we describe a food web associated with 15 common
predators in this study. We will discuss the implications of our findings.

Integrating adverse effect analysis into environmental risk assessment for exotic generalist
arthropod biological control agents: a three-tiered framework

Authors: Andow David?, Pires Paula Debora’, van Lenteren Joop?, Barratt Barbara? and Pfannenstiel Robert4,
'Embrapa-Cenargen, United States, 2Resilient Agriculture, SUniversity of Minnesota, “{USDA-APHIS-PPQ, 5Wageningen
University, Netherlands

Abstract: Environmental risk assessments (ERAs) are required before utilizing exotic arthropods for biological control
(BC). Generalist arthropod BCAs (GABCAs) have been considered inherently risky and less used in classical biological
control. To safely consider exotic GABCAs, an ERA must include methods for the analysis of potential effects. A panel
of 47 experts from 14 countries discussed, in six online forums over 12 months, scientific criteria for an ERA for exotic
GABCAs. Using four case studies, a three-tiered ERA comprising Scoping, Screening and Definitive Assessments was
developed. In the Scoping Assessment, likelihood of establishment (for augmentative BC), and potential effect(s) are
qualitatively assessed. If risks are identified, the Screening Assessment is conducted, in which 19 categories of effects
(adverse and beneficial) are quantified. If a risk exceeds the proposed risk threshold in any of these categories, the
analysis moves to the Definitive Assessment to identify potential non-target species in the respective category(ies).
When at least one potential non-target species is at significant risk, long-term and indirect ecosystem risks must

be quantified with actual data or the petition for release can be dismissed or withdrawn. The proposed ERA should
contribute to the development of safe pathways for the use of low risk GABCAs.

A study case of invasion of Aleurocanthus camelliae cryptic species in Japan: Identification,
symbionts infection, and wasp parasitism
Authors: Andrianto Eko? and Kasai Atsushi’, 'Shizuoka University, 2UGSAS Gifu University, Japan

Abstract: Aleurocanthus camelliae (Camellia spiny whitefly) is an invasive whitefly pest of tea and is considered a
cryptic species due to its similarity with Citrus spiny whitefly, A. spiniferus. Both species originated from China and were
intercepted in Japan in 2004 and the early 1920s, respectively, and they were separated by host preference. Recently,
A. camelliae which is predominantly parasitized Theaceae plants has been also detected in Netherland (2018), Italy
(2020), and Indonesia (2020). This cryptic species is divided at least into 3 morphospecies, i.e., A. camelliae, consisting
of 3 haplotypes; A. spiniferus, consisting of 2 haplogroups; and A. woglumi. Due to morphologically indistinctive, we
then characterized the detection of cryptic species by the symbionts infection. This study revealed the novel cryptic
species of Japan on Eurya japonica (Theaceae) which harbor different strains of Portiera, the primary symbiont

of whiteflies. Moreover, unlike A. camelliae which is highly Wolbachia infected whiteflies, whiteflies belonging to A.
spiniferus morphospecies tend to be Wolbachia uninfected populations. In addition, a new record of Eretmocerus wasp
in A. camelliae has been discovered. Using a multiplex PCR, the existence of parasitism was confirmed in January
2020. The bacterial symbiont-based detection of A. camelliae cryptic species and new potential parasitoid wasp are
discussed.
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Role of ovipositor and sensory cues in short-range host selection by Drosophila suzukii

Authors: Anfora Gianfranco, Center Agriculture Food Environment, University of Trento, San Michele all’Adige, TN,
Italy; Research and Innovation Centre, Fondazione Edmund Mach, Via E. Mach, ltaly

Abstract: Drosophila suzukii is an invasive pest native to Eastern Asia able to lay eggs on undamaged ripening fruits,
rather than in fermenting substrates like most other Drosophila species. This ability is due to the exploitation of visual,
olfactory, and tactile cues for the location of the best oviposition site and to the presence of an enlarged and serrated
ovipositor. In a series of studies, we explored the sensory system of the ovipositor of D. suzukii, comparing it to that
of closely related species, and elucidated some behavioral and chemical aspects of short-range site selection of this
species. We first sequenced the ovipositor transcriptome in D. suzukii and in three Drosophila species characterised
by progressive changes in oviposition behaviour and revealed a set of gustatory and ionotropic receptors conserved
among the four Drosophila species. We therefore tested the occurrence of chemosensory neurons in D. suzukii
ovipositor using an anti-horseradish peroxidase antibody to target presence and shape of neuronal structures: results
indicate that neurons associated with D. suzukii ovipositor spines have mechanosensory function. Further analysis of
morphology and ultrastructure support the hypothesis that these structures are involved in mechanoreception and are
likely used to test the stiffness of substrates. We also demonstrated that D. suzukii preferred to lay eggs on already
egg-infested fruits instead of artificially-pierced or intact ones. Video recordings of ovipositional behaviour evidenced
the release of an anal secretion over the fruit surface near the oviposition site. Choice and non-choice tests indicated
oviposition preference towards egg-infested fruits, suggesting a role of the released liquid as a marking pheromone
attracting multiple ovipositions. The knowledge gained with these studies may accelerate establishment of control
strategies based on the interference and disruption of the processes involved in D. suzukii egg-laying site selection.

Multifaceted sublethal effects of insecticide microdoses on the orientation of the spotted wing
Drosophila

Authors: Anfora Gianfranco', Biondi Antonio?, Cavallaro Carmelo?, P Strano Cinzia?, Lisi Fabrizio*, Zappala Lucia?,
Scala Marica?, Ricupero Michele? and Desneux Nicolas?, 'Center Agriculture Food Environment, University of Trento,
San Michele all’Adige, TN, Italy; Research and Innovation Centre, Fondazione Edmund Mach, Via E. Mach, Italy,
2Department of Agriculture, Food and Environment, University of Catania, Italy 3INRAE, France

Abstract: Exposure to sublethal doses of insecticides can result in various physiological and behavioral traits of the
exposed organisms. Insect pests have evolved fine mechanisms for host detection and among these the orientation
towards host-borne volatiles are of paramount importance for pest reproduction and thus for yield losses. The spotted
wing drosophila (SWD), Drosophila suzukii (Matsumura) (Diptera: Drosophilidae), is a devastating invasive pest of soft-
skinned fruits. In this context, we first characterized the baseline toxicity of four neurotoxic insecticides through ingestion
during larval development and via adult residual exposure. Then, the estimated lethal doses 10% (LD10) for the four
chemicals were used to carry out a multilevel analysis of their sublethal effects on orientation behavior. Olfactometer,
electroantennographic (EAG) and olfaction gene expression experiments were carried out on insects survived to the
exposure. The resulting LD10s proved to be extremely lower than insecticide label doses and, more interestingly, the
exposure to these microdoses strongly impaired the host location capacity in exposed flies. The results strongly support
the need to comprehensively study the potential sublethal effects of agrochemicals, even at very low doses, on key
biological traits.
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Exploitation of population dynamics and chemical communication for integrated management
of Drosophila suzukii

Authors: Anfora Gianfranco!, Tait Gabriella*, Grassi Alberto3, Cabianca Alessandro?, Crava Cristina®, Pfab Ferdinand?,
Ometto Lino®, Valerio Rossi-Stacconi Marco4, Mermer Serhan* and Walton Vaughn?, 'Center Agriculture Food
Environment, University of Trento, San Michele all’Adige, TN, Italy; Research and Innovation Centre, Fondazione
Edmund Mach, Via E. Mach, Italy, 2Department of Horticulture, Oregon State University, Agriculture and Life Sciences
Building, Corvallis, Oregon, United States, (Edmund Mach Foundation, ltaly, “Oregon State University, United States,
SPavia University, Italy, ®Universitat de Valéncia, Spain, “University of California, United States

Abstract: Drosophila suzukii (Matsumura), also known as Spotted Wing Drosophila (SWD), is a vinegar fly belonging to
the Diptera order and Drosophilidae family. It is native to South East Asia and it has recently invaded western countries,
affecting fruit production. Because of its rapid spread, the economic impact has been huge in most of the invaded
countries. SWD infestations generate direct and indirect economic impacts, through yield losses, shorter shelf life of
infested fruits, extra labour and costs for monitoring, field sanitation and post-harvest handling. For all these reasons,
deeper information about the biology, ecology, chemical-ecology, genetics and behavior are necessary to better manage
the species. In the last four years a lot of work was developed by us to contribute towards a better understanding of
these topics, in order to find a scientifically supported and effective solution. In particular, our work focused on three
aspects: 1) understand the spread and therefore the capacity of movement of SWD in large and small scale, 2) study
the chemical aspects of short-range ovipositional site selection within the context of D. suzukii reproductive biology

and 3) manipulate the egg-laying behavior thanks to an innovative technology, which is able to attract and arrest flies
on alternative substrate by therefore, reducing the egg-infestation level in the crop. Understanding seasonal and daily
migrations SWD populations is fundamental, since it could help farmers and industries decide where to apply specific
management techniques. We found that abiotic factors, such as temperature and humidity, as the food availability,

play a fundamental role in the environmental distribution of the species. The finding of a consistent seasonal and daily
movement from the crop to the surrounding vegetation and towards areas with different altitude, recorded by our works,
may lead to use treatments, especially chemical, in precise periods of the year and in defined zones on the border of
the crop. The dispersal movement of SWD is also highly dependent and affected by the odors emitted by conspecific
individuals, by other insect species and by plants. By performing a study on the anal secretions release after oviposition
by SWD females, we were able to identify some specific volatiles which attract, arrest SWD flies and stimulate the
release of eggs to the already egg-infested berries. Using these knowledges, we identify specific plants which produce
the same volatiles. By mixing these plant extracts with more ingredients, we developed a new technology able to arrest
SWD flies on an alternative matrix substrate and reduce the infestation level on berries. This promising approach was
tested in laboratory and open field condition on blueberry, cherry, strawberry, cranberry and grapes. Taken together, the
results contribute to enhance our understanding of SWD biology, ecology and chemical and to expand integrated pest
management options.

Innovation in solitary bees is driven by exploration, shyness and activity levels

Authors: Angel Collado Miguel?, Sol Daniel', Bartomeus Ignasi® and Menzel Randolf¢, '"CREAF - Research Center of
Ecology and Forestal Resources, Spain, 2EBD - Dofiana Biological Station CREAF - Research Center of Ecology and
Forestal Resources, Spain, 3EBD - Dofana Biological Station, Spain, “FU Berlin - Free University of Berlin, Germany

Abstract: Behavioural innovation is widely considered an important mechanism by which animals respond to novel
environmental challenges, including those induced by human activities. Despite its functional and ecological relevance,
much of our current understanding of the innovation process comes from studies in vertebrates. Understanding
innovation processes in insects has lagged behind partly because they are not perceived to have the cognitive
machinery required to innovate. This perception is however challenged by recent evidence demonstrating sophisticated
cognitive capabilities in insects despite their small brains. Here, we study the innovation capacity of a solitary bee
(Osmia cornuta) in the laboratory by exposing naive individuals to an obstacle removal task. We also studied the
underlying cognitive and non-cognitive mechanisms through a battery of experimental tests designed to measure
learning, exploration, shyness and activity levels. We found that solitary bees can innovate, with 11 of 29 individuals
(38%) being able to solve a new task consisting in lifting a lid to reach a reward. The propensity to innovate was
uncorrelated with learning capacities, but increased with exploration, boldness and activity. These results provide solid
evidence that non-social insects can innovate, and highlight the importance of interpreting innovation in the light of non-
cognitive processes.
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The clades of the Palaearctic Hydrobius fuscipes species group — chromosomes and
morphology

Authors: Angus Robert3, Bilton David4, van Berge Henegouwen Arno' and Jia Fenglong?, '"Museon, The Hague,
Netherlands, 2Museum of Biology, Sun Yat-sen University, Guangzhou, Guangdong, China, 3Scientific Associate,
Insects Division, Life Sciences Department, Natural History Museum, London, United Kingdom, “University of Plymouth,
United Kingdom

Abstract: DNA analysis of Hydrobius fuscipes (L.). sensu lato by Fossen et al. (2016) has demonstrated the existence
of at least nine distinct clades, some of which have already been given names as separate species.

Chromosomally Hydrobius clades are all very similar, but with some useful distinctions. Clade 1 has a distinctly longer
X chromosome than the others, Clade 3 has distinct centromeric C-bands, and H. subrotundus and Clade 7 have
interstitial satellite C-bands. Hydrobius chromosomes are difficult to work with, with demonstration of the C-bands tricky.
The related Limnoxenus niger has strong centromeric C-bands, but Limnohydrobius convexus has delicate C-bands like
Hydrobius but an X-chromosome even longer than that of Clade 1.

Morphologically the Hydrobius taxa divide into a H. arcticus-rottenbergii group in which the aedeagus has the
parameres relatively shorter and distinctly incurved apically, and the others in which the parameres are more attenuate
and less incurved. Members of this group, with the exception of H. arcticus and the Chinese H. pui, usually have the
large trichobothria-bearing punctures on elytral interstices 3 and 5 placed in striae 3 and 5 in the basal sections of

the interstices but, as has been pointed out, this character can vary. The H. arcticus-rottenbergii group are all placed

in the same (large) section of Fossen et al.’s cladograms, but the others are scattered round the edge. Apart from

the aedeagal differences, there are indications that the form of the mentum, especially in males, may be helpful in
recognising various clades, and the arrangement of the elytral striae apically also appears promising.

Work led by D. T. Bilton suggests that H. fuscipes and H. subrotundus have very different thermal tolerance ranges.
This work proceeds slowly as it is dependant on accurately named (by DNA or in some cases chromosomes) material.

Effects of tree richness, structural variation and leaf traits on herbivory and predation in
different local scales in a subtropical BEF-experiment

Authors: Anttonen Perttu? and Schuldt Andreas’, 'Georg-August-University Géttingen, 2Martin Luther University Halle-
Wittenberg; iDiv institute, Germany

Abstract: Biodiversity loss is one of the most urgent challenges in the world affecting ecosystem functions and
ecosystem services. BEF-China is the world’s largest BEF (Biodiversity-Ecosystem Functioning) experiment, located

in subtropical China. As part of the research consortium TreeDi “Tree Diversity Interactions: The role of tree-tree
interactions in local neighborhoods in Chinese subtropical forests”, we focused on how tree richness, plant nutritional
quality and tree structure affect the herbivory and predation pressure in different spatial-scales in close neighborhoods,
going from tree with its immediate neighbors to plot level (~26 x 26 m). Understanding how forest structure and leaf
quality affect trophic interactions in relation to tree diversity is important as higher trophic level interactions can strongly
affect the structuring and functioning of species-rich forest ecosystems. Our results showed that forest structure and leaf
quality affected herbivory and predation, but the effects varied between spatial scales and tree richness levels. Scale
dependence of forest structure affected the responses between predator groups (arthropods, birds and mammals).
Furthermore, the predator group responses varied in response to tree apparency and vegetation density. The results
offer insight into how biodiversity loss of producers affects higher trophic levels in relation to other main features of
forest stands.

Cattle intensification as a potential driver of dung beetle diversity and ecosystem services loss:
a global experiment

Authors: Ari Noriega Jorge, Department of Biogeography and Global Change, Museo de Ciencias Naturales (MNCN-
CSIC), Madrid, Spain

Abstract: Biodiversity provides ecosystem services that sustain human life. However, anthropic disturbance is
affecting negatively the diversity, functioning and provisioning of these ecosystem services. One of the main drivers

of this effect is land-use intensification, which is an important factor in pastures used for livestock breeding. Dung
beetles are important in removing waste on these ecosystems and contributing to the cycling of nutrients. However,
their action could be hampered by land-use intensification, impacting negatively their diversity, functional structure,
ecosystem services they provide and causing potential local extinctions. In this study we conducted a global multi-

site experiment in 24 countries to understand the effect of cattle density on dung beetle diversity and dung removal.
For each sampling site selected an area with extensive and another with intensive cattle use, and in each of them we
quantified dung removal through an experimental approach, sampled dung beetle’s diversity, and quantified functional
diversity (FD). Pairwise comparisons were used to evaluate differences in diversity and dung removal of intensive and
extensive areas. Structural equation models (SEM) were performed for disentangling the relative importance of cattle
intensification, climate, and diversity on dung removal rates. Cattle intensification has an overall negative effect on
species richness but not on abundance, evenness, FD, and dung removal. A SEM model, using cow density as a proxy
of cattle intensification, shows a direct negative effect of intensification on dung diversity and dung removal. However,
in the SEM models built separately for extensive and intensive sites, the main drivers are different; for extensive sites
richness and climate affects dung removal, while for intensive sites only abundance drives dung removal. These results
highlight the negative impact of land-use intensification on biodiversity and ecosystem services, and the potential loss of
biodiversity in a global perspective.
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Evolution of diapause across space and time in the invasive mosquito, Aedes albopictus
Authors: Armbruster Peter', Mushegian Alexandra' and Batz Zachary', 'Georgetown University, United States

Abstract: Invasive species that spread rapidly across broad geographic ranges represent an outstanding opportunity
to investigate the temporal dynamics and selective targets of rapid climatic adaptation. The invasive and medically
important mosquito, Aedes albopictus, invaded the US in 1985 and rapidly spread across ca. 15 degrees of latitude.
Comparison of critical photoperiod (CPP) among populations across latitudinal gradients in both the native (Japan)

and invasive (US) ranges has been conducted across 30 years at three time points (3, 23 and 33 years post-invasion).
These data are provide a unique spatial and temporal record to investigate the dynamics of rapid adaptive evolution
and responses to ongoing global climate change. Additional traits related to climatic adaptation in North American

Ae. albopictus, including traits expressed during diapause and traits presumably unrelated to diapause (chill coma
recovery), have also been evaluated. Taken together, the results of these experiments demonstrate multiple components
of rapid adaptation to climatic variation across the invasive North American range of Ae. albopictus. Mechanistic studies
are being performed to determine the underlying molecular and physiological basis of these adaptive changes.

Biological Control of Tuta absoluta from a Mediterranean Prespective

Authors: Arn6 Judit!, Riudavets Jordi® and Gabarra Rosa?, 'IRTA (Institute of Agrifood Research and Technology),
Cabrils (Barcelona), Spain, 3Sustainable Plant Protection, IRTA, Cabrils (Barcelona), Spain, 2IRTA, Spain

Abstract: The South American tomato moth, Tuta absoluta (Meyrick) (Lepidoptera:Gelechiidae) is a pest native to
South America that produces significant damage to tomato crops and was first detected in Europe in late 2006 in

the Mediterranean coastal area of Spain. Soon after the invasion, the Integrated Pest Management (IPM) programs
based on biological control shown to be useful for the control of this pest. These programs were based either in the
conservation or in augmentative releases of the zoophytophagous predatory mirid bugs Macrolophus pygmaeus
(Rambur) and Nesidiocoris tenuis Reuter (Hemiptera: Miridae). They are voracious T. absoluta egg predators, but have
low efficacy feeding on larvae. Currently, their use is a cornerstone in the IPM programs, both in greenhouse and open
field crops.

More than 50 species of T. absoluta parasitoid wasps have been identified to date attacking T. absoluta in the
Mediterranean basin, being by far the largest group the wasps that attack larvae followed by the ones that attack eggs.
Among larval parasitoids, only few were considered as effective potential biocontrol agents. The most extensively
studied has been Necremnus tutae Ribes & Bernardo (Hymenoptera: Eulophidae), first identified as N. nr. artynes
(Walker). Although currently it is not commercially available, natural populations of this parasitoid effectively contribute
to control T. absoluta on tomatoes crops in Spain and other Mediterranean countries. On the contrary, egg parasitoids
are scarce, and only Trichogramma achaeae (Nagaraja & Nagarkatti) (Hymenoptera: Trichogrammatidae) has been
considered for inoculations in greenhouse crops as a complementary tool for T. absoluta control.

In Mediterranean conditions, conservation of natural enemies seem to play an important role in T. absoluta control.
Laboratory and field studies have demonstrated the positive influence of some selected insectary plants to improve
the fitness of T. absoluta natural enemies and to boost their populations on the crops. Therefore, the use of ecological
infrastructures such as flower margins with selected plants has been considered as a strategy to enhance predators
and parasitoid populations near tomato crops.

Diversity of aphid parasitoids in East Africa and the implications for biological control

Authors: Arnold Sarah’, Woolley Victoria8, Obanyi Janet?, Ogendo Joshua?, Baltazar Ndakidemi5, Ndakidemi Patricks,
Stevenson Philip?, Mkenda Prisila, Belmain Steven* and Tembo Yolice?, 1. Natural Resources Institute, University

of Greenwich 2. The Nelson Mandela African Institution of Science and Technology, United Kingdom, 2Egerton
University, Kenya, 3Lilongwe University of Agriculture and Natural Resources, “Natural Resources Institute, University
of Greenwich, 5Nelson Mandela African Institution of Science and Technology, Sokoine University of Agriculture,
“University of Greenwich Royal Botanic Gardens, Kew, United Kingdom, 8University of Greenwich, United Kingdom

Abstract: Aphids, particularly Aphis fabae, are a major pest of common bean (Phaseolus vulgaris) which is an
important food crop and dietary protein source among East Africa smallholders. We investigated the potential of natural
enemies, particularly parasitoids, to control this pest and identified interventions that could be used to conserve or
augment populations of these natural enemies. Parasitoids of A. fabae were monitored using sentinel plants, sweep
netting and sticky traps at small holder bean farms in Kenya, Tanzania and Malawi. They were identified using DNA
barcoding and the most common primary parasitoids were selected for further study. There were found to be differences
in the identity of primary and secondary parasitoids between the three countries investigated, with the most common
primary parasitoids being Aphidius colemani and Lysiphlebus testaceipes, but the latter being found primarily in Malawi.
Additionally, the most abundant secondary parasitoid was a Pachyneuron sp., which was primarily found in Tanzania.
Fields with high plant-diversity margins yielded higher numbers of parasitoids compared to plant-depauperate margins.
These results suggest that there is potential to augment the population of primary parasitoids on smallholder bean
farms by encouraging plant species-rich field margins containing floral resource plants; however, management needs
to be tailored to favor the key primary parasitoids in each region without disproportionately benefitting pest insects or
secondary parasitoids.
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Not just more plants, but the right ones: supporting ecosystem services on African smallholder
farms

Authors: Arnold Sarah?, Mkenda Prisila’, Tembo Yolice!, Ndakidemi Patrick3, Elisante Filemon®, Belmain Steven2 and
Stevenson Philip?, 'Lilongwe University of Agriculture and Natural Resources, 2Natural Resources Institute, University

of Greenwich, 3Nelson Mandela African Institution of Science and Technology, “Royal Botanic Gardens, Kew, 5Sokoine
University of Agriculture, 8University of Dodoma

Abstract: Plant-diverse field margins are commonly promoted in temperate countries to support beneficial insect
communities for pollination and natural pest regulation. The benefits on tropical smallholder farms are less clear. Here
we report the results of biodiversity surveys from smallholder bean farms, and the relationship between field margin
richness, natural enemy abundance, pollinator activity, and ultimately, yield. Botanical surveys, pan-trapping and walked
transects were carried out in Tanzania and Malawi on smallholder bean farms.

A range of natural enemies are present on smallholder farms in both countries, using various native- and non-native
plant species in margins. While botanical richness was linked to beneficial insect activity, this related to particular types
of plants - including trees and native species. Many plants showing high interaction rates with natural enemies had other
benefits to farms, such as sources of medicines or pesticides, livestock fodder, firewood or vegetables. Fields with plant-
and tree-rich margins showed significant higher yields than fields without. The findings indicate that non-crop botanical
diversity can confer multiple benefits and is a valid component of an ecological intensification system for these farms.

Perspectives for using RNA interfering approach to control the invasive pest of beehives
Aethina tumida

Authors: Arpaia Salvatore?, Bonina Valeria®, lovieno Paolo?, Smagghe Guy* and Federico Giovanni?, 'lstituto
Zooprofilattico Sperimentale per il Mezzogiorno, Italy, 2CNR National Research Council, Institute of Bioscience and
Bioresources, Italy, 3EENEA - Italian National Agency for new technologies, energy and sustainable econ, Italy, ‘Ghent
University, Belgium, 3Universita di Napoli “Federico II”, ltaly

Abstract: The small hive beetle (SHB) Aethina tumida is a parasitic beetle of Apis mellifera, native to South Africa
which damages preferably commercial apiaries. Its presence impairs the production of honey and wax and undermines
the integrity of the colony. This pest was included in the OIE list of bee pathogens with the goal of preventing its further
spread. SHB is also among the diseases of interest of the EU (Regulation EC 2016/429) since it was found in 2014

in Calabria region (southern Italy) where it continues to be present. The RNA-interfering (RNAI) technique exploits

a natural mechanism present in eukariotic organisms to lead to the loss of functionality of a gene. A first attempt to

use RNAI to control SHB was made by Powell et al. (2016, doi.org/10.1002/ps.4365) who found that oral delivery of
dsRNA against V-ATPase subunit A in solutions resulted in 50% larval mortality, however gene suppression could not
be verified. We tested v-ATPase and ribosomial protein 13 dsRNA designed to silence essential genes of A. tumida.
We amplified regions of four target genes with primers containing the T7 promoter, using PCR products for in vitro
transcription. In vitro bioassays were setup to evaluate their potential as biological insecticides.
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An autonomous system for the detection and counting of the malaria mosquitoes larvae in
natural populations

Authors: Artemov Gleb?, Khozhanov Alexandr!, Bondarenko Semen' and Dirko Vladimir', 'Laboratory of ecology,
genetics and environment protection, Tomsk State University, Tomsk, Russia, 2Tomsk State University, Russia

Abstract: Malaria is the cause of death for about half of the million people every year and Anopheles mosquitoes are
the exclusive vectors of the malaria parasite. Monitoring of the natural populations of Anopheles mosquitoes provides
essential data for effective malaria control. The density of malaria mosquitoes larvae is an important indicator of the
possible outbreaks of diseases and the effectiveness of insecticide treatment. All traditional methods of mosquitoes
density estimation are time and effort consuming, thus new autonomous and remote approaches became more
attractive.

In our work, we present an autonomous system for the detection and counting of malaria mosquito larvae in natural
populations. The system consists of two major components: 1) a device (Figure 1), which scans the surface of the
natural water reservoir and sends the image to the remote drive and 2) a software, which recognizes larvae on the
images and estimates the number of the larvae. The device is based on a 64-bit mini-computer Raspberry Pi 3b with a
Raspberry v2.0 camera module. The images with 2592x1954 pixels resolution are transmitted by a high-speed modem
according to UMTS-2100 (3G) standard. The resolution of the images is high enough to identify a small object within a
few millimeters in size. Li-ion batteries and solar modules provide up to 2800 hours of autonomous work of this device at
above zero degrees. The modules were mounted on the upper part of the aluminum framework in a truncated pyramidal
shape. Cylindrical polystyrene floats were installed on the corners of the device’s base to keep the device on the water.
A white screen was mounted on the underwater part of the device in order to provide a contrasting background for the
living objects.

The Anopheles larvae have distinguishable among the other objects patterns of swimming on the water surface, which
is a useful feature for neural network training. Faster R-CNN with ResNet feature was used as a pre-trained model for
malaria mosquitoes larvae differentiation. Before the model training, the images were annotated by Labellmg. TFrecord
file was used as an input file for the neural network training. The model trained with Intel Core i5 9400 OEM, until the
logarithmic loss became to be 0.0002. The current model recognizes mosquito larvae with 82% accuracy.

The presented system is necessary for the monitoring of mosquito populations in the remote and poorly accessible for
people regions. The area of monitoring is restricted only by 3G-net coverage. The depth of the study (the number of
images per time unit) can be adjusted depending on the aim. Therefore the distributed network of the devices presented
here will be useful for real-time, remote and simultaneous evaluating of the mosquito population density in multiple
locations where malaria control required.

Acknowledgments: This study was supported by the Tomsk State University competitiveness improvement program.

Management of Popillia japonica in Japan

Authors: Asano Shin-ichiro, Applied Molecular Entomology Lab. Research Faculty of Agriculture Hokkaido University,
Japan

Abstract: Japanese beetle (Popillia japonica) is a serious pest of turf and ornamental plants in Japan. Japanese beetle
larvae were collected in Hokkaido to discover insect pathogenic bacteria which were effective for beetle control. We
isolated and identified novel Paenibacillus popilliae (Pp)strain from Japanese beetle larvae (Matsuki et al., 1997). The
cry43Aa gene cloned from the isolated P. popilliae hime strain had insecticidal activity against Japanese beetle larvae.
Also, we want to determine the whole genome sequence of P. popilliae strain (liyama et al., 2013). As a result, it was
revealed that P. popilliae had no catalase gene, and that artificial culture could be performed by adding its activity.
From Bacillus thuringiensis (Bt) collections in our laboratory, two Bt strains (SDS-502, BBT2-5) with insecticidal activity
against Japanese beetle larvae and adults were found (Asano et al., 2003; Yamaguchi et al., 2008). The cry8Da gene
has been cloned, and its insecticidal activity mechanism has been studied (Yamaguchi et al., 2013). We are promoting
the development and commercialization of Bt and Pp strains as beetle pest control agents, and have developed a
scarab-resistant turf grass by introducing the cry8Da gene.

XXVI International Congress of Entomology Helsinki, Finland, July 17-22, 2022



Abstracts of presentations at ICE2022Helsinki

An insect specific system for terrestrialization: eco-evo perspective on the occurrence of
insects

Authors: Asano Tsunaki' and Hashimoto Kosei?, 'Department of Biological Sciences, Tokyo Metropolitan University,
Japan, 2Faculty of Economics, Takasaki City University of Economics, Japan

Abstract: Previously, we proposed a new hypothesis on the mechanisms by which insects adapted to terrestrial
environments during their evolutionary history. This hypothesis is based on presence of a unique system for cuticle
formation that is catalyzed by an insect-specific enzyme, laccase. The main function of laccase is the oxidation of
catecholamines, the products of which are highly reactive and possibly mediate cross-linking between cuticular
components (proteins and chitin fibers). The laccase-mediated system does not require high amounts of calcium ions,
in contrast to the cuticle-hardening system of crustaceans, the closest relatives of insects. Crustaceans are dominant
animals in marine environments and known to be morphologically the most diverse among any taxa. This diversity is
often compared with that of insects, and both insects and crustaceans can be characterized by their high potential to
adapt to various environments by diversification, although their main habitats are terrestrial and marine environments,
respectively. Our idea is that the systems for cuticle hardening are one of the most important factors affecting their
distributions in these habitats. In contrast to the abundance of calcium ions in sea water, calcium ion content is
restricted on land or in fresh water. Such a situation can be exemplified by the behavior of crustaceans: formation of
gastroliths with calcium ions from the old cuticles before molting of crayfishes, or consumption of exuviae for recycling
of calcium ions in the old cuticles by isopods. Alternatively, by evolving the laccase-mediated system, insects can
harden their cuticles without the high requirement of calcium ions. In the process of terrestrialization, insects may have
extended their distributions far from the seashores to inland areas more freely than that by crustaceans. Noteworthy, the
laccase-mediated system can be an adaptive trait to utilize molecular oxygen from the atmosphere, since this system
utilizes molecular oxygen as the electron acceptor from substrates. The content of molecular oxygen in air is much
higher (30 fold) than that in water due to its low solubility, and this level in the evolutionary era had already reached the
current value. Cuticles that are hardened without biomineralization are less rigid although they are light-weight, which
may be a contributing factor towards insects becoming the first to fly in the kingdom Animalia. With the ability of flight
and the high diversification potential, insects may have extended their distributions by creating new and open niches
that other animals could not easily access. Currently, insects are one of the most successful organisms with their
large biomass and high impacts on eco-systems. However, it seems difficult for them to re-adapt completely to marine
environments where the insect-specific cuticles are not necessarily advantageous.

The functions of a chitin-binding protein in flight and jumping of insects

Authors: Asano Tsunaki', Hagiwara Miyuna' and Aigaki Toshiro', 'Department of Biological Sciences, Tokyo
Metropolitan University, Japan

Abstract: Insects have evolved various styles of locomotions such as jumping and flying, both of which are rapid

and efficient. With regard to the mechanical properties of body structures enabling insects to jump and fly, previous
studies have suggested the involvement of an insect specific protein, Resilin. Resilin is a chitin-binding protein that was
originally found as a component of elastic matrices in wing hinges of dragonflies or in the leg joints of grasshoppers.
Resilin is composed of three regions from the N-terminus; 1) repeats of elastic motifs ((PxxxYGAP)s), 2) chitin binding
motif, and 3) repeats of another elastic motifs ((GYxSGxPG)s). With the elastic and resilient properties, Resilin-matrices
may adsorb mechanical resistance from high frequency of wing flapping, or may storage mechanical energy for jumping
like spring. Resilin molecule has high content of tyrosine residues that are used for polymerization of Resilin molecules
through formation of inter-molecular cross-links mediated by di-tyrosines or tri-tyrosines. Since the first finding, there
have been many studies on Resilin. However, many of the researches were based on approaches of material science
for application of Resilin molecules to produce new biomaterials. Correlations between mechanical properties of Resilin-
matrices and their localizations in joint parts of insect bodies have been well explained, but in vivo functions of Resilin
gene or molecular process of resilin polymerization have not yet been well examined in biological contexts. Here, we
focus on the functions of the gene for Resilin in the fruit fly, Drosophila melanogaster, as an ideal model for the genetic
research of Resilin. The gene (DmResilin) is expressed throughout the developmental stages, but in late pupal stages
the expression is very strong, indicating that the protein is mainly used for making adult body. DmResilin knocked-down
flies cannot move their wings at all and therefore they cannot fly. In addition, the jumping performance (distance and
velocity) of the KD flies is worse than that of the controls. DmResilin mutant flies that were generated by CRISPR-Cas9
system show the same phenotypes as KD flies. These results indicate that DmResilin have indispensable roles in both
jumping and flying, possibly with the elastic-resilient properties of matrices produced from the gene products. We also
checked the sites of DmResilin expressions by reporter gene expression using Resilin promoter-Gal4 line. The GFP
signals can be seen in the wing hinges at the late pupal stage, which is consistent with the previous observations of
other insect species. In western analyses, the protein signal is gradually weakened after eclosion to adults, suggesting
that in adult stages Resilin molecules become insoluble after polymerization via formation of di-tyrosines or tri-tyrosines.
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Potential role of blood microRNAs in mosquito-virus interactions

Authors: Asgari Sassan?, Perdomo Hugo' and Parry Rhys', 'School of Biological Sciences, University of Queensland,
Brisbane, Queensland, Australia, 2The University of Queensland, Brisbane, Australia

Abstract: microRNAs (miRNAs) are small non-coding RNAs of about 22 nt in length. They play important roles in
regulation of gene expression at the post-transcriptional level in various biological processes. Blood feeding is a major
event in the life cycle of mosquitoes essential for mosquitoes’ egg development and reproduction with profound effects
on their physiology and gene expression. Intake of blood concurrently exposes mosquitoes to a range of vertebrate-
derived blood factors such as hemoglobin, complement, insulin, and pathogen-derived factors, which have roles

in modifying mosquito physiology and immune responses. Studies have shown that miRNAs are present in large
numbers in animal host bloods. In a recent study, we have been investigating the potential role of human miRNAs
that are abundantly found in the blood meal taken by Aedes aegypti mosquitoes on replication of dengue virus. Our
data analyses and experimental results suggest miRNAs present in vertebrate bloods are stable post-blood feeding,
pass through the midgut barrier, and disseminate to mosquito tissues. Preliminary results also suggest that they may
potentially target mosquito genes that are involved in immunity and development.

Towards the use of Wolbachia in area-wide control programs for Haematobia spp

Authors: Asgari Sassan?®, James Peter3, Brown Geoff!, Morgan Jess? and Madhav Mukund?, 'Department of Agriculture
and Fisheries, Queensland, Australia, 2Department of Agriculture and Fisheries, Brisbane, Queensland, Australia, 3The
University Of Queensland, Brisbane, Australia

Abstract: Haematobia spp. are obligate haematophagous flies and major economic pests of cattle that have

proven to be strongly invasive in both the northern and southern hemispheres. Horn flies (Haematobia irritans) were
introduced from Europe and spread through North America in the late 1800s and more recently through most of the
major cattle producing areas in South America. Buffalo flies (Haematobia exigua), very closely related to horn flies,
spread from South East Asia to Oceania and are continuing to expand their range in Australia. Regulated cattle
movements and compulsory chemical treatments have proven unsuccessful in preventing the spread of these flies.
We are investigating the feasibility of area-wide control of H. exigua, utilising the intracellular maternally transmitted
bacterium Wolbachia. We have successfully infected H. irritans cell lines with the wMel, wMelPop and wAIbB strains
of Wolbachia and passaged them through more than 50 generations to adapt them to the intracellular environment of
Haematobia. Investigation of different microinjection techniques indicated that pupal or adult injection is more suitable
for transinfection of Haematobia spp. than more commonly used embryonic microinjection. When injected into H.
exigua pupae or female flies all three strains of cell line-adapted Wolbachia established widespread somatic infections,
with transmission to F1 generations in a number of instances. Wolbachia infection was associated with fitness effects
including reduced adult lifespan, decreased and delayed eclosion from pupae and reduced fecundity. These outcomes
suggest significant potential for the use of Wolbachia in control programs for H. exigua, which are not naturally infected
with Wolbachia, as well as for H. irritans where natural infection is with a strain of Wolbachia that is genetically distinct
from the strains used in our studies.

Age-stage, two-sex life history and parasitism rate of Diadegma insulare against Plutella
xylostella reared on different cruciferous hosts

Authors: Asif Aziz Muhammad?, MOHSIN ATA-UL', Ahmad Hafiz Ishfag? and Khaliq Sobia', 'Department of
Entomology Faculty of Food Crop and Food sciences PMAS-AAUR, Pakistan, 2Department of Horticulture Faculty of
Food Crop and Food sciences PMAS-AAUR, Pakistan

Abstract: Diamondback moth, Plutella xylostella, is a serious pest of cruciferous crop in Pakistan. This study is carried
out to get better knowledge related to predator-prey relationship and compare predation rates of parasitoid, Diadegma
insulare on different brassica genotypes. The life history data and predation rate data of D. insulare, fed on P. xylostella
reared on different brassica crop genotypes were collected at 25 °C in the laboratory. The data were analyzed based
on age-stage, two-sex life table theory to take both sexes and different developmental stage into consideration. The
intrinsic rate of increase for D. insulare fed on P. xylostella reared on cauliflower, broccoli, canola, cabbage, chinese
cabbage and Pakchoi was 0.1971 d-1, 0.2189 d-1, 0.1868 d-1, 0.1631 d-1, 0.2024 d-1 and 0.1959 d-1, respectively.
The highest net reproductive rate was observed on broccoli as 22.35 offspring while highest mean generation time for
D. insulare was observed on P. xylostella reared on pak choi as 14.526 d. The net parasitism rate for D. insulare was
highest on broccoli as 22.35, followed by 17.23, 16.51, 13.53, 12.42 and 9.22 P. xylostella reared on, pak choi, chinese
cabbage, cauliflower, canola and cabbage, respectively. Finite predation rate was comparatively higher (0.2814) on
broccoli, while it was the lowest (0.2114) on cabbage. Due to age-stage, two-sex life table studies and incorporation of
finite parasitism rate, we were able to explore that although D. insulare successfully completed life cycle on P. xylostella
reared on all cruciferous crops, however the parasitoid showed better fitness on the herbivore consuming broccoli
leaves which is very important cash vegetable in Punjab, Pakistan.
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Age-stage, two-sex life history and predation rate of Diadegma insulare fed on Plutella
xylostella reared on different brassica genotypes

Authors: Asif Aziz Muhammad?, -ul-Mohsin Ata?, Ahmad Hafiz Ishfaq' and Khaliq Sobia', 'Department of Entomology
Faculty of Food Crop and Food sciences PMAS-AAUR, Pakistan, 2Professor Department of Entomology Pir Mehr Ali
Shah Arid Agriculture University Rawalpindi, Pakistan

Abstract: Diamondback moth, Plutella xylostella, is a serious pest of cruciferous crop in Pakistan. This study is carried
out to get better knowledge related to predator-prey relationship and compare predation rates of parasitoid, Diadegma
insulare on different brassica genotypes. The life history data and predation rate data of D. insulare, fed on P. xylostella
reared on different brassica crop genotypes were collected at 25 °C in the laboratory. The data were analyzed based
on age-stage, two-sex life table theory to take both sexes and different developmental stage into consideration. The
intrinsic rate of increase for D. insulare fed on P. xylostella reared on cauliflower, broccoli, canola, cabbage, chinese
cabbage and Pakchoi was 0.1792 d-1, 0.1970 d-1, 0.1698 d-1, 0.14711 d-1, 0.1864 d-1 and 0.1796 d-1, respectively.
The highest net reproductive rate was observed on broccoli as 19.83 offspring while highest mean generation time

for D. insulare was observed on P. xylostella reared on Pakchoi as 15.83 d. The net predation rate for D. insulare was
highest on broccoli as 22.35 offsprings, followed by 17.23, 16.51, 13.53, 12.42 and 9.22 offsprings of P. xylostella
reared on, pakchoi, chinese cabbage, cauliflower, canola and cabbage respectively. Finite predation rate was highest
(0.2814) on broccoli, while it was lowest (0.2114) on cabbage. The results show D. insulare to be the potential biological
control agent of P. xylostella in integrated pest management and the life history parameters of D. insulare can be used
to predict its biological potential and develop models for the population dynamics of D. insulare.

Keywords: Life table, age-stage, two-sex, Plutella xylostella, Diadegma insulare, predation rate, intrinsic rate

Saving the wine one parasitoid at a time: analysis of Goniozus jacintae as a potential biocontrol
agent for the light brown apple moth (Epiphyas postvittana)

Authors: Aspin Emma? and Hardy lan', 'Uni. Helsinki, Finland, 2University of Nottingham and University of Adelaide,
United Kingdom

Abstract: Before releasing a biocontrol agent into the field, we should first understand how it interacts with its target
and other environmental components, including competitors.

We conducted an array of experiments to explore the behavioural ecology of the parasitoid wasp Goniozus jacintae
Farrugia (Hymenoptera: Bethylidae), to develop the understanding of the parasitoid as a potential biocontrol agent for
the light brown apple moth (LBAM), Epiphyas postvittana (Walker) (Lepidoptera: Tortricidae), a pest of grapevine, Vitis
vinifera L. (Vitaceae), and other crops in Australia.

How does the parasitoid find a host? A wind tunnel experiment found host-stage dependent foraging behaviour in G.
jacintae: timing, frequency, and duration of foraging behaviours of G. jacintae varied among host instars.

How does the parasitoid select its host when faced with competition? We tested the host discrimination ability of G.
jacintae when presented with hosts of varying quality: unparasitised or parasitised by an allospecific. Discrimination
ability of G. jacintae was influenced by both the order in which different hosts types were presented and time since
parasitisation.

How does the parasitoid utilise selected hosts? We observed the egg laying behaviour of G. jacintae when presented
with different sized hosts. Average clutch size increased with bigger host instars.
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Evaluation of a Greek diatomaceous earth and a zeolite for stored-product insect control and
techniques that maximize their insecticidal efficacy
Authors: Athanassiou Christos, University of Thessaly, Greece

Abstract: In the present study, seven series of laboratory bioassays were conducted to evaluate the insecticidal
efficacy and the abiotic factors that can alter the efficacy of one diatomaceous earth (DE) and one zeolite, originating
from natural deposits of Greece. The DE rocks were treated in different ways (differences in grinding, sieving, diatom
enrichment, powder granulometry), leading to five DE types, with different technical characteristics. In the first series,
bioassays were conducted to evaluate the insecticidal efficacy of all DE types and the zeolite, when applied in organic
soft wheat at different doses, against major stored-product insects, i.e. Tribolium castaneum, Tribolium confusum,
Sitophilus oryzae, Rhyzopertha dominica, Cryptolestes ferrugineus and Oryzaephilus surinamensis. Then, bioassays
were performed to evaluate the insecticidal properties of the DE formulations and zeolite for T. confusum, S. oryzae and
R. dominica in different cereals. At the same time, the zeolite was tested also in legumes that were infested with the
beetle Callosobruchus maculatus. For the two most effective DE types, the effect of temperature and relative humidity
were evaluated in a third series of experiments. Separate bioassays were made in all combinations of two temperature
levels and two levels of relative humidity, for S. oryzae and R. dominica. Bioassays on cement and steel surfaces also
took place for these two DE types and for the zeolite, in order to evaluate their residual insecticidal activity. Finally,

we examined the effect of all formulations to the bulk density of soft and durum wheat, rice and maize. Based on our
results, there were significant differences in the insecticidal efficacy of the various DE types tested when applied on
wheat. We consider that these differences are due to the different mechanical treatment of the DE, resulting in the
presence of broken diatoms in the two most efficient DE types, as opposed to the whole diatoms found in the rest of
the DE types, as well as the smaller size of the powder granules. Also, there were noticeable variations among different
grains. None of the DE or zeolite formulations showed any significant insecticidal effects on maize, rice and barley
compared to wheat. The increase of the relative humidity adversely affected the effectiveness of the DE formulations.
On the contrary, zeolite appears to be unaffected by relative humidity fluctuations. DE formulations and zeolite appeared
to be very effective for their use as insecticides on cement and steel surfaces. Surprisingly, small doses of some

DE types, increased the bulk density of all the tested cereals, while the higher doses did not have any effect in it. In
contrast, the most effective types of DE show an increase in bulk density with increasing dose. Overall, our data clearly
indicate that these specific Greek deposits of both DE and zeolite, have considerable insecticidal properties, especially
when specific techniques applied in them.

Susceptibility of insect meals to insect infestations during storage: The case of Tenebrio
molitor and Alphitobius diaperinus larvae meal
Authors: Athanassiou Christos2, Rumbos Christos® and Rigopoulou Marianna?,

"Laboratory of Entomology and Agricultural Zoology, Department of Agriculture, Crop Production and Rural
Environment, University of Thessaly, Magnesia, Greece, 2University of Thessaly, Greece

Abstract: Although still in the early stages, the insect protein sector is expected to rapidly grow within the next few
years. The number of companies doing business on insects as a nutrient source is increasing globally, whereas insect
meal production is expected to further rise in the coming years. As with all agricultural commodities, insect meals may
be vulnerable to infestations by stored-product insects during storage. However, information on the susceptibility of
insect meals to infestations by storage insects is rather limited. To fill this gap, in the present study we investigated

the susceptibility of substrates based on insect meals made of the yellow mealworm, Tenebrio molitor (Coleoptera:
Tenebrionidae) or the lesser mealworm Alphitobius diaperinus (Coleoptera: Tenebrionidae) larvae to major stored-
product insects. Both T. molitor and A. diaperinus are promising insect species for industrial utilization and commercial
large-scale production. Indicatively, both species are allowed to be used for the production of insect meals as aquafeed
ingredient in Europe. In laboratory bioassays, we studied the population growth of major storage insects, such as the
confused flour beetle, Tribolium confusum (Coleoptera: Tenebrionidae) and the khapra beetle, Trogoderma granarium
(Coleoptera: Dermestidae) on insect meals made of T. molitor or A. diaperinus larvae, as well as on substrates based
on these insect meals with different percentages of wheat bran (0, 25, 50, 75, 90, 95 and 100%). Based on our results,
T. molitor can infest 100% T. molitor and A. diaperinus meal and develop significant populations on these substrates.
The same counts for T. confusum on 100% T. molitor meal. However, the growth and development of both species on
100% insect meal was slower in comparison to the respective growth on substrates with wheat bran. In contrast, other
insect species, such as A. diaperinus and T. granarium did not manage to infest 100% T. molitor meal, whereas both
species exhibited poor growth on substrates with high percentage of insect meal. To conclude, the results of our study
show the susceptibility of T. molitor and A. diaperinus meals to infestations by major stored-product insects.

This work was supported by a postdoctoral scholarship program (Acronym: FISHECT, Project number: 5394.02.13)
implemented by University of Thessaly and funded by Stavros Niarchos Foundation.
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Digitizing phosphine to manage stored product insect resistance to phosphine: the paradox of
the “sweet spot”

Authors: Athanassiou Christos*, Mpaliota Georgia3, Bochtis Dionysis?, Lampiri Evaggelia®, Sakka Maria3, Gourgouta
Marina® and Sotiroudas Vasilis?, 'Centaur Analytics INC, United States, 2Center for Research and Technology Hellas,
Institute of Bio-Economy and Agri-Technology, Greece, 2University of Thessaly, Department of Agriculture, Crop
Production and Rural Environment, Greece, *University of Thessaly, Greece

Abstract: We used sensing devices to monitor spatio-temporal distribution of phosphine gas in various types of
commercial facilities and commodities. Overall, more than 100 “real-world” fumigations were monitored, in facilities
ranging from ships to flourmills and containers and commaodities ranging from grains and flour to dried fruit and tobacco.
Based on our results, distribution in large warehouses is not usually adequate for a satisfactory level of insect control
and any application may not have even distribution of phosphine, which will lead to insect survival and resistance
development. One of the critical factors is that some biotic and abiotic conditions may have different weight per
fumigation, i.e. often temperature may have less important role in phosphine concentration and distribution of phosphine
than humidity or the commodity that is to be fumigated. As a result, concentrations are either over- or underestimated,
with the concomitant implications in the expected insect control. Nevertheless, longer exposure intervals, can greatly
contribute to the increased mortality of the exposed insects, regardless of their resistance status. Longer exposures
and, as an extent, better fumigations, can also be used to mitigate resistance of stored product insects to phosphine.

In this context, best management practices in fumigation can totally control insects that are resistant to phosphine,

in non-properly performed applications. In contrast with other types of insecticides, where concentration may be

more important, duration of exposure to phosphine is much more critical than the concentration, and as such, longer
exposures are needed, even if concentrations are not high, to control insect strains that are resistant to this gas.
However, exposures at elevated concentrations are very likely to reveal the “sweet spot”, which is the increased survival
with the increase of the concentration. This is particularly important as, in contrast with what was believed, resistance to
phosphine can be built at high concentrations, just like the same phenomenon occurs in the low concentrations.

Population growth performance of South American tomato moth, Tuta absoluta (Meyrick) under
different temperatures and CO2 concentrations

Authors: Atlihan Remzi®, Chakravarthy Akshay?, Nitin K.S.!, Naik Onkara? and Sridhar Vaddi?, 'Division of Entomology
and Nematology, ICAR- Indian Institute of Horticultural Research, Hesaraghatta, Bengaluru, Jain University, India,
2Division of Entomology and Nematology, ICAR- Indian Institute of Horticultural Research, Hesaraghatta, Bengaluru,
India, 3Van Yuzuncu Yil University Agriculture Faculty Department of Plant Protection, Turkey

Abstract: Understanding the effects of temperatures and increased carbon dioxide levels to the survival, development
and fecundity of insects is important for pest management in future. In this context, the population growth performance
of the South American Tomato moth, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) was evaluated at four constant
temperatures (26, 28, 30 and 32°C), and in ambient and elevated CO2 concentrations (aCO2; 380 and eCO2; 550
ppm) in BOD incubation chambers providing at 75 + 5% RH and a photoperiod of 14:10 (L: D) h. The life history raw
data of the pest were analyzed based on the age-stage, two-sex life table theory which takes into account the stage
differentiation, real survival, and the male population. The projected population growth potential of the pest increased
as temperature increased; the highest population growth was obtained at 32°C. The population growth rates at aCO2
conditions were higher than those obtained at eCO2 conditions at all temperatures tested. The variability in population
growth increased with increasing temperatures, and in general, CO2 conditions did not affect variability that is
characteristic of population growth.

Role of warm blood in the reproductive output of blood feeding arthropods

Authors: Attardo Geoffrey?, Benoit Joshua', Oyen Kennan?® and Aksoy Serap*, 'Department of Biological Sciences,
University of Cincinnati, Cincinnati, OH, United States, 2Department of Entomology, University of California, Davis,
United States, 3University of Cincinnati, United States, “Yale School of Public Health, United States

Abstract: Blood feeding arthropods experience a substantial thermal shock with each meal, which can be a 10-157C
increase within seconds depending on ambient and host temperatures. To prevent this thermal stress, a variety of
mechanism exist, which includes evaporative cooling, counter-current heat exchange, and expression of heat shock
proteins to prevent/repair damage. Previous studies have shown this heat response can be damaging, but the potential
benefits of a warm bloodmeal remain unclear. Here, we used tsetse flies and soft ticks to evaluate if warm blood is
critical for maximizing progeny output. We noted a delay in the production of eggs or larvae when vectors consumed

a cool blood meal compared to those offered a warm bloodmeal. To determine the role of the warm bloodmeal, we
measured transcript levels of a milk gland protein in tsetse flies following a cool, warm, or hot bloodmeal, which showed
the highest expression when tsetse flies consumed warm blood. There were no differences in the size of larvae or
number of eggs produced by tsetse flies or soft ticks, respectively, which suggests that bloodmeal temperature alters
the timing of egg production but not overall fecundity. These studies suggest that warm bloodmeals reduce the time

of each reproductive cycle and play a minor, yet critical, role in maximizing the reproductive output of blood feeding
arthropods.
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Tracing the post-mating molecular interactions between male and female in the viviparous
Glossina morsitans

Authors: Attardo Geoffrey', Carraretto Davide?, Malacrida Anna R.3, Rossi Irene?, M.M. Abdalla Adly4, Scolari
Francesca?, M. Gomulski Ludvik? and Aksoy Serap?, 'Department of Entomology, University of California, Davis, United
States, 2Dept. of Biology and Biotechnology, University of Pavia, Italy, 3University of Pavia, Italy, 4Joint FAO/IAEA Division of
Nuclear Applications in Food and Agriculturelnsect Pest Control Section, Austria, SYale School of Public Health, United States

Abstract: The identification of molecular pathways shaping short- and long-term mating-induced changes in Glossina
morsitans females may reveal specific effector genes that contribute to the regulation of key reproductive processes
such as ovulation and egg development in the uterus of this viviparous species.

Transcriptome analyses of the post-mating response in the reproductive tissues of Glossina females revealed dramatic
changes in gene transcription. Different waves of transcriptional changes for different gene functions are specifically
activated across a post mating interval of 72 hours. Ovaries, oviducts, spermathecae and uterus differentially
contribute to the activation of these transcriptional waves. At 2-4 hours post mating, the upregulated genes code for
functions primarily associated with biochemical binding, cell receptor/transport and cell signaling activities. The genes
upregulated 72 hours post mating code for proteins primarily associated with structural and remodeling activities such
as chitin binding, cuticular proteins, cell matrix components and protease activities. The association of these activities at
these timepoints suggest that the 2-4 hours post-mating period is associated with reception and uptake of components
of the male seminal secretions while the 72 hours post mating period is associated with developmental changes and
remodeling of reproductive tract-associated tissues.

These data reveal interspecific differences with Drosophila and provide knowledge on the components of post-mating
molecular targets of manipulation for the control of reproduction of this vector of trypanosomiasis in Africa.

Understanding the Post Mating Response in Tsetse — Characterization of Mating Associated
Structural and Biochemical Changes in the Female Reproductive Tract

Authors: Attardo Geoffrey', Malacrida Anna R.4, Rossi Irene?, Scolari Francesca?, Arguellez Jocelyn® and Aksoy
Serap?®, 'Department of Entomology, University of California, Davis, United States, 2Dept. of Biology and Biotechnology,
University of Pavia, Italy, 3University of California, Davis, United States, “University of Pavia, Italy, >Yale School of Public
Health, United States

Abstract: The post-mating response (PMR) in tsetse flies causes female flies to become refractory to mating,
stimulates ovulation and results in increased host seeking behavior and blood meal size. The PMR phenomena

is exploited via the Sterile Insect Technique strategy to reduce female fertility in wild populations. However, the

biology underlying this response remains unknown in tsetse. Female flies were mated and subjected to microCT and
metabolomic analyses to characterize the structural and biochemical changes occuring after mating. Three-dimensional
structural analysis of mated female reproductive tracts reveal that the male spermatophore is shaped such that it
protects the sperm, directs them into the spermathecal ducts and creates a physical barrier preventing sperm from
other matings reaching the spermatheca. Metabolomic analysis of female reproductive tracts before and after mating
reveal significant changes in the biochemical constitution of this tissue after mating. At 2-4 hours post mating significant
changes in lipid concentrations are observed. These include the enrichment of phosphatidyl choline and ethanolamine
moieties, ceramides and cholesterol esters. These observations suggest that these compounds are being transferred
from the male into the female as components of the spermatophore. These compounds may function to maintain the
structural integrity of the spermatophore as well as functioning as signaling molecules or acting as nuptial gifts from the
male to enhance female fertility.

Current knowledge of diving beetles (Dytiscidae) of Thailand
Authors: Atthakor Wisrutta, Srinakharinwirot University, Thailand

Abstract: Straddling two major biogeographical subregions, the Indochinese Region in the north and the Sundaic
Region in the south, Thailand enjoys a high level of biodiversity, which supports an interesting mix of flora and fauna
representative of both regions. This pattern is also visible in the distribution of diving beetles.

To date, 128 species of diving beetles belonging to 23 genera and 7 subfamilies are known from Thailand. Although
this can be considered a moderate number, most of the records were reported over twenty years ago. Current research
in water beetle taxonomy is limited, and new records are quite rare. Furthermore, a comprehensive catalogue has not
yet been compiled. Here, | present some of the known species, together with photos and distribution maps. Comments
are made on species that | expect to be present in Thailand, given the distribution in neighbouring countries, but have
not yet been reported. The state of water beetle research in Thailand is also remarked upon, including challenges and
potential solutions.
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Developing a long-term insect biodiversity monitoring program for a South African semi-arid
savanna ecosystem

Authors: Au Michelle?, Spencer Craig' and Wright Mark2, "Transfrontier Africa Balule Nature Reserve, South Africa,
2University of Hawaii at Manoa Honolulu, Hawaii, United States

Abstract: There is increasing global concern that insect diversity and abundance is under severe duress from impacts
such as habitat destruction, pollutants, and global warming. Most long-term studies of insect diversity and abundance
have been conducted in European countries and North America, with very few in place in Africa. African ecosystems
contain large conservation areas that are subject to many of the same impacts that have been identified to reduce
insect biodiversity. These areas may serve as significant reservoirs of insect biodiversity and may ensure that ecological
services in adjacent agricultural areas are conserved. Conservation management actions (e.g. controlled fires, artificial
waterholes, installation of infrastructure), in protected areas have the potential to impact insect communities as well.
Here we describe the initiation of a project intended to provide long-term data on insect biodiversity in Balule Nature
Reserve, a component of the Great Kruger Park in South Africa. The area is dominated by semi-arid savanna that
comprise a number of distinct plant communities, but with limited topographical variation. We are developing baseline
data for long-term monitoring efforts intended to track changes in biodiversity over time which, relates to changes in
vegetation quality, conservation management, and climate change. Substantial biomass and diversity of insects is
supported by seasonal grass growth, and largely determines patterns of Lepidoptera collected to date. Some trees
species (e.g. shepherd’s tree, Boscia albitrunca) harbor a large diversity of species of Hemiptera, Coleoptera and
Lepidoptera, providing a perennial resource for insects with some turnover in species composition seasonally. Further
sampling will include vegetation zones at varying distances from external impacts, such as areas transformed to
agricultural production lands. In addition to providing long-term biodiversity data, this project is expected to provide
options for monitoring ecosystem condition more accurately than relying on large herbivores.

Genome evolution in termites

Authors: Audisio Tracy?, Bourguignon Thomas?, 'Okinawa Institute of Science & Technology Graduate University,
Japan, 2Okinawa Institute of Science and Technology, Japan

Abstract: Structural changes to genomes can alter phenotypes and result in major ecological and evolutionary shifts.
Termites provide an excellent model to study the evolutionary implications of genome structural variants, since different
lineages are known to have divergent chromosome numbers and genome sizes. Despite these differences, the extent
of variation and association with different feeding ecologies, developmental pathways, and social structures remain
unknown. In this project, a hybrid sequencing and multiplatform assembly approach was used to integrate long-read,
short-read, and long-range data to generate 50 de novo genome assemblies that span the breadth of termite diversity.
Structural variants were characterized across termite genomes and differences were assessed using a comparative
phylogenetic framework to provide insight into how variants evolve, how they are maintained, and how they shape
termite phenotypes.

Are the damage of an invasive seed insect directly dependent of the spatial structure and
genetics of the host trees in an infested seed orchard?

Authors: Auger-Rozenberg Marie-Anne3, Papaix Julien2, Roques Alain* and Gross Louis’, 'French National Institute
for Agricultural Research, France, 2INRAE, BioSP, Avignon, France, 3INRAE, URZF, Orleans, France, 4 INRAE, Zoologie
Forestiére Orléans, France

Abstract: The increase of the forest seed trade with globalization is a source of introduction of exotic species of
specialized seed insects. These insects generate significant economic losses in seed orchards producing seeds with
added genetic value. The seed chalcid Megastigmus spermotrophus, introduced in Europe from North America at

the end of the 19th century, is strictly associated with Douglas fir, its host tree, and is a good model for studying the
relationship between insect attack and genetic composition of seed orchards, especially since Douglas-Fir is one of the
first reforestation species currently used in Europe.

The French seed orchard of Lavercantiere in the southeast of the Massif Central consists of nearly 800 plants belonging
to more than 100 genetically different clones, with a random geographical distribution of the plants. The majority of the
trees in this orchard, established 35 years ago, regularly grow with years of high production that alternate with years of
low or no production. The cones being harvested in summer while the insect is still in the larval stage in the seed, all the
insects of the orchard are in theory eliminated, and the infestation of the orchard the following year proceeds from the
arrival of insects coming from the surrounding areas. Therefore, each annual infestation can be considered a replicate.
The annual number of infested seeds, one larva being present per infested seed, has been estimated since the creation
of the orchard on a limited number of randomly selected plants, one per line on the 70 planted lines. Moreover, in 2018,
2020 and 2021 (years of heavy cone crop) and 2019 (a year of light cone crop), all trees in the orchard were sampled
with a minimum of 10 cones per tree. The number of infested, healthy and aborted seeds per cone and per tree was
estimated using X-rays. The geographic coordinates and clonal identity of each plant is known, and its annual cone
production has been measured.

In this study, spatial statistics allowed to study if the seed infestation per tree is linked to its clonal/ genetic identity. We
tested whether the insects are distributed among the plants according to this identity, or if they are simply distributed
according to the volume of cones carried by each tree regardless of the clone.

This study is expected to identify a possible clonal susceptibility to chalcid attack, and conversely to select the clones
that could serve as natural traps for these insects, which is important to take into account in the establishment of new
plantations in the context of climate change.
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Bio-economic modelling for optimizing surveillance effort for invasive forest pests in
Switzerland

Authors: Augustinus Benno', Queloz Valentin', Epanchin-Niell Rebecca?, Lischke Heike' and Brockerhoff Eckehard’,
'Swiss Federal Institute for Forest, Snow and Landscape Research WSL, 2University of Maryland, United States

Abstract: Switzerland has joined an EU-wide effort for early detection of several priority and other quarantine forest
pests (Agrilus anxius, Agrilus planipennis, Anoplophora chinensis, Anoplophora glabripennis, Bursaphelenchus
xylophilus, Dendrolimus sibiricus, Fusarium circinatum and Phytophthora ramorum). To conduct these surveys as
effectively and cost-efficiently as possible, we are considering relevant international trade flows, population density,
climatic suitability, host availability, costs of trapping/monitoring and eradication of detected populations for Switzerland.
We adapted the bio-economic surveillance model CESAT to evaluate where in Switzerland the probability is highest that
the target organisms are introduced and establish. The model is also used to estimate a cost-efficient sampling effort to
optimise the surveillance effort across Switzerland while ensuring engagement with all regional forest health agencies.
In this presentation, we show challenges and opportunities in handling the relevant data, and discuss which data are
necessary to further improve modelling the arrival and establishment of surveyed quarantine organisms. Our results
demonstrate that a data-based approach can shift geographical focus of sampling, help define regions of interest, and
establish a cost-efficient survey network. Furthermore, we show how model outcomes can be used in practice, and
what the stumbling stones for implementations are.

Epiblema sp. in Israel no suitable biocontrol agent of Parthenium hysterophorus

Authors: Augustinus Benno Andreas®, Rubin Baruch?, Muller-Schérer Heinz3, M. Gilligan Todd*, Schaffner Urs' and
Yair Yifat?, 'CABI, Switzerland, 2Hebrew University of Jerusalem, Israel, 3University of Fribourg, Switzerland, “USDA
APHIS, United States, SWSL, Switzerland

Abstract: The North-American Ambrosia confertiflora and Parthenium hysterophorus are noxious and allergenic
invasive weeds in Israel. In 2008, a North-American-stem galling moth was found in Israel on A. confertiflora. It was first
identified as Epiblema strenuana, which is used as a biocontrol agent of P. hysterophorus in Australia, but was rejected
for introduction in South Africa after host range testing, because it feeds also on Guizotia abyssinica, an oil crop in
Eastern Africa.

We assessed the risk of non-host target feeding of Epiblema in Israel, as well its potential benefits as a biocontrol

agent of A. confertiflora and P. hysterophorus. For this, we performed no-choice host range tests, and field samplings
to assess its present distribution. We found that the moth had recently extended its geographic range in central Israel

to the West Bank up to the Jordan River. The moth did not attack P. hysterophorus and G. abyssinica, but attacked
Ambrosia tenuifolia and Ambrosia artemisiifolia. Subsequent analyses showed that the moths introduced to Israel are
not E. strenuana, but rather E. minutana. This taxon was treated as a synonym of E. strenuana in the past but should be
elevated to species status based on molecular and morphological data.

Associational protection: protecting trees against emerald ash borer using systemic insecticide
treatments

Authors: Aukema Brian2, Mwangola Dorah2, Ambourn Angie’, Burington Jennifer' and Abrahamson Mark?!, 'Minnesota
Department of Agriculture, United States, 2University of Minnesota, United States

Abstract: Emerald ash borer, Agrilus planipennis, is an invasive wood boring insect, introduced to North America

in the 1990s that attacks ash trees, Fraxinus species. A major control strategy in urban environments is the use of
systemic insecticide treatments. In our study, we are investigating whether treating a subset of trees in a susceptible
ash population could confer benefits to untreated trees i.e. associational protection. This treatment regime could lower
insecticide use and costs of treating trees. We present results of a three-year study comprising 1200 trees in cities
across Minnesota, USA, where we explore how gradients of injections may create associational protection for individual
high-value trees as well as effects on non-target species.

Intracontinental and intercontinental exchange of semiochemicals allows for their use as
allochthonous kairomones

Authors: Aukema Brian4, Muller Michael?, Barnes Brittany?, J. K. Gandhi Kamal® and Chase Kevin', 'Bartlett Tree
Research Laboratories, United States, 2Chairholder, Chair of Forest Protection, Technische Universitat Dresden,
Germany, 3The University of Georgia, United States, “University of Minnesota, United States

Abstract: The principle of allochthonous kairomones in bark beetle management is originally described and based

on exchanging kairomones between coniferous and broadleaf forests in Europe with the aim of attracting bark beetle
antagonists without attracting bark beetles. In our study, we applied this principle in a wider context not only by an
exchange between different local habitats but also by an exchange on a larger geographical scale. Dendroctonus
frontalis is a bark beetle native to the southeastern United States. Frontalin is a pheromone component of D. frontalis.
We installed frontalin and some European bark beetle lures in southern (Georgia) where D. frontalis is native and
northern (Minnesota) pine forests where D. frontalis does not occur. Our results suggest among others things that
frontalin worked as an allochthonous kairomone in Minnesota by attracting Thanasimus dubius, an important predator,
without attracting bark beetles.
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Screening of a potential predatory mite for control of tomato russet mite, Aculops lycopersici

Authors: Aussems Evelien', Bosmans Lien, Van Heghe Benedikte, Vervaet Lore, Van Leeuwen Thomas, De Clercq
Patrick and De Vis Raf, 'Belgium

Abstract: The tomato russet mite (TRM), Aculops lycopersici, is an important pest species in greenhouse grown
tomato crops around the world. At this moment controlling of A. lycopersici relies solely on the use of sulphur and
synthetic chemical acaricides. To establish a durable IPM (Integrated Pest Management) strategy for the tomato

russet mite, there is a need for an efficient biological control agent. In our laboratory experiments, the predatory mite
Pronematus ubiquitus showed promising results for the biological control of TRM. Small scale greenhouse experiments
demonstrated that the mite can successfully colonize a tomato crop. The potential of the iolinid mite P. ubiquitus to
colonize a tomato crop and suppress A. lycopersici was also tested in a high-tech tomato greenhouse in Belgium. Here,
an experiment was set up to compare a tomato cultivation cycle with and without P. ubiquitus. The results showed a
clear benefit of the presence of the mite. When P. ubiquitus was present, almost no damage was seen on the tomato
plants. Without the beneficial the plants turned brown, started wilting and fruits became corky. Supplementation with
cattail pollen caused the P. ubiquitus population to grow faster, but also slightly reduced its efficacy as a biological
control agent

Origins of parasitoid diversity: integration of sensory physiology, chemical ecology, and
phylogenetics to understand diversification in Platygastroidea

Authors: Austin Andy', Johnson Norman*, Chen Huayan® and Dowton Mark2, 'Australian Centre for Evolutionary
Biology and Biodiversity, Department of Ecology and Evolutionary Biology, the University of Adelaide, Australia, 2Centre
for Medical and Molecular Bioscience School of Biological Sciences University of Wollongong, Australia, 3Sun Yat-Sen
Univeristy, China, “The Ohio State University, United States

Abstract: Parasitoid wasps are an extraordinarily diverse group of insects, yet the proximate drivers of species richness
are poorly known. Chemosensory speciation offers a framework for understanding the proximate mechanisms of
diversification and why some groups appear to be prone to rapid speciation. The repertoire of chemoreceptors in a
model species, Trissolcus basalis (Wollaston) (Hymenoptera: Scelionidae) is described including olfactory binding
proteins, chemosensory proteins, olfactory receptors, gustatory receptors, and ionotropic receptors. The expression
patterns of these proteins are described on the basis of transcriptomes and qPCR assays, and differences in expression
profiles between the antennae and the rest of the body and between sexes is described. The evolution of these protein
families is then traced on a newly developed phylogeny for the group based on whole-genome sequencing.

Unravelling the diversity of Australia’s megadiverse hymenopteran fauna: current status,
directions and new technologies

Authors: Austin Andy' and Fagan-Jeffries Erinn?, Australian Centre for Evolutionary Biology and Biodiversity,
Department of Ecology and Evolutionary Biology, the University of Adelaide, Australia

Abstract: The isolation of the Australian continent, its Gondwanan origins, and unique fauna and flora have contributed
to a hymenopteran fauna that is both hugely diverse and fundamentally different in many ways to that of the Northern
Hemisphere. Although there has been substantial effort directed to documenting Australian Hymenoptera over the

last 70 years, morphological-based taxonomic treatments are waning, in large part, due to a reduced systematics
workforce and funding base. Current data on the proportional species diversity of families/superfamilies reveal the major
differences between Australia and other regions, and serve to highlight its unique and archaic elements. Approximately
80% of the hymenopteran fauna is undescribed, with the parasitic superfamilies being the least known. Clearly the
major challenge for the next 2-3 decades will be how to make significant headway in developing a robust understanding
of the continent’s hymenopteran diversity. Here we provide an overview of the Australian fauna, highlighting its
uniqueness, and discuss the potential of new technologies for documenting diversity relevant to conservation, biological
control and evolutionary studies.

Whole-genome sequencing, aTRAM, and the classification of Platygastroidea (Hymenoptera:
Proctotrupomorpha)

Authors: Austin Andy’, Johnson Norman#, Chen Huayan?® and Dowton Mark2, 'Australian Centre for Evolutionary
Biology and Biodiversity, Department of Ecology and Evolutionary Biology, the University of Adelaide, Australia, 2Centre
for Medical and Molecular Bioscience School of Biological Sciences University of Wollongong, Australia, 3Sun Yat-Sen
Univeristy, China, 4The Ohio State University, United States

Abstract: The field of phylogenetics is experiencing a Renaissance. Traditional Sanger sequencing strategies

have been all but abandoned for phylogenetic reconstruction methods that utilize hundreds to thousands of genetic
markers mined from next-generation sequencing data. The methods used most widely in hymenopteran systematics
are genome reduction approaches that target genomic regions typically associated with protein-coding genes. While
useful for phylogenetics, these techniques (i.e., UCE, AHE, RNA-seq) generate data that have limited application for
addressing additional questions related to organismal biology. Enter aTRAM (automated Target Restricted Assembly
Method), a genome reduction approach to phylogenetics that leverages whole-genome sequencing (WGS) reads to
assemble large phylogenomic datasets. Here, we document the utility of WGS and aTRAM by constructing nuclear and
mitochondrial phylogenies for the parasitic wasp superfamily Platygastroidea. The application of this sequence data to
test hypotheses related to host shifting and diversification within Platygastroidea will be discussed and the implications
of this phylogenetic reconstruction method will be highlighted.
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Delivery of Lethal dsRNAs in Insect Diets by Branched Amphiphilic Peptide Nano-Capsules
Authors: Avila Flores Adriana, Auburn University, United States

Abstract: Development of new and specific insect pest management methods is critical for overcoming pesticide
resistance and off-target killings. Gene silencing by feeding dsRNA to insects has promise as one of these methods.
We recently described a new class of nanomaterials made of Branched Amphiphilic Peptide Capsules (BAPCs) [1]. In
this study, BAPCs were employed to facilitated uptake of dsRNA by insects through feeding. The insect diets included
dsRNA with and without complexation with BAPCs. The selected insect species come from two different Orders and
with different feeding mechanisms: Tribolium castaneum and Acyrthosiphon pisum. The gene transcripts tested (BiP
and Armet) are part of the unfolded protein response (UPR) and suppressing their translation resulted in lethality. For
Acyrthosiphon pisum, ingestion of BiP-dsRNA associated with BAPCs led to the premature death of the aphids (t1/2 = 4
- 5 days) compared to ingestion of the same amounts of free BiP-dsRNA (11/2 = 11-12 days). Tribolium castaneum was
effectively killed using a combination of BiP-dsRNA and Armet-dsRNA complexed with BAPCs; most dying as larvae or
during eclosion (?75%). Feeding dsRNA alone resulted in fewer deaths (?30%). The results show that complexation of
dsRNA with BAPCs enhanced the oral delivery of dsRNA over just dsRNA.

A world first: What pre-emptive biocontrol might mean for BMSB?

Authors: Avila Gonzalo?, Hoelmer Kim A.3, MacDonald Frances', Charles John', Hunt Sophie' and Davis Vicky",

The New Zealand Institute for Plant & Food Research Limited, Mt Albert Research Centre, Auckland; Better Border
Biosecurity, 2The New Zealand Institute for Plant & Food Research, New Zealand, 3U.S. Dept. of Agriculture, Agricultural
Research Service, Beneficial Insect Introduction Research, Newark, Delaware, United States

Abstract: The brown marmorated stink bug (BMSB), Halyomorpha halys, is an invasive temperate/subtropical pest of
many horticultural crops, and is considered to be one of the world’s worst insect biosecurity threats. BMSB is regarded
as a major economic and environmental threat to New Zealand, and although it is not yet known to be present in New
Zealand, it has been repeatedly intercepted at the border and there remains a high risk of entry and establishment. In
preparation for its possible arrival, a pro-active (or pre-emptive) classical biocontrol programme using the egg parasitoid
Trissolcus japonicus has been initiated. The potential host range of the parasitoid in New Zealand was investigated by
importing parasitised BMSB eggs into quarantine from Newark, DE, USA. Emerging female T. japonicus were mated
and exposed to eggs of seven species and one sub-species of Pentatomidae in no-choice laboratory experiments.
Results showed that egg of the predatory pentatomids C. nasalis nasalis, C. nasalis hudsoni and O. schellenbergii, and
the phytophagous M. humeralis, D. caenosus, G. amyoti, and C. simplex were all confirmed as physiological hosts for
T. japonicus, although not all were equally susceptible to parasitism. Eggs of the cosmopolitan pentatomid plant pest N.
viridula were not attacked. In addition to laboratory host specificity testing, climatic modelling work was also conducted
to estimate the potential global distribution of T. japonicus with particular reference to New Zealand. The north of New
Zealand appears moderately to highly suitable for T. japonicus, while southern regions are mostly marginal. The risk
posed by T. japonicus to non-target species in New Zealand is predicted to vary between different non-targets. The
likely ecological consequences of releasing T. japonicus into New Zealand are discussed, as is the subsequent decision
of New Zealand’s Environmental Protection Authority to approve the conditional release of T. japonicus should a BMSB
incursion occurs in New Zealand.

Introducing CoRoSect, an European project for technological and sustainable insect farming

Authors: Avosani Sabina?, Vitale Maria Luisa?, Mockel Rico3, Lamaj Flutura?, Papadimitriou Alex' and Verrastro
Vincenzo?, '"CERTH, 2CIHEAM-BARI, 3Maastricht University

Abstract: Insect farming is a promising resource supporting food security, the big challenge of our century. Besides
representing excellent food sources for farming animals, edible insects were recently approved as novel food for human
in the EU. Even so, many rearing processes need to be improved and innovated, to scale the production, decrease
production costs and labor, and mitigate the environmental impacts. Sustainable rearing substrates, standardized
farming protocols, robotization and automatization are pivotal factors around which the project CoRoSect turns, and for
this reason received funding from the EU’s Horizon 2020 research and innovation programme under grant agreement
No. 101016953.

Here, we introduce the audience of the ICE22 to CoRoSect, whose scopes include the (i) characterization of the
biological, technical, and economic requirements of insect rearing, (ii) development of standardized diets based on
side-streams, (iii) creation of a novel integrated cognitive robotic ecosystems. CoRoSect is expected to foster safe and
technological rearing farms where humans and robot collaborate in the framework of environmentally friendly food
chains. The first pilot insect farms involved in the project are placed in different European countries and are rearing
three of the leading edible species. While presenting the state of the art and the current results and perspectives, we
expect to encourage a fruitful discussion in the context of the symposium.
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How is Aleppo pine responding to infestation by the giant pine scale Marchalina hellenica
(Hemiptera, Margarodidae): Gas exchange and water status

Authors: Avtzis Dimitrios?, Andreadi Anneliza’, Lyrou Fani', Spyroglou Gauvriil®, Radoglou Kalliopi' and Fotelli
Mariangela4, 'Department of Forestry and Management of the Environment and Natural Resources School of
Agricultural and Forestry Sciences Democritus University of Thrace Ores, 2Forest Research Institute - Hellenic
Agricultural Organization Demeter, Greece, 3Forest Research Institute Hellenic Agricultural Organization - Demeter
Vassilika - Thessaloniki, Greece, *Forest Research Institute Hellenic Agricultural Organization - Demeter Vassilika,
Greece, SForest Research Institute Hellenic Agricultural Organization Demeter, Greece

Abstract: Aleppo pine (Pinus halepensis Mill.) is a forest species widespread in most countries of the Mediterranean.
In Greece and Turkey, it is often infested by Marchalina hellenica (Gennadius) (Hemiptera: Margarodidae), an endemic
honeydew-producing scale insect, that has recently invaded Croatia and Australia. To date, there is no information
available about the impact of infestation on the physiology of Aleppo pine. In the present study, we assessed the
seasonal variation of gas exchange (maximum photosynthesis — Amax, stomatal conductance — gs) and water status
(water use efficiency — WUEI, relative water content - RWC) in healthy and infested P. halepensis stands during one
year. These findings were then juxtaposed to the infestation level of each individual tree. The impact of infestation was
most pronounced from April to June, when the abundance of M.hellenica nymphs increased. Then Amax and gs of
infested trees declined significantly and were strongly correlated with M. hellenica nymphs’ abundance. At the same
time, WUEI of infested trees was increased, thus leading to a favorable RWC regardless of the infestation. In addition,
both Amax and gs recovered when the abundance of M.hellenica nymphs declined (in July) and exhibited then the
highest seasonal values, despite the drought conditions of mid-summer. These results indicate that although the gas
exchange of Aleppo pine is impaired under moderate infestation, still this pine species has developed mechanisms

to compensate and maintain a favorable carbon and water balance. Further analysis is focused on detecting which
metabolites are involved in these Aleppo pine’s responses to infestation.

Taxonomic and functional diversity patterns of butterflies in Olympus and Rhodopes mountains
(Greece)

Authors: Avtzis Dimitrios?, Vlachaki Despoina3, Kaltsas Dimitrios®, Raptis Dimitrios’, Dede Konstantinia® and Franses
Rolandas3, 'Department of Forestry and Natural Environment Management, Laboratory of Forest Management

and Economics, Technical University of Kavala, Drama, Greece, 2Forest Research Institute - Hellenic Agricultural
Organization Demeter, Greece, 3HOMEOTECH Environmental Management Company, Thessaloniki, Greece

Abstract: We explored the different aspects of diversity of butterfly communities along altitudinal gradients within the
NATURA 2000 sites of Olympus and Rhodopes mountains in Greece during 2014-2015 in a total of 24 sampling sites
on each mountain using the line transect technique.

Species richness and abundance declined monotonically with elevation on the much higher and steeper Olympus

that also has a smaller area size, whereas there was no significant pattern on Rhodopes where average richness

and abundance were highest at the extended mid-elevations with flatter landscape. Richness and diversity patterns
along the altitudinal gradient were caused by the topographical peculiarities of the landscape on each mountain and
specifically by the specificity of some xeromontane red-listed species to high elevations, and the preference of common
butterfly species for low or intermediate altitudes.

Additive partitioning and null model analyses suggest an ecological redundancy on both mountains, as the environment
is filtering species in terms of their environmental requirements (Grinnellian niche) rather than their functional position
(Eltonian niche) per se. The turnover component was the primary cause of the major diversity components. Trait
convergence through environmental filtering led to the dominance of generalist species which were taxonomically and
functionally close.

The application of complementary networks on the two altitudinal gradients supported the importance of the
conservation targeting of butterfly SPEC’s (Species of European conservation Concern) which are good indicators

for the maintenance of the whole butterfly fauna, especially at high elevations, where red-listed butterflies are more
frequent and potentially threatened by climate change.
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Resolving the identity and occurrence of Thaumetopoea pityocampa in Greece

Authors: Avtzis Dimitrios?, Eleftheriadou Nikoleta3, Kavallieratos Nickolas*, Athanassiou Christos®, Papachristos
Dimitrios®, Mihaelakis Antonios®, Schebeck Martin2 and Stauffer Christian®, 'Department of Forest and Soil Sciences,
University of Natural Resources and Life, 2Department of Forest and Soil Sciences, University of Natural Resources and
Life Sciences Vienna, BOKU, Austria, 3Forest Research Institute - Hellenic Agricultural Organization Demeter, Greece,
4Laboratory of Agricultural Zoology and Entomology, Department of Crop Science, 5Scientific Directorate of Entomology
and Agricultural Zoology, Benaki Phytopatho, éUniversity of Thessaly

Abstract: The Pine Processionary Moth, Thaumetopoea pityocampa (Lepidoptera, Notodontidae) is one of the most
abundant and widely distributed forest insects of Greece. This species occurrs both in continental parts and on islands,
whereas the sister species T. wilkinsoni is limited to south Aegean islands (Crete, Rhodes). Recently, individuals
assigned to the East-North African (ENA) mtDNA lineage were found in the broad region of Attika (south eastern part of
Greece). Repeated sampling of Greek populations revealed that the ENA lineage was gradually expanding northwards
from the Attika region, occupying areas that were formerly inhabited by T. pityocampa. To get a better understanding of
the mechanism underlying the expansion of the ENA lineage, populations were screened for various heritable bacterial
endosymbionts that are known to manipulate the reproduction of insects and might facilitate the spread of infected
hosts, including Wolbachia, Cardinium, Rickettsia and Spiroplasma. However, none of these endosymbionts was
detected. Therefore, the expansion of the ENA lineage is most likely not driven by bacterial endosymbionts. Finally, the
nitrogen content of larvae belonging to T. pityocampa and ENA lineage has been previously assessed, but nonetheless,
did not exhibit any statistically significant differences between them.

Entomological assessment of the risk of outbreak of Aedes-borne diseases during the Covid 19
restriction period in Cape Coast, Ghana
Authors: Ayettey Joana'!, Kudom Andreas A.' and Mensah Benjamin A.', "University Of Cape Coast, Ghana

Abstract: The study assessed the risk of transmission of Aedes-borne arboviruses in the Duakor community in Cape
Coast during the Covid-19 restriction period in 2020, using entomological indices. A household container survey was
conducted in 100 randomly selected houses. All water-holding-receptacles were examined for the presence of mosquito
juveniles. House index, Container index, and Breteau index were calculated from the household data. Ecological
succession and prey-predator activities of household-container breeding mosquitoes were also investigated. Only the
Container index marginally exceeded the WHO threshold. The risk of a potential outbreak of Aedes-borne diseases in
the Covid 19 restriction period was much lower than in 2018 when a similar assessment was done. Community clean-
up exercises during the period of Covid 19 restriction may have improved the sanitation condition in the community.
This, in turn, may have led to the reduction of discarded items infested by mosquitoes, which was the main cause of
high larval indices in the previous study. Notwithstanding, majority (86%) of the mosquitoes were collected from water
storage containers. The results from this study show the need for education on good water storage practices as part of
the various health promotion activities in this pandemic period.

Population dynamics and species interactions of mosquitoes in a rapidly changing Arctic

Authors: Ayres Matthew P.!, Culler Lauren?, 'Department of Biological Sciences Dartmouth College Hanover, United
States, 2Environmental Studies Program, Dartmouth College Institute of Arctic Studies, Dartmouth College, United
States

Abstract: Tundra arthropods are sensitive to temperature change and serve as useful indicators of rapid environmental
change in Arctic ecosystems. For example, we have used natural history observations, experimental approaches,

and population models to show how warming Arctic temperatures drive changes in the timing and intensity of Arctic
mosquito (Aedes nigripes, Diptera: Culicidae) emergence. As mosquitoes emerge and enter the terrestrial system,
they become prey for arthropod predators such as wolf spiders (Araneae: Lycosidae) and parasites of vertebrates such
as caribou. Here we present results from two studies that aim to quantify impacts to these species interactions. First,
we used pitfall traps to compare the densities, sizes, and fecundity of wolf spiders collected near versus far from the
margins of mosquito ponds. We found approximately equal densities and sizes of wolf spiders across the landscape.
However, female spiders collected near ponds, where we regularly observed spiders consuming newly emerged
mosquitoes, had larger egg sacs with more 20% more eggs, indicating that emerging mosquitoes may have a role in
shaping wolf spider fitness. Second, we used four years of observational data on emergence timing to build a degree
day model. When we applied the model to 70 years of historical weather data, we found that mosquito emergence has
advanced by about 8 days during this time period. The phenology of vertebrate hosts, however, has not changed. The
degree of temporal overlap between mosquitoes and their hosts may have important consequences for the population
dynamics of both parasite and host. For example, the presence of higher densities of caribou was correlated with a
150% increase in the proportion of mosquitoes that successfully got a blood meal. The ecological roles of mosquitoes
and other biting insects in the Arctic are far from fully described but our results suggest that changes to biting insect
populations will have consequences for the broader tundra ecosystem, mediated through terrestrial-aquatic species
interactions.
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Why is the southern pine beetle not so southern anymore?

Authors: Ayres Matthew P.2, Aoki Carissa', Lombardo Jeffrey4, Cancelliere Jessica® and Clark KennethS, 'Bates
College, United States, 2Department of Biological Sciences Dartmouth College Hanover, United States, 3New York State
Department of Environmental Conservation, United States, 4St. Mary’s College of Maryland, United States, SUSDA-FS
Silas Little Experimental Forest, United States

Abstract: Dendroctonus frontalis Zimmermann is among the most aggressive tree-killing insects in the world. D.
frontalis is indigenous to southern North America, where it has historically been the dominant source of disturbance

in extensive tracts of southern pine forests. Over the last two decades, D. frontalis has extended its distribution
northward, first in the New Jersey Pinelands, then on Long Island, and now in New England at multiple points north,
east, and west of Long Island. At the same time, D. frontalis has become effectively extinct in East Texas and Louisiana,
which was epicenter for D. fontalis outbreaks up until only 20 years ago. Our research has addressed the following
questions. Why the northward expansion of D frontalis? Has the northward expansion been facilitated by D. frontalis
reaching ecosystems that were ecologically and evolutionarily naive to this southern pest? Is the explanation for the
disappearance of southerly D. frontalis symmetrical to that for the expansion of northern populations (as predicted by
the Climatic Envelope concept)?

Predicting the impact of non-native forest insects prior to arrival or establishment

Authors: Ayres Matthew P.3, Thomas Kathryng, Hoover Angelag, Mech Angela®, Schulz Ashley?, Allen Craig?, Uden
Dan'0, Herms Daniel5, Gurevitch Jessica*, J. K. Gandhi Kamalé, Raffa Kenneth'2, Havill Nathan3, Tobin Patrick!' and
Marsico Travis', 'Arkansas State University, Jonesboro, Arkansas, United States, 2Colorado Sate University, Fort
Collins, Colorado, United States, 3Department of Biological Sciences Dartmouth College Hanover, United States,

4Stony Brook University, New York, United States, 5The Davey Tree Expert Company, Kent, Ohio, United States, ¢The
University of Georgia, Athens, Georgia, United States, "U.S. Geological Survey, Nebraska Cooperative Fish and Wildlife
Unit, Lincoln, Nebraska, United States, 8U.S. Geological Survey, Southwest Biological Science Center, Tucson, Arizona,
United States, °University of Maine, , United States, "°University of Nebraska, Lincoln, United States, ""University of
Washington, Seattle, United States, '2University of Wisconsin, Madison, United States, '3USDA Forest Service, Northern
Research Station, United States

Abstract: A small proportion of non-native insects cause widespread ecological and/or economic damage on a global
scale, but the ability to predict their level of damage prior to arrival has eluded scientists for decades. Advancements in
the study of invasion biology and fields such as computational phylogenetics provide tools that could help to quantify the
drivers that influence the eventual impact of a non-native insect. Understanding these drivers can inform management
decisions including risk assessments for insects not yet established but have a high likelihood of introduction given
global trade pathways. Using available data pertaining to currently established non-native insects in North American
forest systems, we evaluated factors that could explain why some invading insects cause high impacts while others
are benign. These drivers included 1) insect traits, 2) host tree traits, especially those related to host defenses, 3)
divergence time between the insect’s native and novel (North American) host trees, and 4) the relationship of the
invader to insects coevolved with the novel host. We quantified the relative combined contributions of these drivers

to the magnitude of impact and developed composite predictor models that can be used to predict the risk of non-
native insects to cause tree mortality should they successfully become established in North America. The results from
our work, both the predictive models and the compiled databases, can be significant tools for regulatory and pest
management efforts in North America, and represents a successful protocol that can be extended globally.

IPM package for pearl millet in the Sahel
Authors: Ba Malick, ICRISAT, Niger

Abstract: For more than 20 years, the head miner Heliocheilus albipunctella (de Joannis) (Lepidoptera: Noctuidae),
has regularly devastated crops of pearl millet, a major subsistence food crop in the Sahelian region of West Africa.
Currently, the development of biological control has been given priority and augmentative releases of the endogenous
larval parasitoid Habrobracon hebetor Say can lead to up 80% of MHM larval mortality. Recent trials have confirmed
that the release of H. hebetor can be practically applied at the village level. Commercialization of the technique has
been proposed and may prove to be a profitable business for local entrepreneurs. In addition to the larval parasitoid,
the egg parasitoid Trichogrammatoidea armigera Nagaraja (Hymenoptera: Trichogrammatidae) inflicts up 60% egg
mortality. Host plant resistance has been found in genotypes Gamoji, LCIC9702, Souna 3, and PE08043. Effort are
being taken to combine resistance genotypes with augmentative releases of egg and larval parasitoids for an integrated
management of the MHM.
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Phylogenomic reconstruction, evolution and biogeography of Atta leaf-cutting ants
(Hymenoptera: Formicidae)

Authors: Bacci Mauricio*, Anahi Barrera Corina?, Sosa-Calvo Jeffrey?, Schultz Ted? and Rabeling Christian?, 'Arizona
State University, 2National Museum of Natural History-Smithsonian Institution, 3Sao Paulo State University, Rio Claro,
SP, Brazil, “Sao Paulo State University, Rio Claro, SP, Brazil

Abstract: Atta is an ecologically dominant leaf-cutting ant genus, the major herbivore of the Neotropics, and an
agricultural pest of great importance. We reconstructed the most comprehensive phylogenetic estimate to date of Atta
by employing 2340 ultraconserved elements loci from 224 Atta specimens, which include 14 out of the 15 identifiable
species from across their geographic distributions, and 49 outgroup specimens. Our results support the monophyly of
Atta and of the four clades that coincide with the previously recognized subgenera. The Archeatta clade contains three
species occurring in North and Central America and the Caribbean and is the sister group of the remainder of all other
Atta species. The Atta s.s. clade is composed of two species occupying North, Central, and South America. The Epiatta
clade contains seven entirely South American species and the two species of the Neoatta clade occur in Central and
South America. The crown-group origin of Atta was around 8.5 Ma and the extant Atta species evolved in the early
Pleistocene, 1.8-0.3 Ma. The range of the most recent common ancestor of Atta consisted of the combined North/
Central America and NW South America bioregions and that one daughter lineage subsequently dispersed into South
America.

Population and Biodiversity Trends of Ground Beetles and Butterflies in Europe - A Review of
Drivers and Pressures

Authors: Baden Christian?, Bergtold Matthias', Schade Michael5, Marx Michael®, Toschki Andreas*, Oellers Johanna*
and Rumohr Quintana*, 'BASF, 2Bayer AG, Germany, 3Bayer, Germany, *GAIAC, 5Syngenta

Abstract: Declines of insect biodiversity and abundances have frequently been reported. Although a broad variety

of potential causative factors of these declines have been proposed, the drivers of the phenomenon are not yet fully
understood. One possible way of elucidating them is the systematic analysis of published historic population data.

We conducted an evaluation of scientific literature reporting data on Carabidae and Lepidoptera population and
biodiversity trends in Europe. From the relevant publications identified, we extracted reported trends and classified the
environmental stressors discussed along with the respective trends according to the DPSIR model (drivers, pressures,
state, impact, and responses). We analyzed the level of scientific verification behind the discussed stressors. The
analysis of extracted trends shows that declines are more frequent than increasing trends. For both trends, our analysis
confirms that changes in populations are primarily anthropogenically driven. The reported drivers are diverse, for
instance agricultural intensification, climate change, conservation activities, and urbanization. Most of the reported
stressors were acting on habitat level, rather than directly affecting the organisms. The scientific verification level of the
indicated drivers is different between trend types. The results of our analysis contribute to a better understanding of
insect decline as a complex phenomenon.

Electronic monitoring of the potato psyllid feeding behavior on susceptible and resistant tomato
lines

Authors: Badillo-Vargas Ismael E.!, Koch Kyle G.2 and Bernal Jimenez Estephanie K.2, 'South Texas College - Biology
Department, 2Texas A&M AgriLife Research, 3University of Nebraska - Lincoln

Abstract: The potato psyllid, Bactericera cockerelli, is a significant pest of vegetables throughout Central and North
America, New Zealand, and Australia. This psyllid is the vector of “Candidatus Liberibacter solanacearum” (Lso), which
is the causative agent of diseases in several solanaceous crops. Currently, five Lso haplotypes have been identified,
two of which (LsoA and LsoB) are exclusively transmitted by potato psyllids in their shared geographic range within
the Americas. Plant resistance as a component of a management strategy for this pathosystem presents an attractive
option. Resistance factors which reduce the time psyllids spend in phloem phases, especially salivation, could play an
important role in reducing pathogen transmission. Previously, several recombinant inbreed lines (RILs) were reported
to carry potato psyllid resistance from a wild tomato relative, Solanum habrochaites, in the S. lycopersicum (cv.
Moneymaker) background. In this study, we used the electrical penetration graph technique to elucidate the feeding
behavior of potato psyllids on five tomato RILs and each parental line to better understand the underlying resistance
factors. In general, potato psyllids took longer to reach the sieve elements on S. habrochaites. Furthermore, potato
psyllids were unable to sustain ingestion on S. habrochaites and one RIL relative to psyllids on Moneymaker.

A new record of the genus Euderus Haliday (Hymenoptera: Chalcidoidea: Eulophidae) from
Korea

Authors: Bae Jongmin?, Youn Young Nam' and Jung Sunghoon?, 'Department of Applied Biology, Chungnam National
University, 2Department of Smart Agriculture Systems, Chungnam National University

Abstract: The genus Euderus Haliday is a cosmopolitan genus with 80 described species. Until the present, only one
species of the genus has been reported from Korea. In this presentation, we report a new record of the genus Euderus
from Korea, with its figures.
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Winterblues: Colour Preference of overwintering flies
Authors: Baele Amber, Ghent University, Belgium

Abstract: Water towers are a popular overwintering place for several fly species (Musca autumnalis, Pollenia spp. and
Thaumatomyia notata) in Europe.

During late summer, early autumn massive swarms of flies enter buildings to seek shelter against upcoming winter
conditions in crevices of their refugia. In inhabited buildings, the aggregation of flies can be a big nuisance just by their
numerous presence. In industry, utility buildings and more specific water towers, their presence can pose a threat to
public health as flies are known vectors of pathogens. Unraveling the preferences of these hibernating flies can thus be
useful in the control of the pests in places where they can cause damage.

It is striking that the same water towers get infested year after year, while others never get visited. Colour preference
could be an influencing factor to determine if a place is worth visiting or not. To test this hypothesis, tarpaulins with
different colours were erected on top of a tower in the four wind directions. The flies preferred to land on the sides away
from prevailing wind and preferentially on the colour blue. Yellow, a colour typically used as an attractant on insect
traps, was under no circomstances an attractive colour.

Rearing insects - lessons to be learned from the housefly (Musca domestica)
Authors: Bahrndorff Simon, Aalborg University, Denmark

Abstract: Insects for food and feed is an environmentally friendly and sustainable production form. Mass rearing of
insects holds many advantages over traditional domestic animals in terms the requirement for energy, space, and the
efficiency accumulating biomass from a given resource. However, a number of challenges related to the genetic makeup
of insects should be addressed in order to optimize the production. Using next generations sequencing technologies

we investigate the genetic variation and associated microbiome within and between populations of houseflies sampled
across Denmark. There was evidence for sub-structuring of Danish housefly populations and with genetic structure that
differed across season and sex. Large individual variations were observed in the community structure of the microbiome
and it was found to be dependent on location, sex, and collection time. Furthermore, the relative prevalence of putative
pathogens was highly dependent on location and collection time. These results may have implications for large scale
production of insects.

A comparative RNAseq study between phases of two pest locusts

Authors: Bakkali Mohammed?, Bakkali Noureddine', Saadi Somia' and Obispo Valencia Alejandro?, "Universidad de
Granada, Spain

Abstract: Recurrent locust population outbreaks harm agriculture, livestock, ecosystems, economies and, ultimately,
humans in large parts of the world. At outbreaks, locusts shift from the normal, harmless, solitarious phase to the
devastating, gregarious phase in response to extraordinary increase in their population size. Locusts of the two phases
differ in almost every aspect of their biology; including the level of activity, tendency to aggregate, tendency to migrate
(swarming), color, morphology, physiology, development... The shift from one phase to the other is due to changes in
gene expression, not to mutation, as the same individual can shift from one phase to the other. Furthermore, this striking
case of phenotypic plasticity (called polyphenism) is tightly linked to perception of life conditions and to behaviour. Its
most obvious association is hence expected to be with changes of the nervous system.

Identifying genes that are associated with, if not responsible for, the development and/or maintenance of the gregarious
state of the locusts should provide invaluable material and information for the efforts on the fight against these pest
insects.

In this study we compare the levels of gene expression between the nervous systems of solitarious and gregarious
Schistocerca gregaria (desert locust) and Locusta migratoria (migratory locust).

We identify genes whose change in the levels of expression between phases is consistent between these two main pest
locusts and we discuss the results at the light of the current knowledge on the phenomenon in order to highlight their
potential interest.
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Shotgun metagenomics as a training tool in molecular biomonitoring

Authors: Balint Miklos', Schneider Clément?, Feldmeyer Barbara® and Prost Stefan?, 'LOEWE Centre for Translational
Biodiversity Genomics (LOEWE-TBG) Senckenberg Biodiversity and Climate Research Centre (SBiK-F), Germany,

2l OEWE Centre for Translational Biodiversity Genomics (LOEWE-TBG), Germany, 3Senckenberg Biodiversity and
Climate Research Centre (SBiK-F), Germany

Abstract: Genomic tools are increasingly relevant for the monitoring of ecological communities. It is essential that new
generations of biodiversity experts are both fluent in their use, and aware of new developments and perspectives. With
this in mind we developed a field course in monitoring of insects with shotgun metagenomics. Shotgun metagenomics
promises to solve problems with the quantification of biomass through DNA-sequences in metabarcoding, and might
become an alternative approach in the nearer future. The field course took place at a field station in a remote area

of Romania, where MSc students designed a study to compare insect biodiversity on traditionally managed (grazed

or mown) grassland plots. They also contrasted a morphospecies approach and shotgun metagenomics to record
differences among communities. All steps of the shotgun metagenomics study were performed at the station, from
sampling through DNA extraction, library preparation and DNA sequencing to bioinformatics, data analysis and
interpretation. Both morphospecies identification and metagenomics recorded that grazed meadows have considerably
lower insect richness than mown meadows, and differences in community composition were not statistically, partially
confirming expectations about the effects of grazing-related fertilization. In our experience the metagenomics field
course format provides a rather simple and straightforward opportunity to expose future experts to the strengths and
challenges of emerging molecular approaches in biomonitoring.

Two high-quality de novo genomes of the gall inducing Diplolepis rosae and D. eglanteriae
(Hymenoptera: Cynipidae)

Authors: Balint Miklos?, L&szlé Zoltan?, Schardt Leonies, Veres Robert!, Dénes-Avar Lehel?, Szabé Emerencia?, Matis
Attila2, 'Babes-Bolyai University, Romania, 2Hungarian Department of Biology and Ecology, Babes-Bolyai University,
3Hungarian Department of Biology and Ecology, Babes-Bolyai University, Romania, “‘Loewe Centre for Translational
Biodiversity Genomics, Frankfurt am Main, 5Senckenberg Biodiversity and Climate Research Centre (SBiK-F), Frankfurt
am Main

Abstract: Gall wasps (Hymenoptera: Cynipidae) which specialize on wild roses (Rosa sp.) are relatively species-poor
and ecologically well-studied. Gall formation can damage economically important host plants and provides habitat for
numerous parasitoids, but the mechanisms of gall formation are poorly understood. For example, it is unclear whether
gall formation is induced by substances produced by the wasps themselves, or by their microbiome. Biodiversity
genomics is increasingly used to answer similar questions and to identify genes behind natural substances, both

in prokaryotes and eukaryotes. Today we can use long-read DNA sequencing to generate high-quality (complete

and contiguous) genomes for many non-genetic model species. Here we present two de novo genomes of the gall
inducer Cynipidae Diplolepis rosae and D. eglanteriae. We extracted RNA and high molecular weight DNA from single
individuals. We prepared ultra-low input PacBio libraries for HiFi long-read sequencing with a protocol that requires
only 5 ng DNA input, followed by whole genome amplification. We also prepared Omni-C libraries for scaffolding, and
RNA-Seq libraries for genome annotation, and sequenced these on lllumina. The assembled, scaffolded and annotated
genomes promise insights into the genomic mechanisms of plant gall induction and provide valuable opportunities to
identify potentially involved genes.

Identification of the novel antimicrobial peptides from a rice planthopper, Nilaparvata lugens

Authors: Bao Yanyuan?, Peng Luyao?, Song Qisheng', Zhou Xiang? and Wang Zhechao?, 'University of Missouri,
2Zhejiang University, China

Abstract: In this study, two novel antibacterial peptide genes, termed lugensin A and B were identified and
characterized from a rice sap-sucking hemipteran insect pest, the brown planthopper, Nilaparvata lugens. Lugensin
gene expression was significantly induced by Gram-negative and Gram-positive bacterial stains under the regulation

of a signal receptor, the long peptidoglycan recognition protein (PGRP-LC) in the IMD pathway. Knockdown of PGRP-
LC by RNAi eliminated bacterium induced Lugensin gene expression. Lugensins had the apparent antibacterial
activities against Escherichia coli K12, Bacillus subtilis and the rice bacterial brown stripe pathogen Acidovorax avenae
subsp. avenae (Aaa) strain RS-1. Lugensins inhibited bacterial proliferation by disrupting the integrity of the bacterial
membranes. Scanning electron microscopy revealed abnormal membrane morphology of the recombinant Lugensin-
treated bacteria. Lugensins induced complete cell disruption of E. coli K12 and B. subitilis strains while formed the holes
on the cell surface of Aaa RS-1 strain. Immunofluorescence showed that Lugensins localized in the cell membrane of
E. coli K12 while accumulated in the cytosol of B. subtilis. Differently, Lugensins remained in both the cell membrane
and the cytosol of Aaa RS-1 strain, suggesting different action modes of Lugensins to different microbes. This is the first
report of the novel antibacterial peptides found in the rice sap-sucking hemipteran insect species.
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First report of tussock moths (Bracharoa mixta (Lepidoptera: Erebidae)), scarring avocado fruit
in KwaZulu-Natal, South Africa

Authors: Bara Gracian Takudzwa? and Laing Mark!, 'University of KwaZulu-Natal School of Agricultural, Earth and
Environmental Sciences Scottsville, Pietermaritzburg, South Africa, 2University of KwaZulu-Natal School of Agricultural,
Earth and Environmental Sciences Scottsville, Pietermaritzburg, South Africa

Abstract: Avocado (Persea americana) is an important export crop for South Africa contributing ZAR 1.75 billion in
export revenue to the gross domestic product. As an export-oriented industry, increasing the exportable percentage of
avocado fruit is a major concern. A tussock moth, Bracharoa mixta (Snellen) is reported for the first time on avocado
trees, scarring fruit and defoliating leaves. Feeding damage by the larva results in corky tissue development, making the
fruit unsuitable for export. The study aimed to determine the identity of the larvae (morphologically and DNA barcoding)
and ascertain levels of damage. Sequencing of the barcoding region of cytochrome oxidase subunit | (COl) gene was
done. In-field fruit damage assessment of infested trees showed an 11 % scarring damage level resulting in 3.67 %
downgrading of fruit. This represents a potential revenue loss of up to ZAR 1,352.90 per tonne (2.26 % revenue loss).
The defoliating caterpillars also caused an 18.22 % reduction in leaf area. This study documents the potential of B.
mixta to cause economic loss and sporadic, isolated outbreaks.

Acoustic mimicry in myrmecophilous butterflies
Authors: Barbero Francesca, Dept Life Sciences and Systems Biology - Turin University, ltaly

Abstract: The ability to communicate efficiently and coordinate the actions of up to a million specialised nestmates has
enabled ants to be among the most successful animals globally, frequently dominating several terrestrial ecosystems.
Their means of communication include the multifarious use of chemical signals, posturing, and tactile interactions, and
the comparatively poorly studied channel of vibro-acoustical signals. Ant defences are largely based on possessing
impressive weaponry, including poisons, acids and biting, and their ability to deploy them, thanks to communication, in
coordinated attacks that marshal overwhelming numbers of workers.

Nevertheless, several species of invertebrates have evolved adaptations to establish associations with ants, living
undisturbed in the surroundings or even within their colonies.

Myrmecophilous interactions are well known to occur in Lycaenids, a family of Lepidoptera which accounts for 30% of
butterfly species. Most Lycaenids establish associations with ants that can be facultative or obligate and range from
mutualism to parasitism, with loose interactions in which larvae are only occasionally visited by several species of ants,
to complex obligate associations in which larvae need to be constantly tended by ants.

Myrmecophilous butterflies show morphological, behavioural, chemical or acoustical strategies for cohabiting with ants
including armour, stealth and, in the case of most mutualists, the secretion of attractive food rewards. However, the most
intriguing adaptations involve the subversion of the ants’ honest acoustical signalling, enabling butterfly social parasites
of the genus Maculinea to achieve a high social status in the host colony hierarchy. Immature Maculinea instars mimic
the stridulations emitted by host queen ants to enhance their retrieval, survival and full integration into the host society.
Recent data suggest that, among lycaenid butterfly larvae, convergence has generated similar sophisticated calls that
are more closely associated with the strength and specificity of a species’ relationship with ants than its phylogeny.

| will present examples of acoustic mimicry, and | will discuss the function of vibro-acoustic signalling in symbioses
involving butterflies and ants. The study of acoustic communication in myrmecophilous systems could bring about
significant insights for understanding complex mechanisms underlying the origin, evolution, and stabilisation of many
multitrophic relationships.

Hell ants

Authors: Barden Phillip, Department of Biological Sciences, New Jersey Institute of Technology, Newark, NJ, Division
of Invertebrate Zoology, American Museum of Natural History, United States

Abstract: Among the oldest fossil ants known, haidomyrmecine “hell ants” are highly specialized predators. Comprising
nine genera, these enigmatic ants are preserved in Cretaceous amber from Canada, France, and Myanmar, and exhibit
an array of cranial features not found in any modern lineages. Hell ants are characterized by dramatic scythe-like
mouthparts that are dorso-ventrally expanded into a diverse array of mandibles that are specialized for prey capture.
Remarkably, these unique mandibles appear to be accompanied by a novel mode of articulation; hell ant mandibles are
suspected to open vertically, in an axial plane parallel to that of all living ants. This unique feature in turn has led to the
development of striking “horns” which work in conjunction with the mandibles to pin, restrain, or impale prey. Here, | will
survey the diversity of this unique lineage, interpret preserved instances of prey capture, and discuss hell ants in the
broader context of extinct adaptive radiations.
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Biological Control Genetic Resources and Access and Benefit-Sharing
Authors: Barratt Barbara I. P.!, Mason Peter?, 1AgResearch, New Zealand, 2Agriculture and Agri-Food Canada, Canada

Abstract: The third objective of the Convention on Biological Diversity, the fair and equitable sharing of benefits arising
out of the utilization of genetic resources was formally implemented when The Nagoya Protocol came into effect in
2014. However, participating countries were not provided with guidance for developing legislation on access and
benefit-sharing, thus interpretation on what is equitable sharing and what are benefits is likely to be wide-ranging. The
implications for biological control in the future include how biological control agents will be utilized and exchanged,

how biological control will benefit the global community, and how response times for implementing biological control
may be affected. The free use and exchange of biological control genetic resources has provided benefits to the global
community, including to both providers and recipients of biological control agents. Consideration of this principal should
be a key element of Access and Benefit-Sharing measures.

Spiny snout mite 25 years on: how relevant is the Tasmanian experience of clover flea
biocontrol to New Zealand?

Authors: Barratt Barbara?, Gerard Philippa’, Wilson Derrick’, 'AgResearch Ltd, New Zealand, 2AgResearch Ltd,
Nicaragua

Abstract: A French ecotype of the Bdellid mite, Neomolgus capillatus (Kramer) (spiny snout mite) was introduced
into Tasmania, Australia, in 1985 to control clover flea (L.), a serious Collembolan pest of clover in dairy pastures. Its
main limitation to effectiveness was its very slow dispersal which was addressed through an extensive redistribution
programme over 800 sites. The success of the spiny snout mite as a biocontrol agent in Tasmania has initiated
investigations into the feasibility of introducing it into New Zealand where clover flea remains a problem in localised
areas in the North Island and may intensify with expansion of irrigation and climate change. While both Australia and
New Zealand have markedly tightened regulations around the introduction of new species, we postulate that past and
future research in Tasmania could provide adequate risk assessment data to enable the mite to be introduced from
there to New Zealand. Tasmanian and New Zealand pasture and natural ecosystems in the target regions are compared
and results from a survey on presence of the mite in non-target habitats are presented. Knowledge gaps are identified
where additional research should be focused to meet New Zealand regulatory system standards .

Species distribution modeling to evaluate the impact of climate change on the distribution of
Nysius simulans (Stal) (Hemiptera: Lygaeidae) in soybean crops in South America

Authors: Barreto Carlos? and S. de Paula Alexandre?, 'Federal University of Ouro Preto, Brazil, 2The University of
Western Ontario, Canada

Abstract: Nysius simulans (Stal) is an economically important plant pest for soybean in South America, and a suctorial,
fluid feeding herbivore that can transmit toxins and spread pathogens via saliva. Currently, the distribution of N.
simulans on soybean is predominantly found in Argentina, but changes in the distribution from natural dispersal and
range shifts due to climate change may affect a large soybean cultivation in south of Brazil. We compared the potential
distribution of N. simulans under current and future projected climatic conditions in order to identify future areas of
natural occurrence with ecological niche models produced using Maxent. Current records of N. simulans show that
while the species is present in Argentina, Brazil, Paraguay, Peru and Uruguay, and our models suggest that many new
suitable areas will be available for N. simulans under climate change including north, central and southern Argentina,
and southern Chile. Our results also predict potential future range shifts and distributions into Bolivia, but not Peru

nor Brazil. In our model, seasonal trends in temperature was shown to have the greatest contribution to the potential
distribution, whereas isothermality (i.e. temperature variability) was negatively correlated to potential future distribution
ranges. We conclude that current populations of N. simulans may be expanding its distribution range by diffusion

(i.e., range expansion over generations at the margins of populations), and regions with potential future N. simulans
distribution should be closely monitored.

Insects, robots and zombies
Authors: Barron Andrew, Macquarie University, Australia

Abstract: Insects are small but they are not simple animals. They are capable of impressive cognitive feats and have
complex lifestyles and life histories. The accessibility and small size of their nervous system and brain means that we
have made great progress in understanding the mechanisms of insect behaviour. The mechanisms of even complex
insect behaviour are often deceptively simple. Here we discuss the consequences of a mechanistic understanding of
insect behaviour for our appreciation of animal consciousness. If mechanisms of insect behaviour can be described in
mechanistic and deterministic terms does this make an insect a robot or a ‘zombie’ with, as Chalmers has put it, “no
inner life at all”?
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Plant Derived Insecticidal Proteins for Protection of Crop Plants
Authors: Barry Jennifer, Corteva Agriscience, United States

Abstract: Current commercialized insect traits in corn, soy, and cotton are based on genes discovered by mining the
soil bacterium, Bacillus thuringiensis, for proteins with insecticidal activity. These traits have been an important tool
utilized by farmers to maximize productivity. However, the development of resistance to these traits has generated
urgency to discover new proteins with novel Sites of Action (SoA) that can complement or replace existing products.
We have identified many plants that naturally produce insecticidal proteins and have mined these plants as a source of
novel actives for Corteva’s insect trait development pipeline. Transgenic soybean (Glycine max L. Merill) and corn (Zea
mays L.) plants expressing plant derived insecticidal proteins show protection from feeding damage by insect pests.
This talk will focus on novel plant derived proteins that demonstrate promise for developing new transgenic crops for
pest control.

Meeting the Challenge of Training a Next Generation of Public Health Entomologists
Authors: Bartholomay Lyric, University of Wisconsin-Madison, United States

Abstract: Given the state and rate of global change and ready movement of vectors and pathogens, the need for
preparing a next generation of highly trained public health professionals is particularly pressing. The outbreak of Zika
in the United States revealed a profound shortfall of public health entomologists at the ready to tackle emerging vector-
borne diseases, and precipitated the establishment of 5 regional Centers of Excellence supported by the Centers

for Disease Control and Prevention. Each Center developed regionally responsive training approaches and delivery
modalities, to include competitive grants programs, professional development workshops, a Masters Degree Program,
internships and fellowships, in-person and online training offerings. After 5 years, the Centers of Excellence trained
more that 600 undergraduate, graduate and professional students, and reached more than 8,000 local vector control
professionals. At the same time, a major initiative from the American Mosquito Control Association was initiated to
Train the Trainers to improve vector control practices across the country. Vector control, public health and academic
institutions are witnessing the benefit of this new generation of trainees who are well-versed in vector biology and vector
control.

Bark beetle outbreaks and meta-population dynamics of woodpeckers in Switzerland.
Authors: Basile Marco, Swiss Federal Research Institute WSL

Abstract: Resource pulses can affect animal populations in various ways. One such pulse is the increased

availability of spruce bark beetle (Ips typographus), the most common forest pest in Central and Northern Europe,
following disturbances such as storms and dry summers, and the subsequent increase of other wood-boring

insects. Woodpeckers are considered important predators of bark beetle, but their relationship has not been studied
thoroughly. Therefore, we investigated the bark beetle-woodpeckers system using a multi-decade long dataset to
understand whether increases in population size of woodpeckers can be related to bark beetle outbreaks, and whether
the relationship is density-dependent. We also investigated the role of standing deadwood and salvage logging

as moderators of woodpecker responses to bark beetle outbreaks. We infer on the importance of deadwood for
woodpecker per se, and as a pulsing resource linked to bark beetle outbreaks. We expect that bark beetle outbreaks
have positive direct effects on the abundance of woodpecker species over short time periods. Our model can be used to
estimate the role of bark beetle outbreaks in influencing bird population trends and whether birds contribute to stabilizing
or even controlling bark beetle infestations over time.

Latitudinal patterns in herbivory and plant defense depend on leaf age and spatial scale
Authors: Baskett Carina, Institute of Science and Technology Austria, Austria

Abstract: The biotic interactions hypothesis posits that biotic interactions are more important drivers of adaptation
closer to the equator, evidenced by “stronger” contemporary interactions (e.g. greater interaction rates) and/or patterns
of trait evolution consistent with a history of stronger interactions. Support for the hypothesis is mixed, but few studies
span tropical and temperate regions while experimentally controlling for evolutionary history. Here, we integrate field
observations and common garden experiments to quantify the relative importance of herbivory in a pair of tropical-
temperate congeneric perennial herbs. Phytolacca rivinoides and P. americana are pioneer species native to the
Neotropics and the eastern USA, respectively. We compared plant-herbivore interactions between three tropical
populations of P. rivinoides from Costa Rica and three temperate populations of P. americana from its northern range
edge in Michigan and Ohio. For some metrics of interaction importance, we also included three subtropical populations
of P. americana from its southern range edge in Florida. This approach confounds species and region but allows us,
uniquely, to measure complementary proxies of interaction importance across a tropical-temperate range in one system.
To test the prediction that lower-latitude plants experience more herbivore pressure, we quantified herbivory rates,
herbivore abundance, and leaf palatability. We found evidence supporting the biotic interactions hypothesis for most
comparisons between P. rivinoides and north-temperate P. americana (herbivory, herbivore abundance, and young-
leaf palatability). Results for subtropical P. americana populations, however, were typically not intermediate between

P. rivinoides and north-temperate P. americana, as would be predicted by a linear latitudinal gradient in interaction
importance. Subtropical young-leaf palatability was intermediate, but subtropical mature leaves were the least palatable.
These nonlinear patterns of interaction importance suggest future work to relate interaction importance to climatic or
biotic thresholds. In sum, we found that the biotic interactions hypothesis was more consistently supported at the larger
spatial scale of our study.
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Investigating resistance mechanisms and fithess costs related to avermectin resistance in the
diamondback moth, Plutella xylostella L. (Lep: Plutellidae)

Authors: Bass Chris®, Oplopoiou Maria*, Zimmer Christoph3, M. Leroux Alicia?, Elias Jan?, Guest Marcus?, Kanitz
Ricardo' and Slater Russell', 'Syngenta Crop Protection AG, Werk Rosental Schwarzwaldallee, Basel, Switzerland
2Syngenta Crop Protection, Stein, Switzerland, 3Syngenta, United Kingdom, “University of Exeter, College of Life and
Environmental Sciences, UK Syngenta Crop Protection, Switzerland, SUniversity of Exeter, United Kingdom

Abstract: Plutella xylostella (Lepidoptera: Plutellidae) is an oligophagous species and an abundant pest in cruciferous
crops which causes a severe threat to crop production worldwide. P. xylostella is a high-risk pest concerning resistance
development, having developed resistance against > 90 active ingredients, including avermectins. Emamectin-
benzoate is a potent lepidoptericide, belonging to the group of avermectin. It is synthesized from the macrocyclic
lactone abamectin which is derived from fermentation of the soil actinomycete Streptomyces avermitilis. Reduced field
performance of emamectin-benzoate in P. xylostella has been reported in isolate localities in Japan.

This project aims to elucidate the resistance mechanisms provoking this phenomenon and to investigate any plausibly
relevant fitness costs. Two field-collected resistant strains were established in the laboratory and are artificially selected
with emamectin-benzoate every two generations. Dose-response leaf dip bioassays are followed every other generation
to detect any susceptibility shift.

Avermectins act as allosteric modulators to the glutamate-gated chloride channels (GluCls) and target-site mutations
have been described in the literature pertaining abamectin resistance in the two spotted spider mite, Tetranychus
urticae, and in P. xylostella. Our results showed that those mutations are not present in our resistant strains. Ongoing
analysis includes sequencing the full length of GluCl gene to screen it for novel mutations. The results may explain the
observed resistance and potentially provide us with paramount information on avermectins binding site. Isolation of the
resistant trait in a susceptible background achieved by back-crossings will determine the mode of inheritance and aid
genetic trait mapping.

A computer model will be adopted and different scenarios i.e. different starting allele frequencies and treatment
regimens (dose, application frequency, mode of action, mixtures and rotational applications) will be tested in silico. The
modelling approach will allow simultaneous testing of numerous scenarios and will help to make informed decisions
on which scenarios have the potential to better manage resistance. Knowledge about the mechanism, the mode of
inheritance, the persistence of resistance under different treatment scenarios and the potential impact of resistance on
fitness is critical for the design of a sustainable integrated pest management (IPM) program.

Revisiting an old resistance story in the genomic era, unravelling the genomic mechanisms of
esterase mediated resistance in Myzus persicae.

Authors: Bass Chris?, Troczka Bartlomiej', Hunt Benjamin', Saurabh-Singh Kumar?® and Field Linda?, 'College of Life
and Environmental Sciences, Biosciences, University of Exeter, Penryn Campus, Penryn, Cornwall, United Kingdom,
2Department of Biointeractions and Crop Protection, Rothamsted Research, Harpenden, United Kingdom, 3University of
Exeter, United Kingdom

Abstract: Nearly 30 years ago it was shown that resistance to organophosphates in Myzus persicae is mediated
by increased activity of two closely related carboxyesterase genes called E4 and FE4 both being able to hydrolyse
and sequester insecticidal esters. Subsequent molecular characterization at the time pin-pointed the mechanism of
resistance to increase in gene copy number and changes in methylation for either E4 or FE4. However, the specific
mechanism(s) by which these genes were amplified was never elucidated.

With the arrival and subsequent improvement of third generation sequencing technologies it is now possible to
understand the molecular mechanisms underpinning this adaptation at much greater resolution. We have analysed
sequence data from a selection of susceptible and esterase resistant M. persicae clones with various amount of
amplified enzymes and are using this to understand molecular evolution at the esterase gene locus.

The genomics of adaptation to natural and synthetic xenobiotics in the aphid Myzus persicae
Authors: Bass Chris, University of Exeter, United Kingdom

Abstract: The process by which genetic novelty is created and drives the evolution of key innovations required for
ecological adaptation is still relatively poorly understood. In this talk | will outline recent work investigating the mutational
events driving host-range expansion and xenobiotic resistance in the peach potato aphid, Myzus persicae, the most
economically important aphid pest worldwide. M. persicae is globally distributed and highly polyphagous with a host
range of over 400 species including many important crop plants. Relatively recently this species host-shifted to tobacco,
and we have previously demonstrated that the constitutive overexpression of a cytochrome P450, CYP6CY3, allows
tobacco-adapted races of M. persicae to efficiently detoxify nicotine and has preadapted them to resist neonicotinoid
insecticides. Our recent work has employed a suite of genomic, transcriptomic and post-genomic functional approaches
to demonstrate the role of chromosomal rearrangements and transposable elements in creating the genetic novelty
required for M. persicae to resist xenobiotics and exploit a new ecological niche.

68 XXVI International Congress of Entomology Helsinki, Finland, July 17-22, 2022



Abstracts of presentations at ICE2022Helsinki

Advancing our understanding of spatial distributions of an endangered wasp at different spatial
scales

Authors: Batsleer Femke', Maes Dirk? and Bonte Dries?, 'Ghent University, Belgium, 2Research Institute for Nature and
Forest, Belgium

Abstract: The spatial distribution of insects is typically anticipated to be driven by environmental heterogeneity. Internal
mechanisms related to social attraction and competition are from a theoretical perspective as important and may lead
to stable self-organisation. Such insights are elementary to predicting changes in future distributions, but as these
processes act in concert, they are extremely hard to disentangle. Understanding these mechanisms is important to
make well-informed conservation decisions.

We quantified spatial pattern formation of nest aggregates of the dune inhabiting digger wasp Bembix rostrata within a
local, population scale and the distribution of these aggregates at a larger landscape scale. The processes leading to
the local spatial distribution were investigated by the development of a microhabitat model from remote sensing drone
data and a pattern-oriented Individual Based Model (IBM). Bottom-up factors and social attraction were found to be
the most important drivers to explain this local spatial pattern. At the landscape scale, we used a small scale Species
Distribution Model (SDM) using remote sensing aerial and LIDAR data and data on grazing management. These
analyses demonstrated the importance of landscape-structure as bottom-up driver and nature management as top-
down driver of the species’ distribution at the landscape scale.

We critically discuss the importance of incorporating remote sensing and pattern oriented modelling for not only the
detection of spatial distribution patterns but also to understand the putative mechanisms underlying these patterns. Both
important for the conservation of this dune inhabiting digger wasp.

Bark and ambrosia beetles associated with imported non-coniferous wood

Authors: Battisti Andrea’, Jactel Herve*, Grégoire Jean-Claude®, Hulcr Jiri%, Orlinski Andrei?, Benko-Beloglavec
Anita8, Hrasovec Boris?, Inward Daegan?, Grousset Fabienne? and Petter Frangoise?, 'DAFNAE, University of Padua,
Italy, 2EPPO, France, 3Forest Research, United Kingdom, 4INRA, France, 3School of Forest, Fisheries, and Geomatics
Sciences, University of Florida, United States, éSpatial Epidemiology lab Universite libre de Bruxelles, Belgium,
7Sumarski Fakultet, Hungary, 8Varstvo Gozdov Slovenije, Slovenia

Abstract: Many bark and ambrosia beetle species (Coleoptera: Scolytinae and Platypodinae) are known to have
spread worldwide in relation to international trade. Concerns were expressed within the European and Mediterranean
Plant Protection Organization (EPPO) about recent introductions of non-indigenous species of those groups. Regulation
for non-coniferous wood trade into many EPPO member countries is currently not considered sufficient to cover such
risks. In 2018, an EPPO Study on the risk of bark and ambrosia beetles associated with imported non-coniferous wood
was carried out. The main characteristics of bark and ambrosia beetles that contribute to the pest risk were analysed.
Biological and other factors were identified and illustrated with examples from 26 representative beetle species or
groups of species. The outcomes of the study as well as the measures proposed will be presented.

Following the leader: processionary behaviour of urticating caterpillars from opposite
hemispheres

Authors: Battisti Andrea’, Zalucki Myron*, Uemura Mizuki2 and Perkins Lynda3, '1DAFNAE, University of Padua, ltaly,
2Department of Agronomy, Food, Natural Resources, Animals and Environment (DAFNAE), University of Padova,
Agripolis campus, Italy, 3School of Biological Sciences, The University of Queensland, Brisbane, Australia, 4The
University of Queensland, Australia

Abstract: Investigating movement behaviour of organisms has economic, societal, and conservation benefits. Larval
movement of insects for example, plays many significant ecological roles, and with the expansion of the human
population, encounters and conflicts with insects have increased. Urticating caterpillars are a health concern to people
and animals, especially when they disperse in a gregarious and synchronised manner in areas frequented by humans.
Ochrogaster lunifer and Thaumetopoea pityocampa from the southern and northern hemispheres respectively, are two
geographically-isolated species with similar gregarious urticating caterpillars that can outbreak causing defoliation and
medical issues. Each year from March to May, O. lunifer and T. pityocampa caterpillars leave their nesting sites and
form head-to-tail processions on the ground in search of pupation sites. This pre-pupation procession behaviour and

its associated risk of human contact with caterpillars was studied and compared in Australia (O. lunifer) and Italy (T.
pityocampa). The duration, distance, orientation and response to light of the pre-pupation processions were studied

in both species to determine general patterns. In the morning, O. lunifer and T. pityocampa processions travelled on
average 40 and 16 metres per day from the nest in 153 and 223 min respectively, in search for potential pupation sites.
Ochrogaster lunifer pre-pupation processions travelled generally to the north or south when leaving the nest, as was
their final orientation to the bivouac/pupation site. Whereas T. pityocampa processions had no preference in orientation.
Ochrogaster lunifer and T. pityocampa pre-pupation processions travelled towards the darker and the lighter areas

of the environment, respectively. We hypothesize that these caterpillars use polarised light to navigate through the
environment; laboratory and field experiments are currently ongoing. Some 27% of O. lunifer and 44% of T. pityocampa
processions had contact with humans driving, cycling or walking. Understanding the movement behaviour of O.

lunifer and T. pityocampa pre-pupation processions around populated areas is crucial for predicting exposure risk and
application of management strategies.
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Processionary caterpillars down-under: biology, ecology and associated risks.

Authors: Battisti Andrea’, Zalucki Myron*, Uemura Mizuki?, Farrell Julianne® and Perkins Lynda3, 'DAFNAE, University
of Padua, Italy, 2Department of Agronomy, Food, Natural Resources, Animals and Environment (DAFNAE), University
of Padova, Agripolis campus, ltaly, 3School of Biological Sciences, The University of Queensland, Brisbane, Australia,
4The University of Queensland, Australia

Abstract: Processionary caterpillars, Ochrogaster lunifer Herrich-Schéffer (Lepidoptera: Notodontidae); also known

as bag-shelter moths, bunny tail moths or itchy grubs; are a relatively common, univoltine, endemic Australian species
found feeding on the foliage of a wide range of host trees and shrubs including Eucalyptus, Corymbia and Acacia.

In outbreak years severe defoliation can result from feeding. Egg masses are laid in spring and development takes
place through summer and autumn. The gregarious larvae are social throughout the immature stage moving daily

from a silken nest or bag-shelter to feed. The final instars disperse in processions to locate pre-pupation sites in the
soil. Various nesting forms have been described and recent genetic and cuticular hydrocarbon evidence suggests a
species complex. The processionary caterpillars are separated into at least three distinct forms by development periods,
minor colour differences in the larvae and moths, and their nest-building habits, namely the construction of silken nests
in the canopies, on the trunks, or at the base of their host trees. Like their counterparts in the northern hemisphere,
caterpillars from the third instar on carry large numbers of urticating javelin-shaped and barbed true setae (modified
hairs) in mirror fields which are shed into the nest with the exuviae at each moult and passively while moving. When the
late-instar caterpillars leave the nest in autumn to diapause and pupate through winter and early spring in nearby soil,
the nests begin to disintegrate. Nest contents, including millions of setae, exuviae and frass drop and are spread around
the local environment by wind. Contact with setae causes various allergenic reactions in mammals and ingestion by
pregnant mares can cause the foal to be aborted, a condition known as Equine Amnionitis & Foetal Loss. The likely
risks of exposure to setae are described as well as the potential global regions at risk of establishment should the
species be introduced.

Study of some aspects of ecology of cedar processionary moth, Thaumetopoea bonjeani powell
(lepidoptera, notodontidae) and its egg parasitoids in Algeria

Authors: Battisti Andrea?, Rahim Noureddine?, Chakali Gahdab?', 'Agronomic National High School, Algeria, 2DAFNAE,
University of Padua, Italy, 3National High School of Biotechnology, Algeria

Abstract: Background: In this study, the diversity, abundance and impact of entomophagous associated with cedar
processionary moth Thaumetopoea bonjeani which is one of the most serious pests of Cedrus atlantica in north-
western Africa (Algeria and Morocco) were investigated.

Materials/Methods: The study was carried out in a C. atlantica forest in the Djurdjura Park (North Algeria), in 2014

and 2015. The occurrence of the egg parasitoids was studied during spring by weekly quantitative observations of the
egg masses. 223 egg batches were collected and processed. The identity of the egg predators was assessed through
observations made during daytime on a total of eight ?eld visits in August and September.

Results and discussion: The average number of eggs per egg batch increased from 143 in 2014 to 171 in 2015, while
the egg mortality decreased from 47.4% and 23.9%, respectively, possibly because of a dilution effect. The most
important factors of egg mortality were parasitoids and predators, with hymenopteran egg parasitoids killing from 12.1%
to 34.9%, and predators from 5.2% to 7.4% of the eggs. The pattern of egg parasitism was driven largely by Ooencyrtus
pityocampae, accounting for about 94% of the total parasitoids, followed by Baryscapus servadeii and Trichogramma
embryophagum. An hyperparasitoid Chartocerus sp. was collected for the ?rst time from eggs of Thaumetopoea
species. Field observations allowed the identi?cation of three bush crickets (Tettigonia viridissima (Linnaeus),
Ephippiger ephippiger (Fiebig), and Uromenus brevicollis (Chopard)) as likely predators of eggs.

The number of eggs with dead larvae was signi?cantly higher in the 2014. The proportion of eggs with dead larvae
averaged 3.9% in the 2014 and 2.3% in the 2015 cohort, with no signi?cant differences among years (one-way ANOVA,
F =98.23, p = .513). Less than 2% of the eggs were infertile showing dried-up yolk, and a very small but distinct
percentage of the eggs was totally empty (below 1%).

Conclusion: During the embryonic stage, the action of parasitoids and predator is significant, given the high

mortality of the host during this stage. The examined parasitoids represent, together with other beneficial insects, an
important component of mortality to Cedar processionary moth. Closer studies on the sequence of pupal parasitoid
emergence could provide guidance on the use of these natural enemies in the Mediterranean forest areas for summer
processionary moths pest control.

The eggs of T. bonjeani in Algeria appear to be more affected by mortality than those of other species included in the
same clade of the summer processionary moths associated with conifers. The egg parasitoids are the main factors
in egg mortality and they are the same species affecting the more common pine processionary moth in the whole
Mediterranean Basin.
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Vector-Borne Disease Prevention and Control Activities at the U.S. Centers for Disease Control
and Prevention

Authors: Beard Charles (Ben), Division of Vector-Borne Diseases, U.S. Centers for Disease Control and Prevention,
United States

Abstract: Vector-borne diseases are an important cause of morbidity and mortality each year in the United States. Tick-
borne disease cases are increasing annually, and mosquito-borne arbovirus outbreaks are occurring in an intermittent
but increasing frequency. Currently, no vaccines are available for any of the vector-borne diseases that are endemic in
the continental United States, and effective vector control faces many challenges. The U.S Centers for Disease Control
and Prevention maintains a comprehensive program that includes conducting reference diagnostics and national
disease surveillance, responding to disease outbreaks, providing prevention education and recommendations, and
conducting applied research to better understand and prevent vector-borne diseases.

Snapshot of microgastrine parasitoid wasp (Hymenoptera: Braconidae) diversity in the
Kaisaniemi Botanic Garden of Helsinki, Finland

Authors: Beaudin Melanie?, Paukkunen Juho?, Fernandez-Triana Jose', 'Canadian National Collection of Insects,
Ottawa, Canada, 2Carleton University, Ottawa. Canadian National Collection of Insects, Ottawa, Canada, 3Finnish
Museum of Natural History, Finland

Abstract: The Kaisaniemi Botanic Garden (KBG) is located in the heart of the city of Helsinki, Finland (60.17° N,
24.94° E). It comprises an area of approximately 40,000m2 (four hectares) with a collection of over 1,300 living plant
species. Its insect diversity has been scarcely studied. Microgastrine parasitoid wasps are a cosmopolitan subfamily,
with almost 3,000 described species worldwide and 162 species recorded in Finland (Fernandez et al., 2020). A
Malaise trap was run in the KBG from early May to mid-September 2018, comprising 19 collecting events during the
season. A total of 1,445 specimens of Microgastrinae were collected. The female specimens were studied further
and were found to represent 44 species within 12 genera. We identified a new species to science of Microgaster, as
well as six new species records for the fauna of Finland. The most commonly collected species were Cotesia vestalis
(Haliday, 1834) and Microplitis spectabilis (Haliday, 1834). Cotesia vestalis is a parasitoid of the major cruciferous pest,
Plutella xylostella (diamondback moth). The most species-rich genera were Cotesia and Microplitis, with seven and
eight species, respectively. A total of 17 species (39%) were represented by only one or two specimens, suggesting
the actual diversity of the area to be much higher. Considering that the botanical garden is in the heart of a heavily
developed urban landscape, and that the sampling only spanned one collecting season, the diversity in the area is
remarkable, representing 27% of the known species and 71% of the known genus diversity in Finland.

CRISPR/Cas9 at the service of the molecular neurobiology of moth olfaction

Authors: Becher Paulé, Jacquin-Joly Emmanuelle3, Montagné Nicolas?, Koutroumpa Fotini2, De Cian Anne8, Maria
Annick®, Monsempés Christelle2, Concordet Jean-Paul?, Bastin-Heline Lucie®, Frangois Marie-Christine?, Revadi
Santosh* and Chertemps Thomas?®, 'iEES-Paris Institute, Paris, France, 2EES-Paris, INRAE, Sorbonne Université,
Versailles, France, 2INRA, Institute of Ecology and Environmental Sciences (iEES) - Paris, France, *SLU, Alnarp,
Sweden, 5Sorbonne University, Institute of Ecology and Environmental Sciences (iEES) - Paris, France, 8Swedish
University of Agricultural Sciences, Sweden, “TACGENE, MNHN Paris, France

Abstract: Entomology is facing the new era of high-throughput sequencing, with cumulative transcriptomics and
genomics data available on a diversity of model and non-model insect species. Challenges are now to develop
functional tools, especially in non-model species, to translate genome research into insect physiology.

We report here the development of the Clustered regularly interspaced palindromic repeats (CRISPR)-Cas9 technology
in a moth, the crop pest Spodoptera littoralis (Lepidoptera; Noctuidae), and its use as a reverse genetic tools to
decipher the molecular bases of the moth chemical ecology. We present several examples of knocked-out odorant
receptor (OR) genes and the effects on the insect physiology and behavior. Among these examples, we showed that
the knock-out of the Orco gene induced large anosmia. The knock-out of a single pheromone receptor impaired sex
pheromone detection and disrupted mating. In Lepidoptera, loss of-function studies using RNAi are generally difficult to
achieve and heritable transgenesis has been developed on a very limited number of species. Thus CRISPR, because of
its simplicity, opens unprecedented routes in the understanding of Lepidoptera olfaction and, more generally, in non-
model insect functional genomics.
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DROMYTAL: Drosophila suzukii management through yeast-based trapping lures

Authors: Becher Paul’, Rehermann-delRio Guillermo', DUMENIL CLAIRE*, Simone Cossu Carlo?, Eisenstecken
Daniela®, Bianchi Flavia®, Castellan Irene?, Robatscher Peters, Favaro Riccardo?, Angeli Sergio3, Schmidt Silvia2

and Spitaler Urban?, 'Department of Plant Protection Biology, Swedish University of Agricultural Sciences, Sweden,
2Entomology Group, Institute for Plant Health, Laimburg Research Centre, Italy, 3Faculty of Science and Technology,
Free University of Bozen-Bolzano, Italy, “Faculty of Science and Technology, Free University of Bozen-Bolzano, Italy,
SLaboratory for Flavours and Metabolites, Institute for Agricultural Chemistry and Food Quality, Laimburg Research
Centre, Italy, 6Laboratory for Flavours and Metabolites, Institute for Agricultural Chemistry and Food Quality, Laimburg
Research Centre, ltaly, 7Swedish University of Agricultural Sciences, Sweden

Abstract: Drosophila suzukii Matsumura (Diptera: Drosophilidae) originates from South-East Asia and was first
detected in Europe in 2008 as a pest insect of soft- and thin-skinned fruit crops. D. suzukii is responsible for major
commercial losses in small stone fruit, berry fruit farms and viticulture in Italy and in many other countries. Female flies
lay eggs in ripening fruits through a punctured hole in the skin. Larvae feed on the flesh and the punctured skin is prone
to infestations by microorganisms and other insects, leaving fruits unmarketable. Integrated pest management methods
are currently developed to limit the use of insecticides. One possibility to maintain a low population of D. suzukii in the
field is the manipulation of insect behavior with semiochemicals. Notably, several yeast species localized on grape fruits
have been associated with feeding and egg laying in D. suzukii. The interaction between yeasts and D. suzukii can be
exploited in pest control strategies to protect commercial crop systems.

The present project aims to create an attract-and-kill tool with a yeast lure which can selectively attract adults D. suzukii
onto insecticide-based substrates. The final goal of this system is to reduce D. suzukii infestation and reduce the use of
insecticides on commercial crops. For these reasons we developed a multidisciplinary approach consisting in: 1. The
selection of the most attractive yeast strains among eight yeast strains that can be used as an attractive feeding source
for D. suzukii; 2. The identification of attractive yeast volatiles for D. suzukii; 3. The identification of phagostimulants
from yeasts to create a feeding substrate; 4. The characterization of D. suzukii behavior towards yeasts, plants and
insecticides; 5. Semi-field and field experimentation in vineyards of susceptible cultivars (e.g. Schiava) to test the
efficacy and persistence of the novel attract and kill system.

Among the eight yeast strains tested, Hanseniaspora uvarum showed to be the most attractive one. Volatile compounds
were collected from yeast headspace with closed loop stripping analysis (CLSA), solid-phase microextraction (SPME)
and direct headspace, and then characterized by gas chromatography - mass spectrometry (GC-MS). Bioactive
compounds were characterized using gas chromatography electroantennography detection (GC-EAD) on adult

flies. The detection of these chemicals was characterized with EAG dose-responses on adult flies. Metabolites were
analyzed using ion chromatography with pulsed amperometric detection (IC-HPAE-PAD) and a conductivity detector
and liquid chromatography-electrospray ionization-triple quadrupole mass spectrometry (UHPLC-QqQ). For testing the
attractiveness and adulticide efficacy of our yeast-based trapping lure laboratory and semi-field trials were performed
with and without insecticides.

The project DROMYTAL is funded by “European Regional Development Fund (ERDF) 2014-2020".

Host preference and interspecific interactions between Drosophila suzukii and Drosophila
melanogaster

Authors: Becher Paul?, Rehermann-delRio Guillermo? and A. Kwadha Charles', 'Chemical Ecology - Horticulture,
Dep. of Plant Protection Biology, Swedish University of Agricultural Sciences, Alnarp, Sweden, 2Department of Plant
Protection Biology, Swedish University of Agricultural Sciences, Sweden, 3Swedish University of Agricultural Sciences,
Sweden

Abstract: Many Drosophila species develop on overripe fruit substrate and associated microorganisms. Interestingly,
the agricultural pest, Drosophila suzukii, is capable of attacking fresh soft-skinned fruit causing economic losses to

the fruit industry. From early ripening, fruit gets pierced and damaged through egg-laying and larval feeding inside the
pulp. Moreover, wounding facilitates secondary microbial infections and furthermore makes ripening fruit accessible

for D. melanogaster infestation. Interested in the ecological interactions between D. suzukii and D. melanogaster,

we first examined the olfactory preference of D. suzukii and D. melanogaster for different developmental stages of
raspberry fruits. We demonstrate that in competitive choice-assays between unripe, ripe and overripe fruit, the olfactory
preference of D. suzukii females is dependent on mating state. Furthermore, fruit preference differed between females
of D. suzukii and D. melanogaster. Secondly, we studied how heterospecific interactions influence the flies’ oviposition
behaviour. Overall, our results suggest that the specific preference for fruit in D. suzukii and D. melanogaster is not only
dependent on the fruit's developmental stage but also the flies’ mating state as well as interspecific cues. Insight into
the behavioural responses to host odours and fly signals facilitates understanding of the ecological and evolutionary
relations between D. melanogaster and D. suzukii.
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Influence of elevated CO2 content in ambient air on emitted leaf volatiles of Vitis vinifera and
Pyrus communis.

Authors: Becker Christine', Gross Jiirgen2, Reineke Annette!, Gallinger Jannicke? and Rid Margit3, 'Dept. of Crop
Protection, Hochschule Geisenheim University, Geisenheim, Germany, 2Julius Kiihn-Institut, Federal Research Centre
for Cultivated Plants, Institute for Plant Protection in Fruit Crops and Viticulture, Germany, 3Julius Kiihn-Institut, Institute
for Plant Protection in Fruit Crops and Viticulture, WG Applied Chemical Ecology, Dossenheim, Germany

Abstract: Climate change can threaten our food production. Because of changing temperatures and concentrations

of greenhouse gases, well-established pest insect control techniques may have to be adapted to the changing
requirements to stay effective. Especially temperature, elevated carbon dioxide (CO2) and ozone concentrations will
have significant impacts on the environment and therefore certainly on control strategies based on chemical ecology of
insects. Here we test the hypothesis that allelochemically mediated communication is influenced by the determinants
of climate change. The main question posed in this study is: Does the volatilomes of grapevine (Vitis vinifera) and of
pear (Pyrus communis) got altered by climate change determinants. We present the results of a two-year survey on
the effects of elevated CO2 from a field study carried out in a German vineyard equipped with a FACE (free air carbon
dioxide enrichment) ring system, which enables to measure the effects of elevated (500 ppm) to ambient (400 ppm)
directly.

Plant nutrient supply alters the magnitude of indirect interactions between insect herbivores:
From foliar chemistry to community dynamics

Authors: Becker Christine?, Lavoir Anne-Violette4, Le Bot Jacques?®, Desneux Nicolas®, Han Peng' and Larbat Romain?,
Chinese Academy of Sciences, China, 2Dept. of Crop Protection, Hochschule Geisenheim University, Geisenheim,
Germany, ]INRAE, France, “University Cote d’Azur, France

Abstract: Density- and trait-mediated indirect interactions (DMlls and TMIls, respectively) are important drivers of
community dynamics. However, it remains unclear how plant nutrient supply affects the magnitude of such interactions.
A series of experiments were performed by setting up a four-species “diamond” food web, comprising a plant species
(tomato), two insect herbivore species (a leaf miner and an aphid), and a shared natural enemy (a predatory bug).

We found strong indirect effects of the leaf miner on the aphid. Leaf miner eggs negatively affected aphid populations
due to increased predator abundance (DMIIs), while the presence of leaf miner larvae delayed aphid development

and increased its risky defence behaviour (TMIIs). The latter scenario could be further explained by enhanced foliar
chemical defence and decreased nutritional quality.

Will climate change affect biological control of the European grape berry moth (Eupoecilia
ambiguella)? Lessons learned from a VineyardFACE facility.

Authors: Becker Christine', Reineke Annette' and Capponi Lisa’, 'Dept. of Crop Protection, Hochschule Geisenheim
University, Geisenheim, Germany

Abstract: The increasing atmospheric carbon dioxide (CO2) concentration is expected to influence trophic interactions
between plants and associated insects. While the direct effect on insects may be negligible, the indirect effect, mediated
by altered host plant quality, can change the herbivore’s performance and, hence, can result in bottom-up effects on
natural enemies. Since CO2 assimilation via photosynthesis is a fundamental process of plant metabolism, increased
availability thereof can have a major impact on plant quality, both in terms of nutritional quality and level of chemical
defense. Such tritophic interactions between crop plants, herbivores, and natural enemies are pivotal components of
many biological control strategies.

European grape berry moth (GBM; Eupoecilia ambiguella, Tortricidae) is an important insect pest on grapevine in
Europe. In the vineyard, E. ambiguella eggs are subject to parasitism by the egg-parasitoid Trichogramma cacoecia.
Larval food quality can influence numerous life history traits of tortricid moths, for instance the number and size of eggs
laid by adults. Larger eggs often contain more nutrients than smaller ones which makes egg size an important factor for
parasitoid fitness, possibly affecting their parasitism preference and/or performance.

We used grapes cultivated in the Geisenheim VineyardFACE (Free-Air Carbon dioxide Enrichment; Vitis vinifera cv.
‘Riesling’) to test whether elevated CO2 indirectly affects GBM life history traits. In laboratory experiments, we reared
GBM on artificial diet enriched with grapes cultivated under ambient (aCO2: 400 ppm) or elevated CO2 (eCO2: 480
ppm). On diet containing eCO2-grapes, larval survival was lower and more females hatched successfully compared to
aCO2-grape diet. The eggs females laid, however, were smaller when larvae fed on eCO2- compared to aCO2-grape
diet. While increased larval mortality might lead to reduced pest pressure in the future, decreased egg size might result
in reduced parasitism. The respective parasitism and emergence rate as well as tibia length of T. cacoecia are being
investigated and will be presented at the congress.

While elevated CO2 concentration is only one facet of climate change, our results demonstrate that its indirect effect on
insects can be complex and might differ between trophic levels. In order to anticipate future success of biological pest
control, comprehensive studies are crucial.
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Are we able to stop the invasion of Aedes albopictus in Germany?
Authors: Becker Norbert, 1) Institute of Dipterology (IfD), Speyer, Germany; 2) University of Heidelberg, Germany

Abstract: In Germany the Asian tiger mosquito Aedes albopictus was first recorded in 2007 north of Basel at highway
5 coming from ltaly via Switzerland. Since that this species expanded tremendously and is found almost at each
resting/service station along the highway. The main tool for introduction to Germany are vehicals e.g. returning tourists
or trucks coming from the heavily infested mediterranian area. Whereas, up to 2017 in 5 communities established
populations were recorded, in 2019 16 communities were infested by Aedes albopictus. Our ultimate goal is the
immediate assessment of the Ae. albopictus populations, to assess the size of the infested area and abundance of

tiger mosquitoes, and if necessary set up a control programme with the city authorities in close cooperation with the
health departments. The public awareness (passive monitoring) is a very powerful tool to record tiger mosquitoes area-
wide. Inhabitants send us suspected specimen or pictures of invasive mosquitoes. Control operations are immediately
implemented if a established population is indentified. The control strategy comprises 4 colums: 1) Community
participation stimulated by thorough information of the public by flyers, press releases or exhibitions in the communities
which are affected. 2) and 3) the main asset to strongly reduce or even eliminate the population are ,door-to-door*
inspections in a three week interval going along with the applications of Bti (Vectobac WDG) at high dosages to achieve
long-term effects for at least two months in mass breeding sites as rainwater containers or small water collections.
Despite all efforts in some locations we achieved only a reduction of the Aedes albopictus population for about 95% due
to cryptic breeding sites or non accessability of the promises. Therefore, we implement as 4. column the SIT (Sterile
Insect Technique) in close cooperation with the Centro Agricolura Ambiente (CAA) in Crevalcore (ltaly). Our genotype is
massed reared, sexed by sieving at CAA and finally the males are sterilized by Gamma-radiation (35 Gray). About 1500
males/ha were released at a weekly basis in the infected areas from May till October. Employing ovitraps the sterility
and occurrence of Tiger mosquitoes were determined. As a result in some areas the Aedes albopictus populations were
wiped out. Nonetheless, it seems that Aedes albopictus is established in South-West Germany and needs a long-tern
control activity and engagements of the communities. The establishment of the Asian Tiger mosquito is favorited by
climate extremes the last years such as very hot sommers which increase the likelihood of transmission of arbovirus.

Mating system, control of breeding resources, and body size predict acoustic signalling in bark
and ambrosia beetles

Authors: Bedoya Carol*, Brockerhoff Eckehard?, Kirkendall Lawrence?, Hofstetter Richard' and Nelson Ximena#,
"Northern Arizona University, United States, 2Swiss Federal Research Institute WSL, Switzerland, 3University of Bergen,
Norway, “University of Canterbury, New Zealand

Abstract: Playing a significant role in sexual behaviours, such as premating recognition, courtship, and copulation,
acoustic communication in beetles is diverse and often sexually dimorphic. However, the factors that determine the
presence of acoustic signalling in a given species remain unclear. We examined acoustic communication in bark and
ambrosia beetles, a speciose group with diverse forms of reproduction and mating systems taking place within plant
tissue. For the first time, we show that, for any given species, mating system, sex that defends breeding resources, and
size predict both the presence of acoustic communication and the sex that signals.

Attack of the clones
Authors: Beekman Mariska, Wageningen University & Research, Netherlands

Abstract: The green peach aphid (Myzus persicae) (Hemiptera: Aphididae), is the most economically important aphid
pest worldwide. This species is highly polyphagous and is well known for its ability to become resistant against many
different groups of insecticides. We aimed to gain insight into the genetic structure of M. persicae populations in both
conventional (insecticides are used in addition to biological control) and organic (no insecticides are used, and only
biological control is used) Dutch sweet pepper greenhouses. We sampled aphids over four consecutive years (2019-
2022) and determined aphid multilocus genotypes with the use of microsatellite analysis. Our results indicate that M.
persicae populations in sweet pepper greenhouses are strongly affected by pest control strategy, as well as by the
usage of specific pesticides. These strong differences in population genetic structure of M. persicae between organic
and conventional greenhouses mean that biocontrol agents have to deal with different types of aphid populations in
greenhouses using these two types of aphid control (organic versus conventional). Furthermore, our results seem to
indicate that M. persicae continues to develop resistance against the currently used insecticides, and emphasize the
need for successful biocontrol practices to keep on controlling these insect pests in agricultural systems.
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Aphids out of control? The role of symbiont-driven resistance to parasitoids in greenhouse
biocontrol success

Authors: Beekman Mariska?, Donner Helena3, Pannebakker Bart4, Verhulst Eveline?2, Zwaan Bas?, Dicke Marcel’,
"Laboratory of Entomology, Wageningen University, Wageningen, The Netherlands, Netherlands, 2Wageningen
University & Research, Netherlands, 3Wageningen University, Netherlands

Abstract: Parasitoid wasps are widely deployed in greenhouses to biologically control aphid pests. From time to time,
however, the success of parasitoids aphid pests control is unsatisfactory. In 2003, it was first published that specific
bacterial endosymbionts can protect their hosts against parasitoid wasps, potentially explaining the occasional failure of
parasitoids to suppress greenhouse aphid populations. Nowadays we know of multiple endosymbionts of which specific
strains can protect aphids against their hymenopteran enemies. Previous studies have shown that these endosymbionts
are prevalent in natural aphid populations but the occurrence and effects of these protective endosymbionts in
greenhouse aphids remain unstudied. This is striking since control of greenhouse aphids relies heavily on the use

of parasitoid wasps, both in organic and conventional greenhouses. Protective endosymbionts are expected to

greatly affect aphid-parasitoid community dynamics in greenhouses. Because of this reason, greenhouses harboring
endosymbiont-infected aphids might need alternative control strategies to optimize the control of their aphids.

In our study, we investigate the occurrence and prevalence of aphids and their endosymbionts in greenhouses and field
populations in the Netherlands. Our aim is to understand which aphid-symbiont combinations are present, and how they
affect parasitism rates.

La Cage aux Feuilles: Physical Exclusion of Brown Marmorated Stink Bug in Tree Fruits

Authors: Beers Elizabeth' and Marshall Adrian?, 'Department of Entomology, Washington State University, United
States, 2Washington State University, United States

Abstract: Brown marmorated stink bug is a recent invader of the tree fruit growing regions of the western US. In an
effort to avoid the disruption of IPM programs that has occurred in other invaded regions, we explored a non-pesticidal
method of control: physical exclusion. Using native stink bugs as a proxy, we found that damage inside a multiple-tree
cage was lower than in the sprayed or unsprayed check. Additional benefits of the cage included reduced levels of
sunburn and damage from a key pest, codling moth. However, there were consistently higher levels of woolly apple
aphid inside the cages, associated with greatly reduced abundance of lacewings and syrphids, known aphid predators.
Single wall barriers were also tested as a less expensive alternative to orchard cages. We determined that the majority
(94%) of stink bugs migrated into the orchard from native shrub-steppe vegetation between 0.4 and 3.2 meters.
Replicated single-wall barriers 4 m in height were constructed on orchard borders where the native vegetation was
known to harbor stink bugs. The barriers included 15 cm flaps to trap stink bugs migrating upwards on the net. These
were compared with flaps fitted with insecticide-infused netting, which killed more stink bugs than the net-only flaps, but
also more non-target organisms.

Cacopsylla pyricola uses substrate-borne vibrations to communicate with and attract mates
(Hemiptera: Psyllidae)

Authors: Beers Elizabeth', Jocson Dowen?, Crowder David?, Horton David?, 'Department of Entomology, Washington
State University, United States, 3Washington State University, United States, 2United States Department of Agriculture,
United States

Abstract: There are a number of species within the family Psyllidae that are economic pests in fruit crops. One of the
most prevalent is the pear pyslla, Cacopsylla pyricola (Férster) (Hemiptera: Psyllidae). This psylla can transmit disease,
inject phytotoxin, and cause fruit russetting on pear trees. In depth understanding of their mating behavior, specifically
their communication system can provide a more targeted integrated pest management strategy. Here, we report one of
the first evidence of substrate-borne vibrations in C. pyricola as a way to communicate with, attract, and locate mates.
We also characterized and identified signal traits of male courtship songs that can be influenced by environmental
stimuli such as temperature, substrate and pheromone presence, which could provide potential mating disruption
mechanisms.
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From pest to delicacy: entomophagy as boon for managing scarab beetle in Majuli river island
of Assam, India

Authors: Begum Ashmaz?, Bhattacharyya Badal', Bidyarani Devi Elangbam' and Bhagawati Sudhansu’, 'All India
Network Project on Soil Arthropod Pests, Department of Entomology, Assam Agricultural University, Jorhat, India,
2Assistant Food Analyst, State Public Health Laboratory, Assam, India

Abstract: Bioecology of the white grub beetle, Lepidiota mansueta was studied in Majuli river island and Department
of Entomology, Assam Agricultural University during 2005-2010. This species had appeared as a severe key pest

of many field crops in Majuli, the largest mid-river deltaic island of the world. The most severely affected crops were
potato, sugarcane, colocasia and green gram and the extent of damage varied from 42-48, 15-20, 35-40 and 30-35 per
cent, respectively. L. mansueta is a unique biennial species, which is the first of its kind from North East India. It has
the unique distinction as the first Indian phytophagous white grub species with nonfeeding adults. The species spent its
entire life cycle under the ground except for a very short period (2-3 weeks) during which adults come out of the ground
for mating and oviposition. Light trap was found highly effective to catch the beetles during their premating flight (6.15-
7.15 pm) and thereafter scouting to pick up the mated pairs found abundantly on sheltering plants was also feasible. To
combat the beetle menace, a massive mass campaigning was conducted in the island embracing social engineering
approaches exploring light traps and scouting by deploying 400 farmers at 40 beetle endemic villages during 2010-2019
leading to massive collection and killing of approximately 11.33 lakhs beetles.

Efforts were made to analyze the nutritional profiling of the beetles for their further exploration as human food/animal
feed. The proximate analysis of the beetles revealed a higher amount of crude protein content (76.42%) along with
other proximate parameters like crude fat (4.10%), crude fibre (5.16%), total mineral (2.98%), carbohydrate (9.18%) and
moisture (2.16%). The energy content was 379.29 kcal/100g of sample. Elemental analysis revealed the presence of

7 minerals viz., Na (27.76), K (14.20), Ca (33.33), Fe (1.64), Cu (6.52), Zn (15.55) and Mn (1.30) mg/100 g of sample.
As antioxidant properties, the phenol and flavonoid content was found to be 4.00 mg catechol equivalent/g and 1.59
mg quercetin equivalent/g, respectively. The DPPH was registered 22.60 per cent whereas tannin (3.24 mg/g) as
antinutritional compound was recorded at acceptable level. Fatty acid profiling showed maximum amount of saturated
fatty acid (2.24%) followed by mono unsaturated fatty acid (0.57%) and polyunsaturated fatty acid (0.49%). Altogether
10 fatty acid were estimated, of which palmitic acid content was recorded in maximum amount (0.28%). Amino acid
profiling registered 17 amino acids, of which 8 were found essential. Considering the immense nutritional value of the
beetles, two dishes viz., beetle fry and roasted beetles were developed and popularized through community feast. This
mass campaigning programme had tremendous impact in terms of protecting the crops, disseminating ecofriendly
technologies, enhancing crop productivity as well as improving both livelihood and nutritional security.

Improving an attract and kill strategy targeting wireworms: influence of biotic and abiotic
parameters

Authors: Beitzen-Heineke Elisa?, Przyklenk Michael', Vidal Stefan3, Laurenz Sebastian® and Patel Anant4, 'Biocare
GmbH Biological Plant Protection, Dassel-Markoldendorf, Germany, 2BIOCARE GmbH, Germany, 3Georg-August-
Universitat Géttingen, Department of Crop Sciences, Agricultural Enettingen, Germany, ‘WG Fermentation and
Formulation of Biologicals and Chemicals; Faculty of Engineeing and Mathematics Bielefeld University of Applied
Sciences, Germany

Abstract: Wireworms, the polyphagous soil-dwelling larvae of click beetles (Coleoptera: Elateridae), are major insect
pests of worldwide relevance causing tremendous yield losses in several crop production systems, like potatoes. In the
projects ATTRACT and ATTRACAP, we developed novel mechanically stable beads containing CO2 emitting baker’s
yeast as an attract component, an isolate of M. brunneum as a kill component and a substrate as a nutrient source and
drying aid. Commercialized as ATTRACAP®, the beads are produced by bioencapsulation of both the micoorganisms
and the substrate in alginate and dried with a fluidized-bed drying process. The attract and kill formulation allows an
application dose of 30 kg/ha with an active substance of 1,2 x 1010 conidia’ha, thus making the product cost-effective
and eco-friendly. New insights into which external factors influence the efficacy of ATTRACAP® and how new adapted
formulations and application technologies are able to level out these variations will be presented.

To conclude, this novel CO2-releasing bead system is not only suitable for cost-effective delivery of low doses of fungal
biological control agents to the soil against wireworms, but it can also be transferred to other soil dwelling pest species.
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A long non-coding RNA modulates tiger mosquito reproductive ability and points to species-
specific insecticide applications

Authors: Belavilas-Trovas Alexandros', Gregoriou Maria-Eleni', Soukia Olga', Tastsoglou Spyros?, Giakountis Antonis?,
Mathiopoulos Kostas', 'Dept of Biochemistry & Biotechnology, University of Thessaly, Greece, 2Dept of Computer
Science and Biomedical Informatics, University of Thessaly, Greece

Abstract: Long non-coding RNA (IncRNA) research has emerged as an independent scientific field in recent years.
Despite their association with critical cellular and metabolic processes in plenty of organisms, IncRNAs are still a largely
unexplored area in mosquito research. We propose that they could serve as exceptional tools for pest management due
to their unique advantages, such as low inter-species sequence conservation and high tissue specificity. In the present
study, we investigated the role of ovary-specific IncRNAs in the reproductive ability of the Asian tiger mosquito, Aedes
albopictus. Through the analysis of transcriptomic data, we identified several IncRNAs that were differentially expressed
upon blood feeding. Then, we applied an RNAI pipeline and observed that silencing of a IncRNA (Norma3) resulted

in significant impact on its fecundity and fertility. Specifically, compared to anti-GFP control, anti-Norma3 group laid
57% eggs, while out of the laid eggs 47% hatched. Moreover, we scrutinized the expression profile of deficient ovaries
and detected a significant expression drop in a cluster of mucins, indicating a potential mechanism of in cis regulation
between them. Our work demonstrates the first, to our knowledge, experimental proof-of-evidence connecting INcRNAs
with mosquito reproduction and opens a novel path for pest management.

Screening of biocontrol agents in Russia: long-run experience and new approaches
Authors: Beliakova Natalia, All-Russian Institute of Plant Protection, Russia

Abstract: The current approach to the screening of natural enemies is mostly just a long process of “trial and error”,
which is based on comparative analysis of species in relation to some traits (so-called criteria of natural enemy
efficacy). However, the same traits may have different effects depending on their combination and under different
conditions.

We need an approach that could bring all the information about the species together, process it mathematically, and
summarize it all in one final indicator. The methodological basis for that would be the system of life strategies invented
by Grime (1973), which includes three primary strategies: violents, patients, and ruderals. In their pure form, those
primary life strategies are connected by trade-off relations, i.e. mutually exclusive of each other. However, different
strategies may appear in the same species depending on the Spatio-temporal changes in the environment, primarily
limiting factors, the fluctuation of which put at risk the species survival. We determine the position of the species

in the three-dimensional space of life strategies, taking into account indicators reflecting its resistance to stress

and competitive crowding out, as well as the ability to quickly realize the reproductive potential in the presence of a
competitor-free food resource. We are not limiting ourselves to analyzing the life history strategies of only predators and
parasitoids, but also conducting a similar analysis of their victims and host plants. It let us expand our understanding
of the co-evolutionary relationships of organisms at three trophic levels in the triotroph system (plant-phytophagous-
entomophagous).

The key problem of natural enemy screening is that quick adaptation to new conditions could make species effective
biocontrol agents and harmful invaders as well. Despite all the external differences, biocontrol and invasion have much
in common.

Thanks to the data accumulated over the last 150 years of biocontrol development, we have a unique opportunity to
“have a sneaky peek at the correct answer”. The life-history strategies of successfully used and relatively safe natural
enemies might be compared with those species that are not considered promising for biocontrol. An analysis of the
distribution of “successful” and “unsuccessful” natural enemies within the Grime’s triangle opens up new possibilities
for selecting species within certain systematic groups. This analysis helps to identify the combination of signs and
environmental factors (including anthropogenic ones) that have turned some species into our indispensable helpers in
pest control, while others - into dangerous invaders.

Factors driving the within-plant patterns of resource exploitation in a herbivore
Authors: Bellec Laura, University of Rennes1, France

Abstract: In herbivores, although specific within-plant patterns of resource exploitation at the intra-individual scale
have been reported, such patterns remain scarcely described and their determinants poorly understood. Here, we
describe and try to decipher the determinants of the foraging pattern of the pollen beetle (Brassicogethes aeneus),

a pollinivorous insect that is a pest of oilseed rape (Brassica napus). This insect feeds from flowers for almost all of
its life cycle, except for a couple of weeks preceding blossoming. During this period, only flower buds are available
and the insect destroys them to feed from the pollen they contain, causing serious yield losses. We found that during
this critical period, pollen beetles exhibit a stereotypic intra-inflorescence feeding pattern that depends on flower bud
maturity. To explain this pattern, we first deciphered the selective pressures driving pollen beetles’ feeding behavior.
Since flowers are the natural food source of this insect, we used the preference for flowers over flower buds to achieve
that goal. Our results reveal that pollen beetles’ feeding behavior seems to be driven by a process of maximization of
total macronutrient intake. We next found that the intra-inflorescence feeding pattern of pollen beetles could be well
explained through this lens.
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Could E93 play the adult specifier role in the embryo?

Authors: Belles Xavier', Ylla Guillem?, Daimon Takaaki®, Fernandez-Nicolas Ana2, Machaj Gabriela*, Ventos-Alfonso
Alba?, Pagone Viviana2, Minemura Toshinori®, Ohde Takahiro®, 'Institute of Evolutionary Biology (CSIC-UPF), Spain,
?|nstitute of Evolutionary Biology, CSIC-Universitat Pompeu Fabra, 3Jagiellonian University, NIP: PL675-000-22-36,
Poland, 4Laboratory of Bioinformatics and Genome Biology, Jagiellonian University, SLaboratory of Insect Physiology,
Kyoto University

Abstract: E93, the factor that triggers metamorphosis in insects, has an expression peak in the preadult stage

of hemimetabolans and holometabolans. We observed another E93 expression peak in early embryo of the
hemimetabolan Blattella germanica, whereas E93 expression is low in the embryo of the holometabolan Drosophila
melanogaster. Depletion of E93 transcripts in B. germanica embryos interrupted the development. RNA-Seq analysis
of these embryos revealed a number of up- and down-regulated genes compared with controls. Downregulated genes
were enriched for functions involved in development. We wondered whether low and high embryonic levels could be

a general trend in hemimetabolans and holometabolans, respectively. Thus, we queried publicly available RNA-seq
datasets from embryos and preadult stages of insects to estimate the expression of E93. The results showed that
hemimetabolan embryos tend to express E93 at high levels, comparable to those of the last nymphal instar. In contrast,
E93 in holometabolan embryos tends to be very low compared to pupal expression levels. We conjecture that E93
expression in the hemimetabolan embryo could drive the development of the adult-like morphology shown by the
nymphs. Also, that the reduction of embryonic expression of E93 could have been instrumental for the emergence of the
larva and holometaboly.

Paleopterans join the MEKRE93 club

Authors: Belles Xavier?, Kamsoi Orathai2, Ventos-Alfonso Alba?, Casares Fernando' and Almudi Isabel!, 'Centro
Andaluz de Biologia del Desarrollo (CSIC-UPO-JA), 2Institute of Evolutionary Biology (CSIC-UPF), 3Institute of
Evolutionary Biology (CSIC-UPF), Spain

Abstract: larva (divergent from the adult), pupa and adult. Hormonal control of metamorphosis is based on ecdysone,
which triggers molts, including metamorphic ones, and juvenile hormone, which represses metamorphosis. At the
molecular level, metamorphosis is regulated by the MEKRE93 pathway, by which the juvenile hormone, through its

Met receptor, induces the expression of the transcription factor Kr-h1, which represses the expression of the E93
factor, which is the trigger of metamorphosis. The MEKRE93 pathway is conserved in Polyneoptera and Paraneoptera
(hemimetabolans) and in Endopterygota (holometabolans), although in the latter it is more complex, as it incorporates
the transcription factor Br-C, which determines the pupal stage. We have found that metamorphosis in Cloeon dipterum
(Ephemeroptera) is also regulated through the MEKRE93 pathway, similarly to Polyneoptera. More recently, Okude,
Futahashi and collaborators have shown that Ischnura senegalensis (Odonata) also regulates metamorphosis by the
MEKRE93, although with some specific variations. Thus, we can conclude that this pathway regulates metamorphosis in
all insec