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ABSTRACT The rate that stored-product insects migrate by flight into a grain storage
facility is influenced by environmental conditions that mediate flight activity. The influ-
ence that temperature, humidity, and light intensity have on the initiation of flight by the
lesser grain borer, Rhyzopertha dominica (F.), was examined in the laboratory. Flight
initiation by male and female beetles up to 8 wk old was examined. Lower and upper
temperature thresholds for flight were calculated to be 19.9 and 41.6°C, respectively.
Humidity did not influence flight initiation within this temperature range. The optimal
temperature resulting in the highest percentage of flights was 30.7°C. Male and female R.
dominica flight activity was similar. Greatest flight activity occurred in beetles up to 1 wk
old, whereas older adults exhibited little flight activity. This suggests that, once R. domin-
ica infest a bulk of grain, they tend to stay and reproduce rather than leave. Migration by
flight is possible during the summer when wheat is harvested and stored, but temperatures
may limit migration in fall when corn and sorghum are harvested or wheat is aerated. Early

fall aeration when temperatures are >20°C could cause R. dominica to be attracted to

volatiles emanating from the bin.
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THE LESSER GRAIN BORDER, Rhyzopertha do-
minica (F.), is a strong flyer (Winterbottom 1922,
Leos-Martinez et al. 1986) with greatest flight
activity occurring in late afternoon and evening,
when temperature and light levels begin to de-
cline (Sinclair & Haddrell 1985). Because R. do-
minica is a small poikilothermic organism, body
temperature tends to be similar to that of the
environment. For flight to occur, environmental
temperature must be above a minimum thresh-
old to allow the physiological processes neces-
sary for flight to occur. Additionally, temperature
must be below a maximum temperature at which
the insect is unable to dissipate additional heat
generated by flight activity (Mordue et al. 1980).
Heat generated by flight can be lost by evapora-
tive cooling, but this may result in desiccation in
environments with low humidities (Mordue et
al. 1980).

The migration of adults into a bin containing
new wheat can result in economically important
populations within a few weeks of storage (un-
published data). Aerating grain to reduce tem-
perature to <17°C will reduce effectively the
growth rate of insect populations and minimize
grain damage (Burges & Burrell 1964). However,
natural convection currents cause warm air to
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leave the storage structure, which creates a
plume that contains grain and insect odors that
are attractive to insects outside the structure
(Barrer 1983, Dowdy et al. 1993). If outside air
temperature and humidity are within the limits
necessary for flight, R. dominica may be attracted
to the odor plume originating from a grain bin,
which results in increased migration. This pos-
sible increase in migration may reduce the ben-
efits of aeration if grain is not cooled quickly to
reduce insect population growth. By knowing
how R. dominica flight initiation is affected by
environmental conditions, we can estimate bet-
ter when beetles are most likely to be attracted to
a storage facility and can increase sampling ef-
forts to detect beetles migrating into the grain
mass. The objectives of my study were to exam-
ine the effects of temperature, humidity, and low
light intensity on flight initiation of R. dominica.

Materials and Methods

A flight bioassay chamber that has a 90-mm
diameter glass filtering funnel (Kimax no. 28950,
Kimble Glass, Vineland, NJ) with the inner sur-
face coated with sticky material (Stiky Stuff, Ol-
son Products, Medina, OH) inverted over a petri
dish (9-cm diameter) containing beetles was de-
veloped by Aslam et al. (1994). The funnel stem
was not sealed shut, and the petri dish sides
were coated with Teflon PTFE 30 flurocarbon
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resin (DuPont, Wilmington, DE) to stop beetles
from walking onto the funnel edge. Flying bee-
tles were trapped on the sticky inner surface of
the funnel.

Before conducting the bioassays, all beetles
were reared and maintained in a walk-in envi-
ronmental chamber at a temperature of 28°C
(£1°C), 65% RH (+5%), and a photoperiod of
14:10 (L:D) h. In each bioassay, beetles were
placed in the petri dish and covered with the
dish lid. One replication consisted of eight
dishes containing 20 beetles each (n = 160) at
each environmental combination. The covered
dishes were placed on a metal tray and put in an
environmental chamber set at the desired tem-
perature, humidity, and light levels. The beetles
were left for 30 min to adjust to environmental
conditions. The lids then were replaced with the
inverted funnels. The number of beetles adher-
ing to the funnels indicated the number that ini-
tiated flight and were recorded after 24 h.

The first experiment examined the effect of
temperatures from 20 to 40°C (+1°C) in 5°C in-
crements (five levels), and levels of 50% and 70%
(+5%) RH on flight initiation of beetles <1 wk
after eclosion. Beetles also were tested at 15 and
45°C in preliminary work, but no flight occurred
and, thus, they were not included in this analy-
sis. Light intensity was measured with a model
LX-101 digital lux meter (Lutron, Taiwan) and
measured 4,600 lux. This light level is compara-
ble to the intensity =2 h before dark on a cloud-
less summer day. Beetles were separated by sex,
and each temperature-by-humidity combination
was replicated four times with four observations
of each treatment combination per replicate for a
total of 640 beetles tested for each combination.
The experimental design was a split-plot with
beetle sex and humidity levels arranged in a
2-by-2 factorial configuration as the main plot
and with temperature at the subplot level.

The effect of insect age on flight initiation was
examined in the second experiment. Newly
emerged adults were collected from laboratory
cultures at weekly intervals, and flight activity
was tested for beetles at 1, 2, 4, and 8 wk of age.
All beetles were categorized by sex, and bioas-
says were conducted at the same temperatures as
experiment 1, 70% (+5%) RH and 4,600 lux light
intensity. The experiment was conducted in a
5-by-2 factorial arrangement, and data were ana-
lyzed using a split-plot design, with temperature
as main plot and age as subplot, and replicated
twice, with one observation of each temperature
by age level per replicate for a total of 1,600
beetles with 80 tested for each temperature-by-
age combination.

A final experiment examined the initiation of
flight by beetles =1 wk after eclosion exposed to
three light intensities at optimal temperature de-
termined in the first experiment. Low level light
consisted of indirect illumination in the flight
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Table 1. Effect of temperature and humidity on the
flight activity of female and male R. dominica (mean t
SEM) (n = 32 for each mean)

Temp, Female Male
°C 50% RH 70% RH 50% RH 70% RH
20 05+08a 03x03a 09+05a 16+08a
25 9269+35b 216x3.1b 253%24b 247x28b
30 359=+4.1c 359x39 353x39c 38.1x39c
35 981+15b 353%34c 24.7=35b 30.6=x3.8d
40 100=19d 153x25d 63x12d 14.1=16e

Within a column, means followed by the same letter are not
significantly different (a = 0.05, least significant difference
(LSD) = 3.4).

chambers by one pair of fluorescent lights (Gen-
eral Electric, 20-W, cool white) placed below the
bioassay chambers. Light intensity measured
149 lux beside the bioassay chambers. A medium
and high light level were obtained with direct
lighting above the bioassay chambers using one
or two pairs of fluorescent lights, respectively.
Light intensity was 2,335 lux for the medium
level, and high intensity measured 4,600 lux. Al-
though the highest light intensity did not ap-
proach the brightness outside on a sunny day
(about 100,000 lux), the range of light levels
gives insight into how low light intensity, typical
of conditions within 2 h of sunset on a clear day,
affects flight initiation of the lesser grain borer.
This experiment was conducted at 30°C (x1°C)
and 70% (+5%) RH. Data were analyzed using a
randomized complete-block design with four
replications and eight observations per light
level per replicate, for a total of 640 beetles
tested at each light level.

In all experiments, the percentage of beetles
that initiated flight after 24 h in each bioassay
chamber was calculated. All data were subjected
to analysis of variance (ANOVA) (SAS Institute
1985), and means separations were done using
least significant differences (LSD) (Steel & Tor-
rie 1980). Using data from the first experiment, a
quadratic model was constructed to predict the
percentage of beetles that would fly at a particu-
lar temperature, and a lack of fit F-test was used
to determine how well the model fit the data
(Neter et al. 1983). The lower and upper temper-
ature thresholds at which flight ceases were pre-
dicted from this model, as was the optimal tem-
perature for flight.

Results and Discussion

The number of flights initiated was similar for
male and female R. dominica across all temper-
ature by humidity combinations (F = 1.40; df =
1, 3; P = 0.32) (Table 1). Aslam et al. (1994) also
showed that sex of the beetle had no significant
effect on R. dominica flight activity. Tempera-
ture exhibited a great impact on flight activity.
Fewest beetles initiated flight at the lowest and
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Fig. 1. Percentage of R. dominica adults predicted
to initiate flight at temperatures from 20 to 40°C (+95%
CLM). At 50% RH, O = female, 0 = male; at 70% RH,
® = female, B = male.

highest temperatures tested, whereas most activ-
ity occurred around 30°C (F = 47.18; df = 4, 48;
P = 0.0001). In the field, Sinclair & Haddrell
(1985) documented that a temperature of at least
26°C was required before beetles were collected
in a flight trap. My data show that few flights
were initiated at lower temperatures (20°C).
Thus, the likelihood of detecting flying beetles
in the field probably increases as temperatures
increase to an optimal level for flight. Humidity
did not significantly affect flight activity (F =
3.04; df = 1, 3; P = 0.18). This agrees with the
field data of Sinclair & Haddrell (1985). Inter-
action was not significant for humidity-by-
temperature (F = 1.04; df= 4, 48; P = 0.40),
temperature-by-sex (F = 0.33; df = 4, 48; P =
0.88), or for the three-factor interaction (F = 0.07;
df = 4, 48; P = 0.99) (Table 1).

The following quadratic model was developed
using data from the first experiment (Table 1):

= — 240.03(x2540)

+ 17.83(£1.76)x — 0.29(+0.03)x2

where y = the percent of beetles initiating flight
and x = temperature (°C) (1% = 0.72; n = 20) (Fig.
1). The lack-of-fit test was not significant, indi-
cating that the model fits the data (F = 0.07; df =
2, 15; P > 0.05). According to this model, the
minimum temperature that R. dominica initiates
flight is 19.9°C, and the maximum temperature is
41.6°C. The temperature at which the highest
percentage of beetles would fly is 30.7°C.

At temperatures >20°C, 1-wk-old R. dominica
initiated significantly more flights than did older
beetles (F = 93.51; df = 3, 34; P = 0.0001) (Table
2). Aslam et al. (1994) and Barrer et al. (1993)
report similar results at 27°C and 65% RH and at
32°C and 65% RH, respectively. The effect of
temperature on each age class was not significant
(F = 4.48; df = 4, 4; P = 0.09). But, interaction
between temperature and age was highly signif-
icant (F = 8.66; df = 12, 34; P = 0.0001) (Table
2). The flight activity for beetles =1 wk old was
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Table 2. Effect of insect age on the flight activity of R.
dominica at five temperatures (mean + SEM) (n = 4 for
each mean)

Temp, Age (wk) post eclosion
°C 1 2 4 8
20 0a 0a 0a 13 £ 1.3a
25 27.5 + 3.2a 0b 1.3+ 13b Ob
30 21.3+38 75x32b 25x25b 0b
35 263+31a 63x24b 13x13b 25%14b
40 138+38a 13*13b 0b Ob

Within a row, means followed by the same letter are not
significantly different (@ = 0.05, LSD for age = 2.4, LSD for
temperature = 6.6).

similar to that of the other studies but was min-
imal for the three older age classes at all temper-
atures. The data from all three studies suggests
that the initial colonizing beetles flying into a
grain storage are young and, thus, likely to stay in
the grain mass once they arrive.

High light intensity resulted in significantly
more R. dominica initiating flight than did the
medium and low intensities (F = 13.28; df = 2,
88; P = 0.0001) (Table 3). Leos-Martinez et al.
(1986), Sinclair & Haddrell (1985), and Winter-
bottom (1922) reported that most flight activity
occurs during late afternoon and evening and
that little flight activity occurs under normal dark
conditions (Leos-Martinez et al. 1986). Unfortu-
nately, no light intensities were reported by
these authors, but we would expect levels to be
declining through afternoon and evening. In the
laboratory, Barrer et al. (1993) reported higher
flight activity 135 to 85 min before dark than
between 70 and 20 min before dark. The light
intensities I tested correspond to approximately
the last 2 h before dark on a summer day with no
cloud cover (personal observation). The highest
light level tested probably coincides with the
time of the greatest flight activity reported by
Barrer et al. (1993). Initiation of flight was again
similar for both sexes at each light level (F =
0.01; df = 1, 88; P = 0.92), and the light level-
by-sex interaction was not significant (F = 0.52;
df = 2, 88; P = 0.59) (Table 3).

From a practical standpoint, the migration rate
of R. dominica into a storage facility should
be correlated with environmental temperature.
Highest rates of migration would be expected at
temperatures =31°C and would decrease as the

Table 3. Effect of light intensity on the flight activity of
female and male R. dominica (mean £ SEM) (n = 16 for
each mean)

Light level Female Male
High 32.8 £ 3.2a 35.6 + 2.6a
Medium 26.3 = 2.6b 23.8 + 3.1b
Low 21.3 = 2.4b 20.3 £ 2.2b

Within a column, means followed by the same letter are not
significantly different (a = 0.05, LSD = 5.3).
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temperature moves toward the upper and lower
flight thresholds. Migration by flight is possible
during the summer when wheat is harvested and
stored. Temperatures may limit migration in fall
when corn and sorghum are harvested or wheat
is aerated. However, some early-fall aeration of
wheat could occur when temperatures are
>20°C, and it is possible that additional beetles
would be attracted to grain volatiles emanating
from the bin. Additionally, many insects sun
themselves to warm up on cold days; therefore,
some flight may still occur when the temperature
is <20°C. If grain is aerated when temperatures
are below the flight threshold, then no insects
would be expected to fly to bins. Fall-harvested
crops might be harvested late enough to escape
infestation until the following spring and sum-
mer.
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