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STUDIES ON THE ANATOMY AND PHYSIOLOGY
OF THE SILK-PRODUCING INSECTS.

1. ON THE STRUCTURE OF THE SILK GLANDS
AND THE SILK FORMATION IN BOMBYX MORIL "

Yosninaro TANAKN, Nogakushi.

College of Agriculture, Tohoku Imperial University,

Sapporo, Japan.

With Pl. TTTI-IX.

Introductory.

The Domestic Silkworm, Bombys mori, evidently is one of the Insects which have
been studied in several respects, owing no doubt to the cconomic importance of seri-
culture in combination with the material easily accessible. There are, however, met with
in the literature numerous points on which the views of the previous anthors are still
widely divergent from onc another; from the growing importance of the economic side and
from the scientific intevests, these questionable points are required to be clueidated, if possible,
satisfuctorily. Since 1909 I have been engaged in a work with my hope in throwing some
light upon the minute structures of the silk glands, which remain at least in parts obscure
in spite of their being in close relations to the silk-formation. In counection with this mor-
phological study, I have observed the sillkk formation, the minute processes of which are, as
it seems to me, not withont interest. The present paper embodies the results obtained
from the study in these two directions.

The material emploved consists chiefly of the larvear of the Japanese white univoltin
rce and Japanese white bivoltin race.  The univoltine composing the material are those
hatched out on June 3rd, 1907, and “mounted” on July Tth, that is, thirty five days after
their day of hatching, being killed day after day during the course of the whole larval
life. The bivoltin material was obtained from the larve reared in the summer season of

1910; this latter lot was collected at times in the course of culture. -

D See Tavakd, Y., Preliminary Note on the Silk Glands of Bombye mori. Trans. Sap. Nat, Iist. Soe,,
Vol. IT1, pp. 19-23. 1910,
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The material was fixed in 0.69 watery solution of picric acid and was hardened in
709 aleohol in which it has been preserved until worked, the fluid having been renewed
at times.  The objects which were imbedded partly in paraffin and partly in celloidin
paraffin were divided into series of transverse and longitudinal sections of 1/300 wmum. in
thickness. Staining was done on the slides chiefly with HANSEN’s heematoxyline, but alum-
carmine, borax-carmine, picro-carmine, RENAUT’s hematoxyline, safranine, aniline red, ete,
were also employed. -

I wish here to express my sincerest thanks to Prof. S. Harra for his constant
advices and his kindness in looking through the manuscripts. My obligations are also due
to Prof. K. Mivase and Prof K. Supa for the warmest courtesy shown by them in the

course of the present work.

Part I. On the Structure of the Silk Glands.

The silk glands consist, in the Domestic Silkworm, Bombyx moid, of a pair of long
tubular bodies, the proximal ends of which are communicated with a common duct, while
the distal ends terminate blindly; the whole body of the glands is shining whitizh in both
the races reared in our country.

During earlier stages of larval life, the glands are situated, in a symmetrical manner,
on both sides of the central nervous systemi which lies flat in the body cavity in a close
contact with the ventral body-wall. The silk glands undergo, however, a rapid growth in
the course of larval life; especially when the fourth moult is over, they are suddenly
added in dimensions (Pl I11, Fig. 1), so that they fill up nearly the whole space of the
body cavity, while this eavity was formerly to its greater part occupied by the alimentary
caual which is, during the growth of the silk glands, translocated by stages towards the
dorsal body-wall, being pushed by the growing silk glands, and is at present pressed on
to the body-wall, so as to assume a band shape, being compressed dorso-ventrally (Pl I1I,
Fig.2) '

Besides the common duct, the following three sections may be distinguished in each
limb of the silk glands: «) the anterior division, ) the middle division and ¢) the posterior
division. These three divisions are often erronecusly regarded, from before backwards, as
the part discharging, and the section reserving the silk sceretes which are secreted in the
glandular division representing the termienal division; henee they arc most commonly called
the creretory tube, the reservoir and the scereling tube respeetively.

The gland  tube on each side is thin in the proximal part of its anterior division
and is impereeptibly added iIn its thickness towards the posterior part, until it is suddenly

thickened at the commencement of the middle division. The middle division of the tube
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also grows thicker distally and attains its thickest bulk at about the middle part of its
extent, to be again gradually decreased in bulk towards the posterior division, at the
commencement of which the tube is rather abruptly deereased in its thickness.  Thence
backwards the tube becomes by degrees thinner and thinner; the hind tip of the gland
tabe is, however, markedly thicker as compared with the anterior section of the tube.

In the passage from one division to another the tube shows certain characteristics.
The tube’s Inmen is suddenly diminished ar the passage from the middle division to the
snterior division which contains the narrow lumen; the epithelium forming the walls is
likewise rapidly decreased in its thickness from this part forwards; and the very thick
intima which lines the inner surfuce of the gland tube of the anterior division is almost
lost from sight at the passage to the middle division (P ITI, Fig.3, A, C). Tu the passage
from the middle division to the posterior the tube shows not, as a rule, the features so
marked as in the one just referred to, passing rather gradually from one to the other.®

The anterior division extends from the distal end of the common duct to about the
level of the fifth or sixth bodyv-segment, which lies in the commencement of the middle
and

the other bent anteriorlv.  The fivst loop which is bent posteriorly; goes in younger larvie,

division. The middle division forms two loops in its course, one curved posteriorly,
as far backwards as the sixth segment®) and in full grown larveie it reaches the ninth
segment, whereas the anterior loop is, In vounger larvee, found in the fifth; in full grown
larvee, it grows farther anteriorly, =o as to attain the sccond segment.  The middle division
passes over, in the fifth, sixth or often in the seventh segment, into the posterior division.
The looping of the gland tube in question is already to be scen in embryvos at least three
days before hatching. Tt is & noteworthy fact that the looping remains always unchanged
i its principle, being neither added nor simplified in turnings, although the middle di-
vision which is looped, as well as other parts, undergo striking changes in several respects
in consequence of enormous growth and development.

The posterior division, the hind continuation of the division just referred to, is in
vounger stages very simple; it is almost straight, showing enly a few undulations near its
distal end (Pl 111, Fig.1, A, B, C, D). It extends from the fifth, the sixth or the
seventh segment to the ninth segment, about which it ends blindly.  In full grown forms,
on the other hand, the gland tube of the posterior division shows numerous convolutions
and oceupics almost the whole space between the fifth seement and the tenth. Tt is spee-
ially to be noted that, although the econvolutions of the tube push their way into the

tenth segment, vet its distal end is always found in the ninth segment where it lies from

B Yery often s, however, seen o wide calibre which passes over suddenly into a narrow lumen of the
posterior division, and we see the gland epithelium passing over into that of the posterior division which is
incrensed abruptly in thickness. Sce PL I, Fiy.3, B.

2 The term “segment” always signifies in the present paper the hody-segment.
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the first, being fastened to the enteric wall in this segmeut by special muscles (vide infra)
(Pl. 1V, Fig. 8). 'The convolutions of this division are numerous indced: I have counted
in some specimens no less than fifty of them (Pl III, Fig.1, F).

As to the histological structure, in the silk gland three layers are discernable: the
tunica propria representing the external cover, the tunica intima or the innermost layer,
and the layer of the epithelial cells, which builds up the fundament of the gland and is
coated on both its surfaces by the above mentioned two layers. The tunica propria is thin
transparent, structureless membrane which is nevertheless prettily resistant against the me-
chanical forces acting from outside.  As a continuous membrane it stands in connection
with the basal ends of the gland cells, which together form the external surface of the
gland. Seen from the surfuce, the gland cells are polygonal in outline and are of very
large size in full grown caterpillars, so as to be easily recognised by the naked eve; they
are, however, not very thick and are curved to describe a semi-circle, and the two opposite
components are so arranged to complete, on a cross section, a ring. It is, therefore, clear
that the gland tube is composed of rings of the gland cells arranged in two rows.

According to the divisions of the tube, the gland cells differ more or less in their
shape : the cells represent nearly hexagonal column in the anterior division; and those in
the middle division are lower aud broader, being clongated from zide to side, while in the
posterior division, the cells are not only irregular but variable in shape, being doubtless
caused by the convolutions of the gland tube (2. 111, Fig. 4).

Braxc believes that the component cells of the silk glands are separvated from each
other by wparrow spaces which are filled up with a substance remaining unaffected by
staining matters. The spaces in question are not in reality a natural one, but due to mere
artificial effects, as shown by the fullowing facts. In living specimens, the gland cells are
closely put together so as to cause the cells to be pressed vne against another and to assume
u pulygonal shape as above mentioned; consequently there is left at any rate no space be-
tween the cells themselves as BLaxe mentions.  On the other hand, the spaces appear
between the cells, when the gland is fixed and hardened, no doubt in consequence of con-
traction undergone by the cells.  Then the inner and outer tunics, not attected by the
reagents, remain unchanged.

The cytoplasm is granulated and  vacuolated; this is especially the case during the
period of active secretion of the cells.  The numerous tracheal branches are divided into
fine capillaries which pass through the substance of the cells. The cell nuelei also present
a granular structure, except those of the anterior division in later ages, which are clear
and homogencous, being free from granulations.

Ramifications with which cell nuclei are provided, appear at first in the cells com-

posing the auterior division.  This fact disproves the view by HEeLM, according to which
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the middle division is earliest to show the dendric form of cell-nuclei; it is, however, to
be remembered that the ramifications of the nuclei are, in full grown caterpillars, highly
developed and much complicated in the middle and posterior divisions, although the changes
of the nuclei commence their work in the latter two divisions later than in the anterior
division.

The tunica intima lines the inner surface of the gland cells.  This coat is thickest
in the anterior division; in the middle division it is not only very thin, but is characterized
by occurrence of numerous striations of filamentous appearance, which are probably brought
about by local thickenings of the intima. In the middle division, the filamentous striations
take a parallel course. Some adjacent filaments very often anastomose with each other,
although this is, in the middle division, comparatively seldom in occurrence. The parallel
course of the filaments is, however, gradually disturbed, and anastomoses are met with
more frequently towards the hinder part of the gland, to be at last transformed into =«
complicated net-work, as in the case of the hinder half of the posterior division. Accord-
ing to Hrry, the intima Is, together with the body integuments and the twenidia of
trachese, etc., cast off and renewed at every moulting.  As the intima is nothing other
than the cuticular coat secreted by the cells of ectodermal origin, this view by HELM seems
not unreasonable; vet there is detected, in reality, no trace of changes suggestible as being
due to such a renewal of this layer. On the contrary, in the certain structures which are
actually renewed at every moulting, for instance, in the cuticular coat of the integument,
in the teenidia of trachewm, ete,, a new layer is clearly recognised, being formed already
before the old coat has been cast off, so that double layers, old and new, are seen at the
same time during a moulting period (Pl V, Fig.16). Such an occurrence is never scen

in the intima of the gland tube at all (PL VI, Fig.24, )0

Muscles in Relation to the Silk Glands. The silk glands and the alimentary
canal which are found in the perivisceral cavity, are suspended to the skin by means of
nine pairs of long, slender muscles, each pair of which regularly occurs in each of the
nine body-segments from the second to the tenth (PL IV, Fig.s). For the convenience
of refercnce, these muscles will be called the dermo-visceral muscles. A muscle of this series
is represented by a band composed of the muscular fibres with large nuclel arranged in
2 row on the median line of the band. The dermo-visceral musele bands arise, in cach
pair, from the body-wall represented by a cuticulated integument and are inserted on
each side of the median line to the dorsal enteric wall.  The muscles of the second pair,

the strongest of all, show certain modifications as regards their origins and attachmoents :

D A paper on the intima together with the post-embryonal development of the nuclel of the gland  cells

will appear as a scparate article, and detailed accounts on these structures will be scen in that paper.



6 v Y. TANAKA. 150

firstly, instead of being inserted to the enteric wall on the same side of the median line
as their origins, the museles of' this pair are crossed on this median line to be attached
to the enteric wall on the opposite side bevond this line; secondly, the second muscle band
on cither side is soon split, shortly from its origin, into several branches; the others are
divided only near to their inserting points, The muscles of the first pair run from their
origing on the skin almost transversely to the inserting points on the enteric wall.  All
the muscles of the remaining eight pairs take, on the other hand, an obligue course, owing
to the backward shifting of the inserting points, in (-mltmst‘tw the case of the first pair
of muscles, in which both the origin and inserting points lie on a straight transverse line,

Of the muscles above mentioned, the fourth and the eighth alone are those which
stand in eonnection to the silk elands.  Arvising from the anterior boundary of the fifth
seement, the fourth musele ou cach side passes into the ventral side of the silk gland,
where it is divided into two branches, one of which ix attached to the anterior part, and
the other is inserted to the middle part of the middle division.  Not unfrequently this
musele sends off a third branch to be conneeted by it with the hind part of the middle
division,  Towards their insertion, the branches given by the muscles are further sub-
divided repeatedly, and at length these branchlets are fastened by means of’ conneetive tissue
tendons which are interwoven in the distal part of the musenlar branchlets, to the external

surface of the gland, 4. ¢, the tuniea propria (1L IV, Fg.6).

Turning to the museles of the cighth pair, two branches which are given by each
counterpart of them arve attached to the distal part of the gland and to the tip of it. The
rain trunks of the eighth muscles have, on the other hand, nothing to do with the gland,
but go directly into the enteric wall, in order to suspend the distal end ot the gland to the
wall of the alimentary canal (17, 1T, Fig.8, 9).

A. LeExtriceHry believes that the silk glands have a muscular wall, in virtue of
which the seeretes in the gland Tumen are pressed and moulded to take a cvlindrical form.
But thix view is evidently erroncous,  The silk elands contain not a single fibre of muscle

in their bodics.

Distribution of Air-tubes in the Silk Glands. The silk glands are provided
with the tracheal tubes which vary in their strength and occurrence according to the
division of the gland as well as by stages.  The middle division is supplied with the tracheal
branches given off by the trunks from the fourth stigma and by a part of those from the
third stigma; after the fourth moult the ventral surfice of this division is almost wholly
covered by the tracheal branches (Pl V), Fg.11). Several branches of the tracheze from
the fifth, xixth and seventh stigmata arce distributed to the posterior division. The anterior

division is always free from the tracheal tubes.
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The trachee are already to be detected a great deal in connection with the silk
glands in larvee just hatched, although the branches are greatly added thereafter.  The
trachee attain, however, their full development only when the fourth moult is over;
They acquire then their strength of the branches sent off fully.

The tracheal branches on the gland walls give off their branchlets which enter the
bodies of the gland cells penetrating the tunica propria (L. V, Fig.15) On series of
cross sections through the middle and posterior divisions arc found several stages of the
tracheal tubules in making their way into the cell-bodies. There are tubules which come
in contact with the tunica propxzia of the gland by their tips. The tip of the tubule shows
a characteristic shape; it is provided with a basal knob, looking like an injection cannula.
In other cases, the tubules, and often those of large size, are piercing the cell body; then
the basal knob is lost from sight; and lastly, the cell bodies contain a system of the tra-
cheal capillaries into which the branchlets are divided in the cell-bodies. It is worthy of
a special notice that the finest parts of the tracheal capillaries, which are destitute of the
tenidian rings, are communicated neither with one another, nor with any other part, but
end freely, showing every indication in opening by fine terminal pores in the cytoplasm.
Though peculiar as it seems, yet the cytoplasm of the silk gland cells is in fact richly
supplied with the tracheal capillaries® (Pl 1, Fig.17)

Every ecdysis is preceded by the formation of a new series of the twenidia; the tracheal
branches often show on their cross-sections at the moulting periods double teenidian rings,
the inner old and the outer new. Not unfrequently arve further scen two small rings of
the old tenidia in the inside of the new just formed (Pl 1V, Fig.6). These peculiar
occurrences are the case in the tracheal tubes contained within the cell-bodies as well as in

those outside of them.

Having given in the preceding pages the chief facts concerning the structures of the
silk glands made out in the present work, T will now turn to the results obtained by the
previous authors.

Concerning the observations made as carly as the seventeenth and eighteenth centuries,
the following are to be referred to. ALDROVANDUs (1602) believes that the silk fibre is
drawn out from the mouth of the silkworm. We owe the discovery of the blind ending
of the gland tube to the authentic observation by Marricni (1669).  And by his splendid

discovery of a special opening for the silk spinning, the author corrected the erroneous

1 The peculiar features which are seen in the distribution of the air-tubes in the silk glands draw
attention to two points: firstly-the trachese are supplicd in the middle and posterior divisions, but not in the
anterior division; this is due to the active seeretion performed hy the former two divisions; seeondly, the
vacuoles or babbles loaded in the silken column, and often in the evtoplasm of the gland cells are doubtless
those emitted from terminal openings of the tracheal capillaries within the eytoplasm.
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assumption by ALDROVANDUS who claims that the silk fibre is drawn out from the mouth.
Hix descriptions of the silk glands are, however, confined chiefly to their external features.
The “double structure” of the cocoon fibre was pointed out for the first time by
Leevwesnork (1719). Reavvmur (1734) gives detailed statements on the spinning  ap-
paratus which is called by him filiére.” It is by LyoNET (1726) that the anterior, middle
and posterior divisions have been distinguished, and the wall of the gland is, accordiug
to him, composed of several lavers. We learn also from him more detailed structure and
more accurate physiological function of the filiere”, than its discoverer, REAUMUR, shows;
the author pointed out the “corpus bulbeux,” as he calls a small mass of glandular  tissue,
in the caterpillars of Cossus lgniperde.  The glandular body in question is nothing else
than one of the paired glands found by DE Frntepr in the silkworm and at present
known as Finmepr’s glands which open to the common duct of the silk glands and give
some slimy secrcte into it.

H. MuckiL (1846), one of the distinguished observers, undertock a study of the
stik glands, the rvesults of which muade, for the first time, clearly known the tunica propria,
the glandular cells and the tunica intima, as well as the branched nuelei of the gland cells,
and these splendid results are confirmed by later investigators, especially by LEvybpra (1857)
who extended his work over several silk-producing inseets.  As one of the diseoveries by
MreCREL to be mentioned are the so-called  “Porencanile” which bore, according to the
author, the intima in dircetions of radi of the gland tube.

Our knowledge concerning the structure of the silk glands has been greatly pushed
forwards by the extensive work of E. H. Hrry (1876), which comprises various kinds of
spinning msects and is illustrated with nearly sixty figures given in main exactlv.  The
author pointed out in this work the tracheal branches within the cell-bodies of the silk
olands and gives post-embryonal development of the nuclei of the gland cells, together with
the structure and fauctions of the “Spinnapparat” and those of the Fruerrs glands.  Ae-
cording to HELM the intima of the anterior division is, as MECKEL maintains, provided
with the “Poreneaniile,” and the intima itself is renewed at cvery moulting.  The meta-
morphoses of the silk glands of Bomby.e mori, in which he distinguishes the progressive
and regressive, have been observed by him with great caution.

Whilst. Lipti pE JEUDE (1878) positively denies the nerve supply to the glands,
Josrrr (1880) gives accounts on the innervation, together with the embryological devel-
opment of the silk glands, assuming that the glands are supplied with certain branches
from the infra-csophageal ganglion and “Verdauungspervensystem”  (svmpathetic nerve

system) which form the nerve plexi spreaded between the peritoneal membrane and the

D RpatMer means by the term “fliere” the spinneret itself.

D By the term “filidre” Livoxer designates not only spinneret, hut the entire bady of the labium,
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glandular cells.

So far as I am aware, no writer, subsequent to JEUDE and JOSEPH, gives an account
"on the innervation of the silk glands. When the fact that the salivary glands of Insects
have a special nerve supply is drawn into consideration, the silk glands, the homodymous
organ of the salivary glands, ought, as I assume, to be supplied by the homologous nerves
ss supplicd to the salivary glands, although the glands have undergone a “IFunktionswe-
chsel”.  Standing on this assumption, T dissected numerous individuals of various stages,
with great caution in seeking for nerve fibres standing in connection with the glands, but
all my efforts were at length fruitless, proving uothing else than the occurrence of the
conneetive tissues connecting the dermo-visceral muscles and fatty tissues with the glands,
together with the tracheal branches distributed thereon. These structures, the connective
tissue and trachen, show, shining whitish, a great rescmblance to the nerve fibres; this
resemblance is still further intensified in younger individuals which formed the chief
material of Joskpa’s work. After all, T am obliged to conclude that JoseEPH might have
mistaken these white structures or some of them for the nerve. It is of course a striking
fact that a body conspicuous in form and volume, and active in function, such as the silk
gland, is cntively destitute of nerves specially supplied to it; the fact positively denies,
however, the presence of such nerves.

Next we come to the work by WisrixeIAUsEN (1890); the weight of the results by
him falls upon his affirmation of the so-called “Tracheenkapillarendnetz”.  According to
the author, the finest twigs of the tracheal branches terminate not in the gland cells, but
are united with one another and give rise to a system of finest network, the “Traehecen-
kapillarendnetz”, as he calls it.  The Tracheenkapillarendnetz is, according to WISTING-
HAUSEN, a system of fine capillary tubes constiuting the continnation of, and homologous

to, the “Trachecnkapillaren”, and the network in question is formed of only the intima

>
which is probably chitinized and is couted with the “Peritoncalhaut”.  This system of
network intervenes between the tunica propria and the layer of the gland cells, without
entering within the Iatter.  This view is, however, not correct. The end-twigs of the
tracheal tubes are not so united as to give rise to a network, but end freely in the eyvto-
plasm of the gland-cells, as stated in the deseriptive part.  The free terminations of the
tracheal capillaries are, however, by no means easy to make out; I used a very high power
(Zeiss apochromatic objective 2 wm. x compensating ocular 18) for this purpose.  Under
suich a magnifying power, the capillaries are clearly revealed to their termini in the cell-
bodies.  In addition to this, I have in my possession some preparations in which very
obvious are several interesting stages of the tracheal twigs making their way into the
cell-bodies of the gland : in some the tips of the twigs are coming in contact with the

v

propria, and in others these are penetrating to some extent this structureless membrane,
R N
1

¢ v
. N s
v l
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while in still others they completely have bored into the eytoplasm (Pl V, Fig.13, 14, 13)

It should not be uninteresting to infor the mode, in which the tracheal twigs thrug
the propria. It is of course doubtful that the tapering fine tracheal twigs arc efficient
enough to tilt the tunica propria by the pressure exerted by the growing tracheal twig
themselves. Actually there is not pereeived a depression which ought to result at the point
of the membrane coming in contact with the tip of the tracheal twig, if the assumptio
is vaild. I come at length to assume that the tracheal twigs secrete from their tips some
enzyme substance, by the action of which the tumica propria is first of all dissolved at the
points lying in contact with the twigs to allow the latter to make their way into the
cell-bodies. The basal knobs with which the tracheal capillaries are provided near their
tips represent, it is highly probable, the rescrvoirs of such enzyme, ag is suggestible from
the disappearance of the knobs when the capillaries penetrate, by their tips, the ccll-hodies
which might be dissolved at the point of the penctration by the supposed enzywe discharged
from the reservoir.

In spite of my ctforts there is detected at length no trace of network of the trached
capillaries in the place WISTINGHAUSEN made out, 4. ¢. between the tunica propria and
the layer of the gland-cells.  WIsTINGHAUSEN made use of comparatively low magnifving
puwer, = 260 to 700, a power under which the terminal portion of the twigs in question
an not at any rate distinetly be revealed; the author seems to have been misled in recog-
nising some other bodies as the network of the tracheal capillaries. WISTINGHAUSEN doss
not tonch at all the results by HeLy who gives his discovery of the tracheze within the
cell-bodies in his paper published in the same journal as WISTINGHAUSEN’s appeared, Zeits
f. wiss. Zool.,, XXVTI, 1876.

1889 L. Braxc published a work entitled “Etude sur la séerétion de la soic”, which
is, perhaps, of the most important after the publication of HELMs work above cited. It
comprises the whole extent of the anatomy and histology of the silk glands, the scerction
of the sillc substances, the formation and structure of “brin’ and “bave” and makes known
a complete fragmentation of the cell-nuclei, and the parallel filaments on the intima of the
reservoir. In a work published by the author two years later, he deals with the anatomy
and physiology of the head of Bombyx mori, in which he eclucidates the structure of the

“appareil filenr”, giving the descriptions and numerous figures on the excretory tube amd
common duct, filidre” and its muscles, spinnerct, Fiuierr’s glands, ete.

The works by Braxc just cited are followed by several mnotable publications of
mmvestigation, for instance, the works by Gimsox (1890), in which is confirmed the view
of BLAXNC concerning the structure of the intima, ‘a study of the silk glands by A. LexTI-

cira (1906) affirming the wall of the glands as muscular in nature, and a joint work by

(4 Tle applies the term “firidre” to a part of the common duct.
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R. MaraEsox and Ruaeris (1907), according to which the nuclel of the cells composing
the conducting division are “oval to rounded in shape...never branched” and the Frrrers
glands are totally absent in Apanteles glomeratus.

Hithertofore the dermo-viscaral muscles have drawn little attention of the investiga-
tors.  We find in the literature only a brief note on them in a manual of “Practical
Anatomy of the Silkworm”? by I, Tovaya and S. IsErwara; the authors, however, do
not go further than a brief mentioning of” the presence of the muscles.  As stated above, the
museles in question stand in important relation to the mode of looping and convoelution of
the silk glands; accordingly they are further utilized as the landmarks in researching the
changes undergone by the looping and convolution of the gland tubes during larval devel-
opment. First of all, the fourth muscles of the series are subserved in retaining the three
parallel limbs of the middle division in their primary rclative position whieh has been
assumed in the embryonie stages, throughout whole larval life.  The similer fact is recog-
nized in the posterior division, the distal end of which is fixed by the muscles to the
body-wall; this end retains always its previous position, <. e. on the level of the ninth
segment, in spite of subsequent encrmous prolengation of the tube, which has been

carried on in itz extent between the poiunts fixed by the museles.

Part II. The Silk Formation.
N

The fibroin, the silk propér, and the sericin, or gum, as it is often called, of which
the brin and bave are chiefly composed, differ in amount according as the divisions of the
glands, althongh both the substances are usually found at the same time in the. greater
parts of the gland tubes.  In the middle division where the sericin is as a rule most
sbundantly present, this gummy substance coats the fibroin column and forms a tube with
its walls of uniform thickness; the silk substances are to be traced in this condition to the
anterior division (Pl VI, Fig.19, A, B, C; Pl. IX, Fig.535, D).

In some cases, however, the sericin layer is thickened on a side or two, while in the
remaining parts of it the gummy layer is much thinner so as to expose the fibroin column
almost bare (Pl VI, Fig.20, A-J; Pl. VIII, Fig.30, 4). In other cases the sericin forus
the axial cord, and the fibroin layer is laid over the sericin column (1. VII, Fig.25, B).
Not only this, but the sericin column is not unfrequently represented merely by the sericin
alone (Pl VII, Fig25, A; Pl VIII Fig.27, 4). On the contrary, the gland tubes of
the anterior, middle and posterior divisions contain the fibroin alone, but this condition is
restricted to the embryonic stages.

The posterior division contains, as a rule, only the fibroin throughout the larval

D This manual is written in the Japanease, published in 1900.
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life. In certain stages of age, it is often found that the sericin layer encloses the central
fibroin axis as in the two other divisions; this is not all, for the entire silken column is
often represented by the sericin alone.

Three cases are thus discernable: 1) the silken column composed merely of the sericin
substance which sometimes occurs in all the divisions; 2) the sericin cover of the fibroin
cord in the posterior division; and 3) the fibroin cortex of the sericin column in the middle
division. All of these striking facts are of course quite new to science, and these facts are
further very interesting so far as they make intelligible the precise mode of the silk for-
mation, on which T will return later on.

The secretes differ in their consistency according to the regions of the gland in which
they are contained. The secretes are denser in the region near the anterior end than in
the hinder sections (PLIX, Fig.34). The secretes cause certain modifications in their con-
sistency in the substance of both their components, the fibroin and sericin, the latter
component being in most cases more vacuolated than the former

In the fixed material of full grown larvee the fibroin and the sericin arc casy to
distinguish from each other by the naked eye; the sericin looks {o be a semi-transparent
layer, while the fibroin is an opaque white mass.  Both the substances are further
distinguishable by their reactions against certain reagents, such as dilute alkali, acidg, hot-
water, ete., the sericin being more casily soluble in the reagents than the fibroin.  Tn
regards the special affinity for staining matters, the sericin is proved to be intensively
affected by hematoxyline, carmine, etc., which I used in differentiating the sericin from
the fibroin always with satisfactory results.”

The silken column is, in the anterior division, cylindriecal in vutline and compact in
consistence, containing no vacuole in it (Pl VI, Fig.19, A); this is however not alway
the case, but often the silken cord assumes an irregular shape or contains vacuoles within
it (Pl. VII, Fig.24, C; Fig.25, A). The silken column is furthermore comparatively
slender in the division spoken of, and is set off from the gland-wall, being intervened by
a large space between the latter and it.

The silken column is in the middle division not alwayvs evlindrical in shape, assum-
ing often an irrcgular outline, and moreover it shows not a sharp demarkation againg
the gland-walls, but is connected with the inner surfice of the glandular cells by numerous
threads of the fibroin. The connection which is established by the fibroin threads between
the silken colunm and the gland-cells, is not without significance. It is a striking fact that
the fibroin threads in question are most numerous during the active secretion of the subs
stance, while they entirely disappear, when the secretion is inactive, as is obvious during;

the period of moulting. Occurrence of the connecting threads stands in close relation

D The fibroin is less intensely affected by these staining matters.
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the secreting activity ; it grows more or less according as the sccretion is going on actively
or inactively, as seen on several series of sections either in different stages of development
or in each section of the glands. We are thus forced to conclude that the fibroin threads
in question are nothing else than the fibroin fluid which has been fixed by the reagents of
fixation in just the moment of its being poured out.

The sericin layer defined by an irregularly frayed contour is also connected with the
glandular cells by means of the sericin threads, in just the same manner, as the fibroin
columns and the gland-cells are brought in relation by a series of the fibroin threads.
The sericin thread connection is therefore to be looked upon as being caused by the same
agencies as we affirm in the case of the fibroin thread conncction; in short, the connection
in the present case is brought about by the sericin fixed at the moment of its secretion.
It is then obvious that the same gland-cells, which give the fibroin, secrete the sills substance
in the form of sericin «t certain periods. It must be noted that the secretion of the scricin
contrasts in vegards its activity to that of the tibroin : the fibroin is, as above stated, confined
almost to active secretion, while the sericin thread connection is seen only in the period
of inactive secretion, for instance, as the beginning and the last stages of an age (PL
V1, Fig.19, D ; Pl. VII, Fig.23, 25).°

The silken column in the posterior division usually differs from that in the middle
division, wanting the sericin which is represented in the middle division as a component
of it (Pl. VIII, Fig.30, B). Merc is observed, as in the middle division, the characteristic
tonnection of the fibroin column with the gland-cells by means of the fibroin threads (L.
VI, I'ig.19), making obvious the secretion actively going on in this division.

The posterior division occasionally contains the sericin which occurs either singularly
or accompanied by the fibroin. A series of the scctions through the gland from a larva
immediately after the fourth moult shows the silken column in the posterior division which
consists merely of the sevicin (Pl VIII, I'ig.29, C). In other series of sections is also
revealed a series of the sericin thmeads connecting, as in the middle division, the sericin
mass with the gland-cells, and suggests the sericin secretion of the cells.  In still other
series of sections through the posterior division of the gland from a larva, in which the
third moult is just over, the sericin surrouuds as the distinet cortical layer the fibroin
mass which forms the axial cylinder (Pl VI1I, Fig.33).

Besides the eylindrical forms, the fibroin is scen in drops cceuring in the substance
of the gland-cells in the posterior division as well as in the middle division; the fibroin
is in this way ready to be discharged into the gland tube. When the secretion is active,
the fibroin drops occur very abundantly and are very minute in their individual size.

On the contrary, at the stages of less active secretion occur a few of the large fibroin

D See future p. 15.



14 Y. TANAKA. 158

drops, into which the minute drops first formed became, as it is highly probable, confluent,
owing to the delay of the discharge of them into the gland lumen.

TFrom these fucts we learu the very precise mode of the {ibroin formation; the fibroin
is not a product first formed when it is given off by the gland-cells into the gland lumen,
but is produced already in the substance of the gland cells and becomes visible only when
it is accumulated to give rise to the fine fibroin drops which are united further into con-
paratively large drops, as this is the case when the process of secretion is less active, viz
when the fibroin has to stay longer in the substance of the eclls.  The seoretion in its usual
meaning, as it has been denoted hithertofore in the silk glands, is then in reality not
seeretion but discharge of the substance already formed, 2. e of the sabstance scereted in
the interior of the gland cells.

The similar occurrence refers to the sericin which frequently appears in drops in the
stibstance of the gland cells, provided that the sceretion, 4. ¢. discharge of it into the gland
lumen 3s very inactive.

Next we have to give explanations of the occurrence of the vacuolation which is
scent in both the sericin and fibroin mass.  The vacuoles grow more or less in ocenrrence
according to stages of the ages: usually abundant in the stages of active sceretion, and
searce at other times.  In their every feature, the vacuoles arve nothing else than the zir
toams or bubbles enclosed in the silk substance. - The source wherefrom the bubbles come
into the places found, 1s most probably the air contained in the space separating the silken
column from the gland cclls; and the air in this space is ne doubt supplied by the gland
cells themselves, in the substanee of which it is given off by the tracheal capillaries open-
ing freely by their termini.  The fibroin discharged on the inner surfuce of the gland is
drawn into the fibroin threads extended across the space around the column, to be connected
with the latter in the similar way as stated in the foregoing pages (p. 12); the column
i5, in this way, added in its bulk. From this fact, it is inferable that the columm itself is
at first brought about, in the centre of the gland tube, by fusion of threads produced from
the gland cells; subsequent growth of the column in its thickness is made, as just stated,
by addition of the threads subsequently produced.  As the column ineessantly shifts for-
wards the fibroin threads arve likewise drawn forwards and fused to the column, It is
obvious that, under such a cirenmstance, the air contained in the space around the column
i~ likely to be enclosed within the sabstance of the eolumn produced and added from time
to time by the fibroin threads, being divided into pieces of various sizes, 7. e. into foams,
although a certain amount of the air may be absorbed in the silk substunce, or chemieally
combined with it.  These foams or bubbles in enclosure are what we called above the
vacnoles, on account of their looking like the vacuoles in the eytoplasm of certain cells.

The vacuoles found in the sericin are, as T believe, to be looked upon as being
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brought about by the similar processes and under the same circumstances as those in the
fibroin.

In the foregoing pages I have given various states of the silk substance, as it shows
in various sections of the glands and in various stages of devclopment; and so far as
concerns the silk components and their relative positions in the silken column formed of
them, I have made iutelligible four varieties of cases: 1) the silken column consists of
the fibroin representing the axis of it, and of the sericin which coats the fibroin axis forming
cortex of it; 2) the silken column iz represented by the bare fibrein, the sericin cortex
wanting ; 3) the silken columm is formed merely of the sericin; ) lastly, the sericin column
constitutes the silken column which is coated with a thin fibroin cortex.  In addition, I
have pointed out the fibroin drops which are secreted in the substance of the gland cells
themselves and are destined to be incorporated inte the fibroin columm, having been dis-
charged in the gland lumen.  And further I have found the sericin drops which have
the fates to incorporte into the sericin mass and contribute to the formation of it in the
same way as in the case of fibroin drops.

We have now to deal with the genetic relation between the two components of the
silken column, the sericin and fibroin.  In the most usual cases in which the process of
secretion is actively going on, the silk gland content of the posterior division is represented
by the fibroin, and in the middle division is contained the silken column formed of the
fibroin axis with the sericin cortex, which latter grows thicker towards the anterior part
of the gland tube, passing over into the silk substance in the anterior division, whieh is
represented by the more slender silken column with the sericin cortex of nearly homo-
geneous thickness. There is little room to doubt that the sericin cortex is transformed from
the superficial layers of the fibroin column by some chemical changes undergone by it
during its transportation from behind forwards; the sericin cortex is thicker in the anterior
part than in the posterior simply because the chemical action displays longer and accord-
ingly goes into layers deeper than in the posterior part.

In some cases, the fibroin column is entirely transformed into the sericin, owing to
nothing else than longer exposition of it in the chemical action; such cases arc often observed
in the glands of larve at or just after a moult, 4. e in stages when the secrction
stops.  In the cases of secretion quite inactive, the sericin is discharged actually as such,
as referred to in the foregoing pages; the fibroin is in the cases under consideration to be
looked upon as having been converted, in the form of drops, into the sericin before it is
discharged into the gland lumen owing to a greatly delayed discharge of it.

According to the view advocated by Braxc and others, the chemical changes in quest-
ion consists in convertion of the wericin from the fibroin when the latter is oxidised and

is combined witn the moleenles of water; the circumstances under which the sericin is
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fermed are in harmony with this view. The chemical changes refer, in the gland lumen,
te the air contained in the space around the silken column and in the cell substance, into
which it is given off from tracheal openings.  In both the cases the air which Is satu-
rated with the vapour is, as it need not further explanations, in a condition very favourto
able in oxidising the fibroin, as in the space of the gland tube, or the drops of it, as i
the cytoplasm, and in giving off the water molecules from the vapour to be combined
with this silken substance.

Then it is clear that the fibroiu is the first substance which is scoreted by the gland
cells, and that the sericin is secondary in formation. The sericin formation is quite obvious:
first, it iy converted from the fibroin through the chemical changes undergone by the
Iatter; secondly, the chemical changes takes place either within the ecll substance or in the
gland Lumen, Into which the fibroin is discharged by the gland eells.

This view does not crash with the cases in which the sericin axis is coated with the
fibroin cortex; the cortex ix added by its secretion reappearing after a cessation of secretion
in the moulting period.

So far as I am aware, all the previous observers overlook the secreting power of
the anterior division, or elsc this power is positively denied.  According to the results of
my present observation, this division of the gland is also able to produce certain secretes.
1n embryos more than three days before hatching, the fibroin seertion is distinctly recog-
nized, as shown by means of staining reaction (Pl VI, Fig.18, A). Then it is obvious that
the silken fluid is, in the embryonal stages, given by the whole extent of the silk gland,
without distinction of the divisions so far as the secreting power concerns. Xt is further
to be noted that the silk secretion of the anterior division Is soon given up after the hatch-
ing, its secreting power is however not deprived: it seeretes the chitinous substance which
gives vise to the intima which attains its considerable thickness in that division.  The
intima never undergoes ecdysis throughout life; on the contrary it is added by ages in
thickness,—a fact which goes a long way in proving the scerction of this chitinous substance
through the whole larval life.

The so-called “mucoidine’”’, which wax pointed out by Braxc, could not be made out
in the present work, notwithstanding I took all the methods possible.  According to Brane
the “mucoidine” shows a strong affinity to staining fluids; but various staining matters I
employed in this respect give no differentiation in demonstrating the substance in question
at all.

There is a fact which perhaps wants a special notice. A peculiar feature is often
seen in the sericin contained in the anteriormost part of the middle division; the sericin
layer often sends out the processes of dendric form (Pl I1I, Fig.3, C) and gives off in
other cases simple protuberances into the fibron mass (Pl IX, Fig.3¢, C). There are also
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the cases in which a part of the layver is simply thickened, striking against the surface of
the fibroin wass (Pl IIT, Fig.3, /). From the affinity to the staining matters as well
as from the place found, this peculiarly outlined outgrowth of the sericin layer might
be suggestible to answer to the “mucoidine” of BLaxc. .

Lastly, with reference to the seereting activity of the glands the following sketches
will be given, although this power has incidentally been touched upon in the foregoing
statements.  During the cedysis, the silk secretion is temporally given up; consequently,
at the later stages of a moulting period or immediately after it, the posterior division is
completely empty, as not unfrequently happens (Pl VII, Fig.24, A).  As soon as the
moulting is over, however, the secretion recurs and recovers its activity day after day.
The scereting activity attaing its maximum in the period of greatest voracity; and then the
secretion again declines gradually, antil it is totally glven up when the following moult-
ing period sets in.

On the forces by which the silk fibre is set forth, Gursox remarks that the “press”
acts as the organ foreing exterior the silken thread.  Braxc assumes the mechanism as
consisting in the effect of two forces combined, a neeative pressure and a positive pressure;
the former Is produced, according to the author, in the “press” when the lumen of it is
bronght into full distension by the contraction of the museles inserted to the gland  walls
of the filitre, while the latter arises from the added blood pressure brought about by the
general contraction of the body.  The combined action of these forees Is, as Braxc believes,
efficient cnough to pass forwards, as the negative pressure is =o arranged that the positive
pressure exerted upon the gland contents is almost wholy utilized in pushing forwards the
silk thread. T have uwo faet, which accounts for or opposes the negative pressure suggested
by Braxc; the general contraction of the body may mwake higher the blocd pressure, but
this selfevidently does not afford the positive pressure desired by BLANC as being indispens-
able in the function under consideration : It grows neecessarily higher and lower at times —
it is Intermittant in action. It is beyond doubt that the air contained in the gland tube
preserves o considerable amount of pressure which grows higher in the stages of active life
from time to time by the air, increasing in amount, being put off’ from the trachesl twigs.
This pressurc—the positive pressure--exerts necessarily its action upon the gland countents;
when this pressure is regulated by the negative pressuve, the combined action is, T believe,
sufficient enough to press forwards the gland contents, the silk substances.

This action is evident to be absolutely functional so far as concerns the frec emit of
the silk either in the first beginning of the spinning or in accidental cases when the silk
thread is broken in the filidre while spinning. In the case when the spinning is
smoothly carried on, the spinnig function is, however, assisted a great deal by the tenacity

of the produced thread which is fixed ou a rigid object such as the cocoon, or the branches
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of trees.

Observations of the stages of inactive life show further that the distal part of the
gland tube, is often empty, as this is the case in the posterior division. TFrom this fact
we learn that the sceretion is occasionally given up entirely. This condition of the gland
is seen often in the later period of moulting. From the circumstances under which this
condition is realised, it is suggestible that the silken colummn :till shifts forwards with some

activity, after the secretion is given up.

The silk formation was comparatively late in drawing the attention of special inves-
tigators.,  As early as 1839 there was only a view put forwards by SrRavss-DURkmem
according to this view the silk fibres are contained as such already in the resevvoir of the
gland. This assumption was afterwards proved by RopiNrr (1844) to be false. Borrey
(1864) worked on the chemical composition of the silk fibre aud distinguishes for the first
time the two components of the cocoon fibre, the fibroin and the sericin, and the author
further afirms that the sericin which forms the cortex on the fibroin axis in a silk fibre i
brought about by oxidation undergone by the cortieal part of the fibroin column when 4t is
spinned out and is exposed in the atmospheric alv. Haservaxor (1871) agrees with the
view prevailing in his day; according to this view the essential silk material (fibroin) is
secreted in the posterior division, while the sericin is produced in the middle division;
on the process of production the author gives no account at all.

Lipta pE Jrupe (1878) believes that the fibroin is probably the product of the
gland cells constructing the posterior division, while the sericin is exelusively seereted by
those of the middle division. I SrcArp and Ravrix (1887) regard the “gres” as the
scerete of the middle division of the gland.

As regards the fibroin and sericin, “La fibroine”, L. Braxc says, “est fabrigquée par
la parol du tube sterdtenr seulsssx. L grés se montre dos Vorigine du resérvoir”.  The
author failed to muake out the “mecanisme” of the sericin formation: he gives, “S’il est
aisé de constater que ¢’est dans le réservoir, et en particulier dans les deux tiers postérienrs
de celui-¢i que ce produit le grds, le méeanisme de cette production nous a échappé”; and
comes to the assumption as the follows: “la fibroine, en arrivant dans le réservoir, se
trouve an contact d’une membrane Stendue, trds mince et particulidrement riche en trachées
qui i apportent une quantité d’air considérable.  Sous Vinfluence de cet air, avee lequel
elle se trouve en contact presque immédiat, et aussi par suite de Paction directe des cellules
de la paroi, la fibroine est modifiée dans ses couches superficielles.  Ces modifieations, dons
la principale est une oxvdation, la transforment partiellement en grés”. On the “mucoid-
ine” which has been known by Braxe, he says: “en examinant le réservoir dans sa partie

antérieure, on remarque, sur les conpes convenablement colorées au vert de méthyle, quil |
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existe a la périphérie du grs, entre cette couche et Penveloppe, une troisiéme substance,
qui fixe les matidres colorantes bien plus énergiquement que les deux premiéres” (the
fibroin and sericin).  The mucoidine is formed, as the author believes, in the anterior portion
of the reservolr, and it completely covers, in the exeretory tube, the sillken eolumn, shifting
forwards accompanied by the brin and bave to the filicre; but its ultimate fate was un-
known to him.

The results arrived at by G. Grrsox (1890) seem to be peculiar.  The fibroin and
sericin are, according to him, not separated from the first cach other, but are represeuted
by 2 mixture which is secrcted as such from the whole extent of the gland, and is sepa-
ated into the two substances, the fibroin and sericin, by means of a kind of sclection going
on in the secreted mixture when it is still not apart from the cells scereting it. In their
joint worls, VERsox and QuUarar (1896) come to the assumption that the fibroin seeretion
Is confined to the posterior division, while the sericin is seereted in the whole extent of
the reservoir.  The authors confirm Braxc’s view about the “mucoidine”.

Mamror and LaMBERT (1906) are in accordance with JEUDE in assuming that the
fibroin is the secrete of the posterior divison, while the sericin is the product of the middle
division.  Matumsox and Ruceres (1907), who obsrved thersilk glands of dpanteles
glomeratus, ineline to assume the secretes to be somewhat different in nature according as

the parts producing them.

The views advanced by previous authors, as above given, may be elassified into four
principal groups, namely: ) the fibroin is secreted from the gland, and the seriein is
produced by oxidation of the fibroin after the spinning (Borrey); 2) the fibroin and sericin
is represented by n mixture when seereted; they are separated from cach other by a pecul-
iar process ealled “sclection” which is performed in the peripheral parts of the seercted
matter (Grrsox); 3) both the fibroin and the sericin are seereted from the glandualar cells,
the former from those of the posterior division, and the latter from those of the middle
division (Lapti pe Jeupe, Raveix, Sicarp, Mairior, LAMBERT, cte.); 4) the fibroin is
secreted cxclusively from the posterior division, and the seriein is transformed in the middle
division from the cortical part of the fibroin column, which undergoes oxidation therein
(Braxc, SnBERMANY, VERSON, QUAJAT, ete.).  The first view represented by Borrey
had lost its basis long ago, since the discovery of the sericin in the gland’s interior. The
second view advoecated by GiusoN is unintelligible, as much as unreasonable is the spon-
taneous separation of the secreted matter by means of the “selection”.  The third and
fourth views can not be also confirmed; yet these two views are those which are, at present,
in gencral acceptance. The third view is incorrcet, first of all, so far as it assumes the

physiological division of labour of the gland cells forming the middle and posterior divi-
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sions, the fibroin secretion confining to the gland cells of the posterior division, and the
sericin secretion to those of the middle division. The fourth view can no longer be
supported in the present form, which expresses only a part of the fact, as the following
accounts will show. This view does not make intelligible, first of all, all the cases of the
sericin formation, because it fails to notice this process displayed by the gland cells of the
posterior division; in the second place, the secreting power of the middle division i
not recognized, and this section of the gland is regarded merely as n reservoir for the
sccretes shifting from the posterior division in which they arc produced.  The factors
which mislead the view under consideration consist in abundant occurrence of the scricin
in the middle division and in copious accumulation of the fibroin in the posterior division,
as these conditions are seen in a case usually observable. Such a case is in {act to be
regarded as wsual because very easy to observe, being displayed in the silk gland of active
scerction it represents, however, only a side of the fact, other sides of which are mani-
fested in the silk gland of inactive secretion—the cases by no means casy to work out,
referring to the stages of moulting, or to those just after it.  In the cases of inactive
secretion we can distinguish, as stated in the foregoing pages, two ways of the sericin

formation, namely the sericin formation within the eytoplasm of the gland cells and that

‘Q;
in the interior of the gland tubs on account of its long stay therein.  The latter ease i,
so far as the sericin formation itself concerns, fundamentally not different from that advo-
cated by the fourth view; however, the sericin sceretion of the cells of the middle division
is erroneonsly negated, being mislead by the observations which overlooked this peenliar case
of inactive sceretion. The former case, the case of sericin formation within the eytoplasm
of the gland cells, is so important to make known a peculiar form of the sericin formation
under influence of the air emitted from the tracheal capillaries, aud by which is intelligible
the sericin sceretion of the gland cells.  There is, then, no controversy to conclude tha
the fibroin is produced by wirtue of the physiolegical function of the gland cells, without vefer-
ence to any part of the gland tube ; the sericin is, in ils formation from the fibroin, quie
indifferent from the physiological funetion of the eclls ; on the contrary lhis transformation goes
on merely physico-chemically. From this fundamental conception the divisions of the gland

are not to be discerned as regards the kinds of secretes they give.

Summary.

1) The silk glands are in earlier stages inconspicuous bodies found on either side
of the central nervous system, but after the fourth moult, they grow to fill up the body-
avity oceupicd formerly in greater part by the alimentary system which is then st aside
to a part of the cavity.

2) In the silk gland a common duct and two limbs are to be discerned; the limb
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represents the gland proper in which three divisions are to be distinguished : the anterior,
the middle and the posterior; the middle division is twice bent, whereas the posterior
division shows, in a full grown larva, numerous convolutions.

3) The gland walls are composed of three layers; the structureless tunica propria,
the layer of the gland cells and the tunica intima; the gland cells constitute the gland
tube composed of two rows of the cells which together form a ring on a cross section and
are closely put together being not separated by spaces as Braxc believes.

4) Ramifications of the nuclei appear ai first in the cells of the anterior division,
although in full grown larve they are most developed in the middle and posterior divis-
ions.

5) The tunica intima is very thick in the anterior division and is suddenly thinned
in passing over into the middle division with the very thin intima which is also the case
in the posterior division. This layer in the middle division shows further characteristic
filamentous appearance in consequence of its probable local thickenings; the filaments are
transformed in the posterior half of the posterior division into a complicated network. TIn
contrast to the cuticular structures of other parts, the tunica intima is not renewed at
moultings.

6) A series of muscles which I called above the dermo-visceral museles, is nine pairs
in number, of which those of the fourth pair and certain branches from the eighth pair
muscles are inserted to the middle and posterior divisions respectively, being subserved
in suspending the gland between the integument and the enteric wall.  The muscle elements
have no share in the construction of the gland tube; the view by LENTICCHIA is therefore
incorrect.

7) The branches of trachee which are supplied to the gland walls form not a net-
work spreading between the tunica propria and the layer of the gland cells, but enter the
cytoplasm of the cells to give within it the branches splitted again and again; the tracheal
capillaries thus brought about end frecly in the cytoplasm. The old tenidia is cast off at
every moulting to be replaced by a new; the inuer old and the outer new are often present
at the same time. The anterior division is quite free from the traches.

8) There is detected no trace of the nerves specially supplied to the silk glands.

9) Onc of the components of the silk fibre, the fibroin, is produced in virtue of
the physiological functions of the gland, whercas the other, the sericin, is transformed
from the fibroin by a certain chemical aetion. The transformation is carried on either in
the substance of the gland cells or only in the interior of the gland tube into which the
fibroin is discharged beforehand. In the latter case, 7.e. in active secretion, the silken
column in the posterior division is formed of the fibroin alone, and in the middle and

anterior divisions, the fibroin represents the central axis coated by the sericin cortex which
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is converted from the superficial layer of the fibroin column by the chemical action on the
way of the silken column shifting forwards.  In the former case, i.e., in inactive secretion,
the silken eolumn is often represented by the pure sericin mass, being chemically  trans
formed in the cytoplasm of the gland cells.  Acecordingly it is not peenliar that the silken
column with the sericin axis and the fibroin cortex occurs when an Inactive sceretion is
followed by an active seerction.

10) In embryonal stages, the cells forming all the fhice divisions scerete the silk
substance; the silk seeretion is given up in the anterior division when the larva hatehed,
but this division loses not at all its scereting power : it seerctes, thenceforth the chitinous
substance, the intima.

11) There i= not found any substance which represents the “mucoidine” made out
by Braxc.

12) The vacuoles of the silken column which vary in size and occurrence according
to stages, and from which the silken column in the anterior division is usually free, are
produced by air contained in the gland lomen.

13) The air given off from the open termini of the tracheal capillavies acts in oxids
izing the fibroin which is transformed into the sericin; that discharged in the gland Iumen
is at the same time utilized as the motive power in forward shifting of the silken column,
in such a way that increasing pressure of the air in the gland lumen carries forwards the
silken column in connection with a negative pressure produced in the filidre by distension
of its walls.
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Explanation of Plates.

The most figures represent the preparations of univoltin race, and a few show thoes

of bivoltin race; the latter are distinguished by putting the name of the race.

List of Abbreviations.

t.viveeen.canterior end of the anterior division.

«. C.........alimentary cunal.

... boundary of the anterior and middle division.
¢. foo.o.otendon of fatty tissues.

¢ 1. .......tendon of muscles.

Foooo fibroin mass.

J- to...... fibroin thread.

g. l........gland lumen.

ml-m’, L. dermo-visceral museles from first to ninth.
mp.........boundary of the middle and posterior divisions.
7. 8........muscles of alimentary canal.
Heverereno.nucleus.

Peveveenennaposterior end of the silk gland.
Severierewooasericin mass.

& . .eiepeculiar structure of the sericin layer.

8. Cv...n..o.silken column.

8 goeonennnsilk gland.

5.t sericin thread.

fuviieneos o trachen,

t. 7.........tunica intima,

Tevrrvrnn.vacuole.
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Plate 111

Fg. 1. Silk glands in various stages of growth.  Magnifieation : «-F, 5/1; I, natural
sizee.  From a to am, anterior division; from am to mp, middle dlvision; from mp
to p, posterior division.

A, first day of first -age (the day in which the larva hatched out).
B, first day of second age (9 days after hatching).

C, first day of third age (13 davs).

D, first day of fourth age (20 days).

E, first day of fifth age (27 days).

F, cighth day of fifth age (34 days, full grown).

Fig. 2. Cross-scetions through the body showing the relative sizes of the alimentary canal
and silk glands.

A, eross-section through the fifith segment of a larva In the day of hatching;
the section passing through somewhat obliquely. Zeiss 1% E.

B, cross-section through the fourth scgment of a full grown larva, dlightly
magnified.

Fig. 3. Optical longitudinal sections through the passages from ong division of the silk
gland to another. Zeiss 1 x E.

A, passage from the middle division to the anterior, seccond day of third age,
showing merely thickencd layer of the scricin;

B, passage from the middle division to the posterior in the same individual
as that shown In Fig. .

C, passage from the middle division to the anterior, in which the peculiar
structure of the sericin is to be seen, fourth day of third age,

Fig. 4. Diagramatic view of various shapes of gland cells.

21, from the anterior division;

B, C, D, from the middle and posterior divisions.

Plate IV.

Fig. 6. Semi-diagramatic view of the body of silkworm, cut open the skin along the median
ventral line, and showing the alimentary canal and the arrangement of the dermo-
visceral muscles, slightly magnified.

Fig. 6. Ventral view of the middle division and the muscles inserted to it, magnified.

Fig. 7. Dorsal view of a part of the alimentary canal with the distal seetion of the silk

gland in situ, showing the manner in which the gland is fastened to the canal by
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the eighth muscle; first day of fifth age, magnified. VIII, IX, X indicate the eighth,
ninth and tenth segment respectively.

. 8. Distal end of the silk gland in a full grown larva. Leitz 3 x 3.

. 9. Distal end of the silk gland and the muscles connected with it, first day of fifth

age. lLeitz 3x 3.

. 10. Diagramatic view of the posterior part of the silk gland, showing structures

attached to the gland and resembling nerve fibres in appearance.

Plate V.

Fig. 11. Ventral view of the middle division with tracheal tubes distributed on it, first
day of fifth age, magnified.

Fig. 12. Tracheal tubes with their termini, fifth day of first age. Leitz 3x 7.

Fig. 13. Tips of trachea in the moment coming in contact with the silk gland, seventh
day of first age. Leitz 3x 7. . ‘

Fig. 14. A part of the cross-section through the middle division, first day of fourth age.
Leitz 3x 7.

Fig. 156, Cross-section through the middle division, in first day of fifth age, bivoltin, show-
ing glandular cells which are richly distributed with tracheal tubes. Zeiss 1xE

Fig. 16. A part of the cross-section through the middle division, during the fourth
moult, showing the double rings of tenidia; bivoltin. Zeiss 4 x E.

Fig. 17. Extremities of truchea ending freely in the cell bodies. Zeiss compensat. ocul.

Fig.

Fig.

Fig.

18 x apochr. object. 2m.m.

Plate V1.

18. Cross-sections of the silk gland in a.larva three days before hatching; A, B, €
represent the cross-sections through the anterior, the middle and the posterior division
respectively. Zeiss 2 x homog. immers. 1/12.

19. Cross-sections through various parts of the silk gland in a larva just hatched.
Zeiss x4 homog. immers. 1/12. A-C, from the anterior division; D-J, from the
middle division; K, from the posterior division.

20. A-J. cross-sections through various parts of the silk gland in a full grown larvs,
showing the distribution of the sericin and fibroin. The sections from A to J pas
respectively through the places indicated by the dotted lines with the same letters
as in the diagram K, magnified. K, a diagram of a part of the silk gland to

indicate the planes of the cross-sections represented in A-J.
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Plate V11,

21. A part. of the longitudinal section through the posterior division of a full grown
larva, showing elongated vacuoles in the silken colummn. Zeiss 1 x K.

22. A part of a section from the same series as that given in Fig. 21, showing nu-
merous round vacuoles. Zeiss 1 x E.

23. Cross-section of the silken column in the middle division, first day of fifth age,
showing vacuoles contained in the silk substance. Zeiss 1 x E.

24. Cross-sections through the posterior (A), the middle (B}, the anterior (C) division,
during the fourth moult; bivoltin. In A4, no secretes are to be seen; in B is contained
the fibroin alone secreted by the glandular cells, and in C, no content else than the
sericin ring is to be seen. Zeiss 1 x K.

25. Cross-sections through the anterior (4), and the middle (B) division immediately
after the fourth moult. In both the divisions the silken column consists almost abso-
lutely of the sericin. In the middle division, however, the newly secreted fibroin is
laid upon the sericin column. Zeiss 1x E.

26. Cross-section through the middle division, seventh day of first age.  Zeiss 2x

homog. immers, 1/12.

Plate VIII

27, Cross-sections through the anterior (4) and the posterior (B) division, first day
of fifth age; bivoltin.  In the posterior division no seercte is found, while in the
anterior division, the silken column consists merely of the sericin. Zeiss 1 x E.

28. Cross-section through the middle division, in second day of fifth age, bivoltin,
showing the sericin block imbedded in the fibroin mass. Zeiss 4 x A.

29. Cross-scetions through the posterior division of the same gland, as that from which
the preceding figure was taken, showing gradual increase of the silk secretion towards
the anterior portion, the secrete being represented by the sericin.  Cross-sections A,
B and C pass through respectively the middle and the fore-part of the division.
Zeiss 5 x A.

30. Cross-sections through the middle (4) and the posterior (B) division in a full
grown larva. The silken column contained in the posterior division consists of the
fibroin only, and that in the middle division is made of both the fibroin and sericin.
Zeiss 1 x A.

31. A part of the section given in Fig.30, A. Highly magnified. Zeiss 1 x 1.

32. Cross—sections of an irregularly shaped silken column in the posterior division,
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fourth day of fourth age. A4, foremost, B, middle und C, hindmost section.  Zeis
5xA.

Iig. 33. Cross-section through the posterior division, fivst day of fourth age, showing the
sericin rings cnclosing the fibroin column and fibroin drops in the gland Jlumen

I

Leitz 3% 7.

Plate IX,

. 34. Cross-scctions through wvarious planes of the middle division, seventh duy of
third age. A, the foremost and E, the hindmost, B, ¢, and D, the intermediate part
between .{ and E. The figures show, according to suceessive portions of the gland,
the successive change of the velative positions of the fibroin and sericin, and that of
the consistency of the silken colummn.  Zeiss 2 x E.

Fig. 35. A, a diagram of the middle division, the dotted line «y indicates the plane of
the cross-section given in B—D.  B-D, cross-section through the dotted line wy in the -

diagram A, showing the gradual change of substances in the external layer, in

correspondence to the sections of the glund following one after another.  Zeiss 1 x E.
ig. 36. Optic longitudinal scetions through the passage from the middle division to the
anterior, showing peculiar structurc of the sericin laver therein, in several siages of
larval life,
<1, seventh day of first age. Zciss 4 <15
B, fourth day of third age. Zeiss 1 x15;

C, first day of fourth age. Zeiss 1 x E.
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