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Abstract

Every year, the Student Debates Subcommittee (SDS) of the Student Affairs Committee (SAC) for the annual
Entomological Society of America (ESA) meeting organizes the Student Debates. This year, the SAC selected topics
based on their synergistic effect or ability to ignite exponential positive change when addressed as a whole. For
the 2019 Student Debates, the SAC SDS identified these topic areas for teams to debate and unbiased introduction
speakers to address: 1) how to better communicate science to engage the public, particularly in the area of integrated
pest management (IPM), 2) the influential impacts of climate change on agriculturally and medically relevant insect
pests, and 3) sustainable agriculture techniques that promote the use of IPM to promote food security. Three
unbiased introduction speakers gave a foundation for our audience to understand each debate topic, while each of
six debate teams provided a strong case to support their stance or perspective on a topic. Debate teams submitted
for a competitive spot for the annual ESA Student Debates and trained for the better part of a year to showcase
their talents in presenting logical arguments for a particular topic. Both the debate teams and unbiased introduction
speakers provided their insight toward a better understanding of the complexities of each topic and established a
foundation to delve further into the topics of science advocacy and communication, climate change, and the many
facets of integrated pest management.
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Debates Introduction

The Student Debates Subcommittee (SDS), composed of a subset
of members from the annual Student Affairs Committee (SAC),
identifies topics of interest and organizers ESA’s Student Debates.
The 2019 debate topics were selected for their ability to ignite

and inspire advocacy in science and to promote greater discus-
sion and action from the scientific community. The 2019 Student
Debates were held during the Entomological Society of America
(ESA) Annual Meeting in St. Louis, MO, with the meeting theme of
‘Advocate Entomology’.
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Student members of the ESA community submitted for competi-
tive slots to participate in the student debates. Debates teams worked
for the better portion of a year to prepare, research, and write for
a debate topic. During the debates, team members showcased their
critical thinking skills and knowledge of each topic through sum-
maries delivered at the beginning of each debate and on-the-spot
responses to rebuttals and judge questions.

The 2019 ESA Student Debate unbiased introductions and topic
summaries are provided in this article. The debate topics included:

1) How can scientists better communicate with the public to get
them more engaged in integrated pest management (IPM)?

2) What is the most influential impact of climate change on
entomology?

3) Sustainable agriculture (such as polyculture/farmscaping/push—
pull) is the best approach to farming when incorporating IPM
techniques (pro/con).

How Can Scientists Better Communicate With the
Public to GetThem More Engaged in IPM?

Unbiased Introduction by Lina Bernaola
Scientists play a role in informing the public at large on scientific
topics. Engaging friends and neighbors outside of formal class room
settings is a critical task for the scientific community that can raise
awareness of challenges from climate change to agricultural prac-
tices such as integrated pest management (IPM). There is a need to
get more people involved in these issues and this can be done in
a number of ways such as by reading scientific journals or by fol-
lowing social media influencers who focus on scientific topics. In this
debate, we consider two approaches to effectively communicating
IPM to the public: improving scientific literacy and enhancing the
public’s interest in science through popular social media platforms.
Scientific literacy begins at a young age in school, and it helps
shape the minds and critical reasoning abilities (Lawson 2009) of
everyone as they mature and join society. Training in scientific lit-
eracy does not need to stop at a given age though; lifelong learning
is beneficial for improving scientific understanding and combating
disinformation. If critical thinking and scientific training were more
prevalent, the understanding of food production and the use of agro-
chemicals, with all of their environmental rewards and risks (Cui
and Shoemaker 2018), would be more widespread. If the hype of
noncredible sources of information on pest management practices
were drowned out by reputable, scientifically backed sources, then
public discourse could be more productive. The availability of quality
sources is present, but the challenge for building scientific literacy
(Miller 2001, Liu 2009) is having the general public (all individuals
not trained in a specific field or discipline that is being discussed) sort
through and find the best research. From these quality sources, the
general public reader must fully comprehend material that is often
filled with technical terms or undefined scientific jargon. The current
perception of many scientists is that a lack of qualified individuals
(Munir 2017) engaging in science communication leads to an op-
portunity for pundits to speak their opinions, instead of facts, on
important matters of environment, science, and policy. There is an
uphill battle for teaching and public engagement, where only a few
people (less than 5% according to Wilen et al. 2011) are even aware
of IPM. In the study by Wilen et al. (2011), only more relatable terms
such as ‘Responsible Pest Management’ were in the vocabulary of
those interviewed. An increase in defining technical terminology in
scientific articles as well as a reduction of technical jargon in science
communications (such as popular science articles and blogs) could

enhance the accessilbility of content, as it would lower the technical
complexity and literacy required to access information from cred-
ible sources. In consideration of this, some respected journals and
associations, such as Frontiers for Young Minds, the Entomological
Society of America, the American Association for the Advancement
of Science, and the Environmental Protection Agency, accommo-
date many different groups and ages by using many different groups
and ages by using more accessible concepts and platforms (i.e.,
infographics, blogs, visual abstracts, non-technical summaries) con-
cepts to communicate science.

Enhancing scientific literacy of IPM through scientific articles
is only one aspect, though; another approach to informing IPM is
by actively reaching out to the public in ways that genuinely cap-
ture attention. Interactive communication is one of the key elements
to connecting with audiences (Stocklmayer et al. 2001) and social
media excels in this regard. The media platforms developed in the
past few years can give scientists a megaphone (Osterrieder 2013)
to speak about IPM while providing nearly immediate feedback
with counts of views, likes, and comments. For example, Twitter is
one of the most popular social media outlets (Clement 2019) that
uses hash tags to allow people to connect with other like-minded
individuals. For example, using a hashtag such as #scicomm allows
those interested in communicating science to come together easily
and share ideas. Accurate science communication content from ex-
perts and communication specialists that comes in easily accessible
formats could be the best method to get more people interested in
agricultural discussions.

Whether through trusted literature or informative social media,
science communication is on the rise. Understanding science is a
shared responsibility between the scientific community and the
general public. Therefore, the style and content of communica-
tion must be tailored to the intended audience to most effectively
empower people with knowledge. Expanding and facilitating an
audience’s curiosity in IPM will help engage food producers and
policy makers alike in increasingly constructive ways.

Team 1 Stance: Scientists Can Use Social Media to Better
Communicate With the Public and Get Them More Engaged

in IPM

Team Members: Chris McCullough, Jennie Wagner, Max Ragozzino,
Morgan Roth

Faculty Advisor: Dr. Doug Pfeiffer

Academic Institution: Virginia Polytechnic Institute and State
University

Today’s scientists face the struggle of communicating their research.
Although scientists work with the goal of publishing in scientific jour-
nals, this platform is ill-suited and inaccessible to a general audience.
Scientists tend to view the public as ignorant receptacles for their re-
search rather than as individuals who will view this research through
the lens of their education, past experiences, and biases (Ko 2016).
These same scientists may then be surprised when the general public
ignores their research and finds more accessible information through
social media. Although many scientists desire to communicate with
the public via social media (Howell et al. 2019), an us-versus-them
mentality and lack of social media knowledge can hinder scientists
in these efforts; however, if utilized properly, social media can be
the greatest asset scientists have in communicating their research. To
solve the problem of improving public engagement in IPM, aware-
ness through social media is the solution. Social media is an easy and
cost-effective way to reach an enormous target audience, allowing
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for easy measurements of engagement and starting a vast network of
information dissemination among the public.

It is estimated that 75% of adults in the United States use at least
one form of social media (AAAS 2019), and the average American
uses three social media platforms (Smith and Anderson 2018). Of the
various social media platforms available, Facebook has 2.4 billion
users, YouTube has 3 billion, Instagram has 1 billion, and Twitter
has 330 million users (Clement 2019). Millennials are the largest and
most diverse demographic in the United States and are some of the
most frequent users of social media (U.S. Census Bureau 2015, Smith
and Anderson 2018). Aside from reaching unprecedented numbers
of people, social media communication gives the person sharing
the information the ability to target a specific audience and get pre-
cise metrics on the number of people their information is reaching
(Peters et al. 2013). This helps lead to more intentional sharing of
information.

Scientists can improve engagement in their research by learning
simple tactics that have been shown to increase user engagement,
such as word use and grammar (Hwong et al. 2017), along with
presenting messages in a positive light (Mahmud et al. 2014). It is
also important to remember that preference for subject matter can
be overruled on social media by visual cues (Vraga et al. 2019). It
is crucial for scientists to talk directly to the audience at their level,
not talk down to the audience. Social media is a way for scientists
to not only give information, but also receive feedback about the
importance of their work. Although not every social media user will
actively engage with content (i.e., like, share, retweet, or respond to a
call to action), even passive engagement can advance the knowledge
of viewers and may lead to action in the future (Alhayan et al. 2018).

Social media use is only continuing to grow and if scientists
want to have a voice for IPM, they need to learn to dialogue with
the general public through social media. By reducing jargon and
sharing their work in relatable ways, scientists can build public trust
(Haunschild et al. 2019). Rather than talking down to the public,
social media use can allow scientists to unite with the public in
furthering issues like IPM use, which will be mutually beneficial and
only require effective communication to be properly understood.

Team 2 Stance: Improving Science Literacy Among the Public Is

the Best Way to Get Them More Engaged in IPM

Team Members: Leslie Aviles, Zhilin Li, Forest Huval, Manoj
Pandey (LSU2)

Faculty Advisor: Dr. Blake Wilson

Academic Institution: Louisiana State University

The Rise in popularity of organic food and an interest in food la-
beling indicates that the public is interested in knowing more about
the processes associated with food production, particularly genetic-
ally modified organisms (GMOs), pesticide use, and IPM as pesti-
cide use, and IPM (Hallman et al. 2002, Howard 2005). However,
studies show that the public remains generally uninformed about IPM
(Schoelitsz et al. 2019). Surveys of the American public demonstrate
that less than a quarter of people felt they knew how their food was
produced (Howard 2005). The appeal of organically produced food
and aversion to pesticides among the public is based heavily on mis-
conceptions associated with nutrition, agrochemical use, and health
risks (Trewavas 2001, Saba and Messina 2003, Campbell et al. 2014).
Health remains the primary motivational factor for organic food pref-
erence (Lockie et al. 2002, Hughner et al. 2007) when, in fact, there is
little evidence that organic food is safer or more nutritious compared
with conventionally grown food (Magkos et al. 2003, Williamson

2007, Miller and Cohrssen 2018). Public perceptions toward GMOs
are reported to be similarly ill-informed (Oeschger and Silva 2007).
Survey results reviewed by Marris (2001) demonstrate that the ma-
jority of the public was unsure whether tomatoes contained genes.
GMOs are also frequently erroneously associated with unrelated
food-safety issues such as mad cow disease (Marris 2001). Extensive
study of consumers through field and laboratory experiments, in add-
ition to panel surveys, found that preference for non-GM-labeled food
is rooted in moral opposition rather than a scientific basis (Hingston
and Noseworthy 2018).

These public attitudes are being reinforced through the preva-
lence of misinformation and propaganda spread by nonreputable
sources or ‘fake news’. This effect has been exacerbated by the
public’s growing dependence on online sources and social media for
news and information. A survey in 2018 found that about 68% of
American adults at least occasionally get news from social media,
despite over 50% of those respondents admitting they expect in-
accuracy from online sources (Smith and Anderson 2018). In recent
years, fake news has become immensely prevalent on social media.
During the 5§ mo preceding the 2016 U.S. election, 25% of tweets
spread fake or extremely biased news (Bovet and Makse 2019).
Researchers also found fake news spreads significantly faster and
farther than the truth (Vosoughi et al. 2018), which is likely to result
in a deeper influence on the public when compared with credible
information. Fake news strongly influences opinions because it fre-
quently appeals to emotional biases and cultural beliefs (Yap et al.
2018). These opinions are reinforced by the tendency of people to
seek information that supports their currently held beliefs rather
than to look for objective sources (Nickerson 1998).

Scientifically backed information about IPM is readily available
online through works of Extension services and other organiza-
tions (Bajwa and Kogan 2006, Isard et al. 2006, Giles and Walker
2009), but is not accessed by many members of the public. Efforts
by cooperative Extension services, Environmental Protection Agency
(EPA), and other organizations to provide information to the public
regarding IPM and pesticides (Cooper and Dobson 2007, WHO
2013) are often overshadowed by the impacts of fake news. This
is because scientific literacy is needed to identify, locate, and under-
stand credible sources of information, which is reported as deficient
in much of the public population (Metzger 2007). For example, over
two thirds of college students have problems evaluating tweets and
judging website credibility (Donald 2016).

Improving science literacy among the general public will allow
people to distinguish fake news from reliable information, thus re-
ducing the influence of misinformation (Lazer et al. 2018). As scien-
tific literacy improves, public desire to understand food production
and environmental risk can then be channeled toward scientifically
backed sources resulting in increased engagement in IPM.

What Is the Most Influential Impact of Climate

Change on Entomology?

Unbiased Introduction by Kadie Britt

Climate change is an issue faced by our planet. It is not a new
concept nor will it be easily resolved. Climate change impacts
humans and many of the problems we are currently facing or
will be facing in the future are insect related. Insects are the most
diverse class of organisms on earth, having many detrimental and
beneficial effects on humans and natural ecosystems, so it is no
surprise that changes to insect biology and pest status are con-
sidered in the realm of global environmental change (May and
Beverton 1990).
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A major consequence of climate change to entomology is shifting
climate regimes in most areas of the world and, as a result, insect
species can now occupy areas of the world previously outside their
habitat range (Falt-Nardmann et al. 2018). This has major implica-
tions for crop, human, and animal protection worldwide. With the
current change in climate, crops are at greater risk of plant stress and
insect damage, whereas growers face greater potential economic loss
(Kistner 2017). Medically important insects are able to remain viable
across greater distributions for longer durations of time, heightening
pathogen transmission potential. Climate change is currently affecting
and will continue to affect every person throughout earth.

Due to rising temperatures, numerous crop pests NnOwW occupy areas
farther north than their traditional range of distribution (Bebber et al.
2013). Winter die-off of pest insects is a usual form of natural popu-
lation maintenance (Kistner 2017). However, many locations at higher
latitudes are experiencing warmer winter temperatures, leading to
higher densities of emerging pest insects that will reproduce, feed on,
and damage crops for a longer period (Bale et al. 2002). Related, shifts
in insect life cycles due to increased temperatures are leading to earlier
emergence and geographic distribution of overwintering insects (Bell
et al. 2015). Climate change predictions show that current multivoltine
insects will have an even greater number of generations per year, leading
to greater economic damage and ultimate crop yield loss (Yamamura
and Kiritani 1998, Tobin et al. 2008, Ziter et al. 2012). Although we
may see a decrease in suitable habitat for several pests in more southern
regions (i.e., equatorial areas) due to increased temperatures, we could
see a drastic increase in range expansion of crop pests in more northern
regions due to warming climates making previously unsuitable habitat
more favorable (Altizer et al. 2013, Mordecai et al. 2017).

Not only will insect density, phenology, and crop and human
risk to insect pests be altered, but efficacy of pest control strategies
will likely decrease, or at least be altered (Harrington et al. 2001).
Consider beneficial insects—similar to the way pest insect density
and phenology change, beneficial insect density and phenology will
be altered and we may see lower success of pest management by cer-
tain beneficial insect species (Harrington et al. 1999). Considering
chemical control, days suitable for spraying will increase in current
dry areas and decrease in wetter areas (Harrington et al. 2001).
Toxicity of active ingredients may also lessen due to environmental
conditions altering chemical stability or volatility through changes in
pest behavior or susceptibility (Harrington et al. 2001).

Continued changes in climate will lead to altered habitat suit-
ability for pathogen transmitting organisms or vectors (Tjaden
et al. 2018). Increased winter temperatures may lead to greater
overwintering success of insect vectors. Increased precipitation due
to climate change could lead to increased habitat availability of in-
sect vectors due to increased soil moisture, humidity, and natural
pond availability (Tjaden et al. 2018). Although extreme flooding
events can lead to the destruction of vector habitats through flushing
of stagnant water bodies, it can simultaneously create new breeding
grounds when water recedes (Ahmed and Memish 2017).

Team 3 Stance: Global Climate Change Threatens Human
Existence by Enhancing Vector-Borne Pathogens

Team Members: Benjamin Lee, Abigail Hayes, Abigail Cohen,
Megan Asche, Adrian Marshall

Faculty Advisor: Dr. David Crowder Academic Institution:
Washington State University

Vector-borne pathogens (VBPs; those transmitted from a carrier or-
ganism to a host) have been a persistent threat throughout human

history, and despite advances in vector control and medical interven-
tions, they continue to pose an insurmountable danger to humans
globally. Perhaps the most famous and severe historical pandemic,
the flea-vectored Yersinia pestis (Lehmann and Neumann 1896,
van Loghem 1944; Enterobacteriales: Enterobacteriaceae) caused a
massive Bubonic Plague outbreak in the Middle Ages, killing over
25 million people and irrevocably stalled the development of the
European continent (Lounibos 2002). Despite steady advancements
in disease management, this burden persists, with 216 million cases
of malaria reported in 2016 and a 30-fold increase in global inci-
dences of Dengue fever over the past 50 yrs, rising to nearly 390
million reported infections annually (Caminade et al. 2019). Here
we argue that climate change will magnify the existing danger we
face to a catastrophic level by increasing the range and abundance of
the most prominent vectors of human pathogens.

As global temperatures rise to projected levels, environments
will almost universally become more suitable for the most dan-
gerous arthropod vectors. Ixodid ticks (arachnids often studied
by vector biologists and public health entomologists) are vectors
of pathogens such as strains of Borrelia (Swellengrebel 1907;
Spirochaetales: Spirochaetaceae) that cause Lyme disease and other
emerging infectious diseases, will reproduce twice as fast under
projected temperatures in North America (Ogden et al. 2008,
2014). Dipteran vectors, such as mosquitoes and biting midges,
which transmit pathogens including the emerging Dengue, Zika,
and Chikungunya viruses, respond more rapidly to environmental
changes, resulting in unpredictable population booms and epi-
demic disease outbreaks as climate variability increases (Ogden
and Lindsay 2016). Expansions in geographic range with suitable
climates for many vector species will also increase, overlapping
with the world’s most densely populated regions (Caminade et al.
2019). Even in intermediate climate scenarios, this results in an
estimated 500 million more people at risk of several Aedes-borne,
transmitted by Aedes (Meigen 1818; Diptera: Culicidae) mosquito
species, viruses in the next 30 yr (Ryan et al. 2019), with similar
risk increases for tick-borne pathogens across North America and
Europe (Leighton et al. 2012, Medlock et al. 2013).

Exacerbating the danger of vector range expansion into densely
populated areas is the inadequacy of public health responses to VBPs.
Vector control efforts are difficult to adapt to novel pathosystems (or
parasite and pathogen ecosystems) and have had limited success in
reducing VBP incidence (Gage et al. 2008); studies evaluating their
efficacy often ignore emerging concerns such insecticide resistance
(Bowman et al. 2016). Newly exposed human populations are also
more susceptible to VBP outbreaks, and we have historically failed
to adequately vaccinate populations even when vaccines are highly
effective and cheaply produced (Shearer et al. 2017). Even when vac-
cines are available, global shortages have already occurred during
severe outbreaks (Walldorf et al. 2017), disproportionately affecting
countries with low gross domestic products or GDP (Githeko et al.
2000). Unpredictable vector range expansions from increased cli-
mate variability will make predicting outbreaks and maintaining
vaccine stockpiles even more difficult. Worryingly, the possibility of
unidentified VBPs surfacing is increasing as greater numbers of po-
tential vector species and unidentified pathogens expand their ranges
into densely populated regions (Weaver and Reisen 2010).

With massive increases in vector populations, this puts human
populations at greater disease risk, and the damage to humanity
could be catastrophic. Over the next 50 yrs, hundreds of millions
of people may be exposed to VBPs for the first time. This will result
in both deaths and an increased prevalence of chronic, debilitating
diseases from Chikungunya, Dengue, and Zika viruses, the damage
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from which cascades to future generations (Huang et al. 2019, Ryan
et al. 2019). Simultaneously afflicted by other climate-induced catas-
trophes such as extreme weather events and forced migration, there
will be limited capacities for a global public health response (Black
etal. 2011). The ubiquitous increases in range and abundance of vec-
tors of pathogens resulting from global climate change therefore rep-
resent an immeasurable danger to humanity and the most pressing
issue for entomologists to investigate.

Team 4 Stance: Cascading Effects of Climate Change on
Agricultural Insect Pest Distribution, Abundance, and Food
Production Are the Most Influential Impact to Entomology

Team Members: Hannah Quellhorst, Valerie Nguyen, Rachel
Wilkins, Jackie Maille

Faculty Advisor: Dr. Rob Morrison

Academic Institution: Kansas State University

Food security is a basic human right (United Nations 2010). However,
nearly 1 billion people are suffering or have been devastated by
hunger, amounting to one in nine people; 2 billion more are food in-
secure or lacking in reliable access to affordable and nutritious food
(United Nations 2010). With the global population reaching 9.8 billion
people by 2050, food production must increase by 70% (FAO 2009).
However, current yield increases are insufficient to reach even a 50%
rise by midcentury (Ray et al. 2013). This is compounded by insect
pests, which cause roughly 18% crop loss pre-harvest and up to 75%
post-harvest (Oerke 2006, Wacker 2018).

The impacts of global climate change (GCC) on pestiferous
insects are multifactorial. GCC will cause insect populations to
disperse to new areas, driving them poleward into ranges where eco-
systems are poorly adapted to cope with invaders (Bale et al. 2002,
Aljaryian and Kumar 2016, Arthur et al. 2019). Climate change will
also affect dispersing propagule pressure (Ward and Masters 2007).
Together, invasive insect pest species are annually responsible for
up to $120 billion in economic damage in the United States alone
(Pimentel et al. 2005).

The Intergovernmental Panel on Climate Change (IPCC)
predicts a 1.5°C increase in global surface temperature and
increasing differences in precipitation between wet and dry re-
gions (Aregbesola et al. 2019). Global yield losses are projected
to increase by 10-25% with every degree of surface warming
(Deutsch et al. 2018). These higher average temperatures will
produce more insect generations each year as well as higher
abundances per generation (Tobin et al. 2008, Estay et al. 2009,
Choudhary et al. 2019). Greater overwintering survivorship will
contribute to increasing insect pressure (Takeda et al. 2010, Gu
et al. 2018). Longer growing seasons (Bale et al. 2002, Ju et al.
2017) will extend growth and reproductive periods of insects
in the northern regions (Bale et al. 2002, Takeda et al. 2010).
Insects capable of traveling poleward will bring associated plant
pathogens with them, impacting wheat, barley, and oilseed rape
(Roos et al. 2011, Trebicki et al. 2015, Aregbesola et al. 2019,
Tian et al. 2019).

GCC will affect nearly every aspect of insect pest management,
including chemical and biological control. There are now nearly 600
documented cases of pesticide resistance in arthropod pests (Maino
et al. 2017). Longer growing seasons under GCC will decrease pesti-
cide efficacy and increase pesticide application costs (Koleva and
Schneider 2009, Deutsch et al. 2018). Higher voltinism, or number
of insect generations per season, will increase development of resist-
ance, whereas warmer temperatures will allow insects to better de-
toxify pesticides through increased metabolism, making insecticides

less effective (Maino et al. 2017, Matzrafi 2019). Ultimately, these ef-
fects will hinder IPM tactics (Oerke 2006, Maino et al. 2017, Taylor
etal. 2018, Matzrafi 2019). GCC will have a negative impact on bio-
logical control, causing asynchrony between hosts and parasitoids,
while lowering the efficacy of pesticide-free management techniques
(Chidawanyika et al. 2019). Phenology changes and environmental
cues altered by GCC will create plant—pollinator mismatch, ultim-
ately reducing the production of seed and fruit commodities (Forrest
2015).

Changing cropping systems requires high initial investments in
new equipment and associated inputs (Roesch-McNally et al. 2018).
Existing policy and economic incentives discourage cropping system
diversity in the U.S. corn belt (Roesch-McNally et al. 2018). Despite
the efforts at crop diversification (Roesch-McNally et al. 2018) and
promise of genetically modified crops compensating for abiotic
stresses (Paarlberg 2001), the effects of GCC will cause unaccept-
able losses at a time when productivity must increase (Deutsch et al.
2018, Tito et al. 2018). Consequently, the most influential impact
of climate change on entomology is the increased distribution and
abundance of insects, which will have devastating effects on global
agricultural production.

Sustainable Agriculture Is the Best Approach to
Farming When Incorporating IPM Techniques

Unbiased Introduction by Rachel K. Skinner

The Green Revolution of the mid-20th century ushered in an age
of unprecedented food crop production, in part to fertilizers, pes-
ticides, and genetic crop improvement (Pingali 2012). These im-
provements were a great boon for human nutrition and helped fuel
a human population that is projected to exceed 10 billion by 2100
(United Nations 2019). However, there is increasing recognition of
the detrimental effects that modern agricultural practices can have
on ecological systems and ecosystem services (Power 2010, Foley
et al. 2011). The negative impacts of agriculture on habitat loss
(Ramankutty et al. 2008), biodiversity (Kremen and Miles 2012),
water quality (Foley et al. 2005), and nutrient cycling (Power 2010),
as well as agriculture’s contribution for 10-12% of anthropogenic
greenhouse gas emissions (Smith et al. 2014), have led to consider-
able interest in identifying agricultural practices that can mitigate
environmental degradation (Tilman et al. 2011).

IPM techniques that aim to reduce reliance on pesticides, main-
tain biodiversity in agroecosystems, and reduce the ecological impact
of agriculture are methods of lessening agriculturally driven envir-
onmental harm and have been successfully adopted in many crop
systems (Pedigo 1989, Higley and Wintersteen 1996, Barzman et al.
2015, Farrar et al. 2016). Since its original inception (Stern et al.
1959), IPM has expanded to include all aspects of plant protection
and supports simultaneous use of multiple pest management tactics
such as pest population suppression via tilling techniques and re-
sistant plant cultivars, protection of beneficial organisms, application
of targeted chemical controls, and pesticide resistance management
(Barzman et al. 2015), as well as considering pest ecology and evolu-
tion in management strategies (Peterson et al. 2018). However, there
is disagreement over whether such methods are best used in combin-
ation with conventional or sustainable agricultural practices, such as
polyculture, farmscaping, and push/pull systems, due to the need to
balance environmental concerns with the nutritional requirements of
an expanding population.

Sustainable agriculture emphasizes the importance of crop pro-
duction methods that are ecologically, economically, and socially
sound and that promote the long-term maintenance of agricultural
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productivity (Neher 1992). However, some sustainable farming prac-
tices can result in potentially persistent yield gaps compared with
conventional agriculture (Ponisio et al. 2015, Schrama et al. 2018)
and may face economic, informational, social, and political barriers
to extensive adoption by farmers (Wezel et al. 2014, Lefebvre et al.
2015, Carlisle 2016, Carlisle et al. 2019). There has also been dif-
ficulty in establishing quantitative measures of sustainable farming
outcomes, meaning that the actual environmental impact of prac-
tices regarded as sustainable can be difficult to assess (Hansen 1996,
Hunter et al. 2017).

In contrast, conventional farming includes practices such as
large-scale monoculture cultivation and relies heavily on external
energy and nutrient inputs, pesticide use, and agricultural tech-
nology and agribusiness (Gold 1999). Such methods have drastically
increased crop yields per unit of farmed land and improved human
nutrition across the globe (Pingali 2012). Expansion of high-yield
farming could potentially help prevent habitat loss by reducing the
total land area needed for food production (Phalan et al. 2011a),
but prevention of the other negative environmental impacts de-
scribed above remains to be extensively addressed.

The principles of IPM as currently conceptualized are well-
aligned with sustainable farming practices (Peterson et al. 2018), but
it is also possible to deploy IPM strategies while maintaining conven-
tional agriculture’s high-yield capabilities (Farrar et al. 2016) and,
thus, the best way to implement IPM practices remains debated. The
consequences to human nutrition and health, short- and long-term
environmental impacts, and technological, social, and political via-
bility of alternative agricultural practices must all be carefully con-
sidered in decisions about the future of farming.

Team 5 Stance: Sustainable Agriculture such as Polyculture,
Farmscaping, and Push-Pull Is the Best Approach to Farming
When Incorporating IPM Techniques (Pro Position)

Team Members: John J. Ternest', Sarah Anderson!, Scott W. Gula?,
Kayleigh Hauri®, Julius Eason*

Faculty Advisor: Dr. Rachel Mallinger

Academic Institutions: 'University of Florida, Gainesville, *Purdue
University, *Michigan State University

Sustainable agriculture is the best approach to farming when
implementing IPM. IPM is a decision support system that applies
a holistic ecological, economic, and social approach to pest man-
agement. To achieve this, sustainability is championed as a crucial
and foundational element of IPM (Stern et al. 1959). The integrative
agroecological approach of sustainable agriculture closely parallels
these guiding philosophies of IPM by promoting greater long-term
productivity, efficiency, and resiliency in crops using renewable in-
puts and a diverse array of management practices (Stern et al. 1959,
Godfray et al. 2010, Peterson et al. 2018). Therefore, sustainable
agriculture and IPM provide the best strategy for achieving global
food security. Several sustainable agricultural practices, including
crop rotation and cover crops, have been successfully implemented
on a large scale as measures for improving ecosystem services and
reducing pest pressure. In contrast, the conventional agricultural
model prioritizes present-day yield and profit maximization through
highly intensive, nonrenewable large-scale inputs on monocultural
cropping systems (i.e., growing only one crop type) that impair
ecosystem services, exacerbate pest outbreaks, and introduce pro-
duction volatility (Lockeretz 1988, Kremen et al. 2012, Wilson and
Daane 2017). This system of farming has led foundational individ-
uals in IPM research to argue that IPM has deviated from its original
principles, thereby reducing its effectiveness (Peterson et al. 2018).

One key component of this effort to reduce volatility and in-
puts is the establishment of diversified agroecosystems that allow
for ecologically based pest management, which takes into account
ecosystem function and organism interactions (Wilson and Daane
2017). Natural enemies are one of the most effective, environmen-
tally safe, and economically profitable methods of biological control
(Van Lenteren 2012) and are a major component of IPM practices;
in fact, biological control has been valued at $4.49 billion across the
United States (Losey and Vaughan 2006). Diversified agroecosystems
attract a variety of natural enemies while minimizing the density of
host plant resources that attract pests, thereby reducing the potential
for pest outbreaks (Crutsinger et al. 2006, Wilson and Daane 2017).
By prioritizing long-term yields and environmental stewardship, sus-
tainable agriculture reduces the inputs required for managing pests.

In addition to long-term production potential and ecologically
based pest management, sustainable agriculture has high potential
for successful implementation across the globe (Pretty et al. 2006,
Wegner and Zwart 2011). Reducing volatility in yields through
sustainable pest management and crop diversification is especially
important for small farms, which support a third of the world’s
population (Wegner and Zwart 2011). In many developing coun-
tries, investments intended to jump-start large-scale agricultural
growth did not return benefits to local populations (Wegner and
Zwart 2011). Intensified conventional agriculture is upheld as a
means of producing massive amounts of food needed for an ever-
growing population, yet it often fails to meet the needs of people
across the globe (Birch et al. 2011). In order to produce the food
necessary to reduce this nutritional gap, the focus must shift from a
Western-centric model of conventional agriculture to a sustainable
agricultural model that can be sufficiently adopted across local and
global levels (Pretty et al. 2006).

Sustainable agriculture is the best approach to farming when
implementing IPM practices because it allows for the most thorough
and effective use of all the tools in the IPM toolbox. Sustainable agri-
cultural practices such as polyculture, farmscaping, and push—pull
promote long-term profitability and landscape health over short-
term practices that maximize yield through intensive inputs while
reducing ecosystem services (Lockeretz 1988). The use of a multi-
faceted approach like IPM is improbable in a conventional system
that is inherently focused on the short term. For those reasons, IPM
is most effectively practiced in the context of sustainable agriculture.

Team 6 Stance: Polyculture, Farmscaping and Push—Pull

Are Not the Best Approaches to Achieving Sustainable Pest
Management When Farming With Integrated Pest Management
Techniques (Con Position)

Team Members: Megan M. Mulcahy!, Patricia L. Shorter, James
Villegas!, Scott T. Lee!

Faculty Advisor: Dr. Blake E. Wilson

Academic Institution: 'Department of Entomology, Louisiana State
University AgCenter, Baton Rouge, LA 70803

Currently, there is a drive toward sustainable agricultural practices
that ensure food availability despite global challenges including
increasing population and rapid climate change (Birch et al. 2011,
Gabriel et al. 2013). Research shows that we will need to grow
70-100% more food on less land by 2050 to ensure global food
security (Tilman et al. 2011).

Proponents of small-scale agriculture, agroecology, and
organic farming emphasize the flaws of intensive agriculture
while ignoring the ways that modern agriculture has become
more efficient and environmentally conscious (Kershen 2013,
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Tal 2018). Conventional does not equate to unsustainable. IPM
has been used successfully on conventional farms to improve
pest control whilst reducing the negative effects of agriculture
on surrounding ecosystems (Gray et al. 2008). Cotton growers
in Arizona successfully manage pests using large-scale IPM
practices, including host plant resistance, Bt crops, and con-
servation biological control (Ellsworth et al. 2017). California
fruit and nut farmers have improved pest management and re-
duced harmful pesticide applications by enhancing their moni-
toring programs, field hygiene, use of resistant varieties, and
pest mating disruption (Farrar et al. 2016). These conven-
tional IPM practices are the best methods for reducing crop
pests and maintaining economic viability. Technological ad-
vancements in precision agriculture, plant genetics, pesticide
selectivity, and energy efficiency result in fewer inputs required
to maintain high-yielding agricultural systems (Savage 2014,
Rehman et al. 2016, Alphey and Bonsall 2018). Pesticides like
chlorantraniliprole and insect growth regulators do not nega-
tively affect nontarget species and have decreased the reli-
ance on broad-spectrum insecticides (Fernandes et al. 2016).
Precision agriculture improves efficiency of agricultural inputs,
thereby minimizing costs and mitigating environmental impacts
by preventing overuse of water, fertilizer, and pesticides (Alphey
and Bonsall 2018).

In contrast to conventional IPM tactics, organic and
agroecological farming suffers from decreased land-use efficiency
(Kniss et al. 2016), extensification (Gabriel et al. 2013), and yield
gaps upwards of 20% (Kershen 2013). Intensification practices in
large-scale cereal crop production, discussed above, have led to de-
clines in agricultural land use in high-yielding North American and
European countries (Ritchie and Roser 2013a, b). Conversely, re-
gions in Africa and Asia that rely on small-scale agriculture have
increased acreage used for food crops to improve productivity
(Ritchie and Roser 2013a, b). Transition to small-scale farming re-
quires up to 30% more land to produce similar caloric yields as
conventional agriculture (Tal 2018). Therefore, increasing produc-
tion per acre ultimately can improve sustainability by preventing
agricultural encroachment on natural areas (Phalan et al. 2011b).
This approach is referred to as land-sparing and is more sustainable
than the land-sharing approach (integrating agriculture and natural
ecosystems), which underpins agroecological practices (Green et al.
20095).

Furthermore, agroecology is knowledge intensive, resulting
in poor adoption and income instability (Pannell 1999, Roesch-
McNally et al. 2018). Farmers have to tailor agroecology to suit
their specific farming system, requiring knowledge of complex pro-
cesses such as pest population dynamics and tritrophic interactions
with other species (Philips et al. 2014). Success of these practices is
also highly variable in terms of effective pest management (Levine
et al. 2002, Wegner and Zwart 2011, Maharjan et al. 2013, Karp
et al. 2018). Farmscaping and polyculture may increase habitat di-
versity, but these methods do not always improve pest management
and may even be detrimental. According to Moore et al. (2019), di-
versity achieved through intercropping and trap cropping increases
predation against beneficial arthropods or attracts natural enemies
away from target crops. In soybeans, farmscaping actually increased
the abundance of stink bugs, as well as the prevalence of secondary
pest species (Pilkay et al. 2015).

Therefore, the best method to reduce pests, maintain ecosystem
services, and provide food for the expanding population is through
sustainable intensification of existing agricultural land by a greater
use of technology and IPM.

Debates Summary

We hope that the debate topics and stances on science advocacy and
communication, climate change, and approaches to IPM in farming
have expanded perspectives and sparked further discussion and
interest. While the unbiased introduction speakers provided a won-
derful foundation for understanding the complexity of each topic,
it is important to note that these debate topics are just the begin-
ning of a larger conversation and need further action to influence
positive and successful change in these areas. This need for further
conversation and analysis was highlighted by the debate teams, all
of which did an excellent job in presenting arguments to address
each topic area.

In addition to identifying these topic areas, the SAC SDS advo-
cated for entomology by posting relevant content via social media
using #Entsoc2019. We urge our readership to further examine each
debate topic in order we urge our readership to further examine each
debate topic in order to be well informed with the subject matter. It
is important to remember that science advocacy and communication
also encompasses extension, outreach, mentoring undergraduate
student researchers, general interactions with the public, and much
more. Similarly, climate change can influence many aspects of agri-
culture such as plant health, crop yield, and water use, while the
distribution as well as virulence or potency of pathogens can com-
plicate vector biology as our climate continues to change. Last, it is
important to look further into IPM of other farming systems, such
as aquaponics, greenhouse operations, or community gardens, while
also taking into consideration the expansive food deserts (areas of
lower socioeconomic backgrounds without access to healthy or nu-
tritious food) that are present, even with current large-scale agricul-
tural operations.

Although individuals and other disciplines can (and should) dis-
cuss and address the topic areas of the 2019 student debates, it is
important to remember that entomology, the study of insects, is inte-
grative and interdisciplinary. The multifaceted nature of entomology
allows for innovative approaches and solutions in agriculture, urban
areas, forensics, insect taxonomy, and systematics, as well as in medi-
cine and vector biology, just to name a few. Therefore, we think that
entomology is well suited to help tackle the current topic areas ad-
dressed by the 2019 student debates.

Members from each debate team worked diligently and collab-
oratively to form argument stances for each topic. In addition, they
analyzed the information during the debates to develop logical re-
buttals to support their topic. Each debate team and unbiased intro-
duction speaker represented not only the caliber of their university,
but also the caliber of the current ESA membership. We congratulate
and thank all participants for their hard work.

The SAC encourages students to establish teams, including those
composed of multi-university members, future Student Debates at
ESA Annual Meetings. In addition, we invite the ESA membership
to attend next year’s sure to be riveting debates. Beyond the Student
Debates, the SAC encourages the readership to advocate for science
and the roles held by entomology throughout the greater global
community.

Lastly, we encourage you to stay tuned for an extended discus-
sion of the debate topics in a series to be featured in the Annals of
the Entomological Society of America, based on the discussion and
rebuttals of each debate team.
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