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ABSTRACT: Entomology, the study of insects, the largest group of animals, is pervasive and
intricately interwoven with a variety of disciplines. It is not surprising that the discipline was key to
achieving five of the eight Millennium Development Goals (MDGs) and will be for most of the
Sustainable Development Goals (SDGs). Training of entomologists is therefore a monumental task
in Africa and especially Nigeria. A number of challenges are outlined in the training of scientists in
general and entomologists specifically. These include: poor funding, inadequate facilities and
equipment, lack of electricity, shortage of experts and dearth of entomological information, etc.
Suggestions to overcome these challenges are outlined: Experts collaborating in training young
entomologists for complementarity; Universities collaborating with African-based, internationally-
funded research centers such as ICIPE, Nairobi, Kenya; MRTC, Bamako, Mali; IMR, South Africa;
Improvement in local facilities and equipment; Training by individual instruction (use of slides,
tapes, computer-aided instructional materials); Production of texts with examples from local
entomofauna; Emphasizing practicals in training, with the aid of annotated manuals and guides; Re-
activating overseas postgraduate studies, particularly in specialized areas (Molecular Systematics,
Forensics, Genomics, Transgenesis, etc.); Collaboration with colleagues in Chemistry,
Biochemistry, etc. for in-depth multidisciplinary research on biopesticides, chemical
communication etc. to produce useful results for integrated pest management. The limited diversity
of articles in the Nigerian Journal of Entomology, the flagship of the Entomological Society of
Nigeria is highlighted; the need for foray into "New Frontiers" fields in entomological sciences is
advocated. These fields are Cultural entomology, Macroecology, Systematics, Pull-Push and other
semiochemical-based strategies in insect pest management, Insect Genomics and Trangenesis,
Quarantine Entomology, Bio-rational approaches(excluding use of plant extracts) to stored products
Insect Pest Management; Insect Conservation; Molecular Entomology and Forensic Entomology.

Keywords: Sustainable Development Goals (SDGs), African-based, New Frontiers, Macroecology,
Insect Pest Management.
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INTRODUCTION
The discipline of Entomology is pervasive

and intricately interwoven with a variety of
disciplines, in the Humanities (Language,
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Medicine and Agricultural science (Okiwelu,
2005);Archeology, Gastronomy, Food Science
and Technology, Nutrition, Safety, Transport and
Logistics.It is therefore not surprising that the
discipline is key to the eight Millennium
Development Goals (MDGs): Eradicate
Extreme Poverty and Hunger (1), Reduce Child
Mortality (4), Improve Maternal Health (5),
Combat HIV /AIDS, Malaria and other diseases
(6) and Ensure Environmental Sustainability
(7). There are myriad career opportunities for
graduates in entomology because their
expertise is important to Farmers, Teachers,
Scientists, Environmentalists, Industrialists,
Foresters, Customs inspectors, Armed forces
/Police; Homeowners, Artists, Writers,
Physicians, Chefs, Lawyers, Educationists and
finally our WORLD, because entomology
helps to increase the bounty of the planet and
preserve its natural beauty. Training entomologists
that play important, diverse roles in the society is
therefore a monumental task. The challenges
and "new frontiers"in training and research are
discussed.

Challenges
Olulobe et al. (2013) enumerated impediments
to educational development in Nigeria; these
are: limitations in Human Resources, Quality
of Lecturers, Funding, Facilities/Material
Resources, Technology, Administration and
Planning, Political/Legal Matters, etc. These
obstacles impede education and research
generally and particularly in scientific (including
entomological) research.

Ukoli (1983) summarized the problem of
the Nigerian scientist (represented by the
Entomologist) as follows:

.. .it is difficult to imagine a more
exasperating situation than one in which
the very activity (teaching) which takes
up over 80% of the teachers' time,
energy and creativity, and which
constitutes the major priority for
national development, is the very activity
which is hardly taken into account, when
she/he is being assessed for reward and
promotion. On the contrary it is his/her

rating on scholarship and research which
counts; the very areas in which he/she
cannot attain the full potential of his
productive capacity due to shortage of
funds, facilities and incentives.

In 1987, the International Centre for
Insect Physiology and Ecology (ICIPE)
organized a Symposium on Training in Tropical
Entomology. Kumar (1987) who had worked in
Nigeria described the challenges inthefollowing
words:

Generally, the education of entomologists
in the sub region is very poor. Teachers
with correct training and orientation are
either lacking or when available do not
receive the necessary incentives for
effective teaching; support facilities for
academic work are either missing or where
existent have deteriorated to the extent of
being useless. The situation is thoroughly
unlikely to improve in the foreseeable
future

Since the observations of Ukoli (1983)
and Kumar (1987) nearly 30 years ago, there
has been minimal improvement, particularly
with respect to facilities and equipment,
although there is an increase in the numbers of
teachers in the discipline.

Van Huis et al. (1987) at the symposium
on training in tropical entomology highlighted
lack of funds, libraries, equipment, collegial
advice and institutional support as constraints
for the training of Entomologists and other
professionals on crop protection in the Sahel.

Schulten (1987) at the same symposium
stressed the limited expertise in the training on
insect taxonomy, population modeling, crop
loss assessment, remote sensing, etc. These
constraints on training in tropical entomology
are still applicable in Nigeria. In addition,
available instructional materials are not based
on local species but those from home countries
ofthe authors oftext.

A number of suggestions have been made
to overcome these perennial challenges. Kumar
(1987) recommended that the International
Centre for Insect Physiology and Ecology
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(ICIPE) should organize a comprehensive
Master's Degree programme in Entomology or
alternatively, the duration of the Ph.D course
work should be increased by 9 months. Smalley
(1987) proposed the development of regional
collaborative training programmes combining
the facilities of Universities, for their academic
tradition and teaching, with those of Research
Centres for research and supervision. He cited
the African Regional Post Graduate Programme
in Insect Science (ARPIS), a collaborative
venture between 12 African Universities
(including three from Nigeria) and the ICIPE
Nairobi, Kenya. Barfield et al. (1987) noted
that individual instruction had been
demonstrated to result in higher student
comprehension and retention. They advocated
the use of high quality visual methods
(slides/texts, slides, tapes and computer aided
materials) in pest management training
programmes. Okwakol and Tukahriwa (1987)
emphasized the need for books by local
entomologists, utilizing local species as
examples. In recognition of the close link
between theoretical and practical components,
clear and detailed manuals and guides were
advocated. Fortunately, there has been minimal
improvement in facilities/equipment, increase
in teaching staff, some local texts and manuals
have been produced but more has to done.
Nigerian Universities may collaborate, at the
postgraduate level, with internationally-funded
Research Centres on the continent, such as the
ICIPE, Nairobi, Kenya; the Malaria Research
and Training Centre (MRTC) , Mali and the
South African Institute for Medical Research
(IMR). There is a strong need for external input
in our training of entomologists. It is therefore
important that some of our promising young
entomologists are sponsored for overseas
training; the outcome of "inbreeding" is
depressed fitness which is not desirable in the
entomology family. Our young colleagues
should also be encouraged to apply for overseas
scholarships and fellowships.

There have been persistent allegations of
mismanagement of funds by recipients of
grants for research and training of promising
scientists. There are reports of trained
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entomologists abandoning the profession for
other disciplines, where funds may be readily
available. Are Nigerian entomologists following
the tradition (hard work, commitment, dedication,
professionalism) of our indigenous pioneer
Entomologists u.c Ene, T.A. Taylor, A. Toye,
A. Youdeowei, S.A. Apeji, etc.) in the discharge
of our teaching and research responsibilities? A
major change in attitude is mandatory, if we are
to progress. More skilled entomologists should
be invited in exchange programmes to boost the
quality of teaching and research. The
Entomological Society of Nigeria (ESN) should
work with the National Assembly to ensure that
only trained, certified entomologists are
permitted to practise in the profession and the
establishment of a National Insect Museum.

"New Frontiers"
An examination of some volumes ofthe defunct
"The Nigerian Entomologists' Magazine", The
Bulletin of the Entomological Society of
Nigeria, past volumes of The Nigerian Journal
of Entomology and Occasional Publications of
the Entomological Society of Nigeria revealed
that most of the publications over the past 2-3
decades were in Agricultural/Economic
Entomology, Stored Products Entomology,
Medical/Veterinary Entomology. There were
limited articles in Forensic Entomology,
Environmental (Ecological) Entomology,
Insects Systematics, Insect Physiology,
Biochemistry, Behaviour, Biological Control,
Quarantine Entomology, Bio-rational Approach
to the management of insect of stored products
(excluding the use of plant extracts) or
employing the tools of genetics and molecular
biology. Articles from multi-disciplinary
research, involving colleagues in Chemistry,
Biochemistry, Medicine, etc. and Insect
Neuroscience were virtually non-existent. It is
therefore not surprising that the articles on
biopesticides do not go beyond testing the
insecticidal properties of plant extracts on
storage insect pests. While we are aware that
some of the members of the entomological
society of Nigeria publish in other journals
(locally and overseas), the Nigerian Journal of
Entomology is the flagship of the society and
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therefore the contents are indicative to a
reasonable extent of the nature of entomological
research in the country.

Nigerian-based entomologists should
expand their research interests into other
entomological fields, utilizing genetic, molecular
techniques and markers; Systematics; Physiology;
Biochemistry; Behavior; Environmental/
Ecological; Landscape/Urban/Industrial;
Macro-ecology; Forensic; Conservation;
Cultural; Bio-rational Approaches to Stored
Products(excluding the use of plant extracts),
Insect Pest Management. Briefs on the scope
and current trends in these fields are presented.

Cultural Entomology
Humans spend their intellectual energies in
three basic areas: surviving, using practical
learning (the application of technology),
seeking knowledge through inductive mental
processes (science) and pursuing enlightenment
of taste and pleasure by aesthetic exercises that
is often referred to as "humanities" (Hogue,
1987). Entomology has long been concerned
with survival (economic or applied
entomology) and scientific study (academic or
basic entomology) but the branch of
investigations that addresses the influence of
insects and their terrestrial arthropods
(arachnids, myriapods, etc.) in literature,
interpretive history, religion, and recreation is
cultural entomology (Hogue, 1980).

Ethno-entomology, which is concerned
with insect-human interactions in some
societies, is not synonymous with cultural
entomology. Consequently, entomophagy,
practised to augment diets is not an aspect of
cultural entomology. However, ifentomophagy
occurs for recreational or ceremonial reasons, it
is considered an aspect of cultural entomology.
Recently, Lockwood (2012) of the Department
of Philosophy, University of Wyoming, USA,
utilized data in cultural entomology to produce
a brilliant review article, titled, Insect as
Weapons of War, Terror and Torture.

Entomologists interested in Cultural
Entomology may collaborate with colleagues in
the Humanities (Literature, Religion, History,

Theatre, and Fine Arts, Music, etc.) and Social
Sciences (Sociology,Anthropology, etc.)

Macroecology
The renewed focus on ecology at geographical
scales has arisen for at least four reasons. First,
many of the issues presently facing humankind
concern phenomena at such spatial scales
(environmental change, species extinctions and
invasions, human p opu lati cn growth,
epidemiology, etc.). The second reason on
geographic scale analyses is that it has not yet
been possible to reassemble community
patterns solely, from the "bottom-up", arguing
that a "top-down" approach is also possible
(Gaston and Lawson, 1988). Thirdly, it has
become obvious that local community
composition depends on local and regional
processes and therefore an understanding ofthe
structure of local assemblages requires a
regional context (Zobbel, 1997). Fourthly, it
has become clear that ecological patterns
observed at one scale often do not extrapolate to
other scales (Collins and Glen, 1997). For all
these reasons, a programme of large-scale
research in ecology is not merely interesting but
essential (Gaston and Blackburn, 1999).
Nigerian entomologists may commence
macroecological studies by collaborating on
ecological studies of pests and natural enemies
over their distributional ranges across States.

Systematics
The discipline of systematics deals with the
hierarchical patterns and evolutionary relationships
of organisms and incorporates the theory and
practice of describing and classifying organisms,
known as taxonomy.

The importance of systematics is
highlighted by the pioneer president of the
Entomological Society of Nigeria at the first
Annual General Meeting in 1967, when, in his
maiden address, stated:

Most people would agree that the first
and most important operation in any
entomological work is to identify the
species being studied and to determine
its relationships (Taylor, 1968).
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Medler (1980) in his monumental work
on insects of Nigeria emphasized the critical
need for the development of museums staffed
with trained taxonomists. Twenty years after
Taylor (1968) and Kumar (1987) agreed with
Taylor's observations on the dismal state of
insect taxonomic training in Nigeria. Taylor
(1968), Medler (1980), and Kumar (1987)
proffered suggestions on the development of
insect systematics in Nigeria. Fortunately,
biological classification has been revolutionized
with the advent of Hennigian cladistics that
restricts the monophyly concept to taxa that
include all descendants of their members' last
common ancestor and the exclusion of all taxa
that are non-monophyletic in this sense from
the formal classification (Hennig, 1965). The
advent of electron microscopy, advances in
cytogenetic and molecular techniques and
computer-aided approaches to phylogeny
reconstruction enabled the analyses of sizeable
character sets. In addition to entomological genetic
and molecular techniques, other disciplines
(Ecology, Behaviour, Reproductive compatibility,
Chemistry, Zoogeography, etc.) have been
utilized in Systematics. These developments
have led to the concept of integrative taxonomy
(Dayral, 2005).

Push-pull and Semiochemical-based
Strategies in Integrated Pest Management
Push-pull strategies involve the behavioural
manipulation of insect pests and their natural
enemies via the integration of stimuli that act to
make the protected resource unattractive or
unsuitable to the pest (PUSH), while luring
them toward an attractive source (PULL) from
where the pests are removed. The push and pull
components are generally non-toxic. Therefore
the strategies are usually integrated with
methods for population reduction, preferably
biological control. The strategies maximize
efficacy of behavior-manipulating stimuli
through additive and synergistic effects of
integrating them (Cook et af., 2007).

The possibility of disrupting the chemical
communication of insect pests has initiated the
development of new semiochemicals,
PARAPHEROMONES, which are anthropogenic

compounds structurally related to natural
pheromone components. The most common
modifications are at the chain and/or polar
group, isosteric replacements, halogenation or
introduction oflabelled atoms.

Parapheromones have shown a large
variety of effects, and accordingly have been
called agonists, pheromone mimics, synergists and
hyper-agonists, pheromone antagonists, anti-
pheromones and inhibitors (Renou and Guerrero,
2000).

It is therefore important that at the
graduate level, entomology courses on insect
physiology, biochemistry, behaviour, chemical
communication and natural enemies should
have the depth and breadth to produce useful
data for applied entomology. Results from these
studies will subsequently fmd applications inpush-
pull strategies in insect pest management and
semiochemical-based pest management strategies
(Trap cropping, behavioural manipulation, etc.)
(Hokannen, 1991; Foster and Harris, 1997) and
habitat management to conserve natural enemies
(Landis et af., 2000).

Insect Genomics and Transgenesis
Genomics is the study of the structure and
function of the genome: the set of genetic
information encoded in the DNA of the nucleus
and organelles of an organism. It is a dynamic
field that combines traditional paths of inquiry
with new approaches that would have been
impossible without recent technological
developments. Much ofthe recent focus has been
on obtaining the sequence of entire genomes,
determining the order and organization of the
genes and developing libraries that provide
immediate physical access to any desired DNA
fragments (Heckle, 2003). Sequencing of DNA
libraries and genomes of pest organisms is
regarded as the key to gene discovery, the
identification of novel targets for new insecticides
with regards to the application of functional
genomics, the microarray format lends itself to
analysis of the transcriptome response to
pesticides, climatic stress, host plant defensive
compounds, infection by viruses and microbial
pathogens and any number of phenomena
affecting the pest status of arthropods. Genetic
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transformation of insects is another technique
that will greatly affect the future role of
genomics in applied entomology (Heckel,
2003).Proteomics which studies the protein
profile, structure and functions in an organism
enables scientists to decipher the expression of
genes in any observed phenotype and
understand the various interactions between
cellular organelles and their internal/external
milieus. Thus, both nucleic acids (RNA and
DNA) and genes become relevant to
genomics/proteomics in studying characters
that intervene in susceptibility or resistance to
insecticides hence manipulation becomes
possible and is facilitated.

The ability to manipulate genetic
materials "in vitro" and integrate them into a
host genome has proven to be one of the more
powerful methods of genetic analysis, as well
as a means to manipulate an organism's biology.
In insect, the use of gene transformation is
equally significant in its potential to facilitate
an understanding of insect genetics,
biochemistry, development and behaviour. A
more complete understanding of insect
biology, would in turn certainly enhance
current methods and promote development of
new methods, to manage populations of both
beneficial and, pest species (Handler and
O'Brochta, 1991).

The ability to manipulate the genomics of
many insects has become practical reality over
the past 18 years. This has been led by the
identification of several useful transposon
vector systems that have allowed the
identification and development of generalized,
species-specific and tissue-species promoter
systems for controlled expression of gene
product upon introduction into insect genomes
(Fraser, 2012). The concept that an insect
species' genome could be altered in a manner
that would result in the control of that species
(i.e.: autocidal control) or in the replacement of
a pestiferous strain of this species with a more
benign genotype was first proposed in the mid-
1990s. Research efforts led to the set of
classical genetic control approaches that
included use of sterile males, conditional lethal
genes, translocation, compound chromosomes

and microbe-mediated infertility (Phillips and
Throne, 2010). A genetic approach may be the
solution to the intractable problem of Glossina
control (Okiwelu et al., 2015).

Quarantine Entomology
World trade in agricultural commodities is
growing at a rapid rate. As agricultural trade is
increasing, the risk of introducing exotic insects
into new areas where they may become plant
pests increases. The establishment of new pests
can be costly owing to increased crop damage
control programmes and quarantine restrictions
on trade. Post-harvest commodity treatments
for pests requiring a high degree of quarantine
security are commonly called probit 9
treatments. The reference originates from the
statistical method (Probit Analysis) used in
deriving the dose-response relationship. A
response at the probit 9 level results in
99.9968% efficacy (Follett and Neven, 2006).
Although a single post-harvest treatment
applied to the commodity is still the most
common method of quarantine pest control, a
range of alternative analytical techniques and
mitigation options exist to prevent exotic pest
introductions (Follet and Neven, 2006).
Alternative approaches, such as multiple or
combination treatments, systems approaches,
and a variety of specially designed inspection
schemes can also provide the basis for establishing
quarantine security. The system approach
integrates many biological and physical factors
with operational procedures to cumulatively
provide quarantine security (Jang and Moffitt,
1994; Jang, 1996).Nigeria's several sea ports,
international airports and numerous land border
crossings (legal and illegal) highlight the need for
expertise in quarantine entomology.

Bio-rational Approaches to Managing
Stored Product Insects (excluding the use
of Plant Extracts)
Stored product insects can cause post-harvest
losses, estimated at 9% in developed countries
to 20% or more in developing countries. There
is much interest in alternatives to conventional
insecticides for controlling stored product insects
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because of insecticide loss due to regulatory
action and insect resistance, and because of
increasing consumer demand for product that is
free of insects and insecticide residues (Phillips
and Throne, 2010).

Approaches include manipulating the
physical environment, sanitation and exclusion,
temperature management, irradiation, controlled
and modified atmosphere, humidity control and
desiccation, impact and removal. The biologically-
based controls include pheromones and other
semiochemicals, insect natural enemies
(predators, parasites), microbial insecticides,
insect growth regulators and resistant crops and
food (Phillips and Throne, 20 10).

Insect Conservation
Opler et ai. (1971) placed the benefits derived
from insects and their relatives in three
categories: intellectual, economic and
ecological. These categories have been
extensively discussed (Hogue, 1987;Catts and
Goff, 1992; Okiwelu, 2006). In the economic
category, although there has been emphasis on
economic pests, they constitute only 5% of all
described species (Pyle et al., 1981).

A commonly voiced justification for
preserving a particular obscure and apparently
insignificant species is that species are
interconnected in subtle ways and we are likely
to precipitate a cascade of extinctions
(Wilcove, 1987). There is also a moral
justification for insect conservation and this
has to do with the beliefthat various aspects of
the environment have a right to exist and that it
is our moral obligation to allow them to
continue or help them to persist, the foundation
of deep ecology (Raven et al., 1995). The
United Nations General Assembly Charter on
Nature agreed in 1982 that species have a
moral right to exist. The analysis of such issues
is the province of a new discipline known as
Environmental Ethics (Botkin and Keller,
2005). Extinction of Insects worldwide has
been documented (Opler, 1976; Strong, 1978).
In 1996, the International Union for the
Conservation of Nature (IUCN)Red List of
Threatened Animals recorded 73 insect species
extinction worldwide, over the past 400 years.

The 2000 IUCN Red list of threatened species,
were recorded 555 in three categories (Extinct,
Endangered, Vulnerable), constituting nearly
31% of invertebrates and 10% of all threatened
animals.

Molecular Entomology
Molecular biology techniques have been applied
in various areas of the discipline. They are used in
Hennigian Cladistics to establish evolutionary
relationships among species in systematics
(Okiwelu and Noutcha, 2014). The polymerase
chain reaction (PCR) is used for the identification
of sibling species of insect complexes
(Anopheles gambiae s. I., Anopheles funestus s.
I.; Simulium damnosum s. I.) (Noutcha and
Anumudu, 2009, 2010).The multiplex PCR or
the Enzyme-Linked Immunosorbent Assay
(ELISA) can be used in sero-epidemiological
studies to detect parasite antigens and
determine infection rates in vectors (Burkot et
al., 1984; Wirtz et al., 1987; Beier et al., 1988;
Noutcha et al., 2009) as well as their feeding
preferences (Beier et al., 1999; Noutcha,
2007).Near Infrared spectroscopy (NIRS) is the
most recent rapid and cost-effective age-
grading and species identification tool. It
involves collecting spectra absorbed from
heads, thoraces and abdomens of mosquitoes
and subsequent analyses of the spectra for both
age and species determination (Dowell et aI.,
2011; Sikuluetal. 2014).

Forensic Entomology
Forensic entomologists are frequently asked to
interpret arthropod evidence recovered from
human remains and determine how long the
arthropods were present. The time period has
often been interpreted as the post mortem
interval (PMI); or time since death (Catts and
Goff, 1992). Assessment of the PMI has been
grounded on arthropod development rates and
community succession of arthropods. The
assumption that forensic entomologists provide
actual PMIs has been generally accepted,
following numerous studies (Gon~ 2000;
Arnaldos et al., 2005; Hutington et al., 2007;
Ndueze et al., 2013). However, arthropod-
based PMI predictions are acknowledged to be
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associated with a number of assumptions
which can lead to severe deviations from the
true PMI, ifviolated (Catts and Haskell, 1990).
Consequently, Amend et al. (2007) proposed that
forensic entomologists reconsider their
conclusions in terms of period of insect activity
(PIA) defined as the time from arthropod
colonization until discovery ofthe remains. A
more explicit recognition that PMI and PIA are
usually, but not always strongly related will
promote better interpretation of results, and
systematic evaluation of potential sources of
error, a key feature of legal acceptance of
evidence. Scientific evidence must also be
testable, peer-reviewed and be accepted by the
specific scientific community, employing the
technique. Tomberlin et al. (2011) have proposed
a framework to guide research that builds
understanding of the sources of error in forensic
entomology by employing basic science.
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