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ABSTRACT

This study was carried out to assess the impadisiofin activities on insect diversity and abundance
Akure Forest Reserve, Nigeria. Three land useso(faland, cocoa agroforest and unlogged forest) were
selected for field work within the forest reser®. hectare block was centrally demarcated in ed¢heoland
use types where insects collection and enumeratfoinees species took place. 13,578 insects digtib
among 30 families belonging to 15 orders were ctdle and identified and preserved in the insecebax the
Museum. Within the fallow land, a total of 5,182sdétts belonging to 46 families and 8 orders were
encountered, while in the cocoa agroforest, 5,88&dts distributed among 50 families and 10 ordecs
unlogged forest, consist of 2,490 insects distabunto 10 orders and 56 families. The families arder with
the highest number of individual insects are Leptdma (4,000) and Orthopetera (1,260). These issaet
mainly defoliators. The Shannon-weiner diversitgar shows that unlogged forest is more diverse than
cocoa agroforest and fallow land. The tree spegittsthe highest frequency per hectar€ardia platythrsa
(Boragiaceae) (6) in fallow lan@heobroma caca¢60) in cocoa agroforestry lar€eltis zenkeri{UImaceae)
in unlogged forest land. A total of 14, 26 and 4kdes of tree were identified in the fallow lardcoa

agroforestry land and untouched forest respectively
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INTRODUCTION

Forest throughout Nigeria and the rest
of tropical countries are diminishing at an
alarming rate 08.5% (about 350,000-400,000
ha) per annum (Oyebo, 2006) in land
coverage over the past 50 years in Nigeria.
The natural forests are increasingly being
depleted in Nigeria through indiscriminate
extraction of economic trees and
encroachment for other purposes such as large
scale agriculture, urbanization and industrial
development. Forest clearance, whether
partial or complete, represents a major threat

to Arthropod diversity. Deforestation has been
attributed to be the aftermath of various
activities of man in his daily struggle for
survival. Over-exploitation of the existing
tropical forest resources and the disappearance
of economic and other important hardwood
species is a threat to global biodiversity
conservation and abundance of insect species
and this has become an issue of great current
concern today (Sutton and Collins, 1991).
Watt et al. (1987) reported that the degree and
method of site clearance create a range of tree
species diversity from monoculture to species-
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rich mixtures. They further reported that site
clearance also affects the amount of ground
cover, in terms of plants, leaf litter and dead
wood, and the degree of soil compaction that
in turn affects the soil environment for
important invertebrates such as ants, termites
and earthworms. Hill et al. (1995) in their
study of effects of selective logging on
tropical forest butterflies on Buru, Indonesia,
reported that species richness, abundance and
evenness of butterflies were all significantly
higher in unlogged forest than in forest logged
5 years previously which they attributed to
greater vegetation cover at canopy and
understory levels which made it to be more
shaded below the canopy. It has been noted
that species richness and diversity of insect
decline with increase in human interference in
forest ecosystem (Adeduntan et 2D05).

There are several approaches to
tropical forest management including
sustainable management of natural forest,
enrichment planting and other techniques
where areas of forest are partially cleared
before planting, agroforestry methods and the
establishment of plantations after complete
clearance. Some of the silvicultural options
relevant to West and Central Africa are
discussed by Lawson (1994).

The impact of plant species diversity
on insect diversity and damages caused by
insects has been discussed by many authors
(Altieri and Schmidt, 1986; Andrew, 1992).
Most reports claimed that increase in plant
diversity will subsequently lead to an increase
in insect diversity and decrease in the risk and
extent of attack by insect pest (Altieri and
Schmidt, 1986). The view that damage to
plants is more likely to occur in monoculture
than in mixtures was derived mainly from
large number of observation of agricultural
and forest crops susceptible to pest attack
(Andrew, 1992) and the smaller number of
observations in natural ecosystems and
artificially created mixtures that show less
herbivory (Lowman and Heatwole, 1992).
Several studies have considered the possible
ecological basis for differences in the
abundance and mixed cropping systems
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(Kareiva, 1983). Mortality due to natural
enemies of insect herbivores is often greater in
plant species mixtures (Kareiva, 1983).
However, there is evidence from other studies
in agro ecosystems that the resource
concentration of host plants in plant species
mixtures directly affects herbivores because
they are more likely to find and remain in area
where host plants are concentrated (Kareiva,
1983). This paper presents information
concerning the impacts of different land use
systems on diversity and abundance of
difference group of arthropods, and the
damage they caused.

MATERIALSAND METHODS
The study areas

This study was carried out in Akure
Forest Reserve, Ondo State, Nigeria (Figures
1 and 2). It covers an area of 69.93%kifhe
three land uses selected for the study were
present within this reserve. Akure Forest
Reserve is managed by the Department of
Forestry, Ondo State, Nigeria. The study site
is situated on latitude 7°18'N and longitude
5°02'E. A field camp was established at the
study site to collate all insects collected and
for field observations. The three land uses
were adjacent to each other. The period of the
fieldwork was eighteen months, beginning
from April 2002 to September 2003. The
climate is humid tropical with seasonal
variation. The mean annual rainfall is about
4000 mm with double maxima in the months
of July and September and a short relatively
dry period in August. December through to
February constitutes the major dry season
while January and February are the driest
months with each having less than 30 mm
rainfall (Ola-Adams and Hall, 1987). The
relative humidity at 15 hours Greenwich
Mean Time (GMT) is highest in the maxima
months of July and September (81%) and
lowest in February (44%). Temperature
ranges from about 20.6 °@ 33.5 °C. The
monthly mean temperature is about 27 °C, a
condition that is conducive to the
development of tropical rainforest
(Adeduntan, 2007).
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Figure 1. Forest reserves in Ondo State, Nigeria.
Source — FORMECU, Abuja, Nigeria (1996).
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Figure 2: Map of Nigeria showing location of Ondo state.
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I nsect collection

At the centre of each of the selected
plots, five trees were tagged. The sampling
protocol was targeted at free-living insect
herbivores foraging during the daytime on the
trees nearer to the tagged sampling point.
These include leaf-chewing (e.g.
Ledpodeptera, and Orthoptera) and sap-
sucking insects (Hemiptera). Sampling was
carried out monthly for the period of 18
months. During each survey, all the tagged
trees were inspected once and the insects were
collected alive with hand and sweep nets. An
average of at least 30 minutes was spent at
each collecting station (Basset 1999 and
Adeduntan, 2007).

Hand picking was used to collect
crawling insects on the ground and on the
trees. An insect Para Taxonomist was
employed, as well as field assistants who were
trained for some time before the fieldwork
commenced. The numbers of mature and
young larvae present on each tree at each
station during each survey were recorded. All
insect species were classified into families and
orders. The frequency was obtained to
ascertain species abundance / richness and
species evenness.

Tree speciesidentification

The botanical name of trees
encountered in the sample plots in each of
land use with Dbh of not less than 10 cm was
recorded. In cases where a tree’s botanical
name was not known, such tree was identified
by its common name. Trees that could not be
identified, were referred to as “unknown’ and
parts of such trees (e.g. leaves, bark, fruits),
were collected for identification.

Diversity classification

All species identified were classified
into families and orders. After cross
identification with reference material in FRIN
(Forestry Research Institute of Nigeria)
(1985). The frequencies of occurrence were
also obtained to ascertain  species
abundance/richness (both fauna and floral
composition) and species evenness. Plant
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species going into extinction were identified
and recommended for conservation.

Species diversity indices

According to Dearth and Winterborn
(1995), the choice of an index is complicated
by the fact that diversity comprises two main
components namely species richness and
species evenness. Community diversity
indices were calculated from mathematical
formula that takes into account both species
richness and relative abundance of each
species in the community. Relative frequency
refers to the number of individuals of a given
species divided by the total number of
individuals of all species found.

RF = ni/N*100

Where RF is relative frequency,
ni is the number of individuals of species i,

N is total number of individuals in the entire
population.

The Shannon-Weaver diversity index
was used to calculate habitat diversity
following Price, (1997): Thies and Tscharntke
(1999) and Steffan-Dewenter et ¢1002)
H!'=-Epi In pi

Where H' is the Shannon diversity
index,
Sis the total number of species in the
habitat,
pi is the relative abundance
(Proportion-Number of species in
family) i divided by the total number
of individual in the habitat and
In is natural logarithm.
Evenness (E) of Magurran, (1988) formulae
was used for calculating species evenness.
E=H'/LnS
E = Species Evenness
H'= Shannon-Weaver

Here
diversity
index

LnS= Natural logarithm of number of
species in the habitat,
Evenness ranges from 0-1, with a value of one
indicating that all families are equally
abundant.
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RESULTS
Diversity of Insect Herbivores

Results in Table khow the level of
insect species diversity, richness and
distribution in the site selected for this study.
A total of 56 species (15 orders) were
encountered in the unlogged forest, 50 species
(8 orders) in cocoa agroforest land and 47
species (8 orders) in fallow land. In unlogged
forest, the insect species with the highest
number of individual/lha wasHypolimnas
dubius (Lepidoptera;Nymphalinae). The
relative frequency in cocoa agroforest land
was 4.49% while in fallow land habitat, it was
0.19%. In cocoa agroforest land, the species
with the highest number of individual per ha
was  Anaphe venata (Lepidoptera;
Notodontidae) which is a noxious insect to
obeche tree, Triplochition scleroxylon
(Sterculiaceae). This insect pest had a relative
frequency of 51.22%. It was not encountered
in unlogged habitat but its relative frequency
in fallow land was also the highest (42.79%).
The abundance of insects in unlogged forest,
cocoa agroforest and fallow land are 2490,
5,884, and 3,184 respectively. The order with
the highest number of species in the study
area was Lepidoptera with 19 species in
unlogged forest, 21 species in cocoa
agroforest, and 21 in fallow land. Orthoptera
had 9 species in unlogged forest, 9 species in
cocoa agroforest and 9 species were present in
the fallow land. Likewise, Coleoptera had 11
species in unlogged forest, 7 species in cocoa
agroforest, and 3 species in fallow land. These
findings suggest that any other land use apart
from unlogged forest had higher number of
insect species (high species richness), but
lower number of individuals (lower species
abundance).

The results of the Shannon-Weaver
Index reveal that, insect diversity is higher in
unlogged forest habitat {H3.622) than what
was obtained in cocoa agroforest'¥R.448)
and the fallow land (M 2.306). Shannon-
Weaver Index of diversity of unlogged forest
was one and half times higher (3.622 / 2.448 =
1.5) than what was obtained in cocoa
agroforestry, while it is almost the same value
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times higher (3.622 / 2.306 = 1.6) than what
was obtained in fallow land. Shannon-Weaver
Index of diversity of cocoa agroforestry land
was almost the same value (2.448/2.306 =1.1)
with what was obtainable in fallow land
(Table 1).

Tree species diversity, abundance and
richness

Forty-one (41) tree species were
encountered (species richness) in the unlogged
forest with Celtis zenkerii(Ulmaceaehaving
the highest relative frequency of 14.62%,
followed by Drypetes spp. (Mealiaceae)
(12.87%) and Steculia rinopetala
(Sterculiaceae) (8.77%). Species with few
least distributed are as followf)racaena
fagara (Avicenniaceae) Enata chlorantha
(Annonaceae) Aficilia Africana
(Bignoniaceag) Cola milenii (Sterculiaceae)
Sterculia tragacanthi@terculiaceae) and
Triplochiton scleroxylon (Ulmaceae) with
relative frequency of 0.59% (Table 3).
Shannon-Weaver Diversity Index was
calculated to be H= 3.215 (Table 4).

The tree species richness and diversity
of cocoa agroforestry forest land is as
presented in Table 4. Tree species
encountered with the highest frequency in
cocoa agroforestry land iBheobroma cacao
with relative frequency of 19.05%, followed
by C. zenkerii with relative frequency of
14.22, followed byTriplochiton scleroxylon
(7.94%). Out of the twenty-six tree species
encountered in cocoa agroforestry land
seventeen have a relative frequency of 1.59%.
Some of such trees species Athizia zaygia
(Sterculiaceae)Cola gigantia(Sterculiaceae),
Khaya grandifoliola (Mimosaceae), etc.
Shannon-Weaver Diversity Index was
calculated for tree species diversity to be
H'=2.957.

The species encountered in fallowed
land was fourteen, which are distributed
among eleven families (Table 4). The species
with the highest frequency wa3ordia spp.,
with a relative frequency of 17.14%. This is
followed by Triplochition scleroxylon, Celtis
zenkerii Milicia excelsawith the same value
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of relative frequency of 11.43%. The least
distributed species in fallow land &lbizia
zaygia, Ficus exaspirata, Brachystegia
enrycoma and Mitragyna stipulos&hannon-
Weaver Diversity Index was calculated to be
H = 2.466.

The values of Shannon-Weiner
Diversity Index as it is presented showed that
unlogged forest has the highest community
diversity while cocoa agroforest has the
lowest. Tree species diversity in the unlogged
forest is 1.1 times greater than the tree species
diversity in cocoa agroforest, while it is 1.3
times greater than the tree species diversity in
the fallow land. Likewise tree species
diversity in cocoa agroforest is about 1.2
times greater than tree species diversity in the
fallow land.

DISCUSSION
Diversity of insect herbivores

Insect species diversity was observed
to have higher values in an unlogged forest
habitat than in cocoa agroforest and fallow
land. Similarly, studies of Hill et al1995)
demonstrated a reduction in diversity
following more extreme forms of forest
disturbance. He further observed that species
richness; abundance and evenness of
butterflies were significantly higher in
unlogged forest than in the forest that was
logged and abandon five years ago.

The pattern of tree complexity in the
three land use could have contributed to the
nature of insect species diversity observed in
this study which is similar to the findings of
Novotany et al. (2006) who reported that the
greater the number of tree species in the
tropics, the  higher the insect diversity.
Unlogged forest was observed to have closed
canopy with three layers that are very
pronounced while cocoa agroforest had some

However, the fallow had very few tree species
that are widely spaced. This allowed shrubs
and grasses to grow and compete with most of
the few tree saplings growing in the habitat,
which in turn could greatly affect or reduce
insect diversity in the habitat, and encourage
the abundance of the few species recorded in
study. This observation also agrees with
Murdoch et al (1972) and Southwood et. al
(1979) who reported that physical complexity
of an environment usually affects arthropod
abundance and diversity. It can therefore be
deduced that habitat fragmentation and
distribution factors contribute to
environmental complexity, and this might
have affected structural integrity and diversity
of the habitat studied as also reported by
(Hutcheson and Jones 1999). The lower
species diversity of insects in fallow land
(Table 2) resulted predominantly from the
absence of tree species with higher
conservation value because most of economic
tree species have been exploited and is in
agreement with findings of Thomas (1991).

Greater amount of coarse woody
debris that was found in untouched forest
habitat than cocoa agroforest land and fallow
land could have influenced the insect diversity
observed in this study. This observation is
supported by Lattin (1993), and Hutcheson
and Jones (1999) who noted that terrestrial
arthropod diversity including that of
Coleoptera could be influenced by coarse
woody debris. This was found to be the
critical component of structural diversity, and
is greater in untouched forest land, the habitat
with the highest diversity, followed by cocoa
agroforest land.

Abundance of different arthropod taxa
The most abundant groups wefe
venata (Lepidoptera; Notodontidae) with

open areas and tree species that scattered overrelative frequency of 51.22 and 42.79 in cocoa

the whole area. This allowed much
regeneration of tree wildlings and poles in the
open areas, which might have contributed
greatly to the enhancement of insect diversity,
encountered in study areas.
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agroforest and fallow land respectively and
ants with relative frequency of 3.70 and 0.07
in unlogged and cocoa agroforest respectively.
The abundance and composition of arthropod
populations were affected by the land use or
level of deforestation.
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Table 1: Diversity and relative abundance of insect speiciese study habitat.

Unlogged For est Cocoa Agraoforest Fallow Land
Family Species
Freg./ha Rel. Freq Freg./ha Rel. Freqg. Freg./ha Rel. Freqg.
Coleoptera Collyris diardi rufitarsis(Klug) 4 0.16 8 0.14 12 0.23
Cicindela tenuipe¢Dej.) 12 0.48
Catopsilia florealla(Fabricius, 1775) 78 3.13 12 0.20 12 0.231
Cyriopertha glabralUzbekistan) 16 0.27
Dactylipalpus cicatricosugWood and Bright, 1992) 16 0.64 28 0.48
Euchlora sp. 20 0.80 8 0.14
Homecerus PallenB. 88 3.53 28 0.47 60 1.16
Aulacophra sp. 52 2.09 60 1.02 92 1.78
Hypomeces squamosks 8 0.32
Luxus camerumug&eleb) 8 0.32
Cicindelinae 28 1.12
Cicindelinae 4 0.16
Longicornia 12 0.48
Chrysodema jansonii Auroplagiafryr. 4 0.06
Diptera Carcelia separatgRondani) 34 1.37 16 0.27 36 0.694
Deporaus seminigdiSchilsky and Kuster, 1903) 56 2.25 52 0.89 36 0.70
Eristals tenaaXLinnaeus, 1758) 40 1.71 8 0.15
Neopleetops
nudinerva(Mesnil, 1956) 8 0.32
Ptecticus econgatu§Viedemann, 1830) 20 0.80
Tetranychus urtica€<och) 4 0.16 4 0.07 86 1.66
Sarcophag ybullatéParker, 1916) 48 1.93
Hemiptera Chorisoneura lativitregWiIk.) 48 1.93 16 0.27 128 2.47
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Anacridium aegytiuniShow and Nodder, 1791) 122 4.9 320 5.44 580 11.1¢
Anoplonemic carvipe@-a) 84 3.37 76 1.29 52 1.00
Catantrospstylifo(kraws) 28 1.12 12 0.23
Conocephalus fuscyFabricius, 1793) 40 1.61 104 1.77 116 2.24
Euphasiopteryx deplet@Viedemann) 28 1.12 24 0.41
Eurema daira(Godart) 16 0.64 52 0.88 124 2.39
Psyra melanonot&tal. (Var.) 56 2.25 56 0.95 76 1.47
Zonocerus variegatud innaeus, 1758) 2 0.08 144 2.78
Ondotopus sexpuntatus 38 1.53 48 0.82

Homoptera Macrotristria genugWalker 1850) 88 1.70

Hymenoptera | Anoplius infuscatugF. 1920) 12 0.48
Ancistrocerus parietinu@_innaeus, 1761) 8 0.14 4 0.08
Apis mellifera capensiEschscholtz 1822) 68 2.32 24 0.40 12 0.24
Megaponera berthoudForel 1890) 92 3.70 4 0.07

Lepidoptera Pchypasa subfasci@Valker 1855) 4 0.16 8 0.14
Acrea lyceg Gdt) 32 1.29 24 0.41 20 0.39
Atherigona pharali§Seguy, 1938) 12 0.20 4 0.08
Adela reaumurellgLinnaeus, 1758) 106 4.26 130 2.21 32 0.62
Anaphe venatéButler, 1878) 3014 51.22 2218 42.79
Anopheles quadrimaculatSay) 20 0.80 60 1.16
Achea servi. 32 0.62
Catopsillia florella(F. D’Abrera, 1980) 32 1.29 58 0.99
Carea sipnr. Nr. Obvia Hmps.,) 92 3.70 100 1.7
Colias jugurthina(Godart, 1819) 12 0.48 40 0.68 40 0.77
Delia radicum(Linnaeus) 4 0.068
Dinumma sp. 76 3.05 112 2.16
Eronia grandidieri(Mabille, 1877) 12 0.231
Psilogramma menephradr. 12 0.48 12 0.20 12 0.23
Utethesia lotrixCr. 4 0.07 200 3.86
Sictoptera trajiciensVIk. 4 0.08
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Spiredonia feducia 8 0.32 16 0.27 6 0.12
Hypolimnas dubuigSynth, 1880) 192 7.71 264 4.49 10 0.19
Lybthea carinent§Godman and Salvin, 1884) 56 2.25 48 0.82 36 0.70
Macliplampa scnulteariu 16 0.31
Mybthris rhodepe 4 0.16 4 0.07
Colobura dirce(Linnaeus,1758) 56 2.24 128 2.18
P. oniparafi 12 0.231
Hypermnestra heliofNickerl, 1846) 20 0.80 84 1.43 8 0.15
Hypermnestra Mnetriet846 8 0.32 20 0.34
Salamis parhassusifinaeus, 1758) 56 2.24 32 0.54 8 0.154
Salamis parhesud.innaeus, 1758) 14 0.56 28 0.48 16 0.31
Enicosphiloub sp. 152 6.10 64 1.09
Enicosphiloub sp. 32 1.29 32 0.54
Manteoptera | Galinthia amoena 8 0.32 96 1.63
Neuroptera NepheroniaButler 1870 16 0.31
Odonata Megaloprepus coerulaty®rury, 1782) 152 6.10 316 5.37 312 6.02
Hagenonyis tritiwalker) 76 3.052
Anax strenuugHagen, 1867) 152 2.58 14 0.27
Libellula quadrimaculatgSubsp. Asahinai Schmidt, 1957) 88 1.50 20 0.39
Phyllogomophus moudkrasses) 96 3.86 136 2.31 286 5.52
Orthoptera Acheta assimiligGryllus) 2 0.03
Total Abundance 2498 100 5884 100 5184 100
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Table 2: Community diversity of insect species in the stadya.

Site Number of Number of H’ Index | Evenness(E)
Species Trees/ Ha
Unlogged 56 2490 3.622 0.8999
Cocoa agroforest 50 5884 2.448 0.6393
Fallow land 46 5184 2.306 0.5894
H' is Shannon-Weaver diversity index
The total arthropod diversity and the abundance is significantly reduced from

abundance of Coleoptera Diptera and
Hymenoptera (other than ants) were the
greatest in the unlogged forest habitat. The
abundance of arthropods in the cocoa
agroforest plots was surprisingly low but these
plots like all forest plots, contained relatively
high numbers of Hemiptera, Lepidoptera,
Odonata, and Neuroptera, with low number of
Diptera.

It was further observed that arthropod
number in fallow land was generally low
except in Homoptera, Orthoptera. The
findings agree with Eggleton et al. (1996) and
Watt et al. (1997) who reported that the
replacement of intact forest with other land
uses will result in the decrease in the
abundance of several groups of arthropods.
The findings are however, contrary to that of
Watt et al. (1997) in Cameroon who reported
that the number of termites is markedly higher
in disturbed forest.

Relationship between insect abundance and
number of tree species

The trend of diversity observed in
Table 1 which showed decrease in order of
diversity from unlogged forest, to cocoa
agroforest land could be attributed to intensity
or level of logging operation that took place in
the cocoa agroforest and fallow land. These
activities had made these habitats to be devoid
of most economic tree species that serve as
shelter and source of food for such insect
herbivores. Thomas (1991) observed similar
results in his studies of habitat use and
geographic range of butterflies from the
lowland of Coastal Rica. Conversely insect
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fallow land to unlogged forest habitat (Table
1). Population densities of insect species are
likely to vary as fallow land regenerates;
however, the results of this study agree with
earlier report that if fallow land is conserved
for 35 — 50 vyears cycles, there is the
possibility of increase in both the diversity
and the taxonomic distinctiveness of
invertebrate herbivores within the area
(Warren, 1985). Less severe disturbance as in
the case of cocoa agroforest habitat has
negligible effect on insect diversity, which is
supported by the findings of Jazen (1970) who
studied the insect herbivores and the number
of tree species in tropical forests. The results
of this study (Table 2) confirm the report of
Spitzeu et al. (1997) who reported that
moderate levels of logging in Vietham
resulted in higher species richness and
diversity of butterflies in the forest gaps, a
result that was different from that of Hill et al.
(1995) who studied large-scale disturbance.
Tree species were positively correlated with
insect species (Equation....1), which indicated
that an increase in the number of tree species
would lead to an increase in the insect
diversity. There was high correlation
coefficient value (r=0.889) between insect
abundance and number of trees present in the
sampled areas. Thé was very high =
0.790) which means that the equation could be
used to predict the future insect abundance for
the study area and any other similar site
(Equation....1). Altieri and Letourneau
(1982), and Andrew (1991) reported from
their studies that ecosystem structural and
plant diversity affect the population load of
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Table 3: Diversity and relative abundance of trees speciglsa study habitats.

3(6)20:3.335, 2009

Unlogged Forest Cocoa Agraoforest Fallow Land
Family Species Freq./hect pi(RelFreq) Freq./hect pi(Rel. Freq.) Freg./hect pi(Rel req.)
Annonaceae Chrysophyllum spp 4 1.17 4 3.18
Cleistpholis patenéBenth) 2 0.59
Enata chloranthgOliv) 2 0.59
Xylopia aethiopicgDunal) 4 1.17
Funtumia elasticgPreuss) 12 3.51 2 1.59
Apocynaceae Hunteria umbelatdSchum) 10 2.92
Picralima nitida(Stapf) 2 0.59
Rauvolfia vomitorigAfzel.) 2 1.59
Avicenniaceae Dracaena fagardArborea) 2 0.59
Aficilia Africana (Baker) 2 0.59
Bignoniaceae Newbouldia laevi¢Lee-viss) 2 1.59
Boragiaceae Cordia pathytizgForst) 10 2.92 2 1.59 12 17.14
Brachystegia enrycomal@rms) 8 2.34 2 2.86
Capparidaceae Erythrophyleum sppAfzel) 4 1.17
Buchholzia coriacedEnyl) 8 2.34
Ebenaceae Diospyros crassiflorgHiera) 4 1.17 6 4.76
Euporbiaceae Bridelia spp(Willd) 12 3.51 2 1.59
Drypetes spigHutch) 44 12.87
Meliaeceae Ricinodendron heudelot{Bail) 8 2.34 6 4.77 4 5.71
Guarea thompsonii (Sprague and 4 1.17 2 1.59
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Hutch)
Khaya grandifoliola(Taylor) 2 0.59
Milicia excelsa 8 11.49
Pentaclethra macrophlléBenth) 4 1.17
. Bosqueia anglensiRicalho) 16 4.68
Mimosaceae — i
Musanga ceropioide§ edlie) 8 2.34 8 6.35
Myrianthus arboreug¢Beauv) 8 2.34 2 1.59
Treculia Africana(Deone) 2 1.59
Aibizia zygia(Machor) 2 1.59 2 2.86
Moraceae Ficus exaspiratgVabl) 4 1.17 4 3.18 2 2.86
Myristicaceae Pycnanthus anglens{sVelw) 6 1.75 14 11.11 4 5.71
Olacaceae Strombosia postulat@liv) 6 1.75 2 1.59
Papilionaceae Pterocarpus soyaux{iraub) 6 1.75 2 1.59
Barteria fistulosa(Mast) 2 0.59
Rosaceae Parinari robusta(Olivi) 4 1.17
Mitragyna stipulosgKuntze)
Rubiaceae Blighia sapida(Radik) 4 3.18 2 2.86
Gmelina arboregRoxb) 6 8.57
Rutaceae Xanthoxylon sp 6 1.75 2 1.59
Aibizia ferrugininiazygia(Guill and
Sterculiaceae Perr) 2 1.59
Sterculiaceae Aibizia zygia(Machr) 2 1.59
Cola millenii (Shum) 2 0.59
Mansonia altisimgChew) 14 4.09
Pterygota macrocarpéSchum) 2 0.59 2 2.86
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Steculia rinopetalgSchum) 30 8.78
Sterculia tragacanthgLindl) 2 0.59 6 4.77
Terminalia superbdEng. and Diels) 8 6.35
Triplochytion scleroxyloriSchum) 2 0.59 10 7.94 11.43
Celtis midrip(Engl) 10 2.93
Celtis zenkeri(Engl) 50 14.62 24 19.05 8 11.43
Ulmaceae Holoptelia grandis ((Hutch) 5.71
Total Abundance 342 100 126 100 70 100
Table 4: Community diversity of tree species in the studsear
Site Number of Number of H' Index Evenness
Species Trees/ Ha

Unlogged 41 342 3.215 0.8657

Cocoa agroforest 26 126 2.957 0.8866

Fallow land 14 70 2.466 0.9294

Hs Shannon-Weaver diversity index
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herbivorous insects. Motte (1976) also
reported that massive removal of shade trees
from coffee agro-ecosystems resulted in
outbreaks of coffee leaf miner. Also, there is
evidence from other studies in agro-
ecosystems that the species concentration of
host plants or species richness directly affects
insect herbivores because they are more likely
to find and remain in areas where their host
plants are concentrated (Wint, 1982). This
was actually reflected in this study especially
with A. venatawhose abundance was very
high in cocoa agroforest land where the
concentration of its host plaiit sclerosylon
were more.

Conclusions and recommendations

Land uses has drastic devastating
effect on both insect and plant diversity.
Reduction of tree species diversity in land use
reduces insect diversity but increases insect
abundance, with the consequence of
increasing insect damage as well as ultimate
reduction in quality and quantity of plant food
available.

Biological diversity and the diversity
of forest dwelling organisms are higher in
cocoa agroforestry plantations than non-shade
crop or fallow land. Diversity will increase
with an increase in both floristic and structural
diversity of the shade level.

The studies further found that insect
pests of tree species are more associated with
trees of disturbed land uses. Pest problems
may arise as result of partial or complete
clearance of forest trees.

In other to promote biodiversity in
cocoa agroforestry (i.e. one of land use
systems) in the tropics there must be firm
empirical establishment of the value of cocoa
agroforestry as a conservation tool. The
geographic and taxonomic scope of
biodiversity surveys needs to be greatly
expanded and conducted in a systematically
comparative fashion — comparing cocoa
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agroforest farms to other agricultural habitats,
comparing among different management
schemes of cocoa agroforest, with the
emphasis on the ability of cocoa agroforest to
harbor forest-dependent flora and fauna.

The development of a full range of
incentives for farmers to practise cocoa
agroforest in a biodiversity friendly manner
including fair-trade practices, access to pre-
harvest credit, carbon sequestration credits,
and environmental funds based on taxing
agrochemical inputs.
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