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ABSTRACT: Termites are considered pests and biological control is an environmentally friendly alternative
to reduce pesticide contamination. It was aimed with this study to compile the publications indexed in the
Scopus platform referring to biological control of termites between 1981 and 2019. A total of 143 publications
were found, each of which was read and filtered according to the selection criteria. The studies analyzed were
conducted in 16 countries, with the United States leading the way (44%). A total of 55 termite species and seven
families were recorded in the papers. For the control agents tested, more than 140 species were identified and
classified. Plant insecticides were the most cited, with emphasis on oils and extracts from Azadirachta indica and
Chamaecyparis obtusa. It was noted that most research was conducted on a laboratory scale in the form of
experimental designs. This may limit more comprehensive discussions of the biological termite control agents
tested. Although the use of other control agents is increasing, there is a wide range of insecticides and plant-
derived compounds that can be studied.

Keywords: pesticides; Xylophagous agent; control agents; ecosystem engineers; systematic review.

Controle biolégico de cupins: uma revisao bibliométrica e estado da arte

RESUMO: Os cupins sao considerados pragas e o controle biolégico é uma alternativa ecologicamente correta
para reduzir a contaminagido por pesticidas. Objetivou-se com este estudo compilar as publica¢bes indexadas
na plataforma Scopus referentes ao controle biolégico de cupins entre 1981 e 2019. Foram encontradas 143
publicagées, cada uma delas foi lida e filtrada de acordo com os critérios de selecdo. Os estudos analisados
foram realizados em 16 paises, com os Estados Unidos liderando (44%). Um total de 55 espécies de cupins e
sete familias foram registradas nos trabalhos. Para os agentes de controle testados, mais de 140 espécies foram
identificadas e classificadas. Os inseticidas vegetais foram os mais citados, com énfase em 6leos e extratos das
espécies Azadirachta indica e Chamaecyparis obtusa. Foi observado que a maioria das pesquisas foram conduzidas
em escala laboratorial na forma de delineamentos experimentais. Isto pode limitar discussdées mais
aprofundadas sobre os agentes biolégicos de controle de cupins testados. Embora o uso de outros agentes de
controle esteja aumentando, hd uma vasta gama de inseticidas e compostos derivados de plantas que podem
ser estudados.

Palavras-chave: pesticidas; agente Xilofago; agentes de controle; engenheiros de ecossistema; revisio
sistematica.

1. INTRODUCTION

manure, roots, leaves, stems, and soil

ISSN: 2318-7670

5

detritus

Termites are terrestrial social insects, classified in the
Neoptera superorder, polymorphic and hemimetabolous,
with lengths varying from 3 to 25 mm (CONSTANTINO,
2012; GULLAN; CRANSTON, 2017). Termites ate
cosmopolitan but ate most often present in Oriental,
Neotropical, and Ethiopian areas, being especially diverse in
tropical forests and savannas (CONSTANTINO, 2012). The
infraorder Isoptera is part of Blattodea order and comprises

nine  families:  Archotermopsidae, = Hodotermitidae,
Kalotermitidae, Mastotermitidae, Rhinotermitidae,
Serritermitidae,  Stolotermitidae,  Stylotermitidae  and

Termitidae (ENGEL, 2011; KRISHNA, 2013).
These insects feed on different forms and sources of
lignocellulosic (alive, dead, or rotten), grasses, hummus,

(EGGLETON, 2010; KRISHNA, 2013). Some termites feed
on fungi, by obtaining contaminated material and growing
the fungus inside their nests, feeding on the spores and
mycelium produced (BIGNELL, 20006). Except for a few
arboreal species, termites spend most of their lives building,
foraging, and feeding in or on soil (HOLT; LEPAGE, 2000).
They are known as ecosystem engineers, being especially
important in harsh environments and depleted soils. To
modify the minerals, present in the soil, they dig enormous
galleries and channels that can enhance the stability and
absorption of organic matter (BIGNELL, 2006; GULLAN;
CRANSTON, 2017).

This indicates that termites require a lot of attention in
the forestry and industrialized timber sectors. Studies indicate
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the damage that termites can cause to solid wood structures
as well as their by-products (BATISTA et al, 2022;
MEDEIROS NETO et al, 2022). In addition, increased
seedling mortality and reduced productivity in Eucalyptus spp.
and Pinus spp. plantations, which are among the most widely
cultivated wood species in the world, is reported
(GOVORUSHKO, 2019; PRASTYANINGSI et al., 2020;
EVANS, 2021). These aspects are fundamental for the
timber market in tropical regions, especially in Brazil, which
stands out worldwide in the area of native and planted forests
with robust tropical timber production (MASCARENHAS
et al,, 2021; MEDEIROS et al., 2021).

Overall, only a minority of species are considered pests,
by attacking trees, wooden structures, and crops, causing
substantial damage (BIGNELL et al, 2014; GULLAN;
CRANSTON, 2017). Most insects are classified by the
United Nations Environment Programme (UNEP) as pests
due to the losses caused and whether their removal is
economically beneficial. Beyond organic materials like crops,
forests, and pastures, termites can also significantly damage
structures such as buildings, bridges, and dams, along with
furniture, paper, and food (UNEP, 2003).

The traditional method for pest control consists of
applying insecticides based on synthetic organic compounds.
Among these insecticides, POPs (Persistent Organic
Pollutants) stood out for many years. Although effective in
controlling pests, POPs pose risks to the environment and
human safety, due to their capacity for long-range transport,
bioaccumulation, and bioamplification (UNEP, 2003).

Biological control can be a viable alternative to reduce the
impacts caused by pesticides on the environment. Controlled
application of entomopathogens and botanical insecticides
are examples of control agents with low risk of
contamination. Despite being a topic of interest to
agricultural sciences, few studies have been published on the
biotic mechanisms of pest control.

One of the ways to evaluate the scientific production on
these topics is through a systematic review, evaluating
bibliometric data and the state of the art. A bibliometric
review is by the choice of papers through a database that
brings together publications, making it possible to identify
gaps in knowledge and analyze research trends over time
(DONTHU et al,, 2021; ARAUJO et al., 2023). Thus, the
objective of the present study was to compile data presented
by scientific publications stored in the Scopus platform about
the biological control of termites, in addition to carrying out
the state-of-the-art on the subject.

2. MATERIALS AND METHODS
2.1. Bibliometric Review

Using the Scopus (Elsevier) database, we searched under
the terms “termite” and “biological control” in titles,
abstracts, and keywords of publications from 1981 to 2019.
The string generated was: TITLE-ABS-KEY ("termite"
AND "biological control") AND (EXCLUDE (PUBYEAR,
2020, 2021, 2022)). The search generated a list of 143
publications, which were identified and accessed individually
through Google Scholar and other specific indexation
platforms. Every publication was read and filtered, with those
aligned with the following criteria being maintained: 1 —
investigation of biological control of termites, even if it is not
the main theme of the production; and 2 — testing of at least
one agent for biological control of termites, except for review
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publications. We considered biological control agents to be:
a) those directly extracted from plants, such as essential oils,
extracts, plant tissue, ashes from plant material, or chemical
compounds isolated from plants; b) agents with
entomopathogenic potentials, such as fungi, bacteria, viruses,
nematodes and acari; and c) predators such as ants and larvae
of various species.

After filtering, the remaining papers were classified by: I)
type of publication; II) year of publication; III) authors; IV)
research institution affiliation; V) funding agency; VI) journal
or other publication; and VII) science area (as in Scopus).
Data were tabulated and graphs generated with spreadsheet
management software.

2.2. State of the Art

Aiming to point out efficient methods for termite
control, as well as possibilities for new experiments in the
area, we conducted a systematic review using the filtered
documents. Information was extracted and divided into: a)
site of collection; b) species of termites collected; ¢) termite
targets; d) study venue (field x laboratory); ) tested control
agents; and f) application spots.

3. RESULTS
3.1. Bibliometric Review

After screening, 68 articles related to the topic were
identified. The documents are classified by Scopus into four
types: article; review (6%); book chapter (3%); and
conference paper (1%). “Article” was the most numerous
categories, corresponding to 85% of publications.
Considering the whole period of this review (1981-2019), the
number of publications addressing the biological control of
termites was rising but is still low. The peaks were in 2017,
with six publications, and 2004-2005, with five publications
each (Figure 1). There were also periods with no publications
indexed in the Scopus database on the subject (1984 to 1989

and 1991 to 1996), giving an average of 1.74

publications/year.
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Figure 1. Publications per year on biological control of termites
(1981- 2019).

Figura 1. Publica¢Ges por ano sobre controle biolégico de cupins
(1981-2019).

A total of 155 authors participated in the publications
about biological control of termites. Of these authors, those
with the highest number of publications are cited below
(Figure 2A). The integration cluster revels that the three top
authors worked together (Figure 2B).
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Figure 2. A) The 22 authors with the highest number of publications on the biological control of termites (1981-2019). B) Integration
clusters and main clusters among authors with publications on biological control of termites (1981-2019).

Figura 2. A) Os 22 autores com maior nimero de publicagdes sobre controle biolégico de cupins (1981-2019). B) Clusters de integraciao
e clusters principais entre autores com publicagcdes sobre controle biolégico de cupins (1981-2019).

Among the 84 institutions with affiliated authors, the
standout was the United States Department of Agriculture
(USDA), with more than 30%, represented by the
Agticultural Research Service (ARS) and Forest Service
(FS) (Figure 3). The United States was the country with the
largest portion of institutions and authors (43%), followed
by Brazil (11%), India (10%), Malaysia (5%), and China
(4%). Identification of institutions/agencies and
nationalities indicates where the subject is being analyzed
the most.
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Figure 3. Institutions with numbers of affiliated authors who
published papers on biological control of termites (1981-2019).

Figura 3. InstituicGes com numeros de autores afiliados que
publicaram artigos sobre controle biolégico de cupins (1981-2019).

Out of the 11 funding agencies presented by Scopus
(Figure 4), the three that funded the most research were
Brazilian governmental agencies, denoting the importance of
public funding for the development of Brazilian research.
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Figure 4. Publications on biological control of termites by funding
agencies and institutions, (1981-2019).

Figura 4. Publica¢es sobre controle biolégico de cupins por
ageéncias e institui¢oes de fomento, (1981-2019).

The theme was addressed by 43 journals, with Infernational
Biodeterioration and Biodegradation having the most publications
(9%). Most journals (46%) only published one study. Figure
5 identifies those with at least two documents published
(Figure 5). As for nationalities, there were studies from 14
countries, with 30% of journals being American, 21% British
and 14% Dutch.

There was a huge difference between the nationalities of
journals and authors’ affiliation institutes. Even though less
than 8% of authors were affiliated with European
institutions, more than 55% of studies were published in
journals from Europe. The pattern was the opposite in Asia,

where almost 30% of institutions were based, but
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corresponded to less than 7% of publications by nationality
of the journal.
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Bulletin Of Entomological Research

Biological Control

Journals

Biocontrol
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Figure 5. Journals with higher publishing numbers on biological
control of termites (1981-2019).

Figura 5. Periédicos com maior nimero de publicagdes sobre
controle biolégico de cupins (1981-2019).

Scopus classified studies into 15 categories regarding the
area of science (Figure 6). Areas with the highest occurrence
within publications were: “Agricultural and Biological
Sciences”  (48%); “Environmental Science”  (17%);
“Immunology and Microbiology” (10%); and “Materials
Science” (7%). This classification is in full accordance with
the subject, as: 1 — The potential of termites as agricultural
and forest pests; 2 — The relevant ecological function
performed by termites in their natural and introduced
habitats; 3 — Biological control methods executed with the
introduction of pathogenic microorganisms, parasites or

through the attack of symbionts present in the guts of
termites; 4 — Especially on urban areas, where the damage
caused by termite attack can have a direct relationship with
the material attacked.
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Figure 6. Publications on biological control of termites, classified by
areas of science, according to Scopus (1981-2019).

Figura 6. PublicagGes sobre controle biolégico de cupins,
classificadas por areas da ciéncia, segundo Scopus (1981-2019).

3.2. Collection sites

Collections were made in 63 areas. The sites were
described with different levels of specificity. Some articles
gave full description of the area, presenting geographic
coordinates, while some only identified the region where the
collection took place. Some studies were conducted in
multiple collection sites while others focused on a single
collection site. Among the 16 countries, the one with the
most collections was the United States, representing 44%
(Figure 7).
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Figure 7. Termite collecting sites by country in publications on biological control of termites (1981-2019).
Figura 7. Locais de coleta de cupins por pafs em publicagbes sobre controle bioldgico de cupins (1981-2019).

Nativa, Sinop, v. 11, n. 1, p. 115-127, 2023.



Coélho et al.

3.3. Termite species collected

A total of 55 termite species, from 35 genera and seven
families were counted. Of the 183 reports of termites, 178
identified the isopteran genus and 136 the genus and species.
The  families were  Rhinotermitidae,  Termitidae,
Kalotermitidae, Archotermopsidae, Hodotermitidae,
Stolotermitidae and Mastotermitidae, while the genera were
Coptotermes, ~ Reticulitermes, Nasutitermes, Odontotermes, and
Macrotermes. The most frequent species were Coptotermes
formosanus, Reticulitermes flavipes and Coptotermes curvignathus
(Figure 8).

It is possible to observe a concentration of studies on five
species, representing more than 40% of the studies with
identified species. The genera Coptotermes and Reticulitermes
represented almost 40% of mentions by genus, and 45% of
the studies were on the Rbinotermitidae family. Through the
information gathered, a map was formed representing the
collected species of each country (Figure 9). The diversity of
species was greatest in Brazil, United States and the Asian
continent.
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Number of publications addressing the species
Figure 8. Number of publications on termite biological control
addressing each species.

Figura 8. Numero de publica¢bes sobre controle biolégico de cupins
abordando cada espécie.
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Figure 9. Species collected by country mentioned in publications on biological control of termites (1981-2019).
Figura 9. Espécies coletadas por pais citadas em publicagdes sobre controle biolégico de cupins (1981-2019).

3.4. Termite targets and evaluation site (Field x
Laboratory)

More than 30 targets of termite attacks were registered.
These included urban trees, clothing, plastics, paper, and
more frequently structural wood and crops.

The studies used for comparison of the evaluation site did
not include publications categorized by Scopus as “reviews”
or “book chapters”. The experiments were divided between:
experiments that took place in the field, experiments that
took place in a laboratory, or experiments that took place in
both places.

Laboratory experiments represented the vast majority of
studies, with 89%. Simulating the environment of a termite

nest is complex. The cryptic habit of termites, their different
kinds of nests, mechanisms of defense and hygiene, and also
the different kinds of microorganisms that dwell in termite
nests constitute particular habitats for various species.
Among the few studies carried out in the field, only two
reported effective results, one of them through the coating
of a wood piece and the other through spraying of mounds.

3.5. Tested control agents

More than 140 species tested for biological control of
termites were identified and divided into three categories:
pathogens, botanical insecticides, and predators. Botanical
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insecticides were the most cited, also representing the highest
number of species (Figure 10).

OIdentified Species

120 —
OMentions by category
100 : 5
OEfficient species for
control of termites
80
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20
0 e

Pathogens Plant based Insecticides Predators

Figure 10. Identified species, number of references, and number of
effective species by category of biological control agent.

Figura 10. Espécies identificadas, nimero de referéncias e nimero
de espécies efetivas por categoria de agente de controle bioldgico.

All told, 24 control agents were utilized more than once.
Also, 11 of these were found to be effective in two or more
studies (Table 1). Among the botanical insecticides, plant oils
and extracts were most frequent. Among the plant sources,
Cupressaceaec and Pinaceae were the main families and
Agzadirachta indica and Chamaecyparis obtusa were the most cited
species (Figures 11 and 12).

As for pathogens, the most frequent representatives were
fungi and nematodes, particularly the species Metarhizinm

anisopliae, Beauveria bassiana and Steinernema carpocapsae (Figures

13 and 14).
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Figure 11. Main families utilized to produce botanical insecticides
for termite control.

Figura 11. Principais familias utilizadas na produgao de inseticidas
botinicos para controle de cupins.

Table 1. Effectiveness of tested agents for biological control of termites.
Tabela 1. Eficicia dos agentes testados para controle bioldgico de cupins.

Control agents Type Total applications Effective applications Effectiveness (%)
Metarbizinm anisopliae Fungus 33 28 84.9
Beaunveria bassiana Fungus 11 8 72.7
Steinernema carpocapsae Nematode 6 4 606.7
Heterorhabditis indica Nematode 5 4 80.0
Serratia marcescens Bacterial 4 4 100.0
Agzadirachta indica Plant 4 3 75.0
Bacillus thuringiensis Bacterial 4 3 75.0
ILsaria fumosorosea Fungus 3 3 100.0
Steinernema riobrave Nematode 3 2 606.7
Heterorhabditis sonorensis Nematode 2 2 100.0
Jatropha curcas Plant 2 2 100.0
]
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Figure 12. Number of mentions by the most cited plant species used
to produce botanical insecticides.

Figura 12. Numero de mengdes das espécies vegetais mais citadas
para producio de inseticidas botanicos.
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Figure 13. Number of identified species and mentions by group of
pathogens.

Figura 13. Numero de espécies identificadas e mengoes por grupo
de patégenos.
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Metarhizium anisopliae
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Figure 14. Most mentioned species of pathogens for biological
control of termites.
Figura 14. Espécies de patégenos mais citadas para controle
biolégico de cupins.

3.6. Application places

The places were divided into four categories with
applications to substrate being much more frequent than the
others (Figure 15). Effectiveness was superior to 50% for all
the methods used. Overall, the experiments were conducted
in small spaces (commonly Petri dishes). Also, experimental
designs often involved no-choice assays, and even those with
multiple-choice assays did not have ample space. This
reinforces what was pointed out in topic “d”, that the
experimental designs frequently limit the
alternatives for termites and fail to show effective actions of

defensive

the tested control agents.
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Figure 15. Total and effectiveness of applications by location.
Figura 15. Total e efetividade das aplica¢oes por localidade.

4. DISCUSSION

The survey found several types of publications.
According to Scopus, articles are documents that provide
original research or opinions, which can be published as full
papers in  peer-reviewed journals, case reports,
research/technical notes, short communications, and
conference papers, which consist of articles published in the
annals of a conference or symposium (ELSEVIER, 2020).
Publications defined as “Reviews” atre those in which there is
significant coverage of previous documents, generally
presenting extended bibliographies and without sections
common to articles, such as “materials and methods” and
“results” (ELSEVIER, 2020). Also, according to Elsevier

(2020), “Book Chapter” is a publication contained in a book
or collection of books.

According to Krishna et al. (2013), studies of termitology
started with classifications published by Linnaeus in the 18t
century and continued with the works of Hagen and Frogatt
in the 19% century, while the leading authors in the 20%
century were Snyder, Emerson, and Grassé. However,
historical records of termites (and the damage caused by
them) date from more than 2200 years ago. Their attack on
dams and dikes was recorded in China (GUI-XIANG et al.,
1994). Research on the biological control of termites started
around 1916, as indicated in the pioneering study of Merril
and Ford, in which parasitic nematodes were found inside
termite heads (PAUL et al., 2018). Since Merril and Ford
discovery, many other biological control agents have been
tested. The oldest one present in this review date to 1981,
conducted by Hinel with the utilization of the fungus
Metarbizinm anisopliae (Hinel, 1981).

Identification of the authors of articles of great
importance for bibliometric reviews, since this contributes to
data collection about the subject (SILVA et al, 2020;
ARAU]JO etal., 2023). The authors Lax, Osbrink, and Wright
frequently collaborated on each other’s works, making them
the leading research team on the topic (Figure 2). A similar
pattern was found for Wang and Powell, who were co-
authors of four studies presented here. Lax et al. studied the
effects of different control agents, among them fungi,
bacteria, nematodes, and plant extracts on the termite species
Coptotermes  formosanus. Wang and Powell targeted C.
formosanus, but also included Reticulitermes flavipes, utilizing the
four previously cited control agents and mites.

Also, Silva et al. (2020) and Araujo et al. (2023) stated that
the identification of institutions/agencies and their
nationalities can contribute to the formation of networks of
institutions and favor the exchange of experiences and
information at different levels, from local to international.
The existence of agencies and mechanisms of funding is of
great importance for the development of scientific research
throughout a region. Hottenrott; Lawson (2014) observed
that academic production is directly affected by funding, not
only on the number of publications but also in the subjects
that are being studied. Areas with significant termite impact
can nevertheless have low academic production on the
subject. Systematic reviews can provide visibility of the
problem and the area.

Termites vary according to habits. Rhinotermitidae are
xylophagous termites commonly living in subterranean nests.
They build large, fast expanding, and diffuse nests in soil or
directly in wood (CONSTANTINO, 2012). Genera are
scattered around the world, especially Coptotermes,
Reticulitermes, and Heferotermes (Bourguignon, 2016). Also
known as the “Formosan subterranean termite”, C. formosanus
is mentioned in the list from the International Union for
Conservation of Nature IUCN) as “100 of the World’s
Worst Invasive Alien Species”. R. flavipes is also classified as
an invasive species in various countries, such as France
(BAOUDOUIN et al.,, 2018), Italy (GHESINI et al., 2011),
Pakistan (HASSAN et al., 2017), Germany, Uruguay and
Chile (CONSTANTINO, 2022).

The representatives of the Kalotermitidae family
generally have small colonies do not make direct contact with
soil (CONSTANTINO, 2012). It is a termite basal family and
is dispersed around the globe, with higher numbers in
Oriental and Neotropical zones (Krishna et al., 2013). The
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genera mentioned the most in the articles reviewed were
Cryptotermes and Neotermes, while the most common species
was Cryptotermes brevis. It originated in Peru and Chile, but has
been introduced in a series of other countries in South
America, Europe, Africa, and Oceania (CONSTANTINO,
2022).

Termitidae is the most modern termite family and
corresponds to more than 70% of registered species
(CONSTANTINO, 2022). Their habits and morphology are
varied, normally composed of big colonies and complex
nests, which can be internal or external (CONSTANTINO,
2012). The numbers of species and genera identified in this
review were smaller than those of the Rhinotermitidae. The
most frequent genera were Nasutitermes and Microcerotermes,
with Nasutitermes exitiosus being the most frequent species.

Termites are commonly known for their capacity for
cellulose digestion. This cellulose comes from different
sources, according to each species, and varies from sound
wood to hummus and even fungi (LIMA; COSTA-
LEONARDO, 2007). Although they generally feed on
cellulosic material, the damage caused by termites extends to
other materials as well.

Chouvenc; Su (2010) listed mechanisms that hinder the
biological control of isopterans, pointing out: i) alarm
response/trepellency/avoidance  behavior; i)  chemical
defense by use of volatile compounds produced by
microorganisms associated with termites; iii) grooming
(cleaning of members and nest); iv) antifungal activity of the
digestive tract; v) humoral immunity; vi) necrophagy
/burial/avoidance of cotpses; and vii) competition among
microorganisms.

Observing each point, the utilization of space is an
evident problem. Most isopteran defensive practices are
related to the relocation or isolation of contamination
sources, a practice that is difficult in the small spaces of
laboratories. Therefore, laboratory studies involving
biological control agents of termites mostly consist of tests
of the lethality of the agent (CHOUVENC et al., 2011), since
the simulated environment does not match field conditions.

Botanical insecticides are control agents derived from
plants, and as such, they pose a small risk to the environment
when compared to traditional insecticides ISMAN, 2014).

The review by Chouvenc et al. (2011), covering studies
from 1960 to 2010, pointed out problems involving the
biological control of termites through the use of fungi,
nematodes, viruses, and bacteria. Some of their observations
were:

1. Reduced experimental protocol, incompatible with the
complex biology of termites. Especially ones developed in
Petri dishes and/or experiments based on no-choice assays,
because they do not provide support for field applications.
2. The data provided were insufficient to define treatment as
effective.

3. High wvariability of results, suggesting that these
experiments were inconsistent and lacked reliability.

4. The concentrations used were too high (above 107). Since
the microorganisms would not be able to maintain that
concentration level in the field, it makes them unavailable for
field trials.

We also observed the same points, particularly the
incomplete experimental protocol of no-choice assays and
Petri dish evaluations. As for the insufficiency of data, some
publications did not present information on the effectiveness
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of tested control agents or did not use control treatment.
Other similarities found between this review and that of
Chouvenc et al. (2017) were the concentration of studies on
Coptotermes and Reticulitermes species. Pathogens used were
also similar; fungi and nematodes were particularly frequent,
with Metarbizium anisopliae and Beauveria bassiana being the
most common control agents.

5. CONCLUSIONS

Through parameters utilized in this review, we observed
that the number of publications per year has been growing.
This shows that research interest in the area is increasing.
Authors affiliated with American research centers and
colleges were responsible for the largest share of
publications, but termite attacks were noticed in multiple
points of the globe. Even though the use of other control
agents is rising, the use of entomopathogens is still
predominant. There is a vast set of plant-based insecticides
and compounds that can be tested for the control of termites.
Differences between field conditions and laboratory
conditions can explain the distinct results of each control
agent tested. There is a need to test control methods that
represent nest conditions more accurately.
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