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Preface

This semiannual report describes the activities carried out by the

staff of the Entomology Unit at the Agency's Laboratories, Seibersdorf,

between 1 July and 31 December 1987.

These activities support the Insect and Pest Control Section of the

Joint FAO/IAEA Division in carrying out its role to assist Member States in

using nuclear and related biotechnology to solve insect problems. This

programme is funded and operated jointly by the International Atomic Energy

Agency and the Food and Agriculture Organization of the United Nations.

This report includes preliminary results of research not sufficiently

complete to justify general release. Such findings, when adequately confimed,

will be released through established channels. Therefore, this report is not

a publication and should not be referred to in literature citations. Also,

this report should not be used in sales promotion or advertising which

expresses or implies endorsement of a product by the International Atomic

Energy Agency or the Food and Agriculture Organization of the United Nations.
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Staff

Lindquist, D.A.
Offori, E.D.
Gingrich, R.E.

Head, Insect & Pest Control Section, RIFA
Insect & Pest Control Section, RIFA
Head, Entomology Unit, Seibersdorf Laboratory

Tsetse Fly Investigations

Acs, R.
Anouchinsky, R.(1)
Augustin, H.
Barnor, H.
Boigner, R.
Frohlich, F.
Frohlich, H.
Galun, R.(2)
Ivantschitz, F.

Medfly Investigations

Busch-Petersen, E.
Economopoulos, A.
Gensthaler, J.
Gorz, H.
Hafner, A.

Services

Kabayo, J.
Kulcsar, M.
Luger, D.
Habry, H.<3>
Niedrist, M.
Taher, M.
Van der Vloedt,
Vreysen, M.<5)

Lang, L.
Schom, E.
Schorn, M. <6>
Szabo, I.
Wornoayporn, V.

Baumgartner, H.
Pereira, E.

Computer
Secretary

(1) Joined staff, 87/12/13
(2) Consultant 87/09/01-88/02/28
(3) Consultant 87/10/25-87/11/07
(4) Reassigned to RIFA Headquarters staff, 87/09/30
(5) Joined staff, 87/12/09
(6) Joined staff, 87/10/14

II. Duty Travel

Gingrich, R.E.
Busch-Petersen, E.
Economopoulos, A.P.

Economopoulos, A.P.
Kabayo, J.P.
Galun, R.

Gingrich, R.E.

Rome (Italy) 87/07/02 - 87/07/03
Rome (Italy) 87/07/02 - 87/07/03
Athens (Greece) 87/07/06 - 87/07/10
Tapachula, Tuxtla Gut. (Mexico) 87/07/20 - 87/07/26
Guatemala City (Guatemala) 87/07/27 - 87/07/29
Zinkovy (Czechoslovakia) 87/08/30 - 87/09/04
Langford, Bristol (U.K.) 87/09/17 - 87/09/18
Rio de Janeiro (Brazil) 87/11/09 - 87/11/14
Toronto (Canada) 87/11/15 - 87/11/28
Los Angeles (USA) 87/11/29 - 87/12/03
Boston (USA) 87/11/30 - 87/12/03
Otis ANGB, MA (USA) 87/12/07 - 87/12/11
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III. Meetings Attended

1. Economopoulos, A.P.

2. Economopoulos, A.P.

3. Economopoulos, A.P.

4. Galun, R.

5. Galun, R.

6. Gingrich, R.E.

7. Gingrich, R.E.

8. Gingrich, R.E.

Chaired a session and presented a paper entitled
"Egg production in medfly rearing as affected by
photophase duration and oviposition site" at the
Conference on "Regulation of Insect
Reproduction", 30 Aug. - 5 Sept., 1987 in
Zinkovy, Czechoslovakia.

Presented paper entitled "Recent developments in
medfly mass rearing at the IAEA International
Symposium on "Modern Insect Control: Nuclear
Techniques and Biotechnology", 16-20 Nov., 1987
in Vienna, Austria.

Served as Scientific Secretary for the RCM on
Standardization of Medfly Trapping for Use in
Sterile Insect Technique Programmes, 23-27 Nov.,
1987 in Vienna, Austria.

Presented paper entitled "The evolution of
purinergic receptors involved in recognition of
a blood meal by hematophagous insects" at the
International Symposium on Insect Physiology and
Biochemistry, 9-14 Nov., 1987 in Rio de Janeiro,
Brazil.

Presented paper entitled "Gorging response of
Culex pipiens to ATP analogues" at the 36 th
meeting of the American Society of Tropical
Medicine and Hygiene, 29 Nov. - 3 Dec, 1987 in
Los Angeles, USA.

Presented paper entitled "Pat.hogenicity of
Bacillus thuringiensis for the adult medfly,
Ceratitis capitata" at the annual meeting of the
Entomological Society of America, 29 Nov.
3 Dec, 1987 in Boston, USA.

Served as Scientific Secretary for the RCM on
Radiation-Induced F-l Sterility in Lepidoptera
for Area Wide Control, 7-11 Dec, 1987 at Otis
ANGB, USA.

Presented paper entitled "Diversity among
Bacillus thuringiensis active against the
Mediterranean fruit fly, Ceratitis capitata" at
the IAEA International Symposium on "Modern
Insect Control: Nuclear Techniques and
Biotechnology", 16-20 Nov., 1987 in Vienna,
Austria.
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9. Busch-Petersen, E. Presented paper entitled "Isolation and mass
rearing of a pupal genetic sexing strain of the
Mediterranean fruit fly, Ceratitis capitata
(Wied.)" at the TAEA International Symposium on
"Modern Insect Control: Nuclear Techniques and
Biotechnology", 16-20 Nov., 1987 in Vienna,
Austria.

10. Kabayo, J.P.

11. Gingrich, R.B.
Economopoulos, A.P.
Busch-Petersen, E.
Kabayo, J.P.

12. Gingrich, R.E.
Busch-Pet'.rsen, E.
Kabayo, J.P.

Presented paper entitled "Development of
synthetic diets and their use in studies on
tsetse nutrition" at the IAEA International
Symposium on "Modern Insect Control: Nuclear
Techniques and Biotechnology", 16-20 Nov., 1987
in Vienna, Austria.

Participated in Advisory Group Meeting on Genetic
Methods of Insect Control, 9-13 Nov., 1987,
Vienna, Austria.

Attended RCM on Standardization of Medfly
Trapping for Use in Sterile Insect Technique
Programmes, 23-27 Nov., 1987 in Vienna, Austria.

IV. Publications

Busch-Petersen, E., Kafu, A., "Isolation and mass rearing of a pupal
genetic sexing strain of the Mediterranean fruit fly, Ceratitis
capitata (Wied.)", Modern Insect Control: Nuclear Techniques and
Biotechnology (Proc. Int. Symp. Vienna, 1987), in press.

Economopoulos, A.P., Bruzzone, N.D., "Egg production in medfly rearing as
affected by photophase duration and oviposition site", Regulation of
Insect Reproduction IV (Proc. Int. Conf. Zinkovy, 1987), in press.

Economopoulos, A.P., et. al., "Recent developments in medfly mass rearing",
Modern Insect Control: Nuclear Techniques and Biotechnology (Proc.
Int. Symp. Vienna, 1987), in press.

Gingrich, R.E., El-Abbassi, T.S., "Diversity among Bacillus thuringiensis
active against the Mediterranean fruit fly, Ceratitis capitata".
Modern Insect Control: Nuclear Techniques and Biotechnology (Proc.
Int. Symp, Vienna, 1987), in press.

Kabayo, J.P., Taher, M., Barnor, H., Van der Vloedt, A., "Development of
synthetic diets and their use in studies on tsetse nutrition". Modern
Insect Control: Nuclear Techniques and Biotechnology (Proc. Int.
Symp. Vienna, 1987), in press.

Kapatsa, G.M., Kabayo, J.P., Spates, G.E., Sheffield, C.L., DeLoach, J.R.,
The nature of erythrocyte stroma lipid components required for normal
reproduction in Stomoxvs calcitrans. in press.
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V. Visitors

Mr. F.J. Geurten, Agriculture Counsellor, Netherlands Embassy, Vienna
Mr. A. Wegen, Agriculture Attache, Netherlands Embassy, Vienna
Mrs. Lamers, Agriculture Section, Netherlands Embassy, Vienna
Mr. D. Canvin, Dean, Queens University, Kingston, Canada
Mr. G.E. Clark, Ambassador, U.K. Mission, Vienna
Mr. M. Ogden, First Secretary, U.K. Mission, Vienna
Mr. M. Katz, Counsellor, U.S. Mission, Vienna
Mr. W.F. Snow, Research Entomologist, International Trypanotolerance

Center, Banjul, Gambia
Participants in the U.N. Disarmament Fellowship Programme

Ms. C. Tomkins, Australia
Mr. J. Carrion Vallejos, Bolivia
Mr. G. Sabushimike, Burundi
Ms. C. Mann, GDR
Mr. V. Gupta, India
Mr. B. Boradi, Iran
Mr. 0. Daou, Mali
Mr. H. Voskamp, Netherlands
Ms. M. Laose, Nigeria
Mr. D. Chiru, Panama
Mr. V. Reyes, Philippines
Mr. A. Sharfi, Sudan
Mr. K. Agbodje, Togo
Mr. A,.B. Malek, Tunisia
Mr. A. Tsvetkov, USSR
Mr. U. Mendez Graterol, Venezuela
Mr. L.L. Minh, Vietnam
Mr. 0. Humo, Yugoslavia
Mr. M. Sipangule, Zambia
Mr. T. Nhengu, Zimbabwe

Mr. V. Konshin, Director, RIPC, Vienna
Mr. G. Meyer, Ambassador, GDR
Mr. G. Sitzlack, State Secretary, GDR
Mr. K. Scheel, Head of Department, GDR

Mr. S. Fischer, Representative from Commercial Department, GDR
Mr. K. Schwenke, Representative from Commercial Department, GDR
Mr. Antonopoulos-Ndomis, President, Greek Atomic Energy Commission, Athens,

Greece
Mr. A. Xydas, Counsellor, Greek Mission, Vienna
Consultants to Review Training Activities at Seibersdorf Laboratory

Mr. D.G. Walker, Australia
Ms. D. Canvin, Canada
Mr. Xu Guanren, China
Mr. M.A. Constenla, Costa Rica
Mr. K.B. David-West, Nigeria
Mr. P.B. Vose, U.K.

Ms. J. Ferry, Ministry of Foreign Affairs, CEA, Paris, France
Mr. P. Semonet, Fellowships Training Programme, CEA, Paris, France
Mr. H.A. Jasiorowski, Director, AGA, FAO, Rome, Italy
20 Participants in Plant Breeding Training Course
Mr. R. Bello-Rivera, Dir., SGOB, IAEA
Mr. M. Camcigil, Dir., ADPR, IAEA
Mr. C. Deplanche, Dep. Dir., ADPR, IAEA
Mr. S. Amdal, Head, Management Sect., ADPR, IAEA
Mr. E. Obed, ADPR, IAEA
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V. Visitors (continued)

Participants, Advisory Group Meeting on Genetic Methods of Insect Control
Mr. M.J. Whitten, Australia
Mr. J. Walder, Brazil
Mr. T.K. Mukiama, Kenya
Mr. K.K. Chong, Malaysia
Mr. A. Hobinson, U.K.
Mr. H. Townson, U.K.
Mr. C.P. Schwalbe, USA
Mr. J.A. Seawright, USA

Mr. Y. Ettinger, DG, Israel Atomic Energy Commission, Tel Aviv
Mr. D. Ranen, Res. Rep., Israel Mission, Vienna
Mr. M. Nikolov, Agriculture Scientist, Bulgaria
Mr. C. Crosthwaite-Eyre, Marketing Manager, Hovo Biokontrol, Denmark
Mr. J. Sanders, Research Manager, Novo Biokontrol, Denmark
Participants, RCM on Standardization of Medfly Trapping for Use in Sterile
Insect Technique Programmes

Mr. A. Zumreoglu, Ankara, Turkey
Mr. P.J. Ros Amador, Madrid, Spain
Mr. A. Lekchire, Casablanca, Morocco
Mr. J. Reyes Flores, Tapachula, Mexico
Mr. M.H. Blak, Tripoli, Libya
Mr. A.M.K. Ri-Sayed, Assiut, Egypt
Mr. B.I. Katsoyannos, Thessaloniki, Greece
Mr. F. Savilo, Italy
Mr. F. Hentze, Guatemala
Mr. B. Fletcher, Australia
Mr. S. Barbosa, FAO
Mr. Y. Roessler, Israel
Mr. D. Nadel, Austria

Mr. J. Snow, Lab. Director, ARS, USDA, Georgia, USA

VI. Trainees

Name

A. Fellows

KAFU, Mr. Ali A.
WANG, Mr. Hua-song
AL-TAWEEL, Mr. A.A.
RAHMAN, Mr. Rezaur
BLAK, Mr. Mustafa
EL-AYAN, Mr. Salem
DEDE, Mr. Peter

Libya Medfly
China Medfly

R. Iraq Medfly
Bangladesh Medfly
Libya Medfly
Libya Medfly
Nigeria Tsetse

Fellowship period

24 months;
9 months;
6 months;
12 months;
4 weeks;
4 weeks;
3 months;

86/10/09
86/11/15
87/01/13
87/01/26
87/06/08
87/06/08
87/09/14

88/10/08
87/08/12
87/07/12
88/01/26
87/07/03
87/07/03
87/12/13

B. Scientific Visitor

TONZI, Mr. Abdelkader Algeria Medfly 1 day; 87/07/03

C. Cost-free Intern

GAGGL, Mr. Klaus Austria Medfly 12 months; 87/05/20 - 88/05/19
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VII. Materials Provided to Other Centers

1. Puparia of Glossina palpalis palpalis

a. Or. P.A. Langley
b. Prof. Molyneux
c. Prof. Mehlhom
d. Dr. H.-P. Wirtz
e. Prof. Mehlitz
f. Dr. Ben Yakir
g. Dr. Madabunyi
h. Dr. Holoo
i. Project

6,000 puparia
3,100 puparia

50 puparia
200 puparia
200 puparia
400 puparia
500 puparia

2,000 puparia
35,000 puparia

Puparia of Glossina tachinoides

a. Dr. T. Soldan 50 puparia

Puparia of Glossina austeni
a. Dr. T. Soldan 50 puparia

Puparia of Ceratitis capitata

a. Prof. F. Kafatos 500,000 puparia

Mutant strains of Ceratitis capitata

a. Dr. A. Malacrida 300 pupae
b. Dr. D.I. Southern 300 pupae
c. Dr. A. Zacharopoulou 300 pupae

Freeze dried bJ~">d to reconstitute

600 L porcine
1 L bovine

a. Dr. H.-P.
b. Dr. H. Mabry

Tsetse Research, Bristol, UK
University of Salford, UK
University of Bochum, FRG
University of Hamburg, FRG
Tropical Inst., Hamburg, FRG
Israel

University Nigeria, Usukka
ILRAD, Nairobi, Kenya
BICOT, Vom, Nigeria

Entomology Institute,
Budej ovice, CSSR

Entomology Institute,
Budejovice, CSSR

Inst. Molecular Biology,
Crete, Greece

University of Pavia, Italy
University of Manchester, U.K.
University of Patras, Greece

University of Hamburg, FRG
APHIS, USDA, Mission, TX, USA

Equipment for feeding tsetse in vitro

a. Dr. B. Bauer 8 silicone membranes

b. Dr. H.-P. Wirtz 1 silicone membrane

2 aluminum trays

CRTA, Bobo-Dioulasso,
Burkina Faso

University of Hamburg,
FRG
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VIII. Research Reports

1. TSETSE FLY

J.P. Kabayo, D. Luger, M. Taher, H. Barnor, F. Ivantschitz, (i.

Niedrist, F. Frohlich, R. Acs, H. Kulcsar, H. Frohlich, R. Boigner, H.

Augustan and A.M. Van der Vloedt

1.1 Colonization of tsetse flies

The maintenance of the main production colony of Glossina -palpalis

palpalis and attempts to consolidate previous efforts made towards expanding

experimental colonies of G. austeni. G. pallidipes. G. tachinoides. G.

brevipalpis and G. f. fuscipes continued. The purpose of maintaining these

colonies remained, as in previous years, to provide materials for use in our

research and training programmes on the biology and control of tsetse flies

and to refine the technology of tsetse mass-rearing in connection with ongoing

or anticipated control activities employing the sterile insect technique.

Flies in all colonies (except G. pallidipes. see below) were fed on a

frozen/thawed mixture (1:1, v/v) of bovine and porcine bloods supplemented

with adenosine 5'triphosphate (10 mol. 1 ) and irradiated (1 KGy). The

performance of the 6 colonies of Glossina species during July through December

1987 is shown in Table 1; Figures 1, 2 and 3 show trends in colony size,

fecundity and mortality, respectively, during 1987.

1.1.1 Problems in the G. pallidipes colony

The colony of G. pallidipes developed problems which were reflected by

its inability to grow and expand (see Figure 1) during the past 12 months.

These problems had been observed and mentioned in a previous report (Activity

Report Mo. 1, 1987: "Colony did not grow further as anticipated and came to a

regression phase during May and June 1987"), but were misdiagnosed as arising

from "uncontrolled changes in holding conditions" and their effect on the

feeding response.
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G. pallidipes was first reared in Seibersdorf in 1978 but was

discontinued in 1981 because of emphasis on G. p_. palpalis. The bulk of the

current colony of G. pallidipes was built from material imported in various

batches from the Lambwe Valley, Kenya, since November 1983 (altogether 528

pupae). Progress of the colony during 1984 and subsequent years was gradual

and laboured and was punctuated by the occasional setbacks commonly

encountered in establishing new colonies. At the end of 1986 the colony had

grown to some 1000 females and throughout 1987 the colony stagnated at that

level (sec Figure 1). On average the emergence rate (>89%), daily mortality

(1.2 - 1.8%, mostly affecting flies older than 50 days) and the mean puparial

weight (ca. 38.00 mg) were within 'acceptable' limits for colony expansion,

but the low fecundity (<1.1 pupae per female per month) and low insemination

rate (<85%) were strikingly mediocre.

Further investigations into the poor performance of the colony revealed

that 85% (47 flies) of the males and 70% (28 flies) of the females examined

were afflicted with hyperplastic salivary glands (see Figure 4), a

pathological condition known to result from infection with richettsia-like

organisms (RLOs), also known as virus-like particles (VLPs). Figure 5 shows a

photomicrograph of the reproductive system in normal G. pallidipes males (A)

and one from males with salivary gland atrophy (B); notice the reduced size,

especially of the testes which in diseased flies were aspermic. As soon as

the disease was discovered in the colony, quarantine measures were introduced

to isolate the infected colony in preference to the alternative terminal

option of destroying the colony. It is planned that the mechanism of trans-

mission of VLPs in Glossina will be studied. The condition is known to occur

at a low frequency in nature and is believed to be vertically transmitted.

The possibility of horizontal transmission is considered unlikely but has not

been definitely ruled out; moreover, given the high rate of infection

discovered in the colony, one is tempted to consider net only the possibility

of horizontal transmission but its significance in in vitro-feeding of large

numbers of flies as well. We are investigating the possibility that VLPs may

be passive cryptic agents that flare up when the host insect is stressed, e.g.

nutritionally or environmentaily. Subclinically infected flies may suffer

intermediate states of physiological disturbance that is ultimately manifested

in the performance of the colony. There is a need to address the possibility

that curative or preventive procedures could be developed as a means to cope

with the disease should it turn up in a colony.
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The diseased colony was switched from its normal diet regime comprising

a mixture (1:1, v/v) of frozen/thawed porcine and bovine bloods to one of

fresh bovine blood. A new colony of G. pallidipes was initiated with pupae

kindly donated by the Tsetse Research Laboratory, Bristol, England. The

performance of this young colony is summarized in Table 2.

Flies emerging from batch 1 pupae were fed fresh bovine blood while

those from batch 2 were fed a mixture (1:1, v/v) of fresh bovine and porcine

bloods. Based on puparial weight the latter diet seems to be a better diet

probably because of its pig blood component. The mean percent emergence rate

of 56.8% obtained for pupae shipped from Bristol is low, but is probably a

result of the influence of transportation conditons.

1.1.2 Experimental colonies

Performance in experimental colonies other than G. pallidipes was

satisfactory; G. tachinoides and G. brevipalpis were especially successful as

seen from their rapid rate of colony expansion (Figure 1). Moreover, these

species experienced minimal 'adaptation' problems often observed in young

colonies fed in vitro -

1.1.3 Blood collection and processing

80S litres of defibrinated bovine blood and 915 litres of porcine blood

were collected from a local abattoir during 1987, and stored frozen at -40*0.

Samples of each batch of blood were thawed and tested for nutritional quality

on a small number of G. p_. palpalis. In the past, only porcine blood was

tested for nutritional quality and porcine blood from batches found

nutritionally adequate was mixed (1:1, v/v) with untested bovine blood to

constitute feeds for flies in the colony. On average 10-20% of the porcine

blood batch collections tested were found nutritionally inadequate.

1.1.4 Work initiated

a) During the reporting period nutritional quality control tests were

performed on both porcine and bovine blood collections, as a precaution

against introducing batches of bovine blood of inadequate quality in the feeds
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for colony flies. Further, feeding tests previously conducted for 25 days

were extended to cover 35 days, the longer test period being adopted to

minimize the possibility that the nutritional deficiencies of particular blood

batches can be obscured by nutrient reserves acquired indirectly, e.g. during

oogenesis.

b) The effect of duration of storage on nutritional quality of blood is

being investigated to determine the suitability of blood stored frozen or

freeze-dried for different periods.

c) Following successful use of ATP in concentrations lower than the

10 M level routinely used in colony feeds (see elsewhere in this; Activity

Report), tests have been initiated in which the phagostimulatory effectiveness
-4

of 10 H or lower concentrations of

reducing the cost of the colony diet.

-4
of 10 H or lower concentrations of ATP is being evaluated in the context of

d) Work has started on the construction of a flight mill to be adopted for

routine quality control tests on the fitness of lab-reared tsetse flies.

Attempts are being made to develop simple indicators of radiation exposure,

e.g. based on colour change, for use during irradiation of flies or diets as a

precaution against inadvertent radiation underexposure. We are also

investigating convenient methods for colour-marking of flies, e.g. for

release-recapture studies, with emphasis on marking large numbers of flies.

1.2 Tsetse nutrition research

Research on the diets and nutrition of Glossina spp. continued.

Emphasis was put on attempts to improve the nutritional quality of whole blood

diets by simple physical treatments. Other studies included chemical analyses

of tsetse tissue and diets, investigations on the effect of fly nutrition on

endosymbionts, and attempts to determine the importance of haonw in

haemoglobin digestion.

1.2.1 Hovel method of preparing »ampl>« for fr««z»-dryinft

A modified method of preparing blood samples for fr««z»-drying,

involving a preliminary step of hypotonic lysis of «rythrocyt*s, resulted in
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products of increased solubility and nutritional quality compared to products

freeze-dried by standard procedures. Figures 6 and 7 show a comparison of the

performance of G. p_. palpalis fed freeze-dried blood containing different

proportions of known components with that of flies fed fresh blood or blood

freeze-dried by standard procedures. Diets 814, 816 and 830 (bovine blood)

and diets 851, 857 and 866 (porcine blood) have serum/cells in similar

proportions and the nutritional superiority of diets 830 and 866 appears to be

due to the haemolytic treatment undergone by the samples in these diets before

freeze-drying.

1.2.2 Improvement of frozen/thawed and freeze-dried whole blood diets

Studies on the effect of centrifugation on the nutritional quality of

frozen/thawed or reconstituted freeze-dried blood diets was continued.

Figure 9 shows a comparison of the performance of flies fed centrifuged or

untreated porcine or bovine blood diets. Thus, for porcine blood diet numbers

902 and 904, both centrifuged diets are better than 901 and 903, their

respective equivalent of uncentrifuged frozen/thawed or reconstituted

freeze-dried diets. However, this phenomenon appears to apply only to porcine

blood and not to bovine blood. The effects of repeated freezing/thawing and

of repeated freeze-drying on improving the nutritional quality of whole blood

diets was investigated (Fig. 10) but neither treatment was effective.

1.2.3 Use of oven-dried blood for in vitro feeding of tsetse flies

A novel approach to prepare dried blood using an oven-drying technique

was investigated as an alternative to freeze-drying. Comparison of the

performance of 6. p_. palpalis fed fresh, frozen/thawed, reconstituted

freeze-dried or reconstituted oven-dried bovine or porcine blood (Table 4)

showed that oven-drying does not diminish the nutritional quality of blood.

Blood was dried on petri dishes placed in an oven set at 45*C and equipped

with an air fan.

1.2.4 Chemical analysis of tsetse tiasua and diets

Analysis and comparison of the triglyceride, fatty acid, cholesterol

and protein content of the progeny of G. £. palpalis fad whole blood or
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synthetic diets showed differences that reflected the nature and composition

of the diets. Synthetic diets contained 25% of the triglyceride, 13% of the

cholesterol and 75% of the protein content of whole blood diets; flies fed

synthetic diets deposited pupae in the first reproductive cycle which had 83%

of the triglyceride and 84% of the cholesterol content of similar size pupae

deposited by flies fed whole blood diets. Pupae deposited by synthetic

diet-fed flies in subsequent reproductive cycles had progressively less lipid

content than pupae deposited by whole blood diet-fed flies, reducing to about

45% of the triglyceride and 50% of the cholesterol content in the fourth and

subsequent reproductive cycles (Table 3). The amino acid content of pupae

deposited by flies fed synthetic diet increased slightly in successive

reproductive cycles (Figure 9), thereby reflecting the higher protein content

in these pupae than that found in the progeny of flies fed whole blood diets.

Amino acid analysis of pupae during pupal development (Figure 10) showed

evidence of sequential phases of proteolysis and protein synthesis. Further

work is continuing in an attempt to relate the nature and chemical composition

of a diet and the chemical composition of the progeny of recipient flies.

1.2.5 Nature of a dialysable dietary factor of importance for normal

reproduction in G. p. palpalis and Stomoxys calcitrans

Feeding tests on Stomoxys calcitrans demonstrated that the yellow

factor, a component released into the diffusate during dialysis of haemoglobin

solutions (and previously shown to be important in tsetse reproduction) is

required by the stable fly. Partial chemical analysis revealed that the

yellow factor contains substantial amounts of lipid, a finding of considerable

interest since dietary lipid requirement and involvement in reproductive

physiological events in tsetse has been attended to.

1.2.6 Influence of tsetse nutrition on growth of endosymbionts

A differential fixation technique was developed to enhance the

visibility of the mycetome region, and used as an indirect method to estimate

the density of growth of endosymbionts in G. p.. palpalis females fed control

or suboptimal diets. Mycetome visibility increased slightly with age in flies

fed control diets (whole blood) from emergence, while the visibility of fixed

mycetome in flies fed suboptimal diets decreased and in time was reduced to a
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faded, faintly discernible remnant by day 12 (see Figure 11). Larviposition

in flies fed diets which induced depletion of endosymbionts did not progress

beyond the first reproductive cycle, subsequent cycles being aborted.

Restoration of normal reproduction afforded by transfer to a control diet

regimen coincided with partial restoration of mycetome visibility, provided

that such flies were fed the suboptimal diet for a period not exceeding 12

days. Hated females receiving the suboptimal diet for 15 consecutive days or

longer could recover neither their reproductive ability nor endosymbionts when

switched v.o a control diet.

1.2.7 Effect of irradiation on endosymbionts

The resistance or susceptibility of the endosymbionts in Glossina to

irradiation has not been determined. Detection of the effect of y-radiation

on the endosymbionts could, if found, be a useful indicator of radiation

exposure. In a preliminary investigation we used the differential fixation

technique and compared the mycetomes of irradiated (0.1, 0.15, 0.2, 0.25, 0.3

KGy) and non-irradiated male G. p_. palpalis but found no differences.

1.2.8 Effect of endosvmbiont-depleting diet on male fertility

The visibility of the mycetome in female as well as male G. p_. palpalis

was reduced by feeding on a suboptimal diet (1.2.6). We investigated the

effect of such a diet on aspects of male fertility, e.g. sperm content or

characteristics, and preliminary results showed that a greater number of

females, mated with males depleted of endosymbionts, had empty or near-empty

spermathecae.



Table 1. Performance of Glosslna species, July - December 1987

G. pallidipes

G. p_. G. G. f_. Lambwe

palpalis tachlnoides fusclpes Valley

23

86

500/30

24

75

20

24-25

85-88

15

25-26

78

15

Tororo Bristol** G. austenl brevlpalpis

Holding conditions:

Temperature *C

Relative humidity %

Density. ??/cage*

Mating ratio (¥¥:dM

Separation**

1.1/3:1 4:3 1:1 1:1

Colony characteristics:

Colony size, ??

% mean daily mortality

Puparia/female/ntonth***

Total pupae (June-Dec. '87)

Puparia distributed****

% total pupae emerged

Number ¥¥

Number dcT

25,606

0.35

2.77

417,942

50,000

211,770

128,143

84,727

7,760

0.69

2.59

54,413

750

38,052

19,439

18,613

338

0.86

2.83

2,179

-

1,738

884

854

893

1.28

1.01

6,339

-

6,969

3,350

3,619

25-26

78

15

1:1

168

1.17

1.93

1,304

1,150

598

552

24-25

85-88

15

1:1

24

75

15

1:1

24-25

85-88

15-20

1:1

993

0.68

2.47

6,692

50

4,618

2,325

2,293

1,194

0.67

2.12

5,693

-

4,437

2,377

2,060

+ + The performance data on the G. pallidipes colony (Bristol) Is shown in Table 2.

* About 50% of the flies in the G. p_. palpalis colony are held in large cages, 500 per cage.

** (4-) if the sexes were separated after mating and (-) if no separation was done.

*** Calculated for females aged 18 days and over.

**** Puparia withdrawn from colony during reporting period for experimental work at the laboratory or sent to users

elsewhere (see distribution of insects and other products).



Table 2. Performance of G. pallldipes (Bristol)

Batch Number Emergence data Pupae per Mean puparial weight
p u p a e D^ti Sale! Females initial ? (n>8 * S D )

emerged (50 days) 30 days 40 days 50 days

1 200 30 Nov.- 59 65 2.1 33.89+4.20 35.00+4.80 32.80+3.81
4 Dec.

2 200 16 Dec- 53 50 * 36.6 +4.6 * *
23 Dec.

*Data incomplete
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Table 3. Triglyceride and cholesterol content of diets and tissues of flies
fed different diets

Diets:

Whole blood (tig/ml)
Synthetic diet dig/ml)

Parental (fed whole blood):

Pupae (ug/pupa)
Adult female (vig/fly)
Adult male (vg/fly)

Parental (fed synthetic diet):

Reproductive cycle 1 pupae (ug/pupa)
Reproductive cycle 2 pupae (tig/pupa)
Reproductive cycle 3 pupae (ug/pupa)
Reproductive cycle 4 pupae (ug/pupa)
Reproductive cycle 5 pupae (jig/pupa)
Reproductive cycle 6 pupae (ug/pupa)
Adult Fx females (vg/fly)

Adult Fj males (ug/fly)
Adult F2 females (ug/fly)
Adult F2 males (ug/fly)
Adult F3 females (ug/fly)
Adult F3 males (ug/fly)
Adult Ft, females (ug/fly)
Adult F4 males (ug/fly)

Triglyceride

985.6 + 82.1
246.9 + 89.7

1139.7 + 47.4
243.2 + 31.6
236.7 + 45.4

950.5 + 91.6
789.1 + 87.3
600.2 +100.1
513.5 + 71.9
507.6 + 88.7
508.1 + 65.6
197.3 + 21.3
196.1 + 33.6
101.6 + 27.2
98.2 + 29.6
95.5 + 30.1
83.5 + 22.4
88.7 +19.7
87.9 + 21.7

Cholesterol

1142.3 + 63.4
153.4 + 49.2

74.8 + 33.4
31.7 + 17.1
32.1 + 10.2

63.4 + 11.9
52.7 + 13.7
43.1 + 6.9
39.2 + 12.1
37.1 + 5.3
36.8 + 6.1
22.4 + 3.4
24.1 + 6.1
22.4 + 1.8
20.7 + 2.3
19.8 + 1.9
21.6 + 2.5
19.9 + 1.7
20.7 + 1.2
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Table 4. Performance of G. p_. palpalis fed different types of whole blood
diets.*

Diet

Bovine Blood

FBB
FFBB
FdBB
OdBB

Porcine Blood

FPB
FFPB
FdPB
OdPB

25

95
83
98
93

93
96
95
93

% Survival
days

.0

.3

.4

.3

.3

.6

.6

.3

35 days

93.4
73.3
85.0
81.7

80.0
88.9
91.1
83.3

Pupae Produced
per female

25 days

0.54
0.62
0.72
0.72

0.53
0.63
0.55
0.73

35 days

1.52
1.17
1.32
1.48

0.90
1.15
1.51
1.37

Mean Puparial
weight Cmg) + S.D

30.54 + 3.01
27.71 + .07
29.21 + "'.90
29.63 + 3.19

28.96 + 4.11
31.15 + 3.26
25.72 + 4.19
30.13 + 4.08

* Abbreviations: FBB, fresh bovine blood; FFBB, fresh frozen/thawed bovine
blood; FdBB, freeze-dried bovine blood; OdBB, oven-dried bovine blood;
equivalent nomenclature for pig blood and derivatives.
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4: Dissection of G.pallidipes showing salivary glands(arrows) in a normal fly (A) and in

a fly infected with virus like particles.

Figure 5; Internal reproductive systems fra»G,pallidipes males with normal salivary glands(A)

and from a fly with hyperplastic salivary glands(B),showing normal size twstes (arrows)

in che former and the asperraic undersized tostos in diseased tlios.
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Fig. 11. Mycetome region in gut of G. p_. palpalis females fed
a suboptimal diet (A) or control diet (B). In flies fed the
suboptimal diet for an extended period, the mycetome
disappeared from view completely.
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1.2.9 PhaRostimulant response in the tsetse fly

R. Galun, M. Taher

Several species of tsetse flies have been shown to engorge on salt

solutions, provided they were isotonic with blood and contained ATP.

Recently a synthetic diet for rearing of Glossina palpalis palpalis was

developed at Seibersdorf. It was noticed that flies were reluctant to engorge

unless ATP was incorporated into the diet. As the concentration of ATP in

fresh blood is about 10 M, this concentration was selected as a standard

addition to artificial diets of the tsetse fly. This is also the practice

even when whole blood diets are used. Since the price of ATP (especially when

bought in 5 g bottles) is about $13/g, it is one of the most expensive

components of the diet. The present study was initiated to investigate ways

of reducing the cost of this component without reducing the efficacy of the

diet for fly survival and reproduction.

The approach was:

(1) to find if the concentration of ATP used is the optimal one;

(2) to check analogues of ATP in an attempt to find compounds more

active and more stable than ATP that could be used effectively at

a lower cost.

ATP and 16 analogues, some of which are known to be more effective than

ATP for mosquitoes, were tested in a wide range of concentrations, so that the

concentrations that induce 50% engorgement (ED ) and 85% engorgement

(ED ) could be determined. Compounds were dissolved in 0.15 M NaCl and
85

buffered with bicarbonate. For this screening, teneral flies 24-72 hr old

were used because only at that age can a standard homogeneous group be

obtained. Females and males were tested separately as preliminary experiments

indicated that males are less sensitive to ATP and its analogues than are

females. Of the 16 analogues tested, ATP, 2d ATP, ADP, 2d ADP and A-tetra-P

had similar potencies in inducing engorgement. All the other analogues,

including AMP-PNP, AMP-PCP and dd ATP, which were highly phagostimulatory to
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aedine mosquitoes, were much less effective for G. j>. palpalis (Table 1).

Since A-tetra-P, ADP and the deoxy compounds are much more expensive than ATP,

we are left with ATP as the compound cf choice, as regards price as well as

activity.

The important information obtained through this screening is that G. £.

palpalis can recognize ATP much more effectively than any other insect studied

so far (Table 2). It is one to two orders of magnitude more sensitive than

Rhodnius or Aedes. The ED,, is 5 x 10~7M and the EDO, is 5 x 10~6M
50 85

for the females. Small-scale experiments with G. tachinoides females have

shown it to be much more efficient in recognizing ATP than G. 2- Palpalis.
-8 -7

having an EDC- of 1.13 x 10 & an EDOA of 2 x 10 . Thus, the
so ou

concentration of 10~ H presently used is 200 fold higher than that required

for effective feeding. Reduction of the standard dose to 10 M would allow

for 95% deterioration of the ATP due to hydrolysis without losing the required

level of phagostimulation. Furthermore, the hydrolysis to ADP alone does not

reduce the activity, and only the final stage of dephosphorylation and

deamination are detrimental to the phagostimulatory activity of the ATP

molecule.

ATP is available commercially (Sigma) in 500 g bottles. At this bulk,

the price is less than $l/g. Purchasing large quantities and rebottling into

10 g bottles alone can save thousands of dollars per batch. Thus, reducing
-4

the dose added to the diet to 10 H and purchasing large batches can reduce

the price of the ATP in the diet to 1% of the present price, and make it a

negligible component in the total cost of the diet.

—4
The recommended concentration of 10 M ATP was tested by offering

flies the standard diet of freshly frozen blood over a period of 35 days.

Flies which received no ATP produced on average 0.92 pupae per female with a

mean weight of 31.1 mg. Flies receiving 10 M ATP produced 1.08 pupae per

female with a mean weight of 28.3 mg while those receiving 10 H produced

an average of 1.43 pupae per female with a mean weight of 29.8 mg. Conse-

quently, we recommend to reduce the additon of ATP to standard diets to
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Table 1

Potencies of ATP analogues as gorging stimulants

for Glossina palpalis palpalis and G. tachinoides

Compound

E D50

Females

E D85

Hales

A-tetra-P

ATP

ADP

AMP

Adenosine

2'd ATP

3'd ATP

2'3*dd ATP

2'd ADP

AMP-CPP

AMP-PCP

AMP-PHP

ATP periodate
oxidized

ATP periodate
oxidized
borohydride
reduced

Control
(saline)

0.38

0.50

0.67

98.2

>1000

0.51

5.37

5.2

0.60

28

12.4

1.69

20.9

138

16%

1

5

3

1147

3

199

33

8

288

58

34

74

284

engorged

.7

.7

.6

.1

.5

.7

1.17

1.44

2.32

295

13

12

60

1599

non stimulatory

0.98

15.8

37.1

9.1

103

50

5.55

97

8% engorged

6.6

4039

196

77

419

1370

113

4058

ATP

Control
(saline)

G. tachinoides

0.013 0.20

26% engorged
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Table 2

Dose of adenine nucleotides inducing 50% feeding (ED ) in various insects

Insect ED50

Glossina palpalis (females)

Glossina tachinoides (females)

Aedes aegypti (1)

Aedes caspius (2)

Culex molestus (3)

Culiseta inornat (3)

Simulium venustum (4)

Rhodnius prolixus (5)

ATP
0.50

0.013

12.2

9.1

24.5

199

21

3.8

ADP
0.67

not tested

96

150

11.8

90

6

45

AMP
98

not tested

463

310

27.1

906

100

630

(1) Galun et al. (1985)

(2) Galun (1987)

(3) Galun et al. (1987)

(4) Sutcliffe & Mclver (1979)

(5) Friend & Smith (1982)
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2. MEDFLY

2.1 Rearing

2.1.1 Evaluation of Autolysed Type B Torula Yeast in medfly mass rearing

A.P. Economopoulos, V. Womoayporn, J. Gensthaler, H. Gorz, L. Lang

The Autolysed Type B Torula Yeast, a product of THC Inc. Gateway One,

Gateway Center, NJ 07102, U.S.A., was compared to the NBC Hydrolysed yeast and

the Schwechat Brewer's Yeast used for years in Seibersdorf in the adult and

larval diets, respectively. The medfly diets used were the standard

Seibersdorf ones, i.e. adult diet: 3 parts sugar + 1 part yeast, larval diet:

24.2% wheat bran + 16.2% sugar + 8.1% yeast + 0.6% citric acid + 0.5% sodium

benzoate + 50.5% water.

The adult diet experiment was replicated twice in large cages at high

insect density (about one insect per 3.0 cm in a 20 x 180 x 200 cm cage

kept for two weeks; one cage replicate) and in small cages at low insect

density (about one insect per 62 cm in a 11 x 11 x 15.3 cm cage kept for

two weeks; three cage replicates). Both caging systems were run simulta-

neously in the same room at 25+2*0 and 14 hr light : 10 hr dark photoperiod.

The larval diet test was run once in four replicates of 5 kg larval diet/tray.

Figures 1 and 2 clearly indicate that under both high and low insect-

density conditions Torula yeast resulted in a drastic reduction of the female

egg production as compared to NBC yeast (about 1/2). The start and increase

of egg production was also delayed by 1-3 days in the cages with flies fed

Torula yeast. The above were true in both time replicates. Adult survival

was not different between the two yeasts under low insect density. In the

high insect-density experiment it was observed towards the end of the two-week

period (no detailed mortality data could be recorded in the overcrowded large

cages) that there were substantially fewer surviving adults in cages with

flies fed Torula yeast than in cages where they are fed NBC yeast. No

significant differences in egg sticking on the oviposition net was observed

between the low insect-density cages of Torula or NBC yeast (Fig. 3), although

the net became obviously dirty faster with NBC than with Torula yeast.
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However, in the high insect-density cages the oviposition net of cages with

NBC yeast quickly became much dirtier than the net of cages with Torula

yeast. The increase in dirt resulted in an apparent increased egg sticking.

The Torula adult diet remained powder throughout the two-week period while the

NBC yeast diet absorbed humidity and became paste very fast. Figure 4

indicates that Torula yeast replaced Schwechat brewer's yeast in the larval

diet with no significant effect on production and insect quality.

In conclusion, it appears that the Torula yeast decreases the

productivity of females significantly as compared to NBC yeast. In the larval

food, no significant differences were detected between Torula and Schwechat

brewer's yeast.



- 34 -

Fig. 1. NBC hydrolysed yeast vs. TMC autolysed type B Torula yeast in the

adult food (3 parts sugar : 1 part yeast). One replicate of large

cage (20 x 180 x 200 cm) at high insect density, ca. 240,000 adults

per cage or one adult per 3.0 cm space at 1:1 sex ratio. Test

ran twice. Temperature of 25+2°C and 14 hr light : 10 hr dark

photoperiod.

Fig. 2. NBC hydrolysed yeast vs. TMC autolysed type B Torula yeast in the

adult food (3 parts sugar : 1 part yeast). Three replicats of small

cage (11 x 11 x IS.3 cm) at low insect density, 30 adults per cage

or one adult per 62 cm space at 1:1 sex ratio. Test ran twice.

Temperature of 25±2'C and 14 hr light : 10 hr dark photoperiod.

Fig. 3. Percent eggs that stuck on the oviposition net of low insect-density

small cages provided with NBC hydrolysed yeast or TMC Torula yeast.

For additional information refer to Fig. 2.

Fig. 4. TMC autolysed type B Torula yeast vs. Schwechat brewer's yeast in

the larval food. Four replicates of S kg larval diet/tray. Larval

duration expressed in days; pupal size 5 = 8.3 mg; recovery =

hatched eggs to pupae; flight ability = flies escaping a 10 cm high

cylinder after emergence.
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2.1.2 Synthetic vs. cotton oviposition net in medfly rearing

A.P. Economopoulos, L. Lang

TM
In previous experiments, synthetic Oiolen oviposition nets of

different size hole openings were compared. It was found that a small hole

net, i.e. with hole openings similar to the ovipositor's diameter, resulted in

a significantly increased egg production per female as compared to large hole

nets. In the present experiment the above small-hole synthetic net was

compared to the cotton net used in the medfly mass-rearing facility, Petapa,

Guatemala.

2
The synthetic net had uniform hole openings of ca. 0.1 cm (0.31 x

0.32 mm), while the cotton net had irregular openings due to the loose weaving

of cotton threads of variable thickness. On the average, one of the cotton

net hole dimensions was similar to those of the synthetic net (ca. 0.3 mm),

while the second was mostly around 0.5 mm. In contrast to the synthetic net,

the cotton net had many loose fibres, which were likely an important factor

causing egg sticking on the net. In each treatment, 5 cages (11 x 11 x

IS.3 cm) each provided with water, adult food (3 parts sugar : 1 part

hydrolysed yeast) and 30 adults at a 1:1 sex ratio were used. All adults

originated from size S pupae (ca. 8.3 mg). Eggs were collected and counted

twice a week for seven weeks. The experiment was replicated twice in time;

the same cages were used each time.

Data in Figure 1 show that in the first replicate similar numbers of

eggs were oviposited through both nets, i.e. 35.8 and 35.3 eggs on the average

per female per day in the synthetic and cotton nets, respectively. In the

second replicate about 12% more eggs were collected from cages with the

synthetic net than from cages with the cotton net (Fig. 2), i.e. 37.3 vs. 32.7

eggs on the average per female per day, respectively. Thus, the difference in

the production of eggs was either none or small possibly because both nets had

similar hole sizes.

Figures 3 and 4 indicate that egg sticking was strikingly higher on the

cotton net than on the synthetic one. The overall sticking of eggs on

synthetic and cotton nets was 25.0 and 42.2%, respectively, in the first
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replicate, and 22.4 and 34.3, respectively, in the second replicate. That is,

egg sticking on the cotton net increased by 35 and 41% in the first and second

replicates, respectively. The slight decrease of both egg production and

sticking of eggs on the net in the cotton net cages of the second test could

be related to the effect of washing the cotton net with water after the first

test.

In conclusion, it appears that the cotton net promotes egg sticking,

thus reducing the number of eggs collected for mass rearing.
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Fig. 1. Comparison of egg production rates in cages with synthetic
TM

Diolen oviposition net and cotton net. First test, new

synthetic or cotton nets used.

TM

Fig. 2. Comparison of egg production rate in cages with synthetic Diolen

oviposition net as compared to cotton net. Second test, the cages

were those used in the first test following thorough water washing.

TM

Fig. 3. Comparison of percent eggs that stuck on the synthetic Diolen

and cotton oviposition nets. First test, new synthetic or cotton

nets used.

TM
Fig. 3. Comparison of percent eggs that stuck on the synthetic Diolen

and cotton oviposition nets. Second test, the cages were those used

in the first test following thorough water washing.
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2.2 Microbial Control

2.2.1 Bioassay of new Bacillus thurinRiensis (Bt) products

H. Gingrich, K. Gaggl, M. Schorn

A new batch of microbial powders, produced by acetone-lactose

coprecipitation of Bacillus thuringiensis fermented in B-4 medium, was

received from H. DuImage, USDA Laboratory, Brownsville, TX, USA (see

table 1). The varied fermentation (A, B and C designations) of 8 isolates

(numerical designations) were bioassayed to determine LC values by the

protocol described in AS No. 1, 1987. Each powder was fed to 50 b and 50 ?,

24-36 hr old medflies at 4-5 concentrations. Mortality was recorded on day 4

separately for males and females. The results, along with spore counts of

powders, are given in table 1. The LC values are means for 2 tests.

Then each powder was bioassayed urdiluted after autoclaving (to kill

spores and inactive endotoxin) or irradiation at 10 KGy (to selectively

inactivate only endotoxin). In every test both autoclaving and irradiation

completely eliminated all insecticidal activity in the powders. Since spores

but not endotoxin are adversely affected by irradiation and both spores and

endotoxin are inactivated by autoclaving, it can be assumed that spores were

the active agents in all powders. However, from the data in table 1 there was

no consistent correlation between numbers of spores and insecticidal activity

with the powders, even when the different fermentation batches were considered.

The fermentation procedures of each isolate within the group labelled A were

identical, as were the procedures within groups labelled B and C.

Also from the data in table 1 it is apparent that males were more

susceptible than females. These data agree with previous studies with other

spore-active isolates of B. thuringiensis (AS No. 2, 1986).
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Table 1. Comparison of activity of Bacillus thuringiensis isolates against

adult medflies. L C 5 Q values are percent of original powder in

treatment (w/w) that produces 50% mortality in 4 days.

Isolate Spores (xlO )/mg powder

Hale

LC50

Female

2182A

2182B

2183A

2183B

2184A

2184B

2185A

2185B

2186B

2187A (1)

2187A (2)

2187B

2188A

2188B

2188C

2189A

2189B

2189C

8.21

7.24

8.46

7.97

6.22

5.59

6.20

5.74

4.60

6.54

10.06

6.47

6.50

6.63

7.07

7.58

5.07

6.39

21.7

10.8

53.1

75.5

24.7

78.7

24.0

9 . 6

18.4

WA(1>

1 1 . 9

4 7 . 1

11 .2

30.6

12.6

2 . 6

2 . 8

9 . 2

25.8

19.5

42.0

90.7

38.4

NA

34.5

10.6

12.6

NA

36.0

41.0

35.5

32.0

16.5

3 . 2

3 . 0

12.3

(1) NA = less than 50% mortality with undiluted powder
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2.2.2 Comparative effects of Bt powder and suspension treatments

R. Gingrich, K. Caggl, M. Schorn

In preliminary tests to develop practical methods for applying Bt in

the field, powders were suspended in water, sugar solutions, sodium alginate

and Hulure (a protein hydrolysate used as a feeding attractant in bait sprays)

and offered to flies. Little or no mortality resulted. Also in previous

studies, suspensions of purified spores and/or crystals, given to flies via

capillary tubes, failed to produce much mortality (AR No. 2, 1986; c.f. table

1).

A series of experiments was done to examine some of the factors that

could have caused differences in the mortality resulting from feeding Jtt

spores in powders and suspension.

1. Spore viability in suspension

The possibility was explored that spores germinated prematurely or

otherwise lost viability while stored in suspensions.

A quantity of powder, of known viable spore content, was suspended in

20% sucrose and 21% sorbitol. At daily intervals thereafter aliquots were

removed from each suspension for counting. A portion of each aliquot was heat

shocked at 80°C for 5 min. to destroy vegetative cells. Spore counts were

then made on the heated and unheated aliquots, using the plate dilution method.

After 7 days there was no significant decrease in the number of viable

spores in either suspension, thus we concluded that Bt spores maintained their

ability to germinate for at least 7 days in suspension.

2. Effects of rehydration and desiccation on activity

In this test the B£ powder 767(3) was tested alone and suspended in

various liquids and offered to flies. The daily mortality was recorded.

The following protocol was used;
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TEST PROTOCOL

COMPOHENTS

Test 767(3) (mg) Sucrose (mg) Ma Alginate (ml) H O (ml)

1

2

3

4 30 + 500 + 0.45

5 30 500 + 0.45

6 30 + 500 + 0.3

7 30 500 + 0 . 3

8 500 + 0.45

(1) Components were presented to flies in separate containers except for the

Bt powder, which was combined with the component(s) indicated by +.

Flies were offered the diets for 5 days and mortality was recorded for

days 3-5. All liquid treatments were dry by 8 hrs. Results of the bioassays

are given in table 2.

767(3) (mg)

30 +

30

30 +

30

30 +

30

Sucrose

500

70

500

500

500

500

500

500

(mg)

+

+

+
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Table 2. Mortality among adult medflies resulting from exposure to various

combinations of Bt 767(3) powder, sucrose and suspending components

(N = 10 for each sex). See preceding protocol for test design.

Cumulative % mortality

Test 1 2 3 4 5 6 7 8

Sex $ I t I t ° t
100

100

100

100

100

100

100

100

100

100

100

100

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

20

20

20

10

10

10

0

0

0

Day 3 10 10

Day 4 10 10

Day 5 10 10

From the data in table 2 it is apparent that the high level of activity

in 767(3) (tests 2 and 3) was lost after the powder was hydrated in sodium

alginate and sucrose (test 4), sodium alginate alone (test 5), water and

sucrose (test 6) and water alone (test 7).

One day after the test was completed the remains of the treatments in

tests 4 and 6 were rehydrated in sterile water and the Bt spore content was

counted.

The original powder of 767(3) contained 8.9 x 10 spores/mg. The

counts on the remains in treatments 4 and 6 were 8.8 x 10 spores/mg and

7.5 x 10 spores/mg, respectively.

The large proportion of the original spores remaining in the diets

indicates (1) the spores retained their viability to germinate after

rehydration-desiccation in sucrose and sodium alginate or water for 6 days and

(2) very little of the 2 treatments was consumed.

It had been determined previously that medflies consume about 0.75 mg

of B-4 powder per day, thus in 5 days it would have been expected that the 20

flies in the test would have easily consumed the 30 mg of Bt powder in their

treatment. But, it seems that the flies did not consume their diets, at least

for treatments 4 and 6. This was confirmed by visual examinations. On the

other hand they survived for 5 days, which means they had to have consumed at
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least the sucrose component of the treatment. It is not understood how they

could have done this without also ingesting spores.

It must be concluded from this experiment that the Htt spores, although

remaining viable, were not ingested.

3. Effects of increased spore concentration on activity

It was considered that the suspending fluids diluted the spores in

treatments so that flies ingesting normal amounts of diet receivd sub-lethal

amounts of pathogen. Also, spores that had not been precipitated by the

lactose-acetone method, but rather had been fermented in a soluble medium

(tryptose phosphate broth) and harvested in an aqueous suspension were offered

to flies with and without Mulure and sucrose as shown in the following

protocol.

TEST PROTOCOL

COMPONENTS

Test 767(4) (mg)

y.1 suspension

Nulure (ul) Sucrose (mg)

100

100

100

0

10

10

0

10

0

0

0

100

The components for the respective tests were combined and placed in the

depression of a piece of aluminum foil formed over the open end of a 1 cm

diameter, plastic, screw cap. Twenty ill of each test was provided for 10 £

and 10 9 flies in a cage. The concentration of the original 767(4) suspension
10

was 2.01 x 10 spores /ml; therefore, each fly was offered a mean of 2 x

10 spores. This is >2x the lethal concentration of 767 spores when

ingested by flies in a powder.
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The flies were offered only test diets for 24 hrs. after which they

were given 200 nig of dry sucrose. The treated diets were highly attractive

and were consumed by 30 min.

Mortality was recorded at intervals for 8 days; results are given in

table 3.

Table 3. Mortality among adult medflies resulting from exposure to Bt 767(4)

aqueous suspension combined with water, sucrose and Nulure (H = 50 6

+ 50 ?). See preceding protocol for test design.

Cumulation % mortality

Test

Sex

Day 1

Day 4

Day 5

Day 8

1

t
0

4

4

6

0

0

4

4

8

2

t
0

4

4

10

o
+

0

0

0

6

t
0

2

8

8

3

0

0

10

10

10

4

t
0

0

0

0

o

0

0

0

0

There was negligible mortality in all the tests in which flies ingested

Bt. spores. Since it is known that the flies ingested numbers of spores that

had been lethal in a powder, it must be concluded either that the spores were

inactivated or that the flies did not retain the spores in their bodies long

enough for them to exert their lethal effect.

4. Toxicity of lactose

Although previous tests with autoclaving, irradiation, and purified

fractions of whole fermentation beer indicated that spores were the active

lethal agent in the Bt powders, the possibility remained that there may be

some other toxic agent present. In light of the previous results with spore*

bioassayed in suspension, we re-examined the toxicity of other components in

Bt powders.
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The consumption of lactose was determined by providing 80 mg amounts to

cages containing 10 o + 10 ? medflies. There were 5 replicate cages. The

amount of uneaten diet remaining each day was determined by weighing. The

amount consumed was divided by the number of survivors the preceding day to

get the mean daily consumption per fly.

Results are given in table 4.

Table 4. Daily consumption of lactose and associated mortality by adult

medflies

Cumulative % daily mortality

t %_
30 38

72 68

100 100

The consumption of 0.66 mg lactose/fly during the first test day should

have been sufficient to sustain the flies. Consumption continued thereafter,

but in decreasing amounts. The resultant mortality must be assumed then to

result from either toxicity or nutritional deficiency from the lactose. It

has been noted previously that flies provided with only water starve at the

same rate as noted in this test.

To test for toxicity by lactose, the sugar was combined in various

proportions with sucrose and given to flies. Ratios of 50:50 and 20:80 of

sucrose: lactose were tested. Lactose alone and sucrose alone were controls.

200 mg of sugars was provided to cages containing 10 6 and 10 ¥ medflies.

Each test had 5 replicate cages.

Results are given in table 5.

Test

day

1

2

3

Diet eaten

mg/fly

0.66

0.36

0.19
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Table 5. Effects of lactose, sucrose and mixtures of the 2 sugars on

mortality of adult medflies.

Cumulative % Mortality

Test
day

1

2

3

4

Sucrose

t %

0 0

0 0

2 0

2 2

Lactose

t

16

50

98

100

0

14

44

96

100

50:

2

0

0

0

0

Sucrose :

50

o

0

0

0

0

Lactose

20

t

0

0

0

0

:80

0

0

0

0

0

While lactose alone was again lethal for medflies, the sugar was

apparently not toxic. When even small amounts of sucrose were available,

flies survived on diets containing 80% lactose. It is thereby assumed that

the lethal effects of lactose result from the inability of flies to digest

it. This interpretation has been reported from other insects.

To determine if other factors related to the lactose acetone

coprecipitation method of harvest were harmful, we obtained purified

suspensions of spores and crystals of isolate 266(13) from B-4 powders. Host

of the medium components except the microbial products were thereby

eliminated. The purified spores and crystals were harvested separately by the

lactose-acetone method. The crystal powder was irradiated at 10 KGy to

inactivate any residual contaminative spores.

The spore and crystal powders were combined in various ratios and

diluted with B-4 blank. The B-4 blank was B-4 medium prepared as usual, but

not inoculated with Bt. After preparation the insoluble components were

harvested by the lactose-acetone coprecipitation method to achieve a blank

powder. Treatments in 20 nig amounts were given to 10 ô  and 10 ?

medflies/cage. There were 5 replicate cages/test. Flies in each cage also

received 200 mg sucrose in a separate container. Mortality was recorded on

day 4.
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The percent composition of varying ratios of spores and crystal and the

results of bioassays are given in table 6.

Table 6. Effects of varying ratios of spores and crystals of B_t isolate

266(13) on mortality of adult medflies.

Cumulative X Mortality

Spores : crystals

(% in treatment)

100

10

10

10

10

0

• 0

0

5

10

20

20

B-4 Blank (1001)

t
100

69.3

79.6

83.3

80.0

6.7

0.7

0
+

100

54.0

64.6

72.0

67.3

6.0

0

From the data above it is apparent that the lactose-acetone method of

producing powders alone had no lethal effects on medflies. The mortality from

266(13) obviously resulted primarily from the effects of spores. There are

indications that the crystals may have interacted slightly to produce a slight

synergistic effect.

5. Spore inhibition by sucrose

Previously, bioassays with spores in suspension included also a feeding

stimulant, i.e. Nulure or most commonly sucrose. To test for inhibitory

effects on spores by these attractants, we bioassayed a suspension of spores

of isolate 135(7) alone. This suspension had been prepared from fermentation

in tryptose phosphate broth and, thereby, contained only microbial products,

i.e. no insoluble residues of medium or lactose.

The suspension was given to flies (10 3 + 10 $/cage) at the rate of

4 )il/fly. The spore count was 3.56 x 10 /ill, therefore, each fly
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received 14.24 x 10 spores. The treatment was provided in a small

depression made in aluminum foil; 200 mg dry sucrose was provided in a

separate container for each cage. There were 5 cages/test.

The flies consumed the spore suspension avidly and in 3 hrs it was all

gone.

After 8 days there was no significant difference in mortality between

the treated group and the control where flies received only dry sucrose.

Again, evidence was found that spores ingested by medflies in suspension are

not pathogenic.

It was noted that flies ingesting fluids, especially ones containing a

feeding stimulant such as sucrose, frequently regurgitated immediately after

feeding. To explore the possibility that flies feeding on spore suspensions

were not obtaining and retaining a lethal dose, we sought to determine the

number of spores in flies and, thereby, possibly get clues explaining the

differences resulting from treating with powders and suspensions.

Fluids

Hedfly adults readily ingest fluids from capillary tubes from which the

volume can be determined. By knowing the spore concentration in the fluid it

is possible to calculate the number of spores ingested. By comparing the

numbers of spores ingested with the number isolated from a fly immediately

after feeding, it should be possible to determine if the viability of the

spores has been affected by the insect environment.

Flies were caged individually in small plastic cages with water but no

food for 18-24 hrs. Then they were offered, via capillary tube, spores

suspended in 20% sucrose. The number of spores ingested was calculated from

the spore count of the original suspension. Within minutes the fly was killed

in a nitrogen atmosphere and homogenized in 5 ml of sterile water. The inside

of the cage was flushed also with 5 ml of sterile water. From spore counts

made on both the fly and the cage, the percent recovery of viable spores was

calculated.
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Spore recovery estimations were made on 10 flies and in no case was

the combined recovery from fly and cage more than 25% of the original spores.

The range of recoveries from flies was 14-0.4% and from cages was 12.6-5.2%.

The cause for this low recovery has not been determined, but if later

substantiated as accurate, it would be apparent that spores are somehow

inactivated by the insect after ingestion of suspensions. Counts of total

spores by microscopy should reveal if inactive spores are present.

Flies don't consume powders as quickly as fluids, and usually ingest

1 mg over 24 hrs. During this time they would excrete and, therefore, trying

to determine ingestion by doing spore counts on the flies would be unsuitable.

An alternative method was devised by which the loss of weight from the

feed container could be used to estimate amount ingested. However, because

the B-4 powder is hydroscopic it was necessary to estimate first the rate at

which water was absorbed.

A feeding container was designed to minimize food loss by flies walking

in the food. A piece of aluminum foil was pressed over the cut end of a

3-4 mm thick slice of vacuum hose. The hose was 15 mm in diameter with a

center hole of 3 mm diameter. The foil was pressed so that a 3 mm deep

concavity formed over the hole in the tube for holding the powder diet.

The weight determinations were made as follows;

1. 12 feeders were prepared and their weights determined.

2. A small portion of powder was added to the center depression and the

entire feeder was reweighed. By subtraction the weight of powder was

determined.

3. The feeder with powder was exposed in 6 cages to the normal condition*

(a moist water wick) without fliei and 6 were placed in cages with

flies.
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A. After 22 hrs the feeders were removed and reweighed.

5. The percent change in weight was calculated.

6. For the powders in cages without flies the powder sample percent weight

increase was calculated and plotted on graph paper against the original

sample weight. See figure 1. A linear relationship was apparent.

7. The feeders in cages with flies were also reweighed and the weight

change calculated. See table 7.

8. The percent weight increase of the samples because of water absorption

was taken from the regression in figure 1.

9. This moisture weight increase was added to the original sample weight

to get an expected sample weight.

10. The actual sample weight, obtained by weighing, was subtracted and the

difference was presumed to be the amount ingested.

Of the 4 flies that died during the 22 hr test period 2 were cultured

for B£. Fly Ho. 7 did not appear to have eaten any of the diet - the culture

check confirmed this as no Bt_ was isolated from the cadaver. About 27 x 10

colonies were isolated from fly No. 12 which had eaten all its food. The

calculated consumption in table 7 was confirmed by visual observation. The

other 2 flies that died consumed 0.56 ing and 0.78, respectively, whereas the 2

flies that survived consumed only 0.02 and 0.30 mg, respectively. Thus, there

is good agreement between the calculated and visual estimation of food

consumption with expected effects on fly mortality. One discrepancy that

would affect the accuracy of the calculated consumption is that food eaten

during the test would not be exposed to moisture absorption as long as uneaten

food. Thus, the calculated consumptions are to some extant too high.

From the amount of diet consumed by fly No. 12, th* spores consumed

were calculated as 10.4 x 10 . Since only 27 x 10 were covered only 2.6%

of the spores eatan were recovered. Tha significance of thia difference is at

present unknown. If spores ara the active agents in the Bt powders, on* would



- 59 -

no

/CO

90

?o

SO

40

3O

2O

/o

O
ID 2.0 Z.0

ORIGINAL WEIGHT (rag) OF DIET

Fig. 1. Relationship between original weight of B-4 diet
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with water wick. Data combined for two separate test*
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Table 7. Showing observed and calculated weights used to determine amount of treated B-4 diet (smaple) eaten by adult raedflies

_ , (1)Sample
No.

1

2

3

4

5

6

7

8 ( 2 )

9

io ( 2 )

11

12(2)

Container
Tare

96755

92686

75588

89093

75574

85526

81700

78081

73000

77222

80258

73495

Pretest

Final

96866

92876

75812

89263

75750

85649

81923

78406

73291

77358

80367

73622

WGT. (nig)

Sample

1.11

1.90

2.24

1.70

1.76

1.23

2.23

3.25

2.91

1.36

1.09

1.27

Posttest

Total change

96950 + .84

92985 +1.09

75911 + .99

89369 + 1.06

75860 +1.10

85770 + 1.21

82018 + .95

78350 - .56

73321 + .30

77390 + .32

80438 + .71

73600 - .22

Percent change
in sample wgt.

Observed

76

57

44

62

63

98

From chart

42

0

11

81

93

84

Sample

Expected

3.17

3.25

3.23

2.46

2.10

2.34

wgt. (ing)

- Actual =

3.18

2.69

3.21

1.68

1.80

1.07

Eaten

0

.56

.02

.78

.30

1.27

i

o
1

(1)

(2)

Samples 1-6 in cages without flies; samples 7-12 with a single adult medfly.

Flies dead after 24 hr.
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assume they must germinate to produce pathology. After germination and

reproduction one would expect to find larger numbers of bacteria that were

ingested. However, it is possible the spores are not acting in that manner or

that 27 x 10 spores represents a lethal concentration.

The flies that were treated by spores in suspension consumed much

smaller numbers of spores, i.e. in the range 11.1 - 39.0 x 19 spores. The

percent recovery from these flies was also very low so the actual numbers

recovered were between 1.0 - 2.0 x 10 . This figure is much below the 27 x

10 recovered from the fly fed on powder, so perhaps differences in

concentrations are responsible for the different effects from the 2 treatments.

2.3 Genetic Sexing

2.3.1 Progress in developing temperature sensitive lethal (tsl) strains in

the medfly

E. Busch-Petersen, E. Schorn, A. Hafner, I. Szabo

The new tsl isolation procedure, described in AR Ho. 1, 1987 and

involving the isolation of tsl genes in the first larval instar rather than in

the egg stage, was initiated. At present, three promising families have been

isolated and further inbred. The oldest of these families has now reached the

F4 generation of selection and still looks promising, i.e. all single pairs in

the F4 generation consistently produced offspring when reared at 25"C but none

when reared at 35°C. However, based on past experience, it may yet be too

early to make any definite statement. More detailed information on this

programme will, therefore, be provided in a subsequent issue of this report.

2.3.2 Stability and quality control of the T:Y(we+)30C medfly genetic

sexing strain

E. Busch-Petersen, A. Kafu

Mass rearing of the T:Y(wp_+)30C strain was initiated in January 1987,

and continued for 10 generations. Mass rearing was performed as described by

Hooper in previous reports, except that larvae were kept at 28*C and 80-90%
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R.H. throughout their development. One adult cage (2 x 2 x 0.2 m wide) was

set up each generation with approximately 270,000 pupae, and eggs were

collected for 5 successive days. Generations were kept non-overlapping in

order to enable separate recording and analysis of data for each generation.

The frequency of contaminant phenotypes and the viability of the mass reared

T:¥(wp_ )30C strain was assessed.

Egg hatch, pupal production and adult emergence was recorded during

three generations for the standard mass reared "Sohag" strain. Similar data

was recorded at the same time from generations 5 to 7 in T:Y.(wp_ )30C, thus

allowing a simultaneous comparison of the viability of these two strains.

A low number of males emerging from white puparia was observed from the

parental generation onwards. However, only in generations S, 7,8 and 10 were

a proportion of these fertile. Only 35% of the contaminant males found

throughout the 10 generations were fertile. Females emerging from brown pupae

were first observed in generation 3; however, these were all infertile. The

number of observed, fertile females increased slowly from generation 4 onwards

to reach 2.3% of the brown pupae screened in generation 10. All females

emerging from brown pupae were found to be heterozygous wp_ /wp_, except in

the last three generations when one homozygous wp_ /wp_ female was found in

each generation. A total of 44% of the females emerging from brown pupae

throughout the experiment were fertile.

The mean viability of the T:Y(w£ )30C strain was measured as egg

hatch, pupal production from hatched eggs and adult emergence from brown

pupae. Corresponding data was obtained during the same period from the

standard mass reared "Sohag" strain. Although the two strains differed

significantly in the individual parameters, the overall viability of

T:3f(wj> )30C was not significantly different from that of the "Sohag" strain.

Instability of genetic sexing strains under mass rearing conditions is

no uncommon feature, and has been observed to varying degrees in mosquitoes,

house flies, stable flies, the Australian sheep blowfly and the medfly. Such

instability may arise from a number of causes. In the medfly, where sex is

determined by an X-Y chromosome complement, recombination occurring in tha

region between the "sexing" allele and the translocation breakpoint will
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result in the transfer of this allele onto the autosome. The "sexing" allele

will now be inherited independently of sex and cause the genetic sexing

mechanism to break down. The rate of this break-down will initially depend

upon the frequency of recombination within the above region, which will itself

be dependent to a large extent upon the distance between the "sexing" allele

and the translocation break-point.

The fact that the Y-linked translocation in T30C was observed in

cytological preparation only on a single occasion suggested that the autosomal

segment, which had been translocated onto the Y-chromosome, was so small that

it was unable to initiate and maintain the formation of the pairing cross

characteristically observed during the first meiotic prophase in translocation

heterozygotes. It was therefore reasonable to assume that, as the wp_

allele was invariably inherited through the male sex in T:Y(wp_ )30C, the

wp allele was actually located within the Y-translocated autosomal segment,

or, if located in the interstitial segment between the translocation

break-point and the centromere, then very close indeed to the break-point.

This assumption is further reinforced by the observed high viability in

T:Y(wp_ )30C. This high viability points towards two conclusions. First, as

no pairing cross is present during cell divisions, the translocated autosome

and its non-translocated pairing partner will pair and recombine normally and

will segregate at random. Thus, as segregation of the translocated

chromosomes occurs at random without causing any appreciable reduction in the

level of fertility, it appears that the segmentally aneuploid gametes,

necessarily arising from such segregation, are largely fully viable.

Secondly, as wp_ is invariably inherited through the male sex, the "sexing"

allele is unlikely to be located on the autosome, but must necessarily be

linked to the Y-chromosome.

According to Hooper et a_l., a recombination frequency of at least 0.4%

would be required to account for the 2.3% fertile females observed among the

brown pupae in generation 10. However, as any recombination frequency above

0.0025% should also have been observed during a parallel run laboratory-seals

experiment, where no such recombination was observed, recombination itsalf

cannot account for the observed instability of T:Y(wj> )30C. In addition,

the number of observed recombinant males should also have increased, which

they did not. Recombination, therefore, does not appear to b« responsible for

the instability observed in this strain.
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Another genetic feature, which will lead to the break-down of genetic

sexing mechanisms, is the innate ability of the cell to repair certain kinds

of damage, either through a reversion of the translocation to the normal

karyotype or through a reverse mutation of the "sexing" allele. The effect of

such repair on the stability of genetic sexing mechanisms will again depend

initially upon the frequency with which this repair occurs.

Contamination of genetic sexing strains, arising through the

introduction of foreign gene pools, will also result in strain break-down.

However, although the frequency of such contamination does influence to some

extent the rate of break-down, the sex of the introduced, contaminant fly,

and, in the case of a contaminant female, the reproductive status of this

female, plays a much larger role. Hooper e_t al_. showed in computer

simulations that contamination by virgin females would result in an initial

rapid break-down which reached a plateau within a few generations. This

plateau, however, was invariably so low that virgin females alone could hardly

influence the stability under mass rearing conditions. Females from brown

pupae were approximately twice as common as males from white pupae.

Contamination by males would result initially in a low rate of break-down, but

would later progress at an exponential rate, to reach eventually the complete

disintegration of the sexing mechanism. In the case of a male contamination

frequency at or below 0.01%, males emerging from white pupae would reach

almost AC1. before females from brown pupae would start to appear.

A low frequency of female contamination thus appears to provide the

best explanation for the results observed here. The absence of the plateau,

predicted by Hooper et al.., is very likely due to the reduced viability of the

wp allele. Such a reduction in viability would have the effect of raising or,

most likely, eliminating this plateau.

The viability of the egg and pupal stages of T:Y(wjo )30C under mass

rearing conditions were both significantly below that of the standard "Sohag"

strain. However, a significantly higher pupal production rendered the overall

viability of this strain very similar to that of "Sohag". Thus, the strain is

acceptable for mass rearing, and, considering its stability and probably lack

of male recombination throughout eleven generations of mass rearing, shows

excellent potential for utilization in SIT programmes relying and depending

upon the release of genetically sexed males.
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2.4 Phagostimulant response in the medfly

R. Galun, V. Wornoayporn

Enzymatic yeast hydrolysate is the main nutrient for the ovipositing

females used in the mass rearing of the medfly. On a larger scale yeast

hydrolysate is used as a bait in combination with malathion for the control of

the nedfly. Flies are attracted to the bait by volatiles, mainly ammonia, and

once in contact with the baits, feeding stimuli serve as arrestants to keep

the fly in contact with the insecticide. The phagostimulants of yeast have

not been studied for the medfly. However, for the housefly yeast GHP was

found to be the major stimulant.

Because yeast can hydrolyse large quantities of certain purine and

pyrimidine mononucleotides the phagostimulatory effect of some nucleotides was

studied on the medfly.

The method of screening was based on a two-choice situation where flies

were offered two J-shaped pipettes, one containing 4% sucrose and the other

4% sucrose plus the test nucleotide; 30 females were used in each group and

4 replicates of each combination were carried out. Solution intake was

measured every 24 hrs for 4-5 days and diets were replaced daily. The ratio

between daily intake of the two solutions was calculated and averaged for the

12 readings that composed the intake of days 2 to 5.

As can be seen from table 1, 5'GMP was the most active stimulant. 2' &

3'GHP, which are much more abundant in yeast, were much less stimulatory than

5'GMP. This situation was observed also in the housefly. However, unlike the

housefly, the medfly recognizes also 5'IMP, 5'AHP, and 5'XMP although all of

them are much less stimulatory than 5'GHP. Removal of the phosphate group

abolishes most of the activity as demonstrated by the low activity of

guanosine, inosine and adenosine.

Of the pyrimidine nucleotides 5'CMP and 5'UHP showed considerable

phagostimulatory activity while 5'THP was totally inert. Hales were also

stimulated by GHP - though food intake was increased to a lesser extent than

that of the female.
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Table 1. Uptake of nucleotides by medflies

Compound added
to sucrose

10~2M

10" M

10~2M

10~2M
-2

10 M

10"2M

10 M

10"2M

10"2M

10~2M

10~2M

10"2M

5'GMP

5'GMP

2' & 3'GMP

guanosine

5'GMP (males)

5'IMP

5'IMP

inosine

5'AMP

3'AMP

dAMP

ATP

Adenosine
-2

10 M 5'XMP

» - .

10"2M

10~2M

5'CMP

5'UMP

5'TMP

A
Vil/fly/day
AX sucrose
+ nucleotide

13

10

11

8

8

11

7

9.

6.

9.

8.

8.

4.

10.

12.

10.

8.

18

58

00

83

31

00

28

28

24

17

56

94

39

39

08

31

17

±

+

±

±

±

±

+

±

±

±

±

±

±

±

±

±

1.75

2.05

1.71

2.22

2.02

2.18

3.14

2.46

1.42

2.75

2.51

1.79

1.70

2.06

2.18

1.95

1.30

B

Vil/fly/day
4% sucrose

4.05

6.39

8.06

7.00

5.00

5.78

8.33

8.11

4.18

7.97

6.11

6.81

7.21

7.21

5.89

5.86

8.31

±

±

±

±

±

+

±

±

±

±

±

±

±

±

1.46

2.33

2.42

2.61

1.92

1.65

2.43

2.43

1.70

2.50

1.81

1.98

1.75

1.82

1.78

1.67

0.78

Ratio
A/B

3.82

1.94

1.52

1.31

1.92

2.18

0.94

1.21

1.85

1.38

1.47

1.53

0.64

1.59

2.28

1.98

1.00

± 1-
± 0.

± °-
± 0.

± °-

± 1.

± 0.

± 0.

+ 1-

± 0.

± 0.

± 0.

± 0.

± 0.

± 0.

± 1.

± 0.

78

99

71

56

83

42

41

36

12

88

51

88

28

70

88

07

23

Significant
Difference
P = .01

+

+

N.S.

+

U.S.

U.S.

+

if.S.

+

11. S.
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Recognition of the yeast phagostimulants may help us in evaluation of

hydrolysate batches as baits, and may be used to improve less acceptable but

cheaper oviposition diets.

2.5 Effects of low-dose radiation on the mature larvae of medfly. Coratitis

capitata (Wied.). treated as eggs and larvae

R. Rahman, C. Rigney and E. Busch-Petersen

Introduction

The Mediterranean fruit fly, Ceratitis capitata (Wied.) (Diptera:

Tephritidae) is a serious pest of citrus, deciduous fruits and fleshy

vegetables in many countries of the world. It requires strict and effective

quarantine measures to prevent migration to areas where it does not normally

occur. In order to comply with quarantine regulations, the use of heat/cold

treatment and chemical insecticides were employed for a considerable time.

Research on radiation as a quarantine treatment was initiated in 1949,

but did not receive full attention until the imposed ban on ethylene dibromide

(EDB) as a fumigant by the U.S. Environmental Protection Agency (EPA) in

1983. This ban on EDB initiated a concerted international search for

alternative treatment procedures, including the use of gamma irradiation.

A considerable amount of research has been performed on the

applicability of gamma irradiation as a means to satisfy quarantine

restrictions of importing countries. Irradiation of food by up to 10 KCy was

cleared in 1980 by a Joint Committee of FAO, IAEA and WHO as being safe for

human consumption, and accepted by the Codex Alimentarius Commission in 1983.

Irradiation of fresh fruits for disinfestation by up to 1 Gy was accepted by

the U.S. Food and Drug Administration (FDA) in 1986 and was also found to be

technically effective and feasible as a quarantine treatment for a number of

fruits and vegetables. In 1987, the Animal and Plant Health Inspection

Service (APHIS) of the U.S. Department of Agriculture proposed an amendment to

its quarantine regulations to permit the use of irradiation as a quarantine

treatment of papayas against fruit flies in Hawaii.
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Before a wide implementation of irradiation treatment for quarantine

purposes may be contemplated, methods need to be developed to determine

whether or not the treatment has been correctly applied. The work reported

here sets out to answer the following two questions:

a. When a fruit or vegetable shipment has been irradiated, how may the

dose level or dose range applied to that particular shipment be

confirmed, especially if live larvae are found at the port of entry?

b. What anatomical and cytogenetical effects are produced in the insect by

gamma irradiation.

Materials and methods

Egg collection and irradiation:

Twenty ml of medfly eggs were collected over 2 hours from mass-rearing

egging trays and bubbled in glass bottles with tap water (5 ml of eggs in

100 ml water) for up to 48 hours. At the appropriate age, the eggs (4 - 52

hours old) were placed in 250 ml bottles and exposed to radiation at doses

ranging from 5 to 500 Gy. Only ages below 112 hrs (early third instar larvae)

were assessed in these experiments as later stages would not normally be

present in the fruit at the time of the quarantine treatment (FAO/TAEA,

1971). A Cobalt-60 gamma source was used throughout the experiment. One ml

of irradiated eggs (about 20,000) was seeded onto black filter paper and

placed in plastic boxes with 1 1 of larval diet for subsequent development.

In some cases, the larval population was reduced to 1/2 or 1/4 of the initial

population in order to avoid overcrowding and was maintained on fresh diet.

When irradiating the larval stages (72 and 112 hours), eggs were bubbled for

48 hours and transferred to filter papers in large (15 cm diam.) petri dishes

with diet. The filter papers were removed after 12 - 16 hours leaving only

the hatched larvae on the diet. Prior to irradiation these diets, with the

fresh larvae from each large petri dish, ware divided equally into 4 small

(9 cm diam.) petri dishes to facilitate proper irradiation exposure. The

contents of each group of 4 small petri dishes were irradiated together as a

batch and then transferred to large plastic boxes with diet. A non-irradiated

control sample was also maintained.
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Area measurements of supraoesophageal ganglion and proventriculus:

Mature third instar larvae (pre-pupae) were collected in water and

dissected under a binocular microscope in a cavity slide with saline

(pH 6.8). The length and breadth of the supraoesophageal ganglion and

proventriculus were measured with a micrometer, using 5 larvae from each

treatment dose. The area was calculated using the formula for an eclipse:

nab.

Mitotic chromosome preparation:

The cleaned supraoesophageal ganglion was transferred to a 1% sodium

citrate solution (C H Wa 0,> to swell for 10 - 15 minutes, and was
0 3 i I

then placed in fixative (1:3 acetic acid and ethanol) for 5 - 1 0 minutes. The

fixed ganglion was then transferred to a small drop of 60% acetic acid on a

clean glass slide, mascerated with the blunt end of a spatula, and placed on a

heating mat at 40 C. The drop containing the mascerated ganglionic mass was

gently blown across the slide until the liquid had evaporated and the cells

were examined under a phase-contrast microscope for the presence or absence of

recognizable chromosomes.

A record of pupal production and adult emergence was also maintained.

Results

The measurements of internal organs from the post-irradiated mature

larvae treated as eggs and larvae revealed that the size of the

supraoesophageal ganglia was significantly reduced as compared to that of the

non-irradiated larvae (Fig. 1, A-F). The statistical analysis of the results

are presented in Table 1. The slopes of the regression lines (b) were almost

similar for all the stages investigated. A reduction of the ganglion was

observed already in the larvae treated with doses from 5 to 10 Cy, this

reduction increasing to 50% at doses of 30 - 40 Qy. At 150 Gy, the dose

envisaged for quarantine treatment purposes, a reduction of 65 - 74% was

observed. This also appeared to be close to the minimum size of the ganglion

obtainable.
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In contrast to the size reduction observed in the supraoesophageal

ganglion, the size of the proventriculus showed no correlation to doses

ranging from 0 to 450 Gy, but tended to remain more or less constant. In

fact, the size of the proventriculus appeared to reflect more the size of the

individual larvae, irrespective of the dose applied.

In order to enable regression analysis of the observed data several

combinations of transformation were assessed. Of those tested, a log

transformation of both the treatment and the response gave the most acceptable

fit of the data to a straight line. Using this method of transformation a

significant correlation between the applied dose of radiation and the observed

size of the supraoesophageal ganglion was observed only at the 41-hour old

stage. However, when correcting the observed size of the ganglion for that of

the proventriculus a highly significant correlation was observed at all stages

tested (Table 1).

Chromosomes of normal appearance were observed in all cells exposed to

a dose of below SO Gy. However, at SO Gy the chromosomes became very diffuse,

while they appeared to be totally absent from ganglionic cells which had

received a dose of 100 Gy or above. This effect was unrelated to the stage

treated.

A strong correlation between increasing dose of radiation and

decreasing number of pupae was observed at all stages irradiated (Table 2).

The eggs, irradiated at 4 and 24 hours, were more sensitive to radiation than

were the remaining stages. At these stages, a dose of 30 Gy was sufficient to

prevent pupal formation whereas in later stages higher doses were needed

(Table 2). Fiftytwo hour old eggs were particularly tolerant to radiation,

the mortality at 60 Gy being almost similar to that of the control while some

pupae were still produced at 550 Gy. The tolerance to radiation decreased

again after egg hatch. Although the level of tolerance was higher in third

than in first instar larvae it did not approach that of 52-hour old eggs.

Generally, larvae from the higher doses war* somewhat weaker than those from

lower doses and a higher proportion of tht former tended to pupate on the

diet. However, flies rarely emerged from these pupae. At most stages •

threshold effect of irradiation was observed on adult emergence. Below this

threshold adult emergence was rather high and approached that of the control.

No adult flies emerged following a dose of 30 Gy (Table 2).
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Table 1. Statistical analysis of the effects of radiation on the corrected
size of the supraoesophageal ganglion

Age at
irradiation

(hour)

4

24

41

52

72

112

Slope of
regression
line (b)

-0.421

-0.413

-0.407

-0.311

-0.527

-0.301

Regression
coefficient

(r)

0.980

0.980

0.950

0.910

0.959

0.922

Probability
(P)

P < 0.001

P < 0.001

P < 0.005

P < 0.001

P < 0.001

P < 0.001

Calculated mean
size reduction
at 150 Gy (%)

73.1

69.0

67.7

57.3

74.6

68.5
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Table 2. Irradiation of various medfly stages showing the maximum dose which
resulted in some pupal and adult survival and in the presence of
distinct chromosomes

Maximum dose at which the indicated
features were observed (Gy)

Age at irradiation
(hour)

4

24

41

52

72

112

Pupae

19.82

159.80*

450.00*

553.14*

199.87

382.87*

Flies

19.82

19.67

20.25

19.99

7.85

17.91

Chromosome
(present)

19.82

49.50

79.48

79.97

50.09

67.17

* Maximum dose tested
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Discussion

The results on the radiosensitivity of eggs and larvae of C. capitata.

both with respect to ganglionic size and to mortality, indicated that mature

eggs were more tolerant than immature eggs and that mature larvae were more

tolerant than immature larvae to irradiation. It has been found that the

24-hour old eggs of Dacus dorsal is are less sensitive to irradiation than the

6-hour old eggs and that the dose required to prevent pupation of treated

larvae increases as the larvae develop. Similar observations were also found

in D. zonatus.

It was not possible, at the irradiation dosages employed here, to fully

prevent larval development and pupae were observed when irradiating all but

A-hour old eggs with 150 Gy. However, in no case did adult flies emerge from

these pupae when the irradiated stages had received a dose of more than 20

Gy. Thus, if the aim of the treatment was merely to prevent the emergence and

establishment of the pest in pest-free zones an irradiation treatment of 40 Gy

would be sufficient to serve this purpose. The effectiveness of irradiation

as a quarantine instrument, albeit under the described experimental conditions

only, is therefore beyond doubt. The anticipated operating dose of 150 Gy

leaves an exceptionally large safety margin for this species. Before

implementation, however, the above data obviously require extensive

confirmation under full-scale operating conditions.

During routine quarantine inspection the imported fruit containers are

regularly spot-checked for the presence or absence in the fruit of live larvae

and pupae of rated quarantine pests. Whereas the fumigation treatment of

fruit with EDB would commonly kill the stage treated within a relative short

period of time, it is obvious from the data shown here that this is rarely the

case when employing irradiation treatment. Although instant kill may be high

at some stages, some larvae will commonly mature and pupate apparently

normally. If the fruit were infested prior to irradiation, the quarantine

inspectors are therefore likely to detect some of thase immature stages.

One way of indicating whether a certain shipment has b»en irradiated is

to insert into each crate a sensor containing ferrous iron. Whan Irradiated,

the ferrous iron is oxidized by ionizing radiation to form ferric irons in
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acid aqueous solution. The resulting change in ferric ion concentration may

be measured spectrophotometrically. However, a direct measurement of the

irradiation effect on the quarantine pest itself would be much more reliable,

especially if this measurement would provide also a reasonably accurate

indication of the treatment dose.

The decrease in size of the supraoesophageal ganglion in response to

irradiation appears to provide this kind of direct information, especially

when corrected for the size of the non-responsive proventriculus. The size of

this latter anatomical structure provides a measurement of the size of the

dissected larva itself, which in turn affects the size of the ganglion, thus

acting as an internal control. The corrected mean size of the supraoesophageal

ganglion was affected at all stages at dosages as low as 10 Gy and attained

its minimum size of around 30% of that of the unirradiated individual at a

dose of about 150 Gy. Thus, for quarantine inspection purposes, where a dose

of 150 Gy is foreseen, the corrected size would range from 25.4% when the

72-hour old stage was irradiated, to 42.7% when the 52-hour old stage had

received the treatment. If the minimum detected size of the supraoesophageal

ganglion during quarantine inspection is found to be less than 42.7% of its

normal size, then the subject shipment is likely to have been exposed to an

irradiation dose of 150 Gy and thus to have been treated in accordance with

the quarantine regulations. An additional indicator of radiation treatment is

the absence of observable chromosomes in ganglionic cells which have received

a dose of 100 Gy, or more.

The actual site and process of the observed reduction in ganglionic

size has yet to be determined. The imaginal target ganglion is in a state of

rapid cell division throughout development and as such is highly susceptible

to radiation damage. In experiments on the effects of radiation on the eye

disc and the brain of Prosophila larvae, it was found that only treatment of

the Weisman's ring complex would eliminate differentiation of the eye disc,

while treatment of the optic lobe itself had no effect. It was thus suggested

that the proliferative cell colony around the embryonic neural groove, which

normally gives rise to the primitive migratory call of the prospective target

ganglion, is affected by radiation and that this initiates the degeneration.

It may, therefore, be assumed that the major size reduction in our experiments

occurred in the optic lobe and proceeded indirectly via the brain, caused by
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an interference with the hormone production of the Weisman's ring complex.

However, hormone production must still be capable of supporting the normal

growth and development of other larval tissues. Alternatively, the observed

size reduction may be due to an effect of radiation on the cell membrane

causing irregularities in the permeability for electrolytes, thus interfering

with the normal neurochemical processes.

The easy identification of irradiated larvae is a major prerequisite to

the implementation of radiation treatment for quarantine purposes. The strong

correlation between radiation dose and supraoesophageal ganglion size, when

using the proventriculus as an internal control, may serve to provide such

identification. The dissections required for these types of measurements are

very simple indeed and the whole procedure, including size measurements, may

be performed by a skilled hand and a dissecting microscope in less than ten

minutes.
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