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(a) Progress report 

(i) Contract number 

IAEA Technical contract Nr 16077/RO 

 

 

(ii) Title of the project 

 

Host utilization and genetic divergence among populations of Bactrocera invadens Drew Tsuruta 

and White and Bactrocera cucurbitae Cocquillett in Tanzania 

 

 

(iv) Chief Scientific Investigator 

 

Maulid Mwatawala 

Sokoine University of Agriculture 

Department of Crop Science and Production 

Box 3005 Chuo Kikuu 

Morogoro 

Tanzania. 

 

Collaborators: Gration Rwegasira, Marc De Meyer, Massimiliano Virgilio and Richard Drew 

 

(v) Time period covered 

 

Progress report: November 2011 – October 2012 

 

(b) Description of research carried out 

(i) Background 

Two invasive species, Bactrocera invadens and Bactrocera cucurbitae have been recorded in 

Tanzania and continue to inflict heavy losses to the agricultural sector. There is an information gap 

on, among other things, host range, preference and distribution of B. cucurbitae in East Africa. 

Protocols used for detection surveys of B. invadens (Seguni et al., 2004) and Bactrocera latifrons 

(Mwatawala et al., 2010) in Tanzania did not include B. cucurbitae. There are records of B. 

cucurbitae in unusual hosts like mango Mangifera indica and tomato Lycopersicon esculentum 

that need verification. Likewise there are controversies on host status of banana Musa sp and 

avocado Persea Americana to B. invadens. Host preference studies for B. invadens were 

conducted by Rwomushana et al. (2008) in the laboratory. However, Aluja (2010) has indicated 

that studies conducted in non natural conditions cannot be valid approaches in host-plant 

determination protocols, although they provide useful hints for conducting research. There is a 

need to determine host preference of B. invadens and B. cucurbitae under natural or semi-natural 

conditions. Furthermore, there is an indication of existence of different morpho types or genotypes 

within each of the two species. However, relationship between these different types and their host 

preferences is unknown. In their paper describing B. invadens, Drew et al. (2005) reported that 

color patterns of scutum and abdomen of B. invadens is highly variable. Some of darker variants 

resemble closely Bactrocera cayrae (Richard Drew; Pers. Comm.); Two research questions 

emerge (i) Is the species that has been identified as B. invadens is actually Bactrocera caryae? (ii) 

Do the two species, B. invadens and B. caryae co-occur in East Africa? These questions need to be 

answered so that the identity of B. invadens can be resolved. Because of the economic importance 

of B. invadens, latter studies were given a priority, although they were not part of the original 

research proposal. 

 

(ii) Objectives and program 
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The Technical contract set out the following main activities: 

 

1. Resolving the identity of B. invadens occurring in Tanzania 

2. Investigating host plant preferences, incidences and infestation rates of Tanzanian 

populations of B. cucurbitae and B. invadens;  

3. Verification if host plant choice can be related to intraspecific differentiation observed in 

B. cucurbitae and B. invadens; 

4. Quantification of levels of genetic divergence among populations 

5. Testing the occurrence of host races among populations of B. cucurbitae and B. invadens. 

 

 

(c) Results obtained 

 

(i) Resolving the identity B. invadens 

This study has been completed and the results were reported during the CRP meeting in Brisbane. 

Generally, it has been found that; 

(i) All specimens that have been studied so far are of the originally described B. invadens  

(ii) None of the specimens collected are of B. caryae 

 

(ii) Host range, preference and incidence of B.invadens and B. cucurbitae 

 

Studies were conducted at Sokoine University of Agriculture’s Crop Museum area. Cucumber 

crop was established by following the standard agronomic practices. Completely Randomised 

Block Design (CRBD) in Split plot arrangement was used to compare damage inflicted by 

cucurbit infesters. The source of variation was the fruit fly species and cucumber fruit 

developmental stages. Three replications were maintained. Cucumber variety “Ashley” was used. 

Flowers and fruit sampling in the study area took place immediately after anthesis commence. The 

observations were recorded on pre-set damage or ovary damage, post-set damage, and harvestable 

damage at three-day intervals starting from flowering till last harvest as described by Sapkotal et 

al. (2010) in summer squash. The sample size consisted of twenty flowers and fruits of each 

fruiting stage per block making a total of one hundred and eighty samples. Sampling followed 

procedures used by Copeland et al. (2002). Collected fruits were transported to the rearing unit at 

horticulture unit SUA, where they were weighed before kept in individual rearing boxes, and 

provided with an appropriate medium for pupation. Numbers of emerging adult flies were 

recorded and the flies identified to species level. The analysis of variance (ANOVA) followed by 

means separation by Least Significance Difference (LSD) was used to compare the mean 

infestation rates (based on number of adult flies emerging/kg fruit) and incidences (ratios of 

positive to total number of samples) of B. cucurbitae, D. bivittatus and D. frontalis in three 

cucumber fruit developmental stages.  

Incidence of the major fruit flies in the cucumber fruit developmental stages 

The incidence ratios of the three major fruit flies species in the selected cucumber developmental 

stages were compared to determine their significant difference. Focusing on cucurbit fruit fly 

species the highest infestation rate was observed in pre set stage with B. cucurbitae followed by D. 

frontalis and D. bivittatus being the last as presented in the table 6 below.  
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Incidence ratios of three cucurbit fruit fly species in selected cucumber fruit developmental 

stages 

Fruit stage Number of positive samples per total number of samples  

B. cucurbitae D. bivittatus D. frontalis 

Pre set 0.8000 e 0.0833  a 0.3333  cd 

Post set  0.4333  d 0.2167  bc 0.2167  bc  

Harvestable 0.4167  d 0.2333  bc 0.1333  ab 

LSD (0.05)    

CV % 21.8   

Means followed by the same letter are not significantly different at p≤ 0.05 according to LSD. 

 

High incidence ratio was observed in pre set stage, with B. cucurbitae having the highest 

incidence followed by D. frontalis and D. bivittatus. 

Infestation rate of fruit fly species in cucumber fruit developmental stages 

Highest infestation rate was recorded in the pre-set stage. Of the three fruit flies species, B. 

cucurbitae has high infestation rate followed by D.frontalis and D.bivittatus. In Post set and 

harvestable stage there was no significant difference in infestation rate between D.frontalis and 

D.bivittatus while B.cucurbitae differ significantly having the highest infestation rate.  

 

Infestation rates of cucurbit infesters in cucumber fruit developmental stages 

Fruit stage Average number of flies per kg 

B. cucurbitae D.frontalis D. bivittatus 

Pre set stage 87.53c 38.8b 5.37a 

Post set stage 120.3d 6.83a 7.87a 

Harvestable stage 56.97b 7.470a 7.50a 

LSD  (0.05)    

CV% (23.1)    

Mean followed by the same letter are not significantly different at p≤ 0.05 according to LSD 

 

 

 

 

(iii)   Verification of relationship between host choice and intraspecific differentiation 

observed in B. cucurbitae and B. invadens; Quantification of levels of genetic 

divergence among populations; Testing the occurrence of host races among 

populations of B. cucurbitae and B. invadens. 

 

 

Specimens of B. cucurbitae (n=80) and of B. invadens (n=279) were sampled in Tanzania from 

different hosts (B. cucurbitae: Cucumis dipsaeus, Cucurbita rostrata, Cucurbita spp. and Luffa 

acuntangula; B. invadens: Solanum aethiopicum, Persea americana, Mussa sp., Capsicum 

chinense, Citrus paradis, Psidium guajava, Spondias cytherea, Eriobotrya japonica, Mangifera 

indica, Carica papaya, Psidium littorale, Teminalia catappa). In all cases fruits were brought to 

the lab, weighted and placed individually in a box with sand. A week later the sand was sipped and 

pupae separated in another box till adult emergence. Emerged B. cucurbitae flies were counted, 

sexed and stored at 20°C in 90% ethanol (each emerged adult from a fruit was placed in a separate 

tube) until DNA extraction. 
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Laboratory methods for the individual genotyping of B. cucurbitae and B. invadens were 

optimized by modifying protocols already available for these two species. Specimens of B. 

cucurbitae were genotyped by using 19 microsatellite loci as described in Anderson et al. (2010), 

Virgilio et al. (2010) and by Yi et al. (2009). Similarly, 7 microsatellite loci were used for B. 

invadens using the protocols described in Khamis et al. (2008). STRUCUTRE 2.3.3 (Pritchard et 

al. 2000) was used to determine the number of population groups in La Réunion and Tanzania and 

to verify the occurrence of host races. Analyses showed weak genetic structuring in both B. 

cucurbitae and B. invadens and didn’t suggest possible relationships with host plant choice. 

A more extensive study was conducted in La Réunion (Jaquard et al. 2012) where 2218 

specimens of B. cucurbitae were sampled from 11 localities. For each locality, a minimum of 15 

infested cultivated cucurbits and 15 wild cucurbits were collected within a same place at altitudes 

ranging from 0 m to 400 m (altitude class 1), 400 m to 600 m (altitude class 2) and 600 m to 1200 

m (altitude class 3). Also in this case we did not observe obvious relationships between the genetic 

structure of B. cucurbitae and host plant choice. 

 

(iv)    Quantification of levels of genetic divergence among populations. See (iii) above. 

(v)    Testing the occurrence of host races among populations of B. cucurbitae and B. 

invadens. See (iii) above. 

 

(e) Citation of periodicals reporting work done under the contract 

So far, there have been no publications from this work, because most of the proposed experiments 

are still ongoing at SUA, RMCA and Queensland University. 

 

(f) An explanation of any significant departure from level of activity foreseen by the 

Contract 

Because of the results on studies on molecular genetics, where its has been found that; 

(i) Weak genetic structuring was found on a continental scale. 

(ii) No relationship between genetic structure and host plants (i.e. cultivated versus wild 

cucurbits) has been found in La Réunion. 

(iii)Smaller pilot study in Tanzania showed no obvious relationship between hosts and genetic 

structure. 

It is therefore proposed that, the focus of the project in Tanzania shift to studies on behaviour and 

developmental physiology of the two Ceratitis rosa entities (R1 and R2) that occur in the country. 
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