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METAMORPHOSIS OF MUCIDAE
by

Charles Perez

Archives de Zoologle Experl. IV, pp 245-261 and 267-2T%,

\W CONCLUSIQNS

i) T A R
I have.striven,- 1n—theao —roaou.-ehes, ato elucidate for
the organs == with the exoluslion of the nervous system and
the hesart =- the process of nymphalice tmsromtlons ve

review-and-complete the rgqu.ts of the g%x ap ers
of Kowaleveky and Van Rees}‘ he eriti-
cisms of Berlese directed at the phagocytic dootrine, awd-+o—
discuss thelr opposing interpretations. - e
—
As far as the digestive tract 1s concerned, my current
results confirm in all essential points the conclusions which
I have formulated in conneotion with the ants. The phenomena
revert to the o;eneral laws of apithelial renovation and more
pecticularly molting; the raplacing cells are eplthalial,
sisters of exuviated cells; there is no intervention of for-
elgn elements, migreating splanchnocytes or tracheal cells.
I*x partioua.r, the renovation of the middle intestine may be
nterpreted as the supmpposition of two simultaneous moltings,
rallowad by a specisl dilferentiation, which leads to the
constitution of the new imaginal organ. For the anterior
a4 posterior intestines, there likewise takes place a sub-
stitution of larval cells by imaginal ocells, but this sub-
stisution, instead of being simultaneous, is slowly progres~
sive. Since the original peints of renovation are respec-
tivaly restriocted to two imaginal rings, their proliferation
ives birth to an anterior nozzle which elongates toward the
ro2t; to & posterior nozzle which elongates toward the rear;
a.nd, md\mlly, the larval cells which have been driven back
degansrate and, instead of being exuviated in the. intestinal




lumen, are eliminated toward the general cavity and tecome
the prey cf phagocytes., In additioen, at the two extremitiss
cf the digeative tube (Proboscis and rectal dulge) the reno-
vation takes place in a centripetal direction, starting from
the hypodermlic hiastoblasts. Finally in the two sections,
stomodeum and proctodeuwm, the rencvatiorn is not absolute,
and oo the cantraxry allows the survival of a certain number
of lgrval cells. :

In regard to the somatic muscles,a certain numbsr
of them gompletely disappear; thiz is the classical example
ol phagooytosls described by Kowalevsky and Van Rees. I
have talken un again the study of this procsss and have de-
soribed its detalls. I believe to have clearly established,
cantrary to Berlese's statements, that there indeed exists
& lencooytlc phagooytosis.in the 3 meaning of the term,
exhibiting all the charscteristic stages: chimlotactic af-
flux of the Xeucocytes, infiltretion of these ameboid ele-
.ments in the as yet intast'‘musocle, dlslooatlion of the con=
tractile substance into sarcolytes, the Incorporation of these
sarcolytes and finally, intragellular digestion of the
inciusions in the phagocytes. There never does take place
a spontaneous dislocation of the muscle; there are no sarco-
iybes freely disseminated in the blood; only the phagooytee
which get dispersed once the incorporetion lof sarcolytes]
1% finished, cast awey in the general cavity the sarcolytioc
debris in the course of digestion, arnd-the o0ld degenerated
muscular nuclel in pycnotic balls., . '

These satiated ocytes constitute the sphere of
granules (EKornchen of the German authors). Theilr dis-
" perslon in the general cavity is not at all the passive ef-

Zact of a translation by an extremely slowed-down blood
owrent., It 18, on the contrary, the sign of a true amebeid
activity which the incorporation of voluminous inclusions
has ¥erhaps made heavy dut did not completely suppress. The
manirest proof of this amebolsm appears in the infiltration
of spheres of granules within the most varied organs. When
this pemetration takes place in the imaginal organs (hypoderm
in partioular, muscles, rectal papillae, oviferous duct,
f0lds of posterior intestine, etc.), its sole physiological
meaning is that of a carrying of nutritive substances into
tissuas in proliferation, On the other hand when the infil-
tration takes place in the lawval organs (salivary glands,
hypoderm, tracheas, atc.), it provokes or accelerates the
latter!s dislocation, and it is followed by a new phagooytio
activity. Despite the mumber and volume of muscular debris
which fead them, the voraoity of these phagooytes is not
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satisfied, and one can see them further distending them-
selves by -the enclosure of new material which is contrasted
by iss color from the sarcolytes in digestion and 1s easily
>accgnized by the balls of degeneretion lent to the ambient
epithslium.

There results from this process a variety of shapes
of spheres of granules, an extreme and often dimconcerting
chromatic polymorphism. NoTsove:', baazuse of thelr dispro=-
portionately increassd sige, the spheres of grsaules are not
all entirely comprised in the thickness of a section dut,
on the contrery, distributed in groups in several successive
sectivhs. It 1s to these two series of circumstances, with-
cub counting artificlal tears, that one should attribute the
erronecus interpretations of authors who thought to have
fourd In these preparations masses of non-incorporated dehris
and who have believed to be able to conclude that a spontan~
eous dislocation or organs is taking place, a histolysis
vithout phagocytosis. The procadure of smear preparation
establishes in a conclusive manner that there are no other
masses of debris than the spheres of granules, always oo
teining a leucooytio nusleus. If one does not pay any at-
tention to 1t, this weakly chramatic nucleus may be.hidden
by a vdbluminous oga.que ball originating from an incorporated
larval nucleus; it may be irregurlarly deformed bsatween more -
veplstant inclusions; but 1t .1s always present. In the well-
made section, avery time an accurate marking is possible,
one Plads it without exseptlon in cne of the successive groups
of sach sphere of granules. Always recognizable, it is the
constant element that marks the murphologlcal personality of
spheres of granules: diverss dAlsgulises;. 3o to speak, of
identloal leucooytic phagooytes,: ’

; A polnt part:lovll.arl{ subject to dieocuassion 18 the

thysiological state of cells captured by the phagocytes: are
they attracted by the phar~ooytes when they are st1ll fully
intact or do they Adisplay visible signas of degeneration al-
ready before the arrival of the phagocytes; ls there & prior
intrinsic debilitation in which one may discover the very
reason of thelr destruction dy phrgocytes? I havs already
exarilned this question at leygth in my paper on the ants,
and Mercler has recently recpened the discussion on the sub=-
Ject. My present researches bring to light some new factso
besring ont this point, and I mpust say right awey that the
answer to the above question 1s not at all an wnequivocal
ohe.




thus, in the case of -somatlc -muscles, the arrival of
- tkg prarceyves 1s extremely premature in:a muscle which,
histoiox 1ca.lly, is-still. comgletely noma‘.l, ‘the ‘manifested -
modsficiilons are suhsequent.to.the immigration of the:phago~
oytes «:d one may consider them as the resuit of the mechani-
oal dicliocation, then of the lntracellular digestion. My
conclusions on this peint, :apnoynced sinc e 1904, have:since
beer oonflrmed by Mqroi,en. JThe-_facts Aaretanalogous in :re-
gard %o the.destruction .ol:the-larnval abdominal,: m«iﬁm by
tha sphures of sramxles aqua.dy charzed..with sarsplytes. Y

tn the- Qtzheac handu ~one _noteﬁ Jm the ﬂnithqlinm ‘of ‘the
e_nte-’iow .and posterioer intestines; .in sthe matmix-of: me - DOJ~.
terlor tracheas, .an indisputable:degeneraticn. of the:cells,
and the phagocy*-es only Antervene in the second, instance,
ingesting the cytoplasmic.-or:pucleer balls which had been
Pormed “J.rea.dy Withcut "th%i:r @tetvenmnbﬂjr the s “; _:\':‘. e
.,- q |.- . ~!r -\1 Tt c “ ':\"_ b

t 1is even poasihle that there .ATe: mrfemces tn this
mga.rd Letween the vari.oua cel,La of :the same. tissue,. -Thus,
for the fatty cells, ''phasoeyted” in aprematyre imannen,.I
£ind; contrary -to merelenis observatione 8 penesration of.
phagceytes prior to the: wisible degenexation of -the nyclens.
For the fatty ocells d,isappqar&qs 1at tthe end-of.the nymphosis
or even after tha hatehing:leclesion),Sthre-alfflux:of phage-
cytes and thelr fusignite the: -sunface 0f rthersell precedes: ..
by = loog time.the.death ofi thedattén.r Fhe cell,. already
engiroled in a folllole:of:phagqeytes, -cortinves 1ts imormed .-
functloning, and it is only after-it-has comploted -the re«
sorption of 1ts inclusions that 1t displays slgns of deore-
pltatlon and that the phagooytosis is accomplished.

In ar. analogous manner, we have seen some oells to
degenerate-spontanecusly into balls, at th2 extremity of a
sallvary gland, while normmally the dtslocatlon is subsequent
te the infiltration of the spheres of granules.

Tt should be remarked, moreover, that the larval ele~
merts are sometimes subjJected to mechanical modifications
comparable to true traumatisms, and 1t 1s especlally in these
ciraumasonces that one observes spontaneous degenerations..
2o 18 the case of the thoraclc hypoderm, abruptly covered
by &n 1maginal sheet, &nd thus thrown, en bloc, toward the
cavity cf the body, while in the abdomen the substitution
takes place slowly and not all at once. This is, further,
the casz with fatty cells, rolled between the muscles and
burstin;; wnder thelr pressure, And one may to some extent
remembe here also the overlapping of epithellal cells
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rvesulting from the rapid cantrection of the larval maw
{Jsbot) or from the ccnsiderable shortening of the posterior
intestine, In all these circumstances one may attribute to
the mechanical causes a mors or less prepanderant part in
the obaerved phencmena of degenersatiom,

As for the rest ome should not forget that the ques=
tilon belongs to cellular physlology rather than to cytology.
Cerbainly the funotlonal state has its reperocussions on the
structure, but often a quite distant repercussion; the lawe
of correspondence esoape us in thie regard, ard the present
tools of histology are quite erude to be able to reveal the
gacret. Tt 18 quite certain that 2 subtle modification may
be gufficient in determining the chimiotactie cell of the
phageoytes at a time when this modification is not yet mani-
fented by any visible alteration; above all it is a questiocn
of a quite stable protonlasmic edifice such as that of the
atriated muscular substance or rather of the inclusions of
reserves such as those of the adipose tissue, elaborating -
produsts of the protoplasm and which no longer form &r inte~
gral part of the latter,

On thecthher hand, the quite manifest structura.,. -
modifications do not necessarily merit the term "pathologt-
cal alteration," and are not indubitably the sign of a de-
bllitation of the cell. Thus we have sesn fat globules
appearing 1n the cells of the large salivaries to be captured
by phagocytes; but similar globules appear in the bud of thec
wing in the process of proliferation; and a little later
these same larval cells 4dlsplay modification which may be
intarpreted as the end of a secretory activity, as well as
the start of a degeneration. A better examplie is furnished
perbaps by the Malpighian tubes which lose to a great extent
their histologlcal dlifferentiation; one could believe that
thay would disappear, and if this really happened ope would
doabtless not hestitate to see in the disappearance of thelr
brush-1ike edges, in the fading of their lwuen, etc., wm-
exo tional signe of a spontaneous degeneration. And, quite

e contrary, this:is merely a transitory nymphal struc-
ture, start from which the cells recuperate their dif-
ferantiated structure when their functional activity raamnea
in the im&go. The case of musclas 15 even more strildng,
dus to the contrmst present between identical elements, of
wkich some Rerust while the others disappear. It is the
"phagooyted" muscles which preserve their structure; the
striation of the contractile substance is only obliterated
during the course of digeation in the phagocytes. Others,
o the contrary, lose their fibrillar constitution, their
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atriation, in a premature mammer, and are. transformed. into
homegehiesus protoplasmic masses. Here:'it does indeed lock
a8 1f a degeneration were present, but in fact these are
hamogansous masses whilch, more or lexs altersd by the addi-
tion of imaginal myoblasts, restore the striated muscles of
the perfect insect. The homogensous uwndifferentiated stage
1s not & pathologlcel state but a normal stage of the trans—
Tormation ‘betmon m diltinct dirrerentiat’ims.

we trms m'!.w at ‘I:ho comcopt tha.t, 1n tlYe- phenomena

of metamorphosis, the loss by & cell'of its histologlcel -
differentiation is not necessarily the sign of a pathologi-
cal alteretion. We are used, in the normal. epigeneses, to
seeing & cell starting out from an umdlifferentiated embry-
onis state, then specializing, little by little, into a de-
finitive histologicel form; if this differentiation appears
irravarsible, lantt this: perhaps because the cell takes iis-
place, o> in an irrevokable manner, in the physiological co-
ordination of the organism? In hetamorphosis the histologli-
cal fomm appears to us.-more: l1lle the.actiual imprint of the -
gh artioular funotion; and when, in the general ocommotion of

e organism, the cell momsntarily loses its special funce
tlom and passes over. to & slowed-down state of life, or
14vea in some way A banal 1lifs for its own sake, :indspendently
of 1ts nelghbors, it doses at the same tiue its differenti-~
ated structure; but it. remains susceptidble to a reaquisition,
In the deﬁnitive organlism, of an analcgous dfferentiation
et the same time that 1t resumes :Lts pa.rticular place 1n the
reestablished organism,

One oan see how oomplea: the Question 13. In any oase
what we ogn affirm is that there does not exist a general
condition, similtaneously reallized for all the cells of the
same species, but on the contrary something perscmal to each
cell ie present which, at a given moment, determmines its -
phagocytic destruction while the neighboring, quite angle—
gous cells are preserved, And, in & generel manner, the -
phencmens progress from the front to the back which, more=- -
::19“, is a oconstant law ot the development of semntad ani-

s.

I have to return also to a point which I have already
brought up in conneotion with the ants: How do the two main
outogonu of phenomena which conatitute matamorphoais, the
bistolysis of larval crgaks.and htstogeneels of imaginal
orgens, tale® place in timet? The organimn takes the
place of the larval organism by substitution, and the rather
slow process of its histologlical ditrermtnt".ion is only
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aco 1iehed at the time of the burgeoning of the imago; on
the cther hsnd the histolytic destructions are quite rapid
ané take place during the first days of nymphosis. It would
nevertheless be quite inexact to wish to subdivide the nym-
phal period into two phases: nystolysis and histogenesis,
since one can say 4ir a genereal fashion that the beginning

of histogenesis precedes that of histolysis. Thus, for the
digestive tract, the hypoderm, the tracheas, it is the im-
aginal cells which proliferate first, and it 1s before thelr
progreasion that the larval cells degsnerate and dissppear; —
the very first phencomena of nymphosis are the rapid prollifer—
ation o? soattered histoblasts in the body, and particularly
of the buds of the head and the ypendices; only in second
plase does the histolysis set in, and the adipose tissue
furnishes us the intersting example of an organ
which attalns its perfeot state lmmedlately er eclosion,
when the lervel organ which it replaces is atill far from
its final resorption. Thus what 1s taking place is not de-
molition followed by recomstruction but a progressive sub-
stitution; and the tissues in the procass of destruction -
persist llke guldigg scaffolding until the disjointed histo-
blasts have made contact with each other in a final coordi-
nation system. I am convinced that this remark applies to
211 cases of metamorphosis; it shows how wrong one would de
to consider these processes homologous to those of a cloa—
trizaetion or a regeneration, and to compare the meteamorpho-
sis to an illneas from which the organism recovers.

If one briefly examines that portion of the ensemble
that persists, and the porticn that disappears, cne finds a
genertl law which I have clearly formulated in my o o
the ants, and which I also consider valid, bestdes the in-
sects, in all cases of metamorphosis. That which totally
disappears ars the most striotly cialized parts of the
lava; they are simply ejected to the exterior like the: -
ohitin of the skeleton, where their substance is only uti-
1ized by the imaginal organiax in a state of nourishment
dissolved by a prior digestion. What 1s totally bullt up
again are the most highly olialized parts of the imago,
and it seems as if they 4 not have any other origin but
the embrydnio histoblasts whioh have remained undifferenti-
ated o the time of sis, amd \mdm:{ at that time
their first and last aif cmtuﬁﬂ.m. In on, & certain
numba» of oells or organs iat in a more or less altered
form, and are thus camon to the larva and the imago. These
are the least specialized slements, the least indissoluwdly -
linjoe! to a detarmined coordination. They owe to this adap-
tative 1ndifference the faculty of being able to take their
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pivcz in two AAlf%erilg systems of physiologleal cocrdinabioy,
Ty oo '3 digestive tube, the epithellium o the midile
irtessine i3 campletely renewed by the pockets of embryontc
S9ilyg; ths lerval maw is totally deatroyed and & imsginsgs
rizg reocnstitutes on an entirely differemt level a new maw
and & new valae; the entire buccal region 13 likewise rscon-
stituted; and by contrast, some larval cells psrsilat in tha
m-illa portion of the escphagus, in the simpie tudbular com-
munisation between the spacialized orgams, The postericr
intzstine 13 the seat of entirely analogous phenomens.

Thus, further, in the tracheal syste: that which 1s
most spasialized, such as the largs posterior stigmas and
the mair. gtems which end there, is destroyed by ooytosis,
e ne38 of new tracheas develops, by contrest, stariing feom
ths imaginal buds, and one sees, on the other hard, the per-
sistarioa, with & mors or less far-reaching alteretion, of -
&ll tacee parts of the larval tracheal tres thit may be re-
employad 1n sltu in the new canalirzation of thes finul organ-
ismn, '

Ths muscles furnish perhaps the most remarkable ex-
amprls. The muscles most particular to the maggot completely
disuppeex by phagocytosis; the ones most particular to the
fly rasonsiitute themselves ocompletely at the expense of the
maidzderm of the nal disks. Avnd amcng thess two ex-
tramas 18 interposed, for the persisting muscles, a8 whole
seriss of gredaticns, with the importance of the role of the
mychlasts in relation to the larval musnle varying to the
vary extent that the imaginal muscle deviates by its fimo~
tion from the larval musole from which it derives: in the
abdomss scme mussles are hardly atlered; the fiight musoles,
o the ocantary, are altersd to such an extsnt that their
tresformetion 4is the squivalant of almost an entirely new
songtTnotian of all pilaces. Ome should also ressll et this
goint the ourieus case of the intestinal musales of whioh

he myoplasm slane is "phagoayted,” while the nuocleetsd sar~
octplasm parsists and shows 1taalf capable aof & later rege-
eraion of & new musounlature.

Amcng the phanomsna of persistence of larval organa,
ane of the most imporiant anes is that of the mpigxun
tuhas. dra would eot, 1t seems, a destruotion of larval
orga-s 2nd & hurg of argana, such as takes
place wita ot:aer insscts like ‘he ants, where the metamorpho-
sis 13, 2aTarthaless, on the whole xuch leas intense than
that of the fllies. Now, quite to the contrary, the lerval
tabes pass to the 4imagd almost wmodified aitver having gona
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through an undifferentiated stage where their excretory-
Tazsticn 1s suspended, supplemented during this time, as
the css3 happens to be, by the accumulation of urates in
th2 fatty body.

] Another antlinony 18 exhidited prenisely by this
fatty body: glven its function as an organ of reserve, one
would believe it, & orl, to be napable of accomplishing
this funoction as well in the imago as in the arva; this,
moreover, 1s the case with the majority of ineects and even
of Diptera. The higher Dirtera seem to be the anly ones to
posssss a fatty body particular to the imago. And we have
seen how the larval fatty body, persisting for a long time
durlng nymphosis, exhibits this ourlous 1le of a larval
organ vhose final disappearance 13 only completed after the
appearacua of the perfect insect.

It 1s interesting to campare the organs of the iarva
&nd those of the imago alsc from another point of view whose
importance I have already indicated in referevnce to the ants,
that i3, the relative size of cells. Sister cells issued
of the same embryonic atock in fact develop in an entirely
different manner. Foxr the larval cells the mmltipliocetion
l::;g: even before the end of the embryonic period; their
n r 18 relatively reduced and they are sufficient for the
growth of the larva without even dividing, but by becoming.
large themselves until attalning sonsiderable proportions,
lhe imeginal cells represented at the mcment of the larval
salosion by a relatively small number of initial oells, and
aultiplying very little during arval life, diuplay o the
other hand, during nymphosis, an extreme aoctivity'of caryo— '
dnetdo proliferation. Thus their numbar becomes quite con-
sldorable, and their size remains relatively very small in
camparisan to the larval oells of the corresponding .
Mg. CLXII roongitnlatu these contrasts and Tadble A stotes
than precisely by xiving nummerical dimeneions.

To be sure, there &Lre 2 few exceptions. Some imagt-

nal oslls are of great sise, foxr le some DeEXrvous gEN--

10113 oells, the cells of the rec paplllen, the nuti-
ive cells of the large tegumaniary hatrs, eto. But, for -
these oells, the large size i3 cane of the special ohareoter-
istics of the tmaginal histologioal Aifferentiation. And
these few exceptiaons do not detrect froz the ixmportance of
the zeneral remark recalled adoves,




Fig. Clxxx. ¢ ative tables of the size of socme larval
and imaginal cells; capital letters indicate larval cells,
small letters imaginal oells. G, g = fatty cells; O, 0 =
oencoytes; H, h « hypoderam and cuticle; S, 3 « salivary
glands; I, 1 = spithelium of middle intestine; M, m =
rmuscles. {(Seml-schematio). x 279.

A the highar insects, each histological category is
thus subdivided into two types, qQuite distinct as regards
their size and often also their strusture. Oenerally it 1s a
question of d&istinet, lerval or imaginel cells, which have
thus followed a 4ifferr=:t rouwte of differeniiation. At othe:
tines, on the contrary, 1t is, as we have seen, the more
plastic cells whick pass {rom the larva into the imago; their
alteraticn consisis precisely then in the paasage of the lar-
val type inte the imaginal type. The musoles furnish the best
example of this, arnd the passage {rom large to mmall nuclei
is no longer svcomplished by caryokinesis as in the nase of
the proliferation of myohblasis, but by direct -~ frequently
mdtiple ~- division; thus this is not a true multipliocation
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of aiaments but rather a subdivision, a distribution of the

malag> substance in the various regions of the cyt
sampexzsle to that often observed with the macronu

siliated Infusoria.

laam,
eus of

TABLE A

Comparison of the Average Dimensicns of Scme Cells

Type of Cells

Dipensions of the Elements in p

Larval Imaginal
Epithelium of middle - -
INtestinOe e cscsesaanan 100-150x50 20-40x10-12
BEpithelium of anterior -
intestine {nuolei)..... 15220 3%5
Epithelium of posterior
intestin@c.ccececsvanvas 50 10 (papillae
‘ excepted)
S&liva.."y slm‘.'. YRR T 7% - 20
Hypoder...cceeoveanreseas T9~100x40-30  10-5 (hairs
: excepted)
CUtL01@.erecencssiaconorne 85 30 (very
A variable)
Tracheas (nuolei in a s&me ,
altered regim)...... .o 20 6-8
Mipose tissues,....coccave 200-250 20 (synoytial)
OBNOOYLOB.. covcrrannsannes 60-70 15220 (dbinuw-
olear)
Musoles (dismeter of - - _
DUNALES)eu e eeracressas 100-150 (1 10-20 (isolated -
dumndles - fibers)
Muscular nucled........... 10x25 (super- 35 {axial)
ficial)

It 18 quite Qifficult to ascertain the causes deter-
mining these divergences of size smong the larval and imag!-

nal cells. The ilmaginal

type where, with sizes being equal,

sn organ is constituted by a quite large number of cellular

wits,

ermits perhaps a more aotive functianing.

I would

w1111ingly believe that it is the imaginal type of reduced
size that 13 the fundamartal type: the original ancestral
type among the metadolic insects; and sinoc the external
forms of the larvae have coenogetic adaptatioms, the large
oize of their histologioa) elements woculd likewise dbe &
secondarily aoquired charecteristic and correaponding to
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the fact that an as limited number of embryonlic csells as
possible adapt themselves to the transitory phyaiolcgy of
the larva. These cells.are in- some way sacrificed in ad-
vanae; thelr premature differentlation arrests their repro-~
ductive power; now they are capsble only of an individuel
growth. AL the same time thelr so-to-speak exaggerated de-
velopment momantarily inhibits that of other embryonic cells
which pregserve in them the hereditary imprint and will give
the true.insect when,-on.awakening. from their torpor, they
will be able to make themselves explicit in turnm.

The organimm of the perfect inséct is thus constituted
in its main charecteristics of cells which are particular to
it, which are essentlally imaginal, predetermined since their
embryonic origin. . They ara the ones forming the histoblasts,
disseminated in enclaves or scattered among the larval organs,
and which proliferate. during mymphosis, unite and arrange in-
to new organs. Another portion, the least specialized one
of the imaginal organiasm originates through & modification
in situ of the — 2130 least specialized -- part of the lar-
val organism; and in these parts the anatomic elements are
more or less transformad, but preserve during the entire
nymphoais their charecter of living cells.

cf the posterior inteatine which, by renewing themselves
through caryokineses beforé forming the rectal papillae,
alimingte at the same tizma dalis of degeneration; and also
ths case of the intestinal muscles. The passage from the
larval type to the 1.;;{1!1:1 type begins here by & sort of
csllular antonoxmy. 8 progess ol réjuvenation by partlal
p\tz?rt:&ﬂon sesas to »e highly worthy of retaining onets
attemtion.

In the imaginal histogenesis the case 18 &ither that
of epigenexis or modifiocation in situ., Darlese delieved to
be uble to admit for the mssodarmio cells the possidility
of a disloocation and & migretion, interpoming during the
nymphoses betwean two states, larval and imaginal, vhere
thease ocells are, on the contrary, comdined into tissues.
™48 conocept 15 only acourate for the fatty dbody. It ia,
in faot, a law which appears to be ftntﬂl among the mete~
bolic insents, that the adipose cells assooliated in sheets
-in the larva liderate themselves from their mutual adberences
at the start of the nyxphosis and float freely in the blood;
than, before the appearence of the imago they resume a new
cohesicon, after a mixing which has more or less displaoced
them. This faot is mede possible by the physiclogiosal
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circumasance that each of the fatty cells functions in some
¥y for itgelf and 1s able to fulfill its role of exchanges
with the dlood, of accumulation or restitution of reserves,
whsthar or nmot they are agglomerated with thelr neignbors
into tissues. But among the Muscidas, even this particuler
casa 1a not realized; the de-tggregation of the larval tis-
sue which takes place at the start of the nymphosis is defi-
nltive and the cells remain isolated and floating mtil their

fingl destruoction, while the new ccherent tissue forms from
anotks> origlin.

In any case I cannot accept Berlesels opinion sither
for the muscles or for the imaginal fatty body, an opinion
ascording to which their origin is the division of chromatia
balls resulting from the larvel muscular nuclel., A aimilar
evolution, consisting of a genesis of new complete cells
starting from exclusively nuclear subatances and malking their
appearance, on the other hand at the interior cf a phagoayte
in order to complete itself 4in liberty outside of the latter, ’
would shook the oconocepts which we believe are those best -
estadblished in re to the general processss of histology.
But we are not uoed to this criticimm a priori. We have
sean, in faot that these opagque chromatic balls, ingested by
the phagooytes are not afterwards thrown out ol them; om the
other hand the small discrete nugleus, the leucooytic nuclaus,
is the only living eslement, the only trus nucleus of the
sphere of granules; all the other chromatioc balle which 1t
may contain are always only forms of fycnotic degenaration
of ingested larval nuoclei. The divislon of these balls, far
from being comparadle to a multiplication of living elemen’s
leading to an al hiltogm.lil, is on the omtnr{ only
a dislocation of dead elememta. Moreovsr the forms inter-
pretel by Barlesa as divisions correspond muah leas to a
chramatolytio divisicn of a sole nucleus than to & simultan-
eTis or sucosssive ingestion of severel pyonotic balls by
the same sphere of granule. Aind on the other hand 4% 1is
easy enough to recognize in the smbryonio histoblasts the
origin of the myoblasts and of the imaginal fatty dody. The
roie of the spheres cof grenules 1z a aimple role of
oytosis; they complete the digestian of their inclusians and
dtsuppear; often, infiltreted into various tissues in the
pr->e8s of growth, they no doubt furniah them with dissolved
ncurishments but they never personally oontribute to the
building of tissues.

To sum Op, I believe to have justified the phagooytic

interpretation against the ariticisms or doubts which certain
acthors have recently expressed on the subject. After the
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regervations whioch T have expressed at the very start of thii
p:ger, I wounld not here add the cass of Muscidae to that of
other insescts, and to permlit myself $o be involved in risky
goneralizaticna. It has nevertheless been obvious that some
of my current results exactly corroborate those of my previous
study on the ants. I freely believe that for these common
formmla the extrapolation is permissible and that, with all
the metabolic insects, there are present three ensembles of

. histclogicel processes: total destruction of the most spe~
clallzed larval elements; entirely new construction, start-
ing from histoblasts that have remained embryouic, of the
most specialized organs of the imago; and alteration in situ
of the least specialiszed and most plastic organs and cells,
capable by this rslative indifference of taking a place suo~-
cessively in two different phases of physiologlocal coordi-
nation. These three Processes are superposed and aftect
each other In various degrees; and the metamorphosis is the
more intense or the more moderate the more the larval crgan-
i1sm 18 speclalized In an aberrant manner or, on the contrary,
the more it has preserved the typical ancestral comstitution
and can be better utilized in the nymphal btuilding=up of the
perfact insect.
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: Plate I. —T

Table of Chronological igreement of the Principal Facts of Nymphosis
in Calliphora Irythrocephala ¥g.

[Translator's Jote: This table consists of 11 columns, The age is
entered in the firat column and the corresponding events horizontally
across. For the sare of simplioity sach individual columm is translated

separately, and the siga // 1s used to separate one chrmnological entry
from another.)

Solumn headed oy Agg: Pupe blanche = white pupa; heures = hours; jours =
days;

Column headed by "[ystolyse Musculaire (Auscular Hystolysis)': Large Number
of leucocytes. Dirsct é‘vﬁi:ms ]/ The leucocytes accumulate in the vici-
nlty of the =utcles and,begin to dislocate theam starting at the front

and progressing toward the back // Pragooytosis almost terminated; spheres
of granulss still groupsc at the site of the muscles //The spheres or
granules disperse in the general cavity // The spheres of gramules ine
filtrate into the salivary glands;// invads the abdominal hypodera;//
infiltrate into the abdominsl larval musoles // into the imaginal

hypodera of the head, legs, wings, // into the teudons of the flight
muscles // into the gvary, the compasite sye, under the musculature of

the imaginal maw, of the posterior intestine// Completion of the digestion
of sarcolytes and // Fatty degensration ot the phagoaytes.

Colunn headed by 'b!&%%!!‘.&!_mﬁﬁﬂ (Muscular Bistogenesis)': “aryo-
kinetic proliferation of the myoblasts of the appendices // Myoblasts of
ths wing gain toward the back and swrourd the persisting larval mnacles
shich have become homogensous, // and begin to dissociats them. /!

The six masses of longituinﬁsi rators are noted// Annexation of the
zyeblzsts to the parsisting/ r amuscles;rough tendons of flight
auscles // Fuslon of blasts of light with larval xusocles cowpleted;
origntation of nuoled // Fusion of myonlasts with the sbdominal nuscles.
¥ultiple divisions in the legs, dilators of the pharymx. // Fbres of legs
elongate // Divisions into chaplets in the abdominal ausclies, irachecles
penetrating into the sarcoplama ci the flight muscles // expansion of

the ebdoainsl insertions. Reappearance uf atriation.

Column headed by " (Middle Intestine):" Caryokinetic pro-
liferation ot nests of regeneration whioh apread to the surface of the
contravted musoular sleeve // Imaginal cells spread in & singls layer;
reticulatec tissue cozpressing the larval epithelium., Start of the izvasion
of tne ouscuiature // Issginal epitheliuvm constituted in cylindrical
, Layer. Phagooytowis or the muscular tunie // Contrestion of the reti-
culated tissue; formation of yallow body // The middle intestins
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yihe shape of a large spindle // which is attenuated at itg extremi i
iReconstitution of the inaginal musculature /; Curving into abdominal
ciroumvolutions // The yellow ovody emigrates toward the base of the
abdomen // Dirterentiation of the rounded evaginations, brushelike edge,
esto,

Colunn headed by “%&ﬁ&:_gw (Anterior Intestine):™ Retraction
of the larval maw; deployment of tha valve and proliferation of the imagi-
nal ring {/ Proliferation of ths outlet tute tuward ihe front; degenera-
tion of the larval naw and ssophagus // Xaw completaly disappezrea //
Davagination of the cephalic wesicle end ventral inflection of the
ssophagus. Installation of myoolasts around the outlet tube [/ Start o:
the evagination of the imaginal maw // Progressivs alteration of the
larval esopnagus /; Clear indication of the maw and valve J/ Multiple
divisions in the muscles of the maw. Pedunculated maw. // Esophagus cone-
pletel; altered. Valve well differentiated // Folding of the wall or the
maw // Final ditfersntiation,

Column headed by * ) Posterisur (Posterior Intestine):"Diainution

of the lumen // Da&gymant of the imaginal ring // FPhagueytosis o the

anal apnincter; start of epithelial dageneration // Reduotion of the .
posterior intestine to an axial rectilineal tract // Alteration of the :
rectal Gulge; crude beginning of the papillae. // Junction of the oulge o
and the 17eginal outlet tube. Mltiple muscular divisions // Folding or

the wall, papillas well differventiated // Acoumulation of uric meconium

in the rectal bulge // :ixpulsion of mecenium.

Coluwm headed by " hi (Malpighian Tubes)"; Progressive loss
ol differentiation rt of the appesrance of spheroidal concretions //
Cells whioh have lost thelr differentiation, with sprneroidal coneretions //
Progressive dizsppasarance of concretions // Appearance of urates in the
lumer // Retura to diffsrantiation, bmush-like adys, stec.

Column headed by "WSdhuy Glands):" Proiiferation
of the imaginal ring. cells, spriukled with swall fat grains,
display the ap e o a gecNtion. // Chroma.ic granules at the sure

faoe of the cells // Evacuation of the balls of secretion; superfiocial
chromatlo granuwes // Start of the infiltration by the muscular spheras of
grenules // Dislooation and incorporation by the phagocytes // Dispersion
of the phagocytes // Well-developsd iraginal salivary glsnds // Fimal
differentdation.

Column hesuded by ¥ o 0 endices (Hypodernm and Appendices):"

Caryoxinetio proliferation in toblasts and the buds of the appan- :
dioes // Thoracio hypoderm recoversd; degsnaration and phagocytosis // ‘
Infiltration of the abdominal bypoderz /’ Phagooytosis progressing to-
" ward the dack // fenovation completed // Imaginal kypoderm, outdcle
~differentlated; hairs, ate; // Progressiva coloration of the tegumerts.

— o
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iColumn headed by "Tracheos (Tracheas)": Proliferation of the m;i;ll
‘buds // Thrust of cephalic tracheas // Inlets in the imaginal tracheolés
in growth // Contraction of the large posterior trunks inte full tracts.
Degeneration of these tracts // Alteration of the longitudinel theracic
trunks [/ Start of the dilation of the altersd tracheas // Pemetration
of the trachess in ths f1ight muscles // Imaginal tracheas with irregular

contours; apparatuses ol occlusion of the stigmas // Distension of the
vesicles.

Column headed oy “WWS. Tissue):" Accumulation of altu-
minodd inclusions sosinophilic inclusions and pseudonucled // Litaee
ration of fatty cells // Phagocytosis of sone cells // Well recognisable
teginnings of tks imaginsl tissue // Formation of small shests of fatty
cells and binuclear oenocytes // Asiive crrm:lins.dic proliferation of

the imaginal fatty cells // Start of fat deposit // Traumatism and phago-
cytosis of larval cells, bead and thorax// Forration of leucocytic fole
licles. Resorption of the inclusions and plucemsnt into circulation of
urates // Start of the finsl phagocytie resorption.




| axplanation of Flates

% Table of Chronclogicel Agresment of the Principal Facts of
Nyrap! & in Calliphora erythreoephala Mg.[Tranclation of Table om pp
25 = 27 of this translstion].

Plate II. HMusoular Hystolysis (Ferric Hematoxylin).

Fg.l. Trancversal section of a muscle, showing the infiltration of
leucocytes, 1. which advance by follovwing the sheets of sarcoplasm,
interposed between the contractile columns. The bluish imclusions filling
up the protoplasa of the leucocytes mark out their pseudopodes clearly.
N, amuscuvlar nocleus in the courso of pycnotic degensration; s, sarco-

lomma, continuing at ¢ into the tendon of insertion: tr, intrsmuscular
tracheoles. 7 hours, x 600.

—=
I

Figeg, longitudinal section of twe musclas, near their insertion on a
common tendon ti leucocytes begin penetrating at the lsvel of the
tendon, and from that location they insinuate themselves by lamination
between the contractile colums; 7 hours, x 600.

Fig.3. A somewhat more advanced stage; the sarcolemms has disappeared;
the contractile columns, detached froma their tendinous insertions,
take oﬁ'aimous shape, and their detachment facilitates the more ine

tense/d¥Zration of the leucocytes. Nuclei N are in coxploeis pyenocsis.
7 hours, x 600. .

The leucocytes begin to insinuate sharp pscudopodes in the very

s ofthe oontractile columns, partioularly at thw level af the
thin disks, limits of the muscular compartments. sp, diffluent sarcoe
Plasm, 7 hours. x 600, .

Fig.5, Toung leucocytes of s quite yourg pupa, showing thelr characteristic
gragules, x 880,

Fig.6, leucocyte at the start of immigration in a muscle, containing, be-
sides the pre~sxisting granvlies, two pink inclhsions, which dcubtless
reprasent racently incorporsted sarcoplasm. x 880,

Horse leucocyte on “he track of a dislocated sarcolerma, s, and
containing two pink inclusicors which doubtless rapresent "phagooyted"
portions of this sarcolemma. x 880,

_Eig_,ﬁ, Frortal ssation, perpendicular to the direction of dilater musoles
of the pharynx. The most anterior onss, i, of these muscles, where the
striation and the fields of Cobnheim persist, are invaded by leusooy

"and disappsar through phagooytosis. The rost posterior ones, M, much (Less
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! eosinophilic, on the contrary persist; later on they will lose thoi_r-l
' strlation and will be transformed into syncytial homogeneous aress.
7 hours, x 400,

m A leucocytic phagocyte having incorporated some fragments of
these muscles. x 880,

Plate III. Muscular Hystolysis (Continuscd). (Ferric Hematoxylin).

walte advanced dislocation of a auscle of the anterior reglon.
s noe of the transversal straation (disks 3) ani of the fibrillar
structure. Beginning of incorporation of the first sarcolytes sl, torn
off the contractils columns, and of larvel nnclei N in pyenotic dege-
neration. 10 hours, x 600,

Hg.ll, ore enlarged detall, showing the mode of formation azd incore
poration of sarcolytes, dus to the pseudopodes of the leucocytes. x 880.

Fhagooytes beginning to resume a more rounded shape after baving
orporated a larger nuaber of sarvolytes or nuclei. Ons may see on
this figure, as in the previous one, that the incorporated sarcolytes
have exiotly the same appesrence as the musale portions still outsids
the phagooytes. x 580,

Advanced stage of dislocation of a muscls of the anterior n.
One can Jjudge that more than half of the musoular substance has
passed into the .interior of the phagocytes in the sarcolyte state. The
phagooytes are somstines fused into giant cells, or form, temporarily,
mltinnclear plasmodia. The not yet incorporated portions of myoplasm
are notably reduced in relation to what they were in the stage of Fig.l0,
some fragments are even of the aise of the enclosed sarcolytes. But
they ull preserve the same appwarance, pink and striated. On the ocone
trary, in the phagooytes, the inoluded sarcolytes commence to take on
a deep purple or bluish tint. 10 hours, x 600,

Three phagooytes showing the modifications of tint and structure
noluded sarcolytes, indicss of the first stages of intrecellular
digestion. x 880.

A phagooyte where ihe transformation of the sarcolytes is more
anced] one may note at the same time the pngrulln disappesrance of
the orgimal granulations of the leuccoyte. x 880.

The sarcolytes bhave become homogensous and hluish; the granue
a have completely disappearsd. It is in this state that the phago~
, Oytes or spheres of granules spread in the savitary liquid. x 880, _j




{% Two muscular nuclel in pyenosis, detached befors hoa'poram.

Fig.%a, Two pycnotic nuclei simmltancously incorporated by a phagocyte.
x 600, '

Fig.19, Phagocytes containing pairs of pycmotic mucld; shapes which
sometimes have been errvneously taken for divisions, and whose origia
is explained .by the two previous figwres. x 600.

Bate IV, Mddle Intestine.

frve N m:unu of the middle intestine; i, initials of poolets of
regenara + Thess aells may bs next to intraspitheliel trachecles,
but have no genetic relation whatever with the matrix of these trache-
olzson they aro essentially spithelisl cells. Young maggot, & mm long.
x 400, ‘

s Intestinal epithelium of a nearly adult maggot; the lerval
) are gorged with fat droplets, aligned in a rsdial direction, and
these drops display the adsorption aotivity of the cells; on the other
hand one never observes any ball of secretion. The imaginal cells have

proliferated anl cocnstituts compaot nests at the base of the fumotional
epithaliom. x &00. : .

Transversal sectlon of the middle intestine in a maggot whioh
mgﬁwumm pares itself for nymphoais. The food has
disappeared, which faot has the reduction in sise of this organ;
the calls are still pacied with fat droplets in a dease meuner (freely
blackened. by osaic acid, these droplets bave comventisnally besn repre~
sented in grey). The pockets of regeneration, i, appesr like roundsd
buttons, projecting oa the coeloale surface of the intestine; their
most superficial cells, on the intestinal side, begin to exfoliste and
enigrats by insinuating themsalvea at the base of the larval cells;
they will constitute the origin of the reticulated tisswe. x 225,

a2, mﬁtﬂﬂwﬂudlmdt&wwuuw
young, » white, pupa. The retioulated tissws, r, is well Andisated

at the base of the larval epitheliwm, whoss exuviatisn 1t determines;

the brush-like edge still persista. The musoulature is centrsated into

& continusus falded sleeve, at whose imtermsl swface the imaginal pockets,
1, begin to spread out; n, mweular nucleus, surrounded by & more ahromatic

protoplasmis region, x 225.

Section of a sectionel latestime in a pups 20 howrs old. The
, Dosts of regeneration dave flowed together and are organised iato a
' ooatinuous epithelial layer, o: to the sxterior the larval waeonla




| bas beea dislocated amd destroyed Ly the phagooytas; it is only

i represented by a mass of spheres of granules, and by the muscular

m, origioating from the old libderated nuclel; in the interior the

retioulated tissus, r, has expanded its cpenings and resembles a loose
connective nstwork. The larval epithelimm £, completely rejected, be=

glins to deguzerate; conflusnoe of the cells, loss of the brushelike edge.

eote, x 225,

fig.25, Final state of the imaginal epithellum. Pupa 18 days old, x 880.
Flate V. Antarior Intestins.

20, Larval maw (Jjabot) retraoted upon itself, snd showing only a
s region of increased epithelium, outlining a dorssl convexity
(v., Pig. TII. j). The ohitinous intima of the maw, folded itself,
ch, is rejectsd into the luen of the ssophagus; the epi ur of
the mav exhibits numerous forms of degeneration, d; sxd its cells are
prograssively eliminatad towsrd the gemersl cavity where they become the
prey of phegocytes. The smusculature of the maw has albeady disappeared
to a great extent and is only represented by a mass of spheres of gramiles.
In the lower part of the figure ons can asee this dislocatlon whick oon-
tinues by rupture of the sarcolemms s, and infiltration of the leuco-
cytes 1 into the larval musculaturs, é bours, x 400,

m&?jcmuuummmmmnamomw.nm
area the sntsrior edge of the imaginal outlet tube & insinmates
itself in & bevelled form under the larvel cells. The calls flow togethsr

and their o degenerates into balls di the nuclei N are struck
by ahroms 1 o, chitineus molting of the escphagus; p, stomato.
gestric plexusi le 1 are disloocated and act as phagoaytes om the

musculature, sad rejeated epithalial elemsnts. § howrs. x 400,
Elate Y, Aoterior Intestine. |

Degenarstion and elimination, toward the general cavity, of
larval mavw. 6 bours. x 400,

Ineginal outlet tutw, with caryokinetic divisicns ® at the free
swiase of the epithwliun; a, ring of support of the heart o. Betwesn the
desp fece of the spithelium and the bheart a cosplex tissue develops ia
which ceryeiineses are alaso ocbserved. The asat relaxsd peripheml part of
this tissue, of retioulsted appseremss, particularly infilltreted with
spbares of gramules, csrtainly constitutes the stomatogastric nerveus
plexus p; the despast, most compeot part which is confined to the epithe-
lium, represents the imsginal myoblasts; dut the liait is not decisive
between these two categories of elements. N, persistisg larval smscles.

' delow and to the laft, portions of larval maecles N, lontbnuxggm
—wectisn. 32 bours. x 600,
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{E3£230, Folds of Inaginal maw, in the sbdominal cavity; only the epi- |
thsliunm is convoluted, without being followed by the muscular network;
sphedes of granules begin to be infiltrated between the two tumics

of ths organ, in the depth of its folds. 13 days. x 225,

» Diffarentiation of the imaginal valve. &/}.ﬁ{ﬁnm persisting
in the poxi Aor region of the esophagrs; Jj, tude leading to the maw and

ocontinuing in the direction of the esophagus; n, portion of mervous
conneative tissue. 12 days, x 225,

Fate VII, Anterior and Posterior Intestines.

Complicatsd plaitings of the spithelial tunic of the maw, and
penetration of spheres of gramiles as far as the despest folda; the
m“gghtm m does not follow the gensral contour of the organ. 15 days,
X .

figs1)s Reglon of agreement between the imsginal outlet tube and the
posterior ending of the esophagua; j, start of the evagination of the
imaginal maw; m, nyoblasts; M, larval muscles. The larval epithelium

partially dege and 1s infiltretad by phaggoytes which abesorb its
debris; in front/ to arrive als) rome imsginal cells, in ocaryokinetie
proliferation *. 3 « X H00,

Inaginal outlet tube and start of posterior larval intastine, TM,

tabe; *, caryoikineses on the arrface of the imaginal epithelium;
d,degene>stion of the larval epitheliumm; N, persisting larval muscles;
the whale plunged into a mass of spheres of granules. 46 hours, x 400,

35. 4An inlet of the posterior intsstine in degeneration, ia the midst
ol a-compast mass of aphere of gramiles, sy, charged with muscular or
opithelial dedris; d, epitbeliwm in degensration and aliminated toward the
cosloms; a, musoular oslls originating from the larval musculature and
waioh will persist hy reconstituting the imaginal smsculsature, 46 hours,
x 400,

Elate Y1, Posterior Intestine; Hypoderm: Tracheas (hemalum-ecsine-aurantia).

Transverse seotion af the treet of posterior intestine in degene-
Ta i all around, a denss sccwmulation of spheres c! granules, oftea
charged with sarcalytes (orenge) s, and uhioh absorb in situ the bhalls

ot‘x:cﬂummuumuomum Bualei of the epithaliwn
(vinlat-ish inclusions). In their interstices the muscles are mol-ed
in the ocourse of altevatioa. & days, x 400. :

Analogous seotion at & leval whare the epithelial msmdrene
orwd of three oalls, :ermuum.mlummq:.
d"'oxm-
22
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E‘& Degensration and phagocytesis of the thoracic larval hypo-
TR, Tejested in the oveloms by the overlapping of the imaginal

dera (region h of figure LXXXV). The orange inclusions are sarcolytes
carried in from the outside by the spheres of granules, Some hypoderaic
cells are still nearly norwmal; others nunifestly degemerats and are
resolved into balls shich are then incorporated by the phagocytes. 20
nours, x &00,

Fig.39, Phogncytosis in situ of the abdominal hypodermis. Invasinn by
spheres of greamules, eventually charged with sarcolytes s whizh cut wp,
as if by a puncher, the larval cells, azd tear them off into fregments
which beocoms rounded and form viclet-ith inclusions. N, "phagocyted"
nuwleus. J days, x 880.

Stage analogouws to the previous one; 'oung leucocytss 1 parti-
cipate in the phagocytosis with the spheres of grenmules; 4, tw hypo~
dermic cells detached {rum the surface and surrounded by phagooytes;
the sphere of gremule sg still contains some sarcolyt:s in pro=
cess of digpgion; the other pbagooytes hardly contain anything tut
inclusions torn off from the hypoderm. 3 days, x 880,

% Phagooyte that has just incorporated a hypoderwic nuclaus, M.
x -

. Slice of a éphere of grenules comtaining inclwsions of
o origin, urruouhr 4 pualeus N, whose chresm sis »
The leucooytic nuclens 13 aot ineluAsd in this slice. x .

43, Sphere of granules which has incarporated maumerous pyonotioc
» oviginating froa the abortica of imaginmal hypodermic celis. These
t?: have sometimes been taken, erroomously, for stages of division.
x 800,

Portion of epitkelial liaing af a large longitadina)l trecbeal

a region whers it collspass upon itself; oh, ashitinous intima:
whioh is crumpled and penstratss into the anfrectursities of the epi-
theliua wdere it appears to be resprbed; d, indlnsion coming withowmt axy
doubt from this resorbed chitin, )2 howrs. x 400.

3 Insginal traches at the bese of » ls;. Transverssl section,

the cosplication of the imaginal swface in relation to the nym-
phal cylindrical intima. 18 days, x &00.

Flate X Salivary Glands (Hemalus-eosine-aurantis).

Start of invaaion of the salivary gland Yy young leuecoytas, }.
spheres of greniles cuasdnu sarcolytes, s. X, nucleus of
x .

—tire large salivary. ) days,




A, dotail of the protoplasmatic network, showing the chromstic gramue
lations deposited on its openings. .

|E: 7,47, Intensive inflitration by the spheras of granules charged u-i_tl
ssroolytes s; the salivary cell now only appears like the gangue of

& sort of pudding; N, its nuclsus; n, auseular (larval) nucleus incore
porated by a sphere of granules. 3 days, x 60C,

Fig.48. Cell of salivary gland infiltrated with spheres of granules whioh,
in addition to the sarcolytes s takea from ths outside, begin to exhibit
rounded inclusioms, sticulsied or homogeneous ones whose violat colar

as well as structure clearly indicate that they are portions of the
salivary cell itself, tora off in sStu. 2 days, x 600,

Fig. 49, Appearande of ths ensemble of a portion of salivary glamd gs,
in course of dislocation and advanced phagocytosis; G, larval adipose
cells: i, wall of aiddle intestine. 3 days, x 225.

Degeneretion into balls of scme cells in the neighborhood of
e excretory tube, indepesadant of the acticn of the phagocytes: 1, in-
filtrated leucocyte; nd, nuwoleus in degensration, 46 bhours, x 800,

Pate X, Tracheas.

Eiga5). Terainal posterior region of the great longitudinal trunk in its
preserved section; degenerations and alterations of the epithelial matrix.
Purther back, the large trunk is trsnsformed into a full treet T whish
sxtends through the entire langth of the abdomen up to the posterior
stigma; t, nymphal tracheas of the tail of the haree; v, treches disten-

ded by air wbare there is inserted also & tendon of splaunchajc mmscle.
4 hours, x MO,

Zis: S. Treot in degemeration of the loagiémiinal traak. 36 hewrs, x 400,

%medmmumumrmuucmm
i chromstalysis of the muclel; tration of spheres of gran H
t, imagina) trecheas. &5 bowre, x 400, .

Transverse section of tha treot in degemsration; inveaion by the
of grenules. 45 houre, x 400.

[iga 34, Anslogeus section, fwrther dack. 46 bours, x 600.

L Alteratisn of the therecic truak T, at the level of the
anse alo stigms st) infiltrutise hy spheres of gremules which pre-
viowaly had * ®* fatty cdlls, and wvhieh are incerporating the do-
generated opd oalls. ) days, x 200.

_ J




;Flats XI. Muscles and Adipose Tissue (hemelum-eosine-suratia). _"

Group of imeginal celis and spherss of granules, in the poe
sterior angle of an abdominal segment; g, fatiy cells; o, oenocyte: N,
larval nueleus, doubtless hypodermio, in degsneration in & phagooytes
the lsucooytic mucleus is in the neighboring section, 12 days, x 880.

Abdominal muscle, to which some imsginal myoblasts are fusing, m.
'qu al :‘O,OM emigrated in depth; n, nuolei of fused myoblasts.
8y X .

Fig:59. Abdominal amusele, that has become bomogeneous, longii dinal
section; i, begianings of adipose tissue (imaginal); m, myoblastsy N
larval muolei; n, imeginel ouclei; sg, spheres of granules charged with

sarcolytes, penetrating into the muscular syncytium, the hypoderm;
t, tendon of insertion of muscle. 7 days, x 600,

B&%Q_., Transverse section of a cephalic imaginal wnscle fiber, 18 days,
x 550,

- Transverse sections of musocle fibers of legs, still imperfsotly
ped.1? days, x 880.

2. Imeginal sheet molded on a sphere of gramles; the lewsocytlc
nacléus i3 in the neighboring seotion; gm imaginal adipose syncytivmg
% mngs% oenooyte; N, phagooyted larval nucleus in degenerstion. 14
days, x .

M Thoracic inaginal sdiposs tissue g, in contact with the hypo-
orm; vh, glant cells formed by the fusion of spheres of grinulss sg,
which have digestsd their enclaves and only contain fat. 17 days, x 880.

Caryokinetic proliferation of fatty cells in sn imaginal sheet
sbdomen. 14 days, x 8680,

*&wmzmuuwuunw in the viocinity
eren of granmules completing the digestion of their inclusisma, 17
days, x

Fig.66, Imagincl shest mulded on & sphere of granules packed with sarco-
Wa-l’dﬂl. ‘mo

Altered sbdominal musale, sontalning in its axis three spheres of
o8 sg, completing the digestion of their sarcolytes. N, larval
aucleuss n, imeginal nuclews. The section shaves through st ths maigh-
borhood of the lmsertism; it also not coatain the small nuolal
i chaplets which cooupy the axis of mom.uup.x@




m Cephalic imaginal sdipose tissue. 15 days, x 880, "[
Bate X, Masculsr Histogenesis

Transverse section of the rough piece of the longitudinal

ator muscles on the left side; massive proliferation of myoblasts in
the midst of which are immersed the six syacytial regions doriving fron
larval mscles; the latier, in which ome still finds large original
auclel, increase by spposition of myoblasts. § days, x 225.

Ilﬁ,m. Detail of the preceding figure, showing the carvokinetic multi-
cation of myoblasts ® and their progressive fuslon with the larval
aynoytial masms. S deys, Xx 1100,

%ﬁbn sdvanoed stage of the rough wuscular plece; the wmycblasts
are t all fused with the synoytial masses. In the latter the small
nulel are oriented on the prismatic surfaces whioh exhibit in section
& pantagonal wosalcal design. § days, x 225.

figs72. Trensverse seotion of a persisting abdominal muscle, transfored
into a homogensous mass; imaginal myoblasts m are fusing with it; N,
larval nucleus emigrated to the depth. 7 days, x 880,

Histogenesis of a dilator muscle of the pharymx; ceryokinetic
sration of sycblasts *; multiple molesr divisions in the myoblasts
\lh%“?: have becoms fusiform; d, mass in chromstolytic degemsretiom. 7 days,
x

Two viainal muscular bundles of the dilator nuwsoles of the
&% (frontoepharningesl). One of them derivea manifestly fyom the
alteration of a larval fibre; N, lerval nusleus, n, imaginal nuclei
dariving from the fusion of the xyohlssts and multiplying by direot
divisions in chaplets. The other displays multiple mulear divisions, k,
and doubtless originates exclusively frem myoblasts. 7 days, x 600.

Bate UII, larval Adipose Tissue (Bemslum-ecsine-aurantis).

% %mo.@nnﬁuohmt;hﬂn&dmw
« X .

with
% Patty cell of a yowng pupai inclusions / pesudonuclel. ? howre,
x .

m. Fatty cephalic cell of & pupa of 5 days; Lwclusions with diverse
ss; the mnrhd distribution of the inclwsions is oct a geoeral
faot. § days, x 400,

. _J




| TAK\Z8s Llarval fatty cell in the mamwﬁuum%z
appeared; large eoaioophilic inclusions without pseudonuclei. x .

£ix.79, larval cell in the process >f resorbing its altuminoid inclu-
sions, and whose siss iz alresdy notably redusced. 17 days, x 400.

242,80, Cell of even more reduced sigze, 17 cays. x 400,

Fig.8l. Larval thoracic cell; the albuminoid inclusions are to s (reat
part resorbed, and the urates (pseudonuclei) are placed tack intoe cire
oculation; leucocytes 1 bagin to surrvund the cell and to form a follicle

to the lattar. These lewcocytes appear to be ?Qr- af gnnuha that have
cospleted the digestion of their inclusions. days 0.

Cell freed of its uretes and resorbing its slbumineid inclusions:
siae marioedly redused; 1, leuccoytic follidla Abdomen of an imago
which bas just appeared. Sasar. x 880,

fiKk83; Cell where the resorption is still more advancad, sise even
sore reduced, Abdomen of an imago that has just appeared. Smesz. x 880.

04, - Cell where all inclusisns have disappeared. Sise reduced to
s siniaumi the lsucooytic follice is complete (1), and the ameleus of
the cell begine to dagensrete. Image takenm in liberty. x 880,

Group of three larval oells im the midat of aheetls of imsgimal
uw. In one, the muclews bas et yet degeasvated; ia the other, it
is reselved into a starcshaped chromatelytie msasi the third is cemple~
taly dislocated Ly the lewsoqytes of the eld fellice ph, which pumstrete
into its interior and absort soms chrosatolytic balls. Image talsm in

liberty. x 880,

Plate XV, Adipose Tissus.

Larval oall taken betwesen muscular fibers £, perpendicular
Mane of the figwe aad bureting wder their pressure; st the
poriphary leucveytes ), incorpereting their debris. Bead. 19 days, x 500,

| lazval oell laxinmated between nussular fibwes amd iafiltreted
nﬁ&w.m-uxmm-.mmm.lu.:m.

Larval oell G, taken between & waSCWIAT fibve and the

hi it begins to be attacked ot its periphary by phagocytes;
g Sheet of Smagimal adipose tissus, deprived of cemocytes. Thorax,
15 days, x 600,

a8, Lurwal call Lexinated betwesn musculer fibees aad 1afiltrated)

— 2T —_—




Tty phagocytss 1; the nucleus does not yet exhibit chromatolysis. Hea_cl-.l
i15 days. x

Fip.90. Larval cell attacked at its periphery by phagocytes; mucleus
still normal. Head, 15 days. x 600,

Eig.9i. Cephalic imaginal ldipou tissue, 18 days. x 880.
Plats JV, Adipose Tissus and Muscular Insertions

Rg, 92, Thorecic imaginal adipose tissue a; aga plasmodiun of phagocytes
baving digested their inclusions. 17 days. x . )

Fig.93. Abnozmal larval adipose cell with four nuclei, Aged maggot. x 225.

Mg.ol, Sheets of imaginal sdipose tissue g, insinuated between large
fatty larval cells still persisting, G; o, cenccytes of imsgo; p, hair,
Tracheas begin to penetrate into the imaginal adipose tissue; the leuco-
cytes begin to organise theuselves inta. & follicle around the larwal
cells, G, Abdomen, 18 days, x 600,

§ig.95. Insertion of longitudinal vibrator muscles on the thoracic te
guents. Hypodermic cells drawm out into long tracts between which larg:
larval calls and spheres of granules insinuste thamsslves; t,tracheas
coxprised betwesn tha muscular masses: in these latter ones ons will
note the persistance of larval muscular nucled. 13 days, x 225,

% Insertion of thorecic imazinal muscles on an spodems; filifors
oonstituted by hypedermic cells h, disproportionstely slongated.
17 days. x 600, ‘
%ﬁmu Tissues (Borrel's liquid, magents, piore imdigo-
« The oolor of the protoplasas has somstimes been slightly trans.
posed in order to facilitate lithographic reproductioq).

Big.97; Wall of larval maw (Jabot) and its coatents where baoteria
swarm. ¢, chitin} e, osnhon\m n, RUscle; 8, ingested muscular debris.
Maggot 4 mn long. x 880.

Fik.98, Two adipose cells of a quite young larva. x 880,

Fiz.99, AMipose cell of a maggot & wm long. x 880.

HgdQ0, Two spheres of granules containing at ths same time Quite vo-
luminous sarcolytas (yellow), and fat dropiets. 0ld pups: x 600:

|Fix.101. Two spheres of grenules more advanced in their digestion; __]

®




"_o; still contains two small sarcolytic incinsions, the ouner no loa;q
contains anything but fat. x 600,

Fig, 102. Isolated inssrwion of a larval muscle on the hypoderm. The
sarcolemma or the muscle s is continued diredly with basal b of hypo-
dern H. The hypodermic tonofibrils are prolonged by a convergent cons

of strise, stratified throughout the entire acidophilic chitin, wp to
the chromatic ohitin. Adult maggot, x 830.

0 Inaginal adiposs tissus and cenccytes. Abaomen, Dmago at the
moment of salosion. Xx 80C,

N Inagipal adipose tissus and vencoytes. a, ventral subtegumen-
tary nuscles. Abdozen., Imago after hibernstion. x 830.

Fig.105. Cephalic Imaginal adipose tissus. Imago, x Ud0.

£ig, 106, Iaaginal adipose tisuue and oenocytes in a femele, exhausted
at the time of egg laying. Total disappearance of fatty reserves. x 400.

Saall pericardiac ¢ells with incluwsions whick seea to be bace

» despite the faot that tha calls are gensrally considered incapable
of phagooytosis. A Quite youwng asgget: amesr. x 600
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