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ABSTRACTS

The histological study of the thoracic musculature of the adults in Zenebrio molitor
L. has been investigated with the methods of the paraffin section and teasing muscles.
All muscles of thoracic segments were examined. Three histological types of

muscles were found: the general, the tubular general and the fibrillar.

Most muscle

fibers are muscles of the general type; only a few muscles are the muscles of the
tubular general type, and the direct and the indirect flight muscles in the metathorax

are the fibrillar type.

The ‘muscles are attached to the cuticle through the epidermis; some muscles are
attached to the internal skeleton such as the phragma or the furca; most of the leg
muscles are attached to the integument by a long tendon, and most of the flight

muscles are attached to the sclerite discs.

The tracheoles were found as the intercellular of the fibers. The tracheal system
helps in binding together of the flight muscle fibers.

INTRODUCTION

While working on the internal anato-
mical development of the thoracic muscu-
lature during metamorphosis in Tenebrio
molitor L. (6), the changes of the muscu-
lature were found as follows: (1) majority
of the larval muscles are transformed into
the adult muscle, (2) Some muscles are
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gradually degenerated and finally disappear-
ed and (3) new muscles are developed
during the prepupal and the pupal stages.
Consequently during metamorphosis of
insects both macro and microscopic changes
are involved anatomical and histological.
The histological differentiation. of the
thoracic muscles in 7. molitor, so far
remain unknown. The purpose of this
study is to clarify the histological struc-
tures of thoracic muscles in T. molitor
during the adult stage. It is intended to
lay the foundation for the further study
of the histological changes of the thoracic
musculatures during metamorphosis.



Little work has been done concerning

the histological study of the musculatures
of the beetle. Breed (1) studied the changes
of the musculature of the beetle, Thymalus
marginticollés Chevr. during metamorpho-
sis. He gave a detailed description of the
anatomical and the histological changes
of the musculatures in the pupal stage of
the beetle.

Kielich (5) worked on the structure of
the insect muscles, and reported that the

leg muscles of Dyftiscaes are the tubular -

muscles. A
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MATERIALS AND METHODS

Specimens for this investigation were
reared in the laboratory in the glass jars
at room temperature. . The larvae and the
adults were fed on a- medium (whole wheat
flour 300 grams, yeast 15 grams, corn meal
30 grams). Some vegatables were added
ocassionally to provide moisture..

The newly emerged adults and. the

about five days old adults were used. The
specimens were fixed in Bouin-Duboscq
solution (3) for 24 hours and washed in
7094 alcohol for 12 to 24 hours to remove
the ~excess picric acid (8). The muscles
were-cut into small pieces and were dehy-
.drated vie the series (7), embedded in tissue
mat (m.p.) 60°C and cut'at' 6 to 10 u: The
‘sections were stained with Harrisshemato-
xylin and 0.59; eosin 'in, 9595 alcohol. The
striations of theé muscle fibers and the

nuclei were obviously identified by the blue
color.

The preparations were examined with
the 40X plan achromatic and 100X plan
achromatic oil immersion lens of Olympus
research microscope: The microphotographs

were made with SV Asahi Pentax Camera..
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The drawings were made
Cameralucida.
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RESULTS
Histology:

There are three kinds of muscles, the
general type of muscles (4), the tubular
general typz and the fibillar muscles (11)
throughout the thoracic segments of T.
molitor adults.

The general type of muscles has diff-
erent kinds of shape and includes all mus-
cles throughout the thoracic segments
excepts the flight muscles of the metatho-
rax. The leg muscles are composed of
numerous small fibers arranged in a penni-
form or bipenniform manner and attached
by a common tendon. The dorsal and the
ventral longitudinal muscles of the protho-
rax and the mesothorax. The muscles are
attached to the endoskeleton, such as the
phragma or ‘the furca. These muscles are
well striated similar to the striated

_ “skeletal muscles” found elsewhere in the

animal kingdon. The Figure I and the
Figure 2 faintly show that the fiber is
enshealthed by a relatively thick mem-
brance, the sarcolemma (L). The elongated
ovoid shaped nuclei (N) are scattered in
sarcoplasm (P) at the periphery of the fiber.

Some muscles in T. molitor adults the
cross striation of the muscle is well marked,
the nuclei arrange in a row along the
~axis of the fibres (Fzg. 3) instead of scat-
tering distributed. The cross section of
"the muscle showed in the Figure 4; the
fibrils of the muscle do not arrange as the
lamellar type and the nucleus lies in a
matrix of sarcoplasm: However,  a “few
nuclei are found around the fiber. These
muscles are termed the tubular general
type of muscles.

The fibrillar muscles, in contrast “are
characterized primarily by the relatively
enormous diameter of the fibrils when are
compared with those of the general
muscles. The Figure 5 shows that several
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hundred of fibrils are bundled to form one
muscle fiber- which appears polygonal in
transverse examination. In the Figure 6,
the longitudinal section shows that ovoid
nuclei of the muscles irregularly arranged
within the fibrils.
well remarkable as those of the general
muscles, only the telophragma (Z) can be
seen under the light microscope with oil
immersion lens.

Most of the fibrillar muscles are atta-
ched to the sclerite disc which is a small
chitinous plate (Fig. 9 bad, sad and cd)
projecting downwards from the anterior
edge of the prescutum and the posterior
edge of the postnotum repectively (Fig. 8).
Some are attached to the phragmae (Fig.
7 dlm; and Fig. 8 phs; phs).

The tracheoles of the fibers are inter-
cellular or invaginated into the fiber
surface. The tracheoles lie on the surface
of the sarcolemma or enter into all depths
of the fiber concentric sheath of the fiber
membrane. The tracheal system helps in
binding together of the muscle fibers. The
fibrillar muscles are rich in tracheal supply.

Myology:

The names of the muscles adopted for
this study were from 'those which are
termed by Lee (6). The anatomy of the
thoracic musculatures of 7. molitor adults
are briefly studied:

(I) The prothorax:

The prothoracic muscles may be divided
into five categories:

(1) Dorsal muscles:
kinds of muscles, consisting of dorsal long-

itudinal median muscle and external dorsal

longitudinal muscle in the dorsal muscles.
The dorsal ‘longitudinal median muscle
(Fzg 7 dlml) extends from the postoccipotal
ridge to the first phragma (ph,). This
muscle is the muscle of tubular general
type.

The external dorsal longitudinal mus-
cle (Fig. 7, edm;) extends from the anterio-

The striations are not.

There are two

median part of the mesal area of the
pronotum to the first phragma (ph;). This
muscle is the tubular gemeral muscle.

(2) Ventral muscles: The wventral
longitudinal muscle (Fig. 2, vlm;) stretches
between the cervical membrane and the
profurcal arm (f;). This muscle is the
general type.

(3) Tergopleural muscle: The tergo-
pleural muscle (Fig. 2, tplm;) extends from
the lateral portion of the pronotum to the
trochantinal plate (tp). This muscle belongs
to the general type of muscles. .

(4) Sternopleural muscles: The ,ster-'
nopleural muscles have four muscles: .

The sterno-dorsal muscle (Fig. 9, sdm,)
arised from the anterior lateral margin
of the prostermum and: mserts on the
postocciput. ‘

The anterior tergo-ventral muscle (Fz'g.
8, Atv) extends from the anterior lateral
part of the pronotum to the postocciput.

The posterior tergo-ventral muscle
(Fig. 8, Ptv) is attached to the median
portion of the pronotum and to the post-
occiput.

~ The ventral phragma muscle (Fig. 7,
vphr) passes from the postocciput to the
first phragma.

All these muscles are the general type
of muscles.

(5) Leg muscles: The leg muscles of
the prothorax cons1st of “four . different
muscles:

The tergal promotor muscle (Fig. 9,
tpm;) arises from the pronotum and is
attached to the trochantin by a small long
tendon. -

The tergal remotor muscle of the coxa
(Fig. 8; trm,;), a large fan-shaped muscle,
extends from the pronotum to the posterior
coxal rim by a wide tendon.

The pleural abductor muscle of the
coxa (Fig. 9, pab,) extends from the tro-
chanter to the anterior lateral rim of the
coxa by a tendon.
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The extra coxal depressor muscle of
the trochanter (Fzg. 9, and 10, edtr;) con-

sists of internal and external muscle bundles.

Both of them are attached to the
trochantinal plate and to the trochanter
through a single large apodeme forming
a shape of a large fan:

In these leg muscles, except the pleural
abductor muscle of the coxa is the
tubular general muscle, all the muscles
are the general type of muscles:

(6) Intersegmental muscles: The
intersegmental muscles are included three
muscles as following:

The dorsal intetsegmental muscle (Fzg.
2, dim,) is a fan-shaped muscle which
extends from the pronotum to the posterior
occipital ridge.

The lateral intersegmental
(Fig. 7, Lim,) extends from the profurca
(f;) to the first phragma (phi).

The dorsal ventral intersegmental
muscle (Fig. 8, dvi;) is a large triangular
shape of muscle which is attached to the
pronotum and to the intersegmental mem-

brane:
The lateral intersegmental muscle is

the tubular general muscle, and the dorsal’

intersegmental muscle and the dorsoventral
intersegmental muscle ‘are the general
type of muscles.

(IT) The mesothoras:

" In Coleoptera, the front wings have
been modified into a protective elytra.
The phasic flight muscles, therefore, are
only found in the metathorax. The mes-
othoracic muscles are divided into five

groups:
(1) Dorsal muscles: The dorsal
muscles are involved two numbers of

muscles as following:

The dorsal longitudinal median muscle
(Fig. 7, dlm,) extends from the first phra-
gma (ph;) to the second phragma (phy).

The lateral dorsal oblique muscle (Fég.
7, Ld,) is a triangular shape attaching to

muscle

the mesoscutum and to the mesopostscutel-
lum by a small very long tendon.

(2) Ventral muscles: The ventral
longitudinal muscle Fig. 7, vlm,) Iis
attached to the profurcal arm (f;) and to-
the mesofurcal arm (f,).

(3) Tergopleural muscles: There are
four muscles included in this group of
muscle.

The levator muscle of the elytron (Fzg.
7, Lc,) extends from the prescutum to the
soatulate sclerite of the mesoepisternum.

The pleural axillary muscles (Fig. 8,
pam,) consist of two narrow muscle bundles
attaching to the third axillary sclerite and
to the mesoepisternum or to the mesoepi-
sternum or to the pleural ridge.

The episternal axillary muscle (Fig. 8,
eam,) stretched from the spatulate sclerite
of the mesoepisternum to the third axillary
sclerite.

The pleural subalar muscle (Fig. 8,
pam,) is a small triangular muscle attach-
ing to the subalar sclerite and to the
spiracle by a small tendon.

(4) Leg muscles: The leg muscles of
the mesothorax consist of six muscles:

The tergal remotor muscle of the coxa
(Fig. 7, trm,) extends from the mesopres-
cutum and the mesoscutum to the coxal
rim by a strong tendon.

The sternal remotor muscle of the coxa
(Fég. 8, strm,;) is a fan-shaped muscle
attaching to the mesofurcal arm (f,) and
to the coxal rim by a tendon.

The pleural abductor muscle of the
coxa (Fig. 10, pab,) is bipenniform lying
on the mesoepisternum and ‘ending at the
coxal rim by a tendon. .

The coxal basalar muscle (Fig. 10,
cbm,) extends from the basalar sclerite to
the anterior coxal rim by a tehdon.

The extra coxal depressor muscles of
the trochanter (Fig. 9) consist of two
muscle bundles, the episternal coxal depres-
sor muscle of the trochanter (edtr,) and
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the sternal extra-coxal depressor muscle
of the trochanter (sdtry). The former arises
from the mesoepisternal flange, the later
from the mesofurca. Both of them insert
on the trochanter by a strong tendon.

All dorsal muscles, ventral muscles,
tergopleural muscles and leg muscles. of
the mesothorax are the general muscles.

(5) Intersegmental muscle: The
lateral intersegmental muscle (Fég. 7, Lim,)
extends from the second phragma (ph,) to
the mesofurcal arm (f;). This muscle is

the tubular general muscle.
(III) The metathorax:
The metathoracic muscles can be divi-
ded into five categories: 7
. (1) Flight muscles: The flight muscle
consist of four numbers of the ‘indirect
flight muscles (9), and three numbers of
direct flight muscles. All muscles of this
type are the fibrillar muscles.
(A) Indirect flight muscles:

The dorsal longitudinal median mus-
cle (Fig. 7, dlm;) extends from the second
phragma (ph,) to the third phragma
(phs).

The anterior leteral muscle (Fzg. 8,
alm) is attached to the preepisternum at
the base of the discriminal ridge and to
the lateral muscle plate.

The median lateral lavator of the wing
-(Fig. 8, mlw) extends from the metascutum
to the coxal muscle disc.

The lateral dorsal oblique muscle (Fig.
8, Ld;) extends from the third phragma
(phs) to the metascutum.

(B) Direct flight muscles:

The anterior extensor of the wing (Fig.
9, aew) originates on the -preepisternum
and inserts on the basalar disc.

The coxal basalar muscle (Fzg" 9, cbm?)
is attached to the basalar disc and to the
anterior rim of the coxa.

The posterior-extensor of the wing
(Fég. 9, pew) extends from the subalar

disc to the muscle disc of the hind coxa.
(2) Axillary muscle: The axillary
muscle is the flexor muscle of the wing
(Fég. 9, fw). This muscle is attached to
the metapleuron and consists of two parts:
One inserts on the anaepisternum and
other on the pleural ridge. These two
muscles are the general type of muscles.
(3) Tergopleural muscles: This
muscle has three number of muscles: The

prealar muscle (F7g. 9, pram;) is a small

fan-shaped muscle . extending from the
prealar muscle disc to the pleural ridge.

The first tergopleural muscle (Fig. 9,
Itplm;) is attached to the lateral metascu-~
tum and to the dorsal surface of the
basalar disc.

“The second tergopleural muscle (Fig.
9, 2tplm,;) extends from the metascutum
to the anaepisternum.

These three muscles are the general
muscles.

(4) Sternopleural muscle: The sterno-
pleural muscle (Fig. 7, stplmg) is a
triangular muscle which extends from the
mid-coxal socket to the metafurcal arm
(f;) by a small and long tendon: This muscle
is the muscle of the general type.

(5) Leg muscles: The leg muscles of
the metathorax consist of five muscles:
The pleural abductor muscle of the coxa
(Fig. 9, pab;) arises on the anaepisternum
and inserts on the ventral coxal rim by a
slender tendon.

The sternal promotor muscle of the
coxa (Fig. 8, stpm;) is attached to the
metafurcal arm (f;) and to the ventral
coxal rim by a very small tendon.

The sternal remotor muscle of the
coxa (Fzg. 8, strm;) extends from the
metafurcal arm (f;) to the dorsal coxal
rim.

The sternal extra coxal depressor
muscle of the trochanter (Fig. 8, sdtr,) is
attached ‘to the metafurcal arm (f;) and to
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the trochanter process.

The tergal remotor of the coxa (Fig.
9, trmy) is triangular shape extendmg from
the postnotal -wing process and to -the
dorsal rim of the coxa. .

‘All these muscles belong to the gene-
ral type of muscles

(IV) Dzscusszon

In the present study of the ‘thoracic
musculatureé in Tenebrio molitor adult,
most of-the muscle fibers are the general
type of muscles in the prothorax, also the
muscle fibers in ‘the ‘- mesothorax. The
muscle fibers were “generally of small in
diameter and show clearly the  regions
and all lines described for striated muscle.
Only a few of the leg muscles, the inter-
segmental muscles and the dorsal long-
itudinal muscles in the prothorax and the
intersegmental muscle of the mesothorax
are the tubular general muscles which the

nuclei of the muscle line up in the center

of the fibers. However, the striations of
the muscle fibers are still remarkable and
the fibrils are not arranged as the lamellar.

Imms (4) states that the general type of

fibers is present in the leg and the abdo-
minal muscles of the beetles and other
insects; the muscle fiber has cross stria-
tions and the nuclei are scattered through-
out the surface of the fiber or desposal
beneath the sarcolemma. Breed (2) found
that all the skeletal muscles of a beetle,
Thymalus marginicollis, except the flight
muscles and the abdominal muscles are
the muscle of the second, or’leg, type
which has well striations' and the nuclei
are found at the surface of the fibers
between the fibrils. This is similar to the
general type of muscles in the thoracic
segments of 7. molitor adult. Kielich (6)
studied the structure of the insect muscles

and found that the leg muscles of Dytiscus:

are the tubular muscle which the. nuclei
are arranged in rows along the axis of.
the fiber., However, in T. molitor adult,

all leg muscles are the general ‘type of
muscles except the pleural abductor muscle
of the coxa in the prothorax. Such diffe-
rence can not be ascribed to function, and
yet there is mno evidence to explain this
difference.

The flight muscles in T. molétor, both
the indirect flight muscles and the direct.
flight muscles are the fibrillar type of
muscles. Daly (2) states that three histolo--
gical types of the muscles are present in
the Neuropteroidea Tubular, close-packed
and fibrillar; the first type is found through-
out the body while the last two are
restricted to. the flight mechanism. He
found that only two genera of Hymenop-
tera out of 54 genera which he observed,
have the close-packed type in the flight
muscles, the other are the fibrillar type.
Williams and williams (12) reported that
the flight muscles of the fruit fly, Droscp-
hila replete, their indirect muscles are
composed , of the ﬁbr1llar muscles and the
direct flight muscles consist of the tubular
muscles. Breed (1) found ‘that the flight
muscles including’ the indirect and the
direct flight muscles are the fibrillar mus-
cles in the beetle, Tkymalus Merginicollss.
Kielich (5) states that the flight muscles
are the fibrillar muscles in Dy#éscus also:
These are similar-to the flight ‘muscle in
T. molitor, the type of their muscles is
composed of the large and ‘near cylintrical
fibers with nuclei scattered throughout
their substance; numerous tracheoles are
intercellular of . the fiber and bound the
fibers of the muscles. :
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LEGEND OF FIGURES

Fig. 1 Longitudinal section of the extra coxal depressor of the trochanter of prothorax-—the
general muscle. 1300X

Fig. 2. Cross section of the same muscle. 1300X

Fig. 8. Longitudinal section of the dorsal longitudinal muscle of the prothorax«-the general
tubular muscle. 1300X

Fig. 4. Cross section of the same muscle. 1300X

Fig. 5. Lengitudinal section of the median lateral levator of the wing of the metathorax—the
fibrillar muscle. 1300X .
6. Cross section of the same muscle. 1300X

Fig.

Fig. 7. Lateral aspect of the thoracic muscle. 10X

Fig. 8. Lateral aspect of the thoracic muscle, all the muscles of the first layer removed 10X
Fig. 9. Lateral aspect of the thoracic muscles, all the muscles of the second layer and the

furcae removed. 10X
Fig. 10. Lateral aspect of the mesothoracic muscles, the muscles of the third layer and the
furca removed. 10X
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