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The possibility of controlling tsetse flies (Glossinaspp.) by the release ofsterilized males was 

suggested by Simpson (1958) and Knipling (1963). The difficulties encountered in such a 

release programme were discussed by Dame and Schmidt (1970). Of particular interest was 

the shortened lifespan of released males that had previously emerged in the laboratory from 
field-collected puparia. Subsequent studies by Dame et al. (1968) and by Langley (1970) 
suggested that this early death is caused by a delay in flight muscle development in 80% 
of the adults that had been confined before field release. The problem could be avoided 
by treating puparia in the laboratory and allowing the adults to emerge in the field. However, 

a large-scale control programme involving treated tsetse puparia for field releases would 

necessitate the separation of males from females during the puparial stage. 
In sterility programmes conducted with several other insect species, sterile females have 

been released along with the sterile males. However, the release of female tsetse flies would 
be detrimental for two reasons: the sterilization procedure does not inhibit the ability of 
males to harbor and transmit trypanosomes (Dame and Mackenzie 1968); the same is true 

of the females, their release could result in a higher incidence of trypanosomiasis in the test 

area. Secondly, the relatively low reproductive potential of female tsetse necessitates their 
.
retention for rearing purposes. 

Separation of somespecies of Glossina is possible by comparison of overall puparial size 
or byithe distance between the polypneustic lobes (Buxton, 1955). However, investigators of 

pre-emergence sexing of tsetse have had relatively little success in detecting morphological 
differences. For example, differences in linear dimensions and external puparial morphology 

(Phelps etal., 1967) could not be used. Azevedo and Pinhio (1968) were unsuccessful when 

they tried sexual preparation of tsetse puparia by historadiographic methods. 
The present work was undertaken to further investigate techniques by which puparial 

sexual separation could be achieved and also to determine the feasibility of stockpiling 
Glossinamorsitans nouitansWestwood by storing puparia for extended periods at tempera­

tures near the threshold ofmetabolic activity. 
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t Present address: Metabolism and Radiation Research Laboratory, ARS, USDA, State University Station, 
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The unknown-age pupatiai-wed in or.studie.werecollectea uy nand in the Zambezi 
' Valley near Kariba, Rhodesia (16032 S., 28048' E.). The known-age puparia used in 

experimentation were derived from tW6 soitif: the SaHibury titse colony, described by 
Dame and Ford (1966), and the progeny of field-collected puparia. Puparia were held until 
eclosion to ascertain sez,,but, no attempt Was made to evaluate subsequent survival or the 
reproductive potentialof the adults. All puparia. whether field-,orlaboratory-derived, were 
maintained at a temperature of26 ±1*Cand a relative humidity of 70 ±5 % unless otherwise 
indicated. Deformed and partially emerged flies were considered non-viable and were 
discounted in all calculations. 

In this work the word puparium refers to the puparial shell and its contents and the term 
puparial period refers to all stages of development passed within the puparial shell from the 
time it takes on the physical appearance of a puparium to adult eclosion. 

torage ofPaparia 
A series of experiments were conducted with field-collected unknown-age puparia held in 
an incubator at various temperatures in an attempt to: temporarily delay eclosion. No effort 
was made to regulate humidity during the incubation period since Bursell (1958) showed that 
puparia are tolerant of awide range of humidity. 
:Initially, several batches, each of at least 100 puparia, were held in an incubator at 3°C for 
two or fourweeks and then were moved to the standard holding conditions of the laboratory. 
From 0%-8% bf these puparia survived. In another test, the holding temperature was 
gradually reduced to 3*C by incubating puparia for 24 hours at 150C, holding them at 100C 
for 24 hours, at 5°C for a further 24 hours, and finally redacing the temperature to 3°C for 
two weeks. When these puparia were returned to standard laboratory conditions, only 8% 
emerged.
• A further series of storage tests was initiated to determine what temperatures above 30C 
might produce satisfactory survival. Groups of 66-180 puparia were incubated ata tempera­
ture of4P-16*C for 1-84 days; then they were'brought to standard conditions'and held for 
eclosion. Concurrently, weekly control batches of 66-100 puparia were held at standard 
laboratory conditions until emergence. The results, expressed as a percentage of the control 
emergence, are presented in Table I. Since age at incubation was not known, the data do not 

T"LBs 1,. 

Emergence of G. moilam adults from field-collected pupari" held at various tmperstures. 
and then returned to 26 j PC (expresed as a percentage of control emtrgence) 

Starting Percent e after storage for indicatedaergence 

temperature no. of ayis 7t tmperatur
 

1 2 3 ' 4 6 7 14 21 28 56 84 

40C 96 88 79 75 62 - -­
60C 109 92 117 100 88' - - ­
80C 100 96 96 90 99 

.. c , - 133 .118' 2 2 I 93 77 -- ­

.140C "104 - 9796 85t 88t 90t 75t -8. 
AM: A 0-1 107 100, 9 97- ­-- 0 

' Groups of,66-180 puparia perreplicate.
 
t Mean of 2-3 replicates.
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show total duration at the pupatialstage. Emergence remained near normal in batches heldsix days at temperatures of 60, 80, or 100C; thosepuparia held,at 4C for the same periodsuffered a substantial reduction inecosion. Adult Lecloion was better than 50% after four
weeks of puparial incubation at 12°C and except for one fly, in-storage emergence was
suppressed completely at this temperature. However, storage for longer than two weeksreduced emergence below acceptable levels. At 14C, the mean puparial survival ranged
from 85%-90% during the first three weeks and dropped to 75% or less aiter four weeks;in-storage emergence was less than 3% during the first three weeks, but increased to 15%­
100% thereafter. Emergence was normal after four weeks of incubation at 16'C; however,18% and 21% emergence occurred during the third and fourth week ofstorage, respectively.
Increasing the temperature during puparial incubation by 2°C each week did not appear to 
substantially delay eclosion or improve survival. 

SexualSeparationofPuparia
Puparialdurationandweight. Puparial duration of male and female tsetse and their weight
distribution at the onset of pupation were studied to determine whether a useful sexing
technique could be found. To obtain known-age puparia, we examined collection trays(Dame and Ford, 1966) daily and numbered, weighed, and held the collected puparia
individually in vials. The vials were then observed daily for adult emergence, and the data 
Dn eclosion and sex of the adult were recorded. The results are presented in Table II. 

TAmZ II 
Emergence of known-age G. morrntam adults depicting relationship of puparial duration 

and weight to sex 

Cumulative daily emergence Emergence over 32-day periodPuparial Puparialduration Males eclosed(days) Females eclosed weight Males eclosed Females eclosed(sNo. % No. % (mg) No. % No. % 
<21 5 0.9 3 0.5 <18 3 3"8 7 9.021 5 0"9 S •0"8 18-19 8 10.0 3 3"822 6 1.0 7 1"2 20-21 12 15'0 13 16"723 9 1"5 37 6"1 22-23 8 10'0 15 19"224 14 2"4 204 33"7 24-25 12 15.0 7 9.025 47 8.0 466 76"9 26-27 15 18.8 8 10.326 230 39"2 563 92"9 28-29 12 15"0 13 16"627 469 79"9 603 995 30-31 5 6'2 9 11'S28 541 92.2 606 100.0 32 3 3.7 2 2.629 584 99.5 - - >32 2 2.5 1 1.3

30 586 998 - ­
>30 587 1000 - -


Total 587 - 606 - Total 80 - 78 -

Of a total of 212 puplarii that were weighed, only 80' males and 78 females successfully
emerged. This percentage (75%) represented a much lower adult emergence than we were
obtaining with puparia held normally during this period (93%); the reduction probably was
the result-of the additional handling during the weighings. We found no correlation between
puparial weight and-sex that,would be useful: in separating the majority of males from
females. Howeyer, there was an "uporiant difference in the developmental periods of the 
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587 males and 606 females-whose time of eclosion was motiitored. For example, at the stage 
when,77% of the femaleshd eclosed (day 25), only 8% of the~males had eclosed. Oi, the 
following day, 93% of the females and 39% of the-males had emerged. 

Dosity ofpupavia. Since adult females are normally larger than males (though the ranges 
of puparial weights overlap almost completely), we felt that the density of females might 
differ sufficiently from that of males as to provide adequate separation by flotation methods. 
Known- or unknown-age puparia were placed in different methanol-water solutions daily 
to find the concentration, at which flotation occurred. The unknown-age puparia (100 per 
concentration) were immersed each, day in a solution of fixed specific gravity and those 
floating were removed and held for observation of eclosion; the puparia that sank were held 
until the next day and again immersed. The procedure was repeated daily until all puparia 
had either floated once or emerged. Likewise, known-age puparia were immersed daily in a 

TABE III 

Sexual preparation of G. moarita by daily floatation of unknown-age puparia 
(mean of two replicates of 100 puparia per concentration) 

Methanol Mean puparial duration Mean total 
concentra- Specific Cumulative % following flotation emergence 

tion gravity floating (days) of both sexes 

(%) Males Females T (%) 

40 0.94 100 100 15.8 11.3 53.0 
45 0.93 98 88 11.8 9.1 55.5 
50 0.92 98 93 11.8 8.9 64.5 
55 0.91 80 62 8.9 5.3 56.0 
60 0.90 66 32 6.5 7.6 65.5 

Control 53.0 

TABLE IV 

Sexual separation of G. usovitam by flotation of known-age pupariaO 

Puparial Males Females 

age and 
flotation,

day 

Pupiria
dipped 

(no.) 

Mean methanol 
cobcentration 

producing flotation 
(%) (S.G.)t 

Puparia
dipped 

(no.) 

Mean methanol 
concentration 

producing flotation 
(%) (S.G.)t 

1 
2 
3 
4 
5 
67 . 

-. 

31 
18 
23 
29 
33 
329 

6.3 
24,4 
48.5 

.584 
62"1 
636629 

(0.99)
(0'97)
(0.92)
(0.90)
(0'90) 
(089)

.(019) 

35 
30 
23 
18 
32 
46.
34 

8.0 
27"3 
41"7 
52"8 
58"4 
61'4
60,7 

(099)
(97)
(0.94)
(0.91)
(0.90) 
(0.90)
(0.90) 

8 
9 

10 

17;.
4. 

' 2 

, 6S-0 
638 
650 

(0.89)
(089)
(089) 

20 
8 
2 

64'2 
569 
S7"5 

(0"89)'.
(0.91
(0.90) 

* Although, 120,puparia werete&td, Calculations 'were made from only, thoe 
insects which subsequntly emerged, e.g.47 c.and 48R. 

t (S.G') sap.clfiavity 4as extrapoited from values presented in Table 111. 
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series of solutions ranging (15 equal steps) from 0%-70% methanol. The highest concen­
tration.of methanol at which each puparium floated was recordrd daily. The changes in 
density with increasing age observed in this manner were subsequently related to sex when 
eclosion occurred. Although a total of 120 puparia of known age were eventually tested, 
only those males (47) and females (48) which emerged were used for computation purposes.
The specific gravity of the solutions was determined by replicated weighings of 10 ml of 
water and of each methanol solution. Control groups were dipped in water for 60 seconds 
and held until emergence.

Density decreased appreciably as the puparial age increased, with the density of female 
puparia decreasing more rapidly with age than males (Tables III and IV). Also, puparia of 
an unknown age appeared to float at an earlier age than did puparia of known age, a differ­
ence which could be related to the first type being field collected and the latter of laboratory
origin. The mean puparial durations of unknown-age puparia following flotation (Table
III) suggest that flotation might effectively separate puparia of different ages. However, 
after further inspection of the raw data we found that the emergence periods of the indi­
vidual puparia covered a very wide time range, e.g. 1-25 days elapsed before the emergence
of females floated in 60% methanol. Thus, the differences observed were not sufficiently 
great or consistent. to provide a high degree of accuracy in separation. 

DISCUSSION 

The ability to stockpile tsetse puparia for extended periods could be of benefit in a sterile 
male release programme because fewer and larger field releases would be possible. Table I 
shows good survival for puparia incubated from one to six days at 6-100C, but storage at 
4C for only two days reduced emergence. Bursell (1960) noted similar poor survival of 
adult tsetse held as puparia for five days at 60C and suggested that the threshold for develop­
ment may be 4C because energy reserves (fat content) would likely be inadequate for 
development to proceed at such alow temperature.

Bursell (1960) also stressed the importance of sufficient energy to enable ",heimago to 
eclose and sustain flight activity for sufficient time to obtain a bloodmeal. He found that the 
longer the puparial stage persisted, the less likely the teneral fly was to have the energy 
reserve necessary to find a suitable host animal. Thus, he suggested that low temperatures
decreased the daily rate offat consumption while increasing the total consumption (because
of the increased puparial period)-a fact later confirmed by Phelps (1973). The present
studies (Table I) indicate that puparia held at 120, 140, or 16°C for periods of two, three or 
four weeks, respectively, had sufficient energy reserves for eclosion. However, longer
periods at these temperatures reduced eclosion below acceptable levels. Using predicted 
rates of development for males, Phelps and Burrows (1969) assigned implied puparial 
durations of 192, 131, and 92 days for puparia held constantly at 120, 140, or 16°C, respect­
ively. Our studies indicate that such extensive holding periods would be detrimental at 
temperatures lower than 14°C. Unfortunately, survival data are lacking for puparia stored 
longer, than four weeks at 16'C. However, Phelps (1973), using known-age laboratory­
reared material, noted that over 50% of puparia incubated continuously at 16*C failed to 
yield adults. 

,Phelps (1973) obtained 85% survival from puparia held continuously at .18Cand 

http:tration.of
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calculated (Phelps nfid Burrows 1969) that puparm hldat this temperature would incubate 
for 66 days - fore ecloaig. Additional tests by Phelps!(1973) dmomntrated that phyiio­
logical metabolism- at;;160C ,is apparently. some altered by factors other than! fat 
depletion -though no, attempt was' made: to, define what factos -might be involved, The 
present sudies-Wicate,that puparial.storage is feasible! at 'certain temperatures for short 
periods, howeverifurther testing is required to define durationsof 'exposure to .16-18MC 
that, could provide .'a,relatively lengthy puparial duration without compromising adult 
survival or quality. I '. I . ; .. I ., 

In the present investigations (Table II) pupauial weights were not Sufficiently different 
to provide adequate separation of the sexes. There was, however, a difference in develop­
mental rate between the sexes -that was discussed ,by Buxton, (1955), and more recently
examined by Phelps and Burrows (1%9) and Curtis and Langley (1971). Our results 
showed that after 25 days, approximately 77% of the females'had emerged but only 8% of 
the males; r e day later 39% of the males and 93%-of the females had emerged. Dame and 
Ford (1968) reported that males are capable of at least four matings before any: reduction 
in fertility occurs and that the next two matingsimpart a high level of fertility. Thus, at 
least 15% of any colony must be male to insure adequate insemination of females; this 
figure is in agreement with calculations made by Jordan and Curtis (1972).,It would be 
possible to obtain a colony stocked with 15.9% males by collecting emergees through day 25 
as three consecutive lots of puparia and collecting the fourth lot of puparia on day 26. With 
such a procedure, one could sterilize the unemerged puparia (containing 85% of the males)
and lose cnly a small percentage of the females while retaining.sufficient fertile males for 
insemination. Such a technique would provide fertile females for colony reproduction and 
sterile males for release; This procedure would result in a sacrifice of approximately 19% 
of the female reproductive potential'since that percentage of males would be sterilized in the 
puparial stage(on day 25 or 26)along with unemerged males.

Narrowing the collection.intervals to less than 24 hours or the use of hlternative tempera­
tures might produce more dramatic differences between the sexes in puparial duration. 
However, such refinements in thetechnique would provide more efficient separation only of 
the sexes of puparia of known age; the procedure has little to offer in the case of puparia of 
unknown age. I I . ,,- .. . 

In view of the reduced effectiveness of adult male tsetse that have been confined before 
being liberated in nature (Dame and Schmidt, 1970) and the lack of :vchniques for monitor­
ing flight activity-of laboratory-emerged flie6 to ascertain adequate flight muscle develop­
ment (Bursell andKuwengwa, 1972), puparial releases of G. m.mositan will'be necessary
in sterility programmes. Therefore, further investigation into efficient means of puparial
sexual separation is essential to the success offuture programmes. 

SUMMARY
 
Maintenance: of unknown-age' tsetse puparia at-4°C for six days substantially reduced
 
emergence; normal emergence (occurred when puparial were held at temperatures of 12°,

14%,or,16C, for tWoi,three;or four weeks, respectively. In-storage iclosion of adults was
 
either suppressed completely at the temperatures used or was slight. Weight,' puparial

durati6n, 'and density OfEpuparis! were examined in:an attempt to detect-sexual differences
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in puparia. There appeared to be no usable correlation between pupal weight and sex,
but the differenc abetween the puparial duration of each sex offers a mechanism for retaining
81% of the females produced and releasing 84% of the males. The flotation of unknown­
or known-age puparia in methanol-water solutions ofvarying specific gravities demonstrated 
some differences in the density of male and female puparia. However, these differences 
were not great or consistent enough to provide an efficient system of separating puparia by 
age or sex. 
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