HOST-MARKING BEHAVIOUR AND PHEROMONES IN MAJOR
FRUIT FLY SPECIES (DIPTERA: TEPHRITIDAE) INFESTING
MANGO (MANGIFERA INDICA IN KENYA

DONALD LIMBANI KACHIGAMBA

DOCTOR OF PHILOSOPHY IN ZOOLOGY
(Agricultural Entomology)

JOMO KENYATTA UNIVERSITY OF
AGRICULTURE AND TECHNOLOGY

2012



Host-Marking Behaviour and Pheromones in Major Hely
Species (Diptera: Tephritidae) Infesting Manitafgifera

indica) in Kenya

Donald Limbani Kachigamba

A thesis submitted in fulfiiment for the Degreel@dctor of
Philosophy in Zoology (Agricultural Entomology) the Jomo

Kenyatta University of Agriculture and Technology

2012



DECLARATION

This thesis is my original work and has not beessented for a degree in any other

university.

Donald Limbani Kachigamba

This thesis has been submitted for examination with approval as University

Supervisors:
1. SIgnature:......ceeeeeeieeie e Date: ...
Prof. Mary Ndung'u
JKUAT, Kenya
2. SIgNAtUIe:....cceeiiie e e e e eee e Date: ...
Prof. Linus Gitonga
JKUAT, Kenya
3. SIgNAtUre:.....ccoeeeeeeeeeeeeeeee e e eee e Date: ...

Dr. Baldwyn Torto

International Centre of Insect Physiology and Ecolgy, Kenya

Dr. Sunday Ekesi

International Centre of Insect Physiology and Ecolgy, Kenya



DEDICATION

To my parents, David Alfonso Kachigamba (late) Agtiess Maudie Putaputa.



ACKNOWLEDGEMENTS

Firstly, | thank the Almighty God that | have readhthis level of the academic
ladder, it is all because of His mercy and gracay idis purpose for this favour be
fulfilled. 1 am also grateful to the following pel@pand organizations for their
support in this work: Professor Mary Ndung’u, mssfisupervisor at the university
and Dean of the Faculty of Science, her guidanat emcouragement kept me
inspired throughout this work; Professor Linus @Gga, my second supervisor at the
university, his suggestions added value to thiskw@r. Baldwyn Torto, my first
supervisor at ICIPE and Head of the Behavioural @hdmical Ecology Department
at the institute, for designing the project and Sunday Ekesi, my second supervisor
at ICIPE and Leader of the African Fruit Fly Pragrae, his intellectual guidance
helped so much in this project. | also recognizefdasor Peter Teal of the United
States Department of Agriculture/Agriculture ResbaBervice — Centre for Medical,

Agricultural and Veterinary Entomology for his vahle advice.

Further, I am indebted to Dr. lan Gordon and Miarld Margiotta, Heads of the
Capacity Building and Institutional Development (&BD) Programme at ICIPE as
well as Ms. Lilian Igweta (Training Officer), Ms.ida Omondi (Training Assistant)
and Ms. Margaret Ochanda (Office Assistant) foeeti/ely handling all my training

matters. | am grateful to Ms. Charity Mwangi, theministrative Assistant at the
Behavioural and Chemical Ecology Department, fardssistance in administrative
issues during my training. | also thank all memludrstaff and fellow students in the

Behavioural and Chemical Ecology Department foirthssistance in various ways



during this research work. | recognize Mr. JohnliKithe Chief Technician at the

African Fruit Fly Programme, for his technical asance in the research work.

| am also grateful to Dr. A. P. Mtukuso, Directdrtbe Department of Agricultural
Research Services (DARS) in Malawi, for authorizimy leave to pursue this
training. | also recognize Professor Christian Rongister, Director General of
ICIPE, whose effective management of the institutimade it a conducive
environment for my training. Recognition is alseé@cded to ICIPE and the United
States Department of Agriculture (USDA) for co-fumgimy research work. Finally,
| recognize the German Academic Exchange Servid®A@) for sponsoring my

training.



TABLE OF CONTENTS

DECLARATION ... I
DEDICATION ..ottt I
ACKNOWLEDGEMENTS. ... 1.
TABLE OF CONTENTS ...t \%
LIST OF TABLES ... e Xl
LIST OF FIGURES ..o Xl
LIST OF PLATES ... e XV
LIST OF ACRONYMS AND ABBREVIATIONS ..., XVI
ABSTRACT XVIII
CHAPTER ONE ..o 1
1.0 GENERAL INTRODUCTION......ciiiiiiiiiiiiiiiiii e

1.1 Mango in Kenya: Importance of the crop and i of the host-marking

technique for the management of its fruit fly pests.........cccccceveeeiieiiiiinnne,
1.2 Problem StatemMeNnt ..........cooiiiiiiiiiee e 2
1.3 JUSHFICALION. ....eeiiiiiiiiiiice e ereee e e e 2
I o 1 o0 1 =S = 3
T © ] ] 1= o1 )= PR 4
1.5.1 General ODJECHIVE ......cevveviiiii e 4
1.5.2 SPECIfiC ODJECLIVES .....cceiiiieeee e eeeees 4
CHAPTER TWO ..o e e e e e e e e enes 5



2.0 LITERATURE REVIEW ..ot 5

2.1 Mango: A general PersSPECHIVE.........ocieeeeeeeiii e 5
2.1.1 Taxonomy and Origin Of MANJO...........cummmmeereriiieeeeeeeeeeerrreeeeennnnn. 5
2.1.2 USES Of MANQO....uuiiiiii it e e e e e e e e e e eeeennnnees 5
2.1.3 Major pests of mango and their control ............ccccceeeeiiiiiiiieeennnn, 5

2.2  Fruit flies: A general PEIrSPECHIVE .......uueuceiiieiee e eeee e e 6
2.2.1 Taxonomy Of fruit flIES ........eevveiiiicmmmm e e 6
2.2.2 World geographic distribution of fruit flieS..........cccccceeeiiiinn. 7
2.2.3 Fruit fly life cycle and the nature of damalgey cause in fruits........ 8
2.2.4 Economic importance of fruit flies ......ccceevvvviiiiiiiiiii 10
2.2.5 Behaviour in fruit flieS ..o 0.1

S T R o =T = o 1] o PP 11
T | - 1 Vo PP 11
2.2.5.3  HOSEIOCALION ...ttt 11
2.2.5.4  OVIPOSITION...ccciiiiiiieieiiiiii o e e e e e e e e e e e e e eeeeeesenes 12
2.2.5.5 HOSE-MAarking .......ccoooeiiiiiiiiieeeeceeecr e 21
2.2.6 Fruit fly host-marking pheromones......cccccceeeeevvveeveveeiiiiiceee e 14
2.2.6.1 Production of host-marking pheromonesuiit flies................... 14
2.2.6.2 Chemical properties of fruit fly host mawdgipheromones........... 14
2.2.6.3 Perception of host-marking pheromonesui fiies.................... 15

2.3 The host-marking technique of fruit fly manag@em................cccceevvvvvviviinnnnnn 17

2.3.1 History, efficacy and advantages of the meatking technique....... 17

2.3.2 The process of developing a host-marking téml fruit fly

MANAGEIMENT ..ttt mmmmrn e et e et e e e et e e e et e e eeb e e eennneeees 18

Vi



o] L= o] 4T 1S S 19
2.4 Mango production and the fruit fly problem ief§/a.................cceeeiviviinnnninnns 19

2.4.1 Annual production, economic importance angbmaroducing areas..

.................................................................................................. 19
2.4.2 Types and varieties of mango grown in Kenya.............c.ccceeeee.... 20
2.4.3 Major fruit fly species infesting mango in i§&, their economic

importance and identification................commeeeveiiiiiiie e 20
2.4.3.1 CeratitiS Capitata.........cceeeeeeeeeeiieieieeiiii e 20
2.4.3.2 CeratitiS faSCIVENTIIS.......cccoiiiiiiiiiee e 23
2.4.3.3  CeratitiS MOSA.........uvveeiieiiiiiiiiiee et ermnee e 26
2.4.3.4 CeratitiS COSYIa......cuvuururururrniiiiieeeeeeeeeeeeeeeeeeieeeeneeeesrennsn s 28
2.4.3.5 CeratitiS @N0ONAE.........cuvviiieeeiiiiieee e 30
2.4.3.6 BacCtrocera iNVAdeNS. ..........cccooiiiiimiiieeiiiiieee e e 33
2.4.4 Current techniques for managing mango fhais in Kenya............ 35
CHAPTER THREE ... .t eeeeeneenes 36

3.0 GENERAL MATERIALS AND METHODS ......cootiiiiieie e 36

3.1 Study site and CONAILIONS............... oo eeeeeeeeeerirrin e e eeeeeeereaeeeeaaens 36
T (1 T |V 1011 11 T= S 36
3.3 OVIPOSItION SUDSLIAtES .........ccovveees et e e e e e e e e e e e e e e e e eeeeeeeee e nnnaneennnes 38
I D - v Wodo] | (=Tt o] o PP 39
TR T B - = U= 4 = 1)V 40
CHAPTER FOUR ... et e e e 41

2.3.3 Breakthroughs in isolation and identificatmfrfruit fly host-marking

vii



4.0 INCIDENCE OF HOST-MARKING BEHAVIOUR IN  CERATITIS

CAPITATA, CERATITISFASCIVENTRIS, CERATITIS ROSA, CERATITIS

COSYRA, CERATITISANONAE AND BACTROCERA INVADENS............ 41
/o IO [ 0 (0 To [UTox 10 o KPR 41
4.2 Materials and MethOds . .. ..o e 42

4.2.1 Incidence of host-marking behaviouCincapitata C. fasciventrisC.

rosa, C. cosyraC. anonaeandB. invadens...........ccccceeveeeveeeeeeeeeeeveeeennnnnnnn. 42
O O R = 1o = =T | Y 57,
4.2.1.2 Data COlleCtioN .........ccccevviiiiiemiieeeee e A
4.2.1.3 Data analySiS .......ccceevurrrrrunns e eeveennnnnnnnseeeeeeenaseeseeeennennn 44

4.2.2 Oviposition behaviour il€. capitata C. fasciventris C. rosg C.

cosyrg C. anonaeandB. iNVAdEeNS..............uueiiiiiiiiieeeeeeeeeeeeeeeevveeeeeeeeeeeennens 44
A R = 1o = =Y |
4.2.2.2 Data COllECHON ........oovveiiiiiiiemee e AD,
4.2.2.3 Data analySiS .........cooeveevrerrrs e eeeenninnnnnnneeneeeeeeesesseeeeeenns 40

4.3 RESUILS .. 47

4.3.1 Incidence of host-marking behaviouCincapitata C. fasciventrisC.
rosa, C. cosyraC. anonaeandB. invadens...........ccccceeveeveeeeeeeeeeeeeeeeennnnnnnn 47

4.3.2 Oviposition behaviour il€. capitata C. fasciventris C. rosg C.

cosyrg C. anonaaandB. iNVadens...............ueeiiiiiiiieeeeeeeeeeeceeeeeeeeeeeeeeeeneens 53
I T[T od 1 11 Lo o 56
S o o (1] o o R 59
CHAPTER FIVE....coi ittt e e e eeeenssneee s 60

viii



5.0 EFFICACY OF HOST-MARKING BEHAVIOUR AND FAECAL
MATTER OF CERATITIS CAPITATA, CERATITIS FASCIVENTRIS,

CERATITIS ROSA AND CERATITIS COSYRA IN DETERRING

CONSPECIFIC AND HETEROSPECIFIC OVIPOSITION ...c.ovv e, 60
o Y0 M [ 011 (0 Yo [51e3 10 o IR PR 60
5.2 Materials and mMethods. ... .. oo e 62

5.2.1 Efficacy of host-marking behaviour ©f capitata C. fasciventrisC.

rosaandC. cosyrain deterring conspecific and heterospecific ovipos ..... 62
5.2.2 BIOASSAY .. .cceeiiieieieieeit e e e e e e e e e 62
5.2.3 Data collection and analysSiS..........cceeeeereiiiiiiieeeeeeereeeeeeeeeeneinnnnnnns 64

5.2.4 Efficacy of faecal matter &. capitata C. fasciventrisC. rosaand

C. cosyrain deterring conspecific and heterospecific oviposs .................... 64
5.2.4.1 Collection of faecal matter of the frui€fl..............cccccoeeeriiinnnnn. 64
5.2.4.2 Preparation of faecal matter SOIUtIONS.ceeevvvvieeeieeeeeeeieieeeeiiias 64
5.2.4.3  BlOASSAYS...uuuuuuiiiiieeeeeeeeeessmmmmmmnsnssasseaaaaesassesressnsnnnnnnnnnnnd 65
5.2.4.4 Data collection and analysis........cccccceveiiiiiiiiiiiiiieeee, 65

5.2.5 Efficacy of various doses of faecal matteiCofcosyrain deterring

oviposition inC. capitata C. fasciventrisC. rosaand conspecifics ................ 65
5.2.5.1 Faecal matter dOSES ..........oocuvimmmmeemrieee e 65
5.2.5.2  BlOASSAYS..uuuuuuuiiiiieeeeeeeeeessmmmmmmnsnssssseaaaaeaaasesreennnnnnnnnn s 66
5.2.5.3 Data collection and analysis........ccccceeeiiiiiieeiiiiiiiieee, 66

5.3 RESUILS ... 67

5.3.1 Efficacy of host-marking behaviour ©f capitata C. fasciventrisC.

rosaandC. cosyrain deterring conspecific and heterospecific ovipos ..... 67

iX



5.3.2 Efficacy of faecal matter &. capitata C. fasciventrisC. rosaand
C. rosain deterring conspecific and heterospecific ovipos........................ 69

5.3.3 Efficacy of various doses of faecal matteiCofcosyrain deterring

oviposition inC. capitata C. fasciventrisC. rosaand conspecifics ................ 71
5.4 DISCUSSION....ciiiiiieiiii sttt ettt e e e e e e e e e e e e e e e s e e mnnnne e e e e e e e eeeeas 75
5.5 CONCIUSIONS ...ttt ettt et e e e e e e e eeess bbb e eee s 79
CHAPTER SIX oottt sttt e e e ettt e e e e e et e e e e e e snnnneeesannnes 80

6.0 PRESENCE OF POTENTIAL HOST-MARKING PHEROMONES O F C.

CAPITATA, C. COSYRA, C. FASCIVENTRIS AND C. ROSA IN FAECAL

MATTER OF THE FRUIT FLY SPECIES ... 80
T R [ 011 (0 Yo [ 5 1o} 10 o IO 80
6.2 Materials and MEthOUS. ... .. oo e 81

6.2.1 Presence of potential host-marking pheromon&secal matter of the

FIUIL FlY SPECIES ... e e e e e e 81
6.2.1.1  TeCNNIQUE......ceiieieieeeeiii e e e e e e e e e e e e aeeeeeeanenes 381
6.2.1.2 Faecal matter COllECHION ............commmrvereeeeeeeiieeee e 82
6.2.1.3 Preparation of fruit fly faecal matter @xtr.................coevvvvvvnnnnne 83
6.2.1.4 HPLC data aCqUISItION .........uvvvviimmmmmmeeeeeeeeeeiiiiiieen e e e e e e e e eeeeea 84

6.2.1.5 Determination of potential host-marking qomeones of the fruit fly
SPECIES  ciiiiiiieeiet e ———————— e e et araaaaaaan 84
6.2.2 Behavioural activity of a potential host-magk pheromone ofC.

cosyraagainst CONSPECITICS .......ccciiiiiieeeeees e s e e e e e e e e e e eeeeeeeeeeneeennnnns 6.8



6.2.2.1 Collection ofC. cosyrafaecal matter and isolation and preparation

of the potential host-marking pheromone ......ccccceevvvvviiiiciciiiiee e, 86

6.2.2.2  BIOASSAY ..vvuuuiiiiieeeeeeiiieieeesemmmmmssssaa s e e e e e aaaaaaeeaaaaaara 36

6.2.2.3 Data collection and analysis........ccccceevviiiieiiieiiiiiieeen 87
6.3 RESUILS ... 88

6.3.1 Presence of potential host-marking pheromon&secal matter of the
FIUIL FlY SPECIES ... e e e e 88

6.3.2 Behavioural activity of a potential host-magk pheromone ofC.

cosyraagainst CONSPECITICS .......cceiiiiiieeeeee s et s s e e e e e e e e e e e eeeeeeeeneennnne 7.9
ST N B 1Tl 1] (o ] o PR 99
SO0 ] o o1 18 =3[0 o FF PR 103
CHAPTER SEVEN ... oot e ettt ae e 104
7.0 GENERAL DISCUSSION, CONCLUSIONS AND

RECOMMEND ATIONS ...ttt e e e e eeens 104
7.1 GeNeral diSCUSSION ... ettt aeeeaereaae 104
.2 CONCIUSIONS .o e 107
7.3 Recommendations for future reSearCh.......ccceei oo oyl
REFERENCES ... .ot et e et e e eeeee e eenn 108

Xi



Table 5.1:

Table 5.2:

Table 5.3:

LIST OF TABLES

Efficacy of host-marking behaviour &f. capitata C. fasciventris
C. rosaandC. cosyrain deterring conspecific and heterospecific
oviposition (Chi-square test). Entries in red inke acases of
significant deterrenCe . .....ccceeevv i i 68
Efficacy of faecal matter &. capitata C. fasciventrisC. rosaand
C. cosyrain deterring conspecific and heterospecific ovipos
(Chi-square test). Entries in red ink are casessighificant
ELEITENCE. ...ttt e e e 70
Efficacy of various doses of. cosyrafaecal matter in deterring
oviposition inC. capitata C. fasciventrisC. rosaandC. cosyra
(Chi-square test). Entries in red ink are casessighificant

[0 [y (=] (=] 401D TR 72

Xii



Figure 4.1:

Figure 4.2:

Figure 4.3:

Figure 4.4:

Figure 4.5:

Figure 4.6:

Figure 5.1:

Figure 5.2:

Figure 5.3:

Figure 5.4:

LIST OF FIGURES

Incidence of host-marking behaviourGn capitata C. fasciventris
C. rosg C. cosyraC. anonaeandB. invadens...............ccccceuueee. 48
Duration of host-marking bout i€. capitata C. fasciventris C.
rosa C. cosyraC. anonaeandB. invadens...........ccccceeeeeeeeeeeennnn. 50
Incidence of pre-mark pausing behaviour @ capitata C.
fasciventris C. rosaandC. COSYIa......couuiiieeeeeiriierieeiiiiiiniinaeeeenns 51
Duration of pre-marking pause @. capitata C. fasciventrisand
C. r0SAANAC. COSYIA .uuvurniiiiieieeeeeeeeeeeeeeeeeet e 52
Ovipuncture clutch size (number of eggs per ovipure) in C.
capitatg C. fasciventris C. rosg C. cosyra C. anonaeand B.
11772 16 (=] 0 1= PP PP PTPPTP 54
Oviposition duration (seconds) i@. capitata C. fasciventris C.
rosa C. cosyraC. anonaeandB. invadens...........ccccceeeeeeeeeeeeennn. 55
Relationship between dose . cosyra faecal matter and
oviposition deterrence €. capitata...........ccccceeeeeeeeeeeiieeeeeiiiiinnns 73
Relationship between dose df. cosyra faecal matter and
oviposition deterrence €. fasciventris............cccccvvvvvevvvvnicinnnnn. 73
Relationship between dose df. cosyra faecal matter and
oviposition deterrence iB. roSa............ueveeeiieeeeeeeeeeeereeeeennnnnns 74.
Relationship between dose df. cosyra faecal matter and

oviposition deterrence iB. COSYra.........cccuvvvvvvvreiiniiiiiieeeeeeeeeeaen 74

Xiii



Figure 6.1:

Figure 6.2:

Figure 6.3:

Figure 6.4:

Figure 6.5:

Figure 6.6:

Figure 6.7:

Figure 6.8:

Figure 6.9:

Representative HPLC profiles of distilled waterethanol and
methanolic extracts from fruit fly diet as contrdts methanol-
soluble fly-produced chemical components foundaecal matter
of female and mal&. capitata C. fasciventris C. rosaand C.
(010151 2= VST PRTROPUTRRPPPIN 89
Representative HPLC profiles of methanolic exsdcom faecal
matter of female and mal&. capitata................cceevvvvvviiiiiennnnnn. 90
Representative HPLC profiles of methanolic exsdcom faecal
matter of female and ma@ fasciventris............cccceveveeeiiiiinnnnnnn. 91
Representative HPLC profiles of methanolic exsdcom faecal
matter of female and Mat@ rosa............eeeevvvviiiiiiiiiiiiie 92
Representative HPLC profiles of methanolic exgsdcom faecal
matter of female and mal& cosyra.........cccceeeeviiieeeeiiiiiiiieiiiiinns 93
Representative HPLC profiles of distilled waterethanol and
agueous extracts from fruit fly diet as controls feater-soluble
fly-produced chemical components found in faecalttenaof
female and mal€. fasciventriandC. cosyra.............c.cceeeeeeeee. 94
Representative HPLC profiles of aqueous extraobsnffaecal
matter of female and ma@ fasciventris............ccccvevveeeiiiiennnnnnn. 95
Representative HPLC profiles of aqueous extraobsnffaecal
matter of female and mal& cosyra.........cccceeeevviieeeeeiiiieieeeiiiiins 96

Isolation of potential host-marking pheromoneCofcosyra....... 98

Xiv



Plate 2.1:

Plate 2.2:

Plate 2.3:

Plate 2.4:

Plate 2.5:

Plate 2.6:

Plate 2.7:

Plate 4.1:

Plate 4.2:

Plate 4.3:

Plate 5.1:

Plate 6.1:

LIST OF PLATES

Fruit fly life cycle and damage caused in fruascése of mango). 9

Some taxonomic features@ capitata............ccceevevevvvvviniinnnnnn. 22
Some taxonomic features @ fasCiventris..........ccccccecvvvveeeenennnn. 25
Some taxonomic featureS@ roSa........ccccvvveeeeeeeiiiniiiciciiienee, 27
Some taxonomic featureS@ COSYra..........cuuvvvurvrniiiiiieeeeeeeennnn. 29
Some taxonomic features@ anonN@e............eeeeeeeeeeeeieeeeeennnnnnns 32
Some taxonomic featuresi invadens..............cccccvviiiiiiineenee. 34

lllustration of the bioassay used to investigateidence of host-
marking behaviour inC. capitata C. fasciventris C. rosg C.
cosyrg C. anonaeandB. invadens..........cccceeveeieeeeeeeeeeeeeeeciiiiiinns 43
Materials used to investigate oviposition behaviof C. capitata
C. fasciventrisC. rosg C. cosyraC. anonaeandB. invadens... 46
lllustration of fruit fly host-marking behaviour €. fasciventris
dragging a protracted ovipositor on the surface aofmango
oviposition substrate immediately after oviposition................ 49
lllustration of the bioassay used to investigdfea&cy of the host-
marking behaviour o€. capitata C. fasciventrisC. rosaandC.
cosyrain deterring conspecific and heterospecific ovipos..... 63
lllustration of the technique used to determinespnce of potential
host-marking pheromones &f. capitata C. fasciventris C. rosa

andC. cosyrain faecal matter of the fruit fly species. .....o..... 85

XV



LIST OF ACRONYMS AND ABBREVIATIONS

AFFP African Fruit Fly Programme

a.m. ante-meridiem

ANOVA Analysis of Variance

BCED Behavioural and Chemical Ecology Department
CRD Completely Randomized Design

DAAD Germany Academic Exchange Programme

DARS Department of Agricultural Research Servicesl@va
DNA Deoxyribonucleic Acid

g gram

GDP Gross Domestic Product

HPLC High Pressure Liquid Chromatography

LC-MS Liquid Chromatography- Mass Spectrometry

ICIPE International Centre of Insect Physiology andl&gy
IDM Internal Diameter

JKUAT Jomo Kenyatta University of Agriculture and Teology
ml Millimetre

PCR-RFLP Polymerase Chain Reaction — Restriction Fragmeamtgth

Polymorphism
p.m. post meridiem

S second

XVi



SNK Student Newman Keuls

USDA United States Department of Agriculture

XVil



ABSTRACT

A laboratory study was conducted on six major fflyitspecies infesting mango in
Kenya (Ceratitis capitata C. fasciventris C. rosg C. cosyra C. anonaeand
Bactrocera invadensegarding host-marking behaviour and pheromonesder to
get insight into the potential of the host-markieghnique for their management.
Slices of ripe mango fitted in 50 mm diameter pelish covers were used as
oviposition substrates in bioassays to determinel@mce of host-marking behaviour
among the fruit fly species and efficacy of theistimarking behaviour and faecal
matter in deterring conspecific and heterospedafiiposition. High pressure liquid
chromatography was used to determine presence énged host-marking
pheromones of the fruit flies in their faecal mattdost-marking behaviour was
found to be prevalent i@. capitata C. fasciventrisC. rosaandC. cosyraonly, but
duration of host-marking bout was significantly gko in C. rosathan in the other
three species. In additio@, cosyrawas found to have a unique behaviour of pausing
for some time after oviposition before engaginghwst-marking. For each host-
marking fruit fly species, three chemical composenvhich could be its host-
marking pheromones were found in its faecal matiéowever, the chemical
components in faecal matter ©f capitata C. fasciventrisandC. rosaseemed to be
similar while for C. cosyra two of the chemical components were those found i
faecal matter of the other three species but tivd tine was specific to it. When
tested for behavioural activity, the unique chemammponent ofC. cosyraelicited
conspecific oviposition deterrence, suggesting thatas indeed the host-marking

pheromone o€. cosyra The findings of the study indicated apparent pidé of the
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host-marking technique in the management of somthefmajor fruit fly species

infesting mango in Kenya.

Xix



CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Mango in Kenya: Importance of the crop and potentia of the host-
marking technique for the management of its fruit fy pests
Mango Mangifera indical.) is one of the most important fruits in Kenyaidta
source of income and nutritional security for mgepple (ICIPE, 2007). Although
mango is an important fruit in Kenya, its produntend utilization faces a number of
challenges, one of them being infestation by tehfiuit flies (ICIPE, 2007). It is
estimated that Kenya produces 183,486 tons of mangoally but more than 50%
of this is lost to fruit flies (Griesbach, 2003Yuk flies are thus costing Kenya a lot
in nutrition and income. There are six main friytdpecies that are infesting mango
in Kenya and these ar€eratitis capitata(Wiedemann)C. fasciventrigBezzi), C.
rosa (Karsch),C. cosyra(Walker), C. anonae(Graham) andBactrocerainvadens
(Drew, Tsuruta and White) (Ekest al, 2009). Currently, farmers in Kenya use a
variety of techniques to mitigate the mango fruit problem, however, more
management techniques need to be developed fonesthananagement of the pests

(Billah et al, 2007; ICIPE2007).

Manipulation of insect behaviour using semiocheisicafast becoming an effective
tactic in pest management (Roitberg, 2007). Irt ftigs, one such technique is host-
marking (Alujaet al, 2009). This technique is based on the fact thatales of

some fruit fly species have a tendency of depagiiome specific pheromones on



their host-fruits after oviposition, which detehet prospective ovipositing fruit flies
from re-using the resources. This behaviour isedafiost-marking. By understanding
this behaviour, identifying the pheromones involvedoducing the pheromones
artificially en massand spraying them in orchards, researchers hage hble to

effectively mitigate fruit fly infestation in orcihds (Arredondo and Diaz-Fleischer,
2006; Alujaet al., 2009). As Kenya needed more techniques for magaber

mango fruit fly problem, it was envisaged that twest-marking technique was one

appropriate tool.

1.2 Problem statement

Although the host-marking technique was envisagdaktone tool that could help to
mitigate the mango fruit fly problem in Kenya, teewas lack of foundational
information regarding host-marking behaviour andrpmones in the major fruit fly
species infesting mango in the country, which cadthally provide insight into the
potential of the host-marking technique for theiamagement. It was, therefore,
considered necessary to investigate host-markihgweur and pheromones in the

major fruit fly species infesting mango in Kenya.

1.3 Justification

As stated in section 1.1, fruit flies are a seripusblem in mango production in
Kenya and more management tools need to be developmiitigate this problem.
On the other hand, the host-marking technique isy \&ffective in fruit fly

management, with an efficacy range of 84 — 98% g#&gnnos and Boller, 1976,

1980; Aluja and Boller, 1992; Nufio and Papaj, 208¢edondo and Diaz-Fleischer,
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2006, Aluja et al, 2009). The host-marking technique is also taspeific,
environmentally benign (since the host-marking phesnes are biodegradable and
non-toxic) and it can use the same equipment foayspg conventional pesticides
(Averill and Prokopy, 1989). Hancock (1989) alse@lved that the fruit fly problem
among smallholder fruit farmers in Africa can bdt®emanaged using behaviour-
based techniques rather than insecticides. In iadditsince host-marking
pheromones repel prospective ovipositing femalss,hiost-marking technique may
also be used compatibly and synergistically in a&hppull system with traps
containing synthetic mango volatiles which attrihet fruit flies. An investigation on
host-marking behaviour and pheromones in the mfjot fly species infesting
mango in Kenya was therefore worthwhile becauseag going to provide insight

into the potential of the host-marking techniquetfee management of the fruit flies.

1.4 Hypotheses
The following were the hypotheses of this study:

1. Host-marking behaviour is not prevalent@ capitata C. fasciventris C.

rosa C. cosyraC. anonaeandB. invadens

2. Host-marking behaviour and faecal matteiCofcapitata C. fasciventrisC.
rosa C. cosyra C. anonaeand B. invadensdo not deter conspecific and

heterospecific oviposition.

3. Faecal matter o€. capitata C. fasciventrisC. rosg C. cosyra C. anonae
andB. invadensdoes not contain potential host-marking pheromafiehe

fruit fly species.



1.5 Objectives

1.5.1 General objective

The general objective of this study was to invegéghost-marking behaviour and
pheromones in the major fruit fly species infestngngo in Kenya with the view of

getting insight into the potential of the host-magktechnique for their management.

1.5.2 Specific objectives
The following were the specific objectives of tetsdy:

1. To determine incidence of host-marking behaviour Gn capitata C.

fasciventris C. rosg C. cosyraC. anonaeandB. invadens

2. To determine efficacy of host-marking behaviour dadcal matter ofC.
capitata, C. fasciventrisC. rosg C. cosyra C. anonaeand B. invadensn

deterring conspecific and heterospecific ovipositio

3. To determine presence of potential host-markingqrhenes ofC. capitata
C. fasciventrisC. rosg C. cosyraC. anonaeandB. invadensn faecal matter

of the fruit flies.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Mango: A general perspective

2.1.1 Taxonomy and origin of mango

Mango belongs to the gendangiferaand speciesdica. The genudMangiferain
turn belongs to the order Sapindales in the family Ardieaeae (Bompard, 2009).
Mango is believed to have originated from the InflBarmese monsoon region
(Augstburger.et al, 2001) and was brought to East Africa by Persenosind the

10" century AD (Morton, 1987).

2.1.2 Uses of mango

Mangoes are mostly grown for their fruit, which psedominantly eaten ripe in
dessert form and is highly nutritious, containingrbohydrates, proteins, fats,
minerals and vitamins A, B1, B2, and C (Bally, 2R06-resh mangoes are also
processed into a wide range of products such gsspjdices, frozen slices, dried
slices, pulp (fruit leather), chutneys, jams, pésklcanned in syrup, and sliced in

brine (Parfonry, 2001).

2.1.3 Major pests of mango and their control

Major pests of mango are fruit flies, scale insestd mites (Bissdorf, 2005). Fruit
flies damage mangoes by laying their eggs in thedtlaeir emerging larvae feed on
and burrow the flesh of the fruits, causing themrdb (Van Mele, 2007). Early

harvesting, use of baited traps, field sanitatisse of biological agents (parasitoids,



predators and pathogens) and spraying of inseeticate some of the ways of
mitigating fruit fly infestation in mangoes (Ekesi al, 2007a). Scale insects suck
sup from tender parts of mango trees and they @ngatled by spraying the trees
with organophosphorous compounds blended with rainell (Parfonry, 2001).

Mites, which are small and whitish—yellow, attackugpg leaves of mango trees and

cause them to crinkle. They are controlled usirggiaes (Parfonry, 2001).

2.2 Fruit flies: A general perspective

2.2.1 Taxonomy of fruit flies

Fruit flies are small insects (about 4 - 7 mm lobglonging to the Order Diptera and
Family Tephritidae (White and Elson-Harris, 199P)ey usually live in association
with plants, using their fruits as oviposition swhtes (Jackson and Lee 1985;
Dowell and Wange, 1986). Other species of frués]ihowever, attack other parts of
plants such as leaves and flowers (Dowell and Wal@@6). The term “fruit fly” is
used for two distantly related families of fliesmaly Tephritidae and Drosophilidae.
The latter are “fruit flies” of geneticists, whi@re in reality micro-fungi feeders and
but erroneously called fruit flies because of th&bit of feeding on decaying fruit
(Dowell and Wange, 1986). To distinguish them frtmese fungi-feeding “fruit
flies”, tephritid fruit flies are sometimes calléde “true fruit flies” since most of
their species attack living plants, mainly fruitka¢gkson and Lee 1985). There are
over 5, 000 described species of tephritid fruésfland nearly 40% of these species
attack intact and growing fruit (Dowell and Wand886). The described species of

tephritid fruit flies fall into 500 genera which tarn fall into several subfamilies, the



three most important ones being Trypetinae, Dacenae Tephritinae (White and
Elson-Harris 1992). Most of the fruit-infesting teftids belong to the Subfamilies
Trypetinae and Dacinae while the Tephritinae mastiytains weed-infesting species
(White and Elson-Harris 1992). In the Subfamily detinae,Ceratitis Anastrepha
and Rhagholetisare the most economically important genera a$ frests while in
the Subfamily DacinaeBactroceraand Dacusare the most economically important

genera as fruit pests (White and Elson-Harris 1992)

2.2.2 World geographic distribution of fruit flies

Ceratitis species are mostly restricted to Africa exceptlier Mediterranean fruit fly
(C. capitatg, which has spread to many tropical and subtrépess of the world

(Ekesi and Muchugu, 2007 eratitis capitatais by far the most economically
important pest species in the genus, and it is @nthe most polyphagous and

widespread species of Tephritidae (Liquetal, 1991).

The genusAnastrephas mainly found in the Neotropics and its most exuically
important pest species are the Mexican fruit Ay Iuden$, West Indian fruit fly A.
obliqua), and South American fruit flyA. fraterculuscomplex) (White and Elson-
Harris 1992). The genuRhagoletiss mainly found in the Holarctic and Neotropical
regions and its most economically important friespspecies are the apple fruit fly
(R. pomonellp European and eastern cherry fruit fli& €erasiand R. cingulata
respectively), blueberry fruit flyR. menda) walnut husk fly R. completa R.
striatella, a pest of husk tomato, aRd tomatis a pest of tomato (White and Elson-

Harris 1992).



Bactrocera which is the most economically important gengsnative to the Old
World tropics. Important species incluBe invadensB. dorsalis B. cucurbitag B.
oleae B. tryoniandB. zonata(White and Elson-Harris 1992Bactrocera invadens
invaded Africa around 2003 and is currently the haestructive fruit fly pest of
mango on the continent (Rwomushaataal, 2008). The genu®acusmainly occurs
in the Afrotropical region and the most economicathportant pest species of this

genus ar®. bivittatusandD. ciliatus (White and Elson-Harris 1992).

2.2.3 Fruit fly life cycle and the nature of damage theycause in fruits

Fruit flies are holometabolous, i. e. they undeogonplete metamorphosis (Plate
2.1). The typical life cycle begins with eggs laid undee skin of a fruit by the
female.The female has an ovipositor, similar to the stwhg wasp, with which it
punctures the skin of a healthy fruit in whichas$ its eggs (Plate 2.1). The eggs
hatch into larvae (maggots) in 2 - 3 days. Lanaladlopment starts and completes
within the fruit, with the larvae feeding on thegh of the fruitin the process of
feeding, the larvadorm galleries in the fruit and these gallerieside entry points
for pathogens which increase fruit decay making ursuitable for human
consumption. The larvae feed on the fruit for about weeks and undergo three
instar developmental stages during this time. Tmsdar larvae then emerge from
the rotten fruit and enter the soil where they pes fourth instar larvae (Plate 2.1).
The pupating larvae stay in the soil for about tmeeks after which transformation
into an adult fly is complete and young flies hat¢bung females need 1 - 2 weeks
to become sexually mature and acquire the proesarves needed to lay eggs while

young males develop to sexual maturity in one wadkss (Bronson, 2006).
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Adult fruit flies can live for 2 - 11 months depeangl on species and environmental
conditions (White and Elson-Harris, 1992). In temgie regions, fruit flies
commonly overwinter as adults, becoming active whkerather warms up and
gradually the population builds to a peak in laienmer (Brunner, 1992; Bronson,
2006). The life cycle of a fruit fly and the natwkdamage it causes in fruits (a case

of mango) is shown in Plate 2.1.

714 days
\ 23 days

Ovipasition

Hatchin
: Larva hatching &
12-14 days feeding
1214 days

6-12hrs

Fupatian Larva emergence

© D. L. Kachigamba

Plate 2.1 Fruit fly life cycle and damage caused in frascase of mango)



2.2.4 Economic importance of fruit flies

Due to their oviposition and larval feeding hahitsscribed in section 2.2.3, fruit
flies inflict heavy losses on fruit and vegetabteps worldwide (AliNiazee, 1988).
Economic effects of pest species include not omgctl loss of yield and increased
control costs, but also loss of export markets /aodextra cost of constructing and
maintaining fruit treatment and pest eradicatiomilitees. In many countries,
exportation of most commercial fruits is severeadgtricted by quarantine laws to
prevent the spread of fruit flies. In Africa, lossa mango yield due to fruit flies are
estimated at 50% (ICIPE, 2007). In Bulgaria and BRoi&,R. cerasiwas reported to
cause losses of up to 100% in cherries (Fischeibfi®land Busch-Peterson, 1989).
The following damages by fruit flies were reported Weems (1981)Ceratitis
capitata 50% in citrus in Greecd. dorsalis 50 - 80% in pears, peaches and figs in
western PakistanC. rosg 50 -100% in plums in South Afric&eratitis cosyra
caused 30 — 90% damage in mango in Kenya (MukiamdaMuraya, 1994). The
cost of living with an established infestation ©f capitataor several other major
fruit fly pests in California was estimated at USE) 000 000.00 annually (Jackson
and Lee, 1985) while the cost of eradication wdsneded at US$ 290 000 000.00

(Dowell and Wange 1986).

2.2.5 Behaviour in fruit flies

The term behaviour refers to neuro-muscularly @il activities which living
things usually do (Forest and Perry, 2006). Tehfitit flies exhibit various forms
of behaviour in many aspects of their life, bothadsilts and larvae. The following

are some of the forms of behaviour which adult tiéjohfruit flies display:
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2.2.5.1 Feeding

Fruit flies feed in order to acquire nutrients whitieir bodies require. They feed on
substances such as secretions of plants, nectrplant sap exuding from trunk,

stem, leaf, or fruit injuries, such as those caulsgdeeding insects, diseases, or
mechanical damage. Rotting fruits, bird dung, dewpyinsects and honeydew

secreted by homopterous insects are other soufdesdfor fruit flies (Averill and

Prokopy, 1987).

2.2.5.2 Mating

Mating is important in tephritid fruit flies to eme species perpetuation. Males of
many fruit fly species produce sex pheromonesttaatfemales for mating. In some
species, the males gather in groups (leks) andupethe pheromones together in
order to effectively attract females (Kuba and Kuga 1985; Sivinski and Burk,
1989). Specific fruit fly species usually mate aedfic times of the day. For
example, inD. dorsalis,mating occurs at dusk and is stimulated by deangdgyht

intensity (Sivinski and Burk, 1989).

2.2.5.3 Host location

Female fruit flies use olfactory and visual cueddeate their potential host fruits
(Prokopy and Roitberg, 1984; Aluja and Prokopy, 39®uilici et al, 1994;
Brevault and Quilici, 1999). Olfactory cues are alguused at long range while
visual cues, such as colour, shape and size, a®@ ais close range (Aluja and

Prokopy, 1993).
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2.2.5.4 Oviposition

Oviposition behaviour i. e. egg laying in fruiteff is highly diverse from species to
species in aspects such as time of ovipositiorpungture clutch size (number of
eggs laid in an ovipuncture), positioning of ovipas duration of an oviposition

bout and parts of plants preferred for ovipositiShelly, 1999; Averill and Prokopy

(1987).

2.2.5.5 Host-marking

Host-marking in fruit flies refers to the tendencl females of some species to
deposit some specific pheromones on their hodisfafter oviposition so as to deter
other prospective ovipositing fruit flies from reing the fruits. Host-marking
behaviour in tephritid fruit flies was first obsen/ by Porter in 1928. Porter (1928)
studiedR. pomonellaon apples and observed that immediately afterasiimg, the
female walked rapidly around the host fruit witheatended ovipositor and dragged
it on the surface of the same. However, it tookligaf, who studiedR. cerasj in
1953 to speculate accurately that the biologiagahiScance of the behaviour was to
mediate even distribution of offspring in availalblest fruits (Averill and Prokopy,

1989).

Following the observations of Porter and Hafligegarding fruit fly host-marking
behaviour, the first evidence of host-marking phesoe deposition was produced by
Prokopy in 1972. Nufio and Papaj (2004) reporteat th R. juglandis apart from
deterring conspecific re-use of oviposition sulieBahost-marking also serves as a

quantitative signal of the anticipated offspringmgeetition such that the more eggs
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the fly lays, the longer the duration of marking. the more pheromone it deposits,
and any coming fruit fly determines whether to se-the host or not or just lay a few
eggs by gauging the concentration of the markingrg@inone on the host. Other
forms of behaviour elicited by host-marking pherow® in fruit flies are reduction
of residence time of conspecific females on thet,haluction of the desire to

oviposit and arresting of males (Papagl, 1989, 1990).

Host-marking behaviour is, however, not a univeganomenon in tephritids, it is
prevalent in some species, occasional in some hedné in others. Examples of
species in which host-marking behaviour is previaber C. capitata A. ludensA.
obliqua, A. serpentinaR. cerasi R. basiola R. pomonellaand R. juglandis to
mention a few (Roitberg and Lalonde, 1991; Pagiagl, 1992; Alujaet al, 2003;
Arredondo and Diaz-Fleischer, 2006; Alggal, 2009). The behaviour is occasional
in some Dacini species (Fitt, 1988, suavigNufio and Papaj, 2004) ari@l catoirii
and B. zonata(Duyck et al, 2006). Host- marking behaviour is absent in &sec
such asDacus cucurbitae, D. opilae and D. cacuminaf{i®sokopy and Koyama,
1982) andB. invadengFletcher and Prokopy, 1991). Further, althougstimearking

is generally regarded to cause oviposition detegeim some species it has no effect
since it is ceremonial, the fruit flies do not adty produce or deposit host-marking

pheromones (Papaj, 1994; Nuébal, 2000).

Fruit fly retention of host-marking behaviour aralligy to discriminate against host-
marking pheromones varies with various factors aghtrain and nature of the fruit

flies in terms of whether they are wild or labotgtoeared (Averill and Prokopy,
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1989). Boller and Calkins (1984) observed that Kemyan C. capitatahas good
retention of host-marking behaviour, long duratadnovipositor dragging and high
discrimination against host-marking pheromone, kenktrains of the same species
from Sardinia and Seibersdorf. Wild fruit flies doeown to produce stronger host-
marking pheromones than laboratory-reared oneghaydare also more sensitive to
the pheromones than the laboratory-reared onekdpyet al, 1978; Prokopt al.,

1989).

2.2.6 Fruit fly host-marking pheromones

2.2.6.1 Production of host-marking pheromones in fruit flies
Fruit flies produce and store their host-markingnoimones in the posterior half of
the midgut and as such, faecal matter of host-mgriruit flies contains large

quantities of their pheromones (Averill and Prokop989).

2.2.6.2 Chemical properties of fruit fly host marking pheromones

Fruit fly host-marking pheromones are low in vdigtj highly polar in solution and
have molecular weight of less than 10,000 (Mumtad AliNiazee, 1983). They are
also soluble in water and methanol (Boller, 198terill and Prokopy, 1982; Boller
and Hurter, 1985; Hurteat al, 1987; Averill and Prokopy, 1987; Alug al, 2003).
Fruit fly host-marking pheromones are also persisten surfaces where they have
been deposited regardless of whether they have deggosited directly by the fruit

flies or as extracts (Averill and Prokopy, 1987qr Fexample, the half-life of the
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host-marking pheromone &. pomonellais 10.7 days with activity persisting for
three weeks (Averill and Prokopy, 1987). Persistapichost-marking pheromones of
other fruit fly species has been reported as fdtow days forR. indifferens
(Mumtaz and AliNiazee, 1983), 6 days #rsuspenséProkopyet al, 1977), 6 days
for C. capitata((Prokopyet al, 1978), 9 days foR. fausta(Prokopy, 1975) and 12
days for R. cerasi(Katsoyannos, 1975). Alujat al, (2009) observed that the
deterrent efficacy of faecal matter extractofludenson A. obliquain an orchard of

tropical plum dropped by just 10% after 27 daygpdesheavy rainfall.

2.2.6.3 Perception of host-marking pheromones in fruit flies

Fruit flies perceive host-marking pheromones uding D-sensilla found on the
ventral side of the™, 39 and 4" tarsomeres of pro-thoracic tarsi (Crrgaral., 1978;
Crnjar and Prokopy, 1982; Stadkdral., 1992, 1994) and to a lesser extent using the
short hairs on labellum and D-sensilla on meso- rmeth- thoracic legs (Crnjat

al., 1978; Crnjar and Prokopy, 1982). The sensilla @ontontact-chemoreceptor
cells which are sensitive to host-marking pherorsoaad they are present and

functional in both male and female flies (Stadieal, 1994).

Response of fruit flies to host-marking pheromoisemfluenced by several factors
such as activity of pheromone, physiological st#t¢éhe fly and nature of the fly.

Pheromones with higher activity elicit greater @ than those with lower
activity. Pheromone activity is in turn affected bBgnong other factors age of the

producing fly. Older flies (more than twenty-eigbays old) produce weaker
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pheromones while younger ones (fourteen to tweiglytedays old) produce strong
pheromones (Averill and Prokopy, 1987). Physiolabistates of the fly such as
number of mature eggs contained and time elapsece sihe last oviposition
influence response of the fly in a way that the enorature eggs it contains or the
longer the time elapsed since the last ovipositiba,more defiant the fly is to host-
marking pheromones (Roitberg and Prokopy, 1983jumgaof the fly in terms of
whether wild or laboratory-reared influences resggonf the flies to host-marking
pheromones; wild strains are more responsive taoratory strains (reared for over
200 generations) (Prokopst al, 1978). The ability of fruit flies to discrimirat

marked hosts is also influenced by type of hosig@&mann, 1986).

Although host-marking pheromones of fruit flies agenerally perceived to be
effective conspecifically only (Fitt, 1984; Nufimed Papaj, 2001), some studies have
shown that interspecific recognition of host-magkpheromones also occurs in fruit
flies. Prokopyet al (1976) observed cross-recognition of host-markihgromones
among species of the genldkagoletis Aluja and Diaz - Fleischer (2006) observed
cross-recognition of host-marking pheromones amdntydens A. obliquaandA.
serpentina It has also been observed that chemical intemfer (host - marking) is
one important mechanism by which fruit fly specdisplace one another from
ecologies (Giga and Smith, 1985; Vet, 1996; McClereal, 1998; Dickeet al,
2004; Aluja and Diaz-Fleischer, 2006). Further, esal/ interspecific ecological
displacements based on heterospecific chemicafenetgce (interspecific host-
marking pheromones) have been reported worldwiday¢k et al, 2004). In

situations where polyphagous tephritid species leen introduced in areas already
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occupied by a polyphagous tephritid, interspeafiemical interference has resulted
in a decrease in number and niche shift of the prhbshed species with no
reciprocal invasions. For examplg, capitatadisplacedC. catoirii in the Reunion
Island and Mauritius between 1939 and 1942. Sewwhadr interspecific and even
intergeneric displacements through chemical interfee involving Ceratitis,
Bactroceraand Anastrephaspecies have been reported in various countrms fr

1950’s to 2003 (Duyckt al, 2004).

2.3 The host-marking technique of fruit fly management

2.3.1 History, efficacy and advantages of the host-markig technique

Since the discovery of fruit fly host-marking belmawr and its deterrent effect on
prospective oviposition, considerable research basn done to exploit the
phenomenon for the management of fruit flies byfiadlly synthesizingen mass
the pheromones involved and spraying them in odshg6ivinski and Calkins,
1986). First field experiments on the subject weoaducted in Switzerland by
Katsayannos and Boller (1976, 1980) who achievest 80% control oR. cerasiin
cherries while Aluja and Boller (1992) achieved 986éfitrol of the same species in
the same crop. Later, in the USA, Nufio and Pap&04) reducedR. juglandis
infestation in walnuts to just above 10% using té@hnique. In Mexico, Arredondo
and Diaz-Fleischer (2006) achieved 84% reductiorCincapitata infestation in
coffee using raw pheromone extract from the fliegcal matter while in Mexico,

Aluja et al. (2009) achieved up to 94.1% reductiorAinobliquainfestation in mango
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and plum orchards by spraying raw pheromone extrait faecal matter of the fruit

flies and synthetic mimics of the pheromone.

The host-marking technique is good for fruit fly magement because it is highly
effective (as indicated in the preceding paragragh)is also target-specic,
environmentally benign since the pheromones ardegiadable and non-toxic, and
can use the same equipment used for spraying ctomeh pesticides (Prokopy,
1980). Behaviour - based insect pest managemehhitpes in general are also
better than synthetic pesticides because the pesisot easily develop resistance

against them (Foster and Harris, 1997; EvenderHaytes, 2001).

2.3.2 The process of developing a host-marking tool forrdiit fly management

To develop a host-marking managementnt tool foivargfruit fly species, firstly, it

has to be observed and confirmed that host-markettaviour is prevalent in the
species and the behaviour deters conspecific oviposif host-marking behaviour
is prevalent in the species and the same detespeoific oviposition, then potential
host-marking pheromones of fruit fly are extractecbugh methanolic washing of
used host fruits or faecal matter of adult femaleBhe potential host-marking
pheromone can then be isolated and identified fiteenextract by fractionating the
extract through preparative high pressure liquidostatography (HPLC), then
subjecting the fractions to Liquid Chromatographgdd Spectrometry (LC-MS) and
Nuclear Magnetic Resonance (NMR) spectroscopy.rAfte potential host-marking

pheromone has been identified, its standard israddleor synthesized and tested for
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behavioural activity in laboratory oviposition chei assays and field pest
management trials. If the synthetic compound deterposition and consequently
curbs infestation in the field, then it is producammmercially for use by farmers
(Aluja et al, 2003; Alujaet al.,, 2009). However, development of a pheromone-based

pest management tool requires a lot of research amd time (Kratt, 2001).

2.3.3 Breakthroughs in isolation and identification of fruit fly host-marking

pheromones

To date, host-marking pheromones have been isoltdddentified for some fruit
flies such afR. cerasiandAnastrephaspecies. The taurine (N [¥B¢luco pyranosil)
oxy-8-hydroxypalmitoyl] has been identified as thaest-marking pheromone @&.
cerasi (Boller and Hurter, 1985) while 2-(2 ', 14'-Dimgkpentadecanoylamino)-
pentanedioic acid has been identified as the gemest-marking pheromone of the

Anastrephaspecies (Alujat al, 2003).

2.4 Mango production and the fruit fly problem in Kenya

2.4.1 Annual production, economic importance and major poducing areas

Kenya produces 183,486 tons of mango annually aedfruit earns the country
around US$3.6 million (Ksh 0.3 billion) per annum foreign exchange (ICIPE,
2007). Mango farming in Kenya is mostly done by Binosdder farmers who account
for more than 90% of the production (ICIPE, 200vgin provinces that produce

mango in Kenya are Central, Eastern, Western, Neaftern, Coast, Rift Valley and
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Nyanza. Machakos, Meru Central, Meru South and Makare the districts known

to export substantial quantities of mango in Ke(eesbach, 2003).

2.4.2 Types and varieties of mango grown in Kenya

There are two types of mangoes that are grown inyKeand these are local and
exotic or improved (Griesbach, 2003). The local gmawarities include Ngowe,
Dodo, Boribo and Batawi while the exotic ones id@uApple, Kent, Keit, Tommy
Atkins, Van Dyke, Haden, Sensation, Sabre, Sabiain, Maya, Kenston and
Gesine (Griesbach, 2003). The Apple variety, whighmainly grown in Lamu,
Malindi and Kilifi districts (Griesbach, 2003) i$ié most economically important

(Kehlenbeclet al,, 2011).

2.4.3 Major fruit fly species infesting mango in Kenya, heir economic

importance and identification

There are six main fruit fly species that are itifgsmango in Kenya and these are:
Ceratitis capitata C. fasciventris C. rosg C. cosyra C. anonaeand Bactrocera
invadengEkesiet al, 2009). Loss of mango yield in Kenya due to thegi flies is
estimated to be more than 50% (Griesbach, 2003.mango fruit fly problem is

therefore really serious in Kenya.

24.3.1 Ceratitiscapitata
This is an indigenous species of Africa, but it Baen spread to the Mediterranean
area and parts of Central and South America (E&esil, 2007a). In Kenya(C.

capitata is found at the coastal region and in central avebktern highlands
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(Copelancet. al, 2002). Other countries in Africa whete capitatais found include
Algeria, Angola, Benin, Burkina Faso, Burundi, Caomn, Cape Verde Islands,
Congo, Egypt, Ethiopia, Gabon, Ghana, Guinea, labeLibya, Madagascar,
Malawi, Mali, Mauritius, Morocco, Mozambique, NigeMigeria, Réunion, Senegal,
Seychelles, South Africa, St Helena, Sudan, Taazdmgo, Tunisia, Uganda, Zaire
and Zimbabwe (Ole-Moi Yoi and Lux, 2002; Ekesial, 2006; Ekesket al, 2007b;
Ekesiet al, 2009).Ceratitis capitatais a highly polyphagous species and apart from
mango, its other host fruits include apples, avosaditrus, figs and pears (White
and Elson-Harris, 1992; Ole-Moi Yoi and Lux, 200@ppelandet al., 2006).
Ceratitis capitatahas also been recorded from wild hosts belongma tlarge

number of families (Ekegt al, 2009).

In generalCeratitis fruit flies differ from fruit flies of other genarby having banded
wings, a swollen scutellum and a pattern of gregd$ in basal wing cells (Copeland
et al, 2002). However, the speciegpitata can be identified by the following
features: the body is yellow; the eyes are redgistple, the scutellum is entirely
black in apical half, with a sinuate yellow lineress it sub-basally; the costal band
starts beyond the end of vein R1 and is separabed discal cross-band by a hyaline
area at the end of R1 while the wing is 4 - 6 mmgl¢De Meyer and Freidberg,
2006). Males and females Gf capitatadiffer in a way that males have small black
diamond-shaped nodules at the apex of their orbgtde, which are not found in
females, while females have a characteristic yelaavking on their wings, and the
mean apical half of their scutellum is completelsick (De Meyer and Freidburg,

2006). Some taxonomic featuresfcapitataare shown in Plate 2.2.
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Eeddish purple eyes Eeticulation of the wing towards 1its
base, typical of Ceratitis species

scutellum swollen and with black Three distinct vellowish bands
Tellow body _ .
and grey patches in an arrow-head shape at distal
end of wing

© D. L. Kachigamba

Plate 2.2: Some taxonomic features @ capitata
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2.43.2 Ceratitisfasciventris

Ceratitis fasciventrigs also an indigenous species of Africa. In Keriyas mostly
found in the western region (Lwet al., 2006). Other countries where it is found in
Africa include Angola, Benin, Congo-Kinshasa, CoieC, Cote d’ Ivoire,
Ethiopia, Ghana, Guinea, Mali, Namibia, NigeriapSame, Seirra Leone, Uganda

and Tanzania (White and Elson-Harris, 1992; Ekési., 2009).

According to De Meyer and Freidberg (2006), an tadil fasciventriscan be

distinguished by the following characteristics: thady is 3.95 - 5.15 mm long, the
wing is 4.45 - 5.75 mm long while the antennae yelowish orange. The first

flagellomere is 2 - 3 times longer than the peditik arista has short to moderately
long rays; ventral rays being shorter and sparsen the dorsal rays, especially
basally. The frons is yellow; with short scattemsdulae distinctly darker than the
frons. Frontal setae are well developed. The faggellowish white. Genal seta and
setulae are dark and well developed. The postpabihaite is yellowish white, with

no spot. The mesonotum is dark gray, sometimes avitbrange tinge; with streaks
and darker markings but without distinct spots, egtc white and separate
prescutellar markings, usually with paler gray drebetween, occasionally merged.
Scapular setae are dark. The scutellum is yellowisite while the anepisternum on
ventral half is yellowish brown and setulae palegs are yellow except where
otherwise noted. The foreleg is slightly yellow aisl femur is without bushy

feathering posteriorly, only a row of dispersedidgaand usually black setulae. The
midleg has its femur with dispersed pale setulathatbase. The femur has long

setulae. Wing bands are brown or yellowish browterruption between marginal
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and discal bands near vein R1 is clear and compléte cubital band is free, the
medial band is absent; crossvein R-M is opposite rthddle of the discal cell,
sometimes just proximal to the middle. In fem&e fasciventrishowever, the
anepisternum on the ventral half is brown or yeitbwbrown, the crossvein DM-Cu
is variable, the legs are not feathery and thecayis is shorter than the preabdomen.

Some taxonomic features 6f fasciventrisare shown in Plate 2.3.
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Cleralifis species
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Plate 2.3:Some taxonomic features @ fasciventris
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2433 Ceratitisrosa

Ceratitis rosais also an indigenous species of Africa and in \&erit is mostly
found at the coastal region (Lwet al., 2006). Other countries in Africa whef&
rosa has been reported are Angola, Uganda, Ethiopiapzardaa, Malawi,
Mozambique, Nigeria, Réunion, Rwanda, Zambia Sd\ftica, Swaziland, Zaire,
Mali, Mauritius and ZimbabweCeratitis rosais a polyphagous species and apart
from mango, it also attacks apples, apricots, adosacitrus, guavas, figs, pawpaws,
peaches, pears, plums, quinces, tomatoes and ¢iajhte and Elson-Harris, 1992;

Ekesiet al,, 2009).

Ceratitis rosacan be distinguished by the following charactesstwing bands and
general body are brown; the wing is 4 - 6 mm |ahg, body is 4 - 5 mnong, the
costal band starts beyond the end of vein R1, &and separated from discal
crossband by a hyaline area at the end of R1. Tatellum is marked black and
yellow, with yellow lines or areas meeting the mayguch that each apical scutellar
seta is based in or adjacent to a yellow stripenéies, the mid-tibia has rows of
stout setae along the distal half of both the @&nemnd posterior edges such that it
looks feathery (Plant Health Australia, 2011). Sameeonomic features dof. rosa

are shown in Plate 2.4.
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tvpical of Ceratitis EBlack scutellum
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Plate 2.4:Some taxonomic features @ rosa
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2.4.3.4 Ceratitis cosyra

Ceratitis cosyrais another indigenous fruit fly spescies of Affi¢aund in Kenya,
Malawi, Mozambique, South Africa, Sudan, Tanzad&re, Zambia and Zimbabwe
(Elson-Harris, 1992; Copelarat al,, 2006). Ceratitis cosyrahas a very narrow host
range. Apart from mango and marula, which are @nnhosts, the species attacks a
few other fruits such as avocado, citrus and pd@db-Moi Yoi and Lux, 2002).
Ceratitis cosyracan be identified by the following characteristits wing bands and
the general body are yellow; the scutum is predantiyg yellow or pale-brown, with
a pattern of brown to black spots; the scutellunblesck and yellow, with yellow
lines or areas meeting the margin, such that epalascutellar seta is based in or
adjacent to a yellow stripe and the fore-femureloyv on both sides (De Meyer and

Freidberg, 2006). Some taxonomic feature€ ofosyraare shown in Plate 2.5.
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Plate 2.5:Some taxonomic features @ cosyra
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2435 Ceratitisanonae

Ceratitis anonaes also indigenous of Africa. In Kenya, it is mgstound in the
western part (Lwet al., 2006). Other countries where it is found in Africglude
Benin, Cameroon, Central African Republic, Congadfiasa, Congo-DRC, Cote d’
Ivoire, Equatorial Guinea, Gabon, Ghana, Guineali,M8ao Tome, Senegal,
Tanzania, Togo and Uganda (Elson-Harris, 1992; @Gopet al, 2006). Apart from
mango,C. anonaealso attacks robusta coffee, tropical almond, commuava and

strawberry guava (Copelaed al, 2006; Ekeset al., 2009).

An adultC. anonaehas the following descriptive morphological featDe Meyer
and Freidberg, 2006: Body length is 4.35 - 5.90 mving length is 4.45 - 5.75 mm,
antennae are yellow and the first flagellomerehied times as long as the pedicel.
The arista has short to moderately long rays, thetral rays being shorter and
sparser than dorsal rays, especially basally. Taresfis pale, sometimes completely
yellow. The frontal setae are well developed,fde is white, sometimes yellowish
white while the genal seta and setulae are darknaatiddeveloped. The postpronotal
lobe is white, sometimes yellowish white and haspot. The scutal pattern is that
the ground color is ash-gray; with streaks and efarkarkings but without distinct
spots or clearly defined stripes except prescutellaite markings. The scapular
setae are dark, the scutellum is ash gray, sometyabowish white, the legs are
yellow except where otherwise noted. Wing markirg® yellowish brown,
interruption between marginal and discal bands mear R1 is clear and complete;
the discal band is often partly or completely inipted in the discal cell. The

medial band is absent; crossvein R-M is opposkentiddle of the discal cell, the
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apex of vein R1 is distal to level of crossvein R-ile crossvein DM-Cu is

obligue anterobasally. The abdomen is mostly yellwith the border between
tergites 1 and 2 being narrowly black; tergites ritl & have pale gray bands
occupying almost entire tergite while tergite 3 laadistinct brownish black band
along the posterior half. A female @. anonaeis like the male except for the
following characteristics: the legs are withouttfesiing, the wing has a complete
discal band and the oviscape is shorter than tleabgomen. Some taxonomic

features ofZ. anonaare shown in Plate 2.6.
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Plate 2.6:Some taxonomic features @ anonae
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2.4.3.6 Bactrocerainvadens

Bactrocera invadengs an invasive species of Asian origin, firsteséd in Kenya
in 2003, but is now reported in many African coiedrsuch as Benin, Cameroon,
Comoros, Democratic Republic of Congo, Cote d’lgpiEthiopia, Ghana, Liberia,
Mayotte, Mozambique, Nigeria, Senegal, Sudan, TmazaTogo, Uganda and
Zambia (Rwomushanat al, 2008; Ekesiet al, 2009). Apart from mangdB.
invadensattacks banana, guava, pepper and citrus (Rwomastal, 2008; Ekesi

et al, 2009).

Bactrocera invadensan be identified by the following features (Dramd Romig,
2007): It is medium in size, the face is fulvoughaa pair of medium to large oval
black spots while the scutum is red-brown with able dark fuscous to black
patterns (in occasional specimens the scutum lmsards black). The post pronotal
lobes and notopleura are yellow, the scutellumekow except for a narrow dark
basal band and the femora of the legs are enfublgus. Its wings have cells bc and
c colourless and microtrichia are in the outer eowt cell ¢ only. There is a narrow
fuscous costal band confluent with.R remaining narrow around costal margin to
end just beyond extremity ofsR. The abdominal terga Il - V are orange brown
with a ‘T’ pattern consisting of a narrow trans\etdack band across the anterior
margin of tergum Ill. The fly has dark orange-brosimning spots on tergum V.

Some taxonomic features Bf invadensre shown in Plate 2.7.
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Plate 2.7:Some taxonomic features h invadens
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2.4.4 Current techniques for managing mango fruit flies n Kenya

Currently, mango farmers in Kenya use a varietieohniques to mitigate the mango
fruit fly problem and these include; traps, fruadging, early harvesting, orchard
sanitation (collection and destruction of infestiedits), use of biological agents
(parasitoids, predators and pathogens) and cherspralys (Billahet al, 2007).
However, more management techniques need to belogede to enhance
management of these pests (Allwood and Drew, 1986gaset al, 2001; Billahet

al., 2007).
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CHAPTER THREE

3.0 GENERAL MATERIALS AND METHODS

3.1 Study site and conditions

All experiments were laboratory-based and carriedad the Duduville Campus of
the International Centre of Insect Physiology anmblégy (ICIPE) in Nairobi,
Kenya. The experiments were run during day, at pédtuit fly oviposition activity,
between 9:00 a.m. and 4:00 p.m. (Smith, 1989) at 23C and 40 - 60% relative

humidity with LD 12:12 hr cycle.

3.2 Study fruit flies

The fruit flies used in this study came from a la&bory culture that has been
maintained for about 100 generations at the Intemnal Centre of Insect Physiology
and Ecology (ICIPE) in Nairobi, Kenya, using thethoelology described by Ekesi
et al (2003). For experiments, adult flies obtainednfrthe stock culture were
transferred into 30 x 30 x 30 cm clear Perspex agwl fed on enzymatic yeast
hydrolysate (USB Corporation, Cleveland, OH USAXed with sucrose in a ratio
of 1:3. Water was provided on pumice granules. @slt fruit flies were then
provided with 3 - 5 spiked (1 mm holes) ripe marggoeApple variety for 2 days to
allow for egg laying. Thereafter, the egg-infesteaingoes were removed and kept in
incubation cages. The mangoes were held in 16 fgctangular transparent plastic
containers (20 x 12.5 x 8 cm) (Kenpoly®, Kenya)eTontainers were covered with
a fine netting material held in place by the pafed covers of the containers. The
mangoes were placed on 40 - 60 mm (depth) of muastesterilized sand at the

bottom of the rearing containers. The sand sergguupation medium for the larvae
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that exited the fruits in addition to soaking up $hat oozed from the rotting fruits.
The rearing cages were checked daily and pupania pieked from the sand with a
pair of soft forceps, counted and placed in peshes with moistened filter paper.
When pupation occurred inside the fruit, the rgftifruits were dissected to
completely recover all remaining puparia. The pdishes with puparia were then
held in small-ventilated transparent cylindricahgiic cages (5.5 x 12.5 cm) (No. J-
12, GP plastics, Kenya) until eclosion. The emeaydnuit flies were provided with
an artificial diet that consisted of a volumetriaxtare of 1:3 enzymatic yeast
hydrolysate and sugar, and water was provided migeal granules. The colonies
were maintained at 23-25 and 40 - 60% relative humidity with LD 12:12 lycte.
The flies were reared on mango for at least 3 geioer before commencement of
experiments. All fruit fly species were used at2llbelays old, when female fruit are
usually at their peak of behavioural and biologiaativity (Averill and Prokopy,
1989; Nemeye, 2003). All the experiments were cotetl between 9:00 a.m. and
4:00 p.m. since fruit flies are diurnal insects éAlt and Prokopy, 1989; Nemeye,
2003). The Apple variety of mango was preferredréaring the fruit flies and even
in all the experiments because of its economic manee to Kenya (Kehlenbeek
al., 2011) and susceptibility and appeal to the ffli#s under study (Griesbach,
2003). Appeal of the Apple variety to the fruiteii was of particular importance in
this study because is in behavioural studies, @wsays important to ensure that the
organism being studied is provided with a conduerreéironment so that it expresses

its behaviour fully (Wyatt, 1997).
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Since some information was already available, dlasg C. capitataas a host-
marking species (Prokomt al, 1978; Duycket al 2006) and. invadensas a non
host-marking species (Fletcher and Prokopy, 19®&ge two species were used as

checks in some experiments.

3.3 Oviposition substrates

Slices of ripe mangoes fitted in covers of 50 mdiameter petri dishes with their
peels intact and on the top surface were improviaad used as oviposition
substrates for the fruit flies. The mango slicesrevgreferred, unlike the
conventional oviposition substrate of whole mangoésstly because being
horizontal planes, they could restrict the fliescontinuous focus of a top-view
video-tracking camera, a situation which provedid@ift with whole mangoes since
the oval or round shape of the fruits allowed theects to move indiscriminately to
their different facets where they could not be @ffeely observed or video-tracked.
Secondly, the mango slices were advantageous advelewnangoes in experiments
to determine efficacy of host-marking behaviour tbeé fruit flies in deterring
conspecific and heterospecific oviposition. Sinét flies are known to deposit their
host-marking pheromones in small amounts (Avend rokopy, 1989), the smaller
surface area of the mango slice, as opposed totlzatvhole mango, ensured use of

a smaller number of fruit flies for host-marking.
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3.4 Data collection

The data collection process involved behaviouralseoations, dual-choice
oviposition assays and high pressure liquid chrographic (HPLC) shooting of

methanolic extracts from faecal matter of the ffliés. For behavioural observations
and dual-choice oviposition assays, sample sizebefruit flies to be used were
determined through power analysis (sample sizeulzlon) in Statistica 6.0

(Statsoft Inc., 2003) at a power goal of 0.95 andalpha level of 0.05, with regard

to type of experiment i.e. type of statistical tiesbe used.

Fruit flies to be used in all the investigations revepicked randomly. The

randomozation was achieved by assigning the sixssid the cage bearing a given
fruit fly species with numbers 1 to 6 respectivalyen generating a set of random
numbers (from 1 to 6) in a computer (Microsoft Bx2@07) to the amount of fruit

flies required in a replicate. The order of this gerandom numbers determined the
order in which the fruit flies were to be collectedm the six sides of the cage. In
behavioural and oviposition choice assays, wheeereplicate of each species was
to be observed per day, the order in which theispatere to be observed was also

determined similarly using computer-generated randambers.

The types of data collected in behavioural obsemaand dual-choice oviposition
experiments included percentages of fruit fliesurde and duration (time). For
behavioural observation assays, a video clip was ekcorded for each fruit fly

(using a Canon Powershot A530 camera) in order nioamce effectiveness in
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observation and data collection through playing eepdaying the video clips. HPLC

data were collected as chemical component profiles.

For experiments involving oviposition, each frdyt was observed for a maximum of
30 minutes to oviposit on a mango slice. The danatif 30 minutes for observation
was chosen just to ensure that all the fruit fliese accommodated because in pilot
experiments, one fruit fly took up to 30 minutesotaposit. However, most of the

fruit flies in both pilot and real experiments oogited in less than 10 minutes.

3.5 Data analysis

Analysis of the data collected in behavioural obaton and dual-choice oviposition
assays involved analysis of variance (ANOVA) witNKS mean separation, Chi-
square test or regression analysis in R 2.8.1 soétywith due transformation of the
data where necessary. Analysis of HPLC profileoived comparison of retention

times of peaks of chemical components.
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CHAPTER FOUR

4.0 INCIDENCE OF HOST-MARKING BEHAVIOUR IN CERATITIS
CAPITATA, CERATITISFASCIVENTRIS, CERATITIS ROSA, CERATITIS

COSYRA, CERATITISANONAE AND BACTROCERA INVADENS

4.1 Introduction

Host-marking behaviour is not a universal phenomendruit flies, it is prevalent in
some species (Arredondo and Diaz-Fleischer, 2@f@®gsional in some (Nufio and
Papaj, 2004; Duyclet al, 2006) and absent in others (Fitt, 1984; Fletciued
Prokopy, 1991). It therefore follows that the prign@ondition for applicability of
the host-marking technique in the management avengruit fly species is that the
species must have the host-marking behaviour bedéusdoes not, it may mean
that it does not produce a host-marking pheromaevigsh can be exploited for its

management.

Although the host-marking technique was thoughbéoone of the approaches that
could help to mitigate the mango fruit fly problemKenya, nothing was known yet
regarding incidence of host-marking behaviour irstaf the major fruit fly species
infesting mango in the country since studies hagtnbeen conducted to that effect.
It was therefore considered necessary to estabfisfdence of host-marking
behaviour in these fruit fly species as the fitepsf getting insight into the potential
of the host-marking technique in the managemertheffruit flies. In addition to
establishing incidence of host-marking behaviomrthe fruit fly species, it was

deemed important to determine their other behasiduaits closely associated with
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host-marking namely: duration of host-marking booyipuncture clutch size

(number of eggs by a fly per ovipuncture) and darabf ovipuncture oviposition,

since these behavioural traits had also not be&rmdmed before. Further, in the
course of rearing the fruit flies, it had been werdently observed that unlike all the
other fruit fly species under stud§. cosyraapparently had a unique behavioural
trait of pausing for some time after ovipositiorfdse engaging in host-marking. It
was, therefore, also considered important to deternncidence of this pre-mark
pausing behaviour among the fruit fly species dredduration of pause. Knowledge
of various behavioural traits of insect pests cafp hin their identification for

effective management. For example, behaviouralstita@ve been used to identify
different species of stored grain borers and weewil Canada (Canadian Grain

Commission, 2006).

4.2 Materials and methods

4.2.1 Incidence of host-marking behaviour in C. capitata, C. fasciventris, C.

rosa, C. cosyra, C. anonae and B. invadens

4.2.1.1 Bioassay

Thirty (30) female fruit flies of each species undtidy C. capitata C. fasciventris

C. rosg C. cosyraC. anonaeandB. invadenswere obtained and grouped into three
batches of ten individuals each. The batches Wwested as replicates. Randomly
and one by one, the flies were introduced into & 30 x 30cm clear Perspex cage

containing fruit fly diet, water and a slice of @éipnango fitted in a 50mm petri cover
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as an oviposition substrate (Plate 4.1). Each #g wbserved for a maximum of 30
minutes to oviposit on the mango slice. Each fityitised its own mango slice and if
a fruit fly did not oviposit within the designateitne (rare cases), it was replaced.
The experiment was repeated on ripe avocado pdxstrates (Fuerte variety) as
another host common to the fruit flies (Copelanal, 2006) in order to compare the
behaviour of the fruit flies on two different hogRlate 4.1). The fruit flies to be used
in experiments were collected at random from thgesaand one replicate of each

species was done per day with the replicates obdenva random manner per given

day.

30 x 30 x 30cm clear Mango and avocado pear . Lo
Perspex observation cage oviposition substrates Gravid fruit flies

© D. L. Kachigamba

Plate 4.1: lllustration of the bioassay used to investigateidence of host-marking

behaviour inC. capitata C. fasciventris C. rosg C. cosyra C. anonaeand B.

invadens
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4.2.1.2 Data collection
Data collected for each replicate were percentafénast-marking (ovipositor
dragging) fruit flies, mean duration of host-markibout, percentage of pre-mark

pausing fruit flies and mean duration of pre-maalkige.

4.2.1.3 Data analysis

Data on percentage of host-marking and pre-marlsipguruit flies were arcsine-
transformed and then subjected to two-way ANOVAider to compare incidence
of the behaviour among the species. Data on duratfidvost-marking bout and pre-

mark pause were log (x +1) transformed and thefestdal to two-way ANOVA.

4.2.2 Oviposition behaviour in C. capitata, C. fasciventris, C. rosa, C. cosyra, C.

anonae and B. invadens

4.2.2.1 Bioassay

Forty (40) female fruit flies of each species unsteidy C. capitata C. fasciventris
C. rosg C. cosyraC. anonaeandB. invadenswere obtained and grouped into four
batches of ten flies each, the batches being ttesdaeplicates. The fruit flies were
introduced one by one into a 30 x 30 x 30 cm cRarspex observation cage
containing a mango slice fitted in a 50 mm diameétetri dish as an oviposition

substrate. Like in the previous experiment, eacht fily was observed for a

44



maximum of 30 minutes to oviposit on the mangoeslidn oviposition bout was

defined, structured and characterized accordingAliga (1994) as having the

following four phases of fruit fly action: (i) aual on the oviposition substrate, (ii)
testing the site — characterized by the fruit flglking on the oviposition substrate
and “butting” its head against the same; (iii) punicg the oviposition substrate —
characterized by the fruit fly vertically pokingethoviposition substrate with its
ovipositor; and (iv) oviposition proper — a stiknod between the last puncturing

stroke and withdrawal of the ovipositor from thepmsition substrate.

4.2.2.2 Data collection

Data were collected in terms of ovipuncture clutcte (number of eggs oviposited
per ovipuncture) and oviposition duration (timevben last puncturing stroke and
withdrawal of the ovipositor from the mango slic®vipuncture clutch sizes of the
flies were determined by marking the ovipunctureaawith a pen immediately the
fly withdrew its ovipositor, cutting the ovipositiosubstrates on one side with a
scapel and then tearing it with hands continuotslihe marked spot. The exposed
egg clutch was then picked using an insect pinspmelad in a small drop of water on
a black plastic sheet and the individual eggs wermted. Oviposition duration data
were obtained from recorded video clips. The maketised in this investigation are

shown in plate 4.2.
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4.2.2.3 Data analysis
Ovipuncture clutch size and oviposition durationadaere square root-transformed
and then subjected to one-way ANOVA in order tcedeine if the fruit fly species

differed in those behavioural traits.

30 x 30 x30cm clear

: Mango slice oviposition Gravid fruit flies
Perspex observation cage

substrate

Egg counting pad

Pin for picking egg Scapel for excising Water for spreading eggs
clutches oviposition substrates during counting

© D. L. Kachigamba

Plate 4.2: Materials used to investigate oviposition behawiotiC. capitata C.

fasciventris C. rosg C. cosyraC. anonaeandB. invadens
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4.3 Results

4.3.1 Incidence of host-marking behaviour in C. capitata, C. fasciventris, C.

rosa, C. cosyra, C. anonae and B. invadens

Host-marking behaviour was significantly prevalenC. capitata C. fasciventrisC.
rosa and C. cosyra (96.7 = 2.1 %) but not iI€. anonae(15.0 £ 2.2 %) and.
invadens(1.6 + 1.7 %) 15 = 113.551,P < 0.001) (Figure 4.1). Fruit fly host-
marking behaviour is illustrated in Plate 4.3. $amy, duration of host-marking
bout was significantly longer i€. capitata(62.5 + 7.6 s)C. fasciventrig65.7 + 8.1
s),C. rosa(42.6 £ 2.1 s) an@€. cosyra(62.8 £ 8.1 s) than i€. anonag4.7 = 1.1 s)
andB. invadeng0.4 + 0.1 s) K15 = 137.745,P < 0.001) (Figure 4.2). Interaction
between host fruit and fruit fly species had noeefffon both incidence of the

behaviour and duration of host-marking bout.

Pre-mark pausing behaviour was significantly preninC. cosyraonly (96.7 + 2.1
%, (F13 = 132.578,P < 0.001) (Figure 4.3) and the duration of pause was a
significantly longer (26.3 + 0.1 s) i€. cosyraonly (F13 = 69.929,P < 0.001)
(Figure 4.4). Interaction between host fruit andtffly species had no effect on both

incidence of the behaviour and duration of pre-npakse.
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Figure 4.1: Incidence of host-marking behaviour @ capitata C. fasciventrisC.
rosa, C. cosyra C. anonaeandB. invadensMeans accompanied by similar letters

are not significantly differentHy s = 113.551P < 0.001,n = 60 for each species).
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Plate 4.3 lllustration of fruit fly host-marking behaviourC. fasciventrisdragging a
protracted ovipositor on the surface of a mang@asition substrate immediately

after oviposition.

49



80 -

70

60

50 -

40 -

30 -

20 +

Duration of host-marking bout (s)

10 -
d

C. capitata C. fasciventris C. rosa C. cosyra C. anonae B. invadens

Fruit fly species

Figure 4.2: Duration of host-marking bout i@. capitata C. fasciventrisC. rosg C.
cosyrg C. anonaeand B. invadens Means accompanied by similar letters are not

significantly different F; 5= 137.745P < 0.001,n = 60 for each fruit fly species).
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Figure 4.3: Incidence of pre-mark pausing behaviouCincapitata C. fasciventris
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4.3.2 Oviposition behaviour in C. capitata, C. fasciventris, C. rosa, C. cosyra, C.

anonae and B. invadens

Ovipuncture clutches were significantly largerGncosyra(19.2 £ 0.9 eggs) anB.
invadeng13.8 = 1.5 eggshhanin C. anonag9.8 £ 0.7 eggs)C. capitata(6.3 = 0.3
eggs),C. rosa(3.8 £ 0.2 eggs) an@. fasciventrig3.6 + 0.9 eggs)Hs = 45.358,P <
0.001) (Figure 4.5). Similarly, oviposition duratiavas significantly longer irC.
cosyra(298.8 + 0.3 s) anB. invadeng267.8 £ 0.5 s) than i@. anonag135.7 £ 0.1
s), C. capitata(186.8 + 0.5 s)C. fasciventrif108.3 = 0.3 s) an@. rosa(72.9 + 0.5

s) Fs = 67.583P < 0.001) (Figure 4.6).
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each species).

54



350 -

300 -

250 -

200 -

150 ~

100 -

Duration of oviposition (s)

50

C. capitata  C. fasciventris C. rosa C. cosyra C. anonae B. invadens

Fruit fly species

Figure 4.6: Oviposition duration (seconds) @ capitata C. fasciventrisC. rosg C.
cosyrg C. anonaeand B. invadens Means accompanied by similar letters are not

significantly different Fs= 67.583 P < 0.001,n = 40 for each species).
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4.4 Discussion

In this investigationC. capitataandB. invadenswvere used as a checks since some
information regarding host-marking behaviour in sthetwo species was already
available. Duycket al. (2006) observe®. capitata(Reunion Island strain) to be a
host-marking species with 72.3% incidence of thieaveur. Prokopyet al (1978)
observed the mean duration of host-marking boutafchn of ovipositor dragging) in

C. capitata(Hawaiian strain) to be 77 s. Fletcher and Prok@d®g91) reported that
host-marking behaviour was rare B1 invadens These previous observations are
comparable to those of the present study. The caabpigy of these observations,
therefore, indicates sensitivity and effectivenesthe bioassays used in the present

study.

The high incidence of host-marking behaviouCinfasciventrisandC. rosa and C.
cosyraof 96.7% (Figure 4.1), which compares favourabithwhat of C. capitata a
known host-marking species, indicates that thesethpecies are also host-markers.
On the other hand, low occurrence of host-markielgaviour like inC. anonaeand

B. invadengFigure 4.1) has already been observed in otheriep. Fitt (1984) and
Nufio and Papaj (2004) made similar observationsameDacini species andR.
suavis respectively. Duycket al., (2006) observed incidence of host-marking
behaviour to be 18.9% i@. catoirii and 12.9% inB. zonata Low occurrence of
host-marking behaviour in fruit flies may be asat@il with evolution, expansion of

host range or development of other means of comgpé&bir oviposition resources.
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The high occurrence of host-marking behaviou€CirfasciventriandC. rosaon one
hand and low inC. anonaeon the other (Figure 4.1) may be a reflection hod t
genetic differences and similarities among the iggecThese three species are
phylogenetically closely related and morphologicalike such that they are not
easily distinguishable from each other visuallyr{Bat al, 2006). As such, they are
commonly referred to as the “FAR” complex Gferatitis However, molecular
diagnostic work (PCR-RFLP analysis of mitochondiéNA) by Barret al. (2006)
on this species cluster revealed that althoughtlinee were close relatives.
fasciventrisandC. rosawere more closely related to each other tha@.tanonae
The finding of the present study that host-markedpaviour is equally high ig.
fasciventrisandC. rosabut significantly low inC. anonaamay therefore support the

finding of Barret al. (2006) but from a behavioural angle.

The differences amon@. capitata C. cosyra C. fasciventrisandC. rosaregarding
duration of host-marking bout (Figure 4.2) may lieilauted to genetic differences
among the species. Intrageneric differences in-tmasking durations have also been
reported in the GenuRhagoletisas follows:R. pomonellamarks for 30 s (Averill
and Prokopy, 1987R. indifferendor 51 s (Mumtaz and AliNiazee, 1988, cerasi

for 30 s (Katsayannos, 1975) aRdfaustaor 17 s (Prokopy, 1975).

The high incidence of pre-mark pausing behaviouC.ircosyraunlike in the rest of
the host marking species (Figure 4.3) may alsottribated to genetic differences
among the species. Probably, the purpose of tiiavieur is to rid the ovipositor of

sap from the oviposition substrate because dutiegotiuse, the flies systematically
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rub the protracted ovipositor with the hind legsl dhen the hind legs against the
wings. This unique behaviour &. cosyramay help in distinguishing the species

from C. capitatasince these two species somehow look alike.

The ovipuncture clutch size of 6.3 eggs observefaapitatain this investigation
(Figure 4.5) is comparable to 4.2 eggs which Prgkeipal. (1978) observed in a
Hawaiian strain of the species. The comparabilitthese observations also indicates
that the bioassay used in the present study wasitisenand effective. The
significant differences in ovipuncture clutch sizenong the species may be
attributed to different genetic bases of the sgeciéhe similarity in ovipuncture
clutch size betwee@. fasciventrig3.6 eggs) an€. rosa(3.8 eggs) as opposed@o
anonae(9.8 eggs) further supports the finding of Batrral, 2006 that despite these
three species belonging to the FAR complexXefatitis species, the former two are

more closely related to each other phylogenetidhb to the latter.

The significantly large ovipuncture clutch sizes @f cosyraand B. invadensas
opposed to the other species may mean that thegeaes have higher reproductive
potential. This may also help to explain why th® tspecies are the most abundant

(commonly intercepted) and destructive in mangodsanya (Ekeset al, 2009).
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4.5 Conclusion

In conclusion, this investigation established thatong the major fruit fly species
infesting mango in Kenya, host-marking behavioupiisvalent inC. capitata C.
cosyra C. fasciventrisandC. rosabut not inC. anonaeandB. invadensHowever,
among the host-marking species, duration of hoskimg bout is relatively longer in
C. capitata C. fasciventriandC. cosyrathan inC. rosa In addition,C. cosyrahas a
unique behaviour of pausing for some time afteposition before engaging in host-
marking. The six species also differ in their o@pion behaviour in that. cosyra
andB. invadensviposit more eggs per ovipuncture ti@ncapitata C. fasciventris

C. rosaandC. anonaeand correspondingly take longer to oviposit.
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CHAPTER FIVE

5.0 EFFICACY OF HOST-MARKING BEHAVIOUR AND FAECAL
MATTER OF CERATITIS CAPITATA, CERATITIS FASCIVENTRIS,
CERATITIS ROSA AND CERATITIS COSYRA IN DETERRING

CONSPECIFIC AND HETEROSPECIFIC OVIPOSITION

5.1 Introduction

Although they engage in host-marking behaviourrafté@position, some fruit fly
species do not produce host-marking pheromonesldee deposit them on their
their host substrates. The host-marking behaviéwuoh fruit fly species does not
deter other prospective ovipositing fruit flies fiduand Papaj, 2004). It therefore
follows that for fruit fly species which engagehnost-marking behaviour but do not
produce or deposit host-marking pheromones, it mmpractically difficult, if not
impossible, to manage them using the host-markantrique since there are no

host-marking pheromones which can be exploited.

Also, cross-recognition of host-marking pheromonesurs among some fruit fly
species such that the host-marking behaviour offauitefly species deters fruit flies
of other species (Aluja and Diaz — Fleischer, 208i6ja et al, 2009). In the context
of host-marking management of fruit flies, this pbmenon can have an economical
advantage because a host-marking pheromone ofroihéyf species can be used to

manage two or more fruit fly species.
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Further, for fruit fly species that produce hostrkitag pheromones, these
pheromones are also found in their faecal matteefil and Prokopy, 1989). These
host-marking pheromones are soluble in water anthanel such that aqueous or
methanolic solutions of the faecal matter of thatfilies deter oviposition if applied

on oviposition substrates (Arredondo and Diaz-Elees, 2006; Alujeet al, 2009).

It therefore follows that when searching for fréliy host-marking pheromones,
towards their management using the host-markingnigae, determining efficacy of
the faecal matter of the fruit flies in deterringpmsition can help to provide insight
regarding presence of the host-marking pheromohdsedfruit flies in their faecal

matter.

In the previous chapter (Figure 4.1), it was esshbl that among the major fruit fly
species infesting mango in Kenya, host-marking biela is prevalent inC.
capitatg C. fasciventrisC. rosaandC. cosyra It was, therefore, deemed necessary
to determine efficacy of the host-marking behaviand faecal matter of these fruit
fly species in deterring conspecific and heterosjoscoviposition. The ultimate
objective of the investigation was to get insigigarding production and deposition
of host-marking pheromones by the fruit fly specif$er oviposition, cross-
recognition of host-marking pheromones among tai fiy species, and presence of
their host-marking pheromones in their faecal matBasing on results of the
experiments on efficacy of the host-marking behawvend faecal matter of the fruit

fly species in deterring conspecific and heterosjgscoviposition, another bioassay
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was conducted to determine efficacy of various dasdaecal matter . cosyrain

deterring conspecific and heterospecific ovipoaitio

5.2 Materials and methods

5.2.1 Efficacy of host-marking behaviour of C. capitata, C. fasciventris, C. rosa

and C. cosyra in deterring conspecific and heterospecific ovipatson

5.2.2 Bioassay

A dual - choice oviposition assay adapted from Bpyket al (1978) was used in
this study. In a completely randomized design (CRD)air of “marked” and “non -
marked” oviposition substrates was given to a gtdnit fly enclosed in a 30 x 30 x
30cm clear Perspex observation cage. While Prokmeyg 25 flies to “mark” one
hawthorn fruit (surface area 7.1cnf), by proportion, 90 flies were used to do the
same in this study (surface area of ovipositionstabe~ 23.8cnf). The marked
substrate was prepared by subjecting a mango filied in a 50mm diameter petri
cover to 90 flies to oviposit on and drag their pmsitors over it, with each fly
ovipositing once. Non-marked mango slices were gmexgp similarly but the fruit
flies were not allowed to drag their ovipositoreeothem. This was done by taking
them out of the cage immediately after they ovifmusi The mango slices were
placed at the centre of the cage, side by sideiragdntact so as to allow the fruit
flies to move easily across in search of oviposistes. For each species, 100 fruit
flies were observed and the fruit flies were gralpdo 10 batches of ten each, each

batch being a replicate. The fruit flies were, hegre observed one at a time and
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each replicate used one pair of mango slices, wiahprepared from one mango in
order to minimize differences in their chemistryhigh could probably influence

choice of the fruit flies. Each fruit fly was olvged for a maximum of 30 minutes to
oviposit once on any of the two substrates afteickwit was taken out. If a fly did

not oviposit within the designated time, it waslaepd. For each replicate, relative
positions of the oviposition plates were randomiharmged before introducing the
next fruit fly in order to eliminate positional lsia The bioassay used in this

investigation is illustrated in plate 5.1.

4--4-

Marked and non-marked

30 x30x30cm clear oviposition substrates
Perspex observation cage

Gravid fruit flies

Plate 5.1:lllustration of the bioassay used to investigdtieacy of the host-marking
behaviour of C. capitata C. fasciventris C. rosa and C. cosyrain deterring

conspecific and heterospecific oviposition
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5.2.3 Data collection and analysis

Data were collected in terms of percentages of flies that oviposited on each type
of oviposition substrate for each replicate. Thiadeere subjected to chi-square test
in order to determine efficacy of the host-markbehaviour of the fruit fly species

in deterring conspecific and heterospecific oviposi

5.2.4 Efficacy of faecal matter of C. capitata, C. fasciventris, C. rosa and C.

cosyra in deterring conspecific and heterospecific ovipason

5.2.4.1 Collection of faecal matter of the fruit flies

Approximately, 1500 females of each fruit fly speciwere introduced into four
respective clear Perspex cages each measuring 30 x 30 cm. Each cage
contained two 13 x 25 cm glass pieces (placedeabése), one petri dish of water
and another one with hydrolyzed yeast meal as foothe fruit flies. The fruit flies
were reared in the cages for 30 days after whiclivalg and dead flies and broken
body parts were removed. Then, the faecal matteairéng on the glass plates was
scrapped using separate spatulas into separatepgtasdishes, covered accordingly

and then stored at -20°C for subsequent use.

5.2.4.2 Preparation of faecal matter solutions

An aqueous solution of faecal matter of each fflyitspecies was prepared by
dissolving the faecal matter in distilled wateraatate of 20 mg of faecal matter in
1ml of distilled water. The 20 mg/ml rate was basadhe fact that Arredondo and

Diaz-Fleischer (2006) observed 10 mg/ml to be theimum effective dose fo€.
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capitatg the check species in this investigation. The omxtwas vortexed for 5
minutes before use. An aliquot of distilled watemswused as a control against the

faecal matter solution.

5.2.4.3 Bioassays

Bioassays were conducted as in the previous irgagin (section 5.2.2) but in this
case, treatment and control mango slices were meéday swabbing intact mango
slices with separate pieces of cotton soaked inafamatter solution and distilled
water respectively. The mango slices were air-dfegdfive minutes before being

used.

5.2.4.4 Data collection and analysis

Data collection and analysis were done as in tleipus investigation (section

5.2.3).

5.2.5 Efficacy of various doses of faecal matter ofC. cosyra in deterring

oviposition in C. capitata, C. fasciventris, C. rosa and conspecifics

5.2.5.1 Faecal matter doses
Five doses, viz 0, 5, 10, 15 and 20 mg of faecdtana 1ml of distilled water were
prepared. The dose 0 mg/ml was distilled water .ohhe solutions were vortexed

for 5 minutes before use. For each dose, a cootmtiktilled water was used.
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5.2.5.2 Bioassays
Bioassays were conducted as in section 5.2.2nlthis case, the faecal matter (@f
cosyrg was tested at five levels of concentration adcetéd in section 5.2.5.1

above.

5.2.5.3 Data collection and analysis

Data collection and analysis were done as in se&id.3. However, in this case, the
data were further subjected to regression anaigsisder to determine relationship

between faecal matter dose and efficacy in detgouiposition.
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5.3 Results

5.3.1 Efficacy of host-marking behaviour of C. capitata, C. fasciventris, C. rosa

and C. cosyra in deterring conspecific and heterospecific ovipatson

The host-marking behaviour @f. capitatasignificantly deterred conspecifics (74%,
P < 0.001), significantly attracte@. rosa(72%,P < 0.001) but had no effect dd.
cosyra and C. fasciventris The host-marking behaviour o€. fasciventris
significantly deterred conspecifics (69%®,< 0.001), significantly attracte@. rosa
(64%, P = 0.009) but had no effect GncapitataandC. cosyra The host-marking
behaviour ofC. rosahad no effect on conspecifics, but significantitedredC.
capitata(66%, P = 0.001) and significantly attractédcosyra(64%, P = 0.009) and
C. fasciventris61%, P = 0.046). The host-marking behaviour @f cosyra
significantly deterred conspecifics (64%, P = 0)08bdC. fasciventris(88%, P <

0.001) but had no effect di. capitataandC. rosa(Chi-square test) (Table 5.1).
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Table 5.1: Efficacy of host-marking behaviour @&. capitata C. fasciventris C.
rosa and C. cosyrain deterring conspecific and heterospecific ovipas (Chi-

square test). Entries in red ink are cases of fatgnit deterrence

Marking Respondent n Mean % of ovipositing Chi-square P- value
species species flies value

Marked Non-
substrate  marked

substrate

C. capitata 100 26 74 27.0400 <0.001

C.fasciventis 100 51 49 0.4000 0.842
C. capitata

C.rosa 100 72 28 19.3600 < 0.001

C. cosyra 100 57 43 1.4400 0.230

C.fasciventris 100 31 69 14.4400 < 0.001

C. capitata 100 52 48 0.1600 0.689
C. fasciventris

C.rosa 100 63 37 6.7600 0.009

C. cosyra 100 51 49 0.0400 0.842

C.rosa 100 54 46 0.6400 0.424

C. capitata 100 34 66 10.2400 0.001
C.rosa

C.fasciventis 100 61 39 4.0000 0.046

C. cosyra 100 64 36 6.7600 0.009

C. cosyra 100 36 64 7.8400 0.005

C. capitata 100 45 55 0.6400 0.424
C. cosyra

C.fasciventris 100 12 88 57.7600 < 0.001

C.rosa 100 42 58 1.9600 0.162
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5.3.2 Efficacy of faecal matter ofC. capitata, C. fasciventris, C. rosa and C. rosa

in deterring conspecific and heterospecific ovipogon

The faecal matter o€. capitatasignificantly deterred conspecifics (84%, P < Q)00
but had no effect oi€. fasciventris C. rosaand C. cosyra Faecal matter o€C.
fasciventris significantly deterred conspecifics (85%, P < @)0@nd C. capitata
(74%, P = 0.0000) but had no effect GnrosaandC. cosyra Faecal matter of.
rosa significantly deterred conspecifics (72%, P < Q). capitata(76%, P <
0.001) andC. fasciventrig(74%, P < 0.001) but had no effect Gncosyra Faecal
matter ofC. cosyrasignificantly deterred conspecifics (83%, P < Q)QC. capitata
(86%, P < 0.001) an@. fasciventrigf71%, P < 0.001) but had no effect Gnrosa

(Chi-square test) (Table 5.2).
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Table 5.2: Efficacy of faecal matter of. capitata C. fasciventrisC. rosaandC.
cosyra in deterring conspecific and heterospecific ovipos (Chi-square test).

Entries in red ink are cases of significant deteree

Type of Respondent n Mean % of ovipositing Chi-square P- value
faecal species flies value
matter

Faecal matter Control

treatment

C. capitata 100 16 84 46.2400 < 0.001

C.fasciventris 100 51 49 0.0400 0.842
C. capitata

C.rosa 100 57 43 1.9600 0.162

C. cosyra 100 44 56 1.4400 0.230

C.fasciventris 100 15 85 49.0000 <0.001

C. capitata 100 26 74 23.0400 <0.001
C. fasciventris

C.rosa 100 54 46 0.6400 0.424

C. cosyra 100 47 53 0.3600 0.549

C.rosa 100 28 72 19.3600 < 0.001

C. capitata 100 24 76 27.0400 < 0.001
C.rosa

C.fasciventris 100 26 74 23.0400 < 0.001

C. cosyra 100 47 53 0.3600 0.549

C. cosyra 100 17 83 43.5600 <0.001

C. capitata 100 14 86 51.8400 < 0.001
C. cosyra

C.fasciventris 100 29 71 17.6400 < 0.001

C.rosa 100 47 53 0.3600 0.5485
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5.3.3 Efficacy of various doses of faecal matter ofC. cosyra in deterring

oviposition in C. capitata, C. fasciventris, C. rosa and conspecifics

Significant oviposition deterrence was observe@.irapitata C. fasciventriandC.
cosyra but not inC. rosa The minimum effective dose f@. cosyrawas 10 mg/ml
while for C. capitataand C. fasciventrisit was 5 mg/ml (Table 5.3). There was
strong positive relationship between faecal mattese and oviposition deterrence in
C. capitata andC. fasciventrisand C. cosyrabut not inC. rosa(R* = 0.96, 0.92,

0.93 and 0.21 respectively (Figures 5.1 — 5.4).
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Table 5.3: Efficacy of various doses of. cosyrafaecal matter in deterring

oviposition inC. capitata C. fasciventrisC. rosaandC. cosyra(Chi-square test).

Entries in red ink are cases of significant deteree

Respondent n Dose of faecal Mean % of Chi-square P-value
species matter ovipositing flies value
(mg/ml)
Treatment Control

60 0 55 45 0.6000 0.439

60 5 35 65 5.4000 0.021

C. capitata 60 10 33 67 6.6667 0.010
60 15 27 73 16.7046 < 0.001

60 20 28 72 13.8714 < 0.001

60 0 47 53 0.2667 0.605

60 5 23 77 17.0667 < 0.001

C.fascventis 60 10 25 75 15.0000 < 0.001
60 15 18 82 24.0667 < 0.001

60 20 13 87 32.2667 < 0.001

60 0 47 53 0.2667 0.606

60 5 40 60 2.4000 0.121

C.rosa 60 10 43 57 1.0667 0.302
60 15 45 55 0.6000 0.439

60 20 42 58 1.6667 0.197

60 0 48 52 0.0667 0.796

60 5 42 58 1.6667 0.197

C.cosyra 60 10 37 63 4.2667 0.039
60 15 37 63 4.2667 0.039

60 20 27 73 13.0667 < 0.001
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5.4 Discussion

In this investigationC. capitatawas used as a check since it was already knowin tha
the species produces host-marking pheromones, itlefosm on its host fruits after
oviposition and the pheromones deter other prosgedvipositing conspecifics
(Prokopy et al., 1978; Aluja and Diaz-Fleischer, 2006 and Arredoraia Diaz-
Fleischer, 2006). It was also already known thatél matter of. capitatacontains
host-marking pheromones of the species such thatjaeous or methanolic solution
of faecal matter of the species deters prospectvgositing conspecifics if applied
on host fruits (Prokopet al. 1978; Arredondo and Diaz-Fleischer, 2006). In the
present study, both the host-marking behaviourfaadal matter (aqueous solution)
of C. capitatadeterred conspecific oviposition (Tables 5.1 ar@).5These results
compare favourably with those of previous studiElsis comparability indicates

sensitivity and effectiveness of the bioassay uiseke present study.

Since oviposition deterrence by host-marking behaviand faecal matter €.
capitata stems from the fact that the species producesrhasting phromones,
deposits them on its hosts during post-ovipositampositor dragging and the
pheromones are also found in its faecal matterk@pryet al.,1978; Aluja and Diaz-
Fleischer, 2006; Arredondo and Diaz-Fleischer, 200&onspecific oviposition
deterrence by the host-marking behaviour and faewdter of C. cosyraandC.
fasciventris (Tables 5.1 and 5.2 ) suggests that these twa fipispecies also
produce host-marking phromones, deposit them oin lthests after oviposition and
the pheromones are also found in their faecal ma&e the other hand, failure of the

host-marking behaviour &. rosato elicit conspecific oviposition deterrence (Tabl
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5.1) could mean that the deposited pheromone wiasufificient since in fruit flies,
host-marking pheromones are deterrent when in baicentration but attractive
when concentration is low (Papaj and Aluja, 1993dwever, this could not be
verified because the host-marking technique usddisinvestigation was based on
number of flies and not pheromone amount owindnéofact that the actual presence

of host-marking pheromones had not yet been estedali

Heterospecific oviposition deterrence by the hoatkimg behaviour and faecal
matter of the fruit fly species (Tables 5.1 and)5c®uld mean interspecific
recognition of the host-marking pheromone or phensencomponents among the
fruit fly species. Interspecific recognition of lasarking pheromones in fruit flies
has already been reported in species of the gétitemgoletis(Prokopyet al, 1976)
and Anastrepha (Aluja and Diaz-Fleischer, 2006). Similarly, hetgpecific
oviposition attractions of. cosyrato C. capitata C. fasciventrigo C. rosg C. rosa
to C. capitataand C. fasciventriscould mean interspecific recognition of host-
marking pheromones or pheromone components amangpcies but maybe the
pheromones were in low concentration. It is knohat,twhen in low concentration,
fruit fly host-marking pheromones are attractiveptospective ovipositing females

(Papaj and Aluja, 1993).

Although 90 fruit flies were used in the host-martkiexperiment to mark a mango
slice for oviposition, less fruit flies may be répa in a natural situation because

wild flies produce more potent pheromones thanritiooy-reared ones (Prokogy
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al., 1978) and they are also more sensitive to tleeguhones than their laboratory-

reared counterparts (Prokoplyal, 1978; Prokopt al, 1989).

The most intriguing observation in this investigatiwas that in both host-marking
and faecal matter experimentS, cosyrawas not deterred by any other species
except itself but it deterred other species namé€lycapitataand C. fasciventris
(Tables 5.1 and 5.2Feratitis cosyras the most destructive of the four host-marking
species on mango (Rwomushaatal, 2009). The fact that no other fruit fly species
could deter it yet it could deter others could m#sat the host-marking pheromone
of C. cosyrais a chemical compound or compound blend whiamoisproduced by
any of the other species but the pheromone is réetteto them. In the context of
developing a host-marking tool for the managemédrthese fruit fly species, this
may be an advantageous phenomenon because it nay abdity to control the
most destructive (economically important) fruit 8pecies as well as other species
just using the host-marking pheromone of the forniéris observation, therefore,
suggests that as far as application of the hoskingatechnique in the management
of these fruit fly pests is concerned, the hostkimgr pheromone o€. cosyramay

be the best to pursue and exploit.

In ecological terms, the ability &f. cosyra(its host-marking behaviour and faecal
matter) to deter other species without reciprocati@ay corroborate with fact th@t
cosyrahas a very narrow host range (mango and marutaa&s hosts) compared to
the other species (White and Elson-Harris, 1992g&set al, 2001; Rwomushanet

al., 2009).Ceratitis cosyramay thus have a unigque host-marking pheromonehwhic
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deters the other species with {€.(cosyrd not recognizing their host-marking

pheromones as a means of protecting its narroneraold maximizing its utility.

The strong positive relationship between doseCof cosyrafaecal matter and
oviposition deterrence in conspecifi€3, capitataandC. fasciventris(Figures 5.1,
5.2 and 5.4) provides another hint that the fapwter ofC. cosyracontains a host-
marking pheromone of the species, to whose inargasincentration the flies were
responding. The relationship further suggests piserof the host-marking
pheromone ofC. cosyraalone for the management ©f cosyra C. capitataand C

fasciventrisusing the host-marking technique.

The minimum effective dose of 10 mg of faecal nrapier ml of water observed for
C. cosyrathis study (Table 5.3) is the same as what Arrddaand Diaz-Fleischer
(2006) observed foC. capitataalthough they used methanol as a solvent. The
minimum effective dose of 5 mg/ml f@. capitataandC. fasciventrisas compared

to 10 mg/ml forC. cosyra(Table 5.3) may mean th@t capitataandC. fasciventris
are more sensitive to the marking pheromoneCofcosyra This difference in
sensitivity among these three fruit fly species naso work to the ecological
advantage o€C. cosyra as a narrow host range species, to effectivetypkbe other

fruit fly species away from its narrow niche.

Although the minimum effective dose for the species been found to range
between 5 and 10 mg/ml, a lower dose may be redjuira natural situation because

wild flies produce more potent pheromones than ritiooy-reared ones (Prokogy
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al., 1978) and they are also more sensitive to h@skimg pheromones (Prokogy

al., 1978; Prokopyt al.,1989).

5.5 Conclusions

In conclusion, this investigation established tha host-marking behaviour and
faecal matter ofC. capitata C. fasciventris C. rosaand C. cosyradeter at least
conspecific or heterospecific oviposition, thus gegging that the fruit fly species
produce host-marking pheromones, deposit the hasking pheromones on their
host substrates after oviposition and the pherosane also present in their faecal
matter. The investigation also established thahttst-marking behaviour and faecal
matter of C. cosyra deter C. cosyra and other speciesC( capitata and C.
fasciventri3 without reciprocation, suggesting that the hoarking pheromone of

C. cosyrais chemically unique but also deterrenCtocapitataandC. fasciventris
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CHAPTER SIX

6.0 PRESENCE OF POTENTIAL HOST-MARKING PHEROMONES OF C.
CAPITATA, C. COSYRA, C. FASCIVENTRIS AND C. ROSA IN FAECAL

MATTER OF THE FRUIT FLY SPECIES

6.1 Introduction

Host-marking pheromones of fruit flies are foundarge quantities in faecal matter
their mature females. This is so, because frudsflproduce their host-marking
pheromones in the posterior half of the midgut sthat when being voided, their
faecal matter carries with it, a lot of these coommuts (Averill and Prokopy, 1989).
Fruit fly host-marking pheromones are also wat@&d anethanol-soluble (Alujat
al., 2003). Owing to the fact that host-marking plneoaes of fruit flies are present
in their faecal matter and the compounds are selubWater and methanol, agueous
and methanolic solutions of the faecal matter deteiposion if applied on
oviposition substrates while the faecal matter igoad source for isolating and

identifying fruit fly host-marking pheromones (Atgt al, 2009).

In the previous chapter (chapter 5), the host-markiehaviour and faecal matter of
C. capitata C. fasciventrisC. rosaand C. cosyradeterred at least conspecific or
heterospecific oviposition, thus suggesting that ftluit flies produce host-marking

pheromones, deposit them on their host fruits aft@position and the pheromones
are also present in their faecal matter. It wagefioee considered necessary to

determine presence of potential host-marking pheras of the four fruit fly species
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in their faecal matter. Since male fruit flies aeported not to produce host-marking
pheromones (Stadlegt al., 1992), faecal matter of male capitata C. fasciventris
C. rosaandC. cosyrawas analysed in comparison with that of their fla®an order
to help in closing down more easily on potentiasthmarking pheromones of the

fruit flies.

Basing on results of this investigation and in cdastion of the results of the
experiments on efficacy of the host-marking behawvend faecal matter of the fruit
flies in deterring conspecific and heterospecifigposition, one of the chemical
components that were found in faecal matteCofcosyraand suggested to be the
host-marking pheromone of species was isolatedtestdd for behavioural activity

against conspecifics.

6.2 Materials and methods

6.2.1 Presence of potential host-marking pheromones in é&al matter of the

fruit fly species

6.2.1.1 Technique

The technique used was HPLC analysis of methaeali@acts from faecal matter of
female fruit flies, adapted from Alujat al., (2003) and Arredondo and Diaz-
Fleischer (2006). This technique is based on tle taat fruit fly host-marking

pheromones are soluble in methanol (Averill andkBpy, 1982; Boller and Hurter,

1985; Hurteret al.,, 1987; Averill and Prokopy, 1987; Alug al, 2003: Alujaet al,
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2009). The technique involved the following fouest: (1) faecal matter collection,
(2) preparation of host-marking pheromone extrég&t,HPLC data acquisition and

(4) analysis of the data.

6.2.1.2 Faecal matter collection

Faecal matter of each species was collected byngut60 flies of a given species
and sex in a clean glass bottte300 cni) with a net-fitted lid for five consecutive

periods of 4:00 p.m. — 8:00 a.m. so as to depdbsit faecal matter in the vessel.
Everyday at 8:00 a.m., the flies were released respective 30 x 30 x 30 cm clear
perspex cages containing food, water and ripe memgmtil 4:00 pm when they

were taken back into their respective bottles. imuday, in the cages, the fruit flies
were provided with ripe mangoes so that they ovipdstherein. It had been

observed that if the fruit flies were not providedh mangoes during day, they were
ovipositing in the faecal matter collection bottlasnight, thus contaminating the
faecal matter. After five days, the faecal mattethe bottles was collected by
pouring 5 ml of HPLC grade methanol into the vess@ld scraping it from the sides
of the bottle using respective clean spatulas the&o methanol. The contents were
then poured into respective pre-weighed glass aatkfinally evaporated to dryness
in a vacuum hood. The mass of the collected faetatter was determined by
subtracting the mass of the empty vial from thatthe vial together with faecal

matter. Collection of faecal matter was replicdtmar times for each species and sex.

82



6.2.1.3 Preparation of fruit fly faecal matter extract

The collected faecal matter was dissolved in HPk&lg methanol at a rate of 100
mg of faecal matter in 1ml of methanol. The disBolurate was determined through
pilot HPLC analyses with serial dilutions of 10@, 25 and 12.5 mg per ml with
respect to expression of peaks of chemical compgen&he faecal matter — methanol
mixture was then vortexed for 5 minutes, sonicdted5 minutes and then 80 ul
pipetted into a centrifugation vial and centrifugad12000 rpm for 5 minutes. The

supernatant was taken as the extract to be analyzed

Since fruit fly host-marking pheromones are alstulsle in water (Averill and
Prokopy, 1987; Alujaet al, 2003), four replicates of water-based extractewer
similarly prepared forC. fasciventrisand C. cosyrafaecal matter in order to
determine solubility, in water, of the potentialeahical components that had been
observed in methanolic extracts from faecal matitathe fruit flies. In the case of
aqueous extracts, distilled water, methanol anceags extract from fruit fly diet
were used as controls. The choicef cosyraand C. fasciventrisonly for this
investigation was based on the fact that resulsmethanolic extract analyses were
consistently similar fo€C. fasciventrisC. capitataandC. rosg only C. cosyrahad a
different one. SoC. fasciventriswas randomly chosen as a representative of itself,

C. capitataandC. rosa
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6.2.1.4 HPLC data acquisition

HPLC data was acquired using a Shimadzu ProminétieeC system with the
following operation parameters: diode array detetbd 350 nm), Ace C18 reverse
phase column (25 x 4.6 mm IDM, 5 um bead size),"Q0column temperature,
water-methanol as the mobile phase at a gradiebt-0100 % in 43 minutes, 40 pl
injection volume and a flow rate of 1 ml / minu@ontrol HPLC data was acquired
by running similar aliquots of distilled water, rhahol and methanolic extract of
fruit fly diet (yeast hydrolysate) in four repliest also. For the aqueous extracts,
controls were distilled water, methanol, and agseextract of fruit fly diet. The
distilled water used contained 5% formic acid whilke actual methanol
concentration gradient was 5, 15, 25, 30, 55 ar@l%0at 0, 3, 13, 25, 35 and 36

minutes respectively.

6.2.1.5 Determination of potential host-marking pheromonesof the fruit fly
species

Potential host-marking pheromones of the fruit sfliwere considered as those
chemical components which were consistently presechemical profiles of fruit
fly faecal matter extract but consistently lackeaontrol profiles of solvent and fruit
fly diet extract. The observed potential host-magkpheromones were considered
similar or differrent depending on similarity orffdrence in retention time. The
technique used to determine presence of potentisti-inarking pheromones @.
capitata C. fasciventris C. rosaand C. cosyrain faecal matter of the fruit fly

species is illustrated in plate 6.1.
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Faecal matter Faecal matter WVortexing
collection tnethanolic solution

HPLC analysis Centrifugation Sonication

Plate 6.1:lllustration of the technique used to determinespnce of potential host-
marking pheromones @&. capitata C. fasciventrisC. rosaandC. cosyrain faecal

matter of the fruit fly species.
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6.2.2 Behavioural activity of a potential host-marking phreromone ofC. cosyra

against conspecifics

6.2.2.1 Collection of C. cosyra faecal matter and isolation and preparation of
the potential host-marking pheromone
Faecal matter of. cosyra(1g) was collected and a pheromone extract prdsen
the previous investigation. The three fly-produadtemical components of the
extract were fractionated as in the previous ingatbn but the program was
shortened to 27 minutes such that the chemical ooends eluted respectively a
little earlier (Figure 6.9). The fractionation pragh was reduced in order to save
time and solvents. The collected fractions wera inaporated to dryness and their
masses determined. The one unique chemical compohén cosyra(fraction with
retention time 21.8 min) was then dissolved inilkst water at a rate of 0.1mg/ml
and used in dual-choice oviposition assays. Th&otlifon rate was based on the one
used in the faecal matter experiment of 20mg otdhenatter in 1ml of distilled
water, where it was found out that this chemicahponent of interest occurs at a
rate of 0.005mg per mg of faecal matter. This tueeetranslated the rate of 20mg of

faecal matter per ml to 0.1mg of the chemical conembd per ml of distilled water.

6.2.2.2 Bioassay

Bioassays were conducted as in section 5.2.2 nbthtis case, treatment and control
mango slices were prepared by swabbing intact mahggs with separate pieces of
cotton soaked in “host-marking pheromone solutiamd distilled water respectively.

The mango slices were air-dried for five minute®lebeing used.
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6.2.2.3 Data collection and analysis
Data collected were percentages of deterred feseéch replicate. Deterred flies
were regarded as those that opted to oviposit ercdntrol substrate. The data were

subjected to Chi-square test.
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6.3 Results

6.3.1 Presence of potential host-marking pheromones in &al matter of the

fruit fly species

Across all the four replicates, similar profiles fiy-produced methanol-soluble
chemical components were consistently observed féonale C. capitata C.

fasciventrisand C. rosg with each species having three fly-produced chami
components which eluted at 10, 11 and 15 minutesr afjection, respectively
(Figures 6.1 — 6.5). On the other hand, fen@aleosyradiffered from the other three
species by consistently having only two of thesengical components (10 and 15)
and an additional unique and less polar compondnithveluted at 24 minutes
(Figure 6.5). For all the species, profiles of cimhcomponents were similar
between male and females (Figures 6.2 - 6.5). &immésults as with methanolic
extracts were obtained for aqueous extracts frandlamatter ofC. fasciventrisand

C. cosyra However, water was more efficient in extractinigtdased chemical

components (Figures 6.6 — 6.8).
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chemical components found in faecal matter of femad maleC. capitata C.

fasciventris C. rosaandC. cosyra.
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6.3.2 Behavioural activity of a potential host-marking phreromone ofC. cosyra

against conspecifics

The potential host-marking pheromone was succégsidlated (Figure 6.9). The
potential host-marking pheromone elicited significaconspecific oviposition

deterrence with mean deterrent efficacy of 7Q84dst, df = 1, P < 0.001).

97



(A)
mAU

600 350nm4nm (1.00) 21.805
55¢

50¢
45¢
40¢
35¢
30§
25¢
20¢ 14.230
15¢
P 9.637
50 L N
O
-50

00 10 20 30 40 50 60 7.0 80 90 100 11.0 12.0 130 140 150 16.0 17.0 18.0 19.0 200 21.0 22.0 23.0 min

B
mAU( )
358 350nm4nm (1.00) 9.658

32.
30.
27.
25.
223
20.9
173
15.9
12.

; J L

00 1.0 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 min

(©)

mAU

3 350nmanm (L.00) 14.224

w

J JL

00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 min

mAU
350nm4nm (1.00) 21.860

9q
8q
7q
6Q
5Q
44
3Q
24
ICM
o}

-19

00 10 20 30 40 50 60 7.0 80 90 100 11.0 120 130 140 150 160 17.0 18.0 19.0 200 21.0 22.0 23.0 min

Figure 6.9: Isolation of potential host-marking pheromoneQfcosyra(A) parent

profile, (B) peak 10, (C) peak 15, (D) potentiasiimarking pheromone (peak 24)

98



6.4 Discussion
It is likely that some, if not all, of the fly-proded chemical components observed in
methanolic extracts from faecal matter of the fhes their host-marking pheromones

for the following reasons:

1. The fruit flies (species) actively engage in hosirking behaviour after
oviposition (Figure 4.1) and their host-marking &e@bur deters at least
conspecific or heterospecific oviposition (Tablel)5. This, therefore,
associates the flies with production and depositioin host-marking
pheromones on their hosts after oviposition as# heen observed to be the
case in other fruit fly species (Nufio and Pap&04 Arredondo and Diaz-

Fleischer, 2006).

2. For fruit fly species which produce host-markingepmones, these
pheromones are also found in their faecal matteh ghat an aqueous or
methanolic solution of their faecal matter elicggiposition deterrence if
applied on oviposition substrates (Arredondo anazEkleischer, 2006; Aluja
et al, 2009). Faecal matter of each of the fruit flesps C. capitata C.
fasciventris C. rosa and C. cosyrd deterred at least conspecific or
heterospecific oviposition (Table 5.2). This, tHere, suggested presence of

host-marking pheromones of the fruit flies in thfaecal matter.

3. Fruit fly host-marking pheromones are water- andhayeol-soluble (Hurter

et al, 1987; Alujaet al, 2009). In this investigation, all the observed
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chemical components have been extracted with methareaning that they
are soluble in methanol (Figures 6.1 - 6.5). Thenulsal components have
also been found to be soluble in water (Figures-@&G@). The solubility of
these chemical components in both methanol andrweterefore, further

suggests them to be the host-marking pheromonie dfuit flies.

. The chemistry of the observed chemical componest$oi some extent
dependent on fruit fly species because despitegldenh on the same diet and
reared in the same conditions, the fruit fly spgaensistently produced
different chemical components, particula@ly capitata C. fasciventrisand
C. rosaon one hand and.@osyraon the other (Figures 6.1 — 6.8). This
difference in chemistry may therefore mean thatghal components are of

specific use, probably host-marking.

. For C. capitata which was used as a check in this investigaiiois, already
known that its host-marking pheromone is water- ar@hanol-soluble and
also present in faecal matter of the fruit fly (@dondo and Diaz-Fleischer,
2006). In this investigation, the observed potértast-marking pheromones
of C. capitataare also soluble in methanol (Figure 6.2). lthisréfore likely
that at least one of the chemical components obdearvmethanolic extracts
from faecal matter of. capitatais really the host-marking pheromone of the

fruit fly species.
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6. In the particular case df. cosyra the fact that the potential host-marking
pheromone deterred conspecific oviposition (sect®8.2) suggests the
chemical component to be really the host-markingerpimone or a

component of the host-marking pheromone of the fiyspecies.

The similarity in faecal extract profiles @. capitata C. fasciventrisand C. rosa

may mean that the species have a common host-rgagieromone or their
pheromones are chemically similar. A generic hoatkimg pheromone, 2-(2 ', 14'-
Dimethyl-pentadecanoylamino)-pentanedioic acid, hasady been reported for

some species of the GenisastrephgAluja et al.,2003).

The presence of the unique chemical component,hwlicted at 24 minutes, in the
extract from faecal matter @&. cosyramay mean that the chemistry of the host-
marking pheromone of this species is different fiwat of the marking pheromones
of C. capitata C. fasciventrisand C. rosa However, the presence of the two
chemical components, which eluted at 10 and 15 t@&un extracts from faecal
matter of all the four fruit fly species may alsadicate some similarity in the

chemistry of the host-marking pheromones of allgpecies.

Since in both host-marking and faecal matter expemnts, C. cosyra was not
deterred by any other species except itself (Tablds and 5.2) and the only
difference observed between faecal matter extdd®s cosyraand the other species
is that faecal matter d€. cosyrahas a unique chemical component which eluted at

24 minutes, it may mean that this unique chemicahmonent is the host-marking
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pheromone ofC. cosyra This is further supported by the fact that ineddvioural
assay, the chemical component elicited conspeoifiposition deterrence (section
6.3.2). In the same line of thinking, possibly,dalematter ofC. cosyrawas able to
deter the other species (Tables 5.1 and 5.2) becdaukas the two chemical
components which eluted at 10 and 15 minutes r&spg¢ which are also found in
faecal matter of those species. Still, it could that the other species are also
sensitive to the unique chemical component of foundhe faecal matter o€.

cosyra

The presence of the potential host-marking pher@won extracts from faecal
matter of male flies may mean that the males atedyce these chemicals but they
“waste” them in faeces since they are not involiredviposition. This could be so
because even in female fruit flies, host-markingrpmones are not produced by a
special organ but the posterior half of the midgAxerill and Prokopy, 1989), an
organ which is also found in male flies. In additiéd®rokopy (1982) observed that
faecal matter of mal®. pomonellaalso elicits conspecific oviposition deterrence.
Furthermore, Brevault and Quilici (1999) observdhtt usually host-marking
pheromones in insects are not special chemical oangs but simply by-products of

the process of digestion.
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6.5 Conclusion

In conclusion, this investigation established tiagical matter of femal€. capitata

C. fasciventris C. rosaand C. cosyraeach contains three unknown fly-produced
methanol-soluble chemical components which may dst-marking pheromones of
the fruit flies. However, all the chemical compotseim faecal matter of. capitata

C. fasciventriandC. rosaseem to be chemically similar while fGt cosyratwo of
the components seem to be those found in faecatemaf C. capitata C.

fasciventrisandC. rosabut the third one is specific to it.
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CHAPTER SEVEN

7.0 GENERAL DISCUSSION, CONCLUSIONS AND

RECOMMENDATIONS

7.1 General discussion

The finding that among the major fruit fly speciaesting mango in Kenya, host-
marking behaviour is prevalent @ capitata C. cosyraC. fasciventrisandC. rosa

Is significant as a preliminary indicator for paiehof the host-marking technique in
the management of these fruit fly species. Thsidecause host-marking behaviour
is not a universal phenomenon among fruit fly spgcit occurs in some species and
lacks in others (Fletcher and Prokopy 1991; Nufid #apaj, 2004; Duyckt al,
2006), thus for fruit fruit fly species which do tnbave this behaviour it may be

difficult, if not impossible, to manage them usihg host-marking technique.

By establishing that the host-marking behaviourCofcapitata C. fasciventris C.
rosaandC. cosyradeters at least conspecific or heterospecificasitpon, this study
hints further to potential of the host-marking teicjue in the management of these
pests. This is so because in some fruit fly spedmst-marking behaviour is
ceremonial, no pheromone is deposited and consdyuée behaviour does not
deter oviposition (Nufio and Papaj, 2004). Fortffily species whose host-marking
behaviour is ceremonial, it may be difficult, iftnmpossible, to manage them using
the host-marking technique since there is no mgripheromone which can be

exploited. The deterrent effect of the host-markiefaviour each species on at least
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conspecific or heterospecific oviposition therefetggests that indeed these species
produce and deposit on their hosts, host-markingrgghones which may be

exploited against them.

The finding that faecal matter &f. capitata C. fasciventrisC. rosaandC. cosyra
deters at least conspecific oviposition also hittwards potential of the host-
marking technique in the management of these pé&kis.is so because for most
fruit fly species whose host-marking behaviour deteviposition and has
consequently been exploited for the managementhefpests through the host-
marking technique, their marking pheromones haen tbeund in their faecal matter,
which also deters oviposition if applied on ovigmsi substrates due to the marking
pheromones it contains (Averill and Prokopy, 1988jja et al, 2003; Arredondo
and Diaz-Fleischer, 2006; Alugt al, 2009). The ability of the faecal matter ©f
capitatag C. fasciventris C. rosa and C. cosyrato deter at least conspecific
oviposition therefore suggests presence of hoskim@pheromones of the fruit flies

in their faecal matter.

The finding of some unknown water- and methanalisiel chemical components in
faecal matter o€. capitata C. fasciventrisC. rosaandC. cosyra which may be the
host-marking pheromones of the flies is anothet towards potential of the host-
marking technique in the management of these figispecies. This is so because
host-marking pheromones of fruit flies are solublevater and methanol and found
in faecal matter of the flies (Boller and Hurte®8b; Hurteret al, 1987; Averill and

Prokopy, 1987; Alujaet al, 2003: Alujaet al, 2009). This finding, therefore,
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suggests the possibility of isolating and identifyihost-marking pheromones of the
fruit flies from their faecal matter as it has bekme for other host-marking fruit fly

species (Alujat al, 2003; Arredondo and Diaz-Fleischer, 2006; Akijal, 2009).

Since among the four host-marking speciés,cosyrais the most destructive on
mango (Rwomushanet al, 2009) and it can only be deterred by its hostking
behaviour (Table 5.1) and faecal matter (Table, Gvh)ch are also effective on some
of the other species (Tables 5.1 and 6.1), it meapdressary in the quest to develop
a host-marking management technique against theisdlies to prioritize the search
and research on the host-marking pheromone ofsimsies. Considering that.
cosyrawas not deterred by the host-marking behaviodaecal matter of any other
species except itself (Tables 5.1 and 5.2) andtihe difference observed between
faecal matter extracts @. cosyraand the other fruit fly species is that faecalterat
of C. cosyrahas a unique chemical component which eluted atni¥utes, this
chemical component may be the host-marking pherenod@. cosyraand it may be

the one to be prioritized.

Although host-marking behaviour has been foundeadre inB. invadensand C.
anonae if the host-marking pheromone &. cosyraor that of any species is
discovered, it may be necessary to test it on th&sespecies as well since some
species which do not have the host-marking behavsem to recognize host-
marking pheromones of other species (Dugtlal, 2006). This may be particulary
necessary oB. invadensecause it is the most destructive fruit fly spe@n mango

in Kenya and Africa at large (Rwomushaataal,, 2009).
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7.2 Conclusions

This study has established that among the majdrffyuspecies infesting mango in
Kenya, host-marking behaviour is prevalentGncapitata C. fasciventrisC. rosa
and C. cosyra and faecal matter of these fruit flies containgnsochemical
components which may be their host-marking pherasaoihese findings indicate
apparent potential of the host-marking techniquéhenmanagement of some of the

major fruit fly species infesting mango in Kenya.

7.3 Recommendations for future research
The following recommendations are drawn from thiglg for future research:

1. Isolation and behavioural activity testing of thbserved potential host-
marking pheromones across all the species, withriprion peak 24 ofC.
cosyrg

2. Chemical identification of the behaviourally actigpeaks that may be found

in recommendation 1.

3. Procurement and testing of standards of the bebeally active peaks
identified in recommendation 2 (and their analogdesbehavioural activity
in laboratory, semi-field and field experimentsvatious doses across all the

six fruit fly species.

107



REFERENCES

AlliNiazee, M. T. 1988. Introduction. In: AliNiazee M. T. (Ed.)Ecology and
management of economically important fruit flids special report of the Oregon

State University Agricultural Experiment Statiom. pl8.

Allwood, A. J. 1996. Biology and ecology: Prerequisites for understagdand
managing fruit flies (Diptera: Tephritidae) pp 961lin Allwood, A. J. and Drew, R.
A. |. (Eds.).Proceedings of a Regional Symposium on Manageniémrui Flies in
the Pacific Nadi, 28 - 31 October 1996, Australian Centre foternational

Agricultural Research.

Aluja, M. and Boller, E. F. 1992.Host-marking pheromones &hagoletis cerasi
field deployment of synthetic pheromones as a nahelry fruit fly management

strategy Entomologia Experimentalis et Applicagh: 141 — 147.

Aluja, M. and Diaz-Fleischer, F. 2006 Foraging behaviour @k. ludensA. obliqua
and A. serpentinain response to faeces extracts containing hoskinwar

pheromoneslournal of Chemical Ecolog®2: 367 - 389.

Aluja, M. and Prokopy, R. J. 1993 Host odour and visual stimulus interaction
during intratree host finding behaviour Bhagoletis pomonelldlies. Journal of

Chemical Ecologyl9: 2671 — 2686.

Aluja, M., Diaz-Fleischer, F., Boller, E. F., Hurte, J., Edmunds A. J. F.,
Hagmann, L., Patrian, B. and Reyes, J. 200Rpplication of faeces extracts and

synthetic analogues of the host-marking pheromorie Aoastrepha ludens

108



significantly reduces fruit infestation b&. obliquain tropical plum and mango

backyard orcharddournal of Economic Entomolog}02 2268 - 2278.

Aluja, M., Diaz-Fleischer, F., Edmunds, A. J. F. ad Hagmann, L. 2003
Isolation, structural determination, synthesis,|dmccal activity and application as
control agent of the host-marking pheromone (anivatives thereof) of the fruit
flies of the typeAnastrepha(Diptera: Tephritidae). United States Patent N8. &

555 120 BI. 30p.

Angermann, H. J. 1986.Ecological differentiation of the tephritid fliesyphosia
miliaria and Orellia ruficauda (Diptera: Tephritidae) in flowerheads of Canada

thistle Cirsium arvensg Entomologia Generaljsl1: 249 — 262.

Arredondo, J. and Diaz-Fleischer, F. 20060Oviposition deterrents for the
Mediterranean fruit fly,Ceratitis capitata(Diptera: Tephritidae) from fly faeces

extractsBulletin of Entomological Researc®6: 35 — 42.

Augstburger, F., Berger, J., Censkowsky, U., HeidH., Milz, J. and Streit, C.
2001. Organic farming in the tropics and subtropics: Bar(Z'® Ed.). Naturland

e.V., Germany.

Averill, A. L. and Prokopy, R. J. 1982. Oviposition-deterring fruit-marking
pheromone irRhagoletis zephyrialournal of the Georgia Entomological Society,

17: 315 - 3109.

109



Averill, A. L. and Prokopy, R. J. 1987.Residual activity of oviposition deterring
pheromone irRhagoletis pomonelléDiptera, Tephritidae) and female response to

infested fruit.Journal of Chemical Ecology3: 167 — 177.

Averill, A. L. and Prokopy, R. J. 1989.Host-marking Pheromones. In: Robinson,
A. S. and Hooper, G. (EdsWorld Crop Pests: Fruit Flies Their Biology, Natural

Enemies and ContrpElsevier, New York. pp. 207 — 219.

Bally, I. S. E. 2006.Mangifera indica(mango). In: Elevitch, C. R. (Ed.). Species
profiles for Pacific Island Agroforestry. Permahéyriculture Resources (PAR),

Hawaii.

Barr, N. B., Copeland, R. S., De Meyer, M., Masigd)., Kibogo, H. G., Billah,
M. K., Osir E., Wharton R. A. and McPheron, B. A. 206. Molecular diagnostics
of economically importan€Ceratitis fruit fly species (Diptera: Tephritidae) in Africa

using PCR and RLFP Analysdaulletin of Entomological Researcd6: 505 - 521.

Billah, M. K., Mansell, M. W., De Meyer, M. and Goegen, G. 2007.Fruit fly
taxonomy. In: Ekesi, S. and Billah, K. (Edsd).field guide to the management of
economically important tephritid fruit flies in Aéa, ICIPE Science Press, Nairobi,

Kenya. pp. H-1 - |-4.

Bissdorf, J. 2005. Field guide to non-chemical pest management in gman

production. Pesticide Action Network. Hamburg, Gany

Boller, E. F. 1981.0Oviposition deterring pheromone of the Europeaermghfruit

fly: status of research and potential applicatiotns. Mitchell E. R. (Ed.).

110



Management of Insect Pests with SemiochemiBdsium Press, New York, pp. 457

—462.

Boller, E. F. and Calkins, C. O. 1984Measuring, monitoring and improving the
quality of mass-reared Mediterranean fruit fli€gratitis capitata Improvement of

quality by selectionJournal of Applied Entomolog98: 1 - 15.

Boller, E. F. and Hurter, J. 1985.0viposition deterring pheromone Rhagoletis
cerasi Behavioural laboratory test to measure pheromactésity. Entomologia

Experimentalis et Applicai89: 163 — 169.

Bompard, J. M 2009 Taxonomy and Systematics. In: Litz, R. E. (E@je Mango:
Botany, Production and Useg™ Ed. CAB International, Wallingford, UK. pp. 19 —

41

Brevault, T. and Quilici, S. 1999.Factors affecting behavioural responses to visual
stimuli in the tomato fruit flyNeoceratitis cyanescenBhysiological Entomology

24: 333 — 338.

Bronson, C. H. 2006 Fruit fly pests: A brochurd-lorida Department ofgriculture

and Consumer Services. pp. 1 - 2.

Brunner, J. F. 1992 Biology and distribution of the western and blatierry fruit
flies. In: AliNiazee, M.T. (Ed.)Biology and control of the cherry fruit flies: A vid

perspectiveDepartment of Entomology, Oregon State Univergip, 25 — 30.

111



Canadian Grain Commission. 2006 Managing the quality of stored grain:

Preventing insect infestationnww.grainscanada.gc/Entomology/identify0l1-e.htm

Retrieved: 5/05/2012.

Copeland, R. S., Wharton, R. A., Luke, Q, De MeyenV. 2002. Indigenous hosts
of Ceratitis capitata(Diptera:Tephritidae) in Kenyannals of the Entomological

Society of Ammeric®5: 672 — 694.

Copeland, R. S., Wharton, R. A., Luke, Q., De MeyerM., Lux, S., Zenz, N.,
Machera, P., and Okumu, P. 2006.Geographic distribution, host fruits, and
parasitoids of African fruit fly pestCeratitis anonag Ceratitis cosyra Ceratitis
fasciventris and Ceratitis rosa (Diptera: Tephritidae) in KenyaAnnals of the

Entomological Society of Americ@9: 261 - 278.

Crnjar R. M., Prokopy, R. J. and Dethier, V. G. 198. Electrophysiological
identification of oviposition-deterring pheromorexeptors irRhagoletis pomonella

Journal of the New York Entomological Sociéf,283 — 284.

Crnjar, R. M. and Prokopy, R. J. 1982 Morphological and electrophysiological
mapping of tarsal chemoreceptorsRhagoletis pomonellflies. Journal of Insect

Physiology 28: 393 — 400.

De Meyer M and Freidberg A. 2006. Revision of the subgenu€eratitis

(Pterandru$ (Diptera, Tephritidae)srael Journalof Entomology35: 197 — 315.

Dicke, M., Van Loon, J. J. A. and De Jong, P.W., ZB. Ecogenomics benefits

community ecologyScience305 618 - 619.

112



Dowell, R. V. and Wange, K. L. 1986Process analysis and failure avoidance in
fruit fly programs. In: Mangel, M. Carey, J. andam, R. Pest (Eds.Control

Operations and Systems Analysis in Fruit Fly Mamaget Springer-Verlag, Berlin.

Drew, R. A. I. and Romig, M. C. 2007 Records of Dacine fruit flies and new
species of Dacus (Diptera: Tephritidae) in BhufBime Raffles Bulletin of Zoology,

55:1-21.

Duyck, P. F., David, P. and Quilici, S. 2004A Review of relationships between
interspecific competition and invasions in fruiefl (Diptera: Tephridaegcological

Entomology29: 511 — 520.

Duyck, P. F., David, P., Junod, G., Brunel C., Duptt, R. and Quilici, S. 2006
Importance of competition mechanisms in successivasions by polyphagous

tephritids in La Reunioricology,87: 1770 — 1780.

Ekesi, S and Muchugu, E. 2007Tephritid fruit flies in Africa — Fact sheets dme
economically important species. In: Ekesi, S. afthig K. (Eds.).A field guide to
the management economically important tephritidt filies in Africa (2" edition)

ICIPE Science Press, Nairobi, Kenya.

Ekesi, S., Billah, M. K., Nderitu, P. W., Lux, S. A and Rwomushana, I. 2009.
Evidence for competitive displacement @ératitis cosyraby the invasive fruit fly
Bactrocera invadengDiptera: Tephritidae) on mango and mechanismsritaning

to the displacemendournal of Economic Entomologi02 981 - 991.

Ekesi, S., Dimbi S. and Maniania, N. K. 2007bThe role of entomopathogenic

fungi in the integrated management of fruit flieBiptera: Tephritidae) with

113



emphasis on species occurring in Africa. In: Ek8siManiania, N. K. (Eds.Jse of
Entomopathogenic Fungi in Biological Pest ManagemeResearch SignPost,

Kerala, India, pp. 239 - 274.

Ekesi, S., Mohamed, S. A., Hanna, R., Lux, S. A.,@nvossou, D. and Bokonon-
Ganta, A. 2007a Fruit fly suppression — Purpose, tools and metlagy. In: Ekesi,
S. and Billah, K. (Eds.)A field guide to the management economically ingwdrt

tephritid fruit flies in Africa(2™ edition) ICIPE Science Press, Nairobi, Kenya.

Ekesi, S., Nderitu, P. W. and Rwomushana, I. 200&.ield infestation, life history
and demographic parameters of the fruit fBactrocera invadens(Diptera:

Tephritidae) in AfricaBulletin of Entomological Researc®6. 379 - 386.

Evenden, M. and Haynes, K. 2001Potential for the evolution of resistance to
pheromone-based mating disruption tested using pWweromone strains of the
cabbage loopeilrichoplusia ni Entomologia Experimentalis et ApplicateQC 131

- 134.

Fischer-Colibrie, P. and Busch-Peterson, E. 198®est status: Temperate Europe
and West Asia. In Robinson, A. S. and Hooper, @s(EWorld crop pests, volume

3A: Fruit flies - their biology, natural enemiesdnontrol Elsevier, Amsterdam.

Fitt, G. P. 1984 Oviposition behaviour of two tephritid flieBacus tyroniand
Dacus jarvisj as influenced by the presence of larvae in ttst foit. Oecologia 62

37 - 46.

114



Fletcher, B. S. and Prokopy, R. J. 1991Host location and oviposition in tephritid
fruit flies. In: Bailey, W. J. and Ridsdill-Smith Eds.).Reproductive Behaviour of

Insects: Individuals and PopulationGhapman and Hall, New York. pp. 139-171.

Forest, A. R. and Perry, R. N. 2006Nematode behaviour and sensory perception
In: Perry, R. N. and Moens M. (Ed$)ant NematologyCABI Publishing, UK. pp.

210 - 233.

Foster, S. P. and Harris, M. O. 1997Behavioural manipulation methods for insect

pest managemeninnual Reviews of Entomolqgl2: 123 — 146.

Giga, D. P. and Smith, R. H. 1985 Oviposition markers inCallosobruchus
maculatus F and Callosobruchus rhodesianus?ic (Coleoptera: Bruchidae):
asymmetry of interspecific responségyriculture Ecosystems & Environmedg:

229 — 233.

Griesbach, J. 2003Mango growing in Kenya. Kul Graphics, Nairobi,n$@. 144p.

Hancock D. L. 1989.Pest Status of Fruit Flies in Southern Africa. Rabinson, A.
S. and Hooper, G. (Eds.World crop pests: Fruit flies - Their biology, nadl

enemies and controElsevier, New York. pp. 51 — 58.

Hurter, J, Boller, E. F., Stadler, E., Blattman, H, Buser, R., Boshard, N. U.,
Damm, L., Kozlowski, M. W., Schoni, R., Raschdorf,F., Dahinden, R.,
Schlumpf, E., Fritz, H., Richter, W. J. and Schreiler, J. 1987 Oviposition-
deterring pheromone iRhagoletis cerask.: Purification and determination of the

chemical constitutiorExperientia43: 157 - 164.

115



ICIPE. 2007. Development and implementation of a sustainaBM program for
major mango pests and opportunity for improving keamformation and processing
in sub-Saharan Africa — A fact sheet. Deutsche Bebaft fir Technische

Zusammenarbeit (GTZ) GmbH.

Jackson, D. S. and Lee, B. G. 198Medfly in California 1980-198Bulletin of the

Entomological Society of Americal: 29 - 37.

Katsayannos, B. |. 1975 Oviposition-deterring, male arresting, fruit-migugdg

pheromone ilRhagoletis cerasEnvironmental Entomology: 801 — 807.

Katsayannos, B. I. and Boller E. F. 1980Second field application of oviposition
deterring marking pheromone of the European chieaiy fly, Rhagoletis cerasi.

(Diptera: Tephritidae)Zeitschrift fur Angewandte Entomologés: 83 - 93.

Katsayannos, B. I. and Boller, E. F. 1976First field application of oviposition
deterring marking pheromone of the European chémyt fly. Environmental

Entomology5: 151 — 152.

Kehlenbeck, K., Rohde, E., Njuguna, J. K., Omari F. Wasilwa, L. and R.
Jamnadass R. 2011Mango cultivar diversity and its potential forpnoving mango
productivity in Kenya. World Agroforestry Centre RBF, Tree Genetic Resources

and Domestication, Nairobi, Kenya.

Kratt, A. 2001. Pheromones - A long way from identification tophgation. In:
Nogueira, M. A. S. and M. Palmerio (EdsPractice oriented results on use and

production of plant extracts and pheromones in graéed and biological pest

116



control: Proceedings of the "® workshop “Neem and Pheromones” held at

University of Uberaba, Brazil, 15 — %@/ay 2001.

Kuba, H. and Koyama, J. 1985 Mating behaviour of wild melon flie®acus
cucurbitae Coquillett (Diptera: Tephritidae) in a field cag€ourtship behaviour.

Applied Entomology and Zoolog30: 365 — 372.

Liquido, N. J. 1991 Fruits on the ground as a reservoir of residestom fly

populations in papaya orchar@nvironmental Entomologg0: 620 - 625.

Lux, S. A., Ekesi, S., Dimbi, S., Mohamed, S. andilh, M. 2006. Mango-
infesting fruit flies in Africa: Perspectives anthitations of biological approaches to

their management. ICIPE, Nairobi, Kenya.

McClure, M., Quiring, D. T. and Turgeon, J. J. 1998 Proximate and ultimate
factors influencing oviposition site selection bydeparasites on conifer seed cones:
two sympatric dipteran species on laréBmtomologia Experimentalis et Applicata,

87.1-13.

Morton, J., 1987. Mango. In: Julia, F. and Morton, J. (Edsbruits of Warm

Climates,Miami, Florida. pp. 27 — 56.

Mukiama, T. K. and Muraya, J. K. 1994. Ceratitid fruit flies infesting fruit crops

in Kenya.Insect Science and its Applicatidrb: 155 - 159.

Mumtaz, M. M. and AlliNiazee, M. T. 1983 The oviposition-deterring pheromone

of the western cherry fruit flfRhagoletisndifferensCurran (Diptera.: Tephritidae).

117



Chemical characterization and partial purificatioBeitschriftftur Angewandte

Entomologie96: 93 — 99.

Nemeye, P. 2003The behavioural ecology of three African fruit fgpecies,
Ceratitis cosyra C. fasciventrisand C. capitata with emphasis on their sexual

behaviour and host plant relationships. Ph. DsithéMakerere University.

Nufio, C. R. and Papaj, D. R. 2001 Host-marking behavior in phytophagous

insects and parasitoidsntomologia Experimentalis et Applica@®: 273 — 293.

Nufio, C. R. and Papaj, D. R. 2004 Host-marking behaviour as a quantitative
signal of competition in the walnut figthagoletis juglandis=cological Entomology

29: 336 — 344.

Nufio, C.R., Papaj, D.R. and Alonso-Pimentel, H2000. Host utilization by the
walnut fly, Rhagoletis juglandigDiptera: Tephritidae)Environmental Entomology

29:994 — 1001.

Ole-Moi Yoi, O. K. and Lux, S. A. 2002 Fruit flies in sub-Saharan Africa: A long-
neglected problem devastating local fruit productend a threat to horticulture
beyond Africa In: Barnes, B. N. (Ed.Proceedings of the "6 international
symposium on fruit flies of economic importancell&tbosch, South Afric" —

10" May 2002. Isteg Scientific Publications, Cape Tov@outh Africa pp. 5 — 10.

Papaj, D. R. 1994.Use and avoidance of occupied host as a dynanoiceps in
tephritid flies. In: Bernays, E. A. (EdInsect—plant interactionsjol. 5. CRC Press,

Boca Raton, Florida. pp. 25 — 46.

118



Papaj, D. R. and Aluja, M. 1993. Temporal dynamics of host-marking in the

tropical tephritid fly,Anastrepha luden$hysiological Entomology. 8: 279 - 284.

Papaj, D. R., Averill, A. L., Prokopy, R. J, and Wag, T. T. Y. 1992.Host-
Marking pheromones and use of previously estaldisteiposition sites by the
Mediterranean fruit fly (Diptera: Tephritidadpurnal of Insect Behaviouf; 583 —

598.

Papaj, D. R., Roitberg, B. D. and Opp, S. B. 1983erial effects of host infestation
on egg allocation by the Mediterranean fruit flyr#le of a thumb and its functional

significance Journal of Animal Ecologyg8: 955 — 970.

Parfonry, R. 2001 Mango. In: Raemaekers R. H. (EdGQrop Production in

Tropical Africa Goenkit Graphics nv. Belgium. pp. 596 — 609.

Plant Health Australia 2011 The Australian handbook for the identificationfrofit

flies. Version 1.0Plant Health Australia. Canberra, ACT.

Porter, B. A. 1928 The apple maggotnited States Department of Agriculture

Technical Bulletin66: 1 — 47.

Prokopy, R. J. 1972 Evidence for a marking pheromone deterring regzbat

oviposition in apple maggot flieEnvironmental Entomology: 326 - 332.

Prokopy, R. J. 1975.0viposition deterring fruit marking pheromone Fh fausta

Environmental Entomology: 298 — 300.

119



Prokopy, R. J. and Koyama, J 1982 Oviposition site partitioning inDacus

cucurbitae Entomologia Experimentalis et Applicatil: 428 -432.

Prokopy, R. J. and Roitberg, B. D. 1984 Foraging behaviour of true fruit flies

(Tephritidae) American Scientis¥2 41 — 49.

Prokopy, R. J., Aluja, M. and Wong, T. T. Y. 1989 Foraging behaviour of
laboratory —cultured Mediterranean fruit flies eeld-caged host treeBProceedings

of the Hawaiian Entomological Socie9: 103 - 110.

Prokopy, R. J., Reissig, W. H. and Moericke, V. 1% Marking pheromones
deterring repeated oviposition Rhagoletis flies Entomologia Experimentalis et

Applicatg 20: 170 — 178.

Prokopy, R. J., Ziegler, J. R. and Wong T. Y. 1978Deterrence of repeated
oviposition by fruit-marking pheromone {Deratitis capitata(Diptera: Tephritidae).

Journal of Chemical Ecology: 55 — 63.

Prokopy, R., Greany, P. D. and Chambers, D. L. 19770viposition-deterring

pheromone iAnastrepha suspensanvironmental Entomolog: 463 — 465.

Quilici, S., Rivry, L. and Rossolin, G. 1994/isual stimuli influencing the choice of
oviposition site inCeratitis rosaKarsch (Diptera: Tephritidae). In: Yong, H.S and
Khoo, S.G. (Eds.)Proceedings of a symposium on tropical fruit flie€urrent
research on tropical fruit flies and their managemep. 9-21. Kuala Lumpur,

Malaysia. Eagle Trading Sdn., Bhd., Petaling, JMalaysia.

120



Roitberg, B. D. 2007 Why pest management needs behavioural ecologyiaed

versa.Entomological Resear¢B7: 14-18.

Roitberg, B. D. and Lalonde, R. G. 199Host-marking enhances parasitism risk

for a fruit-infesting flyRhagoletis basiolaOIKOS 61: 389 — 393.

Roitberg, B. D. and Prokopy R. J. 1983Host deprivation influence on response of
Rhagoletis pomonellato its oviposition-deterring pheromone?hysiological

Entomology8: 69 — 72.

Rwomushana, I., Ekesi, S., Gordon, I. and Ogol, KP. O. 2008 Host plants and
host plant preference studies fBactrocera invadengDiptera: Tephritidae) in
Kenya, A new invasive fruit fly species in AfricAnnals of the Entomological

Society of Amerigdl01: 331 - 3340.

Rwomushana, I., Ekesi, S., Ogol, C. K .P. O. and @&ton I. 2009 Mechanisms
contributing to the competitive success of the s fruit fly Bactrocera invadens
over the indigenous fruit flyC. cosyra the role of temperature and resource pre-

emption.Entomologia Experimentalis et Applicate83 27 - 37

Shelly, T. E. 1999 Defence of oviposition sites by female orientalitf flies

(Bactrocera dorsalis(Diptera: Tephritidae) University of Hawaii.

Sivinski, J. and Burk, T. 1989.Reproductive and mating behaviour. In: Robinson,
A. S. and Hooper, G. (Eds\Vorld crop pests: Fruit flies Their biology, natural

enemies and control VolumeBlsevier, New York. pp. 343 — 351.

121



Sivinski, J. M., and Calkins, C. 1986 Pheromones and parapheromones in the

control of TephritidsFlorida Entomologist69: 157 - 168.

Smith, P. 1989.Behavioural partitioning of the day and circadréythmicity. In:
Robinson, A. S. and Hooper, G. (Ed$\orld crop pests: Fruit flies Their biology,

natural enemies and contrdtlsevier, New York. pp. 325 — 341.

Stadler, E., Ernest, B., Hurter, J., Boller, E. & Kozlowski, M. 1992. Tarsal
contact chemoreceptors of the cherry fruit flighagoletis cerasi specificity,
correlation with oviposition behaviour, and respois the synthetic pheromone. In:
Menken, S. B. J., Visser, J. H. and Harrewijn, Bds). Proceedings of the™8
Symposium of Insect—Plant Relationshipsluwer Academic Publishers, Dordrecht,

Netherlands, pp. 143 — 145.

Stadler, E., Ernst, B., Hurter, J. and Boller, E. D94 Tarsal contact
chemoreceptor for the host-marking pheromone ofctierry fruit fly, Rhagoletis
cerasi responses to natural and synthetic compourlagsiological Entomology. 9:

139 - 151.

Van Mele, P., Vayssieres, J. F., Adandonon, A. arfsinzogan, A.2009.Ant cues
affect the oviposition behaviour of fruit flies (Rera: Tephritidae) in Africa.

Physiological Entomology4: 256 — 261.

Van Mele, P., Vayssieres, J. F., Van Tellingen, B&nd Vrolijks, J. 2007. Effects
of an African weaver antQecophylla longinodain controlling mango fruit flies

(Diptera: Tephritidae) in Benidournal of Economic EntomologiQQ. 695 - 701.

122



Vargas, R. I., Peck, S. L., McQuate, G. T., JacksorC. G., Stark J. D. and
Armstrong J. W. 2001. Potential for areawide integrated management ef th
Mediterranean fruit fly (Diptera: Tephritidae) withbraconid parasitoid and a novel

bait sprayJournal of Economic Entomolog94: 817 - 825.

Vet, L. E. M., 1996 Parasitoid foraging: The importance of variatiorindividual
behaviour for population dynamics. llatoyd, R. B., Sheppard, A.W. and De Barro,

P. J. (Eds.)Frontiers of population ecologyCSIRO Publishing, Collingwood, pp.

245 - 256.

White, I. M. and Elson-Harris, M. M. 1992. Fruit flies of economic significance:

Their identification and bionomics. CAB InternatadnWallingford, 602p.

Wyatt, D. T. 1997 Methods in studying insect behaviour. In: Dent R. and
Walton, M. P. (Eds.)Methods in ecological and agricultural entomologyAB

International. pp. 27 — 50.

123



