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Abstract

This paper examines the role of soil insects, (iditlg their juveniles) as ecosystem engneers as
complementary to the role of the rest of the sainh in the holistic ecosystem engineering
process. Ecosystem engineers function either agedic engineers or as autogenic engineers.
Apart from the role of humans which have been diesdras allogenic engineers parexcellence
we explore the influence of the soil insects iati@h to their activity and mechanical alteration
of materials in the environment leading © modwatin the resource flow and eventual habitat
modification. The important categories of soil iotseare discussed as integral of the soil
community and n relation to their overall impawtsoil fertility, in addition to their constraints,
peculiarities, and prospects in the realization théir maximum potentialities in ecosystem
engineering in the Nigerian environmentand elsawhieractical consideration and integration
of the interests of ecosystem engineering intorenwiental engineering in Nigeria will lead to
full harnessing and realization of the inherentguatialities in the functions and functioning of
the allogenic engineers and indeed te entre estesys engineers in their peculiarly
environmentin orderto arrest further impoverisimmef the soils and agroecosystems.

Keywords:Ecosystem engineers, allogenic engineers envirotaheengineering, habitat
modification.

Introduction

The soil ecosystem harbours wide varieties of asgan The world above and below the soil
provide for each other, and change the composaahstructure of the soil (Anthoni, 2000). In
fact the diversity and abundance of soil life exdse¢hat of any other ecosystem, with very
numerous physical, chemical and biological entiggkbwing interactions to occur in them
(Environmental Literacy Council, 2002). Understandithe role of the soil in the farm
ecosystem and knowing how to manage the land @i@atiand difficult tasks facing the organic
farmer (Canadian Organic Growers, 1992) with theppr management of the ecosystem
engineers being central to soil productivity andiliey. Unarguably the concept of ecosystem
engineering appears to be most controversial yestnwddely adopted and applied in
contemporary environmental sciences and ecologyn frearying perspectives since its
introduction in the last decade by Jomtsl (1994). This concept however has rapidly worked
its way into the ecological literature (Wright ahohes, 2006), and scientists have agreed that the
effects of ecosystem engineering will be contexpesilent (Jonest al, 1994; Wright and
Jones, 2006). As suggested by Reichman and Seab|@062) the concept of ecosystem
engineering should be restricted to instances wimergohysical modification of the envronment
is “large” in relation to “purely physical processeperating in the system (Wright and Jones,
2006), a definition similar but distinct from a ‘k&tone species” which is a species that has a
dsproportionate effect on its environment relatieeks biomass (Pane, 1995).
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In Nigeria information is scanty regarding repaoots ecosystem engineers and their activities.
Some of the important studies in Nigeria includesthof Badejo (1999, 2002), Badejo, Tian and
Okoh (2004), Olusolat al (2006) and Ewuim (2006,2007) Apart from Badej@rmand Okoh
(2004) who discussed invertebrates as ecosystemeang including mites and earthworms all
the other mentioned studies focused on insect. fEhvigw will however focused on the role of
soil insects as allogenic ecosystem engineers bBmdeéed for environmental engineering to
recoghize and protect ecosystem engineering atiralts in practice (by the experts of
environmental engineering) in other to achieveanable engineering and protect the organisms
involved in Nigerian and elsewhere. Jomt®l (1994) recognized two categories of ecosystem
engineers: allogenic engineers which alter the rernment by mechanical alteration of materialk
from one form to the other and autogenic engineelnich “modify the environment by
modifying themseles”.

Berke (2010) also noted that recognition of theanigms that have been long known to modify
create, or define habitats by altering the halsitptiysical properties as ecosystem engineers is a
reflection of the growing consensus that environi@estructuring by organisms represents a
fundamental class of ecological interactions takitege in most or all ecosystems. Berke 2010
then suggested the subdivision of ecosystem engmgeeanto four narrower functional
categories, representing the four broad mechanfsota@urrence of ecosystem engineering as:
structural engineers, bioturbators, chemical emgmand light engineers. Ant bioturbation, for
instance is evident from channels, chambers, ggifegates and maculae in the soil (Folgarait,
1998) with the network of galleries and chambewdasing soil porosity, soil aeration and
drainage (Majeretal, 1987; Cherrett, 1989; Folgarait, 1998).

Ecosystem engineers range from plants to protigdstiaeir activities span over a wide range of
habitats including those found in hot deserts, tnate, subtropical and tropical regions and
Arctic and Antarctic regions. Ecosystem engineehiag been formalized as a process by which
“an organism directly or indirectly modulates theagability of other resources for other
organisms (Jone=t al, 1994; Lawton, 1994; Dangerfiedd al, 1998). Accordingly Badejet al
(2004) have categorized ecosystem engineers irsdileas direct engineers made up of the
macrofauna and the mesofauna and act as primsey tiansformers while among the indirect
engineers can be found the microfauna, mesofaudatteEnmacrofauna. In this case they also
categorized the microfauna as secondary littersfamers while the mesofauna and the
macrofauna can also act as grazers. Baglegd. (2004) also used size dstribution to categorise
soil fauna as: building/primary process engineeatiworms, termites, millipedes and ants),
primary process engineers (mites and springtailsjirect microprocessors (protozoa and
nematode), secondary process engineers (directopn@ressors) (bacteria and fungi).
Earthworms, termites and ants have been indentigegrincipal engineers in the soil ecosystem
(Lavelle et al, 1977; Badejo, 2002), wih these groups selet&sttd on their ability to pass
through the soll and build organo-mineral strucure

Emmerlinget al (2002) have also noted that earthworms are thst ingportant ecosystem
engineers in arable soil due totheir lasting eéff@c the soil physical and biochemical properties.
We remark that other members of the soil fauna plajor and significant role in the ecosystem

engineering services. Badajd al (2004) in this regard have noted that in nutriefeéase from
litter, for instance, no group is able of initidkés process exclusively without the involvement of
at least another group.
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Soil insectsin allogenic ecosystem engineering services

Brussard (1997) has noted that the soil biota pexvia number of ecosystem services which
include decomposition of organic matter, nutriemtlng, bioturbation and suppression of solil
borne diseases and pests (especially in naturalysteons as apposed to agroecosystems), since
low plant species diversity renders agroecosystemiserable to harmful soil organisms. The
general role of soil insects (which usually spdhbapart of their life history in the soil) wilbe
discussed below with emphasis on four major allagecosystem engineers — Collembola, ants,
termites and beetles. Some studies have mplica@dmbola as ecosystem engineers. T he soll
fauna is involved in the regulation of decompositiof dead organic matters through ther
influence on the functioning of microflora whicheatinvolved drectly in organic matter
breakdown to make available inorganic elements edclup in organic matter through
mineralization (Badejet al, 2004). According to Bade gt al.(2004) litter-chewing mesofauna
including oribatid mites and springtails “use extatimnal mutualism between them and
microflora to digest what earthworms are capabldigésting internally” which predisposes all
of them as ecosystem engineers. In related repens Lavelleet al, 2006) soil invertebrates
including collembolans have been remarked as pdagignificant roles in ecosystem services
and should be consdered as resources that sheumloperly managed.

Although soil ants may belong to different trophévels probably all can be chssifed as
ecosystem engineers (Jomdsal, 1994; Folgarait, 1998). They attributed thisssléication to
the basic similarity of ther effects on soil sttwe and processes which directly and indirectly
affect flow of energy and material in ecosystem #nedhabitat of other species.

According to Joquett al (2006) termites, ants and earthworms are coresidas soil engineers
because of their effects on soil properties and ihBuence on the availability of resources for
organisms including plants and microorganisms,dmutsidered ants and termtes as extended
phenotype engineers, since such engineers havat‘gffects on the maintenance of ecosystem
heterogeneity” and concentrate their activities dew points. Ants and their larvae have also
been included as organisms that can alter the ghlystructure of the soil and fragment the litter,
aerating the sol and forming channek for infiba of water (Baskin, 1993)

There is also evidence that ground ants act ayseos engineers by creating biomantle i.e. that
portion of the soil whose properties are as a testilthe continual activity of soil fauna
pedoturbators (Johnson, 1990; Folgarait, 1998) /atd® facilitate the development of other
organisms including such peculiar plants that watlerwise not exist (Folgaragt al, 1996) or
increase the amounts of some microorganisms (R€80) in their habitats. In the long run ants
are not only responsive to human impact but areoitapt within the below ground process not
only through their alteration of the physical eowniment but through their effects on plants and
animals (Folgarait, 1998; Ewuim 2006, 2007). Althbwsoil ants may belong to different trophic
levels probably all can be categorized as ecosystegineers (Jonest al, 1994; Folgarait,
1998)

Termites and Beetles

Termites and beetles are also involved in nontmphteractions capable of change ther
environment's physical properties or state and Witian also affect other species. The number
of termite species identified worldwide is about0@5Badejo, 2002), with nearly all them
implicated in soil modification through ther adties in making of subterranean galleries,
changes in distribution of plnt nutrients, changesature and distribution of organic matter,
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physical disturbance of soil profile and changesaih texture (Wood, 1988; Badejo, 2002): Out
of about 2500 species indentified about 300 of theeenpestiferous (Logaet al, 1990; Badejo,
2002).

Termites constitute 40-60% of the total soil maaurfa biomass in many tropical ecosystems
(Wood and Sands 1978) while in African savannasstheding biomass of termites have been
estimated in the range of 70 to 100kg ha (Fer@82;1Woodet al, 1982).

Dangerfieldet al. (1998) agreed that termites are a prime examplallobenic ecosystem
engineers and that consideration of an invertel@ate modulator of resource flows is useful in
helping to proffer answers to questions of how gstesns are structured and maintained
(Dangerfieldet al, 1998). Termites, especially species of the gémasrotermeghat build large
epigeal nests and extensive underground gallentg s have major affects on soil chemical
and physical properties throughout the tropics aubtropics withMacrotermes michaelseni
regarded as a consummate allogenic ecosystem endiDangerfieldet al, 1998). Fungus-
growing termites (egMacroterme} are also capable of engineering their soil mikinoate for
the facilitation of the decomposition of plant neatby their symbiotic fungi (Freymaret al,
2008).

Badejo (2002) also reported that if ecosystem eeging is extended to include the process of
litter transformation, termites, would then be meiged as process engineers because of ther
ability to consume litter, digest cellulose (aidbyg symbiotic bacteria) and in turn liberate
nutrients. Termites also remove substantial quastbf mammalian dung and associated soil
mainly in the dry season over a relatively shortiqet though apparently of opportunistic
importance to them (Freymaret al, 2008). They however opined that despite the laick
evidence that termites as a whole show prefereorcéeéding on dung, there is support that the
communition of mammalian dung affects ecosystematfaning through nutrient cycling. There
is however insufficient quantitative data to comeluthat termites in this regard fulfil
comparable ecological roke to dung beetles in thetext of nutrient cycling(Freymaret al,
2008).

According to Badejo (2000) this is precisely théerplayed by earthworms in temperate soils
hence the reference to termites as the earthw ofrtt® dropics. Other reports also implicating
termites as ecosystem engineers include Ewuim (26€Fause of the role in habitats. Beetles
have also been implicated as allogenic ecosysteginears. For instance members of
Scarabaeidae which feed partly or wholly in faeredude the true dung beetle (roller) (noted
for rolling dung into spherical balls as food seu building chambers), tunnelers (which bury
dungs wherever they find them) and dwellers (whielither roll or bury dungs but dwell in
manure) (Frolov, 2006) have been implicated as yst®mn engineers by their activities.
Scarabaeinae from various studies (eg. Nichbbkl, 2008) which comprises over 5000 species
(Milius, 2003) are found in deserts, farmlands gébrgrasslands and forests in all continents
except Antarctica (Frolov, 2006).

The ecological roles and indeed ecosystem engmgdrinctions of the dung beetle include
dispersal of cattle dung (Ridsdill-Smith and Kild981) and those of cther herbivores like
ekphants, gaur and buffalos, maintenance of hydicdl properties of the soil (Browatal,

2010), seed dispersal, cleaning up of the enviram@mong other roles. Some other beetle
species like the ground beetles also play theilogaral roles. For instance the possible role as
ecosystem engineer of the great capricoerémbyx cerdoan endangered beetle listed in the
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European Habitats Directive and which has beenesgimg a decline in population sizes in
central Europe was noted by Buteal (2008). On the basis of the impact€&doseem to have
on saproxylic beetle assemblage they emphasizedethd to reintroduce the species in regions
where they are now extinct.

Chadlengesin Nigeria

Most of the studies reported in this review wenestigated outside Nigeria. A lot more needs to
be carried out in the Nigeria environment to furthdd to the existing knowledge of ecosystem
engineering services by soil insects and indeedratiembers of the soil fauna and even the
autogenic ecosystem engineers. The impact of huatdéinities on the allogenic ecosystem

engineers need to be addressed, in addition tdifidieny the keysone species among the soil
fauna. Even though many studies have been caredmthe density and abundance of soil
insects in Nigeria more studies need to be caingdlating abundance of the organsm to ther
role as allogenic ecosystem engineers in Nigeratorad and agricultural ecosystems.

Ecosystem engineeringVs. Environmentd engineering

In the application of principles of science and ieagring to improve the qualities of
environment the stride to provide healthy environtrier humans and other organisms, and in
the remediation of polluted sites in Nigeria, thare few challenges. There is the need to adhere
strictly to lws as those existing in other cowsrlike the National Environment Policy Act
(NEPA) of the United States so that the gains abthifrom the ecosystem engineering services
e.g. in nutrients cycling wil not be nullified.

There is need for close cooperation between th& @miental engineers and the scientists for
the actual sustainability of the environment. Eaninental engineers in Nigeria need to be
screened by boards, trained and retrained andskcero that the objectives environmental
engineering can be achieved and our ecosystem eamrgimprotected in the various natural
ecosystems. There is a strong need for generouwdiniwrand involvement of government at
various tiers, promulgation of laws and compliatoesave the ecosystems in Nigeria and
ekewhere.

Conclusion

In the review, we have attempted to provide sonfierimation on the ecosystem engineering
services, offered by four soil insects groups —l&@obola, ants, termites and the beetles which
are integral members of the soil fauna and emphabet these allogenic ecosystem engineers
need to be managed properly and protected in dodenhance soil fertility and productivity.
There is evidence that a lot more studies neecktaldme to obtain more information on the
biodiversity, ecology, behaviours and interactiansong the various soil fauna to further enrich
the state of knowledge of these groups. The needmfatual co-operation between the
environmental engineers and the scientists was agiggd to protect the ecosystem and indeed
agroecosystems in order to save the soil envrotrfrem further degradation.
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