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ABSTRACT 

Tephritid fruit flies remain one of the most economically important species in horticulture, 

particularly in developing countries.  Since 2009 Swaziland has been conducting a national fruit 

fly surveillance programme with the primary objective of developing an early warning system 

for invasive fruit fly species, particularly the oriental fruit fly, Bactrocera dorsalis (Hendel).  

This species was subsequently detected in January 2013 in the northern region of the country on 

the border with South Africa. Readily available and holistic integrated pest management 

suppression strategies on ten smallholdings were carried out and fruit fly populations monitored 

to ascertain a cost-effective strategy for population suppression. Data indicated that traps from 

smallholder farmers had consistently higher mean number of flies per trap compared to the 

commercial estates. Results will enable the formulation of a cost-effective and sustainable 

approach for fruit fly management in the country.  Current data from the national fruit fly 

monitoring programme indicates that B. dorsalis has established in the northern region of the 

country and became the dominant pest species within three years of incursion.  Current efforts 

are intended to minimize its spread and impacts, both economically and ecologically, in order to 

ensure continued fruit trade. 
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1.0 INTRODUCTION 

Due to the phytophagous habits of their larvae, both native and introduced tephritid fruit flies 

(Diptera: Tephritidae) inflict heavy economic losses on fruit and vegetable crops worldwide thus 

constitute a major crop production constraint in the horticultural industry (Thompson, 1999; 

Ekesi & Billah, 2007; Billah et al., 2008). This has necessitated surveillance programmes 

intended to maintain agricultural production as well as to improve accessibility of international 
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markets. Additionally, in areas identified as being highly susceptible to fruit fly incursions, fruit 

fly surveillance programmes are initiated to ensure early detection of invasive species. This is to 

enhance the country’s ability to influence the chances of invasive species establishment and 

spread (IPPC, 2013; Holcombe & Stolhgren, 2009). 

Bactrocera dorsalis, a species native to Asia, was recorded for the first time on the African 

mainland in 2005 (Drew et al., 2005) and has already become a pest species of major concern in 

the horticultural industry throughout tropical Africa (Ekesi et al., 2009). In the developing world, 

small-scale farmers are faced with two closely related challenges, i.e. deterioration of fruit 

quality due to fruit fly damage as well as inadequate of post-harvest treatment control methods. 

Post-harvest losses due to B. dorsalis activity are well documented (Labuschagne et al., 1996; 

DeMeyer, 2001; Luxe et al., 2003), emphasising the need for effective pest control strategies, 

both before and after harvest.  

The progressive invasion and spread of B. dorsalis in southern African countries necessitated the 

evaluation and testing of a number of pre-harvest management strategies intended to potentially 

influence qualitative and quantitative losses incurred. Five suppression methods were evaluated 

to determine the most efficacious and sustainable methods for small scale farmers in a 

developing countries such as Swaziland, where the pest has established in the northern region. 

Additionally, B. dorsalis is known to be a competitive invader, so the study also determined 

comparative population diversity of fruit fly species within the same area following 

establishment of B. dorsalis. 

2.0 MATERIAL AND METHODS 

Study Area 

Swaziland (c.a. 17,200 km2) is a landlocked country bordered by the Republic of South Africa 

and Mozambique. The country is divided into six agroecological zones based on altitude, rainfall 

and geography, i.e.  high, upper and lower middleved, western and eastern Lowved and 

Lubombo ridge (Sweet & Khumalo, 1994), and sampling sites were selected  in the Northern 

Hhohho  in the country. This area is in the middleveld region (25° 37.35S, 31° 41.46E; 900m 

asl), rainfall was 560 ml during the period under consideration. Following the detection of B. 

dorsalis, the National Plant Protection Office (NPPO) divided the country into three regions 

based on their susceptibility to B. dorsalis invasion (Fig. 1).  
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Figure 1. National regions set up by National Plant Protection Organization of Swaziland 

following Bactrocera dorsalis detection 

 

The present study was carried out in Northern Hhohho, where B. dorsalis has established in 

Swaziland. In addition to large scale commercial estates, this region also has a high 

concentration of smallholder mango farmers, with orchards in excess of 3 hectares growing a 

large diversity of mango (Mangifera indica L.) cultivars. Mango is a preferred host plant for B. 

dorsalis (Ekesie & Billah, 2007) and an important source of nutrition and income for small scale 

farmers (Vayssiéres et. Al., 2008). In addition to reduced productivity, the farmers also face 

some challenges, including lack of experienced technical supervision leading to the lack of fruit 

fly management strategies by the smallholder farmers. The study was carried out in ten 

smallholder farmers’ mango orchards.  

Treatments 

Five fruit fly suppression methods, replicated two times, were randomly allocated to the ten 

smallholders. These methods are recommended phytosanitary or chemical methods for the 
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suppression of fruit fly populations and therefore identified as being crucial in influencing the 

qualitative and quantitative losses caused by fruit fly species. The treatments were as follows:  

i. Invader-b-LokTM: a fibre block impregnated with methyl eugenol (ME),  

ii. Augmentorium: a tent-like structure constructed from a steel drum and fine net mesh 

which confines fruit flies emerging from rotting fruits collected from the respective 

orchard, thus preventing the agroecosystem reinfestation by next fly generation,   

iii. Fruit FlyR(Kombat): an emulsified contact and stomach poison insecticide,  

iv. GF120TM (Dow AgroScience): a commercial fruit fly insecticide and  

v. Fruit bagging: bagging of fruits in brown paper bags fastened around developing mango 

fruits at pre-ripening stage. 

Fruit populations and host plant emergence 

Assessment of fruit fly populations and host fruit emergence were carried out during the mango 

growing season, i.e. beginning of December 2015 to February 2016. This coincided with the 

various stages of fruit growth, i.e. both pre-ripening and ripening stages. Two bucket traps baited 

with ME lure and dichlorvos were randomly placed in each orchard and checked weekly. Data 

from these were used to calculate the number of fruit flies trapped per day (FTD), an index 

normally used to determine the degree of infestation (IAEA, 2003). Additionally, 10 mango 

fruits randomly collected from each treatment at each site were collected weekly and incubated 

to monitor daily adult emergence and associated parameters (Ekesi et al., 2006; Ekesi & Billah, 

2007). Statistical analyses were carried out to determine differences between treatments used. 

Population dynamics 

Additionally, surveillance data from the National fruit fly monitoring programme from January 

2013 to December 2015 was analysed to ascertain fruit fly populations and diversity within the 

pest area in order to determine impact of B. dorsalis on populations of indigenous fruit fly 

species, if any. The surveillance programme monitors beyond the study sites, with ME traps 

placed at major fruit production areas, markets, the nearest ports of entry and smallholder 

farmers in Hhohho (Magagula & Nzima, 2013).  

3.0 RESULTS  

Three economically important species, C. capitata, C. cosyra and B. dorsalis plus one non-

economically important species, i.e. C. bremii were trapped from the study area, with B. dorsalis 

being the dominant species in all traps. Overall, the highest number of fruit flies were trapped 

during the third week of sampling and these were significantly different from the other weeks 

(p<0.05) (Fig. 2).  
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Figure 2. Mean number of fruit flies per trap per day (FTD) caught in orchards  

sampled for each treatment 

Sites with augmentoria had the highest number of fruit flies trapped and FTD compared to other 

sites while those with Invader block had no fruit flies trapped during the study period. However, 

these differences were not statistically significant (p>0.05). Overall, FTD was highest during the 

ripe to overripe stage of the fruits and gradually lowered at the end of monitoring period (Fig. 3). 

 
Figure 3. Mean FTD for the area over the period of study 
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Host plant emergence 

A total of 21 fruit flies from two species, i.e. B. dorsalis and C. bremii emerged from the mango 

fruits incubated. As in the trap data from the field, the majority were B. dorsalis (90.5%). There 

were significant differences between treatments in the number of flies emerged, fruit flies/kg and 

fruit flies/1000 fruits (p>0.05) (Table 1). Orchards with GF120 treatment had the highest 

emergence, while those treated with Invader block had the lowest of the parameters measured.  

Table 1. Fruit fly emergence from host plants collected from northern Hhohho, Swaziland. 

Treatment Weight (kg) No. fruits No. fruit flies 
emerging 

Mean no. of 
flies/kg (SE) 

Mean 
flies/1000 

fruits (SE) 

GF120 15.5 132 15 24.33(1.73) 126.28(46.38) 

Invader b-Lok 13.2 130 1 0.08(0.07) 7.14(7.14) 

Augmentorium 12.4 114 3 0.24(0.21) 35.71(35.71) 

Fruit bagging 9.95 72 1 0.10(0.05) 13.89(13.70) 

Fruit fly Kombat 18.2 100 1 0.05(0.39) 10.00(14.28) 

 

Population dymanics 

Results from 2013 to 2015 indicated that there was a significant difference in FTD between 

smallholder farmers’ orchards and the nearest agricultural estate, where formal control for B. 

dorsalis population suppression is carried out (Figure 5). Overall, the northern region had a low 

pest prevalence amenable to suppression, since the FTD for all sites was between 0<FTD<1 (Fig. 

4) (IAEA, 2003; Ekesi & Billah, 2007), although this progressively increased within the three 

years assessed (Fig. 4).  
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Figure 4. Comparative FTD between commercial estates (E) and smallholder  

farmers (SH) between from 2013 to 2015 

Population analyses of the dominant fruit fly species in the region, indicated that there was a 

change in proportion of dominant species in the Hhohho region from 2013 to 2015. In 2013, the 

dominant species trapped was Ceratitis bremii, an indigenous species only occurring in this 

region in Swaziland (Magagula & Nzima, 2013). This species made 42.9% of species trapped 

followed by C. capitata and Dacus bivittatus. B. dorsalis only made up 4.8% of the species 

trapped (Table 2). Within a year of detection, B. dorsalis was the dominant species making up 

55.1% and 84.1% of fruit flies trapped in 2014 and 2015 respectively. During this period, the 

proportional contribution by indigenous species was drastically reduced, with the top three 

species in 2013 individually making up less than 10% in 2015. 
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Table 2. Changes in dominant fruit fly species from 2013 to 2016 in northern Swaziland 

 
Year  % Species composition 

C. bremii C. capitata D. bivittatus D. punctatifrons B. dorsalis 

2013 42.9 38.3 6.9 2.3 4.8 

2014 11.2 13.2 14.7 1.6 55.1 

2015 6.2 5.9 2.6 0.8 84.1 

 

Community analyses indicated that in 2013, the species diversity was relatively even between C. 

bremii and C. capitata, while in 2015, the sharp gradient of the rank abundance curve illustrates 

a low species diversity due to overwhelming dominance by B. dorsalis in the same environment 

(Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Rank abundance curve showing species dominance from 2013 to 2015 

4.0 DISCUSSION AND CONCLUSIONS 

While all the treatments tested are intended to minimise fruit fly populations, the Invader block 

had the lowest number of fruit flies emerging, suggesting that the use of this method for 

population suppression is the most cost-effective control strategy for the area assessed since no 

fruit flies were caught in traps placed in orchards with the same treatment. However, fruit fly 

emergence from other treatments, such as the G120 and fruit bagging, also suggest that these 

methods can also contribute towards suppression of B. dorsalis populations in the area assessed, 

although the use of augmentoria may not be effective as a sole method for B. dorsalis 

suppression. This is important since some of them, such as fruit bagging and augmentoria are 
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readily available for the smallholder farmers at minimal costs, increasing likelihood of their 

uptake and sustainability. 

While the organised agricultural production areas have effective control strategies within and 

near their estates, there are no formal fruit fly control programmes in smallholder farming areas 

nor for feral hosts. Invariably, this leads to high economic losses and ultimately a threat to food 

security for the rural populations (Mwatawala et al., 2009). All methods tested in this study are 

readily available for smallholder farmers. There is therefore need for the promotion of an 

integrated fruit fly management package involving the use of readily available and low-cost 

methods (Desneux, 2010; Magagula and Ntonifor, 2014).  

The rapid establishment and dominance of B. dorsalis over indigenous fruit fly species suggests 

that this species has found suitable environment locally. The displacement of indigenous species 

by an invasive species was also observed in Kenya, where B. dorsalis interchanged with C. 

cosyra from 27% to 98% within a four year period (Ekesi et al., 2009). Introduction and 

establishment of invasive species, as observed locally, is the second most important cause of 

ecological and economic impacts in affected landscapes, following habitat alteration. The rapid 

displacement of Ceratitis species by B. dorsalis in the local environment illustrates the 

competitive superiority of this invader, which is potentially detrimental on the indigenous 

species’ populations (Saki et al., 2001; Rwomushana et al., 2009). However, this dominance 

may not necessarily lead to complete exclusion of the indigenous species, but may instead lead to 

a shift in resource utilisation, particularly since B. dorsalis is known to have different 

behavioural traits and life history strategies from the indigenous species (Ekesi et al., 2006; De 

Meyer et al., 2010), potentially enabling niche differentiation (Sakia et al., 2001; Duyck et al., 

2004). 

Ascertaining the pattern of displacement, i.e. whether ecological or demographic and resultant 

impact on local flora and fauna needs to be determined, particularly at the landscape level. 

Although there is the availability of diverse and feral host plant species, Swaziland has different 

climatic ecoregions (Sweet & Khumalo, 1994). The distinct variation in local climatic conditions 

may limit B. dorsalis’ establishment in different ecoregions due to environmental constraints, 

climatic suitability of other ecoregions as well as host plant distribution (Duyck et al., 2004; 

Thuiller et al., 2005; Magagula et al., 2015.  

While early detection and response protocols may mitigate, preventing the establishment and 

spread of a polyphagous competitor like B. dorsalis is not always possible, particularly through 

uncontrolled pathways such as natural dispersal and informal border crossings. Moreover, 

increased human mobility and trade also contribute, resulting in both natural and human 

mediated processes (Sakai et al., 2001; Stephenson et al., 2003; Thuiller et al., 2005;), Malacrida 
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et al., 2006). As a result, while invasion by new species are a global reality, they are 

unpredictable and range from negligible to extremely high economic and ecological impacts 

(Thuiler et al., 2005; Ekesi et al., 2009; Maynard & Nowell, 2010).  

Once established, invasive species are difficult to eradicate (Manrakhan et al., 2015) and as a 

result, it is imperative to prevent the spread of this pest into pest free areas within the country 

(Thuiller et al., 2005). Strategies could include considerable strengthening of the human capacity 

and monitoring structures as well as making efforts to identify and measure the ecological 

impacts of such invasions (Schroeder & Unger, 2003; Holcombe & Stohlgren, 2009) in local 

landscapes. The promotion of the low-cost and readily available methods assessed has 

demonstrated to potentially contribute in B. dorsalis suppression in small-holder farm settings in 

developing areas. 

5.0 REFERENCES 

Billah, M.K., Kimani-Njogu, S.W., Wharton, R.A., Overholt, W.A., Wilson, D.D., Cobblah, 

M.A., (2008). Cross mating studies among five fruit fly parasitoid populations: potential 

biological control implications for tephritid pests. Biol. Control, 53, 709-724. 

Drew, R. A. I., Tsuruta, K., & White, I. M. (2005). A new species of pest fruit fly (Diptera: 

Tephritidae: Dacinae) from Sri Lanka and Africa. Afr. Entomol., 13, 149-154. 

De Meyer, M. (2001). On the identity of the Natal fruit fly Ceratitis rosa Karsch (Diptera, 

Tephritidae). Bulletin de l'Institut Royal des Sciences Naturelles de Belgique, Entomologie, 71, 

55-62. 

De Meyer, M., Robertson, M.P., Mansell, M.W., Ekesi, S., Tsuruta, K., Mwaiko, W., 

Vayssie`res, J-F., Peterson, A.T. (2010). Ecological niche and potential geographic distribution 

of the invasive fruit fly Bactrocera invadens (Diptera, Tephritidae). B. Entomol. Res. 100, 35-48. 

Duyck, P.-F., David, P. and Quilici, S. (2004). A review of relationships between interspecific 

competition and invasions in fruit flies (Diptera: Tephritidae). Ecol. Entomol. 29, 511–520. 

doi:10.1111/j.0307-6946.2004.00638.x. 

Ekesi, S., Nderitu, P.W. & Rwomushana, I. (2006). Field infestation, life history and 

demographic parameters of Bactrocera invadens Drew, Tsuruta and White, a new invasive fruit 

fly species in Africa. B. Entomol. Res. 96, 379-386. 

Ekesi, S., & Billah, M.K. (2007).  A field guide to the management of economically important 

tephritid fruit flies in Africa. ICIPE, Nairobi, Kenya. 



International Journal of Agriculture and Environmental Research 

ISSN: 2455-6939 

Volume:03, Issue:03 "May-June 2017" 

 

www.ijaer.in                                   Copyright © IJAER 2017, All right reserved Page 3111 

 

Ekesi, S., Billah, M. K., Nderitu, P.W., Lux, S.A., Rwomushana, I. (2009). Evidence for 

competitive displacement of Ceratitis cosyra by the invasive fruit fly Bactrocera invadens 

(Diptera: Tephritidae) on mango and mechanisms contributing to the displacement. J.  Econ. 

Entom. 102, 981-991. 

Holcombe, T., Stohlgren, T.J. (2009). Detection and early warning of invasive species. In Clout, 

M.N. and Williams, P.A. (Eds) Invasive Species Management: A handbook of principles and 

techniques. Oxford University Press. pp 36-46. 

International Atomic Energy Agency (IAEA). (2003). Trapping Guidelines for Area-Wide fruit 

fly programmes. Vienna, Austria. 

Labuschagne, T., Brink, T., Steyn, W. P. and de Beer, M. S. (1996). Fruit flies attacking 

mangoes - their importance and postharvest control. South African Mango Growers' Association, 

16,17-19. 

Lux S., Copeland, R.S., White, I.M.,  Manrakhan, A. and Billah, M.K. (2003). A New Invasive 

Fruit Fly Species from the Bactrocera dorsalis (Hendel) Group Detected in East Africa. Int. J. 

Trop. Ins. Sci. 23, 355-361. 

Magagula, C. N. and Ntonifor, N. (2014). Species composition of fruit flies (Diptera: 

Tephritidae) in feral guavas (Psidium guajava Linnaeus) and marula (Sclerocarya birrea (A. 

Richard) Hochstetter) in a subsistence savanna landscape: implications for their control. Afr. 

Entomol. 22, 320–329.  

Magagula, C. N. and Nzima B. (2013). Diversity and distribution of fruit flies (Diptera: 

Tephritidae) across agroecological zones in Swaziland: on the lookout for the invasive fruit fly 

Bactrocera invadens. J. Dev. Sust. Agric. 8, 100-109. 

Manrakhan, A., Venter, J.H. & Hattingh, V. (2015). The progressive invasion of Bactrocera 

dorsalis (Diptera: Tephritidae) in South Africa, Biol. Invasions, 17, 2803–2809 

doi:10.1007/s10530-015-0923-2. 

Maynard, G., Nowell, D. (2009). Biosecurity and quarantine for preventing invasive species. In 

Clout, M.N. and Williams, P.A. (Eds) Invasive Species Management: A handbook of principles 

and techniques. Oxford University Press. pp 1-18. 

Mwatawala, M.W., De Meyer, Makundi, R.H., Maerere, A.P. (2009_. Host range and 

distribution of fruit-infesting pestiferous fruit flies (Diptera, Tephritidae in selected areas of 

Central Tanzania. B. Entomol. Res. doi: 10.1017/S0007485309006695. 



International Journal of Agriculture and Environmental Research 

ISSN: 2455-6939 

Volume:03, Issue:03 "May-June 2017" 

 

www.ijaer.in                                   Copyright © IJAER 2017, All right reserved Page 3112 

 

Rwomushana, I., Ekesi, S., Ogol, C.K.P.O. and Gordon, I. (2009). Mechanisms contributing to 

the competitive success of the invasive fruit fly Bactrocera invadens over the indigenous mango 

fruit fly, Ceratitis cosyra: the role of temperature and resource pre-emption. Entomol. Exp. 

Applic. 133, 27–37 doi:10.1111/j.1570-7458.2009.00897.x. 

Sakai, A.K.,  Allendorf, F.W., Holt, J.S., Lodge, D.M., Molofsky, J., With, A., Baughman, S., 

Cabin, R.J., Cohen, J.E., Ellstrand, N.C., McCauley, D.E., O'Neil, P., Parker, I.M., Thompson, 

J.N. and Weller, S.G. (2001). The population biology of invasive species. Ann. Rev. Ecol. Syst. 

32, 305-332. 

Schrader, G., Unger, J.-G., (2003). Plant quarantine as a measure against invasive alien species: 

the framework of the International Plant Protection Convention and the plant health regulations 

in the European Union. Biol. Invasions. 5, 357-364. 

Stephenson, B.P., Gill, G.S.C., Randall, J.L., Wilson, J.A. (2003). Biosecurity approaches to 

surveillance and response for new plant pest species. New Zealand Plant Protection, 56, 5-9. 

Sweet, R.J., Khumalo, S., 1994. Range resources and grazing potentials in Swaziland FAO 

Report, Ministry of Agriculture and Co-operatives, Mbabane, Swaziland.  

Thompson,F.C. (1999). Fruit Fly Expert Identification System and Systematic information 

Database. Myia, 9, ix + 524 pp. 

Thuiller, W., Richardson, D.M., Rouget, M., Pysěk, P., Midgley, G.F., Hughes, G.O. (2005). 

Niche-based modelling as a tool for predicting the risk of alien plant invasions at a global scale. 

Global Change Biology, 11, 2234–2250. 

Vayssiéres, J-F, Korie, S, Coulibaly, O., Temple, L., Boueyi, S.P. (2008). The mango tree in 

northern central Benin: cultivar inventory, yield assessment, infested stages and loss due to fruit 

flies (Diptera: Tephritidae). Fruits, 61, 1-8. 


