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ABSTRACT 

One major important fruit Ily causing widespread damage to fruits and 

vegetables in Ghana is the oriental fruit fly , Bacfrocera dorsalis Hendel. Current 

management strategies such as male annihilation technique, bait application 

technique and insecticide applications are unable to eliminate the challenges 

posed by B. dorsalis. This study therefore sought to determine a new strategy in 

which B. dorsalis might be managed in a more integrated fashion . Over a period 

of one year, the fruit fly population in the south-eastern mango enclave of Ghana 

was monitored using baited traps to ascertain their diversity and population 

dynamics. This was followed by another study to determine the most efticient 

trap types and time of day to mass trap B. dorsalis for irradiation studies. In 

another study, the optimum dose of gamma irradiations to cause sterility in adult 

male B. dorsalis Jor trap-iITadiate-release/sterile insect technique was 

investigated. Furthermore, the behavioural response of adult males of B. 

dorsalis that have been pre-exposed or un-exposed to methyl eugenol (ME) to 

ME-baited traps was investigated. Ten fruit fly species were identified in the 

study area with B. dorsalis being the most dominant. Through this study, Dacus 

langi and Dacus longislylus were detected and recorded for the first time in 

Ghana. Ecoman traps were most efficient for trapping large numbers of adult B. 

dorsalis and evening-captured flies survived better. Moreover, trapping of flies 

that were un-exposed to ME yielded a higher recovery rate compared with nies 

that were pre-exposed to ME. This study has demonstrated that. a large 

population of adult male B. dorsalis exist in the south-eastern mango enclave of 

Ghana that could be trapped in the evenings with Eeoman traps for irradiation 

and TIR technique of insect pest management. Furthermore, TIR has a great 
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potential to be successful since the males trapped with ME-baited traps and 

irradiated are less likely to be re-trapped in ME-baited traps. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background to the Study 

Oriental fruit fly (Baclrocera dorsalis Hendel) is a pest that infests over 

300 cultivated and wild fruits, including mangoes (Mang({era indica L.). 

Bacfrocera dorsalis is a common mango fruit fly problem (Drew et aI., 2005; 

Ekesi and Billah 2006) . Depending on the cultivar, region, and season, damage 

might range from 30 to 80 percent (Ekesi et aI., 2006; Rwomushana et al.. 2008; 

Vayssiercs et a!.. 2009). Bacfrocera dorsalis has been stated to be of economic 

significance in pa11s of South Asia and Sub-Saharan Africa. 

Oriental fruit flies cause crop damage by laying their eggs in fruits and 

soft tissues of plants, feeding by larvae, and degrading tissues of plant via 

feeding by larvae (Sanvar. 2015). Young fruits that have been infested become 

deformed and calloused, and they usually drop; mature fruits that have been 

infested have a water-soaked look. When just a few larvae reach adult stage, the 

damage consists of an unattractive look and impaired market value as a result 

of egg laying punctures or tissue collapse as a result of decay (Steiner, 1957). 

In addition to the direct losses, the quarantine limitation on fruit fly-infested 

goods has resulted in massive indirect losses and limited export to big profitable 

markets in Japan, United States, Europe and the Middle East, where the insect 

pest is designated as restricted pests. Bacfrocera dorsalis was found in many 

cultivated fruit species in African countries making it to be prohibited from 

being impo11ed into the United States under a federal order issued by the United 

States, thereby signi ficantly restricting the trade of horticulture goods between 

Africa and the United States (USDA-APIlIS, 2008 ; Ekcsi et a!.. 2016). Since 
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the advent of B. dorsalis (Guichard , 2009). rejections of African mangoes in 

Europe have increased significantly, from 21 rejections in 2008 to 38 in August 

2009. Several documented reports of interceptions were recorded from Burkina 

Faso, Cote d'Ivoire, Gambia and Ghana as well as Mali , Senegal and Cameroon. 

More than a billion people throughout Africa's mango value chain are directly 

or indirectly affected by the harm caused by B. dorsalis and other tephritid pest 

species. The European Union's tight quarantine standards and maximulll residue 

leve l (MRL) have exacerbated this problem by threatening the export of 

mangoes from Africa. which are worth an estimated $35,000-40,000 per year 

and more than $42 million over 8 years (Lux et aI., 2003b). As a consequence 

of a number of nations banning imports owing to fruit flies, the market value of 

mango has diminished (Ekesi, 20 10). 

Further, it has been observed that this pest is expanding its geographic 

and/or host crop range. Low-altitude settings with a mild temperature and the 

presence of the cultivated mango host are chosen by Bac[rocera dorsalis and 

where it reaches its maximum abundance (Rwomushana et a!., 2008: De Meyer 

et a!. , 2010, Geurts et a!. , 2012; Vayssieres et a!. , 2014). 

CUll'ently, there are not any technologies that can accurately anticipate when 

management measures may be implemented to reduce the B. dorsalis pest 

population on mango orchards, which has exacerbated the problem. 

Baclrocera dorsalis populations peak in the Guinea Savanna zone of 

Ghana in May and June, which corresponds with the maturity, ripening and 

harvesting of major mango cultivars (13adii et a!., 2015a; Kalman & Venugopala , 

2006). 

2 
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Temperature, relative humidity, rainfall, and their dispersion patterns of 

fi·uit flies have been shown to significantly impact the variety and population 

dynamics oftephritid fruit flies throughout the course of the season. Therefore, 

it is vital and necessary to understand the relationships between the fruit fly 

activities and the slllTounding environment. Therefore, this study will establish 

the diversity and population dynamics of fruit nies in the SouthEastern mango 

enclave of Ghana, determine the most efficient trap types and time of the day to 

collect large numbers of Bactrocera dorsalis for irradiation studies, investigate 

the optimlUl1 dose of gamma ilTadiations to cause sterility in adult male B. 

dorsalis for trap-in·adiate-release/sterile insect technique and investigate the 

behavioural response of adult males of B. dorsalis that have been pre-exposed 

or unexposed to methyl eugenol (ME) to ME-baited traps. 

1.2 Statement of the Problem 

True fruit fly is one of the devastating pests in the world. In regions 

where fruit flies are prevalent, they playa significant role in crop losses 

(Goergen et aI., 20 II). There are several fruit flies that have been introduced to 

Africa, but the dominant one causing widespread damage in Ghana is the 

oriental fruit fly , Bactrocera dorsalis Hendel (Tephritidae). It was originally 

found in Kenya in 2003 (Lux et aI., 2003b; Drew et a!., 2005) and in the shores 

of Ghana in 2005. (Billah et aI., 2006). The insect has established itself in Ghana, 

inflicting considerable damage to mango, citrus, avocado, and other fruits. 

Other indigenous fruit fly species, such as Ceratitis cosyra Walker, C. capitala 

Wiedemann, and C. ditissima, compete with the aforementioned insect. The two 

major categories of mango fruit flies in AFrica are based on their origin, namely 

invasive and indigenous species. The invasive species include B. dorsa/is. B. 

3 
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zonata. and Zeugodaclis clIcurbitae whiles the indigenous species include C. 

anonae. C. capita/a, C. catairii , C. dilissima, Dacus cilia/us that are native to 

the continent (Ekesi et aI. , 2009, Rwomushana & Tanga, 2016). Bactrocera 

dorsalis is a crucial pest in mango production, but there is evidence that it may 

also harm peaches and plums. In both native and invasive species, B. dorsalis 

has been shown to be the most damaging, according (Ekesi , 2010, Ekesi et aI., 

2009). The fruit and vegetable business in sub-Saharan Africa has been severely 

damaged by this insect pest, which has resulted in losses of up to eighty (80) 

percent (Ekesi, 20] 0, Ekesi et aI., 2009). Consequently, farmers tend to apply 

broad spectrum insecticides to protect their crops. Such excessive use of toxic 

chemicals has negatively impacted on the environment. Furthennore, they 

constitute health hazards to both farmers and consumers. Pesticides kill natural 

enem ies, thus resulting in the emergence of secondary pests such as spider mites, 

scales, mealy bugs and leaf miners amongst others (Hardin et aI., 1995). 

Therefore, the need to develop an integrated pest management strategy for B. 

dorsalis in mango orchards. Trap-in'adiate-release offers a good strategy for this. 

1.3 Purpose of the Study 

The purpose of the study was to: 

• a<;certain diversed types of huit flies in some selected mango orchards 

in the south- eastern mango enclave. 

• develop an effective system for mass trapping of adult male B. dorsalis 

• establish an optimLUn dose for sterilizing B. dorsalis adult males. 

• study the response and attraction of B. dorsalis to Methyl Eugenol 

baited traps. 

4 
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1.4 Research Objectives 

The ai m of this research is to develop an integrated pest management 

strategy for Baclrocera dorsalis in mango orchards using trap-irradiaLe­

release/sterile insect technique. Specific objectives of the study were to 

determine: 

1. the diversity and population dynamics of fruit flies on mango orchards 

in the SouthEastern mango enclave of Ghana. 

2. the efficacy of tlu'ee trap types, period of the day and influence of 

weather conditions for mass trapping adult Baclrocera dorsalis for 

irradiation studies. 

3. the optimum radiation dose for sterilizing adult male Bac/rocera 

dorsalis and its effect on the fecundity of non-ilTadiated females . 

4. the effects of pre-exposure to methyl eugenol (ME) on the attractiveness 

of Bac/rocera dorsalis to ME-baited traps. 

1.5 Significance of the Study 

The results from this study seek to help farmers to know when to begin 

preparation for fruit fly control. Fruit nies pose a great danger to the fruit and 

vegetable market. Control of these fruit tlies in an environmentally friendly 

manner will help prevent the introduction of harmful chemicals into the 

environment thus preventing air pollution and maintaining a clean atmosphere 

for horticultural production. Large numbers of fruit !lies exist in the mango 

production enclaves and these fruit flies are major pests \vhich reduce the 

quality of 1i'uit and vegetables for export. Trapping of these flies vis a vis the 

trap type and period of the day is important in removing large nllll1b~rs of the 

flies in the production area there/ore reducing the danger they pose to these 
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horticultural markets . In effect controlling the pests in a friendly environment 

helps to improve nutrient in the form of vitamins and minerals for consumption 

fi'om the huils and vegetables. 

1.6 Delimitations 

This research is focused on developing an effective control strategy of 

TIR-SIT as a major tool in the integrated pest management strategy offruit flies 

in the horticultural production areas. This extends to mainly where fruits and 

vegetables are produced and the problem, they face with fruit fly infestation. 

The development ofTIR-SIT is important in reducing the incidence of fruit tly 

infestation in areas where technical and logistical constraints make the 

application of conventional SIT impossible. If probably integrated with the 

already existing fruit 11y control measures such as Male Annihilation Technique 

(MA T), sanitation, Bait Application Technique (BAT), the menace of the fruit 

flies could be overcome. The scope of the research is geared towards using an 

efficient and effective means for mass trapping of adult male B. dorsalis 

populations, stabilizing. them in the insectary and detennining the most effective 

dose to cause sterility in the adult males. This is aimed at achieving the strategy 

of SIT where continuous releases of these mass trapped and sterilized adult 

males will eventually reduce the wild populations of B. dorsalis. 

The irradiation studies were conducted at the Gamma Irradiation Facility (GIF) 

located at the Biotechnology and Nuclear Agriculture Research Institute 

(BNARI) of the Ghana Atomic Energy Commission (GAEC), Accra, Ghana. 
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1.7 Limitations 

This research was limited to the population studies to determine the 

diversity and abundance of fruit flies in three (3) farms situated in the 

SouthEastern mango enclave of Ghana. These farms include Enyonam, Power 

ofTlinity (POT) and Modest Step farms. The three farms have different cultural 

practices such as picking and destroying dropped and rotten fruits, weed control, 

pruning, harrowing, fertilizer application for their mango production. The 

hygienic nature of the farm is left entirely to the farmer. For instance, Modest 

Step and Enyonam Farms practice good hygienic condition on their farms . 

Power of Trinity usually leaves dropped and rotten fruits on the ground which 

can serve as a source of breeding ground for fruit flies, leading to cross­

infestation of nearby farms. POT has bushes in and around the farm which fruit 

nies may use as an alternate host. The afore mentioned factors are key 

determinants in fruit fly population dynamics. In brief, the cultural practices in 

each farm differs from the other and this can affect the overall fruit fly 

population in the study location. Key strategic information was passed to 

farmers to adopt the best fanning practices to help reduce flUit fly population 

build up in the farms . This has to be done in synchrony. 
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1.8 Definition of Terms 

BNARI 

EU 

GAEC 

GIF 

ME 

MRL 

POT 

SJT 

TIR 

Biotechnology and Nuclear Agriculture Research 

Institute 

European Union 

Ghana Atomic Energy Commission 

Gamma Irradiation Facility 

Methyl eugenol 

Maximum Residue Level 

Power of Trinity 

Sterile Insect Technique 

T rap-Irradiate-Release 
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1.9 Organization of the Study 

The dissertation has been arranged in seven chapters. Chapter one 

introduces the research , provides background information, the objectives and 

describes the scope of work. Chapter two largely reviews and discusses the 

biology of B. dorsalis, Fruit fly monitoring techniques, Fruit fly management, 

ionizi ng radiation and lastly the concept of SIT. Chapter three reports the 

diversity and abundance of fruit flies in order to ascertain their population 

dynamics in the SouthEastern mango enclave. Chapter four. looks at the 

effecti ve means of mass trapping B. dorsalis in terms of trap type and time of 

day for optimum trapping. Chapter five looks at the determination of an 

optimum dose to cause sterility in the adult male B. dorsalis population without 

affecting other functional activities of the fly. These includes in'adiating at doses 

from O-IOOGy in 3 replicates, mating with a laboratory reared female and 

subsequently determining hatchability. Chapter six looks at the response of B. 

dorsalis fed on ME and attractiveness to ME-baited trap. Finally. chapter seven, 

the concluding chapter. highlights the major findings and provides a smnmmy, 

implications of the findings and recommendations derived from the work. 
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2.1 Introduction 

CHAPTER TWO 

LITERA TlJRE REVIEW 

The aim of this research was to develop a fruit fly control strategy called 

the Trap-Irradiate-Release- SIT as one of the tools to use in a compatible manner 

with existing strategies to combat the menace caused by fruit flies, especially B. 

dorsalis in fruit and vegetable production business. This research will set the 

pace to reducc the nuisance caused by B. dorsalis by helping to boost the 

nutritional and market value of hOiticultural crops in Ghana. The optimum 

period and trap to use in collecting large numbers of B. dorsalis for inadiation 

studies and finally how ionizing radiation can safely be applied to cause sterility 

in adult male B. dorsalis. A large portion of the information in this chapter is 

derived from secondary sources, such as published journal articles and books, 

conference proceedings and reports on relevant studies, as well as information 

from the internet and official government papers. Again, this chapter reviews 

project documents from various sources such as theses and dissertations, 

Universities, Government and Departments to provide a comprehensive 

literature review. The purpose of the review is to provide insight into problems 

pertaining to the relative abundance and variety of fruit flies in Ghana's 

SsouthEastern mango enclave, as well as to determine their trends over a period. 

In addition, the review provides information on the biology and ecology of B. 

dorsalis, fruit fly monitoring techniques, management options for fruit fly , 

ionizing radiations, uses and challenges of SIT. It was also necessary to include 

personal opinions in order to provide a com pI etc discussion of the numerous 

themes under consideration . In case of situations where there is limited prcvious 
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studies to extract data for this study, information [rom similar studies using 

different organism have been used since such organisms are also arthropods 

with similar biology and economic importance. Moreover, knowledge gaps 

were identified which merit further investigation. 

2.2 Theoretical Framework 

TI1e concept of irradiating fruit flies to cause sterility and subsequently 

unleashing the irradiated flies back into the wild where a specified host plant is 

cultivated to eventually reduces the pest population over time leading to food 

security formed the main theoretical basis of this research. The Sterile Insect 

Tec\mique (SIT), which is analogous to birth control, served as the idea for this 

method of insect infestation management. Using the SIT, vast numbers of a 

target insect pest species are produced, sterilized, and introduced into the 

environment. Sterilized insects can be released in large nwnbers to manage a 

broad variety of pests, including certain tephritid (Dyck et aI., 2005). The Sterile 

Insect Technique is a pest management method that is both ecofriendly and 

species-specific. A modification to this technique is the Trap-Irradiate-Release 

(TI R) method. Trap-lITadiate-Release technique entails trapping of adult males 

of a target fruit fly intended to be controlled, irradiating them at an optimum 

dose and releasing these irradiated adult males back into the wild population. 

Conventional SIT requires rearing the target insect pest in an insectary in large 

numbers to obtain pupae. The pupae are then irradiated at an optimum dose and 

released into the wild to control the wild population. Due to competition for 

available females, tile success rate of sllccessful mating is lowered when this 

method is used. Because wild mating results in non-viable offspring. the overall 

popUlation is low·ered. By mating wild females with sterile males. the objective 
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is to reduce the natural pest population by the deposition of infertile eggs. A 

self-destructive activity , the SIT eliminates the use of insecticides, making it an 

ecologically friendly strategy that has led to its widespread use (Enkerlin, 2005). 

In this current study TIR has an advantage over the conventional SIT in 

that adult male flies are trapped directly from the wild population and sterilized 

compared V\~th the case in conventional SIT where the insect is reared in the 

insectary before use. Conventional SIT is laborious and expensive in terms of 

feeding of the insect colony. Trapping of flies in TIR reduces the adult male 

population in the wi ld which in itself helps to reduce the chances of an adult 

female in the wild from mating with a wild adult male. 

The irradiation of the trapped flies and subsequent release into the wild 

011 a large-scale basis helps to assure a reduction in the wild population of the 

targeted pest, overall assisting in the production of healthy fruits and vegetables 

for the local and international markets. 

2.3 The Biology of oriental fruit fly, Bactrocera dorsalis Hendel 

Bactrocera dorsalis eggs are thin, whjte, and small in size (0.8 mm x 0.2 

mm, Figure 2.1). White maggots are the larvae. Adults have two dark patches 

beneath each antenna on their faces. There are noticeable black marks along the 

anterior margin of the wing. The sides of two elevated regions directly beneath 

the wing base are painted yellow. The thorax bears a pair of lateral broad yellow 

stripes. Tergites Ill-IV have wide, nearly rectangular-shaped lateral markings, 

and the midline of the abdomen is a clear, dark line from tergite Ill-V. Males 

are drawn to methyl eugenol, which is a distinct feature (Ekesi & Muchugll, 

2007; Allotey et aI., 2010).lt was found that the Bangladeshi species had a wide 

range of scutum colour pattern variation. mostly black, according to Leblanc et 
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al. (2013) . The scutum colour pattern variation recorded in Sri Lanka's B. 

dorsalis v,:as comparable to this. Bactrocera dorsalis is a ll1ultivoltine insect, 

with a penchant for year-round hosts. Females deposit eggs in the fruit pulp 

(Vargas et aI. , 1996). Larvae hatch in 1-2 days from the eggs and feed on the 

host plant's fruit pulp. After around II days, the adult larvae depart from the 

fruit. The larvae eventually become passive and longitudinally shOliened 

themselves towards the post-feeding periods. The absence of constrictions 

between segments. resulted in a smooth cuticular surface and increased diameter 

(.l ing et al.. 2019). Brown or black puparia measuring up to 12 mm in length are 

buried to a depth of 2-5 cm (Figure 2.1) under the soil of the host plants (Pena 

& Mohyuddin, 1997). The pupal stage lasts between 10 and 20 days, depending 

on the environmental circumstances (Allotey et aI. , 20 10). Vargas et al. (1996) 

repo11ed that pupation in the soil under the host plant can take 12 days at 24DC 

and 60% RH, but may be delayed for up to 26 days under cool temperatures. 

Under chilly circumstances, pupation may persist up to 90 days (CABI, 2007). 

Baclrocera dorsalis develops intrapuparially in stages that include larval-pupal 

apolysis, cryptocephalic pupa, phanerocephalic pupa, pharate adult, and 

emerging adult. The process from larval-pupal apolysis to adult emergence may 

take up to 246 hours at 27 DC (J ing et aI., 2019). When the winged adults emerge, 

they infest the fruits, where the females need protein to mature their eggs (Pena 

& Mohyuddin, 1997). 
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Figure 2.1: Gene alised life cycle of Tephritid fruit flies (Source: Ekesi & 

Billah, 2009) 

2.4 Fruit fly trapping technique 

Trapping survey is a procedure that is calTied out at a set period of time in 

order to analyse pest population or the distribution of different species (lAEA, 

2003). Trapping is used for three purposes: detection, delimitation, and 

monitoring (IAEA, 2003). A trapping system includes pheromones, para-

pheromones, and food attractants, killing agents (dry or wet), and trapping 

devices (IAEA, 2003). The attractants include male specific/para-pheromones 

and female biased/food baits. Male-specific para-pheromones include 

Trimedlure, Methyl eugenol, and cue lure (IAEA 2003; Manrakhan 2006). Para-

pheromones are very volatile and typically available in controlled release 

formulations for field application (Cunningham 1989; Tan et aI., 2014). Para-

pheromones may also be attached to the panels using an adhesive substance. In 
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comparison to other food-based synthetic attractants, liquid protein and other 

food-based synthetic attractants last only a few days depending on climatic 

factors, catch only a small number of nontarget insects and male flies, making 

this attractant suitable for programmes that release irradiated and sterile flies 

(IAEA, 2003). The food-based attractants are not species- or sex-specific 

(Epsky et aL 2014). Dichlorvos, malathion, spinosad, and pyrethroids are some 

of the slicky or toxic substances used to kill pests (IAEA, 2013). Adding 1.5 to 

2 g of borax to the liquid protein attractants used to trap fruit flies ensures that 

the flies will be preserved. There are borax-based protein attractants, thus no 

extra borax is needed. For 1lies, 10% propylene glycol is added when water is 

used. There are three major kinds of traps based on the killing agent: 

1. Dry trap-The fly is either captured on a sticky board or chemically destroyed. 

Open bottom dry trap (OBDT) or Phase IV, Red sphere, Steiner, and yellow 

panel/Rebell are extensively utilized dry traps (CUlmingham, 1989; IAEA, 

2003), 

ii. Wet trap-Water with surfactant or attractant solution drowns the insect. The 

McPhail trap is one of the most extensively utilised wet traps on the market 

(Cunningham, 1989; IAEA, 2003). 

iii. Dry or wet traps-In either dry or wet conditions, these traps may be deployed. 

Most popular dry traps include Easy trap, Multilure trap, and Tephri trap 

(Cunningham, 1989; IAEA, 2003). 

Trap design has a major importance in the success of trapping (Candia 

et aI. , 20 J 9; Abu-Ragheef et aI. , 2020). Trap placement and deployment is 

important in fruit Oy trapping (IAEA, 2003). The optimal height for capturing 

Hies is determined on the size of the tree. For 13. dorsalis , 4 111 height of 8 111 
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mango trees (Ye et aI., 2012). for B. zona/a. 3 m height of 10m tall guava trel:!s 

(Siddiqui et aI. , 2003). Traps are often applied for a variety of purposes. as well 

as for mon.itoring (IAEA. 2003; IAEA, 2018). Monitoring The traps for 

monitoring fruit fly population are essential components of integrated pest 

management systems. When used in conjunction with a potent lure 

(parapheromone), male fruit nies will be powerfully drawn into the trap, which 

will aid in the detection of activities offruit flies in the vicinity. Collected fruit 

flies might give you a rough idea of the degree of activity, but it should only be 

used as a guide. The same traps used [or monitoring may be used for mass 

trapping, albeit at a considerably greater rate. It is the goal of this strategy to 

capture as many flying insects as possible. However, many traps utilise lures 

designed to attract male ti'uit flies alone, leaving egg-laying females untouched. 

It must be utilised with other established strategies such as protein bait sprays. 

Mass male fly trapping is akin to the Male Annihilation Technique (MAT). 

2.5 Fruit Fly Monitoring 

ll1e concept of li'uit tly monitoring is the deprivation of resources such 

as protein meal (protein bait control) necessary for egg laying by female flies, 

or lures that exclude fi'uit fly males from the region under study (Dhillon et aI., 

2005). The monitoring of fruit Oy pest species helps to a) identify fruit fly pest 

species in an area, b) determine the distribution of insect pest species, c) identify 

local hot spots with high populations of the pest, d) track population changes, e) 

determine the efficiency of control measures, and f) aid in identification of new 

fruit fly pests in a specific region before they become established (Manrakhan, 

2006). Fruit fly monitoring tools include allractant-based traps and host thlit 

surveys, which are both il1lporlnnt components of the process (Manrakhan, 
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2006). Without reliable information. it is impossible to design an effective plan 

with respect to the peak period of fi'uit fly activity . For example. knowing the 

time and size of a pest outbreak may help control measures work more 

etTectively (Ekesi & BiIlah, 2006). ln order to make management choices, it is 

necessm)' to assess pest abundance or to track changes in pest populations over 

time. Automatic fruit ily monitoring technologies, which have recently been 

developed, have the potential to dramatically increase the efficacy and 

efficiency of fruit fly monitoring. Monitoring fly populations is the most 

appropriate means of managing the fruit fly population, independent of the 

quality of the fruit on the orchard (Goldshtein et aI., 2017). 

2.5.1 Attractants 

The tViO most common forms of attractants employed in fruit fly 

monitoring are parapheromones or male specific lures, and food baits, which 

m'e both utilised in conjlmction with one another (IAEA, 2013). The lures may 

be in either liquid or polymeric form, and they can be used to catch flies. 

According to Ekesi and Billah (2006), depending on the kind of bait used, the 

lure might last up to six weeks. Only male flies m'e attracted by para­

pheromones (Cunningham, 1989). Because the flies are drawn to the traps from 

such a short distance, it is anticipated that the number of flies present in the 

sun'ounding region will be accurately estimated using these monitoring traps. 
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2.5.1.1 Male specific lures 

Pheromones or parapheromones are the most widely used attractants and 

are male-specific (IAEA, 2013). Parapheromones are substances that resemble 

and elicit reactions comparable to real pheromones, but they are not naturally 

employed in intraspecific communication. Controlled-release versions of male 

specific lures are available in both liquid and polymeric forms (lAEA, 2013). 

The parapheromone methyl eugenol (ME) captures a large population of species 

of the genus Bactrocera (including B. dorsalis, B. zonala, B. carambolae, B. 

philippinc?nsis and B. l11usae) and some species in the Ceratitis genera such as 

C dilfisima. The pheromone Spiroketal® captures B. oleae. The 

parapheromone trimedlure (TML) captures species of the genus Ceralilis 

(induding C. capitata and C. rosa) (IAEA, 2013). The parapheromone cuelure 

(CUL) attracts large nWllbers of Dacus and Ze/lgodacus species. including Z. 

clIcurbitae and D. ciliatus, D. bivittalus, D. punctal{/i'ons D. cilia/lis etc. 

Parapheromones are often extremely volatile. and they may be used in 

conjunction with a wide range of traps to attract flies. Controlled-release 

formulations ofTML, CUE, and ME are available. allowing for a longer-lasting 

attractant to be used in the field (lAEA, 2013). It should be noted that the field 

activity of pheromone and parapheromone attractants may be affected by 

prevailing environmental conditions (Heuskin et al.. 2011; Hafsi et aI., 2020b). 

Additionally, parapheromones may be combined with an adhesive and applied 

to panel surfaces (Manrakhan, 2006; TAEA, 2013). 

2.5.1.2 Food baits 

Food or host scents are employed as female-biased attractants. 

Depending on the kind. they might be natural or synthetic. Many different fruit 
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t1y species have been caught llsing liquid protein attractants in the past. Males 

and females alike are enticed by protein-lich liquids. The sensitivity of these 

liquid attractants is lower than that of parapheromones (White & Elson-Harris, 

1992). With the application of liquid attractants, many nontarget insects are 

caught as well (Uchida et aI., 2006; Leblanc et aI. , 2010). Ammonia and its 

compounds have been used to generate a variety of food-based synthetic 

attractants. 

The baits are rich with critical nutrients for the growth and sexual 

maturation of Hies (Perez-Staples et aI., 2007), and the flies consume them in 

large quantities. This may help to limit tbe amount of nontarget insects that are 

caught in the traps. As an example, a synthetic food attractant consisting of three 

components-ammonium acetate, putrescine, and trimethylamine- captures C. 

capilala and other species (Lux et aI., 2003a; IAEA, 2003; Ekesi & Billah. 2006.) 

Synthetic attractants may be used in sterile fruit t1y release programmes because 

they are long-lasting (up to 10 weeks depending on climate conditions), catch a 

smaller number of non-target insects, and catch much fewer male fi'uit flies. 

Several novel synthetic food attractant technologies are now available and ready 

for use, including long-lasting three- and two-component combinations in the 

same patch, as well as three components contained in a single cone-shaped plug 

(Lux et aI. , 2003a). Female fruit flies may be identified earlier and at lower 

population levels thanks to synthetic food attractants, which are more successful 

than liquid protein attractants in attracting them while they are still sexually 

immature adults (I AEA, 2013). 
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2.6 Fruit Fly Management 

2.6.1 Sanitation 

In order to minimize the populations of fruit flies from spreading, any 

damaged and rotten fruit that has fallen to the ground should be gathered and 

disposed of (Hill , 1987; CABI, 2007). The dropped fruit may be buried or 

cooked or fcd to farm animals. It is also a good idea to harrow the soil under the 

trees in order to make larvae and pupa visible to ants, chickens, among other 

creatures. 

2.6.2 Picking fruits 

Harvesting whole crop from an orchard has historically been utilized 

largely in eradication campaigns. This strategy has been deployed in orchards 

in California. It is necessary to harvest all of the fruit from the trees in order to 

eradicate any ovipositional sites that may be available for the fruit fly population 

to continue to flourish (Sharp et aI., 1989; Jacobi et aI., 200 I). In Ghana, fruit 

picking at cOJ11l11ercialmango farms is not well practiced thereby leading to fruit 

fly pest build ups in such farms leading to infestation. 

2.6.3 Wild host destruction 

In eradication programmes, it is desirable to eliminate hosts that are not 

economically valuable (Messing, 1999; Smith, 2001). In some cases, wild host 

promote the multiplication of fruit lly population density. When the cultivated 

hosts are absent or not fruiting, the il-uits of the wild hosts provide a source of 

sustenance. 
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2.6.4 Fruit bagging 

Many home gardeners and small farmers in Hawaii utilise fruit bagging 

to avoid fruit fly oviposition. Prior to harvest. the bag is removed to enable the 

fi'uit's natural colour to develop. The paper bag must be punctured with small 

holes in order to allow air to pass through. The usage of plastic bags is 

discouraged. When it comes to high-value fruits that are exported or backyard 

fruits that are used by the family , mechanical fruit protection is an excellent 

solution (Ekesi et a!. , 2007). Olher studies have shown that fruit bagging is 100% 

effective in controlling fruit pests (Estradea, 2004; Graaf, 2010). 

The Ugandan National Agricultural Research Organization (NARO) 

investigated the possibility of controlling fruit flies by bagging fruit before it is 

fully mature. Preliminary data show that bagged fruit has fewer fruit fly 

infections than unbagged fruit (Nankinga et aI., 2014). Fruit bagging is not 

common in Ghana and other African nations because of its labor-intensive 

nature (Badii et a!. , 20 15b). 

2.6.5 Biological control 

Fruit fly parasitoids, predators, and diseases are utilised in conjunction 

with other biological controls to mitigate the harm caused by a pest (Elzinga, 

2004; Ekesi et aI., 2007). With regard to B. dorsalis, the most remarkable 

successes in traditional biological management against fruit flies may be 

attributed to the use of the egg parasitoid, Fopills al"isanlls against the fruit fly 

larvae, which resulted in the eradication of the pest (Rousse et a!., 2005; 

Mohamed et a!. , 20 10). According to a preliminary survey conducted by Badii 

et aJ. (2016) , P.~)'If(/lia cu.I)lf"ae (Wi lkinson), l\)-'f/(flia concolol" (Szcpligeti), and 

Diachasmimorpha jitllawayi (S i Ivcstr i) were idcnlilied as parasitoids in some 
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areas of Northern Ghana. J~pius calldalus (Szepligeti) was found as the 

parasitoid with the highest prevalence, followed by Psyllalia. Combining these 

indigenous parasitoids with a comprehensive integrated pest management (IPM) 

programme in the region, B. dorsalis , the continent's most deadly tephritid pest, 

should see a dramatic reduction in its population levels (8adii et aI., 2016). 

PS),llalia co~yrae and P. concolor, as well as Dirhinus gif(aardi, Fopius 

calidalliS. SIJalangia sp., and other parasitoids and predators are abundant in 

fruit and vegetable crops, which may help to reduce the fruit fly population. The 

African weaver ant. Oecophylla /onginoda, Latreille, impedes the fruit fly's 

ability to lay eggs (Van Mele et aI., 2007; Vayssieres et aI., 2013). Oecophylla 

longinoc/o is extensively utilised in several countries (Van Mele et aI., 2007; 

2009). however, its usage in Ghana is very restricted and rigorously regulated 

(Ativor et aI., 2012; Abunyewah et aI., 2015). Weaver ant usage has been 

hindered by the widespread belief among Ghanaian mango producers that the 

ants' stings are painfully excruciating (Ativor et aI., 2012; Abunyewah et aI., 

2015). However, the potential still exists due to the fact that the existence of 

ants in the immediate environment has been demonstrated to prevent fruit flies 

fi'oJl1 settling 011 fruits and laying their eggs, therefore minimising the incidence 

of fruit puncturing and the need for early harvesting, both of which are 

beneficial. \Vhen fruits are allowed to ripen on the tree for a longer duration 

before being harvested, the brix quality of the fruit increases (Akoto et aI., 2011; 

Ativor et aI., 2012). Using the predatory weaver ant to guard mango and citrus 

fi'uits aoainst fruit fly damage is possible, given that the tree hosts ofTer the ant 
b 

with food sources (Akoto et aI., 2011; Ativor ct aI., 2012; Vayssieres et aI., 

2013). However. parasitoids and predators arc not considered helpful because 
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of the poor fertility of parasitoids in contrast to fruit flies and the restricted 

ability of parasitoids to seek out larval and pupal populations of fruit flies in 

their natural environment (Nadeem et aI., 2014). Metarhizium unisopliae and 

Beauveria hassiana, two potent fungal pathogen isolates. have been shown to 

be efiective against the pupariating larvae and adult stages of the major fruit fly 

species. including B. dorsalis, B. cucurhitae. C. cosyra, C.jascivenlris, C. rosa, 

C. capitata. and C. anomie (Ekesi et aI., 2007). Mani et al. (2016) conducted an 

eval uation of a commercial formulation of the entomopathogenic fungus. B. 

bassiana, to control B. dorsalis in the southern part of Ghana. An optimal 

dosage of 26.5 x I 06 spores/mL killed about 50 percent of adult flies in 4-5 days 

and about 99 percent of adult flies in 8-9 days when administered at the 

recommended rate (Man-i et. aI. , 2016). Application of B. bassiana to tephritid 

traps in mango canopies. rather than soil surface spraying, is a more successful 

method of controlling fruit flies in the field (Marri et. aI., 2016). 

2.6.6 Sterile Insect Technique (SIT) 

The sterile insect technique (SIT) is a stTategy for containing, excluding, 

and eradicating fruit fly populations. The SIT's objective is to inundate well-

defi ned geographic borders with sterile males, where they will mate with any 

wild female in the population, leading to infertilised eggs production. Since the 

I 960s, the potential for SIT to be used to manage pests has been recognized. 

SIT provides many benefits over insecticidal control approaches. including 

improved specificity and the ability to target afTIicted locations (Knipling, 1959). 

Historically, SIT initiatives have failed because of persistent immigration into 

the regions targeted. Irradiation is the most often utilized technique for 

sterilizing Jj'uit Dics for SIT programllles. lrradiation is most effCctive around 
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70% pupal completion (Gilchrist & CrisCifuIJi, 2006). In an SlT programme, 

efficient dosCige ofirradimion should render the male infertile without impairi ng 

its reproductive competitiveness. lrradiation dosage has been shown to have no 

effect on sterility induction. but a larger dose may produce stress, which can 

result in death. When irradiating male insects for SlT control operations, the 

"lowest practicable" dosage should be employed. In terms offemales re-mating, 

mCiles thClt have been irradiated do not have a reproductive advantage over 

n0n11al males (Hanner et a!., 2006). There is no difference in the proportions of 

successfully copulating males between inadiated and untreated flies despite the 

tact that inadiating males modify the timing of their calls and wooing calls 

(Mankin et a!., 2008). For the treatment of C. capitala a sterile insect technique 

has been effective in countries such as Italy, Mexico, Nicaragua, Peru, Spain, 

Tunisia and California (CABI, 2007; IAEA, 2013). In 1963, and in Guam. SlT 

for B. dorsalis and B. cuclIrbitae were also successful (Hill, 1987). 

2.6.7 Bait Application Technique (BAT) 

Using this technique of fruit fly management, a dilute protein solution 

and an insecticide are combined and sprayed on the fruit fly larvae. Bait stations 

are also useful in attracting a sizable number of male and female flies. The bait 

with protein component acts as an attractant, and when the fruit fly consumes 

the protein combination, the insecticide component causes the fruit fly's death. 

This approach is effective against both male and female fruit flies. For example, 

in the Fruit Fly Exclusion Zone of Eastern Australia, a density of 1 00 spot sprays 

per hectare (about 6 to 8 spot sprays per residential home) is applied (Gilchrist 

& Crisafulli , 2006). The spray quantity is believed to be successful since a bait 

site is within the "dClily roaming range or each fly inside the treatment area." 
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Avemectins, spinosads and Neonicotinoids are probably most commonly used 

as killing agent in baits since they have low mammalian toxicity compared with 

organophosphates such as Malathion. Spot sprays lose some of their potency 

over time as rain washes away the bait and the insecticide degrades. Several 

novel methods have been developed to overcome this challenge. For example, 

bait stations that protect the bait spray from direct rain and the use of sticking 

agents to reduce wash-off by rain . Bait spraying is the most effective method 

of population reduction, and it should be used in conjunction with other 

management approaches to have the most effectiveness. Chemical amounts 

used by bait sprays are often significantly lower than those used by cover sprays. 

Bait sprays are often administered to the foliage rather than the fruit itself 

(Dominiak, 2007). Considering that the equipment for spreading the bait is 

straightforward, this strategy is ideal for controlling fruit flies at both small and 

large scale (All wood & Drew, 1997). In plots treated with GF -120, larval 

infestations of B. dorsalis and other local fruit fly species were much lower than 

in untreated control plots in Benin (Vayssieres et aI. , 2009). The Plant Protection 

and Regulatory Services Division (PPRSD) and the Environmental Protection 

Agency (EPA) of Ghana, agreed to add this substance to the list of permitted 

products in Ghana, and Bait Application Technique was formally included in 

Ghana's IPM package against B. dorsalis. SUCCESS® Appat (GF-120) study 

was done in all of Ghana's key agro-ecological zones. Billah et al. (2009) 

reported that GF-120 was generally effective in obtaining acceptable and clean 

marketable fruits ranging from 38.5 to 84.5 percent in mangoes and 41.4-96.0 

percent in citrus. Following the successful testing of GF-120 in Ghana, two 

more baits, the Ceratrap lure and the Great Fruit Fly Bait (GFFB), were 
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imported and evaluated. On farms that used GFFB, an increase of 93 .6-96.8 

percent in clean marketable fruits was reached. with an average increase of9S.2% 

in mango, whereas a range of 80 .7-80.9 percent was obtained on farms that used 

SUCCESS® Appat (Billah et al. 2014). However, a significant barrier to the 

adoption of baits in Ghana is their high cost, making them unaffordable to a 

large number of fruit and vegetable producers in the SouthEastern mango 

enclave (Badii et aL 20ISb). 

2.6.8 Male Annihilation Technique (MAT) 

A prevalent way of eliminating male insects is to use male lures like 

cuelure, methyl eugenol, terpinyl acetate, and trimedlure in combination with a 

legal killing agent. Insecticide-impregnated substrate and parapheromones 

constitute the foundation of the male annihilation process. Methyl eugenol traps 

are among the most efficient ways to get rid of fruit /lies. In Ghana, MAT 

appears to be the most prefelTed technique for monitoring, management and 

control of fruit fly populations (Billah et aI., 2006). Male specific lure, methyl 

euoenol has been demonstrated to have both olfactory and phagostimulatory 
'" 

effects on fruit flies, and it has been shown to attract fruit flies at a distance 

spanning more than SOO meters (Shelly and Edu 2010; N'Da 2018). It has been 

shovv'J.1 that the male annihilation strategy may be utilized effectively for the 

control and eradication of many Bactrocera species across India and Pakistan 

(Ravikumar & Viraktamath, 2007; Singh et aI. , 2014). For example, a 

nationwide campaign was launched to remove B. dorsalis from Taiwan in 1994. 

It was estimated that a substantial quantity of ME (40 metric tonnes) had been 

applied to subdue 7S% of the tephritid population by the year 2002 (Vargas et 

aI., 20 10). When used with an area-wide suppression approach, the method is 
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helpful (Cunningham. 1989). The use of para-pheromones for monitoring led to 

the development of the notion of male annihilation . Several male lure traps are 

put in a certa.in region in order to capture most of the male in that area. As an 

example, a novel attract-kill formulation containing a male attractant and 

spinosad that has been developed as part of the specialised pheromone and lure 

application technology (SPLAT) has recently been shown to be promising for 

the effective suppression of fruit flies while posing no negative environmental 

impact (Vargas et ai. , 2009, Vargas et aI. , 2014). SPLAT-MAT-ME trap 

captures of marked male B. dorsalis released in Hilo, Hawaii, were compared 

uncler three experimental site density levels (110, 220 and 440 per km1) to test 

the efficacy of diflerent densities as well as how weathering of the SPLAT­

MA T -ME formulation aHected any density effects. It has been discovered that 

increasing trap density resulted in a decrease in efficacy (percent kill). Male 

tertility drops as a result of a scarcity of males, which causes the population to 

steadily diminish as a result of males being scarce. Reducing the males in a 

group reduces the likelihood of reproducing and regenerating successfully in 

that population. Male Annihilation Technique is ultimately applied to 

completely eradicate and eliminate the population of male fruit flies fj'om the 

regIOn. 

2.6.9 Ground spraying 

Ground spraying is used to control fruit flies infesting trees. The ground 

underneath affected trees is sprayed with a suitable pesticide, such as 

chlorpyrifos. Tree trunks and outer canopy edges are all treated with pesticides 

to protect the ground Ii'om other pests. All compost piles made from fallen and 

abandoned li'uirs in the surrounding area are also treated with pesticide. Most of 

27 

------

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



the time, no more than two ground sprays are required beneath a single trce . The 

larvae and emerging adults in the soil are the objectives of this procedure 

(Dominiak. 2007). Tn trials done at the [CIPE, it was discovered that the 

administration of a combination of Nulure/spinosad bait spray and soil 

inoculation of M anisopliae decreased the number of B. dorsalis by about 79 

percent when compared to a control treatment. Mango fruit infestations 

averaged 10% in bait-and-fungus treatment plots and 73% in untreated control 

pIOIS. Field testing during the 2006-2007 mango season found that the 

combination of A1. anisopliae and GF-120 spinosad bait spray reduced B. 

dorsalis by 92.1 percent compared to a control (Papadopoulos, 2010). 

2.6.] 0 Posthan'cst (RcgulatoI1' Control) 

A number of nations, including the mainland United States, prohibit the 

importation of vulnerable fruit unless rigorous post-harvest treatment has been 

performed by the exporter (CABf, 2007). To be able to move host fruits from 

regions having j1'uit flies into areas which are pest free, commodity treatments 

are required. Fumigants and even deadly temperatures are among the methods 

used. 

To serve significant European retail chains, mango producers and 

exporters must adhere to GLOBALGAP, a private standard established by 

major European retail chains. It was observed by Akotsen-Mensah et al. (2017) 

in Ghana's southern mango enclave that, 80 percent of the mango fanners in the 

investigated region subscribed to GLOBALGAP standards. This validates 

claims that Ghanaian fruits have adhered to the GLOBALGAP criteria in 

previous years (Zakmi, 2012 ; GlobaiGAP, 20 16). Farmers in Ghana's mango 

industry must be able to fullil strict cllstomer standards for pristine quality 
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mangoes with no chemical residues or quarantine bugs to maintain and 

profitably produce mangoes. Even local customers are becoming more 

knowledgeable of the environmental and health hazards linked with the use of 

pesticides in food crop cultivation, which is a positive development (Diedhiou 

et a!. , 2007. Braimah & Van Emden, 2010). 

2.6.11 Fumigation 

Toxic gases or vapours produced by fumigants may harm insects, 

microorganisms or rodents . There was a time when methyl bromide and 

ethy lene dibromide were utilised , but they have since been discontinued. 

2.6.12 Lethal temperatures 

Insect and commodity thermal tolerance is taken into consideration 

while determining fatal temperatures. Temperature and timing are important 

factors in detetmining mortality. There are a variety of therapies available for 

those who are exposed to fatal temperatures. There are many types of vapour 

heat treatment, the most common of which is heating air that has been saturated 

wi th steam. The steam mai ntai ns a speci tied temperature for a predetermined 

amount of time on the item being heated (Self et a!. 2012). Papaya fruit flies 

have been successfully treated lIsing this method, as mango fruit flies have also 

been found in other regions of the globe. Using hot and cold therapies, such as 

baths, is an additional option (Thomas & Shell ie, 2000). These papayas were 

soaked in hot water (49°C) for 20 minutes and then stored at 5- 6°C for 10 days. 

Mangoes, for example, may be treated with hot water for 67.5 minutes at 45.9-

47. J "C to destroy fly eggs and larvae (Baldo & Raga, 2(21). In order to destroy 

C. capitola eggs and larvac, it is required by US Department or Agriculture that 
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cold treatment for 10 days at O°C or less. 11 days at O.SoC or less, 12 days at 

1. 11 °C or less , 14 days at 1.66°C or less. or 16 days at 2.22°C or less should be 

applied (Fletcher, 1987). Fruits that can be utilised after freezing may be 

disinfected by quick freezing . 

2.7 Fruit fly SIT 

Sterile lnsect Technique (SIT) is defined as "a method of pest control 

using area wide inundative releases of sterile insects to reduce reproduction in 

a field population of the same species" (FAO, 2007). Large-scale production of 

pest species, irradiation sterilisation. and release of sterile insects into the 

environment are all components of SIT. Using a large number of sterilised 

insects released in a controlled environment (Dyck et aI., 2005), this strategy 

may be used to manage a huge range of nuisance insect pests, including some 

tephritid. Since sterile males compete with wild males for wild females, rate of 

mating success is lowered while using this method of reproduction. The mating 

of a sterile to a wild animal creates non-viable eggs, and as a result, no progeny, 

which reduces the overall population. Since this autocidal action is carried out 

without the use of insecticides, the SIT is considered an ecologically friendly 

technique, which has resulted in its widespread adoption throughout the globe 

(Enkerlin , 2005). For the SIT to work effectively, sterile males outcompete wild 

males in order to accomplish mating with wild females, and this is where the 

most of the risk lies (Calkins, 1984). The SIT has been utilised against 

agriculturally significant species of Bacfrocera, including the oriental fruit fly 

Bacfrocera dorsalis (Hendel) and the melon fly B. (.'ucl/rhifae. but to a lesser 

deoree than other methods. The effectiveness of SIT, like with other area-wide 
b 

pest management strategies, is improved when applied over a big region 
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(Klassen, 2005). SIT, in contrast to chemical control. has no unintended 

consequences for the environment or human hcalth. making it appropriate for 

organic agriculture methods (Wimmer, 2005; Hendrichs et aI., 2007). When it 

comes to fruit tl ies, gamma irradiation may be utilised to destroy all stages of 

the insect. It takes between 150 to 500 Gray to kill fruit flies at the recommended 

doses. However, there are still some uncertainties regarding whether or not 

irradiated food would be accepted by consumers (Sharp et aI., J 989; Jacobi et 

aI. , 200 I) . 

In North and Central America (Klassen & Curtis, 2005) induding Libya 

(Lindquist et aI. , 1993). steri le male approach has been very successful in 

eradicating the New World Scre~worm (NWS, Cochliomyia hominivorax 

Coquerel); the tsetse fly (Glossina allsteni Newst.) from Unguja Island in 

Zanzibar, Tanzania (Vreysen et. aI. , 2000); the melon fly (Bactrocera 

cliclIrbitae Coquillett) from Japan (Kuba et aI. , 1996); the pink bollworm 

(i'ectinophora gossypiella Saunders) from the San Joaquin Valley of California, 

USA (Staten et aI. , 1993; Staten & Waiters, 2021); and the Queensland fruit fly 

(Bactrocera /iyoni Froggatt) (Sproule et aI., 1992). The Mediterranean fruit fly 

(Ceratitis capitata Wied.) was eradicated by SIT in California and Florida (USA) 

(Dowell et aI., 2000; BaITY et aI., 2004), Mexico (Hendrichs et aI. , 1983), and 

Chile (I-lendrichs et aI., 1983 ; Esparza Duque, 1999; Gonzalez & Troncoso, 

2007). 

2.8 Challenges of SIT 

The SIT is an effective method of eliminating a particular insect pest. 

However, there are obstacles that must be overcome before SIT may be widely 

used. Some pests provide a barrier in that there is no inexpensive. quick. or 
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efficient method to filter through a huge number of nies and identify whether 

they are male or female. For example, it is difficult to separate the pupae of 

Bac/rocera dorsalis into male or female and therefore, irradiation of the fly 

results in the release of both male and females in the wild population after the 

emergence of the adult, resulting in increasing the pest situation in the wild. 

Additionally. the quantity of radiation utilised to sterilise the insects is too 

harmful to the insects, and they will just die as a result. As a resu lt, insect 

steri li sation is a difticult operation that must be caITied out by professionals who 

have rece ived extensive training (Sullivan, 1964). Another issue is the mass 

rearing of target species which in most cases is laborious and capital intensive. 

This makes it difficult for resource poor countries to apply the technique in 

deal ing with a speci fic pest problem. This problem can be circumvented by mass 

trapping live adult males using dry pheromones and with an appropriate trap 

since males are the target species in most SIT programmes. The live male flies 

can then be sterilized with an optimum dose and released back to the wild to 

compete with the wild males for females. This technique forms the basis of the 

trap-irradiate-releasel sterile insect technique being developed. 

2.9 Fruit fly irradiation for SIT 

Irradiation treatment has become the tec\mique for sterilizing insects 

such that they are infertile. For SIT, additional issues like as penetration, cost, 

and product throughput influence the selection of an irradiation source (I DIDAS, 

2018). Gamma radiation is most often employed to sterilise insects from 

isotopic sources like cobalt-60 or cesium-137 (UNSCEAR, 20 I 0). X-rays and 

high-energy electrons may also be used to expose insects to radiation, which 

can be beneficial (Bakri et a!., 2005). When it comes to sterilising insects using 
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radiation, the quantity of radiation that is absorbed by the insect is the 1110st 

crucial component to consider. If the insects are unable to reproduce, but are 

still powerful enough to mate and compete with other wild insects, this element 

is incredibly crucial and must be handled very attentively, else they would die. 

Although many orthe unfertilized eggs do not survive any further stages, 

males tend to be less radiosensitive. and, in many species, eliminating a residual 

egg hatch or 1 percent (or less) from fertile females mated to in-adiated males 

requires doses that signi1icantly reduce the ability of males to compete "vith wild 

populations and thus induce sterility in wild populations (Fisher, 1997; Toledo 

el aI. , 2004). 

The quantity of radiation absorbed by insects varies. It ranges from 5 Gy 

to 300 Gy. with some exceeding that. The problematic part is that elements like 

the flies' age or oxygen levels come into play when estimating how much 

radiation each insect species will absorb. It was reported by Collins & Taylor 

(201 I) that full developed B. Ilyoni pupae may be sterilized by gamma radiation 

in a range of 20-70 Gy, while still providing a sufficient safe margin above 

radiation dosages at which remaining fertility can be predicted. Also, Guerfali 

et aJ. (20 11) suggested 50 - 145 Gy of gamma iITadiation of full-grown pupae. 

In Ghana, Ogaugwu et aJ. (2012) discovered that a 75 Gy gamma radiation dose 

made male B. invadens entirely sterile, while doses of 25 and 50 Gy produced 

partial sterility. It is critical to determine the optimal amount of radiation that 

achieves the needed degree ofsterility without compromising the overall fitness 

of the released insect (Robinson, 2002). 
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2.10 Research Gaps 

• 

• 

• 

There is lack of recent data on the tephritid fruit fly composition in the 

southeastern mango enclave of Ghana. This work will help to understand 

the composition oftephritid fruit flies in those areas. 

Conventional SIT is laborious and expensive especially In terms of 

larval diet preparation and logistics. A less expensive technique needed 

to be evaluated and integrated in other management strategies in Ghana. 

Lack of knowledge on the pre-exposure of B. dorsalis to ME and its 

effect on their behaviour. This is important for the use oftrap-irradiate­

release methods . 

• Irradiation studies for SIT is mainly evaluated for pupae. We do not 

know what irradiation dose will cause sterility in adult male B. 

dorsalis. 
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CHAPTER THREE 

ASCERTAIN DIVERSE TYPES OF FRUIT FLIES IN SOME 

SELECTED MANGO ORCHARDS IN THE SOUTHEASTERN 

MANGO ENCLAVE 

3.1 Introduction 

The complex of phytophagous insect pests. including numerous species 

in the Tephritidae family, is a major danger to the horticulture industry in 

various regions of Ghana (Badii et aI. , 20 15a; Abbas et aI., 2018). Tephritid fruit 

11ies include more than 4,000 species and 500 genera (White & Elson-Harris, 

1992). About 200 fruit fly species are regarded as serious pests because of direct 

losses they cause to a wide variety of fruit crops (Non'bom et aI., 2012; Oliveira 

et aI., 2013; Qin et aI. , 2015). Fruit Hies are considered devastating pests in most 

fi'uit and vegetable growing areas. In addition to being velY polyphagous, they 

are extremely fecund. and they have the potential to swiftly spread across a large 

region (Gillani et aI., 2002; Nugnes et aI. , 2018; Mutamiswa et aI., 202 I). Many 

studies have confirmed that Ceratitis and Bactrocera genera are economically 

significant insects that infest tropical fruits in Africa, and this has been 

extensively documented (Billah et aI., 2006; Mwatawala et aI. , 2009; Badii et 

aI., 20 15a). In Ghana, it is estimated that fruit loss due to fruit flies accounts for 

65 percent of total fruit loss (Billah, 2007). 

Soon after the detection of Bactrocera dorsalis between the borders of 

Kenya and Tanzania in 2003, the insect expanded to other African nations, 

including Nigeria (Lux et aI., 2003a). B(lL'trocera dorsalis came to Ghana in 

2005, less than t\yO years after it was first discovered in Ati'ica (Billah et aI., 

2006), and has since established itself as a serious pest of mango fruits in the 
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country. More than 250 host plants from forty families may be infested by this 

pest, including several varieties of commercial fruits (Allwood et a!. , 1999; 

Leblanc et aI. , 2013; Liquido et aI. , 2015 ; Stewal1, 2017; Theron et aI., 2017; 

Mutamiswa, 2021). TIle mango fruit fly , Cerafitis cosyra. was touted as the 

principal insect pest of mango before B. dorsalis invaded Sub-Saharan Africa, 

causi ng up to 30 percent of the region's mango iiuit to be lost (Lux et aI., 2003 b). 

As a result of its introduction, B. dorsalis has spread rapidly across the area, 

generating significant direct and indirect consequences including agricultural 

losses, quarantine restrictions, and the displacement of native fruit flies such as 

Ceratitis cosyra (Walker) from their natural habitat (Ekesi et al.. 2009). As a 

result of its vast range of host species, high fertility, and severe harm to 

agricultural goods, Bacfrocera dorsalis ranks as a significant quarantine pest in 

most nations (Bateman, 1972; Fletcher, 1989; Alyokhin et aI., 2001). As of2018 

(C.I\8I , 2018; Mutamiswa et aI., 2021), B. dorsalis was documented in 35 

nations in Sub-Saharan Africa, including the Comoros and Mauritius islands 

(CABI, 20 J 8; Mutamiswa et aI. , 2021), establishing itself as a sellous insect 

pest of economically significant fruits (Ekesi et aI., 2006; Mwatawala et aI., 

2006; Vayssieres et aI. , 2015; I-Ianna et aI. , 2020). Currently, B. dorsalis can be 

found in 65 nations throughout the globe (CABI, 2020), with Italy's Campania 

Region serving as the first confirmed location for the species (Nugnes et aI. , 

2018). 

Variations in abiotic conditions namely relative humidity, temperature, 

and rainfall as well as factors like the time of year when plants are planted, when 

i1-uits ripen, and how much vegetation is present all play an important role in 
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species diversity, population dynamics, and dispersal patterns (Ghanim, 2017; 

Khan & Naveed, 2017; Bota et aI., 2018; Amin et aI. , 2019). 

In Ghana, mango production is a major commercial activity In the 

coastal savaImah agro-ecological zone. Farmers often have to adopt several 

strategies including insecticide application to manage tephritid insect pests in 

the orchards. It is necessary to have a thorough knowledge of the population 

dynamics of the species present at a given area, as well as influence of the 

prevalent biotic and abiotic variables, before efficient management of these flies 

in mango orchards can be implemented. Thus, control actions will be focused 

dUling times of maximal population surges and/or at the most vulnerable stage 

of the crop, ensuring that the most effective control measures are implemented 

(Ekesi & Billah, 2009; Mwatawala et aI., 2006). The present study was 

conducted to determine the diversity and population dynamics of economically 

important fiuit ny species associated with mango production in the Coastal­

Savannah agro-ecological zone of Ghana. 

3.2 Matcl'ials and Methods 

3.2.1 Study Location 

Sampling for huit nies was calTied out between July 2018 and June 2019 

in three commercial mango orchards namely Enyonam Farm (5°56' 59" N; 

0°1' 1 O" W) in the Shai Osudoku District of the Greater Accra Region. Modest 

Step Farm (6°2 ' 19" N; 0°0'9" W) and Power of Trinity Farm (6°6' IT N; 0°0'7" 

W) in Yilo Krobo district of the Eastern Region (Figure 3.1). The study area lies 

V\~.thin the Coastal Savannah agro-ecological zone of Ghana with a humid 

climate. The mean annual minimum and maximum temperatures in the area 
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was 25°C and 35°C respectively. The average relative humidity is between 60 _ 

75%. The major rainy season in the study area is between March and July with 

mean annual rainfall of 436 - 1,507 mm and 100 - I 10 planting days. The study 

area has a minor rainy season from September - October with an annual rainfall 

of 59 - 603 mm and 50 planting clays per year (Asare-Nuamah and Botchway 

201 9). The vegetation is predominantly short grasses with small clusters of 

shrubs and a fevv trees (F AO, 2005). Data pertaining to the weather for three 

variab les, relative humid ity (RH) at 15.00 h GMT, maximum temperature at 

09.00 11, ,mel to tal mOilthly rainfa ll were obtained daily from a small 

mcteorologicd station in the vic inity of one of the farms in the study area. The 

farll1 s ,".r'.'!'e c ~d~j"ated "'lith a mi xture of Keith and Kent varieties of mangoes 

and the n~(lin eli I(ural activit ies were pnming after harvest, and mechanical weed 

control. !~ O insec ticides or fe rtili zers were applied to the orchards. Mango trees 

in the orcha rd ','jere at the economic fruit-bearing age of eight years or more. 
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3.2.2 Field preparation and demarcation 

Fruit flies were sampled following the method described by Ekesi & 

Billah (2009) with some modifications. In each fann, an area of 990 m2 within 

4,047 m
2 

was demarcated in a rectangular fonu for fruit fly sampling. The longer 

side of the rectangle was 55 m while the shorter side measured 18 m. The 

planting distance was 9 m x 9 m. The four trees at the corners of the rectangle 

and another in the middle were tagged and baited traps placed on them for fruit 

fly collection (Figure 3.2). Per the planting distance, there were 21 mango trees 

in the dcmarcated area for fruit fly collection. This setup was replicated in all 

three farms, which were separated from each other by a distance of not less than 

30 km . This ensured that three independent replicates were obtained. 
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3.2.3 Attractants 

Four (4) parapheromones and one (I) food bait were used as attractants 

in this study Cfable 3.1). In general , parapheromones are very volatile and may 

be employed in a wide range of traps . The atlractants, TML, TA, ME, and CUL 

(Figure 3.3a, b, C and d) respectively were in slow-release polymeric gel 

formulations while TY (Figure 3.3f) was in pellets. Strips of Dimethyl 2, 2-

DichloroVinyl Phosphate (DDVP) (Plato Industries Ltd, Houston, TX) were 

used as killing agents in all the traps except the TY traps in which 200 ml of 

water was used as a drowning medium. The TY pellets were formulated with 

borax to serve as preservative for dead flies in the wet medium. Traps were 

recharged fortnightly by changing the at1ractants/baits and killing agents. In 

addition, Tephri traps were thoroughly cleaned to ensure that no trap is 

contaminated with the disposed attractants. 

Table 3. 1: Attt'actants used in the study 

Attractants 

Cuelure (CUL) 

Methyl eugenol (ME) 

Terpinyl acctate (T A) 

Torula yeast (TY) 

Trimedlure (TML) 

Chemical formular 

4-(3 Oxobutyl) phenyl 
acetate 

1,2-dimethoxy-4-(prop-
2-en-l-yl) benzene 

2-( 4-methy Icyclohex-3-
en-I-yl) propan-2-yl 
acetate 
C)berliJ/dllera jadinii 
Minter 

tel1-butyl 4 (and 5)­
chloro-2-
methylcyclohcxane­
ane-I-carboxylate 

Source: (Ekesi & Billah, 2009) 
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Source 

Scentry 
Biologicals, Inc, 
Billings, MT, 
USA 
Scentry 
Biologicals, Inc, 
Billings, MT, 
USA 

Famla Tech 
Intemational 
Corp, USA 
ScentJy 
Biologicals, Inc, 
Billings, MT, 
USA 
Scentry 
Biologicals, Inc. 
Billings, MT, 
USA 

Target species 

B. tl)IOl1i, 
Zeugodacus 
cllcurbitae 

Baclrocera e.g. 
B. dorsalis, B. 
zonata, B. 
carambolae, B. 
philippinel1sis 
and B. II'/llsae 
Ceratitis e.g C. 
capitala and C. 
rosa. 
all types of fru it 
fly species 

Ceratitis e.g C. 
capitota and C. 
rosa. 
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Figure 3. 3: Attractant and killing agent used to collect fmit flies, a) 

Trimedlure plug b) Terpinyl acetate c) Methyl eugenol plug d) Cuelure plug e) 

Dichlorvos strip f) Tomla yeast pellet. 

3_2.4 F r uit fly sampling and monitoring 

A typical Tephri trap (SORYGAR, Madrid, Spain) consists of a 15 cm 

high vertical cylinder, of 12 cm diameter at the base with capacity to hold 450 

ml of liquid. It has an invaginated apertl.lre in the bottom which allows for easy 

service. The base is yellow with a transparent cover that is detachable allowing 

for easier servicing (Figure 3.4). Inside the top cover is a platform to hold 
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attractants . A rope hanger, placed on top of the trap body, is used to hang the 

trap from tree branches. To keep ants and other predators away from the insect 

captures, grease was added to the first one-third of the thread attached to the 

branch . Every month, traps were rotated so that they would not interfere with 

their performance. ME, CUL, TA, TML or TY were used as attractants in each 

trap. Accord ing to the tree's design, the traps were set 1.5 to 4 m above the 

ground and in sem i-shaded and upwind parts of the canopy (Ekesi & Billah, 

2009) . The tephri traps were emptied weekly into transparent cylindrical plastic 

insect collection vials containing 70% ethanol or brown paper envelops and 

sealed. For identd-ication, so rt illg, and counting, the insects were sent to a 

labomtory wherc they were examined. To get the total number of tephritid flies 

that were caught in a given month, the weekly catches were added together. 

Figure 3. 4: Tephri trap used in the study. 
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3.2.5 Identification of tr'ap catches 

Identification of collected insects was done to species level based on 

morphological characteristics, using taxonomic keys developed by the African 

Fruit Fly Initiative (AFFI) (Ekesi & Bil1ah, 2009). The specimen was viewed 

under a dissecting microscope (GX Microscopes, GT Vision Ltd, Suffolk, UK) 

at 20x magnification , non-tephritid flies were identified to Order or possibly 

Family levels. Samples of the identified insects except Dacus /angi and Dacus 

/ongistY/lls have been deposited at the Radiation Entomology and Pest 

Management Center (REPMC) under the Biotechnology and Nuclear 

Agriculture Research I nstitute of Ghana Atomic Energy Commission. The 

identification of C penicillata, D. /ongi. and D. longistylus was verified using 

morphological and molecular (DNA barcoding) methods at the Royal Museum 

for Central Africa (RMCA), Tervuren, Belgium. The RMCA received voucher 

specimens of the verified fruit fly specimens. 

3.3 Data Analyses 

The total number of flies were calculated and the percentages based on 

the different attractants in the three mango orchards were computed in Microsoft 

Excel for trend analysis throughout the experiment. For relative fly abundance, 

counts were expressed as number of flies per trap per day (FTD) (IAEA, 2003) 

to facilitate comparison across the dil)'erent localities. Means obtained were 

-correlated with weather parameters and presented in bar graphs (Microsoft 

Excel). Total number of fruit flies caught by the different baited traps from the 

field were subjected to one-way analysis of variance using GenStat statistical 

software, 12th edition (GenStat, 2009). The least signiJicant difference (LSD) 

'obability level of 5% was used to separate treatment means. test at a pi 
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Correlation and regression analysis were also performed between the fruit fly 

species and climatic factors measured during the experiment. Non-target 

captures were analysed and represented in percentages. 

3.4 Results 

3.4.1 Fruit fly abundance and diversity 

A total of 172.617 fruit flies were collected in baited traps at the time of 

conducting this study. Out of this total number, ME-baited traps captured 

156.728 (90.80%). TY-baited traps captured 11,156 (6.46%), the CUL-baited 

traps captured 4,417 (2.56 %), TA-baited traps captured 284 (0.16 %) and TML­

baited traps captured 32 (0.02 %). Ten different species of fruit flies namely B. 

dorsalis. C co:,yra. C. capitala, C penicillata, D. bivi((a/us, D. langi. D. 

plll1ctat iji·ons. D. ciliatlls. D. longistylus and Z. cucurbitae belonging to four 

genera (Baclrocera. Ceratitis, Dacus, and Zeugodaclls) were identified from the 

three commercial orchards during the one-year trapping period (Figure 3.5). All 

the fruit flies captured in the ME-baited traps were B. dorsalis. Out of the total 

number of fruit nies captured in the CUE-baited traps, 300 I were Z. cllcurbitae, 

594 were D. biviffatlls, 419 were B. dorsalis, 400 were D. punctat(frons, two 

were D. langi and one was D. /ongysty/us. Of the total number offlies captured 

in the TML-baited traps, 24 were B. dorsalis , seven were C. capitata and one 

was C. cosyra. Out of 11,156 fruit flies captured in TY -baited traps, 10, 897 

were B. dorsalis , 258 were Z. cucurbilae, and one was D. biviflatus. Of the total 

number of fruit nies captured in the T A-baited traps, 242 were B. dorsalis , 21 

were C. cosyra, 12 were C capit((ta, eight were C penicillata, and one was D. 

cilia/us (Table 3.2). 
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Figure 3. 5 : Fnt it fly species captured in baited traps in the study area. a) 

Dacus plInctatijroils, b) Daclls bivittalus, c) Ceratitis capitata , d) Bactrocera 

dorsalis . e) ZellgodaCI!S clicurbitae, f) Ceratitis cosyra, g) Ceratitis 

penicillata, h) Dacus lallgi, i) Dacus /ongislylus , j ) Daclls cilialus (Photo 

ereditj: G . Goergen/UTA, Photo credit a-i : E.S .K. Ofori) 
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Table 3. 2: Number of Fruit tlies captured by traps baited with 5 different attractants in 3 mango orchards at the SouthEastern mango 

enclave of Ghana. 

Fruit t1y Species 

Attractants Baclroeera Ceratitis Ceratitis Ceratitis Dacus Dacus Dacus Daclis Dacils Zeugadacils Total 
dorsalis cO~2".a eaeitala eel1ie illal a bivitlatlls ciliatlls IOI1{l,istylus lunt.;i eline/at ili'ons cucurbitae 

ME 156728 0 0 0 0 0 0 0 0 0 156728 
CUL 419 0 0 0 594 0 1 2 400 3001 4417 
TY 10897 0 0 0 1 0 0 0 0 258 II 156 
TML 24 1 7 0 0 0 0 0 0 0 32 
TA 242 21 12 8 0 J 0 0 0 0 284 
Total 168,310 22 19 8 595 1 2 400 3259 172617 

ME-Methyl eugenol, CUL-Cuelure, TY -Torula yeast, TML-Trimedlure, TA-Terpinyl acetate, 
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Methyl eugenol-baited traps had the highest mean catche of 1005±388. 

TY -, CUL-, T A- and TML-baited traps had mean catches of 72±3J , 28±24, 

2±1 .5 and 0.2±0.1 respectively. There were significant differences in the mean 

catchcs between ME-baited traps and other traps (df.... 4, 8, F = 6.66, p = .012; 

Table 3.3). However. there were no significant differences in the mean trap 

catches between CUL-baited traps and TY-baited traps, CUL-baited traps and 

TML-baited traps, CUL-baited traps and TA-baited traps (p> .05), TY -baited 

traps and TML-baited traps (p > .05), TY -baited traps and TA-baited traps (p 

> .05). and between TML-baited traps and T A-baited traps (p > .05). In tenm 

of attractiveness of the baited traps, across the 3 different farms, Methyl eugenol 

had the highest FTO (143 .10). This was followed by Torula yeast-baited traps 

(10.19). Culure-baited traps had FTO of 4.03, Terpinyl acetate-baited traps had 

0.26 FTO and Trimedlure-baited traps had the least FTO of 0.03 (Table 3.3). 

Table 3. 3 : Fruit fly catches by 5 different attractants in the SouthEastern 

mango enclave of Ghana. 

Attractants 

ME 
CUL 
TY 
TML 
TA 
P-value 
LSD 
(P<0.05) 

No. of 
flies 

156,728 
4,417 

11 ,156 
32 

284 

Total 172.617 

No. of Exposure 
traps period 

(days) 

3 365 
3 365 
., 365 -' ., 365 -' 
3 365 

FTO 

143.10 
4 .03 

10.19 
0.03 
0.26 

Mean catches ± 
SE 

1005 ± 388a 
28 ± 24b 
72± 31 b 
0.2 ± O.lb 
2 ± 1.5b 
0.012 
554.7 

ME-Methyl eugenol , CUL-Cuelure. TY-Torula yeast, TML-Trimedlure, TA­

Terpinyl acetate 
Mean ± SD followed by the same letter in the last column are not significantly 
different (P < .05), Tukey's HSO test 
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3.4.2 Nontar'get captures 

A total of 1,985 nontarget insects 111 five (5) families (Muscidae, 

Nerridae Lonchaeidae Plat t 'd C I" . h ' , ys omatl ae, lIrCU IOmdae) were captured 111 t e 

baited traps with 65.1 % (1292) coming from the TY -baited traps. This was 

followed by ME-, CUL-, TML- and TA-baited traps contributing 30.6% (607), 

3.9% (78) , 0.3% (5) and 0.3% (3) respectively (Table 3.4). \\'hiles the target 

insects formed 98.9% of the total number of insects collected (172,617 + 1985), 

the non-target insects formed only 1.1 % of the total. Platystomatidae had the 

highest contribution (44.7%), followed by Muscidae (40.8), Lonchaeidae 

(9.5%), Nerridae (4.9%) and Curculionidae (0.1%) Cfable 3.4). 

Table 3. 4: Number of nontargct catches from tr'aps baited with five 

d iffcr'ent attractants in mango orchards at the south eastern mango 

enclave of Ghana (% in brackets). 

Catches per trap 

Family ME- CUL- TY - T A-
baited baited baited baited 

traE trae traE traE 

Muscidae 284 16 509 0 
NelTidae 50 7 41 0 

Lonchaeidae 76 20 89 3 

Plat ystomatidae 197 35 653 0 

Curculionidae 0 0 0 0 

Total 607 78 1292 3 (0.3) 
(30.6) (3 .9) (65.1 ) 

TML- Total 
baited 
trap 
0 809 (40.8) 
0 98 (4.9) 
0 188(9.5) 
4 889 (44.7) 
1 1 (0.1) 
5(0.3) 1985 

-, M h I enol CUL-Cuelure TY-Torula yeast, TML-Trimedlure, TA-ME-I et y eug , , 

Terpinyl acetate 

. t er' dav (FTD) var'ia tion of frui t flies with climatic 3.4.3 FlIes per rap p J 

factors 

. . t of the minor manoo season in July 2018, the fTD for B. DUring the star C' 

by ME-baited traps was 265.43 . The FTD for /3. dorsalis 
dorsalis caught 
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dropped considerably to 0.476 in October 2018 and went up agall1 from 

November 2018, reaching a peak of 45 .86 FTD in FebrualY 2019 (Figure 3.6). 

In the major mango season, i.e., March 2019, FTD was 105.24 and it reached a 

peak of 332.17 in April 2019. In May and June 2019, the FTD of B. dorsalis 

were 269.34 and 358.88 respectively (Figure 3.6). Moreover, at the begilU1ing 

of the minor mango season, the FID for D. bivitlOfuS trapped in cuelure-baited 

traps was 1.64. This dropped to 0.36 in August 2018. The highest FTD of D. 

hiviflofUS recorded was 2.23 in October 2018. The FTDs of D. biviflatus 

dec] ined consistently through both the minor and major mango seasons (Figure 

3.7). For Z. clIcurhilae, during the minor mango seasons, FTD in July 2018 was 

4.10. In October 2018, the FTD rose to 11.69. The FTD remained low until the 

end ofFebruaIY 2018, which marked the end of the minor mango season (Figure 

3.8). During the start of the major mango season in March 2019, there was a 

slight increase in the Z. cucurbifae FTD (4.36) but the numbers dropped during 

the remaining period (Figure 3.8). The FTD for D. puncfaf(/i'ons during the start 

of the minor mango season in July 2018 was 0.7. This increased to 1.4 in 

October 2018 before declining throughout the rest of the season (Figure 3.9). 

Similarly, FTDs were low for D. punctafiji'ol7s throughout the major mango 

season (Figure 3.9). In Torula yeast baited traps, FTD for B. dorsalis was 23 .80 

in the minor mango season in July 2018. The numbers of B. dorsalis in TY­

baited traps remained low until the end of the minor mango season in February 

2019. In the major mango season, B. dorsalis numbers remained low from 

March 2019 to June 2019 (Figure 3.10). 

Correlation analyscs conducted between the major f-i'uit nies and weather 

parameter show that bctween B. dorsalis and temperatme (r= 0.0888; p = .7837), 
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relative humidity (r = 0.4704; P = .1223) and rainfall (r = 0.4419; P = .1503) 

were positively cOITelated. However, there was no significance difference in 

the relationship between the weather parameters and abundance of B. dorsalis 

(Table 3.5). There were weak and non-significant correlation between the 

abundance of D. punctatifrons and temperature (r = 0.2764; p = .3844), relative 

humidity (r = 0.4492; P = .2060) and rain fa ll (r = 0.0382; p = .09060) (Table 

3.6). Similar correlations were observed between D. bivittalus and temperature 

(r = 0.2259; p = .4801), relative humidity (r= 0.2416; p = .0583) and rainfall (r 

= 0.0542; p = .8672) (Table 3.7) and between Z. cllcurbilae and temperature (r 

= 0.0867; p = .7888), relative humidity (r = 0.1039; P = .7479) and rainfall , (r = 

0.0305; p = .9250) (Table 3.8) . 
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Figure 3. 6: Relationship between flies per trap per day (FTD) of Bactrocera 

dorsalis caught in the methyl eugenol-baited traps and some climatic factors 

(Rainfall, temperature, relative humidity) at the SouthEastern mango enclave 

of Ghana. 
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Table 3. 5: Relationship between climatic factors (Temperature, Relative 

humidity and Ra infall) and Bactrocera dorsa/is abundance. 

Correlation Temperature Relative humidity Rai nfall 

r 0.0888NS 0.4704NS 0.4419NS 

F-value 0.07945 F-value 2.842 F-value 2.427 

P-value 0.7837 P-value 0.1223 P-value 0.1503 

NS-Non-significant. All P-value at .05 

Table 3. 6: Relationship between climatic factors (Temperature, Relative 

humidity and Rainfall) and Dacus {JllIlctatijrolls abundance. 

Conelation Temperature Relat ive humidity Rainfall 

r O.2764NS 0.4492NS 0.0382NS 

F-vaille 0.8273 F-vallie 2.5272 F-value 0.0146 

P-vallie 0.3844 P-value 0.2060 P-vallie 0.9060 

NS-Non -signi fiean!. All P-value at .05 

Table 3. 7: Relationship between climatic factors (Temperature, Relative 

humidity and Rainfall) and Bactrocera bivittatus abundance. 

Correlation Temperature Relative humidity Rainfall 

r 0.2259NS 0.2416NS 0.0542NS 

F-value 0.5379 F-value 0.6198 F-value 0.0294 

P-valuc 0.480 1 P-value 0.4493 P-value 0.8672 

NS-Non-signifieant. All P-value at .05 
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Table 3. 8. Relationship b .. . I· . e"veen c IInatJc facto,·s (Tempcraturc, Relative 

humid it), and Rainfall) and ZeligodaclIs cliclIl'bitae abundancc. 

Con'elation Temperature Relative humidity Rainfall 

r 0.0867NS 0.1039 NS 0.0305 NS 

F-value 0.0757 F-value 0.1091 F-value 0.0093 

P-value 0.7888 P-value 0.7479 P-value 0.9250 

NS-Non-signi ficant ~ . A II P-value at .05 

3.5 Discussion 

3.5.1 Divc,·sit)' of fruit flics 

This study has shown that , at least ten fruit fly species namely B. dorsalis, 

C. cosyra , C. capilala, C. pel1icilla/a, D. bivitla/us, D. langi, D. punc/aliji'ol1s, 

D. cilia/us, D. lungis/ylus and Z. Cllcurhi/ae inhabit the south-eastern mango 

enclave in Ghana. The ten fruit fly species captured in this study belong to four 

genera; Bac/rocera, Ceratitis, Daclls and Zeugodacus (Thompson, 1998). These 

genera of fruit flies are known to be of major economic imp0l1ance in several 

African countries (White & Elson-Harris, 1992; Thompson, 1998; Billah et aI., 

2006; Ekesi & Billah, 2006; Bota et a1., 2018 ; 2020; N'Da, 2018; Zida et aI. , 

2020; Amevoin , 2021). Vayssieres et a1. (20 15) emphasized that growing 

mangoes in West Africa has been significantly hampered due to the presence of 

several fruit fly species, which have signi !lcanlly limited the potential economic 

advantages of doing so. 

Moreover, this is the first lime D. langi and D. longislylus have been detected 

and reported in Ghana. Dacus langi was previously documented in Togo, Benin 

and Cote d'l voire, while D. longis/ylus was reported previously in Benin and 
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Nigeria (De Meyer et aI., 2013). Dacus longistyfus was also recently detected 

on Sodom apple in Cote d'lvoire (N ' Depo, 2019). 

Ceratitis, Carpophthorornvia and Trirhiithrul11 species 111 particular are 

relatively abundant in Ghana (De Meyer et aI. , 2013). In the current study, three 

(3) and five (5) fhlit fly species in the Ceratitis and Dacus genera have been 

reported respectively. Mostly, tephritid fi·uit tlies identified in this work are of 

native origin, except of B. dorsalis and Z. clicurbitae which were reported as 

exotic and invasive (Goergen et al., 2011; De Meyer et a!., 2013). 

3.5.2 Abundance of fruit flies 

The SouthEastern mango enclave of Ghana forms a major part of the 

over 128, 127,521m2 of mango cultivation in Ghana (Zakari, 2012, Baidoo-

William, 2017). This mainstay of the inhabitants of the area is beset by fruit tly 

infestation. Baclrocera dorsalis is a major tephritid fruit tly species whose 

presence and activities pose a challenge to the production of mango in the area. 

In fact, over 97.5% of the fruit tlies captured in all traps in the study region were 

B. dorsalis. This makes B. dorsalis the dominant tephritid in SouthEastern 

enclave followed by Z. cucurhitae . The fact that TY -baited traps, which is not 

a species-specific attractant captured over 97.6% B. dorsalis underscore their 

dominance in the area. 

Methyl eugenol turned out to be the most effective attractant to detect 

the presence of B. dorsalis in mango orchards as traps baited with it captured 

90.80% of all the fruit flies captured in this study. Methyl eugenol-baited traps 

also had the highest fly densities across the study areas. This was not surprising 

as methyl eugenol is targeted at B. dorsalis. Indeed, methyl eugenol is a highly 

specific parapheromone (Manrakhan, 2006). It has olfactory and 
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phagostimulator)' pro e ·t· . . . . 
PileS and can lure frUIt flies ti'om a distance of 500 m 

and lasts long (Shelly & Ed ? . . 
u, _0 I 0) . Our findmg together wnh others confirms 

that ME is very effect" . l' . ' .' . . ' Ive 01 monltol II1g and trappIJ1g B. dorsalis (White & 

Elson-HaJTis. 1997 R ' . I . '" . . 
> • - , ooml et a ., 199.) ; Billah et a1., 2006). The high numbers 

of B. dorsalis confirms the reports of Lux et al. (2003a); Billah et a1. (2006); 

Mwata'vvala et al. (2009) and Nboyine et a1. (2012) that B. dorsalis is still 

dominant and very highly competitive with other species of fruit flies. The 

extremely high numbers and frequency of Bac/rocera dorsalis in all of the 

mango faI111S in this research indicate that it has established itself in Ghana and 

poses danger to mango and other fruit produce. 

The other attractants which are not target-specific also performed 

relatively well , at least, in detecting B. dorsalis. In most of the baited traps, B. 

dorsalis was found to dominate except in the CUL-baited traps where Z. 

cucurbi/ae was dominant. The CUL-baited trap was also effective to detect D. 

langi and D. /ongisly/uS for the first time in Ghana. It is not surprising that B. 

dorsalis dominates the fruit fly counts in the SouthEastern mango enclave in 

Ghana. In fact, previous works have reported that introduced exotic tephritid 

species are able to out-compete native species resulting in decrease in 

population and niches of native species (Duyck et a1. , 2004; Ekesi et aI., 2009; 

Mwatawala et aI. , 2009). In Ghana, C cosyra was the major insect pest of 

mango (Lux et a1., 2003b) whiles C capita/a (Wiedemann) was a major insect 

pest of citrus (Afreh-Nuamah , 1999). 

3.5.3 population dynamiCS 

High FTD values were recorded in ApriL May, .Iune and .Iuly during the 

. d TI' . likely due to the presence of matured and ripe mango li'uits 
study perlo. liS IS 
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on the orchards Matlll','d ad' f' d f . fl ' . . .. 
• < .:. n npe rultS ten to attract Tlllt les lor oVIposItIOn. 

Tan & Serit (1994) , concluded that the availability of preferred hosts is the 

variable that . ' fl ' . ' . most In uences the sIze of the populatIon of adults of B. dorsalts 

in Malaysia. Previous studies have reported high fruit fly population densities 

in an orchard where matured mangoes were found in April to May (Foba et al., 

2012). 

The cUlTent study detected that in April, May, June and July , the fruit 

fly popUlations fluctuate between B. dorsalis and Z. clicurbitae . This could be 

due to the capacity of B. dorsalis to exist together with overly competitive 

invasive species such as Z. cuclIrbitae (Goergen et aI., 20 I J). The aggression of 

species like Z. clIclIrbilae and the ability of B. dorsalis to co-exist might have 

resulted in the displacement of indigenous species such as C. COS}Ta. In months 

(April , May, June) ""here B. dorsalis popUlation was high , the population of Z. 

cuclIrbilae was low. The population of B. dorsalis peaks from April to July. 

TIlis coincided ""ith the major mango fruiting season in the SouthEastem mango 

enclave. The highest population (358.88 FTD) was observed in June during the 

major mango season, which coincides with the advancement of fruit maturity 

and harvesting. This observation is similar to findings from previous studies e.g., 

lhala et aJ. (1989); Kumar et al. (1997) and Vayssieres et al. (20 J 4) in which 

high populations of fruit flies were found to coincide with ripening and 

harvesting of fruits. 

In this study, a high proportion of B. dorsalis was recordcd between 

March and August. A similar observation was made previously in early June by 

.. t I (2014) The relative fly abundance (358.88 FTD) recorded for 
Vayssleres ea. . 

, . . tl .' current study was higher than what was recorded by Nboyine 
B. dorsa IS JI1 le 
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et al. (2012) where 0.02-22.25 and 0.08-121 .39 FTO were recorded for the years 

2009 and 2010 respectively . Vayssieres et a!. (2014) reported an FTO of322 in 

Botim farms , Sunyani, Ghana but this was from the Guinea SavmUlah agro-

ecological zone. Meanwhile, low FTOs (2.38) have also been recorded 

previously in the Coastal Savannah agro-ecological zone (Adzim et aI. , 2016). 

Moreover, in the current study, low numbers of B. dorsalis were recorded 

between September and FebrualY with the lowest (9 FTO) being recorded in 

November. This current relative fly density is about 3 folds the FTO recorded 

by Nboyine et al. (20! 2) in 20 10 and could be due to poor sanitation of the farms 

i.e., dropped and rotten fruits onlhe orchard floor. 

The prevailing envirotUl1ental conditions in the mango orchards could 

have contributed to the high FTOs. For instance, the average temperature, 

relative humidity and rainfall recorded for the whole study period were 28.9°C, 

74% and 60.3 mm respectively. Meanwhile, the optimum range of temperature 

for B. dorsalis development is 20°C - 28°C (Christenson & Foot, 1960; 

Bateman, 1972; Vargas et aI., 1996; Wang, 1996; Wu et aI. , 2000). This makes 

it very conducive for B. dorsalis to multiply in the study area. During March to 

August where a high population of B. dorsalis was documented, the temperature 

was 25°C - 31°C, humidity was 72% - 80% RH and rainfall was 50 mm - 195 

mm. Coledonio-Hurtado et al. (1995); Tan and Serit (1994) and Vayssieres et 

al. (2005), concluded that the availability of hosts, combined with climatic 

factors such as temperature and rainfall, playa significant role in the fluctuation 

of population of fruit flies. Coupled with the closed canopies of the mango 

. h d J'kely optimum conditions were met to influence the harbouring or B. ole ar s, t , 

d , . d . 0 the maJ' or manoO growing season. Meanwhile. the minimum orsa IS linn., ., 
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temperature during September to February where lower populations were 

recorded dropped slightly fr0111 25°C to 23°C. These optimum temperatures, 

humidity and the high fecundity of adult female B. dorsalis result in the laying 

of about 3000 eggs per female, preferably in ripe fruits during their lifetime 

(Ekesi et aI., 2006; Weems et aI., 20]6; Shahzad et aI., 20 J 7; Gui et aI., 20 J 8). 

The high trap catches of B. dorsalis during the period of high rainfall is 

corroborated by Vayssierres et al. (2005, 2009) in a study in which an increase 

in trap catches of B. dorsalis was observed shortly after the onset of the rainy 

season. It has also been suggested that B. dorsalis thrives well in moist weather 

and high temperatures, hence the high numbers of B. dorsalis during high 

rainfall seasons (R wOI11ushana et a!. , 2008). According to Cugala (20 J I), during 

hot and rainy season, the population of B. dorsalis increases until the end of the 

mango season. It is crucial to understand the link between population variations 

and biotic and abiotic variables. which may help producers estimate population 

expansion and take preventative actions. 

Data on the various fruit fly species identified show positive correlation 

with climatic data. The present study supports the works of Bagle and Prasad 

(1983); Agrawal and Kumar (2005) and Sahoo et a!. (2016) who observed 

positive COlTelation of fruit fly populations with temperature on mango plant. 

The present result is also in agreement with the finding of Rai et al. (2008), who 

reported that fruit fly population had positive but non-signiticant correlation 

with total rainfall in guava orchard. The fluctuation in these weather parameters 

have direct effect on the mango fruit fly population growth and development in 

the southeastern mango enclave. 
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3.5.4 Nontarget captures 

Non-target insects caught included phorids, lonchaeids, neriids, muscids, 

and can·ion-related species (families linked with rolling, decomposing, and/or 

fermenting organic materials) . These were mostly large to microscopic insects 

that were drawn to the dead fruit Hies and torula yeast in the traps in great 

numbers. 

3.6 Conclusion 

In conclusion, this study has provided important information about 

population dynamics of fruit flies inhabiting the south-eastern mango enclave 

of Ghana that could be utili zed for the best management of the insect pests 

identilied. 

• The study has identified ten different fruit fly species belonging to four 

economically important genera. 

• Bactrocera dorsalis has been identified as the most abundant fruit fly 

• 

• 

species attracted by both Methyl eugenol- and Torula yeast-baited traps. 

This is followed by Z. cuclIrbitae which was attracted by CUL-baited traps. 

The presence of these two tephritids results in extensive damage to mango 

f]-uits. The two Hies are aggressive in attacking mango fruits during peak 

and off-peak fruiting seasons. 

It is worth noting that, D. langi and D. longistyius have been detected, 

identified and documented for the first time in Ghana through this study. 

The high efficacy of ME-baited traps makes it a candidate for attract-and­

kill technique for controlling B. dorsalis . This could be complemented with 

d 
't t'011 to reduce oviposition substrates for gravid females. 

"00 sam a 1 o 
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• Furthermore, the seasonal variation in the population of fruit flies can be 

targeted for effective management of the major fruit fly pests in the study 

area. 

• Practical management of B. dorsalis populations should be intensilied 

dUling April through July, which is the periods of highest B. dorsalis 

population and activity. Management efforts should start at the beginning of 

the major rainy season when the population happen to be most vulnerable. 
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CHAPTER FOUR 

DEVELOPMENT OF AN EFFECTIVE SYSTEM FOR MASS 

TRAPPING OF ADULT MALE Bactrocera dorsalis 

4.1 Introduct"ion 

A fruit fly trapping system is one of the most often used techniques in 

bio-systematics research and the most expensive. The efficiency of trapping 

systems varies according to the trap type used for trapping pest. the 

concentration and type of lure used. the population density of the pest, weather 

conditions, hanging height from the ground and direction of the trap (Rizk et a1., 

2014). It is imperative to note that the mass trapping approach is a preventative 

strategy that relies on attracting and killing adult fruit flies before they reach the 

fruit in order to lay eggs. The primary benefit of using the mass trapping 

approach is the exclusion of fruits and the prevention of total canopy 

contamination by pesticides during trapping. The mass trapping methods can be 

applied using traps of different constructions, which have to be set on the tree 

canopy. In addition, the traps may be filled with various kinds of attractants that 

have been treated with pesticide, or they may be filled with a water solution that 

contains both attractants and insecticides (Bm·cley & J-Janiotakis , 1991; Bjelis, 

2006; Kleiber et a1., 2014; Gregg et a!., 2018; Hafsi et aI., 2020a). It is evident 

that mass trapping is more effective than bait sprays and less expensive to 

implement (Broumas et a!. , 1998; Bjelis, 2006; Flores et aI., 2017; Hafsi et a!., 

2020b; Stupp et aI., 2021). To capture fruit flies with great efficiency, various 

coloured and shaped traps are required (Broughton & Rahman, 2017; Tadeo et 

aI., 2017; Sikandar et aI., 2017; Candia et aI., 2019; Abu-Raghcef et aI., 2020). 

I I 
. 01 and the cue lure (4-(p-acetoxyphenyl)-2-butanonc) are kno\vn 

Met 1y eugen 
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to elicit responses in Bac/roc:era, Daclls , and ZeugvdaclIs (Royer & Mayer, 

2018; Royer et aI. , 2020). 

Successful Sterile J nsect Technique programmes, which entail the 

release of sterilised field-trapped individuals to manage wild populations of an 

insect pest, are dependent on the success of programmes that catch a substantial 

part of the wild population oCan insect problem (Klassen et aI., 2021). By this, 

it is important to optimize trapping for such a technique. The type of trap to be 

used for such a technique is important as the capacity for capturing insects may 

differ among trap types. Therefore , there is a need to evaluate different traps to 

determine the proportion of the wild population of an insect pest they can 

capture out of the tolal catch by all traps. It is neceSSaIY to use specific trapping 

systems in accordance \vi th the objectives of specific pest contTol programmes, 

the economic and technical feasibility , the species of fruit fly present, and the 

phytosanitary condition of the delimited areas, which can be either infested or 

infested but low in pest prevalence, or a pest-free area (lAEA, 2018). In this 

study, three different traps for capturing Baclrocera dorsalis were evaluated. 

The adult stages of fruit flies are often the focus of fruit fly monitoring 

systems. Traps and attractants may be used to screen the population of adult 

fruit flies (IAEA. 2018). The kind of attractant is the most important factor in 

deciding which traps to use (IAEA, 2018). On the other hand, the selection of 

attractants is dictated by the species of interest and the aims of the trapping 

operation, which may include timely identification of new pests, delimitation of 

new pest arrival, suppression, and eradication of existing pest populations 

(lAEA,2018). 
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Although there are known attractants for several Afrotropical fruit fly 

pests, the responses of flies to trap types, the ideal period for trapping and effects 

of weather conditions at the time of trapping are not adequately understood. 

This study therefore sought to evaluate the efficacy of three trap types and 

period for mass trapping adult Bacfrocera dorsalis for inadiation studies. TIle 

study also investigated the influence of weather conditions (temperature, 

humidity and rainfall) on trap efficiency . 

4.2 Materials and Methods 

4.2.1 Study Location 

Sampling for fruit flies was carried out at Power of Trinity Farm (POT) 

(6°6' 12" N; 0°0'1" W) in the Yilo Krobo district of the Eastem Region of Ghana 

(Figure 4.1) from March 2019 to June 2019. The farm lies within the Coastal 

Savannah Agro-ecological zone of Ghana. It has a humid climate with a mean 

minimum temperature of 25°C and a mean ma;:imum temperature of 35°C. The 

major rainy season in the area is between March and July with mean rainfall 

between 436 - 1507 mm. The minor rainy season is between September and 

October with mean rainfall between 59 - 603 mm (Asare-Nuamah & Botchway, 

2019). 

The POT farm was cultivated with a mixture of Keith and Kent varieties of 

mangoes. All the trees in the mango farm were at the economic fruit-bearing 

age of seven years and above at the time orthe survey. 
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Fa rrU1r11 

Figure 4. 1: Location of Power of Trinity orchard (marked in blue) in the 

Coastal savanna agro-ecological zone of Ghana. 

4.2.2 Trap types under evaluation 

Trapping was done according to [AEA guidelines (IAEA, 2018) 

with few modifications. Three different traps, Ecoman fruit fly trap (Ecoman 
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Biotech. Beijino Chin) T h' 
• • ,=" a , ep n trap (SORYGAR, Madrid, Spain) and Bucket 

nmnel trap (Insect Scien T- S '. . . ce, zaneen, outh Alnca) were evaluated to ascertam 

their efficiency and effe t' - ' II . . c Ivene:;s 111 co ectl11g large number offlles. Moreover, 

the trapped flies were monitored for their survival under laboratory conditions 

(. ') '-"'1 °C' 7- 50 / I.e .. ~)- ,)± 1 0 RH; 120: 12L photoperiod). 

The Ecoman fruit fly trap (Figure 4.2a) is a vertical cylinder 17 cm high 

with an average diameter of 0.83 em at the top entrance. The total volume of the 

trap is about 404 m!. It has a white translucent bot11e and a black cap (height, 

0.65 em and width, 0.70 cm) which ean be unscrewed to facilitate servicing. 

The black cap is dome-shaped. with 4 spiral entry points (each 0.13 em in 

diameter). The attractant is held in place by a plastic pin (0.6 cm in height), 

which is fastened to the inside of the top cover oCthe trap. The trap is suspended 

from a hook mounted on the dome-shaped black top of the structure. 

The Tephri trap (Figure 4.2b) is similar to a McPhail trap. It's a 15-inch-

tall, 12-inch-diameter cylinder that can store up to 450 ml of fluid . In order to 

make service easier, the base is yeIlow and the top is transparent. Inside the top 

is a platform that wiIl be used to hold the attractants. The trap is hung from tree 

branches with the help of a wire hanger that is attached to the top of the trap 

body (IAEA, 2018). 

The Bucket funnel trap (Figure 4.2c) consists of a tapered upper yellow pane 

(the funnel), white lower collection bucket, green lanyardsllid , white caps and 

I none basket/caoe It is also a vertical cylinder 23 cm in height with green p lerOl b • 

d
· t f ) 7 cnl The oreen lid comes with two holes on top of the green a wme er 0 . 0 

d 
'tl thread for hanning the trap. The traps were hung on the mango lanyar s WI 1 0 

. I tllread To prevent ants from preying on the fruit 11y captures, 
trees uSl11g ny on . 
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a grease was put to the first 0 . _ I . . ne t 11rd proximal area of the thread near the branch. 

Traps were swapped on a monthl y bas is to avo id a trap's position from 

interfering with its function . 

Figure 4. 2: Traps used for sampling/coll ecting Baclrocera dorsalis males a) 

Ecoman trap b) Tephri trap c) Bucket funne l trap 

4.2.3 Attractant 

ME (Scentry Biologicals, Inc, Billings, MT) is a parapheromone that 

attracts and catches a large number of Baclrocera species as well as certain 

Ceratitis species. Parapheromones are often very volatile and may be used in 
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conjunction with a w· d · f . ,. . "' 
I e lange 0 haps to attract trLllt flies . I he attractant, ME, 

was in a slow-releasino I · . . "" po ymenc gel form . No killll1g agent was added to the 

attractant in the traps because the captured flies needed to be kept alive to be 

used for further experiments in this study. To avoid contamination from other 

odour sources, applicators hands were covered with disposable gloves before 

placing the attractants in traps. Only new traps were used. Methyl eugenol is 

knovv'n to attract flUit nies over long distances (Steiner et aI. , 1962; Roomi et aI., 

1993 ; Shelly & Edu, 2010: N'Da, 2018). 

4.2.4 F"uit fly sampling and monito,·ing 

An area o f 12, 141 m1 within the 32,375 m1 farm was demarcated as the 

sampling area . The mango trees were selected randomly to cover the area 

uniformly. Within the sampling area, three blocks containing 120 mango trees 

were demarcated with each block 10 meters apart. Within each block, a total of 

15 trees, 60 111 apart, were systematically selected and tagged. Traps were 

deployed on the selected trees at a height of 1.5 - 4.0 \11 above ground depending 

on the architecture of the trees (Ekesi & Billah, 2009). The deployment of the 

traps followed a 3 x 3 factorial arrangement. The 3 x 3 factorial multiplied by 

the three blocks or replication gave twenty-seven experimental units for the 

sampled area (12,141 111 2). The 15 traps per block consisted of 5 Ec0111an traps, 

5 Bucket funnel traps and 5 traps and they were charged with ME polymeric gel. 

The traps were placed in semi-shaded and upwind parts of the canopy by 7 am 

1.11
° davs The tral)s were left in the field for 3 hours each in the morning, on samp J:::> J.. . 

afternoon and evening. Flies caught between 7 am and 10 a111 were designated 

. atclles Those cau"ht between 12 noon and 3 pm were designated 
as mornJJ1g c· " 

. tclles and those caught between 4 pm and 7 pm were designated 
as ahernoon ca 
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as evening catches TI I .. ~ . le catc les of each trap for each desIgnated penod were 

carefully emptied illto a TI n· .. . cage. le les were provIded wIth enzymatIc yeast 

hydrolysa'e suoar (th . . . . 
l, '" lee paJ ts yeast: one part sugar) and dlstdled water soaked 

in cotton wool in a small vial inside the cage (Ekesi et aI., 2007). Another cotton 

wool soaked in water was placed on top of each cage to keep catches hydrated 

and the cage humid. While on the field, each cage was labeled with the 

respecti ve trap type and time of catch and placed under shade. At the end of the 

day, the catches were transported under a temperature condition of 20°C to the 

laboratory for further studies. The flies were monitored for 30 days under 

laboratory conditions (25± I "C; 75±5% RH: 120: 12L photo period) for survival 

or mortality data. Arlificial diet (three-part yeast: one part sugar) was introduced 

to the fruit flies when needed and water was replaced or topped up. Fruit fly 

sampling was replicated three times over the periods of March, May and June 

2019. 

4.2.5 Taxonomy and identification of trap catches 

The captured fruit flies were identified to the species level based on 

morphological characteristics using taxonomic keys developed by the African 

Fruit Fly Initiative (Ekesi & Billah, 2009). The flies were viewed under a 

dissecting microscope (GX Microscopes, GT Vision Ltd, Suffolk, UK) at a 

·fi t·Oll of 20 x Non-tephritid !lies were identified to order or family maglll I ca 1 • 

I I S les of the identified insects were deposited at the Radiation eve s. amp 

E I d Pest Manaoemenl Center under the Biotechnology and -\ltomo ogy an <> ~ 

Nuclear Agriculture Research Institute of the Ghana Atomic Energy 

Commission. 

69 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



4.3 Data Analyses 

The responses measured in this experiment were subjected to analysis 

of variance (AN OVA) or Fisher 's test. Effect of trap type and time of day on 

the number of fruit fly catches and percentage survival were tested with 

ANOV A. Data were input into Microsoft Excel to generate nine samples for the 

trap type and time of day, representing the sample size (n) used in ANOVA for 

the single factor effect using GenSlat software (GenStat, 2009), by selecting 

general treatment structure to nm the 3 x 3 factorial experiment. Data were log­

transformed to normalize the initial di stribution of raw data collected for fruit 

fly catches and percentage survival of flies in traps before performing the 

ANOV A test. Correlation and regression analysis were performed between the 

trap catches and climatic data measured during the experiment. 

4.4 Results 

4.4.1 Response of Bactrocera dorsa/is to trap types 

The trap types showed significant differences for the trap catches 

(df= 2, 15, F= 26.44, pS; .00 I). After the 3 x3 factorial analysis, the single factor 

effect, i.e. , trap types, revealed Ecoman to be efficient in catching larger 

numbers of B. dorsalis compared with Tephri and Bucket Funnel traps (Figure 

4.3). However, the Tephri trap caught more B. dorsalis compared with Bucket 

["linnet trap. 
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Figure 4. 3: Mean catches of Baclrocera dorsalis in three different trap types. 

Bars with different letters indicate significant differences at a Fisher's 

probability value ofIess than 0.00 I. 

There were no significant differences in the survival of B. dorsalis 

in the three trap types under study (df = 2, 14, F = 0.08, p = .924) during a 24-

hour study period. However, numerically more B. dorsalis survived in Ecoman 

followed by Bucket funnel trap and Tephri trap in that order (Figure 4.4). 
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Figl/re 4. 4: Percentage survival of Baci;-ocem dorsalis in [coman, Tephri and 

Bucket funnel traps 

fn Ecoman traps, 69± I 0% of the B. dorsa lis captured in the mornings 

survived. Of the number of B. dorsalis captu red in the afternoon 88±8% 

survived whiles 95±2% of those captured in the evening survived. In Tephri trap , 

73± 17% of the B. dorsalis captured in the morning survived. In the afternoon 

captures, only 64±32% survived whiles the highest percentage survival in 

Tephri traps (87±10%) was observed in those captured in the evening. Ninety-

tw o percent (92±5%) of the flies caught by the Bucket funnel trap in the evening 

survived, followed by afternoon (88±7%) and morning (49±25%) (Table 4.1). 

There were no significant differences in the percentage survival of B. dorsalis 

that were captured in the three trap types at the three different periods of the day 

after 24 hrs in the insectary (df=2 ,14, F = 0.10, p = .979). Bactrocera dorsalis 

catches in Ecoman at different periods of the day were not significantly different. 

In the Tephri traps as well, no significant differences were observed in the 
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percentage survi val of B d . ,. . .. . 
. 01 sa IS captured at dl tlerent tImes of the clay after 24 

hrs in the insectan' S' '1 '1 I . _. 11111 aJ y, t 1e captures by Bucket funnel trap showed no 

significant differences i . . .. .' . n percentage SUI vlval 01 B. dorsalrs dUring the period of 

the day for the first 24 hrs. (Table 4.1). 

Table 4, 1: Percentage Survival of Bactrocera dorsa/is in thl'ee trap types 

after catches in 24 hrs on a mango plantation 

Trap type 

Ecoman 

Tephri 

B~!cket funnel 

Time of Day 

Morning 

Afternoon 

Evening 

Morning 

Afternoon 

Evenino c 

Morning 

Afternoon 

Evening 

Mean survival (%) ± SE 

69± lOa 

88± 8" 

95 ± 2" 

73 ± 17" 

64± 32" 

87 ± 10" 

49± 25" 

88 ± 7" 

92± sa 

There were no significant differences among the trap types and period 

of the day (Fisher's probability value == 0.979). Means followed by the same 

letter within the column are not significantly different at 0.979 

4.4.2 J nteraction between trap catches and periods of the day 

l11e 3 x3 factorial analysis revealed that, there was significant 

differences in the interaction between the trap types and the periods of the day 

.( elf ==4, 15, F= 6.69, P < .003). In the morning, Ecoman trap caught higher 

number of 8. dorsalis compared with Tephri trap and Bucket funnel trap. Again, 

. tl 0 "1,'ncr t-11e number of B. dorsalis caught by Tephli ancl Bucket funne l 
111 1e 111 J t:> ' 

traps were not significantly different (Table 4.2). In the afternoon, there was no 
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significant differences in the mean catches by Ecoman, Tephri and Bucket 

fu nne l traps (Table 42) In the e . E f'" · · I . " veiling, "coman was e hClent 111 catc lII1g larger 

numbers of B dors(,!"' '~d' I T ' . 11.1 compaIc Wltl ephn and Bucket funnel traps. HO\,,"ever, 

B. dorsalis caught by Tephri and Bucket funnel traps were not significantly 

dilTerent. (Table 4.2). 

Table 4. 2: T"ap catches of Bacfrocera dorsalis at different periods of the 

day 

Period of Day 

Trap type Mornino 
'" 

Afternoon Evening 

(6am-9al11) (l2pm-3pm) (4pl11-7pm) 

Mean ± SE Mean ± SE Mean ± SE 

Ecoman 933 ± 546" 126±61 hed 36 1 ±187"b 

Tephri 231 ± 121 bed 320 ± 239abc 69 ± 45d 

Bucket Funnel 108 ± 59 bed 125 ± III cd 38 ± 18d 

Means followed by the dilTerent letters within columns are significantly 

different at at p < .005 (Fisher's test). 

4.4.3 Response of Bactrocera dorsalis to different period of the day 

There were significant differences in the mean number of B. dorsalis 

cauoht at the different period (df=2, 15, F = 9.24,p < .002). Baclrocera dorsalis 
'" 

caught in the morning was significantly higher compared to the catches in the 

afternoon and evening. However, the catches in the afternoon compared to those 

. I . wel"e /10t sionificantly different (Figure 4 .5). 
111 t le evem ng '" 
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Figllre 4.5: Mean catches of Baclrocera dorsa/is at different period of the day 

Means followed by the different letters withi n columns are significantly 

different at at p < .005 (Fisher's test). 

There were significant differences III the percentage survival of B. 

dorsalis at different time of the day within a 24-hour period (df= 2, 14, F = 8.83, 

p < .003). Significantly higher number of B. dorsalis survived in the evening 

compared with morning. Similarly, significantly higher number of the flies 

survived in the traps set up in the afternoon compared with the morning. 

However, there was no significant difference between the flies caught in the 

afternoon and evening (Figure 4.6) . 
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Figure 4. 6: Percentage survival of Bactrocera dorsalis in three di fferent 

period of the day 

Means followed by the different letters within columns arc significantly 
differe nt at at p < .005 (Fisher's test) 

4.4A Fntel"action between trap catches and weather parameters 

The average rainfall , temperature and relative humidity for the first 

trapping period in March 2019 were 45 mm, 31 °e and 72% respectively. The 

average rainfall, temperature and relative humidity for the second trapping 

period in May 2019 were 145 mm, 300 e and 77% respectively. In June, the 

average rainfall, temperatme and relative humidity for the third trapping study 

were 195 mm, 28°e and 80% respectively. 
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Correlatio I n ana yses between B. dorsalis trap catches and weather 

parameters showed that, temperature (r = 0.6638; p = .0668), relative humidity 

(r = 0.6192: p = .0754) and rainfall (r = 0.6182; P = .0760) were positively 

correlated with Ecoman traps. Generally, there were no signiJicant differences 

in the relationship between the weather parameters and B. dorsalis catches in 

the Ecoman trap (Table 4.3). There was a strong positive correlation observed 

between the weather parameters and B. dorsalis catches for Tephri trap: 

Temperature (r = 0.7766; p < .0138), Relative humidity (I' = 0.7220; P = .0281), 

Rainfall (r = 0.7196: p = .0138) (Table 4.3). A similar correlation was observed 

for the catches in the Bucket runnel traps. There was a strong and significant 

correlation between catches in the Bucket funnel traps and temperature 

(r=0.7286: p < .0404) as well as relative humidity (r=0.7001 ;p < .0354). On the 

contrary, the correlation between catches in the Bucket funnel traps and rainfall 

was not significant (r=0.6705: p = .0688) (Table 4.3). 
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Table 4. 3: Relationshi b p etween d im f' f a IC actors (Temperature Relative 

humidity and Rainfall) , 
and Bacfrocera dorsalis caught by Ecoman, Tcphri 

and Bucket funnel tl·aps 

Trap type Con'e lation Temperature Relative 
humidity 

Ecoman r 0.6338NS 0.6 192NS 

F-value F-value 
4.7001 4.3517 
P-value P-value 
0.0668 0.0754 

Tephri r 0.7766s 0.7220s 

F-value F-value 
10.638 1 7.6209 
P-value P-value 
0.013R 0.028 1 

Bucket r 
0.7286s 0.7001 s 

fu nnc l F-valuc F-value 
6.7886 6.7623 
P-value P-value 
0.0404 0.0354 

i\!S_Non significant S-Significant 

4.5 Discussion 

4.5.1 Response of Bact.-ocera dorsalis to trap types 

Rainfall 

O.6182NS 

F-value 4.330 
P-value 
0.0760 

0.7196s 

F-value 
7.5171 
P-vaJue 
0.0289 

0.6705NS 

F-value 
4.8993 
P-value 
0.0688 

Traps and at1ractants may be used to monitor the population of adult 

fruit fl ies (J AEA, 2018). The selection of a trap for mass trapping is primarily 

determined by the type of attractant to be used , and the collection offlies in the 

fidd is detc!111ined by the combination of attractants and traps (I AEA, 2018). In 

the present study, adult B. dorsaliS were collected at three different periods of 

the day (i.e., morning, afternoon and evening) in mango orchards using three 

different trap types with methyl eugcnol as attractant. Methyl eugenol was 
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chosen because of tIle tar'oet t B d I II d ' I . '" pes '. aclrocera ursa is co ecte 111 t le evenJl1g 

'Wi th the bai ted traps I d h' I . 1a a Ig leI' survIval rate for the first 24 hours after 

trapping compared to those collected in the morning and afternoon. This might 

be owing to the favourable weather conditions that prevailed throughout the 

evening. TIle evening has relatively low temperatures (28±1 0c) and optimum 

humidity (77±5%) that might have aided the survival of the catches in the traps, 

The mean percentage survival of B. dorsalis catches in the Ecoman trap was 

84%, followed by Bucket funnel trap (76%) and Tephri trap (74%). 

Motswagole et al. (2019) and Choi et a!. (2020) reported 16.7°C to 34.9°C as 

possible climatic optimum temperature for the survival of flies during the time 

of capture. In this study, the temperature recorded in traps were at the optimum 

level which aid in the survival of the trap catches. Success in implementing a 

mass trapping strategy is dependent on the effectiveness of the traps and lures 

used {Cohen & Yuval , 2000). Because no deadly substance was introduced to 

the traps throughout this trial , the traps are not harmful to the environment 

(Manrakhan et a!., 2017, 2021; Bal i, 2021). Methyl eugenol is highly attractive 

but velY specific in attracting fi'uit flies in the Bactrocera complex including B. 

dorsalis, In fact, earlier studies have shown that methyl eugenol is very efficient 

and effective in mass trapping Baclrocera species in mango orchards (Ishaq et 

a!. , 2004; Stonehouse et a!., 2005; Jiji et aI., 2009), 

4.5.2 Response of Bactrocera dorsalis to period of the day 

In all the three traps, more than 80% of B. dorsalis survived for the 

traps set in the evening. It is advisable to set the Ecoman trap in the evening for 

mass-trapping of live B. dorsalis since it had the highest percentage survival of 

I fl · 0 II' I','sults are consistent with those of Siddiqui el a!. (2003), who t 1e ' Ies. l ~ 
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discovered that fru 'lt fll'es d . d' r I' I . . . engage 111 a Iverse spectrum 0 (Iurna actlvltles. 

Control measures for this pest should be implemented in the early morning and 

late evening hours. These periods are the active periods of the fruit flies where 

they engage in all manner of activities like foraging, mating. This makes them 

available to be trapped. Kazi (1979) observed that fruit flies were most active 

between 10 and II a.m. and that adult flies spent most of the day sleeping on 

other plants in the proximity of cucurbit crops. The greatest number of adults 

were observed on these plants before 8 a.m. and after 5 p.m. The present 

observations are similar to those documented by Sarango et al. (2009) who 

suggested that B. cucurhitae (Coquillett) and B. dorsalis are active in the 

morning. A surge in activity was observed in Buclrocera dorsalis between 7:00 

and 8:00 am. Rizk et a1. (2014) also stated higher mean catches in Peach fruit 

flies (PFF) bet\\'een 5 am and 7 am which is usually the mating activity period 

of Peach fruit flies. 

4.5.3 Interaction between trap type and period of the day 

This study has demonstrated that the population of B. dorsalis captured 

is affected by trap type and period of capture. The Ecoman trap captured and 

retained a large population of B. dorsalis in the mornings and evenings. The 

const ruction of the Ecoman fruit fly trap is such that the ently holes into the 

traps are spiral , preventing trapped flies from escaping. The Tephri trap 

employed in this research is a modified McPhail trap, in which entry holes are 

located around the topmost part of the yellow base's perimeter with an 

. . atcd apel·ttlre located at the bottom of the traps . This design allows ll1vagll1 . 

captured flies to escape if no killing agent is incorporated, making it unsuitable 

.. . j"ll"es all've The Bucket funnel trap has a wide space between the Jor trapping . 
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upper vellow pane d hi' . . . - an t e w lIte bucket. ThIs WII1dow allows trapped n les to 

easil)l escaiJe nlak"t . bl .. . II1g I unsllIta e for retaII1II1g the trapped /lies. Earl ier 

research has shown that varied trap designs, including different colours and 

forms, are necessary in order to achieve high efJectiveness in fruit /ly captures. 

The findings of this study confirm this hypothesis (Broughton & Rahman. 20 I 7; 

Tadeo et aI. , 2017; Candia et aI., 2019; Abu-Ragheef et aI. , 2020). Similarly, 

several authors have rep0I1ed that Tephritid ti'uit fly traps vary in effectiveness 

depending on their size. colour. shape and the particular olfactolY attractant used 

(Tadeo et aI. , 2017; Sikandaret aI., 2017; Bajaj & Singh, 2017; Lasa et a I., 2017; 

Manrakhan et a!.. 2017; Candia et aI., 2019; Bali, 2021). The type of trap is 

important in mass trapping. Ecoman trap is good for collecting large numbers 

of B. dors{[lis due to its trapping efllciency (Bawa et aI., 2016). This trap, when 

used during the right time of the day can be used for mass trapping of live B. 

dorsalis for irradiation studies. 

Stegeman et al. (1979) discovered that adult fruit flies were attracted to 

particular chemical lures earlier in the day in another investigation. Peak 

att:'activeness and population occurred earlier in the day during the summer 

season than in the spring season. Although the Ecoman traps can retain the fruit 

flies very well , the retention of the flies in the trap should not be too long ifone 

is interested in the live flies. Enough air might not reach the flies due to 

inadequate ventilation in the Ecoman traps. Traps should therefore be emptied 

into cages as soon as possible. Most of the catches in the afternoons by all traps 

were low. This could be because of the high temperature during that time of day 

and that B. dorsalis finds suitable refugia away from the heat of the sun. 
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4.5.4 Intel'action ben veen trap catches and weather parameters 

All abiotic condl'tl'ollS s b , t t' II ' I 'f" ' fl ' u s an la Y Impact on t le populatIOn OITlllt . les 

captured usino sex attl'a t (. I I ' , , 
'=' c an s, w let ler they are nSll1g or decreasIng, There was 

a positive relationship between the three trap types and environmental elements 

such as temperature, relative humidity, and rainfall, alllong others, According 

to this, an increase in temperature, relative humidity, and rainfall will also result 

in an increase in the fruit fly population, Ecoman trap catches have a non-

significant positive cOlTelation \\lith climatic factors, Ecoman trap catches were 

not necessarily affected by an increase or decrease in temperature, relative 

humidity and rainfa ll. This could also account for the efficiency of the Ecoman 

trap in catching !arge populations of B. dorsalis, In another research, the amount 

of fruit flies collected using cuelure-baited traps was shown to be positively 

linked to all three abiotic parameters, namely temperature, humidity, and 

rainfa ll. These results were similar to those described above (Hasyim et aI., 

2008), Weather variations have a significant impact on the mUltiplication, 

gro\¥th, development, and dispersal of insects, as well as their population 

dynamics (Dhaliwal & Arora, 200 I), Tephri traps on the other hand exhibited a 

strong positive conelation with all the climatic factors recorded, This validates 

the results of Kllan et al. (2003), who discovered that weather conditions had a 

major influence on fruit fly population dynamics, with temperature and rainfall 

being the most critical factors alTecting fruit fly population dynamics, For the 

Bucket funnel traps, both temperature and relative humidity had a significant 

positive correlation on trap catches except rainfall which had a positive but non­

sinnificant correlation, Patel el. al. (2013) and Bana el. al. (2017) found a 
o 

" j ' k between temJJcrature, relative humidity and rainfall and flouit lly POSItIve In ' 
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capture. Despite previo ' t d ' . ... . 
Us S 1l Ies showmg a nearly IdentIcal IlIlk between fnut 

fly infestation and m · ( . I . j ' . 
c e eOlO ogIca variables, AdzII11 et al. (2016) found a 

negative association between B. dorsalis and rainfall and temperature in the 

coastal grassland region. 

4.6 Conclusion 

The three trap types evaluated had different shapes, colour and designs 

which made them unique in mass trapping of B. dorsalis. 

• Survival was higher for /3aClrocera dorsalis trapped in the evening 

with all the three trap types. 

• On average, the survival rate of B. dorsalis in the traps is highest for 

Ecoman, followed by Bucket funnel and tephri trap. 

• Ecoman trap has higher trapping efficiency compared with tephri trap 

and bucket funnel traps. 

• Ecoman traps are therefore ideal for lise in mass trapping of live B. dorsalis 

when conducting irradiation studies. 

• Climatic factors inJluence the catches by the traps differently. Efforts 

should be made to set traps within areas of optimum temperature, relative 

humidity and rainfall to boost the efficiency of the traps in mass trapping. 
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CHAPTER FIVE 

IRRADIATION STUDIES TO ESTABLISH AN OPTIMUM DOSE FOR 

STERILIZING Bactrocera dorsalis ADULT MALES 

5.1 Introduction 

The discharoe of sterile' . . . - . . '" IJ1sects IS a specles-speclhc, ecologically bel1lgn 

approach of insect management dubbed "birth control for insects." (Knipling, 

1955). It entails the mass rearing of enormous numbers of taroet insects in an 
b 

insectary, as well as the sterilisation of the males. These sterile males are then 

scattered throughout the contaminated regions, where they mate with wild 

females. The mating of a sterile male with a virgin wild female leads to the 

creation of non-fertile eggs, and the decrease of progeny results in the 

suppression or, in some cases, the local extermination of the wild population 

(Klassen. 2005). When using the Sterile Insect Technique (SIT), the capacity to 

mass-rear millions of sterile flies for release at the proper moment (when the 

pest population has not reached its peak) and across a large region is critical 

since the technique is designed to overwhelm the pest popUlation (Tan, 2000). 

This results in a reduction in the reproductive capacity of the resident pest 

population, and eventually, the elimination of the pest popUlation. Insect 

inundation technology is an ecologically friendly process that involves the 

successive discharge of sterile insects in a designated rcgion. The released 

infertile males are in a competition with wild males for the right to mate with 

c: I . t"h wI'ld (Nation 1974). For example, almost 1.5 billion flies were lem a es 111 e · , 

I d
· 1991 aoainst C capifafa in the Kauai Coffee Plantation in Hawaii 

re ease Jl1 I:> • 

It d 'n population suppression of 56%, compared with a control of 
and that resu e 1 " 

(V S
et al 1994). Although, SJT is very effective, it could be 

no release arga ., 
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complex and expensive M '. 
. ass reanng IS the highest contributor to the total cost 

of any SIT program. This h' I . . . 
Igl cost makes the applIcatIon of SIT prohibitive to 

resource-poor countries, hence tl d . . . . 
le nee to explore alternatIve ways of applymg 

the SIT under such condit" 0 
Ions. ne of the techniques that has the potential to 

eliminate the cost of mass'" d h 
leal\ng an ence reduce the overall cost of SIT is 

the Trap-Irradiate-Release (T1R)-Sterile Insect Technique (S[T). The Trap-

Irradiate-Te I' . C • 
C U1lque IS a lorm of SIT that mvolves trapping wild males from a 

population. irradiating them with a specific dose of gamma radiations to cause 

sterility and subsequently releasing the sterile male flies into the wild to mate 

with wild females. Continuous trapping, in·adiation. and release of sterile male 

fli es will eventually bring the total popUlation down to a minimum. In the early 

1960s. I-Iorber used the TlR-SIT strategy to eradicate the field cockchafer 

(Melolol1t ha vulgariS F.) from 30 hectares of agricultural land in Switzerland 

(I-10rber. 1963). 

One of the most challenging aspects of the SIT application is 

detennining the radiation dosage, since the radiation doses used to induce 

reproductive sterility might differ across sexes and between species (Bakri et a!., 

2005 ; Williamson et aI., 1985). In operations involving the release of sterile 

. tl d saae emplo)'ed to induce sterility is of critical relevance. Dosages l11sects, 1e 0 0 

I It I'n I'nsects that are not adequately sterile, whilst doses that that are too ow resu 

are too high result in males that are poor competitors in mating with wild 

. d to wild males (Robinson et aI., 2002). Optimizing the fem ales as compare 

,t' and reproductive fitness, as well as hereditary sterility, 
balance between soma IC 

.. I (Toledo et aI., 2004). Though adequate information 
is consequently cntlca 

uired for sterilizing males irradiated as pupae, information 
exists of the doses req 
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of adult male irradiat" . 
IOn IS very sc ty T 

an . his study was therefore set out to 
determine the optil11un . 

1 gamma radiatio d 
nose to cause sterility in adult male 

Baclrocera dorsalis for b 
su sequent TIR . I 

lesearc 1 and the period of the year to 

collect large quantities of B d " '. . . '. 
·01 sails fO! IrradiatIOn. 

5.2 Materials and Methods 

5.2.1 Study Location 

The experiment \ . d vas carne out at the laboratory of Radiation 

Entomolooy and Pest Ma C . . "' , nagement enter (REPMC) and Gamma IrradIatIon 

Facility (GIF) of Biotechnology and Nuclear Agriculture Research Institute 

(BNARI) under the Ghana Atomic Energy Commission (GAEC). GAEC is 

located about 20 km north of Accra (5°40'36.6" N; 0°11 '52.5" W) and 76 m 

above sea level (Ewusie et a!. , 2010). Trapping studies were carried out in three 

commercial orchards namely Power of Trinity (POT) and Modestep Farm 

located in the Yilo Krobo district of the Eastern Region of Ghana and Enyonam 

farm in the Shai Osudoku district of the Greater Accra Region of Ghana (Figure 

5.1) to determine the best period of the year to collect large numbers of B. 

dorsalis for irradiation studies. The study was carried out between February, 

2018 and February, 2019 to cover the major and minor mango seasons in the 

Coastal Savanna agroecological zone. The climatic conditions of the orchards 

and f etations cover have been previously described by Asare­types o . veg 

& B h (20 19) and FAO (2005) respectively. Meteorological data 
Nuamah otc way 

. bl ·· Iative humidity (RJ-I) at 15.00 h GMT, the maximum 
for three vana es, Ie 

. 00 h 1d total monthly rainfall were obtained daily 11-0111 a 
temperatW'e at 09. , aI 

. I 1" 1 at one of the farms in the study area. 
local meteorolog1ca sta 101 
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Figure 5. I : Mango orchards for collecting year-round BactroceJ'a dorsalis 

flies in thc SOL th Eastem mango enclave 

5.2.2 n ·ap and nttr2lctant for collecting wild fruit flies 

Ecoman lrap (Ecoman Biotech Company, China) was used to collect live 

adult male Bactrocera dorsalis. Ecoman trap consists of a translucent white 

bottle of about 17 cm in height and width of 0,83 cm with a total volume of 404 

cm3 and a black cap of height, 0.65 cm and width, 0.70 cm. The Ecoman trap is 

designed in such a way that the black cap has 4 spiral entries with a hole each 

of 0,13 cm diameter, which opens into the translucent white base of the trap. 

The black cap has a plastic pin measuring 0.6 cm in length in the middle where 

attractants can be hanged. The outer top roof of the trap has a hook on which a 

thread can be attached to a tree. Once flies enter the trap through the spiral black 

cap, they are unable to escape. The parapheromone, methyl eugenol (ME), 2 g 

. . d ' nt per plug was used as an attractant in this study. The ME was 
actIve mgre Ie 

d f: S try Biologicals Inc, USA. Fifteen Ecoman traps were set up 
source rom en ' 
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on a 12,140.569111
2 

fann, Modest Step Fann (602'19" N; 000'9" W) located at 

Yilo Krobo district of the Eastern Region of Ghana (Figure 5.1). Traps were set 

up according to the trapping technique by Ekesi and Billah (2009) with few 

modi fications. Traps were set at distances of 50 cm apart and at heights of 1.5 

111-2 m depending on the architecture of the mango trees. The traps were set up 

in such a way to avoid interference with each other and in the semi-shaded area 

of trees a llowing fl ies to gain full access to the entry points of the traps. The 

traps were set up early in the morning around 6 am and emptied after one hour. 

. . f the most effic ient dose for sterilising Bactrocera 
F · . ' 5 7· DetermmatlOn 0 <[Gure . _. d 

b d f1' beino fed on yeast and sugar b) Eggs arrange 
dorsalis; a) Wild trappe les b . . . . 

b T t test c) Emeroence glass Jar With umrradlated 
in a petri dish for hatcha I 1 Y b .. . 

. k 'tl emergence bottle for lITadlatlOn. 
male flies d) plastic bas et WI 1 
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5.2.3 Collection and pre . . 
paratlOn of flies for irradiation 

Trapped flies were care"tll . d . . . 
\Il Y emptJe mto four 6L-transparent plastIc 

bucket cages and transl)ort d -" II .. 
e carellI y under temperature condItIOns of 20°C to 

the REPMC laboratory for holding and stabilized before irradiation. In the 

laboratory the adult wild B d " /. " . 
, . . O! ,lalS were mamtall1ed under i2-h photoperIod, 

25±2°C temperature, 70±5% RH and fed with food made up of 3-paI1 yeast: i-

part sugar and water soaked in cotton wool. The top net cover of the cage was 

also covered with cotton wool that had been soaked in water, in order to keep 

the flies hydrated. The flies were kept for 7 days to enable them acclimatize to 

the new environment (insectary) before being exposed to gamma irradiation. 

Adult male B. dorsalis were stabilized in the laboratory for 7 days, they 

were transferred into glass jars of volume 250 ml (Figure 5.2e) with a metal 

cover having a wire mesh to allow for ventilation. Fifty (50) flies were 

transferred into each of 11 glass jars. The glass jars were placed in a bucket cage 

(Figure 5.2d) and transported to the Gamma Irradiation Facility for irradiation. 

5.2.4 Dose-response calculation 

Irradiation was carried out at the GIF, which uses a Cobalt 60 (60Co) 

source with a strength of approximately i5.3 KCi. In a preliminary dose 

mapping irradiation, 50 maie B. dorsalis held in a glass jar (Figure 5.2e) were 

placed on a 62 cm high stool at 90 cm from the cobalt 60 (60Co) source rack. 

Ethanol chlorobenzene (ECB) Dosimeters were placed inside the glass jar for 

. .' f ctuai dose delivered. To guarantee homogeneous distribution detennmatwn 0 a 

. 'ded under the same circumstances, the glass jar containing of the dosage provl 

. d d . tel's was rotated i80° at half the processing time. After the 
the flIes an oSlme 

tIle ECB dosimeters were withdrawn from the jar and the 
irradiation time, 
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absorbed dosage was calculated using a calibrated High-Frequency Dosimeter 

System (Model 2131, version 2.5 , Sensolab Ltd, God, Hungary). The 

experimental samples were then individually sUbjected to the same conditions 

described above to deliver calculated doses of 10,20,30,40,50,60, 70, 80, 90 

and 100 Gy at a dose rate of 160.4 Gy/hr. The adult males in the control 

treatment were exposed to the identical handling techniques as in the 

experimental treatment, but no irradiation was administered. The entire 

experiment was replicated three times. 

5.2.5 Mating and fC l·t ility studies 

TlTad iated adult male 11ies were carefully tr:msferred into adult holding 

cages labelled with the respective doses and fed with artific ial diet and water 

(Figure 5.2a). The iiTadiated nics were allowed to stab ilize (12D: 12L photo 

period, 25±2°C temperature, 70:1:5% RI-l) for 3 days after which matured 

laboratory-reared virgin females were presented to them for mating at a ratio of 

1: 1. The set up was held in the insectary for 7 days to allow mating to occur. 

F · 5 3· Oviposition cups for harvesting eggs to detelmine percentage zgure . . 

hatchability. 
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Sterilized ovipositio (F' 
n cups Igure 5.3) were placed in each of the eleven 

cages to harvest eoos fron1 th r I " " . 
bb e lema es. I he oVIposItIon cup (470 ml) is a 

transparent plastic cup w'th tl b 
I 1e ody and cover perforated by a I mm needle to 

allow the ovipositor of tl d I c". • 1e aut lemale to be Inserted to lay eggs. The ll1ner 

surface of e h . . . 
ac OVIpOSitIOn cup was sandpapered to make it rough to allow the 

oviposition attractant and eggs to slick to it. Mango juice was applied to the 

interior portion of the cup to serve as an oviposition attractant. The oviposition 

cups were left in the cages for 24 hours to enable enough eggs to be laid for the 

hatchability test. 

To determine hatchabi lity, a sample of 100 eggs was taken from each 

irradiated dose and ""ith a small camel-hair brush. spread on moist denim cloth 

in a Petri di sh. Four lines of eggs, each consisting of25 eggs were spread on the 

moist denim cloth (Figure 5.4). After 2-3 days, the number of unhatched eggs 

was counted under a dissecting microscope (GX Microscopes, GT Vision Ltd, 

Suffolk, UK) at a magnification of 20x and the percentage of egg hatch was 

calculated (Equation I). Hatched eggs look more transparent than the unhatched 

ones. The unhatched eggs look whitish in coloration (FiglU"e 5.4a). 

Total number of hatched eggs x100%. 
%Hatchability = Total number of egg set 
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Figure 5. 4: Eggs of Baclrocera dorsalis; a) un.hatched, b) hatched. 

Trapping \Vo;s carried out during the frui ting sliccessive mango fruiting 

seasons in 20 18. The trap used was Ecoman (Ecoman Biotech Company, China) 

and was baited '.vith methyl eugenol (ME). The paraphemmone methyl eugenol 

(l,2-dimethoxy-4-(prop-2-en-l-yl) benzene) (Scentry Biologicals) captures a 

large number of species of the genus Baclrocera (including B. dorsalis, B. 

zonata , B. carambolae, B. philippinensis and B. musae). Polymeric gels were 

used to release the attractant. The bottom of the trap was coated with a thin layer 

of Dimethyl 2, 2-DichloroVinyl Phosphate (DDVP), which served as a poison 

for any insects that stumbled into it. The trapping layout used was the technique 

described by Ekesi & Billah (2009). Each farm has 5 Ecoman traps deployed 

randomly. In all, 15 Ecoman traps were deployed, 15 ME attractants and 15 

DDVP strips. Traps were examined for fruit flies and emptied on a weekly basis. 
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Specimens collected in t. 
laps were emp!" d' I '. . Ie m p astlc VIals whIch were labelled 

by farm and date and pl'ese . d' 
1 ve 111 700/, I I I 

o a co 10 . Attractants were replaced after 

4 weeks. All Dichlorvos t' 
s flps were replaced after 4 weeks. 

5.2.7 Catches and identification of fly 

Flies collected we t re ran sported to the laboratories of REPMC where 

they were stored in a dark room to avoid discoloration of the catches. 

Identification of the catcl1 . d . . . es wele one under a dlssectll1g mIcroscope (GX 

Microscopes, GT Vision Ltd, Suffolk, UK) at a magnification 20x. The flies 

were identified to species at the REPMC laboratories using morphological 

characters as per published keys (Billah et aI. , 2009. De Meyer, 1996, \998 , 

2000; De Meyer & Copeland, 2005; De Meyer & Freidberg, 2006; White, 2006). 

Voucher specimens of identified fruit flies were deposited at the laboratories of 

REPMC. 

5.3 Data analyses 

ANOV A was conducted to compare the different irradiation doses and 

percentage eggs hatched. Thus, F-test analysis was performed on all raw data 

. d cor pal'ameters measured during the study. The least significant summanze )1 

dilference (LSD) test at a probability level of 5%, was used to separate means. 

I 
. ·[tormed usin o one-way ANOV A described in the GenStats 

All ana YSIS were pel '" 

_ 12th edition Log-dose-probit analysis was used at a 
statistical soHware, . 

of 9501 to calculate the Lethal Dose (LD-95) for eggs not to 
confidence level 0 1 0 

. 76 To make comparisons across locations easier, 
hatch using SPSS verSIOn - . 

. .' er day (F/T/D) (IAEA, 2003) were used to indicate 
counts of flies pel tl ap P 

relative fly abundance. 
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5.4 Results 

5.4.1 Detel·mination of 0 t" .. . 
P ImUm I adlatlOn dose for· sterilizing adult male 

Bactrocera dorsalis 

Generally, hatchab T t fl· . 
I I Y 0 t le eggs laId by the female decreased \1mb 

increasing inadiation do . . . 
ses except for the control (OGy) whIch recorded an 

increased hatchability of SI±4.93%. This was followed by tbe lOGy with 

percentage hatchability of 4S±S.50. Next is 20Gy and 30Gy recording 

percentage hatchabilities of 32±S.33 and 2S±2.03 respectively. Irradiation of 

adult males at 40Gy and 50Gy resulted in hatchabilities of 21 ±O.SS% and 

9±0.5S% respectively. Irradiation doses at 60Gy, 70Gy, SOGy, 90Gy and 100Gy 

resu lted in decreased hatchabilities of 9±2.60%, 3±1.76%, 1 ±0.67%, 2±0.88% 

and I ±0.33% respectively (Table 5.1). Analysis o[Yariance (ANOY A) shows 

that there Vias significant difference (df= 10,20, F = 40.21 , p < .001) in the 

percentage hatchability between the OGy (control) and the rest of the irradiation 

doses (Table 5.1). There was a significant difference (df = 10, 20, F = 40.21 , P 

< .001) in percentage hatchability between the lOGy and 20Gy. There was no 

significant difference (p > .05) in percentage hatchability between the rest of the 

irradiation doses (Table 5.1) 
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·_----_ .. _ .. _-- ... . _--. 

Table 5. 1: Perce 
ntage hatchab·" 

< I Ity of B l' ... d' , . fie IOcera dorsalis at different 
III a lahon doses 

Dose (Gy) 
Hatchability (%) + SE 

Control (0) 
81 ± 4.93" 

10 
48 ± 8.50b 

20 
32 ± 8.33c 

30 
28 ± 2.03c 

40 
2 1 ±0.88cd 

50 9 ± 0.58dc 

60 9 ± 2.60~ 

70 3 ± 1.76c 

80 I ± 0.67~ 

90 2 ± 0.88" 

100 1 ± 0.33 c 

A1eans having the same feflers under the same column are not significantly 

different af p < .05. 

The mean number of percentage eggs hatched generally decreases with 

increasing doses, The equation for the regression line was I (r2 =0.903; Figure 

5.5). There was strong negative correlation between the irradiation dose and 

percentage hatchability (r2 = 0.903 , p < .028; Figure 5.5). From probit analysis, 

the effective dose that can cause 5% of eggs to hatch was 70Gy, An LD95 of 

72.490Gy (95% Cl; 56.4-106.4)Gy irradiation dose was calculated for 

unhatchability, 
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Rl Linear = 0.903 
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Figure 5. 5: Effect of ilTadiation dose on the egg hatchability of Bactrocera 

dorsalis 

5.4.2 Fecundity and fertilit)' of non-ilTadiated adult females mated with 

irradiated males 

The number of eggs laid per female Bactrocera dorsalis with different 

irradiation doses was quite high. The highest mean number of egos laid per ~b 

female was 75.65±4.16 when males were irradiated at 70Gy. Irradiation at OGy 

produces a mean of73.60 ±13AO eggs per female. Irradiation at 80Gy produces 

54.40±7.07 mean number of eggs laid per female (Table 2). There was however, 

no significant difference (df == 6, 13, F == 0.31, P == .9 JJ) in the number of eggs 

laid per female between the irradiation doses (0, 50, 60, 70, 80, 90, IOOGy). 

Irradiation at OGy produces the highest percentage hatchability (80. I 0±5.32). 

The lowest hatchability was 0.80±0.20% and 0.80±OAO% when males were 
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ilTadiated at 80Gy and 90G. . 
Y lespeclJvely Th · . ." . . ele wele significan t differences (df 

-6 I " F 
-, oJ, ==1 18.22,p<.00 1)inth . 

e pelcentage hatchability between OGy and 

the rest of the irradiat d d 
c e oses (50 60 70 , . , 80, 90 and 1 OOGy) Cfable 5.2) 

Table 5. 2: Mean numb f er 0 eoos la'd fi "'''' 1 PCI' ema le and % hatchabi lity of 

male Bactrocera dorsa/is ' . . ' . 
II I adlatcd at differe nt ilTadiat ion doses. 

Dose (Gy) No. of EggslF emale Hatchability (%) 

Contro l 73.60 + 13040" 80.10 ± 5.32" 

60 63. 10 ± 13.90" 4.60 ± lAOb 

70 75.65 ±4.16" l AO ± 1.21 h 

80 54040 ± 7.07" 0.80 ± 0.20b 

90 67.15 ± 5.37" 0.80 ± OAOb 

100 61.10 ± 0.50" 4.60 ± 1.41 b 

Mean values (±SE) within a column followed by the same letter are not 

significantly different (p < .05). 

5.4.3 Time of trapping for irradiation studies 

The flies per trap per day (FTD) at the end of the minor mango season 

(February) was low. The FTD recorded at this period was lower than 50. 

Relative fly density began to rise around April to June 2018 which marks the 

beginning of the major mango season. During these periods 138,230 fl ies per 

trap per day were recorded for Apri l and June 20 J 8 respectively (Figure 5.6). 

The highest peak of captured flies was recorded in July 20 18. In July 2018, 319 

flies per trap per day were recorded. From the period in August 20 J 8 to Janumy 

20 19, which marks the minor mango season, the FTDs decli ned during these 

periods (Figure 5.6). 
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Figure 5. 6: Male Bactrocera dorsalis caught by Methyl eugenol traps 

betvveen February 20[8 to January 2019 within SouthEastern manoa enclaves 
" 

5.5 Discussion 

5.5.1 Determination of optimum irradiation dose for adult male 

Bactrocera dorsalis sterilization 

The sterile insect technique is a major tool deployed to control 

tephritid fruit flies. The technique makes it easier to eradicate flies on an area-

wide basis. In this study, the Trap-Irradiate-Release technique is being 

developed to see how effective and economical it can be in controlling B. 

dorsalis. In investigating the most suitable dose to sterilize adult B. dorsalis, 

adult males were exposed to irradiation doses from 10-1 OOGy. The percentage 

of eggs hatched after 72 hours decrease with increasing doses. To determine the 

most appropriate dose to administer to sterilize the adult males, probit analysis 

. d ut The minimum dose that gave 5% hatchability was 70Gy which 
was carrie 0 . 

fu h d up to 100Gy Dipteran groups get distinct sterility doses from 
rt er ecreases . 
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ionising ilTadiation. and tl . 
. lese doses differ from one another (Bakri et a!.. 2005). 

According to Calkins and P 'k . . . 
aJ er (2005), stenlity will rise as irradiation doses 

Increase. Sensitivity of tephr'fd fl . 
I lies IS moderate when compared with other 

dipteran groups, and the av . 0 .. '. . 

el abe dosage for stenlisll1g tins group IS 65Gy. To 

establish sterility. two s e ' . B ' " . , . 
. p cles, . pJlIflpll1enslS and C capllala. needed 100Gy 

(Bakri & Hendrich, 2002). Even though these doses (70-1 OOGy) achjeved 95% 

sterility; it is not so different from other authors whose ranne is between 70-
b 

120Gy (Ohinata et. a!.. 1977; Nation et. a!., 1995; Allinghi et. a!., 2007; Younes 

et. a!.. 2009). Mating irradiated males with non-ilTadiated females of B. zonala 

did not decrease egg production, but did diminish hatchability, according to 

Mahmoud & Barta (2011). With a minimal dosage of lOGy, 46-48 percent of 

eggs hatched. and the proportion of eggs hatched decreased even more as the 

dose increased. 

Nasution et. al. (2018) and Klassen (2005) elaborated on the 

processes that results in gamma irradiation causing a male fruit fly to lose its 

fertility at a certain developmental stage of the fruit flies (Pupal stage) . It is 

believed that 48 hours to the emergence of the adult from the pupal stage, germ 

cells are still actively dividing. The presence of irradiation disrupts the presently 

active process of cell division, causing cell damage and disrupting testicular 

development (Fletcher & Giannakakis, 1973). Sterility is caused by defective 

II b · oenerated Additionally, receiving high doses of gamma sperm ce s emg 0 . 

. . . ' . nlOvement of sperm in an attempt to prevent fertilisation radwtlOn may 1l11paJJ 

Ys strike the nucleus ofa cell, they are likely to produce 
of an egg. If gamma ra 

. t lion in the DNA base pair. Late in the pupal or early 
a deadly domJllant mu a 

h lometabolous species is a favourable period for 
adult stages of many 0 
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irradiation because 0el'n t' 
~ 1 ISsues have d I eve oped (Anwar et aI. , J 971, Ohinata et 

aI., 1971, 1977, 1978). 

5.5.2 Fccundit), and fel'tip" '. 
I.) of non-uTadlated adult females mated with 

irradiated males 

',\lhen non-ilTadiated ft· I . . . ema es were mated wIlh Irradiated adult males, 

fecundity tests revealed th t .. d' . a ma lahon dosages had no effect on fertility. The 

fecundity of non-ilTadiated fielll I fl· ' . fl ' d' I .. a e lUIt les mate WIt 1 non-IlTadlated male 

fruit flies were significantly different from those that werc mated with irradiated 

adult males. Fruit fly egg production was unaffected by the degree of irradiation 

dosage during mating between an irradiated adult male Ii'uit fly and a 110n-

irradiated female fruit fly (Nasutiol1 et. aI. , 2018; Collins & Taylor, 20 II). There 

was no statistically significant difference in the percentage mean fertility of non-

irradiated males and those irradiated at 25 and 50 Gy, according to the findings 

of Ogaugwu et al (2012). However, egg laying rate showed a significant 

difference between females mated with irradiated males and females mated with 

non-irradiated males. For B. zona/a, the same was claimed by Mahmoud & 

Barta (20 11). According to Zahran et al. (2013), when non-irradiated female B. 

zona/a eggs were mated with irradiated males at doses of 1 0, 30, 50, 70, and 90 

Gy, the quantity of non-irradiated female B. zona(a eggs was decreased. 

. . B 1 ." li~ is still fairlv hioh. but it differs from fecundity in non-FecundIty \11 . ltD/ sa . - <> . 

irradiated females (OGy). 
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5.5.3 Time of h'appin u ~ .' " 
. b 01 IrradIatIOn studies 

The major season lasted fl'on1 
March to August 20 18, There were 

relatively high peaks witl' ] 
1111 une and July (Vayssieres et aI., 2014) which 

coincides with the maturity d' , 
an npe11lng of mango fruits, The high avai lability 

of resources (fruit) make 't ' r . 
S I easIer lor the hIgh numbers of fruit flies captured 

during the period (Nbov' t I 20 " , 
- J me e a " 12), ThIs long w11ldow where there IS the 

availabilit), of fruit fll'es k ld b ' . pea cou e targeted to collect large numbers oj' B, 

dorsalis for irradiation, Narayanan & Batra (1960), Jhala et al. (1989) and 

Kumar et al. (1997) made similar observations to findings fr0111 previous studies 

e,g" where high populations of fruit llies were found to coincide with ripening 

and harvesting of fruits, The minor mango season which lasted from August to 

Febmary 2018 has low populations or B, dorsalis , During the minor mango 

season, the production of mango was low, This was due to poor flowering and 

therefore mango production was greatly affected, This could be a major reason 

why low fly densities were recorded in the coastal saVaIma agro-ecological zone. 

The low numbers during the minor season can be targeted and irradiated flies 

can be released during this time to crash the population before the onset of the 

major mango season, 

5.6 Conclusion 

• 

• 

• 

• 

, ' diation dose to cause 5% egg hatchability is 70Gy, The optImum Irra 

, 'I d' ('on doses the lesser the percentage hatchability, 
The hIgher t 1e ra Ja I , 

" d d'd not sioni fieantly affect fecundity, 
IrradIatIon oses I 0 

f B I "alis' were recorded at the minor mango season 
Low numbers 0 ,C OJ S " 

d 'th the major mango season, 
compare WI ' 
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• The months of June and July have recorded higher numbers of B. dorsalis . 

and this period can be taroeted to col\ect laroe numbers of adult B. dorsalis 
'" "" 

for irradiation and releases during the minor mango seasons to manage the 

pest. 
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CHAPTER SIX 

PRE-EXPOSURE OF AD 
ULT MALE Bac/rocera dorsa/is Hendel TO 

METHYL EUGENOL BAITED TRAP 

6.1 lntr'oduction 

Bactrocera dorsal" H d I . 
IS en e, sometlllles known as the oriental fruit fly , 

is an Asian pest It is ve' . I . ry inVaSive, po yphagous, and harms a broad range of 

fruits and vegetables (Duyck et aI., 2004; Clark et aI. , 2005). The fly was 

accidentally discovered in Kenya in 2003 while conducting standard fruit fly 

monitoring (Lux et aI., 2003b) and 2005 in Ghana (Billah et aI., 2006). Since its 

discovery. the insect has swiftly spread over the continent. \vreak ing havoc on 

huge commercial orchards as well as small-scale fruit-growing operations 

(Ekesi et al.. 2006; Goergen et aI. , 2011; Vayssieres et al., 2009). It is displacing 

native tephrilids such as Ceratitis cmyra (Walker) and C. capi/ala 

(WiedeIl11u..nn) (Lux et aI., 2003b). Female Bac/rocera dorsalis lay between 

1200 and 1500 eggs throughout the course of their lives (Weems et aI. , 2012), 

making it an excellent dispersion candidate (Chen et aI., 2015). 

It is vital to use trapping technologies based on olfactory attractants in 

order to monitor and regulate B. dorsalis population growth. Methyl Eugenol 

(ME) (1, 2_dimethoxy-4-(2-propenyl) benzene), a particularly strong 

I } . I lure for B dorsalis males, has been used successfully for p 1ytOC 1emlca . 

.' d I' 'natino adult males within B. dorsalis populations all over 
mOl1ltonng an e Iml '" 

. I d' . the United States (Liu et aI., 2017; Shelly, 2017). It has 
the globe, mc u II1g 111 

. d' 'evious study that male B. dorsalis are highly attracted 
been hypothesise 111 a pi 

'd bl boosts their mating performance and 
to ME because it conSI era Y 

competitiveness (Shelly, 20 I 0). 
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Chemicals consumed . . 
ate eIther sequestered unaltered or converted into 

derivative chemicals whi I 
, Clare subsequently stored in male pheromone glands 

and released as I 
p leromonal components that increase male mating 

competitiveness (Shelly & Dewire, 1994; Tan & Nishida, 1996; Khoo & Tan, 

2000; Wee et al 2007' KUllla' t I ?01~) M I I . I . . '" Ian ea., _ .J. a es W1ICl are provIded ME 

attract much oreatel' I1Ulllb · f ' fi . := el so conspecllc males than males who are not gIven 

ME (Diego et a!., 2018). Methyl eugenol is a known powerful attractant of B. 

dorsalis males (Steiner, 1952; Steiner et aI. , 1965). In B. dorsalis, it serves as a 

precursor to the male sex pheromone and boosts the pheromone's attraction to 

females (Tan & Nishida, 1996; Shelly et aI., 2000; Shelly, 2001). However, 

there is lack of knowledge concerning the effect of pre-exposure of B. dorsalis 

to l'vIE and subsequent trapping using ME-baited traps in the wild. Therefore, 

this study sought to investigate the behavioural response of males pre-exposed 

to methyl eugenol and capture by ME-baited traps. This is important to 

determine whether males trapped with ME-baited traps for irradiation in the 

laboratory would be re-captured by ME-baited traps in the field andlor still 

respond to ME pheromones secreted by wild female . Findings from this study 

will have a significant impact on the effectiveness of TIRfSIT programme. 

6.2 Materials and Methods 

6.2.1 Study Location 

The study was carried out at Enyonam Farm (5°56' 59" N; 0°1 ' I 0" W) 

F ( ~ 0 )~9'4" N ' 0°0'43" W) in the Shai Osudoku District of the 
and Star 'arm ) . , 

R 'on' Modest Step Farm (6°2'19" N; 0°0 '9" W) and Divine 
Greater Accra egl , 

. 60 1'48" N ' 0°0'9" E) in the Yilo Krobo district of the Eastern 
FIeld Farm ( , 
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Region of Ghana. The study 
area lies within the Coastal Savannah aoro-e 

ecological zone of Ghana witl I . . ' 
1 a 1Umld climate as described earlier in Chapter 

Three. 

6.2.2 Trap type for capturing fmit flies 

Ecoman green trap (Ecoman Biotech Company, China) was used to 

collect live Bactrace/'a do/'" I" I Tl E . . . JCl IS ma es. le -coman trap and Its fl.mctlOnahty 

has been described in earlier chapters. The attractant used in this experiment 

was the parapheromone methyl eugenol (Scentry Biologicals, Inc, Billings, 

Montana. USA) as described in chapter 3. 

Larvae from the initial stock were reared on banana and made to pupate 

in moist and steril ized fine sand. Emerged adults were separated immediately 

based on sex to avoid premature mating. Adults were fed on artiticial diet (3: I 

sugar/hydrolysed yeast) and water ad libituIII for ca. 100 generations. Only 

aduits at sexual maturity of 10- 12 days old were used for experiments. They 

were reared under laboratory conditions of 25°C temperature, 65 ± 5% RH and 

12L: 120 photoperiod at the Radiation Entomology and Pest Management 

Center of the Ghana Atomic Energy Commission. 

6.2.3 Methyl eugenol feeding 

An amount of 4.64 g of ME (Scentry Biologicals, Inc, Billings, MT, 

I d t a petri dish inside a 6L-cage containing unin'adiated 
USA) was P ace on 0 

c: I ' c, d cor 14 hrs following Wong et aJ. (J 989). 
males to JTee )" Jce JI -
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6.2.4 Screen house E . . xperul1ent 

To investigate the b I . 
e 1aVlOural resp f . . onse 0 pre-exposed and unexposed 

flies to ME-baited tra s . 
p , the flies were l11a k d' . r e with two differe nt fluoresecent 

dyes, pink and green (Fu " . 
Jl an Wm-Mecode International Trading Co., Ltd, 

Fuj ian, Ch ina, 0.0080 each, F ' 6 
b , Igure . Ia and b). 

8 ~ 

Figure 6.1: AG;_;; n'(' Ie Baclrocera dorsalis stained by fluorescent dyes a) 

Pink dye b) Grl..",t: (i (! 

FiflY (50) marked and pre-exposed unirradiated laboratory-reared 

ma le B. dorsalis and fi fty (50) marked and un-exposed unirradiated laboratory-

reared B. dorsalis were placed in an emergence bottle separately and released 

from a corner of a screen house w ith asymmetrical plast ic roof and a cemented 

floor area of 7.2 m2 w ith a mesh netting sUlTOLlI1d ing the structure. The fro nt 

chamber has an area of 1.35 m2. The door measures 0.69m x 0.9111. The screen 

house conditions measured were 26 ± 2°C, 70 ± 5 % RH and 120: 12L and it 

is located at Radiation Entomo logy and Pest Management Center (REPMC 

(Figure 6.2). A Methyl Eugenol baited Ecoman trap was hung at the center of 

the roof of the screen house. The release points were alternated between the 

c f the screen house and replicated twice per corner. The dye used 
Jour corners 0 
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to mark pre-expOsed a 
nd unexposed fl ' 

les Was als I 
dorsalis males loa ternated. The number of B 

caug 1t by the ME b . . 
alted trap w 

hours . The total I as recorded after 6, 12 and 24 
catc les after 24 I 

lOurs were ex _ _ . 
for analysis. pressed 111 percentages and used 

Figure 6. 2: Screen house for testing the attraction of adult male Bactrocera 

dorsalis to methyl eugenol. 

6.2.5 On-Farm Experiment 

Two hundred and fifty (250) marked and pre-exposed lin irradiated 

laboratory-reared B. dorsalis males and two hundred and fifty (250) marked and 

un-exposed unirradiated laboratory-reared B. dorsalis males were released from 

the centre of a manao orchard. Ecoman traps set at distances of 10m 20 m b , , 

30 m 40 m and 50 m along a radia l transect (Figure 6.3). The number of B 

dorsalis caught in the traps after forty-eight (48) hours was recorded. This was 

repeated in three (3) other orchards to get fOllr independent replications. The 

total catches after 48 hours were expressed in percentages as recovery rate. 
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Figure 6. 3: Sc JP of fiel d trapping experiment using Ecomnn tmp 

6.3 Data analyses 

The proportion of pre-exposed and un-exposed B. dorsalis that werc 

recaptured by the ME-baited trap was converted into percentages and analysed. 

Student T -test was used to test for significant difference in recovery rates, All 

analyses were done using GenStat statistical sofnvare, 12th edition (GenStat, 

2009). Where significant differences exist, Fisher's least significant difference 

(LSD) tests were used for multiple comparisons of means , Microsoft Excel was 

used to draw graphs where appropriate. 
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6.4 Results 

6.4.1 Response of Bactrocera dorsalis to trapping distance 

There were no signi ficant differences in the percentage of trapped 

prc-exposed fl ies at different trapping distances (df= 4,57, F = 1.04; P = 0.395). 

The highest percentage of cap tured pre-exposed fli es (13%) was at 30 111 from 

the centre of the orchard where fl ies were released. No flies were captured 40 

m from the point of release (Figure 6.4) . 

30 

25 

20 

c1) 
C 

P-
P- IS 
oj 
:... 
t- .L.. 

~ 

10 
.... 

5 

~ 
O 1--~~---T--~~--~--~3;0 L-~--~4~0~--~~~50:-~ 

20 10 
Distance (m) 

F· 6 4· Effect of distance on t 
he di spersal of Bact roc era dorsalis pre-

' lgure . . 

M th I Euaenol. exposed to e y 0> 

. . - di fferences between percentage of trapped 
There were slgI1lhcant 

. distances (F=6.17; df= 4,57; P < .001). 
fl · at different trappIng 

unexposed les 
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More un-exposed flies Were captured lO r. . m lrom the release po int than 

dIstances further awa (F ' 
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f-
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Y Igure 6.5). 
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Distance (m) 

be 

40 50 

Figure 6. 5: Effect of distance on BaClrocera dorsalis un-exposed to Methyl 

EuO'enol o 

6.4.2 Response of B. dorslliis to ca rd inal poin ts 

There were no sign ificant diffe rences In the percentage of 

unexposed flies cap tured at di ffercnt ca rdinal poin ts (North, East, West and 

South ; (F = 0 .00; df= 3, 57; P < .00 1). at the North, East and West (F igure 6.6) . 
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Figure 6 . 6 : Er!~cl J1 c, dill:)l POi,lts on Baclrocera dorsalis un-e~'pose to 

Methyl Eugenol 

There were no significant differences in the percentage of trapped pre-

exposed flies captured at different card inal po ints (df= 3, 57; F = 1.05; p = .376). 

Fli es in the study were not uniformly dispersed. Pre-exposed fl ies were more 

attracted to the ME baited traps set at east and west direction in the fanns though 

not significantly different from fl ies captured in the other directions (Figure 6.7). 
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Figure 6. 7: F,-!":. (, C'"rdina l points on Bac/rocera dorsalis pre-exposed to 

Methyl Eugccol 

6.4.3 Response of B. dorsalis to cardinal point and distance interaction 

Higher proportions of the fl ies un-exposed to ME dispersed in the mango 

orchards. About 38% of the un-exposed fl ies were dispersed towards the 10m 

rad ius and westward . This was followed by 30% being dispersed towards the 

to m radius and eastward. The least percentage of fl ies within the 10m radius 

dispersed toward the nOlth. Traps placed 50 m north, away from the center of 

the orchard captured highest percentage of fli es (Figure 6.8). 
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Figure 6. 8: Di. ~ .,_ () f' j-"'a"h:c; adult malc Bactrocera dorsalis un-exposed 

to Methyl EUaCl'Oj In )"chard afler 48 hours N=nonh S=south , , 
E=east, ~l=\Vesl 

The dispersal of the pre-exposed fl ies seems to follow no particular 

direction . About 25% of the fl ies di spersed towards thc 10m radius and 

eastward. Similarly, 17% of the fl ies dispersed towards the 10m radius and 

westward . At the 20 m radius, majority of the released flies were caught in the 

north direction (Figure 6.9). 
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Figure 6. 9: Di ,J:' I cf ilarkcd adult male Bact'rocera dorsaiis pre-exposed 

to Methyl Eugcl,ol in or';;lClrd after 48 hou 's 

W=west 

N=north, S=sollth, E=east, 

There were significant diffe rences in the percentage of un-exposed 

fl ies captured by the traps with regards to distance and cardinal po int interaction 

(df = 12, 57; F = 2.45;p < .0 12). The highest percentage offl ies were captured 

at West-I 0 (W I 0). Th is is fo ll owed by un-exposed fli es caught at East-IO (EIO). 

The lowest percentage of un-exposed fl ies were captured at North-20 (N20) and 

East-40 (£40) (Figure 6. 10). 

114 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



50 

45 a 

40 

35 

ab 
30 

b1) bed 
C 

0.. 25 cdc 
0.. 
~ 
~ 20 
~ 

15 c 

10 

5 

0 -.-,--. 
0 0 0 0 0 

("'I 
Z L.Ll (/) > .' 7' ,--

hedc 

0 
("'I ,. , 
~ 

:lbe 

bcdc 

c 

bcdc hedc 

cdr 
cdc 

1 -r -,- -r -, 
0 0 0 0 0 0 0 
N N M rr, M M '1" 
[/" > ;Z L.Ll (/) ?; Z ..... 

bcdc 

de de 

c 

0 0 0 0 
"'<t '<:f' "'<t <n 
L.Ll (/) ~ Z 

( «rdinal point x distance intera tions 

de bclil' 

0 0 
<n <n 
Ltl CI1 

Figure 6. 1(,: L 'i' c, of cadi l1al points at d distances on th..: capture of 

Baclrocera dOl'saiis lil,-<.;Xposcd to Methyl Eugenol 

de 

0 
,/') 

i5: 

N I 0= northwards at 10 meters , N20= northwa ds at 20 meters. 
N30=northwards at 30 meters, N40=northwards at 40 meters, 
N50=northwards at 50 meters, EI O=eash'lards at to meters, SlO=southwards 

at 10 meters etc. 

There were no sign ificant differences in the percentage of trapped 

pre-exposed flies with regards to distance and cardina l point interaction (df- 12, 

57; F = 0.97; P == .485). Similar high percentage of pre-exposed fli es were 

captured at E 10, WI 0, N20, E30 and W30 while the lowest percentage of pre­

exposed flies were captured at W50 (Figure 6. 11 ). 
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N30=northwards at '0 1.1ctl:fS, N40=northwards at 40 metcr , 
N50=north\ 'ards at 50 meter, E I 0= ast\\" rds at 10 metcrs, S 10=southwards 
at 10 meters etc . 

6.4.4 Effect of Pre- and Un-exposure of B. dorsalis to methyl eugenol 

Tn the fie ld, there were higher recovery rates for flies un-cxposed to ME 

compared w ith flies pre-exposed to ME. Averagely, the recovery rate for the 

un-exposed fru it flies to ME lure was 2.41 ± 0.1 6% whiles 0.05±0.02% was 

estimated for pre-exposed . This recovery rate for the fruit flies un-exposed to 

ME was significantly different from fruit flies pre-exposed to ME (T-value = 

5.65 df= J4, p < .001 ). 

In the screen house, a higher percentage of the flies un-exposed to 

methyl eugenol were captured compared with flies pre-exposed to methyl 

I Th P
roportion of B. dorsalis that fed on ME and captured were 22% 

eugeno _ e ' 

'1 h rtion of B dorsalis un-exposed and captured were 57%_ The un-
whl e t e propo . 
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exposed flies to ME . were statlsticall . . 
y slgmficant when compared with fli es pre-

exposed to ME after 24 I lOurs of t . rappl11g (Figure 6.12). 
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Figure 6. 12: Baclrocera dorsalis capt1lrcd by Methyl Eugenol baited trap 

after 24 hours in a screen house 

6.5 Discussion 

6.5.1 Response of B. dorsalis to trapping distance 

Baclrocera dorsalis males pre- and un-exposed to ME were trapped at 

shorter distances. The ME is a highly specific male pheromones and can attract 

at both short and long distances. The close proximity to which the flies were 

trapped in the ME traps is indicative of the stronger attraction of the pheromone. 

The percentage of pre- exposed B. dorsalis capturcd was lower than B. dorsalis 

un-exposcd. There was likelihood of the ME not being fully sequestered by the 

flies pre-exposed to ME and therefore could affect their attraction to ME baited 
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traps due to the shor 
t exposure . 

penod in the wild . 
suggest that distance d (48 hours). ThIs also goes to 

oes not hav '. 
e a slgl1J1icant effi . 

previously fed On ME ect on flIes that have been 
. In a study in which B d . . 

fl 
. O/!;alts were k d . 

"uorescent powder 't . mar ' e with 
, I 'Was de 

monstrated that the fl' 
distance of 97 k . les could reach a flight 

111 111 7 days (Chen & Ye 2 " . 

11
' I B ' 007). I t IS assumed that, durin a Ion a 

10 1tS dorsal' 0 0 
== '. IS repleni sh their 

. . nutrition and moisture as well as have 

llltermittent rest"s In tlll'S " . current st d , . u ) , the flIe s were fed over only 48 hours and 

this is likely to affect their abilit .., . 
) to fl) longer dI stances than 50 m. It is also 

knO\\'11 that, B. dorsalis cover 10 d' ng Istances over a period of time and not at 

one go (Steiner, 1957; Chen & Ye, 2007). 

6.5.2 Response of B. dorsalis to cardinal points 

Cardinal points did not have a significant effect on the percentage of 

trapped (p re- and un-exposed) flies . Most of the flies did not follow any 

direction w hen moving out of the point of release. This could mean the flies 

might have gone in different directions when they were released. This could 

actually help in fair distribution of the nies especially during TIRJSIT studies. 

6.5.3 Response of B. dorsalis to cardinal point and distance interaction 

The dist ribu tion of the flies (pre-exposed and wl-exposed) follows a 

. d ' . ~ 1 t" seem to be aQQTe2ated arou nd the 10m westward and 
partIcular JrectIon. ;v os ~~ -

. . ~ til point of release. This may be due to the behayiour 
eastward dlTectJon JTOm e 

. 'n order to attract females . ~'1ales calling singly 
of males calling in aggregatlon J 

. _ ." 01' Weldon, 2007). Melhyl eugenol is a precursor for 
IS not cflectl \'C (Shell), 20 , 

. B dorsalis and increases the allrac liveness of the 

the male sex pheromone III . 

r
• I 'da 1996' Shclh el al.. :2000: Shdl\,. 200 I) , & N IS 11 · . - " . ' 

pheromone to fema les (fan ! . ' 
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The collection of th fl' . '. . . . 
e . les at the short dIstance IS I11dlcatlve of the fact 

that the flies did not travel I 0 .' . 
ono duung the first 48 hours after bClllg released. 

Bac/rocera dorsalis will I"k I" . 
ley reql11re enough tIme to travel longer dIstance as 

usually is the case The ME b . d . . aIte traps are hIghly attractive and will first of all 

capture flies within the release area. 

6.5.4 Effcct of Prc- and non-cxposUI'c of B. dorsalis to methyl eugenol 

Both results from the field and screen house have shown that Bac/rocera 

dorsalis fed on ME has a lower recovery rate compared with flies not fed on 

ME. The un-exposed flies on the other hand are hiohlv responsive to ME-baited 
::;, -

traps since they have not been previously fed on ME. Coupled with this , ME is 

highly specific to males in the Bac/rocera genus and that makes it a candidate 

for trapping males in that genus . The success of TIRISIT depends on males 

being competitive in searching for wild females to mate. The lower number of 

pre-exposed flies being captured helps to prevent the males from being trapped 

by ME-baited traps and therefore makes them to locate wild females early for 

copulation. Effort should be made to study the behaviour of pre-exposed flies 

to ME and determine the outcome of long exposure of ME-fed flies in the wild. 

6.6 Conclusion 

• Bac/rocera dorsalis not exposed to ME is highly attracted to ME-

baited traps than B. dorsalis fed on ME 

• Bac/rocera dorsalis tends to aggregate at short distance when released 

within a short period. 

• dor"alt·'· lied on ME has a lower recovery rate compared Bac/rocera ... .• 

with flies not fed on ME. 

119 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



CHAPTER SEVEN 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

TIle oriental fruit fly , B d.· . . .. . 
. olsahs, has lemalned a slgOlficant pest offnllts 

and vegetables across the olobe d . 
'=' , esplte the introduction of new species. 

DitTerent approaches have b I . d · . . . 
een exp olte III dealIng WIth the devastatlllg nature 

of this fruit and veoetable-· fi t· . . 
'=' III es I ng pest. The development of a new strategy 111 

the form of trap-ilTadl·ate- ·' 1 C f S . . Ie ease, a lom1 o · tenle Insect Techlllque could be 

one of the important means of solving pest problem, whiles at the same time 

protecting the environment from harmful re lease of chemicals into the 

environment. Bactrocera dorsalis thlives in tropical regions like Ghana. and is 

a major nuisance to exporters and local farmers. It is known to be highly 

competitive and has displaced major indigenous fruit flies like C. cO.lyra. This 

study was therefore initiated to seek an alternative solution to managing the pest 

by developing a new control tool to help manage the pest in an integrated pest 

management fashion. 

7.1 Summary 

To determine the population dynamics of fruit fly species in the south-

1clave in Ghana trapping was done in three mango orchards 
eastern mango el ' 

11.11 0 two fruitinG seasons. Five traps baited with Methyl 
for one year, spanl :::> e 

E) C I re (CUL) Terpinyl Acetate (TA), Torula Yeast (TY), 
Eugenol (M:. , ue u , 

L) h were set in the three orchards. A total of 172, 617 fruit 
Trimedlurc (TM eac 

d fl
· the traps with relative fly densities of 143.10, 10.19, 

flies were collecte 10m 

-. fl · . trap per day, for ME-, TY-, CUL-, TA-, and TML-
4.03 , 0.26, and 0.0.> les pel 

. I Ten fruit fly species namely /Jac/rocera dorsalis 
baited trap respectIve y. 

. . .. (Walker), c. capita/a (Wiedemann), C. pCl1icil/a/a 
Hendel, CeralJllS co.syf{I 
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(Bigot). Dacus biviffatus (B' 
IgOt), D. puncfalijrol1s Karsch D / . . C 

longisfylus Wieden ' . ungl urran, D. 
lann D '1' . CI WIllS Loew d 

(
c '11 ' an ZeugodaclIs cucurhifae 

oqU! ett) were trapped .1 on t 1e orchards D I . 
, . . • . . acus angl. and D. longislylus were 

101 the first time identified' Gh 
. 111 ana by thi t d F s s u y. urthermore, from April to 

July, the population of the tw . 
o most Important species, B. dorsalis and Z. 

clIclIrbilae , changed significantly WI'I B 
. 11 es . dorsalis population peaked in 

ApriL May and June that f Z . , o . Cucllrlnlae was low in those months. This peak 

population falls within the maior manoo c. 't' 
" 0 11 U\ Il1g season in the south-eastern 

manno enclave Knowled fl' 0:> • ge o · t 11S seasonal variation in the population of the 

major fruit fly pests could be harnessed for their effective management in the 

enclave . Particularly, interventions aimed at managing B. dorsalis, a major 

insect pest in the enclave could be executed from April to July, which is the 

period of peak activities of this insect pest. 

In evaluating the efficacy of three trap types and period of the day in 

mass trapping Baclrocera dorsalis for irradiation studies, Ecoman caught the 

highest Baclrocera dorsalis in the mornings while Tephri caught the highest 

BaCfrocera dorsalis in the afternoons although there was no significant 

difference in the mean catches (p > .05). There was no significant difference (p 

> .05) in the survival of Baclrocera dorsalis collected with the three trap types 

after holding them under controlled insectary conditions of 25 ± 2°C, 75 ± 5 % 

RH and 12D: 12L light regime for 24 hours. The results of the correlation study 

d 
.1 . I' t'c conditions had a substantial impact on trap catches. 

reveale t 1at c IIna I 

/
. . "hl in the evenings by all the three traps had a higher 

Bacfrocera dorsa./S cau~ 
. I ared to those caught during the morning or afternoon. 

percentage surVIva comp 
. d for the three trap types; Ecoman was the most cfficient 

Per the comparison ma e 
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for trapping Bactrocera do I' 
rsa IS compared to Tephri and Bucket funnel. 

TIlerefore, Ecoman 
trap was recomme d' d fi . . 

n e 01 mass trappmg of Baclrocera 

dorsalis when conductino ... d" . 
'" lila 13tlOn studies. 

Sterile Insect Techni I' . 
qt e leqUlres the mass rearing and release of large 

numbers of sterile males to c . ' . 
ompete with wIld males to copulate with wild 

females. Trap-Irradiate ReI TIR/S' . - ease IT IS a techl1lque that could cut the cost 

and time for mass rearing amo th· 'I . T . ~ ng 0 el t lings. he purpose of this research was 

to determine the optimum radiation dose for sterilizing adult male Bactrocera 

dorsalis and its effect on fecundity of non-ilTadiated females. The research also 

determined the suitable period of the year to mass (rap B. dorsalis for irradiation 

studies, Results from probit analysis showed that the optimum irradiation dose 

required to cause 95% sterility in male B. dorsalis was 70Gy and that percentage 

hatchability of eggs from laboratory reared virgin females mated by irradiated 

males was dose dependent. Thus. egg hatchability reduced with increasing 

radiation dose . Irradiation doses did not significantly affect fecundity . 

Bactrocera dorsalis populations were low during the minor mango 

. arl'son to the maior manoo season. The months of June and July season 10 comp ~ to 

t llection of B dorsalis . lllerefore, these months could be 
saw the greates co . 

II 
. f larae numbers of adult male B. dorsalis for irradiation 

taroeted for co ectlOn 0 0 

'" 
and release during the minor mango season. 

d the effects and response of Bacrrocera dorsalis to 
This research also assesse 

' . d . s Results showed that both pre-exposed and un­
attractiveness to ME-bmte !l ap . 

. 'h' I ort distance of 10m alter 48 hours. Fruit flies . "ate WIt 111 a s 1 • 
exposed flIes aggreo 

h I . 0 her reCOVel)' rate compared with fruit flies 
ed) on ME as a lIe 

not fed (un-expOs ~ 

fcd (pre-exposed) on ME. 
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7.2 Conclusions 

Studies were conducted t d o eve lop an i t d n egrate pest management strategy for 

Baclrocera dorsalis Hendel (Di t . . . . . 
p ela.Tephntldae) In mango orchards using 

Trap-Irradiate-Release/Steril · I - . 
e nsect Techmque. The major findings were: 

I. The study has identified ten dl·j-"'el·c'nt til.ul·1 
II fly species belonging to four 

economically unporta t n genera Baclrocera. Ceralilis. Dacus and 

Zel/godacus 

2. Bac/rocera dorsalis has been identified as the dominant fruit fly species 

attracted by both Methyl eugeno!- and Torula yeast-baited traps. This is 

followed by Z cucurbitae which was attracted by CUL-baited traps. These 

two species cause extensive damage to mango fruits . Both are aggressive in 

attacking mango fruits during peak and off-peak fruiting seasons. 

3. It is worth noting that, D. fangi and D. fongislyius have been detected, 

identified and documented for the first time in Ghana through this study. 

4. The high efficacy of ME-baited traps makes it a candidate for attract-and­

kill technique for controlling B. dorsalis. This could be complemented with 

Good orchard management practices to reduce oviposition substrates for 
~ 

gravid females. 

5. During the months of April through July, when the B. dorsalis population 

. . t tl eir peak control operations should be ramped up to 
and actIvIty are a 1 , 

f
r t· e nlanaoement of these populations. 

ensure e lee IV 0 

. h . fi . Bac/rocera dorsalis trapped in the evening with all 
6. Survival was hlg el 01 

the tlu·ee trap types. 
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7. On average th . 
, e SurvIval rate of B d . .. 

. orsahs 111 the traps was highest for 

Ecoman, followed by Buc . 
ket funnel and Tephri trap. 

8. Ecoman trap has higher tra il ffi' 
pp 19 e IClency compared to Tephri trap and 

Bucket funnel traps. 

9. Ecoman traps are therefo ' ·d · I",' " Ie I ea 101 use 111 mass trappll1g oj B. dorsalis. 

10. The optimum irradiation dose to cause 5% ea.a. hatchabilirv in females mated 
~~ , 

by irradiated adult males is 70Gy. 

II . TIle higher the radiation doses, the lesser the percentage hatchability . 

12. Irradiation doses did not signi ticantly affect fecundity. 

13. Wllen comparing the minor mango season to the major mango season, it was 

di scove red that B. dorsalis populations were lower in the mll10r mango 

season . 

14. The months of Junc and July recorded higher numbers of B. dorsalis and 

this period could be targeted to collect large numbers of adult B. dorsalis for 

irradiation and release during the minor mango seasons to manage the pest. 

15. Bac/rocera dorsalis not exposed to ME is more attracted to ME-baited traps 

than B. dorsalis fed on ME 

d 
. , I " tel1d to aooregate at short distance when released within 

16. Bac/rocera 01 so 15 "'''' 

a short period. 

I
· . fi d on ME has a lower recovery rate compared to flies 

17. Bacfrocera dorsa I.Se 

not fed on ME 
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7.3 Recommendations 

This research has 
provided additional information that TIR/SIT IS 

technically feasible to be d 
eve loped and deployed as an additional tool III 

managing the menace caused b I B ,. ,.' . 
) aell ocel a dorsalis to commercIal farmers in 

orchards in the SouthEastern enclave of Gha na, 

I, Mass trappin n should be .,' d I 
to C31 lie out t 1rough the mango production season 

but can be intensified beC'ol'e f' 't t 'd" 
J' IlII s s 311 matunng an npemng so as to 

prevent the multiplication of the nies leading to fruit attack , This will break 

their cycle and reduce the population, 

2, Since Ecoman trap caught more Baelrocera dorsalis in the morning 

compared with catches in the evening, it is advisable to set Ecoman traps 

early in the moming to maximize catches and save time and energy, 

3, In the current study, the optimum dose to cause 95% sterility in live B, 

dorsalis males \vas 70Gy but a f11l1her study should be carried out to 

evaluate thc irradiation dose that can cause 100% sterility in the males 

without affecting the fitness and competitive nature of the live adult males 

for TIR/SIT, 

C t ' t' ess and fitness studies should be carried out on in'adiated live 4. omre Ilven -

d / ' to know their behaviour when released in the wild for the B, orsa IS so as 

1
-h' ot studied in this research due to the breakdown of the 

TIR/SIT. IS was n 

Gamma Irradiation Facility (GIF) at GAEC. 

G established to be the optimum dose to cause 95% 
5. Even though 70 y was 

.,' further study should be carried out using unin/ected, 
stenlJty 111 males, a 

, . . screen house to study the effect orthe dose when 
'1' d manoo frUIt JJ1 a sten Ize I:> 

. d with virgin females. The mango should be 
irradiated males are palre 

125 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



dissected to ascertain the hatchability of the eggs. This will further prove the 

effectiveness of TIRfSIT. 

6. Bactrocera dorsalis that was pre-exposed to ME and released in orchards 

should be left in the field a little lonoer than the 48-hours to ascertain if the 
'" 

effect of the methyl eugenol will wear off after a longer period of exposure. 

This might help the flies to respond more easily to ME baited traps. 

7. Further research should be carried out to study with irradiated pre-exposed 

males to ME to ascertain their response and attraction to ME both in screen 

houses and on-farm fi elds . 

126 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



REFERENCES 

Abbas. Q. , Hasnain M H . 
. ., ussam, M., Ali , Q .. Jafir, M., Shahid, M., Iqbal, M., 

& Abbas, H. (2018). Studies . 
on the populatIOn dynamics of fruit flies 

(Diptera: Tephritida ) 
e on mango orchards in Multan. Punjab, Pakistan. 

Journal of Pur d A . e an pplIed Agriculture. 3(1): 42-48. 

Abunvewah G K AfJ' I N I • "" Ie 1- uama 1, K. , Nboyine, J. A., Obeng-Ofori, D., Billah, 

M. K. (2015) Farmers' pe t' f b' I . . rcep Jon o ' a 10 ogJcal control agent, 

Oecophylla longinoda Latreille (Hymenoptera: F01l11icidae) and its 

effects on the quality of citrus fruits in Ghana. Ajikan Journal of 

Agricultllre & Research, 10.4646-4652. 

Abu-Ragheef, A. I-I. , Hamdan, F. Q., AI- I-lussaina'wy, K. 1. (2020). Evaluation 

of type, color of traps and different attractants in attracting and capturing 

of Meditenanean fruit fly Ceratilis capitala (\Vied.). Plant Archeology. 

20( 1), 52-55. 

Adzim, C. A. , Billah. M. K., Afreh-Nuamah, K. (2016). Abundance of African 

invader fly, Bactrocera invadens Drew, Tsuruta and White (Diptera: 

Tephritidae) and influence of weather parameters on trap catches in 

mango in the Volta region of Ghana. SpringerPlus. 5, 968 . 

h N h K (1999). Inseel Pests of Tree Crops in Ghana: Identification. 
Afre - uama , . . 

d Co 111'01 Mea5Ures. Buck Press Ltd, Accra, Ghana. Pp 65 
Damage an I . 

& K 
. B (2005)'. Relationship between adult population of 

Agrawal , M. L., uma), · 

. . 11 B I 'ocera zonata (Saunders) (Diptera: Tephritidae) and 
peach frUit y, ac I 

I 
ditions in North Bihar. RA U Journal of Research, 

changing weat 1er con 

I 5( 1-2), 48-51. 

127 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Akoto. S. H., Billah M K . . Afreh N ., - lIamah, K. , OWliSli. E. O. (2011). The effect 

of fruit 11y larval d . . enslty on Som I' e qua Ity parameters of mango. Journal 

a/Animal & Plant Seie 12 nee, , 1590-1600. 

Akotsen-Mensah, C., lsaac N ' , 
. AtJ\ or, 1. N., Anderson, R. S .. Afreh-Nuamah . , 

K., Brentu. C. F. Ose'-S fI D . , I a 0, ., Boakye, A. S., & Avah, V. (2017). Pest 

Management Knowledoe and P t' f '" rac Ices o · Mango Farmers in 

Southeastem Ghana. Journal of Integrated Pest Management, 8(1),13, 

1-7. 

Allinghi , A.. Calcagno, G., Petit-Marty, N. , Gomez Cendra. P .. Segura, D. , Vera, 

T, et al. (2007). Compatibility and competitiveness of a laboratory strain 

of Al7astrepha Faterellllls (Diptera: Tephritidae) after irradiation 

treatment. Florida Entomologist, 90(1), 27-32. 

Allotev. J., Marais. M. & Swart, A. (2010). Pests. ln: M. Kieser, S. Mwale, & J. 

Mulilamiti. (Eds.), Field Handhook: Pests and Diseases of 

PhylasClnit(llJi and Economic Imporlance in the SADC Region. South 

Africa: SA DC Secretariat, 3-16. 

Allwood, A. 1., Chinajariyawong, A ., Kritsaneepaiboon, S .. Drew, R. A. 1., 

Hamacek. E. L., Hancock, D. L., Hengsawad, c., Jjpanin, 1. C., Jirasurat, 

M., Krong, C. K., Leong, C. T. S. , & Vijaysegaran, S. (1999). Host plant 

d
e . f· 't flies (Diptera: Tephritidae) in Southeast Asia. Raffles 

recor s 101 lUI 

Bulletin Zoology, 47, 1-92. 

R A r (1997). Fruit fly management in the Pacific. A 
Allwood, A. 1., & Drew, . ' .' 

ACIAR . Nadi Fiji, 28-31 October 1996. 
regional sympOSium. , 

'76 171-176. ACIAR, Canben·a. Australia. 
Proceedings AO , pp. 

128 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Alyokhin V A CI . . , . " 1r!st\an M & R 
'" ussell H M (?O . . . ' . . - 01). SelectIon of pupatIon 

habItats by Oriental"' . f1 . 
lrult y larvae tl I b 111 1e a oratory. JOl/rnal 0/ insect 

Behavior, 14(1), 57-67. 

Amevoin, K., AQboyi L K . 
~ " " GO\11ma, M. , Kounoutchi , K., Bassimbako, K. H., 

Djatoite, M .. Dawonou A V & l ' . , ", agba, A. (2021 ). FrUit fly surveillance 

in Togo (West Africa)' t t j' d' . . s a e 0 Iverslty and prevalence of species. 

Internatiollal JO/lrnal o/Tropical Insect Science. htlps://doi.orgll 0.100 

7/s42690-021-00504-9 

Amin. M. R., Nancy, N. P., Miah, M. R. U., Miah, M. G .. Kwon, 0., & Suh. S. 

J. (2019). Fluctuations in fruit fly abundance and infestation in sweet 

gourd fields in relation to varied meteorological factors. Entomological 

Research ./9, 223-228 . hllPS://doi.org/1 0.111111748-5967. 12351 

Anwar, M., C hambers, D. L., Ohinata, K., & Kobayashi , R. M. (1971). 

Radiation-sterilization of the Mediterranean fruit fly (Diptera: 

Tephri tidae): comparison of spermatogenesis in flies treated as pupae or 

adults. Annals of the Entomological Society of America, 64,627-633. 

Asare-Nuamah P. , & Botchway, E. (2019). Understanding climate variability 

and change: analysis of temperature and rainfall across agro-ecological 

zones in Ghana. Heliyon, 5, 1-16. 

A 
. I N Afireh-Nuamah, K. , Billah, M. K. , Obeng-Ofori , D. (2012). 

lIvor, . ., 

Weaver ant. 
Oecophylla longinoda (Latreille) (Hymenoptera: 

. . ' 't reduces fruit fly damage in citrus orchards. Journal 
Fonmcldae) actlYl Y 

. . I . S'cience & Technology, 2, 449-458. 
of Agncu lUi e, 

129 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Badii, K. B., Billah. M K 
. . ., Afreh-Nual11 I K 

. al, ., & Obeng-Ofori , D. (2015a). 
Species composition and host 

range of fruit-infesting flies (Diptera: 
Tephritidae) in northel11 Gh I . 

ana. nlernatlOnal Journal of Tropical In sec I 
Science. 35(3).137-151. 

Badii , K. B. , Billah M K Af· I 
' . " Ie l-Nuamah, K., Obeng-Ofori D., & Nyarko G. 

(2015b). Review of the pe t · . . 
s status. economiC Impact and management 

of fruit-infestin o flies (D' t . . T h"d . . . 
b Ip ela. ep ntl ae) II1 Alnca. African Journal 

qf Agricu!t IIral Research, J 0(12) , 1488-1498. 

Badii , K. B .• Billah, M. K .. Afreh-Nuamah. K., Obeng-Ofori D .. & Nyarko, G. 

(2016). Preliminary inventory of hymenopteran parasitoids associated 

\.'lith fruit-infesting nies (Diptera: Tephritidae) in Northern Ghana, 

Il1Iernaliunal JOllI"I7al of Pest Management , 62, 4, 267-275. 001: 

10.1080109670874.2016.1174318 

Bagle, B. G. , & Prasad, V. G. (1983). Effect of weather parameters on 

population dynamics of oriental fruit fly, Dacus dorsalis. Journal of 

Entomology and Research, 7(2), 95-98 . 

B 'd W'II' J (2017) Profitability of Mangoes and $66m Yearly Loss. al 00- I lams, . . 

Retrieved from https://www.gbcghana.comlJ .6746517 (Accessed 4 

April 2020) 

S. (2017). Performance of different shapes of traps in 
Bajaj K., & Singh, 

. p (Diptera: Tephritidae) in peach and pear 
capturing Bactroceta sp . 

, t in Horticultural Ecosystems, 23(1):7-11. 
h ds Pest Managel11cn ore ar . 

D R (2005). Sterilizing insects with ionizing 
Bakri , A. , Mehta, K., & Lance, . . 

. or , hnique: Principles and Practice in Area-
d· t'011 Sterile Insect J ec ra la I . 

d Pel'l Ma17ugemel1l. pp. 233- 68. 
Wide integrate . 

130 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Bakri, A & 
., Hendrichs, 1. (2002). 

Radiation doses for sterilization of 

Tephritidae fruit flies, I 
n Proceeding of 6th I nternational Fruit Flies 

Symposium. pp. 475-479 _ 
. 6 10 May 2002, Stellenbosch, South Atrica. 

Baldo. F. B ., & Raga, A. (2021' . .. . . 
). Eftect of hot-water ImmerSIon on eggs and 

larvae of Anastrepha grandis (Macqual.t, 1846) (Diptera: Tephritidae) 

" in vitro" and on s h (C . quas ucurblta moschata Duchesne, 1786). Revista 

Chilena de Entomologia, 4 7(4), 653-668. 

Bali , E. M . D ., Moraiti , C. A., Ioannou, C. S .. Mavraganis, Y., & Papadopoulos, 

N. T. (2021) . Evaluation of Mass Trapping Devices for Early Seasonal 

Management of Ceratitis Capitata (Diplcra: Tephrilidae). Populations. 

Agronomy, 11, 110 I. 

Bana, J. K., Sharma. B ., Sushil, K., & Singh, P. (2017). Impact of weather 

parameters on population dynamics of oriental fruit fly, Bactrocera 

dorsalis (Hendel) (Diptera: Tephritidae) under south Gujarat mango 

ecosystem. Journal a/Agronomy and Meteorology, 19(1):78-80. 

Bm'cJey, H. J., & I-lm1iotakis, G. E. (1991). Combining pheromone-baited and 

food- baited traps for insect pest control : effect of developmental period. 

researches on population. Ecology, 33(2): 269-285. 

. . T & Morse 1. (2004). Recapture ofsterile Mediterranean 
BmTY, J., Blessmger, ., ' 

. . D' . . Tephritidae) in California's preventative release 
fj'UII flIes ( IpteJ3. 

. I (Economic Ent0111010gy, 97,1554-1562. 
program. JOUI na q 

The ecolo!.!.y offruit fly. Annual Review o/Entomology, 
Bateman, M. A. (1972). -

17, 493-518. 

131 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Bawa. A. S .. Ofori S y 
.. , awson, G .. &B ·1I h 

. I a , M. (2016). Evaluation of two trap 
ty pes on the capture of f· . fl 

North MuniCipality, G 

IUlt les (Diptera: Tephritidae) in the Assin 

hana Agrici It I (' . . ,( ura .)ClenCe Research Journal, 
6(9), 235-240. 

Billah, M. K., Adom, K. Osae My' 
, "" Jiang, J. , & Du, 1. (2014). Evaluation of 

The Great® Fruit FI), Bait (GFF . '" 
B) agall1st fnllt flies In two manno-

'" 
production ZOnes in Gha F' IT ' na. lI1a ech lllcal Report (Submitted to the 

Environmental Protection Agency. E PA - Ghana). pp 19. 

Billah. M. K. , Mansell , M. \\1., De Meyer. M .. & Goergen. G. (2009). Fruit fly 

taxonomy and identification. In S. Ekes i, & M. K. Billah (Eds.), A Field 

Guide to {he Manafjement q( Economically Important Tephri/id Frui/ 

FI ies in Afi'ica (pp I-J 1-191). I CI PE Science Press: Nairobi, Kenya. 

Billah, M .• Wilson, D. D., Cobblah, M. A. , Lux, S. A., & Tumfo, 1. A. (2006). 

Detection of the preliminary survey ofthe new Bac/rocera invasive fruit 

fl y species in Ghana. Journal a/Ghana Science Association, 8,138-144. 

Billah, M. K. (2007). ECOWAS fruit fly scoping study and regional action 

programme. Evaluation of the fi'uit fly problem in Ghana. A repOit on 

Ghana. pp 47. 

. ." 6) S - bOO anJ' e masJinine muhe Bac/rocera oleae Gme!. (Diptera, 
BJehs, M. (200 . uz IJ 

d OVll0 lova. Frag. men/a Phytomedica el 
Tephritidae) meto 0111 mas 

Herbolog ica, 29(1-2), 35-48. 

D M yer M .. Manuel , L , Mwatawala, M ., Virgilio, 
b·- B Gee , . Bota, L. , Fa JaO, . ., 

Cu ala, D. R. (2020). Fine-scale infestation pattern 
M., Canhanga, L. , & g 

,. (Diptera: Tephritidae) in a mango orchard in 
of Baclrocera dorsa IS 

132 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Central Mozambique. International Journal o/Tropical insect Science , 

-10, 943-950. https://doi.orgll 0.1 007/s42690-020-00 152-5. 

Bota, L., Fabiao, B. G. , Virgilio, M., Mwatawala, M .. Canhanga, L., Cugala, D. 

R .. & De Meyer, M. (20 18). Seasonal abundance of fruit fies (Diptera: 

Tephritidae) on mango orchard and its relation with biotic and abiotic 

factors in Manica Province, Mozambique. Fruits. 73(4), 218-227. 

https://doi.org/10. I 7660/th20 18/73.4.3 

Braimah, J-l. , & Van Emden. H. F. (2010) . Prospects and challenges for 

sustainable management of the stone weevil , Sternochetus mangiferae 

(F) (Coleoptera: Curculionidae) in West Africa: A review. International 

Journal olPest JIt/anagemenl, 56: 91-10 I. 

Broughton. S .. & Rahman. T. (2017). Evaluation of lures and traps for male and 

female monitoring of MeditelTanean fruit tly in pome and stone fruit. 

Journal o/Applied Entomology, i.:fI, 441-449. 

BroUll1as, T., i-ianiotakis, G., Liaropoulos, c., Tomazou, T., & Ragousis, N. 

(1998). Effect of attractant, trap density and deployment on the efficacy 

of the mass trapping method against the olive fruit fly, BaClrocera oleae 

(Diptera: Tephritidae). Annafes de l'Institut Phytopathologique Benaki, 

18,67-80. 

CA" culture and Bioscience International), (2018). Bactrocera 
CAB] (Centre lOr gIl 

/
. I . f m ive )I)ecie~' Compendium. CAB lnt., Wallingford, UK. 

dorsa IS. n. /7V ... , ' J • 

_. It e and Bioscience International) , (2020). Baclrocera 
CAB! (Centre for AgllCU ur 

. . F"( FI f). (Accessed 4 April 2020). https:11 
dorsalis (On ental rUl ) 

cabi .org/isc/datasheetl 17685. 

133 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



CABI (Centre for Agriculture and Bioscience International). (2007). Crop 

Protection Compendium. Glohal Module. (2nd Ed .). Wallingford: CABI 

International. 

Calkins, e. o. (1984) . The importance of understanding fruit fly mating 

behavior in sterile male release programs (Diptera, Tephritidae). Folia 

Entomology oflv/exico. 61, 205-213. 

Calkins, e.O. & Parker, A.G. (2005). Sterile insect quality. In V. A. Dyck, J. 

Hendrichs & A. S. Robinson (Ecls.). Sterile insect Technique. Principles 

and Practice in Area-Wide Pest At/anagement, (pp. 269-296). Springer, 

The N etherlands. 

Candia. I. r ., Bauti sta. V., Herrera, S. L. , Walter, A. , Castro, N. 0 ., Tasin, M., 

& Dekker, T. (2019). Potential of locally sustainable food baits and traps 

against the Mediterranean fruit l1y Ceratitis capitata in Bolivia Pest 

Management Science, 75, 1671 - 1680. 

Chen, M. , Chen, P. , Ye, H., Yuan, R., Wang, X., & Xu, 1. (2015). Flight capacity 

of Bactrocera dorsalis (Diptera: Tephritidae) adult females based on 

fliaht mill studies and flight muscle ultrastructure. Journal of insect 
'" 

Science, /5, 141. doi:10.1093/jisesa/ievI24. 

& 
Ye. I-1. (2007) . population dynamics of Bactrocera dorsalis (Diptera: 

Chen, P. , . 

"d) d analysis of factors influencing population In 
Tephnll ae an ' 

Y 
Chinese Entomological Science , 10, 141-147. 

Baoshanba, unnan. 

l
oS Y Huang, Y. B., & Alm,1. 1. (2020) . 

Ch 
. K S Samayoa, A. C., 1- wan<>, . ., 

OJ, . ~ ., 

. d' . d lonoevity of Bactrocera dorsalis 
Thermal effect on the lecun Ity an <> 

oviposition model. fLoS ONE 15(7), 
adults and their improved 

. .all 0 1371 I journal. pone.023591 0 
e0235910. https:lldOl.OI o . 

134 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Christenson, L. c., & Foot, B. H. (1960). Biology of fruit nies. Annual Review 

o/Entomology,5, 171-192. 

Clarke, A. R., An11Strong, K. F., Carmichael , A. E., Milne, 1. R., Raghu, S., 

Roderick, G. K. , & Yeates, O.K. (2005). Invasive phytophagous pests 

arising through a recent tropical evolutionary radiation: The Bactrocera 

dorsalis complex of fruit flies. A11n1lal Review a/Entomology, 50, 293-

319. 

Cohen, B., & Yuval , B. (2000). Perimeter trapping strategy to reduce 

Mediterranean fruit Oy (Diptera : Tephritidae) damage on different host 

species in Israel. Journal a/Economic Entomology, 93, 721-725. 

Coledonio-I-lurtado, 1-1.. Aluja. M., & Liedo, P. (1995). Adult population of 

AnaSlrepha species (Diptera: Tephritidae) in tropical orchard habitats of 

Chiapas , Mexico. Entomological Society o.r America 24, 861-869. 

Collins. S. R. , & Taylor, P. W. (2011). Fecundity, fertility and reproductive 

recovery of irradiated Queensland fruit fly Bactrocera flyoni. 

Physiology Entomology, 36(3).247-252. 

Cugala, D . R. (2011). Management and mitigation measures for alien invasive 

fruit fly (Baclrocera invadens) in Mozambique. Terminal Statement 

prepared for the Government of Mozambique and the Department of 

Plant Protection (Food and Agriculture Organization of the United 

Nations (f AO]). 

". 2?1 ?"O . R (1989) Parapheromones. World crop pests.). - --.) . 
Cunnmgham, . . 

• T . al o'Economic Entomology, 71, 762-763. 
rainfall cllmates. JOUin 'J 

135 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



De Meyer, M. (1996). Revision of th~ sub-genus Ceratitis (Pardalapis) Bezzi, 

1918 (Diptera: Tephritidae, Ceratini). Systematic Entomology, 2 1, 15-

26. 

De Meyer, M. (1998). Revision of the sub-genus Ceratilis (Catalepsies) 

Hancock (Diptera: Tephritidae). Bulletin of Entomological Research, 88, 

439-467. 

De Meyer, M. (2000). Systematic revision of the sub-genus Ceratitis Macleay 

(Diptera: Tephritidae). Journal of Linnaeus Society oj'London, 128, 

439-467. 

De Meyer. M. , Robertson, M. P., Mansell. M. Woo Ekesi, Soo Tsuruta, K. , 

Mwaiko, W., Vayssieres. J-Foo & Peterson, A. T. (2010). Ecological 

niche and potential geographic distribution of the invasive fruit fly 

Bactrocera dorsalis (Diptera, Tephritidae). Bulletin oj' Entomological 

Research. 100, 35-48. 

De Meyer. M. , & Copeland, R. S. (2005). Description of new Ceratitis MacLeay 

(Diptera, Tephritidae) species from Africa. Journal o/Natural History, 

39, 1283-1297. http://dx.doi .org/ 10.1080100222930400004347 

D M M & Freidbero. A. (2006). Revision of the subgenus Ceratitis 
e eyer, ., "". 

De 

(Pterandrus) Bezzi (Diptera: Tephritidae). /sraelJolirnal oj'£nloll1ology, 

36, J 97-3 J 5. 

. I M & Goodner K. F. M. (2013). Notes on the 
Mever, M., \Vhlte,.·, ~ , 

-
. fl (D' t a' Tephritidae) fauna of western Africa, with 

fi'ugivorous fruIt Y IP er . 

. es European Journal o/Taxonomy, 50, 
description ofa new Dacus specl . 

1-17. doi: IO.5852/ejt.201 3.50 

136 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



DhaliwaL G. S. & Ar 
ora, R. (2001). Integrated pest management concepts and 

approaches. Kalyani Publishers, New Delhi , India. pp. 27-60. 

Dhillon. M. K., Singh, R., Naresh, 1. S., & Sharma. H. C. (2005) . The melon 

11'uit fly' Bacll"O('el'a' 1 . A . f' b' I ' . (ucu!" Jlfae: revIew o · Its 10 ogy and 

management. Journal of Insect Science, 5(40), 1-16. Available online: 

insectscience.org/5.40 

Diedhioll. P. M., Mbaye, N. , Drame, A.. & Samb, P. I. (2007). Alteration of 

post-harvest diseases of mango, Mangilera indica through production 

practices and climatic factors. A./i"ican Journal of Biotechnology, 6: 

1087-1094 

Diego, F. S. , Silvina, A. B., Teresa, M., Guillermo, V . E. B, Josefina, M., Flavia, 

R. , Patricia. J. B. , M, C.F., Liza, L., & Todd, E. S. (2018). Plant 

chemicals and the sexual behavior of male tephritid fruit nies. Annals of 

the Entomological Society o.fAlI7e!"ica, 111(5),239-264. 

Dominiak, B. (2007). Queensland fruit fly. Primefact 520, NSW. Department of 

Primm), Industries, 1-4. 

Dowell, R. Y., Siddiqui, J. A., Meyer, F., & Spaugy, E. L. (2000). 

. fi' 't fly preventative release programme in southern Medltenanean lUI 

. . . K )T T 1 (Ed.) Area-Wide Control of Fruit Flies and Callforma. In . .... aJ , 

( "69 "75) Penerbit Universiti Sains Malaysia, Other insect Pests pp . .J -.J • 

Pulau Pinang, Malaysia. 

h· I M (2005). A new species of pest fruit 
T t K & W Ite, . . Drew, R. A. I., suru a, ., 

. ) fil'om Sri Lanka and A11·ica. Aji"ican . I ··t ·dae· Daclllae fly (Diptera: 1 ep 111 I . 

Entom%gy, 13,149-154. 

137 

J 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Duyck, P. F., David. P .. & Q . . . ' " 
'. WIlCI , S. (2004). A revIew of relatlOnshlps between 

interspecific c· · '" 
ompehtlOn and lllvaSlOns III fruit flies (Diptera: 

Te I·" 
P l1Itldae). Ecological Entomology, 29, 511-520. 

Dyck. V. A.. Hendrichs J & R b' . . . 
- ' " 0 111son. A. S. (2005). Stenle lllsect techl1lque: 

plinciples and practice I'n 'd ' area-wI e mtegrated pest management. 

Springer. the Netherlands. 

Ekesi, S. (2010) . Combating Fruit Flies in Eastern and Southern Africa 

(COFESA): Elements of a Strategy and Action Plan for a Regional 

Cooperation Program. Available at: htlp:llwww.global-

h011.org/network -comm un i ti es/fruit -n ies/ 

Ekesi, S., & Billah, M. K. (2009). A Field Guide to the Management of 

Economically Important Tephritid Fruit Flies in Africa. 2nd Edition. 

lCIPE Science Press, Nairobi . 

Ekesi. S., & Billah, M. K. (2006) . A Field Guide to the Management of 

Economically lmp011ant Tephritid Fruit Flies in Africa. lCIPE Science 

Press, Nairobi . pp 160. 

Ekesi, S. , Billah, M. K., Nderitu, P. W. , Lux, S. A., & Rwomushana, I. (2009). 

Evidence for competitive di splacement of Ceratitis co.syra by the 

. . fi ' l fly Bacfrocera invadens (Diptera: Tephritidae) on mango invaSIve ruI 

. t-.'butino to the displacement. Journal of Economic and mechamsms con Il '" 

Entomology, 102,98 1-991. 

d S A., Virgilio, M., & Borgemeister, C. 
Ekesi, S., De Meyer, M. , Mohame. . 

d allaHement of native and exotic fruit 
colooy an 111 '''' (2016). Taxonomy, e e' 

. A - I Review of Entomology, 61 ,2 19-238. . . Afj'Ica nl1ua . fly specIes In I . 

138 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Ekesi, S., Nderitu p W & R 
' '., wOJl1ushana, I. (2006) . Field infestation. JiJe 

history and demoo . I'. " . ",I ap llC pal ameters ot the fruIt fly Bactrocera mvadens 

(Diptera' Tephr'fd ). Co • . I I ae In Amca. Bulletin of Entomological Research, 96, 

379-386. hUps://doi.orglJ 0.1 079/BER2006442 

Ekesi. S. Mohamed S A 'I R 
. , . ., r anna, ., Lux, S. A. , Gnanvossou, D. & Bokonon-

Ganta, A . (2007). Fruit fly suppression-pUivose tools and methodology. 

In: S. Ekesi. & M.K. Billah, (Eds.), A field guide to the management of 

economically important Tephrirtid ./i"uit flies in Aji-ica (DI -DI 5). 

Nairobi : IClPE Science Press. 

Ekesi, S. , Nderitu. P. W., & Chang, C. L. (2007). Adaptation to and small-scale 

rea ring of invasive fruit fly Bacfrocera invadens (Diptera: Tephritidae) 

on artifici a l diet. Anl1als olthe Entomological Society of America, 100, 

562-567. hups://doi.orglJ O. I 603/0013-8746(2007) 1 00[562:AT ASRO] 

2.0.CO;2. 

Ekesi, S. & Muchugu, E. (2007) . Tephritid fruit flies in Africa-Fact sheets of 

some economically important species. In: S. Ekesi, and M.K. Billah, 

(Eds.) A field guide to the mongement of economically important 

h . 'dfi 'tfl 'es in A'i'ica (B1-B20). Nairobi: lCIPE Science Press. Tep ntl . rUfI ')1 

. . R J (2004) Fundamentals of Entomology (6th ed.). New Jersey: 
ElIzl\1ga, .. ' . 

Pearson Prentice Hall. 

f c: . 't fly control proorammes using the sterile 
E k I · W R (2005) Impact 0 11 UI "' -n er JI1 , .' . 

D k J Hendrichs and A. S. Robinson (Eds.), 
insect technique, In: V.A. yc, . 

. .' . ' I " and practice in area-wide integrated 
Sterile insect techl1lque. Pnl1CIP e.1 

) 651-676). Springer, Dordrecht, Netherlands. 
pest management (PI · 

139 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Epsky, N. D., Kendra, P. E. & Schnell, E. Q. (2014). History and development 

offoodbased attractants. In: T. Shelly. N. Epsky, E. B. Jang, 1. Reyes-

Flores, and R. Vargas (Eds.), Trapping and the detection. cOl1trol, and 

regulation of tephritidjj·uit flies (pp. 75-118). Springer, Dordrecht, 

The Netherlands 

Esparza Duque, E. (1999). The Chile-Pem fruit fly eradication program. 

COl1llmiica, 4, 8-14. 

Estradea, C. G. (2004). Effect of fruit bagging on sanitation and pigmentation 

of six mango cultivars. Acta Horticillturae 6./5: 195-199. 

Ewusie, E. A., Parajulee, M. N., Aba Adabie-Gomez. D., & Wester, D. (2010). 

Strip Cropping: A Potential IPM Tool for Reducing Whitefly, Bemisia 

tabaci Gennadius (Hol11optera: Aleyrodidae) Infestations in Cassava. 

West Aji-ical1 Journal of Applied Ecology, 17, 109-119. 

Fisher. K. (1997). IITadiation effects in air and in nitrogen on Mediterranean 

fTuit fly (Diptera: Tephritidae) pupae in Western Australia. Journal of 

Economic Entomology, 90: 1609-1614. 

Fletcher. B. S. (1989). Life history strategies of tephritid fruit flies. In: A. S. 

Robinson, & G. Hooper (Eds), Fruit Flies: Their Biology, Natural 

E 
. d Cont/"ol (')1) I 95-?08). (World crop pests' selies, Vol. 3B). nel1lles, an . \l -

Amsterdam: Elsevier 

987) TI biolooy of Dacine fi·uit flies. Annual Review of 
Fletcher, B. S. (1 . le 0 

Entomology, 32: 115-144. 

FI h B S 
& Giannakakis, A. (1973). Factors limiting the response of 

: etc er, . ., 
d fruit fly, Bactrocera /tyoni to the sex 

females of the Queenslan 

I {1m-eet Physiology. 19. 1147- 1155. 
of the male. ]ournct C? . 

pheromone 

140 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Flores. S., Gomez, E., Campos. S., Galvez, F., Toledo. 1.. Liedo. P., Pereira, R. , 

& Montoya, P. (2017). Evaluation of mass trapping and bait stations to 

control Anastrepha (Diptera: Tephritidae) fruit flies in mango orchards 

of Chiapas, Mexico. Florida Entomologist, J 00(2). 358-365. 

hllps:lldoi.orgl I 0.1653/024. I 00.0235 

Foba. C. N. Afreh-Nuamah, K., Billah, M. K .. & Obeng-Ofori. D. (2012). 

Species composition of fruit flies (Diptera: Teplu'itidae) in the Citrus 

Museum at the Agricultural Research Centre (ARC). Kade, Ghana. 

Int ernational JOllrnal ojTropieallnsect Science , 32( I): 12-23 

Food and Agriculture Organization (FAO) , (2007). FAOSTAT on-line. Rome. 

United Nations Food and Agriculture Organisation. 

food and Agriculture Organization (FAO) , (2005). Fel1ilizer Use by Crop in 

Ghana. Land and Plant Nutrition Management Service. Land and Water 

Development Division; Food and Agriculture Organization of the 

United Nations: Rome, Italy. 

GenStat (2009). Twelfth Edition, (Version -12.1.0.147). Supplied by VSN 

International Ltd, 5 The Waterhouse Street, Hemel Hempstead HPI I ES . 

United Kingdom.http://www.vsni .co.uk 

K M tawala M & De Meyer M. (2012). Indigenous and invasive 
Geurts, ., wa ," , 

fruit fly diversity along an altitudinal transect in central Tanzania. 

Journal of Ins' eel Science, 12.1-18. 

P
I (on fluctuations orthe Mediterranean Fruit Fly, 

Ghanim, N. M. (2017). opu a I 

. W' d) with Respect to some Ecological Factors in 
Ceratitis capltala ( Ie. 

. lor Plant Protection and Pathology, 8(1 1), 555 
Peach Orchards . .loU! na . 'J 

- 559. 

141 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Gilchrist, A. S .. & Crisafi Ir ' . . 
U 1. D. C. A. (2006). Usmg vanatlOn in wing shape to 

distinguish betwe · ,' Id . . . . en \>,1 and mass-reared llldlvlduals 01 Queensland 

fruit fly , Bact/'oce/'a ty,·onl·. E I ' l7Iomo agio Expe/'imen/alis el Applicata. 

1J9, 175-178. 

Gillani. W A BasI " T & II . " , 111,., yas, M. (2002). StudIes on popUlation dynamics 

of fruit flies (Diptera: Tephritidae) in guava and nectrin orchards in 

Islamabad. Pakistani Journal of Biological Science, 5, 452-454. 

https:lldoi.org/ l 0.3923/pjbs.2002.452.454 

GlobalGAP . (2016). Information on changes in CPCC AF. CB, F&V, FO, PPM, 

TE, AB. LB, PY and CROPS RULES IN IFA VERSION 5.0-2 -

Publication July 1st 20 16 

Goergen. G., Vayssieres, .I. F., Gnanvossou, D., & Tindo, M. (2011). 

Bactrocera dorsalis (Diptera: Tephritidae), a new invasive fruit fly pest 

for the Afrotropical region: host plant range and distribution in West and 

Central Africa. Environmental Entomology, 40, 844-854. 

Gonzalez, J., & Troncoso, P. (2007). The fruit fly exclusion programme in Chile. 

In M. Vreysen , A. Robinson, & .J. Hendrichs (Eds.), Area-wide Control 

of Insect Pests: ji'om Research to Field Implementation , D011recht, The 

Netherlands, Springer. 

. ~ C I Y Hetzroni A. Gazit, Y., Timar, D., Rosenfeld, L., 
Goldshte1l1, E., 0 len,·, - , , 

I 
J f'C: A & M izrach, A. (2017). Development of an 

Grinshpon, Y. , '1O .lman, ., 

.' fi . MeditelTanean fruit fly (Ceratitis capitata) 
automatic mOnitorIng trap 01 

.' trol applications frequency. Computers and Electronics 
to optJlnJze con 

. I . 139 115-125. in AgnculUle, , 

142 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Guerfali, M. A .. Parker, A .. Fadhl. S.; Hemdane, H., Raies, A., & Chevrier, C. 

(20 II). Fitness and reproductive potential of 109 irradiated mass rearing 

Mediterranean fruit fly males Ceratitis capitata (Diptera: Tephritidae): 

lowering radiation doses. Florida Enlomologisl, 94 (4),1042 -1050. 

Graaf, D. (20 I 0). Developing a systems approach for Slernochelus mangiferae 

(Coleoptera: Curculionidae) in South Africa. Journal of Economic 

Enlomology 103: 1577- 1585 . 

Gregg, P. c., Del Socorro, A. P., & Landolt, P. (2018). Advances in attract-and-

kill for agricultural pests: beyond pheromones. Annual Revie·w of 

Entomology, 63, 453-470. 

Gui , S. H., Pei, Y.X ., Xu, L. , Wang, W. P. , Jiang, 1-1 . 8., Nachman, R. J., 

Kaczmarek, K. , Zabrocki. L & Wang, J. J. (20 18). Function of the 

nataJisin receptor in mating of the oriental fruit fly, Baelrocera dorsalis 

(Hendel) and testing of peptidomimetics. PloS One. 13, eO 193058. 

Guichard , C. (2009). EU interceptions rising in 2009. In: Fighting fruit flies 

regionally in subSaharan Africa. InfOl1nation Letter No.4 October 2009. 

COLEACP/CIRAD. p 4. 

Hafsi, A., Rahmouni , R. , Othman. S. B .. Abbes, K., EJimem, M., & Chermiti , 

B. (2020a). Mass trapping and bail station techniques as alternative 

h d e. IPM of Ceralitil· calJilala Wiedmann (Diptera: Tephritidae) met 0 s 101 . . . J 

In 
d O · t In.'·eels, 54(2) , 285-298. DOl: citrus orchar s. n ell ·. , 

10.1080100305316.2019.1623133. 

143 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Hafsi. A., Abbes K Harb' A & CI .. 
. ,., I, ., len11ltl, B. (2020b). Field efficacy of 

commercial food attractants for Ceratitis cap it uta (Diptera: Tephlitidae) 

mass trapping and their impacts on non-target organisms in peach 

orchards. Crop Protection, 128. 104989. 

I-larmer, A. M. T., Radhakrishnan, P., & TayloL P.W. (2006). Remating 

inhibition in female Queensland fruit flies: efJects and correlates of 

sperm storage. Journal o.finsect P/~ysiology, 52, 179-186. 

Halma, R. , Gnanvossou, D , Goergen. G. , Bokonon-Ganta. A 1-1. , Mohamed, S. 

A, Ekesi, S., Fiaboe, K. K. M .. & Agnontchcmc. AI. (2020). Efficiency 

of food-based attractants for monitoring tephritid fruit fly's diversity and 

abundance in mango systems across tluee West African agro-ecological 

zones. Journal o.(Economic Entomology, J 13, 860-871. https:lldoi.org 

I I 0.1 093 /jee/toz338 . 

Hasyim , A. , & Muryati de Kogel, W. J. (2008). Population fluctuation of the 

adult males of the fruit fly, Baclrocera tau Walker (Diptera: Tephritidae) 

in passion fruit orchards in relation to abiotic factors and sanitation. 

Indonesia Journal Agricultural Science, 9(1) , 29-33. 

I-Jardin, M. R. , Benrey, B ., CoIl, M., Lamp, W.O., Roderick, G. K., & Barbosa, 

P. (1995). Arthropod pest resurgence: an overview of potential 

mechanisms. Crop Protection, J 4 (I), 3-18. 

Hendrichs, P R b· 5011 AS & Vreysen M. J. B. (2007). 
J. , KeJllnore, ., 0 In , .., 

. d t anaoement (A W-IPM): principles, practice 
Areawide mtegrate pes 111 '" 

J B Vreysen, A S. Robinson & J. Hendrichs (Eds.), 
and prospects, In M. . . 

. , . From research to field implementation 
.• Ie c'0111rol armsect pc.sts. . Area-wlu, 'J 

. J) 'drecht The Netherlands. 
(pp. 3-33). Spnnger, 01 , 

144 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



I-Iendrichs, J. Ortiz G L' , ~,., Jedo P & S I 
", c lwarz. A. (1983). Six years of successful 

medn), pro o . . 
blam IJ1 Mexico 

and Guatemala. Paper presented at: 

Symposium: FrUit fl ' 
les of Economic IlI1portance; CECIIOBC 

International Symposiun (A I 
1 t lens, Greece, A. A. Balkema, Rotler- dam, 

111e Netherlands). 

Heuskin. S .. Verheogen F J T) b . b~ ,· ., r au ruge, E., Walhelet, 1. P., & Lognay, G. 

(2011). The use of semiochemical slow-release devices in inteorated 
<> 

pest management strategies. Biotechnology, Agronomy, Society & 

Environment, J 5, 459-470. 

Hill, D. S. (1987). Agricultural insect pests o./the tropics Clnd their control. lSI 

ed. Melbourne: Cambridge University press. 

Horber, E. (1963). Eradication of white grub (Melolontha vulgaris F.) by the 

sterile-male technique. In: Radiation and Radioisotopes Applied to 

insects o.FAgricultural importance. Symposium Proceedings. Vienna, 

Austria: International Atomic Energy Agency, 313-331. 

IAEA (lnternational Atomic Energy Agency), (2003). Thematic plan for fruit 

fly control using the sterile insect technique. IAEA Publication, Vienna, 

Austria. 

IAEA (International Atomic Energy Agency), (2013). Trapping manual for 

'd ji' ['t fl.)' J'Jroarammes, Vienna, Austria. area w[ e 11.1 • '" 

. . Eleroy Aoency). (2018). Trapping guidelines for 
IAEA (InternatIOnal AtomiC J 0 0 . 

. Ii" Jl. proarammes (2nd ed.), In W.R. Enkerlin, & J. Reyes-
area-wide. I UTt Y b 

Flores (Eds.), Rome, FAO. pp. 65. 

145 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



IDIDAS (International D b 
ala ase on Insect Disinfestation and Sterilization), 

(2018). 

h tt ps:1 In llC leus. iaea. orgl sit es/nai pc/i didas/S i tePages/1 ntema ti ona I %20 D 

atabase%200n%20Insect%20Di 

sinfestation%20and%20Sterilization%20(lDIDAS).aspx 

Ishaq. M. , Usman, M. , Asif, M. , & Khan, A. (2004). Integrated pest 

management of mango against mealy bug and fruit fly. international 

Journal of Agriculture and Biology, 6. 452-454. 

Jacobi , W. e.. MacRae, E. A .. & Hetherington. S. E. (200 I) . Post-harvest heat 

disinfestations treatments of mango fruit. Scientia i-Iorticulturae 89, 

171-193 . 

.lhaJa, Re.. Patel , Z. P .. Shah, A. H. , Patel , M. B., & Patel , e. B. (1989). 

Population rhythm of fruit fly Dacaus correctlls in mango and chiku 

orchards. Proceeding of National Symposium on Animal Behaviour, 

Bhavnagar, Gujarat. pp. 4-8 

Jiji T. , Suja, G. , & Verghese, A. (2009). Methyl eugenol traps for the 

management offruit fly Bactrocera dorsalis Hendel in Mango. Proc. of 

the 21 st Kerala Science Congress, 28-3\ Jan. 2009. pp 76-77. 

. Zh Y X Dot! W. Jian a , X. Y., & Wang, 1. 1. (2019). First J1I1g, T. X., ang, .', , , 0 

I 'al Development of Bactrocera Insights into the ntrapupan 

dorsalis (Hendel): Application in Predicting 

TephTitid Fly Control. insects, 10(9) , 283. 

Ii nsects) 0090283 

)46 

Emergence Time for 

https:/ldoi.org/l 0.3390 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Kannan, M., & Venugopala R N (200 . ' . . 
~ ' " 6). Ecological studies on mango fruit fly. 

Baclrocera don-aliI' H d I A I . . en e. nna s of Plant Protection Science , /4 , 

340- 342. 

Kazi, A. S. (1979). Studies on the field habits of adult melon fruit fly, Daclis 

(stru1l1eta) cucurhitae Coquillett. Pakistan Journal of Science and 

industrial Research, 19,71-76. 

Khan, M. A., Ashfaq. M .. & Khaliq , A. (2003). Role of abiotic factors in 

population and infestation fluctuation of fruit flies in guava orchards of 

Sheikhupura District. Pakistan Entomology. 25, 89-93. 

Khan, R. A., & Naveed. M. (2017). Occlmence and Seasonal Abundance of 

Fruit Fly. Bactrocera zonata Saunders (Diptera: Tephritidae) in Relation 

to Meteorological Factors. Pakistan Journal of Zoology. 49(3), 999-

1003. http://dx .doi .org/l 0.1 7582/journal.pjzl20 17.49.3.999.1003 

Khoo, C. C. I-I. & Tan, K. H. (2000) . At1raction of both sexes of melon 

fly , Bactrocera cucurbitae to conspecific males - a comparison after 

pharmacophagy of cue-lure and a new attractant - z1I1gerone. 

Entomoiogia Experentalis el Applicata, 97, 317- 320. 

KI Hr (700") Area-wide inteorated pest management and the strile insect assen, v, . _ oJ . b 

h · J' V A D)'ck J Hendrichs and A. S. Robinson (Eds.). tee mque. n. . , , . , 

./ J I Tec'hnique Principles and Practice in Area-Wide Sterl e nsec J I • 

integrated Pest Mana:sement. pp. 39-68. Springer Netherlands. 

. C (2005). History of the sterile insect technique, In V. 
Klassen , W. , & CUl1JS . 

. & A S Robinson (Eds.). Sterile Insect Technique: 
Dyck, 1. Hendnchs . 

• ?' Area-wide Integrated Pest Management (pp. 
Principles and PraclIce m 

. . D 'drecht The Netherlands. 
3-36). SpnngeJ , OJ , 

147 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Klassen, W., Curtis C F . 
, . ., & I-Iendnchs, 1. (2021). History of the sterile insect 

technique. In Ste .' \ . . . 
II e Insect techllIque. CRC Press. pp. 1-44. 

Kleiber, 1. R, Unelius. CR. 
. . ., Lee, l C., SucklIng, D. M., Qian, M. c., & Bruck 

D. J. (2014). Attractiveness of D' " . 
elmentatlOn and related products to 

Spotted wing Drosophila (DI·ptera'. 
Drosophilidae). Environmental 

Entomology, 43(2) , 439-447. 

Kniplino E F (1955) P 'bT' . . 
b ' '. . OSSI I ItIes ot Insect control or eradication through the 

use of sexually ster'lle I 1 " . I 1E . ma es. JOu/ l1a 0 ~C()170/1l{C Entomology, 48(4), 

459-62. 

Knipling, E. F. (1959). Screwworm eradication: concepts and research leading 

to the sterile-male method. Smithsonian Report jar 1958, Publication, 

4365.409-418. 

Kuba, 1-1. , Kohama, T. , Kakinohana, H., Yamagishi, M., Kinjo, K., Sokei, Y., 

Nakasone, '1'., & Nakamoto, Y. (1996). The successful eradication 

programs of the melon fly in Okinawa. In B. A. McPheron & G. 1. Steck 

(Eds.), Fruit fly pests. A world assessment of their biology and 

management (pp. 543-550). St. Lucie Press, Delray Beach, FL, USA. 

K S P l"el C. Boo & Bhatt, R. 1. (1997). Studies on seasonal cyclicity of umar, ., a, . 

"ectu" (Bezzi) in mallCTO and sapota orchard using methyl Bac!rocera COl" I J "" 0 

I tr P G A U Research Journal, 22(2), 68-74. eugeno a. . . . 

. S Schutze. M., & Clarke, A. R. (2013). Evolution 
Kumaran , N. K., BalagavlI , ., 

. " hritid fruit flies: phyto- chemicals as drivers of 
of lure response III tep 

J I t
'on Animal Behaviour, 85,781-789. 

sexua se ec I . 

148 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Lasa. R. Tadeo E Tid R C 
' ,., 0 e 0 , ., armona, L., Lima, I., & Williams, T. (2017). 

Improved capture of Drosophila suzukii by a trap baited with two 

attractants in the same device. PLoS One. 12( II), eO 188350 

Leblanc L. Varoas R I & R b' ·ff D (?O . , .. , , :::-,.., U 1110. . _ 10). Attraction of Ceratilis 

capilata (Diptera: Tephritidae) and endemic and introduced nontaroet 
b 

insects to Biolure bait and its individual components in Hawaii. 

Environmental entomology, 39, 989-998. 

Leblanc. L., Vueti, E. T. , & Allwood, A. J. (2013). I-lost plant records for fruit 

flies (Diptera:Tephritidae: Dacini) in the Pacific Islands: Infestation 

stati st ics on economic hosts. Hawaiian Entomology Society, 45, 83-117. 

hllp: //hdl.handlc.netll 0125/3 1008. 

Lindquist. D. A.. Abusowa, M. & Klassen, W. (1993). Eradication of the New 

World screwworm f rom the Libyan Arab Jamahiriya, pp. 319-330. In 

Proceedings: Management of Insect Pests: Nuclear and Related 

Molecular and Genetic Techniques. F AO/IAEA International 

Symposium, 19- 23 October 1992, Vienna, Austria. STIIPUB/909. 

IAEA, Vienna, Austria. 

Liquido, N., McQuate, G., Kurashima, R., Hanlin, M., Birnbaum, A. , & Mamell, 

S. (2015). Provisional List of Suitable Host Plants of Oriental Fruit Fly, 

Baclrocera dorsalis (Hendel) (Diptera: Tephritidae). USDA-APHIS, 

Raleigh, NOIih Carolina, 

Liu, 
H .. , Zhao, X. F., Fu, L., Han, Y. Y., Chen, 1., & Lu, Y. Y. 

OB
P2 lays an indispensable role in the perception of 

(2017). Bdor . P 
. ales of Bactrocera dorsaliS (Hendel). Scie 

methyl eugenol by matUie m 

. . 7"15894. doi: 10.1038/54 I 598-0 17 -15893-6 
n/!/lcRepOl/S, . 

149 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Lux. S. A Ek . S . . 
., ,eSI, ., Dunbl , S., Mohamed, S., & Billah, M. K. (2003a). Mango-

infestin o fruit flies in Africa' . t' d I' .. f' . 
b . . pel spec Ives an 1I111lallons o ' bIOlogical 

approaches to their management In P. Neuenschwander, C. 

Borgemeister. & J. Langewald (Eds.), Biological Control in Integrated 

IPM Systems in Aji-ica (pp. 277-294). CABl Publishing. Wallingford. 

Lux. S. A., Copeland, R. S., While, I. M., Manrakhan. A. , & Billah, M. K. 

(2003b) . A new invasive fruit fly species from the Baclrvcera dorsalis 

(Hendel) group detected in East Africa. Insect Science Applicalion, 

23(4),355-361. 

Mahmoud. M. F & Barta , M. (2011) . Effect of gamma radiation on the male 

sterility and other quality parameters of peach fruit fly, Bactrocera 

zonula (Saunders) (Diptera: Tephritidae). Horticultural Science , 38(2). 

54- 62. 

Mankin. R. W .. Lemon, M., Hanner. A. M. T., Evans, C. S., & Taylor, P.W. 

(2008). Time pattern and frequency analysis of sounds produced by 

irradiated and untreated male Bactrocera tyroni (Froggatt) (Diptera: 

Tephritidae) during mating behaviour. Annals of the Entomological 

Society of America, 101 , 664-674. 

Manrakhan, A. (2006). Fruit fly monitoring-purpose, tools and methodology. 

, . & M K Billah (Eds). A Field Guide to the Management of 
In S. Ekes\. .' . ' 

r f 't 'd r:""lll't Flies in Afi'ica (pp. 1-14). 
E . / Ily 1171'j'Jortant 1 ep 1rI 1 J' , 
'C0I10/11ICd 

lClPE Science Press, Nairobi . 

H Beck, R., Love, C. N., Gilbert, M. J. , Virgilio, 
Manrakhan, A. , Daneel, 1. ., 

(2021). Effects of male lure dispensers and trap 
M ., & De Meyer, M . 

f C . ([iI' capitala and Baclrocera dorsalis 
r monitoring o ' el a I . . 

types Jor 

150 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



(Diptera: Tephritidae). Pest Managemel1l Science, 77(5), 2219-2230. 

doi: 10. 1 002/ps.6246. 

Manrakhan, A. , Daneel , J. H., Beck. R., Virgilio, M .. Meganck, K. , De Meyer 

M. (2017) . Efficacy of trapping systems for monitoring of Afi'otropical 

tiUI·t· flI'es T I ( . Journa () Applied Entol71ology, 141(10), 825-

840. do i:10.llll/jen.12373 

Marri , D., Gomez. D. A. M. A., Wil son, D. D .. Billah, M. K., Yeboah, S. , & 

Osae, M. (20] 6). Evaluation of the Efficacy of a Commercial 

Formulation of Beallveria bas.I'ian(l for the Control of the Invasive Fruit 

Fly Bactrocera dorsalis (Diptera: Tephritidae). Biope.l'ticide 

International, /2( 1),9-18. 

M essing. R. (1 999). Managing Fruit Flies on Fanns in Hawaii. Cooperative 

Ex tension Service. 

M ohamed. S. A. , Ekesi. S., & Hanna, R. (2010). Old and new host-parasitoid 

associations: parasitism of the invasive fruit fly Bactrocera invadens 

(Diptera: Tephritidae) and five African fruit fly species by Fopius 

arisanus, an Asian opiine parasitoid, BiOCOnlrol Science and 

Technology, 20 (2) , 183-196. 001: 10.1080109583150903447794 

Motswagole, R., Gotcha, N. , Nyamukondiwa, C. (2019). Thermal Biology and 

Seasonal Population Abundance of Bactrocera dorsalis Hendel (Diptera: 

Tephritidae): Implications on Pest Management. International. Journal 

,{' t C' 'ence 11 1-9 hups:l/doi.org/10.1177/1179543319863417 oJ Insec ..)Cl , , • 

Mutal11isw~ R. , Nyamukondiwa, c., Chikowore, G., & Chidawanyika, F. 

. of Oriental fruit fly, Baclrocera dorsalis (Hendel) 
(2021). OvervIew 

I .' 'd e) in Afi-ica: from invasion, bio-ccology to 
(Diptera: TepllllI a 

151 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



sustainable management. Crop Protection, 141 , 105-492. hllps://doi.org 

11 O. I 016/j.cr opro.2020. 1 05492. 

Mwatawala, M. W., De Meyer. M., Makundi, R. E., & Maerere, A. P. (2006). 

Biodiversity of fruit 1lies (Diptera, Tephritidae) in orchards in different 

agro-ecological zones of the Morogoro region, Tanzania. Fruits , 61,321 

- 332. 

Mwatawala, M. W., De Meyer, M .. Makundi. R. 1-1. , & Maerere, A.P. (2009). 

Host range and distribution of fruit-infesting pestiferous fruit flies 

(Diptera, Tephritidae) in selected areas of Central Tanzania. Bulletin of 

El1foll1ology Research. 99. 629- 641. 

N ' Da, H. A. (2018). Assessment of Fruit Fly Trapping System in Mango 

Orchards in Northell1 Cote d' lvoire. Journal of Agricultural Sci- ence 

and Technology A, 8. 2161-6256. https://doi.org/IO. I7265/ 2161-

6256/2018.01.003 

N ' Depo, O . R. , Minhibo, M. Y., N'Goran, A., I'Jala, N . F., Coulibaly, A., Soro 

S. , & Yeboue, N. L. (2019). Host plants associated with tephritidae in 

Cote d'!voire and discovery of a new fruit fly species: Dacus /ongistylus . 

Journal of Entomology and Zoological Studies , 7(3) , 1301-1308. 

Nadeem, M. K., Ahmed, S. , Nadeem. S., Ishfaq, M., & Fiaz, M. (2014). 

Assessment of insecticides resistance in fi eld population of Bactrocera 

(S d s) (DiIJtcra:Teplu·itidae). The Journal of Animal & Plant zonata aun er 

Sciences, 24, 172-178. 

152 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Nankinga C K lsab'· BE' ~ , ., Hye, . ·., MUYlllza. I-I. , Rwomushana, 1., Stevenson. P. 

c., Mayamba, A., Aool, W., & Akol . A. M. (2014). Fruit fly infestation 

in mango: a threat to the Horticultural Sector in Uganda. Uganda 

Journal of Agricultural Science. 15,1-4. 

Nasution , I. A. , Elvinasari, E., & Hastuti , D. (2018) . Effect of gamma irradiation 

on the quality and mating competitivenes of fruit flies Bactrocera 

dorsalis in the cage scale. Jurnal J-/((}l1a dan Penyakil Tropika, 18(2), 

160-168. 

Nation , 1. L. (1974). The structure and development of two sex specific glands 

in male Caribbean fruit n ies. Annals o/'Ihe Entomological Society of 

America, 67(5), 731-734. hups: //doi .org/l 0.1 093/aesa/67.5.731 

Nation. J. L. , Smittle, B. J. , Milne, K. , & Dykstra. T. M. (1995). Influence of 

irradiation on development of Caribbean fruit fly (Diptera: Tephritidae) 

larvae. Annals a/the Enlomological Society a/America. 88(3), 348-352. 

Narayanan, E. S. , & Batra, H. N. (1960). Fruit Flies and Their Control. Indian 

Council of Agricultural Research. New Delhi , India. pp.I-68. 

Nboyine, J. A., Billah, M. K., & Afreh-Nuamah, K. (2012). Species range of 

fi'uit flies associated with mango from three agro-ecological zones in 

Ghana. Journal of Applied Bioscience , 52, 3696-3703. 

A L KOlytkowski C. A. Zucchi, R. A., Uramoto, K., Venable, G. 
Non'bom, . ., " 

. k J & Dallwitz M 1. (2012). Onwards. Anastrepha and L, Mccol1lllC ," ( ,. 

Toxuliypana: descriptions, illustrations, and interactive keys .. 

http://delta-intkey.com 

153 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Nugnes, F., Russo E y-o· . . 
, ., I",glam, G., & Bernardo, U. (2018). First record of an 

invasive fruit fl b I . y e ongmg to Bactrocera dorsalis complex (Diptera: 

Tephritidae) in Europe. Insects, 9, J 82. hltps://doi .org/l 0.3390 

linsects9040182 

Ogaugwu, c., Wilson. D., Cobblah, M., & Annoh, C. (2012). Gamma radiation 

sterilization of Bactrocera invadens (Diptera: Tephritidae) from 

southern Ghana. African JOl/rna! 0/ Biotechno!ogy, ll(51), 1 1315-

11320. DOl : 10.5897/A.1BI2.960. 

Ohinata , K. , Ashraf, M., & Harris, E. J. (1977). Mediterranean fruit fiies: 

sterility and sexual competitiveness in the laboratory after treatment 

with gamma irradiation in air, carbon dioxide, helium. nitrogen or partial 

vacuum. JOllrna! 0/ Economic Entom%gy, 70, 165-168. 

Ohinata. K .. Chambers, D. L., Fujimoto. M., Kashiwai. S., & Miyabara, R. 

(1971). Sterilization of the Mediterranean fruit fly by irradiation: 

comparative mating effectiveness of treated pupae and adults. Journal 

o/Economic Entomology, 64, 781-784. 

Ohinata, K. , Fujimoto, M., Higa, H. Tanaka, N., & Harris, E. J. (1978). 

Mediterranean fruit fly: gamma irradiation in nitrogen and packaging for 

sterile insect release program in Los Angeles. JOl/rnal 0/ Economic 

Entomology. 71,610-612. 

OJ
" C M Auad A. M. , Mendes, S. M., & Frizzas, M. R. (2013). 
Ivelra , .', ' 

.. . ' ct of exotic insect pests in Brazilian agriculture. Journal 
l:con01l1lC Impa 

o/Applied Entomology, l37, 1-15. 

154 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Papadopoulos. N. (2010) . . 
. Bactlocera II1vadens: State of the art ancl future 

research directions . Ill' 7> . . . . _ 
. cam Ne'1'51eller. Tephnod workers of Europe, 

Africa and Middle East, 8, 1-19. 

Patel . K. B .. Saxena S P & P . , ' . .,' atel. K. M. (2013). Fluctuation of fruit fly 

oliented damage in mango in relation to major abiotic factors . 

Hort iculfllral Flora Research Spectrum, 2(3) ,197-20 I. 

Pena, J. E. , & Mohyuddin, A.I. (1997). Insect Pest. In R.E. Litz (Ed.), The 

Mango: Botany, Production and uses (pp. 327-362). Wallingford, 

United Kingdom: CAB International. 

Perez-Staples. D .. Prabhu. Y .. & Taylor, P. W. (2007) . Post-teneral protein 

feeding enhances sexual performance of Queensland fruit flies. 

Physiological Entomology, 32, 225-232. 

Qin. Y ., Paini. D. R .. Wang, C , Fang, Y., & Li, Z. (2015) . Global Establishment 

Risk of' Economically Important Fruit Fly Species (Tephritidae). PLoS 

ONE. iO(I) , e0116424. hllps :lldoi.orgIl0.13711journal.pone.0116424. 

Rai , S. , Shankar. U., Bhagat, R. M., & Gupta, S. P. (2008). Population dynamics 

and succession of fruit Hy on subtropical fruits under rained condition 

in Jammu region. indian Entomology, 70(1) , 12-15. 

'k P & Yiraktamath. S. (2007). Attraction of fruit flies to different 
Ravl umar, ., . 

f· ethyl euoenol traps in guava and mango orchards. 
colours 0 111 '" 

k 
'o'irnal o(A aricultural Science, 20, 749-75\. 

Karnata a . ./, • . '" 

Rizk. M . M. A., A 
bdel-Galil f . A. , Temerak, S. A. H., & Darwish, D. Y. A. 

. ' fli'ctin" the efficacy of trapping system to the peach 
(2014). FactOl S at:", 

fiuit I~) ales Bactrocera zonata (Saunders) (Diptera: 
fly (pr ' 111 , 

155 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Tephritidae) Archiv ,{, PI 
' es oJ 1ytopathology and Plant Protection, 47(4) , 

490-498. DOl: 10.1080/03235408.2013.813110 

Robinson, A. S. (2002) M . . '. . 
. utatlons and their use 111 111sect control. Reviews in 

Mutation Research, 511: 113-132. 

Robinson, A S Cayol J P & II . .., "" - endnchs, J. P. (2002). Recent findings on 

medfly sexual bel . .' I" . laVIOf. Imp IcatlOns lor SIT. Florida Entomologist , 85, 

171-181. 

Roomi, M. W., Abbas, T. , Shah, A. H., Robina, S., Qureshi. A. A., Sain, S. S., 

& Nasir, K. A. (1993). Control offruit flies (Dacus sp.) by attractants of 

plant ongm. Anzeiger jiir Schadlingsku17de. Pj1anzeschutz. 

UJJ1welschwz,66,155- 157. 

Rousse. P., J-Ianis, E. J. , & Quilici. S. (2005). Fopills ariSG17t1S, an egg pupal 

parasitoid of Tephritidae- An overview. Biological Control News, 26, 

59-69. 

Royer, J. E., & Mayer, D. G. (2018). Combining cue-lure and methyl eugenol 

in traps significantly decreases catches of most Bactrocera, Zeugodacus 

and Dacus Species (Diptera: Tephritidae: Dacinae) in Australia and 

Papua New Guinea. Journal o/Economic Entomology, 111(1),298-303. 

doi: 10.1 093/jee/tox334 

E T K H & Mayer D. G. (2020). Comparative trap catches of 
Royer, J .• . , an, .', . , 

B 
. . DaclI'i and Zeugodacus fi'uit flies (Diptera: male actl ocel a, . , 

"d ) 'tl "our Jloral phenylbutanoid lures (Anisyl Acetone, 
Tephntl ae WI 1 JI 

b
. Ketone and Zinoerone) in Queensland, Australia. 

Cue-Lure, Rasp elfY , '" 

I all 49(4).815-822 doi: JO.I093/ee/nvaa056. 
Environmental Entol110 °IV' . 

156 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Rwomushana I & Ta C M 20 . , ., nga,. . ( 16). FruIt Fly Species Composition, 

Distribution and Host Plants with Emphasis on Mango-Infesting 

Species. Tn : S. Ekesi , S. Mohamed, & M. De Meyer (Eds.), Fruit Fly 

Research and Development in Afj-ica - Towards a SlIstainable 

Management Strategy to Improve Horticulture. Springer, Cham. 

https:lldoi .orgIl0.1007/978-3-319-43226_7 5. 

Rw01l1ushana, l.. Ekesi, S., Gordon. l.. & Ogol, C. K. P. O. (2008). Host plants 

and host plant preference studies for Bactrocera inl'udens (Diptera: 

Tephritidae) in Kenya, a new invasive fruit fly species in Africa. Annals 

o/Entomological Society ojA merica, 10 J, 331-340. 

Sahoo. S. K .. Saha, A. & Jha, S. (2016). Inl1uence of weather parameters on the 

population dynamics of insect-pests of mango in West Bengal. Journal 

ofAgrometeorology, J 8(1), 71- 75. 

Sarango, V. M. G., Ekbom, B., & Ooi , P. (2009). Monitoring and pest control 

of fruit flies in Thailand: new knowledge for integrated pest 

management. Examensarbete, 15.2-38. 

S M (?O I 5) Mechanical control prospectus to aid in management of fruit arwar, . - . 

flies and con-elated tephritid (Diptera: Tephritidae) pests. international 

Journal of Animal Biology, 1(5), 190-195. 

M N Thaunay P Vayssicres J-F. (2012). The effects of Self, G., Ducamp, - ., , ., 

. . h tater treatments on West Aflican mangoes infested 
phytosamtalY 0 w 

• -J ns' (Diptera Tephritidae). Fruits, 67,439-449. 
with Bactrocera /I1VClue . 

f; I Hussain. S. M. , Asrar, M., Shah, S. Z. H., Furqan, 
Shahzad, M . M., Musta a, ., . 

H & Ahmed, W. (20 17). Effects of abiotic factors 
M., Arsalan, M. Z. U. ., 

. ff.·t fly (Hactroam dorsalis Hendel) larvae 
on population dynamICS 0 lUI . 

157 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



and pupae on citrus and guava frui ts in Sargodha, Pakistan. Pakistan 

Journal of Entomology, 39, 45-51. 

Sharp, 1. I., Ouye, M. T., Ingle , S. J. & Hart, W.G. (1989). I-lot water quarantine 

treatment of mangoes from Mexico infested with Mexican fruit fly and 

West Indian fruit fly (Diptera; Tephrilidae). Journal of Economic 

Entomology, 82,1657-1662. 

Shelly, T. E. (2017). Zingerone and the mating success and field attraction of 

male melon flies (Diptera : Tephritidae). Journal of Asia Pacific 

Entomology. 20, 175- 178. doi : 10.1016/j.aspen.2016.12.013 

Shelly, T. E. (20 I 0). Effects of methyl eugenol and raspberry ketone/cue lure 

on the sexual behavior of Bactrocera species (Diptera: Tephritidae). A 

jJplied 1:;ntol17ology & Zoology, 45,349-361. doi: 10.1117/1.601355 

Shelly_ T. E. (200 I). Feeding on methyl eugenol and Fagraea berteriana 

flowers increases long-range female attraction by males of the oriental 

fruit fly (Diptera: Tephritidae). Florida Entomologist, 84: 634-640. 

Shelly, T. E., & Dewire, A. M. (1994). Chemically mediated mating success in 

male oriental fruit flies (Diptera: Tephritidae). Annals of the 

Entomological Society of America, 87: 375-82. 

Shelly, T. E., & Edu, 1. (2010). Mark-release-recapture of males of Bactrocera 

b · d B'lctrocera dorsalis (Diptera: Tephrilidae) in two cucur ltae an L 

of J-Ionolulu. Journal of Asia-Pacific Entomology, residential areas 

13,131-137. 

)58 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Shelly. T. E., McCombs S D . & MI · 
, .., C I1I1JS, D. O. (2000). Mating 

competitiveness of male o· t I Co • • . ·fl· c. . . nen a IIUlt IeSIr0ll1 a translocatIOn stram 

(Di ptera: Tephritidae) . Environmental Entomology, 29, 1152-1 156. doi : 

10. 1603/0046-225X-29.6.1 152 

Siddiqui. Q. H .. Ahmad, D. , Shad Rashdi, S. M. M. , & Niazi, S. (2003). Effect 

of time of the day and trap height on the catches of peach/guava fruit 

flies Bactrocea zonata (Saunders) through male annihilation technique. 

Asian Journal of Plant Science , 2, 228- 232. doi :10.3923/ajps. 

v2003 .228.232 

Singh, S .. Sharma, D. R., Kular, J. S., Singh. 1-1. , Jawandha, S. K .. Bons, M. S., 

Singh. B .. KauL A., Saini. M. K., Pandha, Y. S. , Thakur, A. , & Kaur, P. 

(2014). Ecofriendly management of fruit flies, Bactrocera spp. in peach 

with methy l eugenol-based traps at different locations in Punjab. 

Journal of"/nsect Science , 2 7 (1) , 57-62. 

Sikandar, Z., Afzal , M. B. S. , Qasim, M. U. , Banazeer, A., Aziz, A., Khan , M. 

N., Mughal , K. M., & Tariq , H. (2017). Color preferences of fruit flies 

to methyl eugenol traps, population trend and dominance of fruit fly 

species in citrus orchards of Sargodha. Pakistan Journal of E11l01l1010gy 

and Zoological Studies , 5(6), 2190-2194. 

Smith, H. T. (200 I) . USDA Fruit fly Cooperative Control Program, Final 

~ . I I ct Assessment (200 I) , United States Department of 
Envlronmenta mpa 

Agriculture, USA. 

& Monzu, N. (1992). Queensland fruit fly 
Sproule, A ., Broughton, S., 

W .A. Department of Agriculture, ed. (Perth, 
eradication campaign, 

Australia). 

159 

i 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Staten. R. T & Walters M L (2021) T I . ., . ' . . ec 1I1ology used by field managers for 

pink bollworm eradication with its successful outcome in the United 

States and Mexico. In.l. Hendrichs, R. Pereira & M. J. B. Vreysen (Eds.), 

Area-wide integrated pest management. Development and field 

application (pp. 51-92). CRC Press. Boca Raton, FL, USA. 

Staten. R.L., Rosander, R.W., & Keaveny, D. F. (1993) . Genetic control of 

cotton insects: the pink bollwonl1 as a working programme, in: 

Management of Insect Pests: Nue/ear and Related Molecular and 

Genetic Techniques (pp. 269- 284). Proceedings of a Symposium 

Organi sed by the FAO and IAEA, J 9- 23 October 1992, Vienna, Austria, 

IAEA. Vienna. Austria, 

Stegeman. B. R., Riee. M. 1., & Hooper, G. H. (1979). Daily periodicity in 

attraction of male teplu'itid fruit nies to synthetic chemical lures. RAE, 

Series-A . 6 7, J I . 

Steiner, L. F. (1952) . Fruit Fly Control in Hawaii with Poison-Bait Sprays 

Containing Protein Hydrolysates. Journal o/Economic Entomology, 45, 

838-843 . https://doi.org/I o. J 093/jee/45.5.838 

Steiner, L.F. (1957). Field Evaluation of Oriental Fruit Fly Insecticides in 

Hawaii. Journal of Economic Entomology, 50,16-24. 

https://doi.orgIl0.1093/jee/50.I.J6 

. .' E ] Mitchell. W. C., Fujimoto, M. S., & Christenson, L. 
SteJJ1er, L. F., Hams, .. , 

D. (1965). Melon 
fly eradication by overtlooding with sterile flies. 

I .l"Economic Entomology, 58, 5 J 9-522. 
Journa OJ J 

160 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Steiner. L. F Mitch 11 W C & B ' ., e , .., aumhover, A. I-I. (1962). Progress of fruit 

fly control by iITadiation sterili zation in Hawaii and Mariana Islands. 

International.Journal of Applied Radiation and Isotopes , 13 , 427-434. 

Stewart, J. (2017). Provisional list of suitable host plants of oriental fruit fly, 

Bactrocera dorsalis (Hendel) (Diptera: Tephritidae). https://www.ippc. 

int/en/ core-aeti vities/ capaci t y -devel opment/ guides-and -traini ng-

materi al s/contri buted -resource-deta i l/provi si onal-I i st-sui table-host-

p I ants-OIl ental-fru i t -fl y -bact rocera -dorsal i s-hende 11 

Stonehouse, J. M. , Verghese, A. , Mumford . J. D. et al. (2005). Research 

communications and recommendations for the on fann rPM of tephritid 

fruit flies in India. Pest lvlal1agel'l7el1t in Horticultural Ecosystem, 1 J(2), 

172-180. 

Stupp. P .• Machot Junior, R., Cardoso, T. D. N. , Padilha, A. c., Hoffer, A. , 

Bemardi , D., & Botton, M. (2021). Mass trapping is a viable alternative 

to insecticides for management of Anastrepha fraterculus (Diptera: 

Tephritidae) in apple orchards in Brazil. Crop Protection, 139, 105391. 

Sullivan, W. (1964). "Use of Radiat ion 011 Jnsec/s [-Jailed, 1/ New York Times, 

12 Sep 64. 

Tadeo, E., Muniz, E., Rull , 1., Yee, W. L., Aluja , M., & Lasa, R. (2017). 

t f
a low-cost and effective trapping device for apple 

Developmen 0 

. fl (D' )tera ' Tephrilidae) monitoring and control in Mexican 
maggot y 11 . 

. h G oves Journal a/EconomiC Entomology, 110, 
CommercJ31 Hawt om r .. 

1658-1667. 

161 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Tan, K. H., Nishida R Jm E B & SI . , ., 19, .., 1eliy. T. E. (2014). Pheromones, male 

lures and trapping oftephritid fruit flies. In T. Shelly, N. Epsky, E. B. 

Jang, 1. Reyes-Flores, & R. Vargas (Eds.), Trapping and the delection. 

cOl1lrol and regulation ojtephrit idji-uit flies: lures. area-wide programs 

and trade implications (pp. 15-75). Springer Science + Business, 

Dordrecht 

Tan, K., & Serit, M. (1994). Adult population dynamics of Bactrocera dorsalis 

(Diptera:Tephritidae) in relation to host phenology and weather in two 

villages of Penang Island, Malaysia. Environmental Entomology, 23, 

267-275 . https://doi.orglI0 .1093/ee/23.2.267 

Tan. K . l-l. (2000) . Area-wide Control of Fruit flies Other Insect Pests. Penerbit 

Universiti Sains Malaysia, Pulau Pi nang, Malaysia. pp.782 

Tan KH & Nishida, R. (1996). Sex pheromone and mating competition after 

methyl eugenol consumption in the Bactrocera dorsalis complex. Fruit 

Fly Pests - In B. A. McPheron & G. 1. Steck (Eds.). A World Assessment 

of Their Biology and Management (pp. 147-153). Delray Beach, FL, 

USA: St. Lucie Press. 

Theron, C. D .. Manrakhan, A., & Weldon, C. W. (2017) . Host use orthe oriental 

truit fly , Bactrocera dorsalis (Hendel) (Diptera: Tephritidae), in South 

Africa. Journal oj Applied Entomology, 141 , 810-816. DOl: 

10. llI1 /jen.12400 

Fruit fly expert identification system and 
Thompson, F. C. (1998). 

. 9 -?4 
. t ' information database. Myw , . pp. )- . 

blOsystema les . 

162 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Thomas, D B & SI II' K '. le Ie, . C. (2000). Heating rate and induced 

themlotolerance in Mexican fruit fly (Diptera: Tephritidae) larvae. a 

quarantine pest of citrus and mangoes. Journal oI Ecol1ol17ic Entomology, 

93: 1373-1379. http://doi.orgIl0.1603/0022-0493- 93.4.1373 

Toledo. J., Rull , l, Oropeza, A., Hernandez, E., & Liedo, P. (2004). Irradiation 

of Anastrepha obliqua (Diptera: Tephritidae) revisited: optimizing 

steri lity induction. Journal of Economic Entomology, 97(2), 383-9. 

https://doi.org/lO. I 093/jee/97 .2.383 PMID: 15154459 

Uchida. G. K. , Mackey. B. E., Vargas, R. I. , Beardsley, J. W., Hardy, D. , Goff, 

M. L.. & Stark, J. D. (2006). Response of nontarget insects to methyl 

eugenol. cue-lure. trimedlure, and protein bait bucket traps on Kauai 

is land. Hawaii, USA. Hawaiian Entomological Society, 38, 6 I -71. 

United Nations Scientific Committee on the Effects of Atomic Radiation. 

UNSCEAR (20 I 0). Sources and Effects of Ionizing Radiation. United 

Nations Scient(jic COl11l11illee on the Effects of Atomic Radiation 

(UNSCEAR) 2008 Report: Report to the General Assembly. with 

Scientific Annexes Vol I . United Nations. New York, 20 10. 

USDA-APH! S, (2008). Federal import quarantine order for host matelials of 

Bactrocera invadel7s (Diptera: Tephritidae), invasive fruit fly species. 

USDA-APHIS, Riverdale, Maryland, USA. 

. , J F Van Tellingen, E. , & Vrolijks, J. (2007). Effects 
Van Mele, P. , Vayssleres, . ., 

. W A t Oeocphylla 10l7ginoda, in controlling mango 
of an African eaver n , 

. fl ' (Diptera: Tephritidae) in Benin. Joumal of Economic 
frUIt les 

Enlomology J 00, 695-70 I. 

163 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Vargas , R . 1.. Pinero J C Mau R 1-: S k J D . . , " , . . ., tar, . ., Hertlem, M. , Mafra-Neto, 

A., Coler, R. , & Getchell. A. (2009). Attraction and mortality of oriental 

fruit flies to SPLAT-MAT-methyl eugenol with spinosad·j·. Entol1loloKia 

experimentalis et applicata, J 3 J, 286-293. 

Vargas , R. 1. , Walsh, W. A. , Jang. E. B., Armstrong, J. W., & Kanehisa, D. T. 

(1996). Survival and development of immature stages of four Hawaiian 

fi'uit flies (Diptera:Tephritidae) reared at five constant temperatures. 

Annals of the Entoll1olof;ical Society qj"America, 89, 64-69. 

Vargas , R. I., Shelly. T. , Leblanc, E . L., & Pinero, 1. c. (2010). Recent 

Advances in Methyl Eugenol and Cue-Lure Technologies for Fruit Fly 

Detection. Monitoring. and Control in Hawaii. Vitamins & Hormones 

83 : 575-595. 

Vargas , R. I., Souder, S. K., Hoffman, K., Mercogliano, J., Smith, T. R., 

Hammond, J. Davis, B. J., Brodie, M., & Dripps, J. E. (2014). Attraction 

and Mortality of Bactrocera dorsalis (Diptera: Tephritidae) to STATIC 

Spinosad ME Weathered Under Operational Conditions in California 

and Florida: A Reduced-Risk Male Annihilation Treatment. Journal qj" 

Economic Entomology, J 07, 1362-1369. 

W I h W A Hsu C. L. Spencer, 1., Mackey, B. , & Whitehand, 
Vargas , R. I. , as , .., , , 

L. , (
1994). Effects of sterile Mediterranean fmit fly (Diptera: 

. . . I n the (arnet species, a nontarget tephritid, and a 
Tephntldae) Ie eases 0 '" 

. .. Braconidae) parasitoid in commercial coffee 
braconid (HymenopteI3. 

I 1 ofEconol11ic En/omology, 87, 653 -660. 
fields. Jounw . 

164 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Vayssieres J F De M - M 0 
' .., eyer,., lIagOlissolinon, I., Sinzogan, A ., Adandonon, 

A., Korie, S., Warglli, R ., Anato, F. , HOllngbo, 1-1. , Didier, c., De Bon, 

H., & Gorgen , G. (2015). Seasonal abundance of mango fruit flies 

(Diptera: Tephritidae) and ecological implications for their management 

in mango and cashew orchards in Benin (Centre & North). Journal 0/ 

Economic E17l0mology, J 08, 2213-2230. hltps:lldoi.orgll 0.1 093 

Ijee/tovl43 

Vayssieres, J. F., Goergen, G .. Lokossou. 0 ., Dossa, P., & Akponon, C. (2005). 

A new Bac/rocera species in Benin among mango fmit fly (Diptera: 

Tephritidae) species. Fruits 60, 371 - 377. https :lldoi .orgIl0.1051 

Ifruits:2005042 

Vayssieres. J. r., Korie, S., & Aycgnon, D. (2009). Correlation of fruit fly 

(Diptera: Tephritidae) infestation of major mango cultivars in Borgou 

(Benin) with abiotic and biotic factors and assessment of damages. Crop 

Protection, 28, 477-488. 

Vayssieres, J. r., Sinzogan, A., Adandonon, A., Rey, J. Y., Elhadj Ollmar, E. 

0., Dieng, K., Camara, M. , Morodian Sangare, S. , Sylvain Ouedraogo 

N 'klo, Bala, N ., Sidibe, A., Keita, Y. , Gogovor, G., Korie, S. , Ollsmane 

Coulibaly, 0., Kikissagbe, c., Tossou, A., Billah, M., Biney, K., 

Nobime, 0 ., Diattal , P .. N'depo, R., NOliSSOurOU, M., TraOl'e, L., 

. S & Tamo M (')014) . Annual population dynamics of 
Salzonou, ., " -

fl . . fl' (Diptera ' Tephritidae) in West Africa: socio-economic mango I Ult les . 

P
henology and implications for management. Fruits 

aspects, host ~ 

69:207- 222 hHps:lldoi .orgil 0.1 051 Ifruits120 140 I I 

165 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Vayssieres, J. F .. Sinzogan, A. A. , Van Mele, P. & Korie, S. (2013). 

Ovipositional behaviour of two fruit Oy species (Diptera: Tephritidae) 

in relation to Oecophylla cues (Hymenoptera: FOlmicidae) as compared 

to natural conditions without ant cues. International Journal of" 

Biological ChemiSl1y, 7,447-456. 

Vreysen, M. J. B., Saleh, K. M., Ali , M. Y .. Abdulla, A. M. , Zhu, Z. R., Juma, 

K. G., Dyck, V. A. , Msangi. A. R., Mkonyi. P. A., & Feldmalm, H. U. 

(2000). Glossina austel1i (Diptera : Glossinidae) eradicated on the island 

of Unguja, Zanzibar, using the sterile insect technique. Journal 0/ 

Economic Entomology, 93: 123-135. https://doi .org/lO.1603/0022-

0493-93.1.123 

\Vang, X. J. (1996). Insect of Diptera Bactrocera in East Asia. Acta Zoological 

Taxonomica Sinica. 21,49-54. 

Wee. S. L.. Tan, K. H., & Nishida, R. (2007). Phannacophagy of methyl 

eugenol by males enhances sexual selection of Bactrocera carambolae. 

Journal o/Chemical Ecology, 33, 1272- 1282. 

Weems, H. V. , Heppner, J . 8., Nation, J. L.. & Fasulo, T. R. (2012). Oriental 

fruit fly, Baclrocera dorsalis (Hendel) (I nsecta: Diptera: Tephritidae). 

University of Florida, Gainesville, FL 32611. available at 

http://citeseerx.ist.psu.edu/viewdoc/download?doi= 1 O.I.I.489.386&re 

p=rep 1& type=pdf 

Weems. J-1. V., Heppner, J. B., & Steck, G. (2016) . Oriental Fruit Fly -

. -Io1"'all·'· Universit)1 of Florida, Florida. Bactrocel a u' ., .,. 

166 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Weldon, C. W. (2007). Influence of male aggregation size on female vi sitation 

in Bactrocera tl)'oni (Froggatt)(Diptera: Tephritidae). Australian 

Journal of El1Iol11ology, 46, 29-34. 

White. I. M. (2006). Taxonomy of the Dacina (Diptera:Tephritidae) of Africa 

and the Middle East. Aji-ican Entomology Memoir, 2, 1-156. 

White , I. M., & Elson-HalTis, M. M. (1992). Fruit Flies of Economic 

Signiticance: Their Identification and Bionomics. CAB International, 

Wallingford, pp. 601 

Williamson. D. L., Mitchell. S. , & Seo, S. T. (1985). Gamma irradiation of the 

Mediterranean fruit fly (Diptera: Tephritidae) : Effects of puparial age 

under induced hypoxia and female sterility . Annals o(the Entomological 

Society of America, 78(1),101-6. 

Wimmer, E.A. (2005). Eco-friendly insect management. Nature Biotechnology, 

23(4).432-436. 

Won!!. T.T.Y .. McInnis. D.O., & Nishimoto, J.I . (1989). Relationship of sexual 
~ . 

maturation rate to response of Oriental fruit fly strains (Diptera: 

Tephritidae) to methyl eugenol. Journal o/Chemical Ecology 15, 1399-

1407 

J J L · F & Liana G. Q. (2000). Studies on the relation between Wu, . ., lang, ., 0 ' 

developmental rate of oriental fruit 11y and its ambient temperature. 

Plant Quarantine, 14, 321-324. 

. , L L X 'ao C Dono. W. (2012). Daily activity and spatial 
Ye \ ' 1 LI L Sun. . ., I , " c · , ,f\; . , , ", . 

. .' . fthe oriental fruit fly , Bactrocera dorsalis (Diptera: 
dlstn but IOn pattel no 

h d Y .. no Yunnan. Acta Eculogica 
Tephritidac) in mango orc ar, uanJla 0' 

Sinica , 32, 5199-5207. 

167 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Younes, M. W. F .. Shehata, N. F .. Mahmoud, Y. A. (2009). Histopathological 

effects of gamma irradiation on the peach fruit fly , Baetrueera zonafa 

(Saund.) female gonads. Journal o./Applied Sciences and Research, 5(3) , 

305-10. 

Zakari, A. K. (2012). Ghana national mango study. With the support of the 

PACT II program and the International Trade Centre (Geneva), 57. 

Ghana. Statistical Service. (2013). 20 10 Population & Housing Census: 

Regional Analytical Report. Ghana Statistics Service. 

Zahran. N. F. M .. Hegazy, G. M., Salem, H. M. , Elsayed, W., & Mahmoud, Y. 

A. (2013). The effect of gamma radiation on some biological aspects of 

peach fruit fly , Baefroeera zonala (Saunders). Journal of Nuclear 

Technology and Applied Sciences, J, 91-100. 

Zida. I., Nacro , S., Dabin!, R. , & Somda, r. (2020). Seasonal abundance and 

diversity of fruit flies (Diptera: Tephritidae) in three types of plant 

formations in western Burkina Faso, West Africa. Annals 0.[ the 

Entomology Society 0.[ America, J 13(5), 343-354. https://doi .org/ IO.109 

3/aesalsaaa004 

168 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library




