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ABSTRACT. The shape and size of the flight muscles fibres of .male P. 
bufonius are almost uniform. The nucleus is situated at the periphery ofthe 
fibre and contains normal distribution of the chromatin . The myofibrilsare 
in almost perfect transverse register, with regular Z and I bands. The 
mitochondria are moderate and contain very well developed cristae. The 
sarcoplasmic reticulum and its association with T-system to form dyads are 
well developed. 

In contrast, the female flight muscle fibres are reduced in size to slender 
thread-like structures . The decrease in width is due to atrophy of myofibrils 
so, that the surface (sarcolemma) becomes scalloped or markedly irregular. 
The nuclei are located peripherally and are surrounded by undifferentiated 
sarcoplasm, suggesting nucleus shrinkage (Pyknosis). The pyknotic nuclear 
chromatin is aggregated or c1imped into numerous masses occasionally ad
jacent to the nuclear membrane . The myofibrils are small and the crdss-stri
ations are poorly defined. The Z-bands are irregularly arranged , orabsent 
in some cases. Less organized myofibrils and indistinct sarcomere bands are 
evident. The mitochondria are scarce and the sarcoplasmic reticulum is 
abundant with clear indication of dilation . More study is needed to ascer
tain whether atrophy of flight muscle of mature adult female coincides with 
gonad growth or the flight muscle never develop. 

Introduction 

It has been reported/II, that insects which have secondarily lost the ability to fly lack 
two fundamental biochemical characteristics present in those which have regained 
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men and withdrawing the gut attached to the head. The thorax was then cut open 
ventrally and pinned out on a cork board, prior to the applications of ice-cold (0-
4°C), fixative, 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.3)and 
containing 0.32 M sucrose on the flight muscles. Postifixation was conducted for 2 
hours by immersing the tissues in ice cold 1 % Osmium tetroxide maintained at pH 
7.3 with cacodylate buffer, dehydrated in acetone and embedded in Epon 812. Thick 
sections (1 ~m) were stained with toluidine blue, whereas thin sections were stained 
with lead citrate and uranyl acetate(17) for 30 min. prior to their examination with Jeol 
lOOCXTEM. 

Samples for scanning electron microscopy (SEM), were fixed in 2.4% glutaral
dehyde as described above, dehydrated in an ascending series of ethanol and critical 
point dried. The muscles were coated by gold-palladium after carbon coating then 
viewed and photographed using a Jeol SEM-3S. 

Results 

The mature adults female grasshopper, P. bufonius, are incapable of flight. The 
flight muscles of mature adult females are very small and reduced to slender thread
like structures. They are characteristically pale in appearance. In contrast, the male 
flight muscles are relatively large and are of reddish-brown colour. 

Using the scanning electron microscope, the surface of the flight muscle fibres of 
male and female P. bufonius, showed regular transverse striations (Figs. 1 and 2) . 
These striations are presumably due to local shrinkage at the Z-band level. The nuc
lei are clearly seen under the sarcolemma at the muscle fibre periphery (Fig. 1): In 

FIG. Scanning electron micrograph (SEM) of male flight muscle fibres to show the regular transverse 
striations and the presence of nucleus in peripheral positiOn (arrows) . MF: Muscle fibres . Scale 10 
.... m. 
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FIG. 4. SEM of transverse section through muscle fibres of female flight muscle. Numerous space bet· 
ween muscle fibres (Arrows) are shown. Scale 2 fLm. 

Examination of transverse sections through median dorsal longitudinal indirect 
flight muscle of male P. bufonius shows considerable variation of the shape and size 
of each individual fibre profile (Fig. 5). However, the peripheral fibres tend to be 
similar in shape and size (Fig. 5). 

5 
FIG. :; . Transverse section through part of the median dorsal longitudinal flight muscle of male . Notc thc 

peripheral position of the nuclei . the shape and size of m·uscle fihres . Scale · 1 (I u.m . 
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In longitudinal sections of male flight muscle, the myofibrils are usually in almost 
perfect transverse register, as · indicated by the relatively straight rows of Z-bands 
(Fig. 6). However, the disturbance of some sarcomeres, seen in the section may be 
due to the preparation. The sarcomeres exhibit the band pattern typical of insect 
flight musclelJ81 . Distinctive I-bands can be seen on either side of the Z-band (Figs. 6 
and 7) and most of the sarcomere length being represented by the A-band. 
Tracheoles are abundant in the male flight muscles (Figs. 6 and 8). There is a consid
erable variation in the shape of the myofibrillar profiles as seen in transverse sections 
(Figs. 8,9 and 11). The shapes range from more or less circular to oblong or oval pro
files. The thin (actin) and thick (myosin) myofilaments can be seen clearly in the 
transverse section ofthe myofibrils (Figs. 8 and 10). The mitochondria are moderate, 
but they contain a large number of compact cristae (Figs. 7, 8 and 10). 

The sarcoplasmic reticulum (Figs. 6 and 10), and its association with the T-system 
(Dyads) (Fig. 8) is clearly seen. The distribution of the sarcoplasmic reticulum over 

FIG. 6. TE micrograph of longitudinal section through the muscle fibre of male flight muscle to show 
dellrly defined cross-striations, regularity of z-bands (z) and the peripheral position ofthe nucleus 
(N). tr: tracheole; m: mitochondria; C: chromatin . Scale 2.5 ~m . 
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FIG. 11. A longitudinal section through female flight muscle fibre. Observe the reduced size of myofib
rils, the poor striation, the irregular shape of z-band and the absence of some z-bands (arrows), 
tr: tracheole. Scale 1 fLm. 

the myofibrillar surface and the separation between the adjacent myofibrils and the 
associated mitochondria is also demonstrated (Figs. 8 and 10). 

The size ofmyofibrils is very small in female flight muscle (Fig. 11), compared with 
that in male (Fig. 6). The nuclear chromatin is aggregated or clumped into numerous 
masses adjacent to the membrane (Fig. 12). Occasionally, some nuclei contain frag
mented chromatin and careful examination shows that the nucleus is surrounded 
with undifferentiated sarcoplasm (Fig. 13). In contrast to the banded pattern of male 
flight muscle (Figs. 6 and 7), the cross-striations of female flight muscle are poorly 
defined and the Z-bands were irregularly arranged. (Figs. 11, 14, 15 and 16). 

Less organized myofibrils (Fig. 12) and indistinctive sarcomere bands of the 
female flight muscle fibres (Figs. 14, 15 and 17) are evident. In some cases the Z
bands were not seen (Fig. 11) and in others the myofilaments are absent from some 
sarcomeres (Fig. 16). Fragmented myofilaments are widespread in female muscle 
(Figs. 14,17 and 18). . 
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adult female of Dysdercus intermenius coincides with oocyte growth and is under en
docrine control. Chesky(32) reported that locomotion (and probably flight) is a pro
cess animals developed for the purpose of mating seeking food, or escaping from 
hostile environmental conditions. It is possible that the female (usually have the ten
dency to a shorter winged condition), and male of P. bufonius, which used to occupy 
and have developed a mechanism to repell predators[lO), need no flight. Popov and 
Kevan(33) reported that members of the genus Poekilocerus generally move, let alone 
travel, little during course of their lives. However, the males are capable of flights 
facilitating encounters between the sexes(33). In fact, Euw et al. (9), have reported that 
P. bufonius has many separate line of defence apart from its warning coloration, (1) 
the ejection of a jet of foam for defensive fluid containing cardenolides and histamine 
(each insect contained about one cat lethal dose); (2) a penetrating and disagreeable 
odour, which can be perceived by a human observer from a distance of several met
ers; (3) toxic cardenolides in the tissues of the body. It is possible, therefore, that the 
atrophy of the female flight muscle of P. bufonius promotes reproduction by divert
ing amino acids to the egg formation. There is normally little displacement between 
food/shelter and oviposition habitats, that is, during the period in the life of a species 
when the furthest displacements might be expected. Trump et al. (34), indicated that 
the death of the organ is of vital importance in biology because they occur as normal 
part of the economy of every organism even during development. 

It has been recognized that denervation of muscle leads to atrophy and eventually 
the degeneration of the muscle fibres. However, Goldspink(35), indicated that it was 
not clear whether the atrophy and degeneration was due to the changes in activity of 
the muscle or whether the nerve produces substances or in some other way imports 
stability to the muscle fibres. Richards and Davies(36), reported that degeneration of 
the flight muscles occurs after sexual maturity in many species, where the process 
promotes reproduction by releasing amino acids that can be used in egg formation. 
The alate forms of · Brevicoryne brassicae, Myzus pericae, Aphis fabae and other 
aphids undergo flight muscle degeneration (histolysis) after settling on their host 
plant and are caused by hormonal changes[37, 38). A similar process is also found 
among scolytid beetles in which, after moving to a new tree, the male and female do 
not fly and their flight muscle is reduced to functionless ribbons[39, 40). Whether the at
rophy of flight muscle of mature adult female of P. bufonius coincides with oocyte 
growth, the muscle never develop (developmental atrophy), due to physiological 
cost affected by toxic GC or interreaction between GC and endocrine factors, re
mains to be established. 
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