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ABSTRACT. Globalization is defined as the integration of economic, political, and cultural
systems around the world and it is recognized as a force for economic growth. It is powerfully driven
by advances in science and technology, information and communication technology, anthropogenic
activities of which the most dynamically expanding in frontiers are commerce, tourism, and
humanitarian aids. As a consequence, trans-boundary insect pest species are increasing. We
enumerate the consequences, economic, ecological and environmental impacts of insect pests on a
global scale and posit that the competitiveness ofthe Nigerian Entomologist as a key player in the
knowledge economy that drives national and international trade policies and regulations, national,
regional, international pest management programmes is still at a very low ebb. To equip the Nigerian
Entomologist for global impact requires designing educational programmes to enhance ability to
shape, evaluate and implement policies designed to mitigate challenges of globalization; build both
research and management capacity; strengthen and make more impactful contributions to national,
regional, and international legal framework on phytosanitation; create and uphold public awareness;
and promote international co-operation. We advocate commencement of an Entomology 1st degree
programme premised on education for knowledge-driven development and entrepreneurship.
Furthermore, the National Executive Council of the Entomological Society of Nigeria is urged to
expedite action on the legal frameworkrequired to establish the Nigerian Institute of Entomology for
the regulation and control ofthe profession.
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INTRODUCTION
Endemicity and uniqueness of the flora and

fauna of each of the world's continent have been
shaped by geological and climatic events. Bio-
geographers would have us believe that over 200
million years ago the earth had a single land
mass, Pangaea, surrounded by a single ocean;
Panthalassa. The splitting and separation of that
land mass (tectonic plate theory) imposed
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reproductive isolation and encouraged independent
continued evolution within each continent
(Hurley, 1968;Matthews, 1973).

Today, insects readily bridge bio-
geographical boundaries during migration or as a
consequence globalization, economic integration,
and anthropogenic activities, the most dynamically
expanding in frontiers being commerce, travels,
tourism, and humanitarian aids to victims of
natural disasters, terrorism, and armed conflicts.
Insects'geneticplasticityallows for theiradaptationto
diverseecological environments and co-habitation

http://www.esn.org.ng
mailto:eoogunwolu@gmail.com;


74 • NIGERIAN JOURNAL OF ENTOMOLOGY - Volume 31,2015

with man, animals and plants. In the succeeding
sections, we list adaptive features which
contribute to ecological success of insects on the
earth'splanet;we itemize functional responsibilities
of an entomologist; we define globalization and
enumerate its economic, ecological, and
environmental impact; we direct attention to the
challenges of preventing and managing exotic
pest incursion; and we: (a) recommend an
overhaul of our human capacity development
programmes; (b) advocate commencement of
first degree (B.Sc Honours) programme in
Entomology, and (c) urge expedited action on the
enactment of a law to establish the Nigerian
Institute of Entomology, for the regulation of
practice of the profession as away towards making
the Nigerian Entomologist's output globally
impactful.

Insects' Features and Ecological Success
What are insects and what makes humanity
passionately commit huge resources to their
conservation or extermination? Explicit
descriptions of the morphology and functioning
of insects are contained in Snodgrass (1935),
Borror and DeLong (1970), and Richards and
Davies (1977). Succinctly, insects share with
their relatives in the Phylum Arthropoda
possession of external skeleton and jointed
appendages but are peculiarly constructed in
having a locomotor centre [the thorax] bearing
three pairs oflegs and one or two pairs of wings.
The head region, preceding thorax, bears a pair of
antennae, a pair of lateral compound eyes and
two or three dorsal ocelli, a brain divided into
proto-, deuto-, and tritocerebral centres, and
mouthparts. Posterior to the thorax is the
abdominal region housing reproductive organs
but generally lacking ambulatory appendages.
The alimentary canal is long and tubular; the
blood vascular system comprises dorsal and
ventral vessels connected by lateral tnmks; the
nervous system consists of a brain, dorsal to the
alimentary canal, and a ventral nerve cord of
double-segmented ganglia united by paired
connectives. Respiration is through tracheae
(invaginations of the body wall) or gills
(evagination ofthe body wall).

The world's fauna is dominated by insects

and they are unsurpassed in taxonomic and
ecological function diversity. Their adaptation to
widely differing environmental conditions and
ecosystems (terrestrial, fresh and salt water, hot
springs, pools of petroleum near oil wells)
[Borror and Davies, 1970; Schowalter, 2011] is
unparalleled. Evolutionary and ecological
success of insects derives from their genetic
plasticity (rapid gene frequency changes in
response to changing environmental conditions);
small size for micro-habitat niche exploitation
and sensitivity to environmental changes;
exoskeletonous protection against predators,
inflow and outflow of water; hemimetabolous or
holometabolus development promoting niche
partitioning and reducing intraspecific competition;
potentially explosive population growth; and
capacity for dispersive movement and adaptive
(long-distant) flights to new habitats (Schowalter,
2011).

Insects rapidly acquire pest status on
account of their propensity for reducing the
availability, quantity, quality or value of human
resources (food, fibre, infrastructures etc.); for
vectoring pathogens to plants, man, and
livestock; and for constituting a nuisance to man
and animals (Flint and Gouveia, 2001; Adedire,
2011).

Entomologist's Functional Responsibilities:
An Overview

In what functional responsibilities are
Nigerian Entomologists expected to make global
impact? These include:
i) studying the evolution of insects, discovering

and cataloging new species, classifying and
preparing publications that help identify
different insect species,

ii) developing methods for preventing the
importation and spread of destructive
insects,

iii) investigating the role of insect pests in
agriculture, forestry, human and
environmental health,

iv) developing and implementing pest
management programmes for both urban
and agricultural locations, and

v) coordinating public awareness and
education programmes,
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Globalization
Globalization has been defined as "the integration
of economic, political, and cultural systems
around the world" and it is recognized as a force
for economic growth (White et al., 2010); it
implies increased closeness between countries as
a result of rapid information flow and aligmnent
of local and national perspectives on economic
production, consumption, trade, tourism etc.
with those of the broader integrated and
interconnected world (Kates, 2003).

Institutionalizationof international integration
is driven by differential rates of population growth,
industrialization, human capital development,
competitiveness as a global economic force. Good
governance, the stability and sustainability of
positively-impactingpolitical, economic and social
policies can and does influence close relationship
between countries. Trends elsewhere, particularly
in the developed world, of what is internationally
acceptabie in improving quality of life in totality
provide cues for, and pressure on, the developing
countries to follow (Dolowitz, 2000; Dolowitz and
Marsh, 2000). Technological advancements,
information and telecommunication technology,
liberalization of international trade, and
anthropogenic activities inclusive of tourism
have simplified and hastened economic and
cultural exchanges among countries in the world
(Haseeb et al., 2011).

Globalization and Pest Invasion
A positive outcome of the establishment of
World Trade Organization in 1995 was the
opening of new vista for agricultural growth and
diversification through liberalization of trade in a
bid to ensure food security. It, however, came with

a concomitant challenge to economic and
enviromnental security. The rapid intercontinental
movement of goods caused escalation and
recurrent threat of trans-boundary pests, most
notably insects, capable of impacting lives,
natural resources, and enviromnent. The speed
and extent of dispersion of invasive alien species
[IAS] has increased with increase in human
population growth and enviromnental alteration
(Pimentel et al., 2010). In a survey of arthropod
community associated with agricultural areas on
the Santa Cruz Island, Equador, 76 out of the 160
species collected were introduced (Oquendo,
2002). The list of alien insect species impacting
agriculture and natural resources in Sudan is
contained in the publication by Satti (2011).
Discovery of a new insect species from an
average of 54 maritime cargo inspections and the
interception of Trogodermagranarium Everts, a
serious pest of stored produce, 559 times at ports
of entry in the United States of America between
1985 and 20 10 amply demonstrates threats posed
by IAS (Clavero and Garcia-Berthou, 2005;
Work et al., 2005). Table la shows origins while
Table 1b shows the location of the intercepted
specimens. According to Duggal and Siddiqi
(2008), "increased global connectivity, integration
and interdependence in the economic, social,
technological, cultural, political, and ecological
spheres have created challenges for pest
management service industries".

Impact oflAS on Agriculture and Ecosystem
Spread ofIAS is among the significant drivers of
enviromnental change posing challenging threats to
society, earth's natural heritage, biodiversity,
biosecurity, ecological and economic wellbeing,

Table 1a: Sources of Origin of Trogodermagranarium Interception at Ports of Entry in the United
States of America'

Serial Numbers Region Number of countries
10
18
1
2
6
6
1

Asia
Middle East and North Africa

1
2
3
4
5
6
7

Oceania
Central America
Sub-Saharan Africa (Nigeria included)
Europe
North America (Canada)

I Source: Myers and Hagstrum (2013)
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Table 1b. Location of Trogodermagranarium
interception at Ports of Entry in the
United States of America'

well as on plants whose seeds are dispersed by
insects.

_L_o_ca_t_io_fl o/t_o_o_f_ifl_te_r_ce_p_tI_·O_fl Nigerian Entomologist's Functional Challenges
Passenger luggage 50.8
General cargo 30.4
Mail, shiphold, stores, other cargo 19.8

'Source: Myers and Hagstrum (2013)

human, animal and plant health (McNeely et al.,
2001; Pimentel, 2003). As observed by McNeely
et al. (2001), the nature and severity ofthe impact
vary across nations and regions and the damage
may be irreversible. The impact traverses loss of
commodity, reduced agricultural productivity,
trade restriction (quarantine), cost of pest control,
loss of tourism and recreational value of the
infested region (Follet and Neven, 2006; Kumar
et 01.,2013; Myers et al., 2013). In the US, exotic
insects and mites annually cause damage valued
at over 17.0 billion dollars (Pimentel et al.,
2002).The cassava mealybug [CMB]
(Phenococcus manihoti Matile-Ferrero) and the
larger grain borer (Prostephanus truncatus Horn)
threaten food security in Sub-Saharan Africa;
biological control of the CMB cost US $47
million (Zeddies et al., 2000). Coulibaly et al.
(2004) reported that the cassava green mite
(Mononychellus fanajoa Bondar) infested 1,
817,000 km2 across Benin Republic, Cameroun,
Ghana, and Nigeria. In New Zealand, the varroa
mite (Varroa destructor Anderson and Trueman)
caused $267-602 million damage in the bee
keeping industry (Witteberg and Cook, 2001).

In the ecosystem, the structure and species
composition can be transformed when IAS
repress, exclude, or outcompete native species in
resource acquisition and utilization, and when
they indirectly change the way nutrients are
recycled (McNeely et al., 2001). For example,
the bigheaded ant, Pheidole megacephala
Fabricius, and the Argentine ant, Linepithema
humile Mayr outcompeted the local ant species of
Hawaii (Samways, 2007); similarly, the fire ant,
Solenopsis geminata Fabricius, has been reported
to devastate local insect faunas (Hill et al., 1996;
Cook, 2003). There are cascading effects on
insectivorous birds, insect-pollinated plants as

Foundational Knowledge and Experiential
Gap

. Human capital has been identified as a major
constraint to Africa's agricultural development
(Okiwelu and Noutcha, 2008). The tasks of
preventing the importation and spread of
destructive exotic pest species, determining the
impact of insect pests in agriculture, forestry, and
environment, and developing and implementing
pest management programmes demand strong
foundation in entomological science reinforced
by continual retraining and knowledge acquisition.
In Nigeria, entomological science knowledge
and experience of majority of the professionals
entrusted with the responsibility of protecting om
agriculture, environment and economy as well as
the knowledge and experience of majority of
current postgraduate students are resting on
exceedingly weak pedestal. This submission can
hardly be refuted if one examines the entomology
component of the minimum benchmark
requirements for the degree of Bachelor of
Agriculture. Entomology is taught as component
of Crop Protection courses at 200-400 levels and
the final year course listing hardly accommodates
more than four core entomology courses. The
matter is exacerbated by limited practical skill
acquisition! hands-on experience.

Critical to the success of a pest control
programme is the proper identification of the pest
organism and consequently, serious taxonomic
training is imperative (Okiwelu and Noutcha,
2014). Entomological reference and diagnostic
service to diverse interest groups at local, state,
national and international levels are at a very low
ebb. Besides the critically low manpower
resources for it, the science of characterizing,
classifying and naming taxa (taxonomy) places
more premiumon themorphological characteristics
of the adult stage than the immature stages.
Application of molecular techniques (DNA-
based diagnosis and DNA finger-printing) is
increasingly solving the intractable problems of
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race/biotype species complexity (Noutcha and
Anumudu, 2011), tracing origin of a pest (Laffin
et al., 2003), and redefining phylogenetic
relationships (Okiwelu and Noutcha, 2014). The
enhanced competence and decreased error rate of
the entomologist trained in using "a multisource
approach that takes advantage of complementarity
among disciplines" [integrative taxonomy]
(Pagel, 2002; Schlick-Steiner et aI., 2010) cannot
be questioned.

Previously, Okiwelu and Noutcha (2008) and
Adesiyun (2009) opined on how entomological
training should change so it better aligns with
developmental needs and employment
opportunities. The former authors advocated the
teaching of "International Agriculture" on the
grounds that the economies of the nations of the
world are interdependent, students need to have

international perspective to be vitally and
functionally competitive, and opportunities for
awareness of, and competitiveness for international
career are greater sequel to such training while the
latter author advocated curriculum review with
emphasis on relevance and infusion of
entrepreneurship at all tiers of education. We
cannot lament the dearth of tertiary institution
awarding a first degree in Entomology in Nigeria
any more than Ogbogu (2012) did. The
competitive edge of the holder of a Bachelor of
Science degree in Entomology from College of
Agriculture and Life Sciences, Texas A & M
University, USA, for a functional entomology
position is best grasped by comparing course
listing (see Table 2) and curriculum of instruction
(seeAppendix 1) for the degree programmme with
what is required for a Bachelor of Agriculture

Table 2: List of Courses* for the Award of Bachelor of Science Degree in Entomology of the Texas
A & M University, Texas, USA

2

Year of Study
3 4

201. General Entomology

208. Veterinary Entomology

210. Global Public Health
Entomology

285. Directed Studies

289. Special Topics in ...

300. Field Studies 401. Principles oflnsect Pest Management

301. Biodiversity and 402. Field Crop Insects
Biology of Insects

305. Evolution ofInsect 403. Urban Entomology
Structure

306. Insect Physiology

313. Biology of Insects

315. Biotechnology
and Society

320. Honey Bee Biology

322. Insects and Human
Society

423. Medical Entomology

424. Insect Ecology

428. Insect Biotechnology

429. Insect Biotechnology Laboratory

431. Forensic Entomology
432. Applied Forensic Entomology

435. Problem Solving in Entomology

450. Caribbean Conservation

451. Caribbean Research Seminar

481. Seminar
482. Occupational and Professional

Development

484. Professional Internship

485. Directed Studies

489. Special Topics in ... Field Entomology

491. Research

*See Appendix 1 for course synopsis
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degree or with the reviewed entomology
curriculum for tertiary institutions in Nigeria
(Ogbogu, 2012) [see Table 3 and Appendix Table
2] that is intended to correct our human capital
development defects. Our educational training
strategy must be in the direction of scientific
development with globalization consideration and it
must also address the overall low scientific and
entomological literacy level in our communities.

Comprehensive compilations of the insect
pests associated crops (arable/tree /plantation)
are available (FMANRlNRl, 1996; Ojuederie,
2002), however, not much is known about their
distribution, pest hotspots and pest-tree area
because of paucity of regular survey and
surveillance or known about their status as
quarantine or regulated non-quarantine pests.
Also, wide knowledge gaps exist on quarantine
pest information on crops imported into Nigeria
(i.e., the pest, quarantine status, those requiring
treatments, ability of the pest to survive,

regulatory structure of the exporting country
etc.), yet the preventive action against the
introduction ofIAS (the more preferred strategy)
has to be taken at both the source and destination
of invasion (McNeely etal., 2001).

Technical Knowledge Gap
We submit that the gap between what the
Nigerian Entomologist knows and what needs to
be known about:
1. invasionpathwayasrelatedtohumanactivities
11. pest risk assessment
111. pest risk mapping is wide.

The premise for any measure taken by a
country against the introduction and spread of
new pest must be science-based pest risk analysis
[PRA]. PRA is an essential component of plant
health policy (Soliman et al., 2010) and it has
been defined as the process of using biological or
other scientific and economic evidence to assess
the likelihood of pest invasion, the probability of

Table 3: List of Recommended Courses* in the Reviewed Curriculum for the Award of Bachelor's
Degree in Agriculture, Environmental Biology, Forestry, Medicine, Veterinary/Animal
Science and Zoology in Nigeria

2 3

Year of Study
4

200. Introduction to Insects
and Other Arthropods.

400. Insect Structure and Function.
401. Insect Pests ofField Crops.
402. Insect Pests of Stored Products.
403. Horticultural/Ornamental and

Turf Entomology.
404. Livestock/Veterinary Entomology.
405. Forest and Shade Tree Entomology.
406. Applied Agricultural Entomology.
407. Insect Ecology.
408. Insect Taxonomy.
409. Insect Behaviour.
410. Insect Physiology.
411. Medical Entomology.
412. Insects of Aquatic Habitats.
413. Honey Bees and Social Insects.
414. Urban Entomology.
415. Introductory Integrated Pest

Management
416. Environmental Entomology.
417. Introduction to Forensic Entomology

300. General Entomology

* Course Code- ENT; See Appendix 2 for Course Synopsis.
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successful invasion, the extent of its negative
impact as well as to determine whether it should
be regulated and the strength of any phytosanitary
measures to be taken against it (FAO, 2007;
Magarey et al.,2009; Schrader et al., 2010). How
proficient are we in the use of the requisite
analytical tools? Is there usage of:
• probabilistic pathway models that link

invasive pest arrival to international and
domestics trade flows and transportation
corridors for the purpose of estimating
rates of pest arrivals at specific locations
(Colunga-Garcia et al., 2013),
hierarchical clustering (Womer et al.,
2013) to analyze geographical distribution
of species objectively to estimate the
potential of new species to become
established should they be introduced to
the area of concern,
geospatial information technology standards
(Rafoss et al., 2013) for improving pest
detectioninthefield and pest risk assessment?
Economic impact assessment can be

qualitative or quantitative. Qualitative assessment
is less costly and less challenging than quantitative
assessment but its SUbjectiveness, lack of
transparency, use and abuse for political and
protectionist goals (Sansford, 2002) decidedly
are drawbacks. The limited use of quantitative
economic techniques, namely, partial budgeting,
partial equilibrium analysis, and computable
general equilibrium analysis, in regulatory plant
protection can be blamed on technical
knowledge gap. McNeely et al. (2001) have
identified the need for many countries to build
management and research capacity and build
public awareness besides strengthening national,
regional, intemational, legal, and institutional
frameworks to deal with lAS.

As long as we remain incapable ofproperly
conducting pest risk and environmental impact
assessments that can avert economic loss and
preserve economic activities (Keller et al., 2007)
at national and regional levels, we shall continue
to be spectators in the knowledge economy that
defines and identifies key players in national and
international WTO policies and regulations.
Furthermore, we shall be unable to attract
requisite donor agency funding.

•

•

Research
Global competitiveness of the Nigerian
Entomologist would continue to be a mirage if
research is not demand-driven and its funding
adequate. Engaging in global agenda of
collaborative research with other countries
rewards synergy to the nation and to the
individual Nigerian Entomologist. Prevention of
incursionof alien species,determinationof economic
impact of invasion, containment of spread, and
mitigating damage require target approach,
strategic focus on assets at risk, high level of
technical capacity and skill, massive body of
biological and socio-economic information
resulting from extensive research oriented
preponderantly more towards new and
innovative breakthroughs than towards
intellectual outcome. The required cost outlay on
these is high and political will of government,
opportunity cost, and level of foreign aid are
important determinants of public sector research
funding. Global leadership in scientific output
stems from dominance in funding scientific
research. Between 2006 and 2010, Nigeria's total
research expenditure, as a share of agricultural
gross domestic product, ranged between 0.3 and
0.49 %, a far CIY from the 1% recommended for
members oftheAfrican Union.

Research findings are the building blocks
of the system to sustainably manage a pest
species; collaboration among researchers at
national and international levels quickens the
moulding of the blocks and will afford
comprehensive pest control. The Nigerian
Entomologist is required to curtail the negative
impact of globalization through leadership role
in national and international research-derived
scientific information acquisition on emerging
pest developments and threats, host-pest-
environment interrelationship, effective pest
management strategy (McNeely et al., 2001;
White et al., 2010).

Research outputs from our tertiary
institutions and research institutes show very
little evidence of linkage/collaboration with
Nigeria Agricultural Quarantine Service
(NAQS) or of co-operative, resource-sharing
agreement with foreign partners that would have
afforded development/acquisition of skill and
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experience in alien pest invasion management,
regulatory entomology, biodiversity surveillance
with added benefit of international relevance.

The prevalently fragmentary, field-field
pest control research being conducted by
Nigerian Entomologists are insignificantly
impactful on agriculture and environment even
at the national talkless of international level.
Shallowness of research is exemplified in criteria
for insecticide evaluations that significantly omit
impact on non-target organisms. Where adequate
attention had been paid to this important
parameter, activities of naturally-occurring
biotic agents have been increased. For example,
the widespread use of the insect growth
regulator, tebufenozide (wopro-tebufenozide,
Romdan, Mimic, Confirm or RH 5992) in place
of broad-spectrum insecticide resulted in
increased activity of the carabid beetle
Leptotrachelusdorsalis (Fabricius) in sugarcane
fields (Whiteetal., 2010).

Capacity to Prevent and Manage Pest
Incursion and Raise International
Competiveness ofAgricultural Sector
To mitigate risk of transboundary /quarantine
pest incursion while promoting international
integration, co-operation and facilitating world
trade, international standard setting and
regulation on phytosanitation had to be done and
contracting countries, as signatories to the
International Plant Protection Convention
(IPPC), had to align their national legislation and
policy with international norms and standards
(Ojuederie, 2006). Nigeria is a signatory to the
IPPC treaty and the NAQS has, amongst others,
the responsibility to facilitate trade, meet global
safety and quality control standards for exported
and imported goods, prevent exotic pest
incursion and minimize risk to agricultural
economy and ecosystems through promoting,
regulating and implementing international and
domestic sanitary and phytosanitary measures
and through effective management ofintroduced
exotic pest (Awonusi, 2011). NAQS's weak
functional capacity and efficiency in performance
of the above can hardly be argued. The 2014
nominal roll ofthe south-western sector lists just
one Ph.D., four M. Sc., eight DVM, and fourteen

B.Sc. holders out of 331 staff members (Ajayi,
2015; personal communication with a staff of
NAPQS). These are products trained with
knowledge-, and experiential-skill deficient
curriculum. In many other developing countries
of Africa, the technical capacity, expertise, and
skill to deal with lAS/quarantine pests and to
make the agricultural sector internationally
competitive through meeting global safety and
quality control standards for export, is equally
grossly inadequate. Common knowledge of the
Nigerian Entomologist's weakened position
makes international acceptance of his pest risk
analysis and his contest of a foreign country's
pest risk analysis problematic.

Kelly (2005) had pointed out that high food
safety regulatory standards set by importing
countries can and does affect the ability of
agricultural producers to export. Nigeria,
compared to South Africa, Kenya, Cote d'lvoire,
and Ghana, is not a competitive exporter of
floricultural, horticultural, food and beverage
products to EU countries or to the United States
of America (Aiyelaagbe, 2013; Pasco, 2010) on
account ofthe presence of pests in consignments
and/or above-maximum tolerable level of
pesticide residue. A case in point is the recent ban
on export of beans to Europe on account of
above-tolerable limit of dichlovos (DDVP)
insecticide residue (0.03-4.6 mg/kg as opposed
to 0.01 mg/kg maximum residue limit set by the
European Food Safety Authority).

A paradigm shift is called for, to change
focus from field to field pest control to area-wide
pest management if maximum pest limits on
export crops are to be met. In addition, effective
pre- and post-harvest quarantine treatments must
be developed (Follet and Neven, 2006) to
enhance unrestricted trade channels.

Pest Control Services
As a service management system, pest control
services include "purchase and sale of products,
materials and equipment to deliver service,
operating process of service delivery, quality
assurance and control, data and document
maintenance, training and preventive and
corrective actions" (Duggal and Siddiqi, 2008).
The pest control operator is to proactively
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prevent pest problems by engaging monitoring,
cultural and physical tools and when other
control options are needed he is required to
develop strategies least disruptive and harmful to
the environment.

Nigeria has inherently weak regulatory,
health and educational systems which leaves
room for quacks to operate as pest control
consultants and/or service providers. Among the
entrepreneur professional entomologists providing
pest control services, few if any are in possession
of quality management certification (imperative
for international relevance and recognition), such as
International Organization for Standardization
applicable to pest management, food safety
management and environmental management
systems.

Extension Entomology
The impact of insect on agriculture, health and
environment is dynamic just as its suppression. No
group is more endowed to communicate accurate,
timely information to the relevant stakeholders
than extension entomologists. Training centres for
this area of specialization are few inNigeria.

GALVANIZING NIGERIAN
ENTOMOLOGIST FOR GLOBAL

IMPACT

Revamping Entomology Training
Anandakrishnan (2001) informed that three
important attributes which characterize a
"knowledge society" are creative capacity,
innovative talent, and ability to determine
relevance. As amplified by Bogoro (2015),
"creative capacity is demonstrated by the
generation of new knowledge and extension of
existing knowledge and innovative talent is
reflected in the improvements in quality to
existing products and their functions". To equip
the Nigerian Entomologist for global impact
requires designing educational programmes to
enhance ability to shape, evaluate and implement
policies designed to mitigate challenges of
globalization; build both research and management
capacity; strengthen and make more impactful
contributions tonational,regional, and international
legal framework on phytosanitation; create and

uphold public awareness; and promote
international co-operation.

It is high time we introduced an Entomology 1sl
degree programme premised on education for
knowledge-driven development and
entrepreneurship as a long-term approach to
revamping our entomology education. The first
step had been taken by the National Executive
Council ofthe Entomological Society of Nigeria
(ESN) with the review of entomology curriculum
for tertiary institutions.

Information Management and Networking
Remaining relevant, current and able to be
globally impactful is helped if the Nigerian
Entomologist is digitally compliant, i.e.,
information and communication technology
literate. Digital applications, such as Global
Positioning Satellite for pest surveillance and
pest risk mapping as well as digital programme
for insect taxonomy, systematics, and population
dynamics, pest and pest control information
gathering and management are replete in diverse
fields of entomo logy. The Nigerian Entomologist
needs to network or belong to an organization
linstitution that is networking. For example, pest
risk maps, a vital tool in pest risk assessment, is
challenging to produce and difficult to interpret.
Membership of the International Pest Risk
Mapping Workshop will enhance the Nigerian
Entomologist'S capability in interpretation and
use of pest risk maps, in communication with
other diverse stakeholder interest groups (natural
resource, biosecurity, production etc.) as well as
increase international collaboration (Venette et al.,
2010). Participation at national and international
Congresses,Conferences,Symposia, and Workshops
fosters networking.

ESN'sRole
A needed follow up to the review by ESN of
entomology curriculum for tertiary institutions is
its integration into the minimum academic
standards document of the National Universities
Commission in order to hasten its adoption. This
apart, we reiterate the call by Adesiyun (2009) for
the creation of centres of excellence for
postgraduate studies to foster infrastructural
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development and maximally utilize human and
material resources.

There isa dire need for capacity-building to
enhance pest interception and diagnosis (Awonusi,
2011). ESN should collaborate with NAQS to set
up a Professional Development Centre for plant
protection and quarantine (similar to that at
Frederick, Maryland, USA), to upgrade capacity
of serving Phytosanitary Officers, and strengthen
domestic and international trainings at the
Nigerian Post-Entry Plant Quarantine Training
School.

We suggest ESN's use of public-private
partnership to endow funds for postgraduate
training in specialized fields of entomology
where there is a dearth of personnel just as funds
had been endowed for postgraduate students'
sponsorship toAnnual Conference.

In recent times, the participation (albeit not
consistently) of Nigerian Entomologists in
diaspora and invited foreign professional
colleagues at our Annual Conferences has been
broadening exposure to, and perspectives on
selected Conference themes/subthemes besides
fostering linkages. The benefits can be scaled up
if ESN would instigate the formation of
diasporan branches of ESN and encourage
members' consistency in attending the Nigerian
Annual Conferences.

Finally, ESN must hasten action on legal
framework required to establish the Nigerian
Institute of Entomology for the regulation and
control of the profession and institute a certification
programme that attest to the competence of
consultants andpest control serviceproviders.

CONCLUDING REMARKS
Capacity building is the gateway to

globally impactful actions of nations. It
encompasses the country's human, scientific,
technological, organizational, institutional, and
resource capabilities (UNCED, 1992). The three
essential determinants of economic development
are human, natural, and capital resources, the
latter two intricately tied to the former (Hsieh,
2006). Human resource development is the
process of equipping individuals with
understanding, skills, access to information,
knowledge and training.

For the Nigerian Entomologist to make
significant contribution to economic development,
education, information and skill training are
prerequisites. The Nigerian Entomologist, who
was trained with a grossly deficient curriculum and
who has had limited practical skill acquisition
through institutionalized (public or private) or
personal capacity development, has naturally
become a "square peg in a round hole" for
functional activities in the fields of taxonomy,
pest risk assessment, pest risk mapping, pest risk
management, invasion pathway modelling,
biosecurity evaluation and strategy, policy
options evaluation and implementation, as well
as allocation and management of limited
resources. His competitiveness, nationally and
internationally, in these and other fields of
invasive alien species prevention and pest
management, is naturally diminished by
inexperience in the application biotechnology,
nanotechnology, radiology, geospatial and
satellite imaging, modelling etc. tools. Our
human resource development strategy remains
largely incongruent with the demands and
challenges of jobs in invasive alien species
prevention and management. The success or
failure of government's agricultural and
environmental policies targeting prevention and
management new IAS correlates with availability
and quality of technical preventive and
management strategies and technocrats in the
field.
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Appendix Table 1: Synopsis of Courses Offered in Entomology Programme for the Award of Degrees
(Major and Minor) and Certificates of Texas A & M University, Texas, USA

Code Title Credit Units Syllabus

201 General Entomology 3 An introduction to insect evolution and biology, with
a guide to basic insect taxonomy and a survey of the
insect orders.

208 Veterinary Entomology 3 Classification, biology and control of insects and
other arthropods associated with livestock and
poultry production; identification emphasized in
laboratory.

210 Global Public Heath
Entomology

Impacts of insects and insect-borne diseases on
public health and well-being around the globe; insect
biology, blood feeding, and transmission of human
diseases; role of insect borne diseases on human
history, socio-economic development, and public
health infrastructure.

285 Directed Studies 1-4 Directed individual study in entomology.

289 Special Topics in ... 1-4 Selected topics in an identified area of entomology.
May be repeated for credit.

300 Field Studies 3 Integration of principles of animal and plant ecology
with environmental factors to characterize wildlife
populations. Intensive analysis of specific areas will
emphasize either the development of a wildlife
management plan or a general vertebrate natural
history survey.

301 Biodiversity and Biology 3
of Insects

305 Evolution of Insect Structure 3

306 Insect Physiology 3

313 Biology of Insects 3

Introduction to orders and most important families of
insects; order-level morphology and family-level
natural history.

External morphology of insects; evolution of form
and function.

Physiology of insects; structure and function of
internal organ systems and their role in insect success.

Study of the orders and important families of insects
and related arthropods, including general biology,
relationships with plants and other animals, and
characteristics used in identification.

315 Biotechnology and Society 3 Understanding the technology and principles of
biotechnology; interpreting and communicating
biotechnology reports of both popular press and peer-
reviewed scientific articles.

320 Honey Bee Biology 3 Introduction of honey bee biology and beekeeping
practices to science and non-science majors; honey
bees as the model insect to introduce general
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Code Title Credit Units Syllabus

322

401

402

403

423

424

428

429

principles of biology and entomology.

Insects and Human Society Emphasis on the role insects have played in the
development of human cultures; aspects include
health, food production and storage, art, music and
architecture; overview of historic, present day, and
future roles insects will have on environmental
movements (green societies), and in underdeveloped,
developing and developed societies.

3

Principles of Insect Pest
Management

Basic tenets of integrated pest management
emphasizing ecological principles; integration of
chemical, biological, cultural and physical tactics into
an overall strategy for the agroecosystem; chemical
pesticides, cultural practices, host resistance,
biological control, sterility principle, economics of
pest control and pestlhost relationships.

3

Field Crop Insects Application of management strategies for insect/mite
pests of small grains, corn, cotton, rice, sorghum,
stored products and sunflower; nature and symptoms
of damage, life history and habits of common pests.
Laboratory consists of pest and pest damage
identification supported by field trips.

3

Urban Entomology 3 Biology, economic importance and control strategies
for arthropod pests commonly invading households
and commercial structures in urban environments.
Laboratory consists of urban pest identification and
special presentations and demonstrations covering
topics related to urban pest problems and their control.

Medical Entomology 3 Biologies, disease relationships and control of insects
and other arthropods parasitic on or in humans; aspect
of the fields of clinical preventive medicine; survey,
collection and taxonomy of medically important
arthropods in laboratory sessions.

Insect Ecology 3 Provides basic ecological background with an applied
interpretation, emphasizing influences of insect
populations and communities on ecosystem processes
that influence landscape structure, function and
change.

Insect Biotechnology 3 Applications of genetic engineering and biotechnology;
specific problems dealing with insects and control of
insect pests.

Insect Biotechnology
Laboratory

Basic technical experience in insect molecular biology
and biotechnology, including genomic DNA isolation,
peR, cloning, sequencing and gene manipulation
techniques; focus on insect applications for
improvement of human and health and agriculture.
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Code Title Credit Units Syllabus

431 The Science of Forensic 3 Explores the science, methodology and technology
Entomology employed to gather, preserve and present information

about insects and other arthropods in such a manner
that this information can be used in courts of law as
evidence and testimony to help resolve issues of a
criminal or civil nature.

432 Applied Forensic Entomology Laboratory-based course offering students practical
experience using scientific information, methodology,
technology and legal procedures inherent to the field of
forensic entomology; emphasis on collecting,
preserving and identifying information as evidence and
expert witness testimony in courts oflaw.

435 Problem Solving in 3 Development of reasoning strategies; investigate a
Entomology series of entomological case studies; challenges to

solving real-world entomological problems as part of
a team of investigators.

450 Caribbean Conservation 2 Provide students with experience in and appreciation
for diverse tropical habitats and the problems
associated with conserving these habitats; design and
conduct individual research projects on topics oftheir
choice with approval from the instructors on project
design and feasibility.

451 Caribbean Research Seminar 1 Document research activities; keep a journal of
activities and research methods during study abroad
trips.

481 Seminar Report of original investigations, current literature
and special features of entomology.

482 Occupational and Professional 2
Development

484 Professional Internship 1-4 Independent study and supervised field experience
related to aprofessional area of interest in entomology.

485 Directed Studies 1-4 Individual problems for beginners in research.

489 Special Topics on ... 1-4 Selected topics in an identified area of entomology.

491 Research 1-4 Faculty supervised research in entomology.
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Appendix Table 2: Synopsis of Recommended Courses* in the Reviewed Curriculum for the
Award of Bachelor's degree in Agriculture, Environmental Biology, Forestry,
Medicine, Veterinary/Animal Science and Zoology in Nigeria

Code Title
ENT

Credit Units Syllabus

200 Introduction to Insects
and Other Arthropods

3 Introduction to insects and their economic importance.
Dimensions of Entomology and relationship of
different areas to other fields. Overview of the
characteristics of insects and other arthropods. Insect
diversity and abundance with emphasis on adaptations
aiding success. Overview of the biology of insects
including habits and life cycles. Principles of insect
classification. Discussion of the roles of both
beneficial and detrimental insects.

300 General Entomology 3 Introduction to the study of insects and their economic
importance. Characteristics of insects and other
arthropods. Fundamentals of insect biology with
relationships among insects, plants and organisms;
identification of commonly encountered species.
Discussion of relationships between insects and human
populations. Introduction of control technologies with
emphasis on environmentally responsible methods.

400 Insect Structure and
Function

4 Methods and techniques in insect collection and
preservation. The origin of tagmata and fundamental
plan of the insect body. Comparative study of the
morphology of integument and body regions- head,
thorax, abdomen and their appendages.
Introductory study of internal anatomy- the nervous,
respiratory, circulatory, digestive and reproductive
systems. Insect embryonic development and
metamorphosis, including life cycle with reference
to larval/nymphal and pupal forms. Principles of
insect classification. Discussion of general
characteristics of orders of insects with emphasis on
selected families of some major Nigeria groups with
economic importance. Outline of insect: pest control.
Discussion of selected important insect pests in
Nigeria and their control.

Idetftification, biology, life histories, and control of
insects and mites attacking fruits, nuts, vegetables
and other crops. The damage that they cause, reasons
for their abundance, alternatives for their control.
Biology of insects of agricultural importance like
ants, grasshoppers, etc., in various crops like cocoa,
cowpea, rice, etc. Principles and practice of crop
protection including pesticide application, economic
basis for decision making.

401 Insect Pests ofField Crops 3

402 Insect Pests of Stored
Products

3 Identification, biology and damage of insects
associated with stored products including cereals and
pulses and other products. Their ecology, population
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Code Title Credit Units Syllabus
ENT

management and wise control strategies.

403 Horticultural/Ornamental 3 Study of insects and mites that attack landscape
and Turf Entomology plants (turf, ornamentals) and greenhouse plantings.

Emphasis on field recognition of the pests and their
damage. Principles of biological control, biorational
pesticides, and integrated pest management.

404 LivestocklVeterinary 3 Biology and behavoiur of insects, mites and ticks
Entomology attacking livestock, poultry, pets and wildlife.

Emphasis on identification and current control
methods will be discussed.

405 Forest and Shade Tree 3 Principles offorest entomology including recognition,
Entomology collection, identification, biology, damage of insect

pests of woody and other ornamental plants and shade
trees. Theecology/population management of forest
and shade tree insects.

406 Applied Agricultural 4 Definition of a pest, origin of pest situations, classification
Entomology of pests. Outline of insect control methods. Historical

highlights on insecticidal control of insects,
classification of chemical insecticides, types of
insecticide formulations. Characteristics of an ideal
insecticide, factors for consideration in insecticidal
control. Types of insecticides and their modes of
action, insect resistance to insecticides. Physical and
mechanical methods of insect control. Cultural
methods of insect control. Biological control. Host
plant resistance as a measure of insect control. Genetic
manipulation of insect populations, insect sterilization
and control. Integrated Pest Management (IPM).

407 Insect Ecology 3 Analysis of biotic and physical factors affecting insect
diversity, distribution and abundance and insect
populations. Life table and strategies in reproduction;
behaviour and social organization in insects. Natural
communities and succession of plants and insects,
diversity and stability.

408 Insect Taxonomy 3 Introduction to insect taxonomy including the collection,
curation and identification of adult specimens in principal
families of major insect orders. Insect biodiversity, Insect
DNAbarcoding.

409 Insect Behaviour 3 The principles of animal behaviour using insects as
examples. Physiology, mechanisms, behavioural
ecology and evolution of insect behaviour.

410 Insect Physiology 3 The integument. Water and temperature regulation.
Osmoregulation-Nitrogenous waste product; excretion
of waste products. Respiratory exchanges and
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Code Title
ENT

Credit Units Syllabus

physiology of respiration. Circulation. Nerve and muscle
function. Locomotion and energy metabolism. Neuro-
endocrine control of growth and development.

411 Medical Entomology 3 Discussion of biology of arthropod vectors of human
disease. Topics include an overview of disease
transmission and public health, epidemiology; host,
vector, and pathogen interactions and control ofthese
arthropods.

412 Insects of Aquatic Habitats 3 Taxonomy and natural history, ecology and community
structure of aquatic insects including their importance
in aquatic ecology, water resource management.
Emphasis on family-level identification of immature
and adult stages. Field trips scheduled to local aquatic
habitats for collection.

413 Honey Bees and Social Insects 3 Identification and detailed study of honey bee and
other social insects. Economic importance in
pollination and honey production. Emphasis is placed
on bee behaviour, colony management, equipment,
honey-plant identification and honey production and
processing.

414 Urban Entomology 3 Study of pests common to the urban environment with
emphasis on biology, damage, control. Identification
of household, structural, stored products and food
pests. Students should learn both theoretical and
practical aspects of urban pest management and the
pest control industry.

415 Introductory Integrated Pest
Management

3 Principles of insect damage, populations and distributions.
Various types of natural, and applied control methods
including problems of insecticide toxicity, resistance and
residues.

416 Environmental Entomology 3 Investigations of diversity and roles of insects in
natural and affected environments. Impact of insects
and pesticides on environmental quality. The role of
insects in ecosystem engineering. Discussion of
environmental ethics in entomological science.

417 Introduction to Forensic
Entomology

3 An overview of the principles, procedures, and concepts
of forensic and investigative sciences, students will
receive instruction in the definitions, scope, and use of
tools, techniques and protocols in forensic applications
used to resolve social, regulatory, and legal disputes.
Students will be introduced to the use of insects and
other arthropods in investigations of human and
animal deaths, thefts, illegal drug trade and in court-
of-law proceedings that may result from such
investigations.


