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SOME OBSEH\,ATIO~S ON FLIGHT l~ ONCOPELTCS 
FASC1ATUS (HEM IPTERA: L YGAEI DAE)I 

R. J. HEWSON 

ABSTRACT 
Oncopeltus fasciatus (Dallas) is a typical Hemipteran with fore­

wings modified to form hemielytra and membraneous hind-wings . Dur­
ing flight , these two pairs of wings are linked together by a wing 
coupling apparatus. Observa tions were made on normal insects and 
insects with either fore- or hind·wings removed. The experiments 
demonstrated that the mesothorax with the fore·wings is the most im­
portant segment of the pterothorax in this insect. It was shown that the 
fore-wings provide the main propulsive force for flight and also 
provide much of the lift: the hind-wings provide extra -surface for 
lift, but this is effective only if the wings are coupled together. As in 
the Lepidoptera and Hymenoptera, where the two pairs of wings are 
also linked together by a wing coupling apparatus, it appears that 
the musculature of the mesothorax may be the "driving force " for both 
pairs of wings. 

I ntrod uction 
The Hemiptera (Heteroptera) pos­

sess two pairs of diSSimilar wings; the 
fore-wings or hemielytra are modified 
and partially sclerotized, the hind­
wings are thin and membranous. The 
two pairs of wings are normally hook­
ed together during flight by a coup­
ling apparatus (Weber, 1930) . Com­
paring the Heteroptera with the Cole­
optera, it might seem that the hem­
ielyt· a would play little part in flight, 
most of the propulsion being provided 
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by the hind-wings. However, com­
parison with the Lepidoptera suggest.s 
that the fore-wings might be the 
more important, with the hind-wings 
of the Heteroptera receiving their 
power through the wing-coupling 
mechanism. The studies of Scudder 
(1967) on flight muscle polymorphism 
in Notonectidae show that the meso­
thoracic flight muscles may be reduc­
ed in flightless members of this group, 
with little or no change in the meta­
thoracic musculature . Scudder there­
fore suggested that the meso thoracic 
segment with it.s hemielytra is the 
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more important segment in the flight 
of the Heteroptera. In the present 
study, experiments were carried out to 
test the functions and the relative im­
portance of the two pairs of wings in 
the Heteroptera . 

Materials and Methods 
Milkweed bugs, Oncopeltus jascia­

tus (Dallas), were chosen for study 
because they are typical terrestrial 
bugs, and are easy to rea r. They were 
fed on milkweed seeds and kept be­
tween 73°F in the dark and 78°F in the 
light (av. 76°F), at absolute humidity 
of 28%, with a photoperiod of 14 hours 
light and 10 dark. Under these condi­
tions, the adults lived a bout two 
months. 

Experiments were carried out to 
determine the rela tive importance of 
the thoracic segment in flight. Tests 
were made to determine the age when 
the adult is first able to fly , and th e 
best age for further trials. Speed and 
duration tests were performed on in­
tact insects of known age on a flight 
mill h aving a circumference of 69.10 
cm. To compare the separate contri­
butions to flight of the meso thoracic 
and metathoracic wings, experiments 
were performed in which th e wings 
were cut off at the base and the abi­
lity to fly , and the speed and duration 
of free flight were tested . Only speci ­
mens which h ad previously flown 
were used in wing removal experi­
ments . Some observations were made 
using a Xenon stroboscope. 

Flight was ini tiated in un tethered 
adults by a toss into the a ir, and in 
tethered insects, by blowing from the 
anterior and simultaneously removing 
tarsal contact (Pringle, 1957) . Un­
tethered adul ts were considered to 
exhibit true fligh t when th ey fl apped 
their wings and moved in a more or 
less horizontal direction from take­
off; flight in a diagonally downwa rd 
direction was a lso considered to be 

true flight but a vertical drop was not, 
even if the wings were flapping . For 
teth ered adults flight was judged to 
occur on forward motion of the mill. 

Results 
Flight Period 

Tests showed that the adults would 
not fly until three days after the last 
moult (Table 1) . 

TABLE 1. Initiation of flight in 10 O. fas­
ciatus at 5 age levels. 
Age in days No. flying Action observed 
Teneral 0 

1 0 
2 1 
3 5 
4 6 

none 
wings extended 
fluttering 
flapping 
flapping 

It was concluded that insects used 
in succeeding experiments could not 
be less than three days old . The num­
ber of insects flying never exceeded 
60 % of the number tested, regardless 
of age. It could not be determined why 
apparently h ealthy adults resisted all 
efforts to initiate flight. Dingle (1965) 
found that eight-day-old Oncopeltus 
flew faster and longer than adults of 
any other age. This was confirmed in 
these experiments, and consequently, 
eight-day-old adults were used for 
succeeding experiments. 

Normal flying insects, once flown 
on the fli ght mill, were reluctant to 
fly again on the mill. The reason 1s 
unknown, but was apparently not due 
to exhaus tion . Previously tethered 
fliers would fly again unteth ered, and 
insects often showed mating beha­
viour minutes after being removed 
from the fli ght mill. Flight periods 
were usua lly from 2 to 30 minutes 
and rest periods between attempts 
ranged from 10 minutes to 24 hours. 
Removal oj Wings 

Since not all adult insects would 
fly, it was necessary to test each in­
sect unteth ered for a positive flight 
response before removing the wings. 
The experiments sh owed that the in­
sects could fly with only the fore-
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wings present, bu t were unable to fly 
with the hind-wings alone. When th e 
fore-wings were removed the hind­
win gs were extended but no flapping 
occurred. There was no difference ob­
served in the results between males 
a nd females (Table 2) . 

TABLE 2. Flight response after wing re­
moval in 8-day-old O. fasciatus 

Males Females 
No. No. No. No. 

oper'd on flying oper'd on flying 
fore-wings 
removed 8 0 12 0 
hind-wings 
removed 20 16 20 17 

The observation th at Oncopeltus 
can fly lacking hind-wings raised th e 
question of the n ecessity of t h ese 
wings. 

Flight duration and s peed could be 
m easured accurately only on a fli ght 
mill, and since the insects refused to 
fly a second time on this instrument, 
good values, especially for insect.'> 

70 
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w 40 to ze ro 
w 
CL 
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lacking hind-wings were difficult to 
obta in . Speed was m easured on the 
flight mill in 10-sec intervals for the 
first 2 minutes a nd in 30-sec intervals 
after 2 minutes. It was impossible to 
obtain insta ntaneou.<; readings for 
speed without sophisticated equip­
m ent, so the recorded speeds were 
averaged over the 10-sec or 30-sec 
intervals. 

Both normal males and fe m a les 
showed an initia l burst of speed , t h en 
slowed to a steady speed after 2 min­
utes for males and 3 minutes for fe­
males . Over the first minute , the aver­
age speeds were 63 + 3 em/ sec for 
ma les a nd 54 + 3 em/ sec for females. 
The s teady speed was 57 + 2.5 cm/ 
sec for males, and 42 + 5 em/ sec for 
females (Fig. 1) . 

From Fig 1, it a ppears that the 
best time to test fli ght s peed is after 
the initial burs t, while the steady 
speed is being mainta ined . This is 
possible for normal insects, which are 

o 2 3 4 5 6 7 8 
TIME [mins] 

Fig. 1. Graph showing flight speed of 8-day-old Oncopeltus fasciatus on a flight mill: 
x = normal males (n = 10), 0 = normal females (n = 16) [mean + standard error 

shown for each point]. 
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able to fly for several hours if n eces­
sary (Dingle, 1965 ) . However, the 
longest duration recorded on th e 
flight mill for insects lacking hind­
wings was 9 sec . Several operated in­
sects flew in 2- to 5-sec burs ts , but no 
sustained fli ght was recorded (Table 
3) . 

TABLE 3. Dura tion of fli ght on the flight 
mill after removing the hind-wings in 10 
male and 10 female O. fascia t us, 8 days old 

Du ra t io n in sec. 
No. fl ying Av. (ra nge) 

male 0 
female 4 3 (1-9) 

The average speed for th e few in­
sects which flew on th e fligh t mill 
following the removal of the h ind­
wings was computed to be 18 to 20 
cm/ sec , a value well below those for 
the normal insect (Fig . 1). 

Lift was difficult to measure ac­
curately, and so a subjective judge ­
ment was used . Four index values 
were assigned: 3 for insects fl ying 
diagonally upward, with lift greater 
than the insec t 's weight; 2 for in­
sects flyin g directly horizontally, with 
lift equal to the insect's weight; 1 for 
insects fly ing diagonally downwa rds 
with lift less than the insect's weight; 
and 0 for a vertical drop, with no lif t 
present. With such numerical values 
the lift could be averaged over a num~ 
bel' of insects. The lif t va lue was as­
s igned after watching the insect take 
off and fly from the fin ger 2 or 3 
times. 

All normal insects showed lift 
equa l to or greater tha n the insect's 
weight; those lacking hind-wings h ad 
s ignificantly lower lift values, a ver­
aging less than the insect's weight; 
those lacking fore-wings showed no 

lift at all. Only with both pa irs of 
win gs could adequate lift be main ­
tained (Table 4). 

Wing Coupling 
Experimen ts were performed on 

insects with the wing-coupling appa­
ratus removed from the fore-wings. 
The results were simila r to those with 
th e insects lacking hind-wings; lift 
and fli gh t speed were reduced. 

In order to determine whether or 
not th e hind-wings were moving, the 
insects were observed while flying 
illuminated solely by a stroboscope, 
ad j usted so that the actual wing 
movemen ts could be seen . Mos t of the 
insects with the wing-coupling ap­
paratus r emoved r efused to fl y long 
enough for adequate observations. 
However, in one intact insec t, flying 
in front of the stroboscope, the wing­
coupling m ech a nism became disen­
gaged about 5 minutes after flying be­
gan . After several unsuccessful at­
tempts to reconnect the wings, the in­
sect continued to fl y, usin g only the 
for e-wings. The hind- wings did n ot 
fl a p on their own, but were merely 
h eld, vibrating, at an upward angle. 
After several minutes in this position, 
the hind-wings folded over th e back 
of the insect, assuming the resting 
position . The fore -wings continued 
to flap on their own for a further 10 
minutes. It is not known whether the 
speed was r educed during flight with 
the wings uncoupled, because this in­
sect was h eld on a stationery tether 
and not on the flight mill. 

Discussion 
Flight requires propulSion, lift, and 

stability. Propulsion and lift are func­
tions ma inly of the wings and their 

TABLE 4. Index va lues of lift for normal and 
Normal 

operated 8-day-old O.fasciatus 
Lacking hind-wings 

male 
felJla le 

Numbe r Average 
tested value 

47 2.1 
46 2.4 

Number Average 
tested value 

14 1.3 
12 1.2 
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musculature; stability is a function 
of the sh ape of the wings and th e 
body. 

The experiments described show 
that with the h ind-wings removed, 
O. tasciatus can s till provide the pro­
pulsion for flight ; with th e fore-wings 
removed, propulsion is not possible . It 
would seem th erefore that for pro­
pulsion, the meso thorax and fore­
wings are more important than the 
meta thorax and hind-wings. 

It is clear that the hind-wings 
a re necessary for adequate flight and 
that they provide much of the lift. 
Insects lacking hind-wings were un­
able to maintain horizontal flight and 
would probably not be able to take off 
from the ground, since the lift force 
provided by the fore-wings alone is 
less than the weight of the insect. The 
hind-wings are therefore important 
in providing the extra surface neces­
sary to increase the lift to a value 
greater than that of the insect 's 
weight. For this extra surface area to 
be effective, the two pairs of wings 
must be coupled together to present 
a single surface area. 

It was observed, in the insect 
whose coupling mechanism failed, 
that the hind-wings did not flap 
unless they were coupled to the fore­
wings. One is therefore led to believe 
that the power for movement must 
come from the meso thorax, trans-

mi tted to the hind Wings through th e 
for e-wings and the coupling mechan­
ism. The hind- wings were observed to 
vibrate when uncoupled, indicating 
that th e metathoracic mUSCUlature is 
capable of bringing a bout hind-wing 
movement. In the intact flying insect, 
however, the actual operation of the 
wings is evidently controlled from the 
meso thorax. 

A similar situation is seen in the 
Lepidoptera and the Hymenoptera in 
which the two pairs of wings are a lso 
joined by coupling mechanisms, and 
the power for fli ght comes from the 
meso thorax. For adequate lift and 
propulsion, both pairs of wings are 
necessary, but both are controlled by 
the mesothoracic mUSCUlature, acting 
through the hook mechanism and 
through the meta thoracic muscles in 
some cases (Chad wick, 1953; Pringle, 
1968) . 

In the Heteroptera it would thus 
seem that the mesothoracic segment 
is the most important part of the 
pterothorax for flight . The modifica­
tion of the fore-wings to form hemie­
lytra has not progressed so far that it 
h as reduced the functional siginifi­
cance of the meso thorax to the stage 
seen in the Coleoptera. 

Acknowledgments 
The research for this paper was sup­

ported by a grant from the National Re­
search Co uncil of Ca nada to Dr . G. G. E. 
Scudder. 

References 

Chadwick, L. E. , 1953, The motion of wings. In : Roeder, K. D. (ed) Insect Physiology, 
Wiley, New York: 577·615. 

Dingle , H. , 1965, The relationship between age and fli ght activity in the milkweed bug 
J. Exp. BioI. 42 :269-283. ' 

Pringle, J. W. S., 1957, Insect Flight, Cambridge Unive rsity Press, London 
Pringle, J . W. S., 1968, Comparative physiology of the fli ght motor, Adv. Ins. Physiol. 

5:163-227. 
Scudder, G. G. E., 1967, Notonecta borealis (Bueno & Hussey): a fli ghtless species? 

Ent. mono Mag . 102:258·259. 
Weber, H., 1930, Biologie der Hemipteren, Julius Springer, Berlin. 




