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Abstract

~:

Introduction
"...:... long distance trade of commodities in the rapid spread

of the beetle across the continent remains unknown.
The first step to learning more about the flight

behaviour is to establish the basic conditions for flight.
These are difficult to control in the field; hence this lab-

oratory study, allowing systematic investigation under
controlled conditions. This paper reports the effects of
time of day, temperature, relative humidity, and star-
vation on flight initiation by adult P. truncatus.

Since being identified in Tanzania in 'c 1981,

Prostephanus truncatus (Horn), the larger grain bor-
er, has become an introduced pest of great econom-
ic significance, attacking stored maize and dried cas-
sava (Hodges, 1986), and has spread rapidly across
Africa, now affecting both the east and west of the
continent.

Little is known about the flight behaviour of P. trun-
Galus (McFarlane, 1988; Tigar et ai., 1993) although
this is an important part of both its biology and
the knowledge needed for effective control. Flight is
involved in the spread of the beetle in three ways. First,
it is likely that P. truncatus moves locally from store to
store by flight. Second, field trapping of flying beetles
has revealed populations in maize fields far from farm-
ers' stores, suggesting the beetle may be widespread
outside farm buildings and that it may infest maize
cobs still on the plant (Dendy et ai., 1989). Third,
the presence of field populations both in maize fields
and non-farmland (G. Hill. nBC, Kenya, pers. comm.)
suggests that wider dispersal by flight is possible. The
relative importance of unaided dispersal by flight and

Materials and methods

Culture method. Insects used in this study were adults
of Tanzanian strains of P. truncatus (Natural Resources

Institute, Chatham, Kent, UK) reared on whole, clean
maize. Cultures were maintained at 30:J: 1 °C and
65:1: 5% r.h. under a L12:D12 photoperiod with no
dusk or dawn.

General method. In this study, flight initiation was
measured in still air, in incubators with a light intensi-
ty of250 lux. Flight activity was measured by counting
take-offs and wing-openings for 5 min.
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Time of day and flight. Experiments were conducted in
incubators at 30 °C and 65:i: 5% r.h. under aL12:D12h
photoperiod. The periods examined were 1-11 h of
the photophase (i.e. 11-1 h before onset of darkness)
at hourly intervals. Observations were also made at
0.5 h before and after darkness. Fifty adult P. truncatus
(mixed sex, aged 5-20 days) were randomly selected
and placed in a 600 ml 'flight' beaker. The base of the
beaker was floored with white filter paper onto which
was placed an upwardly projecting filter paper cone
with saw-tooth edges from which the insects took-off
most readily. The top of the flight beaker was covered
with white filter paper and the whole apparatus was
placed in an incubator with a glass inner door. Obser-
vations were made hourly over the test periods (unless
otherwise stated). Flight activity was observed in the
dark (where necessary) under red light with a light
intensity of 10 lux. A total of 4 flight beakers were
observed sequentially at each period (i.e. four repli-
cates per observation) and the experiment was repeated
over 5 days using the same insects. At the end of each
day's observations, test insects were left in the beakers
in incubators at 30 :a 2°C overnight without food. This
procedure gave an insight into the possible effect of
starvation on flight initiation.

placing different amounts of water in containers into
the incubators. The larger the surface area of water the
higher the relative humidity. All experimental incu-
bators were set at 29 °C and the relative humidity
and temperature were checked with the aid of a ther-
mohygrometer. Insects used in this experiment were
first pre-selected for flight in a wind tunnel and those
that displayed flight potentiality were selected for tests.
This was done since low flight activity was generally
recorded in a preliminary trial with this particular cul-
ture. Twenty five insects (mixed sex, aged 5-20 days)
were randomly selected and introduced into each of
four flight beakers as described before. After covering
with filter paper, each beaker was randomly assigned
to one of the incubators. The insects were allowed to
acclimate to the incubator conditions for 3 h before
the start of observations at 2-0 h before darkness. The
order of observation of flight activity in the incuba-
tors was randomised. The experiment was conducted
over 3 days of starvation and at the close of each day's
observation, all insects were pooled into a large con-
tainer kept at 30 DC, 60% r.h. overnight without food.
On the following day, the insects were again random-
ly selected into beakers for another day's observation.
This method again allowed measurement of the effect
of starvation on flight and interactions between starva-
tion and relative humidity.. There were four replicates
per treatment.
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Temperature andfiight. The temperatures investigated
were 20, 25, 30 and 35 °G",The experimental set-up
was similar to the one described above. Four flight
beakers each containing 50 adult insects (mixed sex
and aged 1-20 days) randomly selected, were put into
each incubator 2 h before observation, for acclimation.
The relative humidity in all incubators was 65:J:: 5%
and observations were carried out at 2-0 h before dark-
ness (based on the observed peak activity in this period
in the experiment described above). The experit:nent
was conducted over 4 days and at the end of each day's
observations, insects were pooled, placed in a larger
container (1000 ml) and,kept in incubator at 30:J:: 2°C
overnight without food. This procedure also allowed
the effect of starvation on flight to be measured. Each
day, insects were removed from the pool and random-
ly distributed into jars for observation. Temperatures
were also assigned to incubators randomly.

Statistical analysis. Data from the experiments were
analysed on Statview 4.0 using the two-factor analy-
sis of variance (ANOVA). Prior to analysis, raw data
were transformed using the square root method (x =
J (x + 0.5)), and for relative humidity data (x = Jx) to
make the variances independent of the means (Sokal
& Rohlf, 1981). Scheffe's test was used to test for
significance at 5% significance level.
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Results

In this study, starvation was studied in combina-
tion with each of the three key factors: time of
day, temperature, and relative humidity to investi-
gate any interactions. In all the three experiments,
wing-opening and take-off were strongly correlated
(r258 =0.81, P<O.OOOl). Thus, only the data on take-
off will be reported.
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Relative humidity andftight. The effects of three rela-
tive humidities (25, 50 & 75%), representing dry, mod-
erate, and wet environ~ents respectively, were inves-
tigated. Normally, the relative humidity obtainable in
the incubators used in this study was only 25%. Higher
relative humidities of 50% and 75% were obtained by

Time of day. Data for the five-day observations were
expressed as numbers of take-offs for the 5 min test
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Fig. 2. Flight activity of ~ truncatu,~ in relation to temperature
(Figure shows mean of 16 replicates per temperature. 50 insects
were tested per replicate. P<O,05).

11 10 9 8 7 8 5 4 3 2 1 0.5-0.5

Hours before dark
Fig. 1. Flight activity of 1'. truncatu.~ in relation to time of day
(Figure shows mean of 20 replicates per time, 50 insects were tested
per replicate, P<0.05).

period (Fig. 1), and ana1ysed as repeated measures
(Martin & Bateson, 1993). Results showed signifi-
cant differences in take-off by P. truncatus across the
periods of day examined(FI2,180= 146.24,P<O.OOOI). Post
hoc tests showed that flight initiation at 10-12 h of the
photophase (2-0 h before darkness) was significant-
ly greater (P<O.O5) than that at other times. Flight
began at the early hours of the day, dropped a lit-
tle afterwards, reached a peak between 2-0 h before
darkness and continued until 0.5 h of the scotophase
when the observations stopped. There was signifi-
cant interaction between time of day and starvation
(F48,180= IJ8,P=O.004). The effect of starvation seemed
to be less pronounced at 2-0 h before darkness.
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Fig. 3. Flight activity of P. truncatU.f in relation to relative humidity
(Figure shows mean of 12 replicates per relative humidity, 25 insects
were tested per replicate, P>O.O5).

:-lmerns were
factor analy-
sis, raw data
method (x =
a (x = .jx) to

1eans (Sokal
d to test for

Temperature. Temperature significantly affected flight
initiation (F3,48 = 255. 75,P<O.OOO!), with insects flying
more at 30 DC than at the other temperatures (Fig. 2).
Insects flew more at 25 DC and 30 DC than at both
extreme temperatures (20 DC and 35 DC) and insects
took off more readily at 20 DC than at 35 DC. A sig-
nificant interaction was recorded between temperature
and starvation (Fg,48 = 2. 16,P=O.04). The general trend
of the effect of starvation was not constant at all tem-
peratures. The effect of starvation was less pronounced
at 35 DC.

two days seemed to dIsplay less tlight activity at 25%
than at 75% r.h..

Starvation. The trend was similar in all the experi-
ments: insects took off more readily on the second
day of starvation than on the other days (Fig. 4).
Although different lengths of starvation were stud-
ied in the three independent experiments, neverthe-
less, statistical analysis revealed a significant effect
of starvation on take-off in all the experiments
(F4,I,80=4,52,P=O,OI) (data from time of day experi-
ment), (F3,48 = 18,13,P<O,OOOI) (data from temperature
experiment) and (F2,27=3,7I,P=O,04) (data from rela-
tive humidity experiment).
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Relative humidity. '[he ettect ot relative humid-
ity on take-off was not statistically significant
(F2,27 = 1.98,P=O.16). The data suggest however, that
flight initiation seemed to increase with relative
humidity (Fig. 3). Although no significant interaction
between relative humidity and starvation was record-
ed, starved insects seemed to respond more at a higher
than at low relative humidity. Insects starved for up to
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16 tant since both starved and unstarved insects exhibited
similar flight propensity.
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Temperature. Temperature had a very strong effect on
flight activity with an optimum in the region of 25-
30 DC and a dramatic drop at 35 DC. Flight behaviour of
P. truncatus or other bostrichids in relation to temper-
ature has not been documented previously. The opti-
mum may accord with the dusk air temperatures in
the field: the mean maximum air temperatures dur-
ing the peak periods of P. truncatus trap catches at
Matchakos, Kenya were less than 27 D (G. Hill, IIBC,

Kenya, pers. comm.). Similar optimum temperatures
have been reported for other aspects of the biology of
P. truncatus; the optimum for development has been
reported as between 27 DC and 32 DC (Shires, 1979),
while Subramanyam et aI. (1987) reported more feed-
ing by adult P. truncatus at 30 DC than at other temper-
atures. Starvation seemed to have less effect at higher

temperatures.
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Days of starvation
Fig. 4. Flight activity of P. truncatus in relation to starvation
(Figure shows data collected from the three experiments (time of
day, temperature and relative humidity) with unequal number of
replicates, No. of insects tested in each experiment was also unequal,
P<O.O5 in all the experiments).

starvation may also be important in determining the
likelihood of flight initiation. The data allow optimum
conditions to be selected for laboratory flight studies.

Relative humidity. There seemed to be a trend for
greater flight initiation with increased relative humid-
ity but the effect was not statis\ically significant. The
effects of low relative humidity may be especially
marked for a small insect, with a small haemolymph
volume (Unwin & Corbet, 1991) making water loss in

flight particularly important.

Time of day. Flight activity showed a strong period-
icity matching that recorded in the field (Tigar et al.,
1993): although flight activity was recorded through-
out the periods examined, it peaked at 2-0 h before
darkness. This period corresponded to the tail end of
the photophase in the laboratory or dusk in the field
(cultures being maintained on a 12:12 h light: dark
period similar to field conditions). Similar results have
been obtained on the closely related beetle Rhyzop-
ertha dominica (F.) in the field (Leos-Martinez et al.,
1986) and laboratory (Barreretal., 1993). Tigar etal.'s
(1993) study of the flight of P. truncatus in response
to pheromones in the field reported, in addition to the
early evening peak observed in this study, a smaller
peak in the early hours of the photophase. This was
also observed here but was not statistically significant.
The small differences between the results of the present
study and those of Tigar et al. (1993), may have arisen
from differences between field and laboratory condi-
tions. The present study suggests a circadian rhythm
of activity in P. truncatus since insects flew more read-
ily towards the end of the photophase in a laboratory
environment with no dusk or dawn, or fluctuations in
light, temperature and relative humidity characteristic
of field conditions. The interaction between time of
day and starvation suggests that at the peak hours of
flight (2-0 h before dark), starvation was less impor-

Starvation. In the three separate experiments, the same
pattern of flight activity in relation to starvation was
observed. It was at a maximum after 2 days of star-
vation beyond which, flight tended to decline. This
is in line with the observations made on Rhyzopertha
dominica (Barrer et at., 1993) and may mean that well
fed insects fly less readily.

The results presented here may help explain the
patterns of trap catch recorded in the field and under-
pin the more detailed laboratory studies underway to
provide a deeper understanding of the flight behaviour
of Prostephanus truncatus.
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