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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: September 2010 – October 2011 

 

(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 programme 
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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. 

 

 

 

Resolving the identity of B. invadens  

 

Surveys were conducted covering the main part of Tanzania through the following axes: Coast – 

North Eastern zones (to the border with Kenya); Coast – South Western zone (to the border with 

Malawi and Zambia); Central – South Zones (to the border with Mozambique); North Western 

zones (to the border with Uganda, Rwanda, Burundi and Congo). A GPS (Garmin Gecko 300) was 

used to record exact geographic positions of the different places were traps were set and fruit 

collected. Further studies will be conducted From Eastern through Central Tanzania to the North 

Western Region bordering Uganda, Rwanda and Burundi. Tephri traps baited with methyl 

eugenol, cue lure and trimedlure were hung in trees around home gardens in villages and 

townships (located approximately 100 km apart) when travelling up and were removed when 

coming back. The traps were left active for 2 to 3 days were serviced when returning from the last 

point of sampling axis (route). Trapping largely followed guidelines by IAEA (2003). Also, 

samples of different fruits were collected from different locations in these regions. All fruit 

samples were preserved using the methodology explained in Copeland et al. (2002) and 

transported to the rearing facility at the Horticultural Unit of the Sokoine University of Agriculture 

(Morogoro). Samples were cultured for fruit fly emergence up to four weeks after which they were 

discarded. 

 

 

(c) Results obtained 

 

(i) Resolving the identity B. invadens 

Country surveys 

Three major surveys were conducted with the aim of covering the main parts of the Tanzanian 

country through the following axes: Coast – North Eastern Regions (to the border with Kenya); 

Coast – South Western Regions (to the border with Malawi and Zambia); Central – to Southern 

Regions (to the border with Mozambique. Figure 1 presents the survey routes while an overview 

of all localities where traps were set and fruits collected is presented in Annex I. Dry specimens of  

B. invadens collected from different locations were shipped to Professor Richard Drew in 

Australia for taxonomic resolution. Preliminary results have indicated 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 

 

During the sampling and surveying, several potential hosts were sampled and transported to the 

rearing unit at SUA. Samples were counted, weighted and kept for any possible emergence of fruit 

flies. Among the major findings include; 

1. High incidence, almost 100% of  B. cucurbiate in tomato sampled from Ngarenanyuki 

area, Arumeru District in Arusha Region. 
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2. A first record of B. invadens in cashew Anacardium occidentale, from samples collected 

from Mtwara Region. 

3. Though not directly related to these studies, a first Tanzanian record of Dacus ceropegiae 

from Longido District, Arusha Region 

 

 

                             
 

Figure 1: Routes of proposed country wide survey 

 

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

Plots of cucurbitaceous and related hosts have been established at SUA Horticulture Unit. The 

original design of determining host preference in the laboratory was discarded to accommodate 

suggestions put forward by Aluja (2010). Designing host preference studies for B. cucurbitae in 

commercial hosts has been relatively easy because of the similar, creeping growth habit of these 

plants. Mixed cucurbitaceous hosts, pumpkin, watermelon and cucumber as well as tomato have 

been grown together under a field cage (a near natural condition) into which adults of B. 

cucurbitae will be introduced. Three filed cages have been established, at least 200 m apart. Fruits 

will be harvested while still tender and young, weighed and individually incubated in the 

laboratory to determine the type and number of emerging species. The incidences and infestation 

rates of B. cucurbitae in the harvested fruits will then be statistically compared and inference will 

be made on host preference. 

 

Determining host preference for B. invadens in near natural conditions still poses a challenge 

because of asynchrony in seasonality of the major hosts (e.g. citrus viz a viz mango); different 

architecture of trees (e.g. tropical almond viz a viz guava); and more importantly, these trees are 

grown in mixed orchards. We are in the process of designing “dummy” trees with similar 

architecture that can be placed under a field cage. Alternatively, different fruit species can be 

affixed to a selected fruit tree that can be caged in the field. Adults of B. invadens will be 

introduced to determine incidences, infestation rates and host preference as above. 

 

 

(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. 

 

Quantification of levels of genetic divergence among populations and testing the occurrence of 

host races is ongoing at RMCA using specimen that emerged from collected from a number of 

locations within different agro-ecological zones of Tanzania. Specimens of B. cucurbitae and B. 

invadens obtained from filed cage experiments will be genotyped using the available microsatellite 

markers to compare the genetic structures of samples 1) collected from different locations and 2) 
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infesting different hosts. The generality of patterns observed will be compared with populations 

from other parts of Africa. 
 

 

(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 

There has been a shift of emphasis from the original objectives after a point was raised at the 1
st
 

CRP meeting by Prof Richard Drew on the identity of B. invadens, based on the photo this species 

that has been in use. Since B. invadens is an economically important species with huge impact on 

trade, a lot of time and resources on the first phase of the project were dedicated to country wide 

surveys in order to collect specimen that could be used to verify the identity of B. invadens. This 

has limited the scope of work for the other objectives, coupled with the fact that supplementary 

funding from University could not be accessed on time. While Prof Drew continues with in-depth 

study of materials, and waiting for the second installment of the funds from IAEA, we are 

planning a last survey through Central Tanzania to the North Western Regions, bordering Burundi, 

Rwanda and Uganda. Meanwhile trials on host range and preference under near natural conditions 

have just started and hopefully field work will be accomplished by December 2011. 
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ANNEX I: localities and hosts sampled during the different country surveys conducted. 

 

DATE REGION DISTRICT LOCATION Latitude Longitude 
Altitude 
masl  Fruit type collected  

28.09.2010 MOROGORO Kilosa 
Mikumi National  
Park S07

o
23'22.3'' E037

o
00'39.9'' 517 

Tomato Lycopersicon 
esculentum, guava Psidium 
guajava, sweet pepper 
Capsicum annuum 

28.09.2010 IRINGA KILOLO Ruaha mbuyuni S07
o
32'45.8" E036

o
25'32.1" 573 

Tomato L. esculentum, African 
egg plant Solanum sp, wild 
cucurbits, pumpkin Cucurbita 
sp. 

28.09.2010 IRINGA KILOLO Ipogolo S07
o
48'08.9" E035

o
41'07.9" 1481 

 

27.09.2010 IRINGA MAFINGA Nyololo S08
o
30'32.7" E035

o
03'21.3" 1879 

Peach Prunus persica, 
pumpkin Cucurbita sp., guava 
P. guajava 

27.09.2010 IRINGA NJOMBE Halali S08
o
51'21" E038o33'45.9" 1378 

Solanum incunum, papaya 
Carica papaya 

27.09.2010 MBEYA MBARALI Nsonyanga S08
o
46'03.7" E033

o
44'46.4" 1158 

Mango Mangifera indica, 
guava P. guajava, tomato L 
esculentum 

26.09.2010 MBEYA VWAWA Ilolo  S09
o
06'15.8" E032

o
56'36.8" 1162 

Ficus sp., Solanum sp., 
avocado Persea americana 

26.09.2010 MBEYA RUNGWE Ushirika (Tukuyu) S09
o
19'24.9" E033

o
39'32.8" 1274   

26.09.2010 MBEYA KYELA Itungi Port S09
o
35'07" E033

o
56'46.7" 478 Mango M. indica 

05.09.2010 COAST BAGAMOYO Mboga S06
o
31'58.8" E038

o
18'44.1" 377 Orange C. sinesis 

05.09.2010 TANGA HANDENI Mkata S05
o
47'22.5" E038

o
17'19.8" 402 Soursop Annona muricata 

03.10.2010 TANGA KOROGWE Gereza west S05
o
06'33.9" E038

o
21'55.5" 407 Orange C. sinesis 

03.10.2010 KILIMANJARO SAME Makanya S04
o
21'41.7" E037

o
49'30.4" 684 Mango C. sinensis, Ndalia and  

02.10.2010 KILIMANJARO MWANGA Mwanga S03
o
39'35.8" E037

o
34'56.5" 817 Solanum sp. 

30.09.2010 KILIMANJARO ROMBO Holili S03
o
22'47.4" E037

o
38'20.9" 842   

30.09.2010 KILIMANJARO ROMBO Tarakea S02
o
59'56" E037

o
33'48" 1658   
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01.10.2010 ARUSHA ARUMERU Ngarenanyuki S03
o
10'11.8" E036o50'56.5" 1448 

Wild cucurbits, pumpkin 
Cucurbita sp., Passion fruit 
Passiflora edulis, Papaya C. 
papaya, tomato L. esculentum 

01.10.2010 ARUSHA ARUMERU Ngarenanyuki S03
o
09'56.4" E036

o
52'10.6" 1447 

Tomato L. esculentum, 
Solanum sp., Wild cucurbits 

01.10.2010 ARUSHA ARUMERU Ngarenanyuki S03
o
09'04.7" E036

o
52'33.5" 1444   

01.10.2010 ARUSHA ARUMERU Ngarenanyuki S03
o
08'26.8" E036

o
52'53.4" 1419 Tomato L. esculentum 

01.10.2010 ARUSHA LONGIDO Longido S02
o
44'04.7" E036

o
41'55.5" 1346 Wild cucurbits 

01.10.2010 ARUSHA LONGIDO Namanga border S02
o
33'01.8" E036

o
47'03.4" 1340   

05.09.2010 TANGA MKINGA Mtimbwani S04
o
57'29.1" E039

o
05'24.4" 37 

Guava P. guajava, Lemon 
Citrus limon 

05.12.2010 COAST RUFIJI Jaribu mpakani S 07
0
32'44.0" E 039

0
07'51.1" 128 

Cashew Anacardium 
occidentale 

05.12.2012 COAST RUFIJI Muhoro  S 08
0
08'32.8" E 039

0
10'07.6" 2   

05.12.2012 LINDI KILWA Mavuji village S 09
0
43' 04.1" E 039

0
19'01.8" 54 Mango M. indica  

05.12.2012 LINDI MCHINGA Kilangara village S 09
0
43' 33.0" E 039

0
34' 34.7" 110 Solunum incanum 

05.12.2012 LINDI LINDI 
Hingawali 
village/Sudi S 10

0
12' 11.8" E 039

0
46' 10.4" 302 

Cashew A. occidentale, mango 
M. inidica, wild cucurbit 

04.12.2010 MTWARA MTWARA Naliendele ARI S 10
0
21' 23.2" E 040

0
09' 59.3" 129 

Cashew A. occidentale, 
mango, M. indica 

04.12.2010 MTWARA MTWARA Kilambo  S 10
0
29' 46.2" E 040

0
20' 42.2" 4 Mango M. indica 

 


