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 ملخص البحث

( ىخَست اّىاع ٍِ اىششاك بَْطقت جىبا فً جْىب اىسىداُ. اٍسل Glossina fuscipes fuscipesحَج دساست اسخجابت ربابت ٍشض اىْىً )         

و ٍِ ٍشخقاث  Epsilon( ٍِ اىششك ٍثيث اىشنو اىَسًَ P<0.05( عذد امبش ٍعْىيا )Biconicalاىششك ثْائً اىَخشوط االبيط اىخقييذي )

Biconical  ّىع ٍِVavoua ( و احادي اىسخاسMonoscreen .)شبنت سىداء اىيىُ او اسخبذاه اىَخشوط اىسفيً بقَاش ابذاه اىَخشوط اىعيىي ب

( عيً مفاءة اىششك ثْائً اىَخشوط. ٍخشابهاث ثْائً اىَخشوط االثْخاُ االخيشحاُ اعيً مفاءة ٍعْىيا P>0.05ثقيو اصسق اىيىُ ىٌ يؤثش ٍعْىيا )

(P<0.05 ششك ٍِ )Nzi فً جْىب اىسىداُ عيً ظىء اىْخائج اىَخحصو عييها ظذ هزٓ اىزبابت اىْاقيت ىَشض اىْىً. ّىقشج ٍنافحت ٍشض اىْى ً

 بىاسطت ٍنافحت هزٓ اىزبابت باىششك االمثش مفاءة.

Summary 
The response of Glossina fuscipes fuscipes to five trap designs was studied in Juba area, 

southern Sudan. The conventional white biconical trap (CWB) caught significantly (P<0.05) more 
flies than the triangular Epsilon,Vavoua or monoscreen traps.   Changing the upper white-netted 
cone with a black netting (BN) and the lower blue cone with a heavy drill blue cotton (HD) did not 
significantly (P>0.05) influence the CWB trap catch. These three versions of the biconical trap 
(CWB, with BN or with HD) were all significantly (P<0.05) better than the Nzi trap against G. f. 

fuscipes. These results are discussed in relation to control of sleeping sickness in southern Sudan by 
trapping out G. f. fuscipes. 

Introduction 
Until recently efforts aimed at controlling sleeping sickness or human African 

trypanosomosis (HAT) depended mainly on case-detection and treatment to sterilize the human 
reservoir of the disease, but this approach has not been without problems. The major ones are 
the emergence of drug-resistant trypanosome strains, the side effects of the available HAT drugs 
(Pepin et al, 1995), inaccessibility of affected people in remote areas, and the uncontrolled 
movement of refugees and internally displaced people due to civil unrest or natural disasters. 
Hence there is a need to identify additional approaches to control the disease. Considerable 
attention has been given to exploitation of devices that suppress the tsetse population to a level 
that reduces the disease challenge and consequently decrease the frequency of treatment.  

Efforts to control tsetse using conventional tsetse control techniques such as insecticides, 
discriminative bush clearing, elimination/eviction  of the potential wild animal hosts have been 
discarded for concerns about environment, cost and durability (Robertson, 1983). The sterile 
insect technique (SIT), although environmentally friendly its high cost and the prior need to 
suppress tsetse by other ecologically unfriendly means render it an unlikely sustainable control 
technique. Ingeniously designed devices that attract and capture tsetse flies (Langridge, 1977; 
Vale, 1981) make it possible to control tsetse without compromising the environment.  

Attention has therefore been turned to utilize bait methods of controlling tsetse flies 
(Langley and Weidhaus, 1986). Once we consider control alone and not tsetse elimination, 
suppression trapping becomes the most viable option (Dransfield et al, 1990).  

 In the last decade, several discoveries have sufficiently enhanced the prospects of 
improving tsetse trap designs (Flint, 1985; Mhindurwa, 1994; Ndegwa and Mihok, 1999; Mihok, 
2002) for economical control of various Glossina species (Vale et al, 1986; Brightwell et al,  
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1987; Laveissiére et al, 1987; Dransfield et al, 1990; Brightwell et al, 1997). The low cost, ease 
of construction (Ryan and Molyneux, 1980) and simple application make traps most suitable for 
community-based tsetse control (Dransfield et al., 1990) operations. 

This paper compares the relative efficiency of five trap designs against G. f. fuscipes 
infesting Juba area, southern Sudan with the purpose of selecting the simplest and most effective 
design for sampling, controlling and monitoring this tsetse species. The long-term objective is to 
control human African trypanosomosis (HAT) in southern Sudan using community-based tsetse 
suppression by traps integrated with case detection and treatment to ensure efficacy and 
sustainability.  

Materials and Methods 
Study area: 

The study was conducted around Juba Town, the capital of Central Equatoria State, 
southern Sudan. The area lies entirely between Latitudes 4˚40`-5˚ N., and Longitudes 30˚30`-
31˚45` E. It has an equatorial or semi-equatorial climate. In such an equable climate there are 
minimal variations in seasonal temperatures. The highest mean maximma occur during January 
just before the rains and range between 30 and 32˚C, while the mean minima occur during the 
rainy season, February to November, range between 19 and 27˚C. The rains are characterized by 
a remarkably regular decrease from southwest to north with total annual means ranging between 
800 and and 1200 mm. The most dominant feature of the area is River Bahr El Jebel, which 
links the White Nile through Uganda with Lake Victoria in central Africa. Patches of evergreen 
thickets and double storey gallery forests grow along the banks of the river. The wild hosts of 
tsetse as detected by dung spoor and sightings included Hippopotamus (Hippopotamus 
amphibious), Monitor Lizard (Varanus niloticus niloticus), Nile crocodile (Crocodylus 
niloticus), Warthog (Phacochoerus aethiopicus), Bushbuck (Tragelaphus scriptus), Waterbuck 
(Kobus defassa) and Vervet Monkey (Cercopithecus aethiops). Very few domestic animals are 
present including migratory and trade cattle, sheep, goats, dogs, domestic pigs (Kadrook) and 
rarely donkeys. 
Tsetse traps: 

Five trap designs were locally-made and their capturing efficiency of G. f. fuscipes 
infesting riverine vegetations around Juba was compared. The traps included Epsilon (Hargrove 
and Langley, 1990), Nzi (Mihok, 2002), Vavoua (Laveissiére and Grébaut, 1990), monoscreen 
(Okoth, 1991), and the conventional white biconical, CWB (Challier et al, 1977) besides two 
modifications of the biconical trap. All traps were made from mat black cotton cloth, white 
nylon mosquito netting and blue cotton fabric imported from Kenya as recommended by 
scientists in the International Centre of Insect Physiology and Ecology (ICIPE). Some black 
netting and a heavier drill of blue cotton were borrowed from the Entomology Unit, Agriculture 
and Biotechnology Laboratory, NAAL, Seibersdorf Laboratories, FAO-IAEA, Austria.  
Experiment I: Comparison between the biconical and Epsilon traps: 
 A preliminary trial was conducted to compare the relative efficiency of the CWB and 
Epsilon traps. The traps were tested in three riverine vegetations infested with G. f. fuscipes 
including (1) gallery forest, (2) riverine thicket and (3) riverine farm hedge. Randomized 2X2 
Latin Square design was used and the experiment was replicated twice. In each vegetation type 
traps were erected 200 m apart and alternated between sites daily in each replica of two days.  
Traps were appropriately greased to prevent ants and lizards from raiding the catch. Catches 
were collected at 24 h intervals, identified, sexed and examined for tenerality. 
Experiment II: Comparison between the biconical, Vavoua and monoscreen traps: 

The CWB, Vavoua, and the monoscreen traps were compared for their efficiency in 
capture of G. f. fuscipes in randomized 3X3 Latin Square experiments replicated thrice 
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simultaneously in each of the riverine gallery forest, hedge and thicket vegetations.  The traps 
were also erected 200 m apart and catches were treated as described in Experiment I above. 
Experiment III: Comparison between the white biconical trap, its two modifications and 
the Nzi trap: 
  Since in Experiments I and II, the CWB trap proved to be highly effective against G. f. 
fuscipes, an experiment was conducted to further improve the efficiency of this design using two 
simple modifications.  Modification 1: the blue cone was made from heavy drill blue (HD) 
cotton fabric borrowed from the IAEA and modification 2 the upper cone of the CWB made of 
black netting (BN). The CWB, HD and BN were compared with the Nzi trap for their efficacy 
against G. f. fuscipes in a 4 X 4 Latin Square experiment replicated twice. The Nzi was included 
because it is simpler than the biconical and Mihok (2002) claimed that the trap had been dually 
effective against both biting flies and tsetse flies including G. f. fuscipes.  
Data analysis:  
The pooled catches of males and females (n) were compared by analysis of variance (ANOVA) 
after transformation of catches to log10 (n + 1). Significant differences between trap catches were 
detected by the Student-Newman-Keuls (P = 0.05). Catch indices for each trap were calculated 
as back-transformed mean catch for the test trap divided by the back-transformed mean catch of 
the conventional white biconical trap (Challier et al, 1977). Back-transformed means are 
presented.  

Results 
Experiment I: Comparison between the biconical and Epsilon traps: 

Overall the biconical trap caught 92 flies while the Epsilon trap caught only 18 flies 
including only four males. Thus, the biconical trap caught almost up to 6 times as many pooled 
male and female G. f. fuscipes as the Epsilon trap. Due to the small catch size of the Epsilon 
trap, the sex ratio of tenerals and non-tenerals was compared for the total biconical trap catches 
only and again between the total catch of the two  traps. There were no significant differences 
between the two traps in sex ratio (Chi2 = 2.5; df = 1; P > 0.114) and the proportions of tenerals 
(Chi2 = 2.5; df = 1; P > 0.114) in males and in females or in tenerals and non-tenerals of flies 
caught by the biconical trap (Table 2). These results suggest that the biconical trap and probably 
its modified versions (monscreen and Vavuoa) might be significantly more effective against, G. 
f.  fuscipes, than the Epsilon or Nzi traps (P<0.0008; Table 1). 
 
Comparisons between the biconical, monoscreen and Vavoua traps: 
 Comparisons in Juba area showed that the white biconical trap caught significantly more 
flies (males + females) than the Vavoua and monoscreen modifications. The Vavoua also caught 
significantly more flies than monoscreen (Table 3).  
 
Table 1: Catch composition of G. f. fuscipes in the white biconical and Epsilon traps sited 

during the rainy season in the riverine farm hedge.. 
 
Composition Male Female Total  Sex ratio  

(Male/Female) 
Teneral 25 24 49 1.0: 1.0 
Nonteneral 14 29 43 1.0: 2.0 
Total biconical 39 53 92 1.0: 1.4 
% tenerals 64.1 45.3 53.3 - 
Total Epsilon 5 14 19 1.0: 3.0 
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Table 2: The daily catches (log10 n + 1) of G. f. fuscipes using biconical (B) and Epsilon (E) 
traps in different riverine vegetation types.  

** P < 0.0008 
 
Table 3: Backtransformed mean catches and catch indices of G. f.               fuscipes in Juba 

area using three different trap designs. 
 
Trap type Mean catch Index F-ratio 
Biconical 3.54 1.00  

24.60** Vavoua 2.18 0.62 
Monoscreen 1.58 0.45 

** P < 0.002 
Comparisons between three versions of the biconical trap and the Nzi trap: 

In this experiment variations in colours and materials of the upper and lower cones of the 
original biconical design were made and then compared with the Nzi Trap.  Table 4 shows that 
all three versions of the biconical trap were statistically significantly (P < 0.001) better than the 
Nzi trap against G. f. fuscipes.  The biconical trap with the black netting, and the one with the 
heavy drill lower blue cone and the conventional one caught 22.5, 11.6 and 8.1 times more flies, 
respectively, than the Nzi trap. It must be mentioned that the black netting biconical also caught 
2.5 and 2.0 times more tsetse than the conventional biconical and the biconical with the heavy 
blue drill, respectively.  As its progenitor (the Epsilon), the Nzi trap had performed poorly 
against G. f. fuscipes.  
Table 4: The backtransformed mean catches and catch indices of G. f. fuscipes in the 

riverine gallery forest using Nzi and three different versions of the biconical 
trap. 

Trap type backtransformed 
mean 

Catch index•• F-ratio 

Blue cotton lower cone -white 
netting upper cone biconical 

1.53 8.09  
 
 
32.01*** 

Blue cotton lower cone –black 
netting upper cone biconical 

4.26 22.5 

Heavy drill• blue lower cone -black 
netting upper cone biconical 

2.21 11.6 

Nzi 0.19 1 
• Borrowed from Vienna •• index calculated by assuming the Nzi trap catch = 1; ***= significant at P < 0.001 

Discussion 
 It is now accepted that traps are important for both controlling and monitoring tsetse 

flies (Green, 1994). Novel methods have been developed to estimate their capture efficiency and 
range of attraction for several species (Dransfield, 1984; Kyorku et al, 1990; Odulaja and 
Mohamed-Ahmed, 1997). Trap performance is affected by several factors. These include 
vegetation type (Hargrove and Vale, 1980), location relative to vegetation (Dransfield et al., 
1982), host abundance (Van Etten, 1981), time of day (Brady, 1972), changes in weather with 
time of day (Turner, 1987) and the fly’s physiological status (Rogers, 1978).  

The maps of distribution of tsetse species (Ford, 1963: Ford and Katondo, 1977) reveal 
that G. f. fuscipes and G. morsitans submorsitans co-exist with overlapping distribution in our 
study area. Since the biconical trap is highly effective for sampling the palpalis group tsetse, 

Trap type Mean catch Index  
Biconical 7.77+0.713  6.0 t = 7.076,  

df= 5 Epsilon trap 1.40+0.348 
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including G. f. fuscipes (Challier et al, 1977; Odulaja and Mohamed-Ahmed, 1997) and the 
Epsilon trap is highly effective against savanna tsetse, including G. morsitans subspecies 
(Hargrove and Langley, 1990), the two traps were used to capture both species of tsetse. Yet, 
unexpectedly, both trap types caught G. f. fuscipes only with biconical trap of about 6 times 
more effective than the Epsilon trap (P<0.0029). This result agrees with Takken (1984) and 
Snow (1977) who, respectively, observed that the biconical trap was not effective against G. m. 
morsitans and G. m. submorsitans. Conversely, the latter result disagrees with Hargrove (1977), 
Vale (1980) and Mohamed-Ahmed et al, (1993) who have found that the odour-baited biconical 
trap is highly effective against the above G. morsitans subspecies. Failure to catch G. m. 
submorsitans might however be attributed partly to the absence of odour baits near both trap 
designs in the present study.  We did not use odour because odour bait(s) similar to those 
discovered for savanna tsetse has yet to be found for the riverine tsetse species, including G. f. 
fuscipes. The latter species is the main vector of gambiense sleeping sickness in southern Sudan 
(Snow et al, 1991; Mohammed et al, 2010). 

There were no significant differences between the Epsilon and the biconical traps in the 
proportions of either tenerals or non-tenerals and the proportion of males in tenerals and non-
teneral flies (Chi2 = 1.1; P > 0.291).  This result is in agreement with the findings of Flint (1985) 
in the Zambezi valley of Zimbabwe where no significant differences were observed in the catch 
compositions of G. m. morsitans and G. pallidipes in the biconical, F1 and F2 traps. Similarly, 
Filledier and Politzar (1985) could not find any significant change in the composition of catches 
of G. m. submorsitans and G. palpalis gambiensis with the trap type including the biconical in 
Burkina Faso. Ogwal and Kangwagye (1990) reported no significant variations in the sex ratio 
of tenerals and non-tenerals in catches of G.f. fuscipes using pyramidal traps in Buvuma Island, 
Lake Victoria, Uganda.  

Capture by a trap is the end point of a series of behavioural responses by the fly, 
involving vision and orientation (Vale, 1982). Green (1986) investigated the importance of 
colour in attraction of Glossina to trapping devices. The use of the royal blue cloth in trap 
designs is in turn based on studies comparing several different cloth colours (Challier et al, 
1977; Ryan and Molyneux, 1980; Gouteux et al, 1981; Green and Flint, 1986; Green, 1988). In 
the present study the royal blue biconical trap and its modified versions, the monoscreen and 
Vavoua traps, were compared for their effectiveness in capture of G. f. fuscipes with the 
objective of selecting the most cost-effective design for the control and sampling of this fly 
species. The monoscreen and Vavoua traps are simpler and cheaper than the biconical trap. If 
any one of these simpler modifications is statistically as efficient as the original biconical trap 
then the former must be adopted for sampling and controlling of G. f. fuscipes. The results (table 
3) show that the CWB design traps significantly more G. f. fuscipes than the monoscreen and 
Vavoua. This result shows clearly that the simpler modifications are not as efficient as the more 
complex design. The high efficacies of the CWB trap against G. f. fuscipes have already been 
reported (Madubunyi, 1988; Owaga et al, 1988; Odulaja and Mohamed-Ahmed, 1997; 
Mohamed-Ahmed and Mihok, 1999).   

The CWB and its simple modifications such as a black netting upper cone or heavy 
cotton drill blue lower cone proved more efficient than the relatively new Nzi trap against G. f. 
fuscipes. The Nzi is the latest development in the triangular traps series including the Epsilon 
(Hargrove and Langley, 1990), NGU2B and NGU2G (Brightwell et al, 1987), which proved 
ineffective against G. f. fuscipes in the present work and in Kenya (Mwangelwa et al, 1990). 

In conclusion the CWB trap is comparatively the most efficient for G. f. fuscipes. This is 
unfortunate because the CWB is much more complex and costly than the monoscreen or Vavoua 
traps which are easy to design and construct. More investigations are therefore required to 
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devise simpler and effective trap designs for sustainable control of the vectors of human African 
trypanosomosis using baits. 

Acknowledegments 
The present study was conducted in Juba Reference Laboratory, southern Sudan. The 

Central Veterinary Research Laboratories Centre (CVRL), The Tropical Medicine Research 
Institute (TMRI), the East African Network for Trypanosomosis (EANETT) and the Tropical 
Diseases Research (TDR) of the World Health Organization (WHO/UN) financial and technical 
support throughout this study are appreciated. 

We are grateful to the Humanitarian Aid Commission (HAC, formerly El Bir 
International Organization) for allowing us to use their facilities in Juba, in particular the 
Director Mr. Abdel Haleim, M. and Dr. Tibin M. Ahmed, Head of Veterinary Services, of Juba 
Mission Officer. 
 We are also indebted to Mrs. Robinson A. and Parker, A., Entomology Unit/ Agriculture 
and Biotechnology Laboratory/ NAAL/ Seibersdorf Laboratories/ FAO-IAEA/ Austria, who 
supplied us with the essential reprints needed for this study.  

References 
Brady, J. (1972). J. Insect Physiol.18: 471-484. 
Brightwell, R.; Dransfield, R.D.; Kyorku, C.; Golder, T.K.; Tarimo, S.A. and Mungai, D. 

(1987). Trop. Pest Manag. 33: 151-159. 
Brightwell, R.; Dransfield, R.D.; Stevenson, P. and Williams, B. (1997). Bull. Entomo. Res. 

87: 349-370. 
Challier, A. ; Eyraud, M. ; Lafaye, A. and Laveissiére, C. (1977). Entomo. Méd. Parasitol. 

15 : 283-286. 
Dransfield, R.D. (1984). Insect Sci. Applic. 5: 363-368. 
Dransfield, R.D.; Brightwell, R.; Onah, J. and Okolo, C.J. (1982). Bull. Entomo. Res. 72: 

175-192. 
Dransfield, R.D; Brightwell, R.; Kyorku, C. and Williams, B. (1990). Bull. Entomo. Res. 

80: 265-276. 
Filledier, J. and Politzar, H. (1985). Rev. Élév. Med. Vet. PaysTrop. 38: 358-363. 
Flint, S. (1985). Bull. Entomol. Res. 75: 529-534.  
Ford, J. (1963). Bull. Wld. Hlth. Org. 28: 653-669. 
Ford, J. and Katondo, K.M. (1977). Bull. Anim.  Hlth. Prod. Afr. 25:  
Gouteux, J.P. ; Challier, A. and Laveissiére, C. (1981). Entomol. Méd. Parasitol. 19 : 87-90 
Green, C.H. (1986). Physiolo. Entomol. 11 : 411-421 
Green, C.H. (1988). Bull. Entomol. Res. 78: 591-604.  
Green, C.H. (1994). Adv.Parasitol. 34: 229-291. 
Green, C.H. and Flint, S. (1986). Bull. Entomol. Res. 76: 409-418. 
Hargrove, J.W. (1977). Ecol. Entomol. 2: 123-137. 
Hargrove, J.W. and Vale, G.A. (1980). Bull. Entomol.  Res. 70: 571-578. 
Hargrove, J.W. and Langley, P.A. (1990). Bull. Entomol. Res. 80: 397-403.  
Kyorku, C.; Brightwell, R. and Dransfield, R.D. (1990). Bull. Entomol. Res. 80: 405-415. 
Langley, P.A. and Weidhaus, D. (1986). Bull. Entomol. Res. 76: 89-95.  
Langridge, W. (1977). Int. Sci. Council Res. Control., Fourteenth Meeting Dakar, Senegal, 

1975, Nairobi, Scient. Publ. Div. Eleza Services. pp. 277-281. 
Laveissiére, C. and Grébaut, P. (1990). Trop. Med. Parasitol. 41 :185- 192. 
Laveissiére, C. ; Couret, D. and Grébaut, P. (1987). Entomol. Méd. Parasitol. 25 ; 145-164. 
Madubunyi, L.C. (1988). Insect Sci. Applic. 9(3): 361-366. 
Mhindurwa, A. (1994).  Bull. Entomo. Res. 84: 529-532. 



Trap efficiency against Glossina fuscipes fuscipes   35 

Mihok, S. (2002). Bull. Entomol.  Res.  92: 385-403.  
Mohamed-Ahmed, M.M. and Mihok, S. (1999). Bull. Entomol. Res. 89: 177-184. 
Mohamed-Ahmed, M.M.; Rahman, A.H.A. and Karim, E.I.A. (1993). Insect Sci. Applic. 

14(4): 445-453. 
Mohammed, Y.O.; Mohamed-Ahmed, M.M.: Lubna, T. K. and Intisar, E.R. (2010). Afr. 

J. Biotechnol. 9 (38): 6408-6412.  
Mwangelwa, M.I.; Dransfield, R.D.; Otieno, L.H. and Mbata, K.J. (1990). Insect Sci. 

Applic. 11: 315-322 

Ndegwa, P.N. and Mihok, S. (1999). Bull. Entomol. Res. 89: 255-261.  
Odulaja, A. and Mohamed-Ahmed, M.M. (1997). Entomol. Exp. Applic. 82: 19-24. 
Ogwal, L.M. and Kangwagye, T.N. (1990). Sterile Insect Technology for Tsetse Control and 

Eradication Meeting., FAO/IEAE, 6-10June 1988, Vom. Plateau State, Nigeria, 
IEAE, Vienna, pp. 67-77. 

Okoth, J.O. (1991). Ann. Trop. Med. Parasitol. 85(3): 309-314. 
Owaga, M.L.A.; Hassanali, A. and Mc Dowell, P.G. (1988). Insect Sci. Applic. 9: 95-100. 
Pepin, J.; Milord, F.; Khonde, A.; Niyonsenga, T.; Loko, L.; Mpia, B. and De Wals, P. 

(1995). Trans. Roy. Soc. Trop. Med. Hyg. 89: 92-97. 
Robertson, A.G. (1983). Smithersia, 1: 1-72. 
Rogers, D.J. (1978). Bull. Entomol. Res. 68: 63-77 
Ryan, L. and Molyneux, D.H. (1980). In Isotope and radiation research on animal diseases 

and their vectors., Proceedings of an International symposium on the use of 
isotopes for research and control of vectors of animal diseases, host pathogen 
relationships and the environmental impact of control procedures., Vienna, 7-11 
May 1979, 488pp., Vienna, IAEA., (IAEA-SM 240/10). pp. 339-353. 

Snow, W.F. (1977). Proc. Int. Sci. Comm. Try. Res., 15th Meeting Banjul, The Gambia, 
Publication No. 110. pp. 329-333. 

Snow, W.F.; Declereq, J.; Van Nieuwenhove, S. (1991). Ann. Soc. Belge Méd. Trop. 11(1): 
27-38. 

Takken, W. (1984). Insect Sci. Applic. 5: 357-361. 
Turner, D.A.(1987). Bull. Entomol. Res. 77: 317-333. 
Vale, G.A. (1980). Bull. Entomol. Res. 70: 563-570. 
Vale, G.A. (1981). Zimb. Sci. News. 15: 181-186. 
Vale, G.A. (1982). Bull. Entomol. Res. 72: 95-106. 
Vale, G.A. and Hall, D.R. (1985). Bull. Entomol. Res. 75: 219-231. 
Vale, G.A.; Hargrove, J.W. and Cockbill, G.F. (1986). Bull. Entomol. Res. 76: 179-193. 
Van Etten, J. (1981). Entomol. Exp. Applic. 29: 209-217. 

 
 
 
 
 


	Vol_25_2010_2 33
	Vol_25_2010_2 34
	Vol_25_2010_2 35
	Vol_25_2010_2 36
	Vol_25_2010_2 37
	Vol_25_2010_2 38
	Vol_25_2010_2 39



