| OBAFEMI AWOLOWO

EFFECT OF DIFFERENT WOODY SPECIES ON THE ABUNDANCE AND
DIVERSITY OF MACROARTHROPOD IN AKURE FOREST RESERVE, APONMU,

ONDO STATE

BY

Oluwaseun Femi OGUNRINOLA

B (Agric.) Tech (Forestry and Wood Technology) (FUTA)

SCP/12/13/H/2563

A THESIS SUBMITTED TO THE INSTITUTE OF ECOLOGY AND
ENVIRONMENTAL STUDIES IN PARTIAL FULFILMENT OF THE
REQUIREMENTS FOR THE AWARD OF DEGREE OF MASTER OF SCIENCE
(M.Sc.) IN ENVIRONMENTAL CONTROL AND MANAGEMENT OF THE OBAFEMI

AWOLOWO UNIVERSITY, ILE-IFE, NIGERIA

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng



I OBAFEMI AWOLOWO
$ UNIVERSITY

AUTHORIZATION TO COPY
OBAFEMI AWOLOWO UNIVERSITY, ILE-IFE
HEZEKIAH OLUWASANMI LIBRARY

POSTGRADUATE THESIS

AUTHOR: Oluwaseun Femi OGUNRINOLA

TITLE: Effect of Different Woody Species on the Abundance and Diversity on Macro
Arthropod in Akure Forest Reserve, Aponmu, Ondo State

DEGREE: M.Sc. (Environmental Control and Management)

YEAR: 2016

I, Oluwaseun Femi OGUNRINOLA hereby authorize the Hezekiah Oluwasanmi
Library to copy my thesis, in whole or in part in response to request from individual researcher

or Organization for the purpose of private study or research.

Signature: Date:

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng



OBAFEMI AWOLOWO

W UNIVERSITY .

CERTIFICATION

This is to certify that this study was carried out by OGUNRINOLA Oluwaseun Femi
(SCP12/13/H/2536) of the Institute of Ecology and Environmental Studies, Obafemi Awolowo

University, Ile-Ife, Nigeria.

Prof. S. O. Oke
Supervisor Signature Date Department of

Botany

Prof. O. O. AWOtOYE i
Director Signature Date

Institute of Ecology and Environmental Studies

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng



] OBAFEMI AWOLOWO
WEVF UNIVERSITY

iv

DEDICATION

This research work is dedicated to Almighty God, the immortal, invisible, the source of my
knowledge and wisdom. He is the one that knows the end of a thing from the beginning of this

programme and helped me through time of difficulty.

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng



I OBAFEMI AWOLOWO
§ UNIVERSITY

ACKNOWLEDGEMENTS
I give glory to Almighty God for making the entire programme a reality. My profound gratitude
goes to my supervisor, Prof. S. O. Oke for his fatherly role, support and time created to read
through and correct this research report. My gratitude also goes to the Director of the Institute of
Ecology, Prof. O. O. Awotoye, the academic staff and non-academic staff for their various
contributions to the successful completion of this programme. I am very grateful to you all.

This programme would have not been a success without the moral, prayer and support of
my loving and caring parents Mr. and Mrs. Ogunrinola. I also appreciate Overseer (Dr.) J. O.
Ojeleye, Prof. O. Ojeleye and Dr. T. O.Kehinde of Zoology Department for their support.

I am grateful to Hon. Sola Ayandinrin, Mr. Igem Idowu, Mr. A. O. Adeniran, Mr.
Adebola Samuel, Mr. Ogunwale Taiwo, Mr.. P. I Awodele., Mr. E. Omomoh., Mr.
MoshoodOlawale, Mr. W. Bakare., Mr. AjoboSaheed, Mr. A. Onigbinde and all others that have
contributed to the success of this programme.

To my colleagues and friends, KosemaniSaanu, SokoyaKolawole, AdemosuAyodeji,
BakareAyodeji, Abuloye Peter, Ajibola Femi, Isaac, AlukoTolulope Mr. P. Ogar, Mr. Lekan,
Mr. Osageide, Ajiboye Philip, I say thank you all. I am grateful to the forest guards who helped
me through the field work for sacrificing out of their time; Almighty God will reward you all.

My acknowledgment will not be complete without the mention of my wonderful uncles,
aunties, brothers and Sisters Mrs. C. O Damola, Miss D. A. Ojeleye, Mrs. D. I. Babatunde, Mrs.
0. O. Adeloye, Mr. O. T. Ogunrinola, Mr. J. O. Olopade, Oluwaseyi Damola and Anuoluwapo

Babatunde for their prayer, moral, word of encouragement and financial support.

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng



L] OBAFEMI AWOLOWO
y# UNIVERSITY

Vi
To all others who in one way or the other contributed to the success of this work, I say

thank you and God bless you all.

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng



| OBAFEMI AWOLOWO

’# UNIVERSITY -
vii

TABLE OF CONTENTS
CONTENTS PAGE
Title Page i
Authorization il
Certification il
Dedication v
Acknowledgement v
Table of Content vi
List of Tables X
List of Figures xii
List of Plates xiii
Abstract Xiv
CHAPTER ONE: INTRODUCTION 1
1.1 Background Information 1
1.2 Statement of Research Problem 4
1.3 Scope of the Study 5
1.4 Objectives of the Study 5
CHAPTER TWO: LITERATURE REVIEW 6
2.1 Natural Forest Ecosystem 6
2.2 Plantation Forest Ecosystem 7
2.3 State of Nigeria Forest 10

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng



2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

OBAFEMI AWOLOWO
UNIVERSITY

viii
Deforestation and It Consequences on Biodiversity
Importance of Soil Fauna in Forest Productivity

Biodiversity and Ecosystem Functioning

Arthropod Diversity
Macroarthropods

2.8.1 Social Insect
2.8.2 Myriapods

2.8.3 Beetles

Importance of Macro Arthropods on Ecosystem Functioning

2.9.1 Influence of Fauna on Carbon Sequestration
2.9.2 Influence of Arthropods on Nutrient Cycling
2.9.3 Pollination

Biodiversity Chance in Altering Environment
Above and Belowground Interactions

Aboveground Belowground Response

CHAPTER THREE: MATERIALS AND METHODS

3.1

3.2

Description of the Study Area
3.1.1 Location and History
3.1.2 Geology and Soil

3.1.3 Climate

3.1.4 Topography and Drainage

Vegetation

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng

12

15

16

18

18

18

20

21

21

24

25

26

26

27

28

30

30

30

30

33

33

33



3.3

34

3.5

3.6

3.7

5 _OBAFEMI AWOLOWO

3.2.1 Description of the Physiognomies
3.2.1.1 Secondary Regrowth Forest
3.2.1.2 Tectona grandis Plantation
3.2.1.3 Gmelina arborea Plantation
3.2.1.4 Taungya System
Field Survey
3.3.1 Sampling Procedure and Data Collection
3.3.2 Woody Species Composition Assessment
Woody Species Identification, and Biodiversity Indices
Macrofauna Assessment and Sampling
3.5.1 Termites Sampling Method
3.5.2 Beetle Sampling Method
3.5.3 Millipede Sampling Method
3.5.4 Bee Sampling Method
Physico-Chemical Properties of Soil
3.6.1 pH Determination
3.6.2 Total Nitrogen Determination
3.6.3 Organic Matter Determination

Statistical Analysis Methods

CHAPTER FOUR: RESULT

4.1

4.2

4.3

Woody Species Diversity and Abundance
Family Distribution across the Physiognomy

Biodiversity Indices

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng

42

34

34

35

35

35

36

36

36

37

39

39

39

40

40

40

40

43

43

44

44

49

55



4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

§ OBAFEMI AWOLOWO
&Y UNIVERSITY

Mean Abundance of Selected Macroarthropod across Different Physiognomies

Comparison of Mean Abundance across Different Physiognomies

Total Abundance of selected Macroarthropod

Diversity and Evenness of Selected Macroarthropod in each the Physiognomies
Macroarthropod Relative Abundance and Diversity across the Physiognomies
Species Richness of Selected Macroarthropods

Analysis Of Variance of Macro Arthropod across the Physiognomies
Characterization of Soil Physico-chemical Properties

Interrelationship between Woody Species, Macroarthropod and Soil

Physico-Chemical Characteristics across the Physiognomies

CHAPTER FIVE:DISCUSSION

CHAPTER SIX: SUMMARY AND CONCLUSION

6.1

6.2

6.3

Summary
Conclusion

Recommendation

REFERENCES

APPENDICES

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng

65

65

67

69

73

78

81

83

85

90

97

97

99

100

101

132



Table

3.1

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

5 . OBAFEMI AWOLOWO

Xi

LIST OF TABLES
Title
Geographical Locations of the Sampling Site
List of Woody Species Encountered, Abundance and Families in
Secondary Regrowth Forest
List of Woody Species Encountered, Abundance and Families in
Tectona grandis Plantation
List of Woody Species Encountered, Abundance and Families in
Gmelina arborea Plantation
List of Woody Species Encountered, Abundance and Families in Taungya
Family Distribution of Woody Species across the Four Physiognomies
Woody Species Richness and Diversity Indices in Secondary Regrowth
Forest (SRF), Gmelina arborea, Tectona grandis and Taungya Plantation
Summary of Diversity Gradient of Different Woody Species across the
Physiognomy in the Study Area
Percentage Composition and Abundance of Macro Arthropod Group
Collected across the Physiognomy
Abundance and Relative Density of Selected Macroarthropod across the
Physiognomies
Summary of Diversity Gradient of Selected Macroarthropods across

Different Physiognomies in the Study Area

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng

Page

31

45

48

50

52

53

56

63

68

70

72



4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

! OBAFEMI AWOLOWO
Vi UNIVERSITY

xii

Diversity and Evenness of Millipede across the Physiognomy

Diversity and Evenness of Termite across the Physiognomy

Diversity and Evenness of Beetle across the Physiognomy

Diversity and Evenness of Bee across the Physiognomy
Macroarthropod Diversity Collected across the Physiognomies in Akure
Forest Reserves, Aponmu

ANOVA Table for Comparing Macroarthropod across the Four
Physiognomies

Soil Physico-Chemical Properties of Different Physiognomy

Pearson’s Correlation Showing Relationship between Woody Species, Selected
Macroarthropod and Soil Physico-Chemical Properties in Gmelina arborea
Plantation

Pearson’s Correlation Showing Relationship between Woody Species, Selected
Macroarthropod and Soil Physico-Chemical Properties in Tectona grandis
Plantation

Pearson’s Correlation Showing Relationship between Woody Species, Selected
Macroarthropod and Soil Physico-Chemical Properties in Taungya

Pearson’s Correlation Showing Relationship between Woody Species, Selected
Macroarthropod and Soil Physico-Chemical Properties in Secondary Regrowth

Forest

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng

74

75

76

77

79

82

84

86

87

88

89



i OBAFEMI AWOLOWO
V§ UNIVERSITY

Xiii
LIST OF FIGURES
Figure Title Page
3.1  Map of the Study Area in Relation to Ondo State and Sampling Location 32
4.1 Woody Species Diversity Indices across Different Physiognomy 64

4.2  Relative Abundance of Selected Macroarthropods across Different Physiognomy 66

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng



(el OBAFEMI AWOLOWO

N5 UNIVERSITY .
St Xiv
LIST OF PLATES
Plate Title Page
3.1 Window Intercept for Bee Trap 41

© Obafemi Awolowo University, lle-Ife, Nigeria
For more information contact ir-help@oauife.edu.ng



| OBAFEMI AWOLOWO

85 UNIVERSITY "

ABSTRACT

The study identified the woody species, determined the abundance and diversity of selected
macroarthropods (millipedes, termites, beetles and bees), the soil physico-chemical properties and
examined the relationship between them in Akure forest reserve, Aponmu. This was with a view
to providing information on the effect of different woody species on the abundance and diversity
of selected macroarthropods.

The study was carried out in four physiognomies comprising plantations (7ectona
grandis, Gmelina arborea, Taungya) and secondary regrowth forest.Four plots of 25 m x 25 m
were randomly selected from a sample of 100 m x 100 m for sample collection.All woody
species were enumerated and identified and composite soil samples were collected at a depth of
0-30 cm using a soil auger from five sampling points. The soil samples were bulked and
analyzed for soil pH, organic matter, and total nitrogen. Pitfall traps were used for beetle
collection, millipede was collected by hand picking and bee specimens were trapped using
window intercept, while termite collection was done by transect method.Data collected were
analyzed using descriptive statistics and analysis of variance.

The results showed that woody species diversity and abundance were fewer in planted
forests relative to secondary regrowth forest. Secondary regrowth forest had 83 woody species
and Shannon-Wiener Index(4.0589); Tectona grandis plantation had the least number of woody
species (16) while Taungya plantation had the least Shannon-Wiener (2.1607) Index. Out of the
twenty-seven (27) species of selected macroarthropod encountered, Taungya plantation had the
highest (20 species), while the secondary regrowth forest and Gmelina arborea plantation had

the least (14 species). Taungya plantation was richest in beetle specimens with a mean density
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(8.5+1.85); Gmelina arborea plantationwas richest in millipede specimens (16.75+1.98),
whileTectona grandis plantation had the richest in termite (124.75+23.63) collection.
Comparative analyses showed that no significantly (p < 0.05) differencein the abundance of the
selected macroarthropod across the plant physiognomies. The results of the soil analysis showed
that Taungya plantation soil was slightly alkaline (7.32+0.31), with highest organic matter (OM)
(2.14£0.16)% and total nitrogen (TON) (0.048+0.00)%, while the least OM and TON was
recorded in Tectona grandis plantation (5.694+0.20 1.18+0.12, and 0.035+0.01%) respectively.
There was a positive relationship between total organic matter (TOM) and total organic carbon
(TOC) (0.999), total nitrogen and TOC (0.969), TN and TOM (0.970) in Gmelina arborea
plantation. There wasa negative relationship between termite and woody species (-0.981) and
positive significant relationship between TOM and TOC (0.999), TN and TOC (0.993), TN and
TOM (0.993) in the Tectona grandis plantation. In the Taungya plantation positive relationship
was recordedbetween millipede and pH (0.975), TN and TOC (0.985), TN and TOM (0.984),
TOM and TOC (0.999). A negative significant relationship exist between termite and TOC (-
0.959), Termite and TOM (-0.951) while a positive significantoccurred between TN and TOC
(0.972) in secondary regrowth forest.

This study concluded that woody species affected abundance and diversity of the

selected macroarthropods and soil chemical characteristics.
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CHAPTER ONE

INTRODUCTION

1.1 Background Information

Forest ecosystems, in tropical as well as in temperate regions, are believed to house the
major proportion of global biodiversity (Carnus ef al., 2006). Tropical forests harbour most of
world’s biological diversity which play an important role in species and functional diversity of
macrofauna. It was noted that tropical forests support high abundance of soil fauna and tree
species diversity (Takeda, 1998). Though the exact number of species in many rainforest zone is
unknown (Okojie, 1994), the diversity of tropical forest ecosystem is known to be high (FAO,
2001). In recent times, losses of biodiversity and ecosystems functioning due to forest
destruction and agricultural intensification are prime concerns for science and society (Dewenter

et al., 2007).

Global change, extensive timber logging, and conversion of forest to arable land for food
production make natural habitats decline rapidly. Land-use and land cover changes may
represent a major threat to macrofauna abundance, diversity and ecosystem processes. A study
conducted on diversity of soil fauna in southern Nigeria indicated a diminishing status of the
species in their natural habitats (Awosika, 2009). Lasebikan (1975) observed a reduction in the
number of taxa and mean densities of most taxa of soil arthropod after forest clearing. Similar

observation was equally made by Eaton ef al. (2004) in soil arthropod population which was
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caused by organic matter removal and vegetation disturbance. However, there tends to exist a
relationship between the flora diversity and fauna composition both at belowground and above

ground through food web connection at ecosystem level.

The diversity of trees is fundamental to total rainforest biodiversity (Cannonet al., 1998),
with an indication that 70-90 percent of living flora and fauna inhabiting this ecosystem depends
on the forest for their survival (Tilman and Lehman, 2001). In fact, the canopy system and
favourable environmental conditions of tropical rainforests enhance the increase of biodiversity.
The presence of this canopy is a significant component to the belowground biodiversity, which
requires proper management for sustainable land use and also for maximal environmental
benefits such as macrofauna as food to man, macrofauna as indicators of habitat quality,
macrofauna as a link between the aboveground biodiversity, and as soil modifiers. Furthermore,
they also influence decomposition and biodegradation of organic residues, soil organic matter
dynamics, humification, nutrient release and physical parameters such as bulk density, porosity
and water availability (Lee and Foster, 1991; Lavelle et al., 1992; Brussard et al., 1993; Tinzara

and Tukahirwa, 1995; Beare et al., 1997; Black and Okwakol, 1997).

In general, soil macrofauna breakdown and redistribute organic residues in the soil
profile, which increases the surface area and availability of organic residues for microbial
activity and subsequent deposition of faecal pellets has important ecological implications
(Lavelle et al., 1992). Certain groups of macrofauna particularly, termites and earthworms, can
substantially modify soil structure through formation of macropores and aggregates (Lee and
Foster, 1991). The influence of soil fauna on soil structural properties has been considered to be
the best long-term indicator of soil quality (Linden ef al., 1994). Previous studies indicate that

soil fauna helps in the functioning of forest ecosystem and an important indicator that influence
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decomposition and biodegradation of organic residues, as well as breaking down and

redistributing organic matter in the soil profile (Lee and Foster, 1991; Lavelle et al., 1992).

Studies showed that habitat destruction adversely affects survival of major soil fauna
components like earthworms, ants, beetles and termites (Woodman et al., 2008). Modification in
the structure and composition of plant communities, growth and physical changes in the forests
can decrease invertebrate diversification of macroarthropod especially termites (Lavelle ef al.,
1997), which may be catastrophic to forest health and productivity. Advancing knowledge on the
impact of change in forest tree species on the macroarthropods abundance in relation to soil

nutrient dynamics will help in planning and implementation of sustainable forest management.

Soil fauna is vital in forest productivity. The soil biota constitutes a major fraction of global
terrestrial biodiversity in which they played an important role in terrestrial food webs
maintenance. Soil organisms involved in litter comminution are important components of the
ecosystem because of their active participation in carbon dynamics. Soil biotas such as
collembola, mites, millipedes, beetles, termites and earthworms have been considered important
in maintenance of forest productivity through litter decomposition. These groups have been

ascribed different roles in decomposition process (Decaens et al., 2006).

Soil invertebrates perform important functions related to the growth conditions of plants.
For example, ecosystem engineers such as termites and earthworms increase soil porosity and
average pore size by tunneling through the soil (Edwards and Shipitalo, 1998). These
invertebrates ingest considerable amounts of soil and dead plant material, thereby contributing to
the mixing of organic matter and mineral soil. This improves aggregate stability and increases

the surface of organic material so that it is more readily colonized and decomposed by soil
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bacteria and fungi (Lavelle et al., 1997). Soil invertebrates are the dominant animal group in
many terrestrial ecosystems and may have higher biomass on an area basis than aboveground
herbivorous insects or vertebrates (Odum, 1971). They are an important food source for many
predacious invertebrates and vertebrates (Bilde et al., 2000; McNabb et al., 2001). Macro-
arthropods have an important role in the maintenance of soil structural stability and fertility in

many natural and man-made habitats.

Soil biota is at the ecological center of many tropical ecosystems (Wilson, 1992).
Termites are considered important insect indicators. In many tropical forest soils, termites are
the most abundant and important decomposers (Wood and Sand, 1978; Matsumoto and Abe,
1979; Collins, 1983). Termites living in the tree canopy and on epiphytes may also attain high
biomass (Ellwood and Foster, 2004). Termites are vital in maintaining decomposition processes
(Collins, 1989), and play a central role as mediators of nutrient and carbon fluxes (Lawton et al.,
1996). The presence of termites increases soil permeability markedly and may improve soil
structure, aeration, nutrient cycling and soil fertility. Termites fragment and comminute litter,
thereby facilitating the action of microorganisms, which in turn transform litter organic
compounds into mineral nutrients available to plants. Termites also influence the decomposition

processes by species composition and local assemblages (Lawton ef al., 1996).

1.2 Statement of Research Problem

Forest and its products are being destroyed by several anthropogenic activities in Nigeria.
These activities have led to loss of biodiversity and extinction of many flora and fauna. An
urgent need exists for increased efforts to examine and investigate the diversity and abundance

of macro arthropods within different forest stands. Assessing the effect of different woody
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species on the abundance and diversity of some selected macroarthropods in the forest is

essential, hence this study.
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