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Organogeny in Diptera

The organogeny of the larval organs in Diptera has been subjected to detailed
study only by Poulson (1950) for Drosophila melanogaster and only aspects of
it for which D. tryoni has provided additional data will be reviewed here. The
general changes, such as external delineation of segments, shortening of the
germ-band, dorsal closure and involution of the head, which accompany organo-
geny in D. tryoni in a manner typical of cyclorrhaphous Diptera, have already
been discussed (p. 266).

The gut

The development of the gut in D. tryoni (p. 268) from four initial rudiments,
stomodaeum, proctodaeum, and anterior and posterior mid-gut, is typical of
Diptera. The only point of controversy is the contribution made by the pole
cells in Cyclorrhapha to the wall of the mid-gut. As already stated, they always
lie at the end of gastrulation in the wall of (D. tryoni) or the lumen of {Droso-
phila melanogaster and other species) the posterior mid-gut-proctodaeal
complex. From here, some of the pole cells migrate outwards as definitive
germ-cells (see below, p. 286); some remain associated with the posterior mid-gut
rudiment. It was generally assumed by earlier workers that these degenerated,
but Poulson (1947, 1950) showed and with Waterhouse (1960), confirmed ex-
perimentally for Drosophila melanogaster that they are carried inwards by the
tips of the growing posterior mid-gut strands and give rise to the middle region of
the mid-gut. Poulson & Waterhouse also demonstrated a pole-cell origin of mid-
gut cells in Lucilia cuprina and expressed the opinion that in Drosophila all the
pole cells entering the embryo via the posterior mid-gut invagination have such
a fate, though it now seems (see below, p. 286) that this is an exaggerated view.
In D. tryoni (p. 269) the pole cells remaining in contact with the posterior mid-
gut rudiment also contribute to the gut-wall, but without change of position,
forming part of the wall of the proctodaeum. Reference to the presumptive fate
maps of Drosophila and Dacus explains both the difference in pole-cell behaviour
in the two species and the fact that the pole cells make any contribution to the
gut-wall. In the Dacus blastoderm the cells adjacent to the pole cells are mainly
proctodaeal, in Drosophila exclusively posterior mid-gut. Since determination
in cyclorrhaphan eggs takes place very early, possibly before fertilization (Reith,
1925; Pauli, 1927; Anderson, 1961; Hathaway & Selman, 1961) and the fate of
the presumptive areas of the blastoderm is fixed presumably by biochemical
differentiation within the periplasm of the egg, it is easy to see that the boundaries
of the periplasmic areas might overlap morphologically distinct parts of the
blastoderm into which they are subsequently incorporated.

The vitellophages and the yolk sac to which they contribute in Dacus, Droso-
phila, and Miastor appear in general to be totally digested with yolk once the
mid-gut wall is complete, although Poulson (1950) suggests that some of the
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cells of the yolk-sac wall in Drosophila melanogaster become incorporated into
the mid-gut wall. There is no evidence of this in D. tryoni (p. 270).

The mesoderm

The contribution of the paired mesodermal bands to the morphology of the
larva in D. tryoni (p. 271) is typical of Diptera, conforming essentially to the
pattern described in Drosophila melanogaster by Poulson (1950), but the ques-
tion of the segmental composition of the dipteran larva required attention, since
it has recently been raised by Butt (1960). It is convenient for purposes of discus-
sion to consider the trunk separately from the head.

In the developing trunk, segmentation is established first in the ectoderm in
antero-posterior succession (e.g. D. tryoni, pp. 266 and 273). Sciara coprophila
(Du Bois, 1932; Butt, 1934) and Miastor metraloas (Kahle, 1908) show subsequent
segmentation of the mesodermal bands into paired somites. In Simulium pinc-
tipes (Gambrell, 1933), however, paired strands of splanchnic mesoderm separate
from the mesodermal bands before the somatic mesoderm segments. Drosophila
melanogaster (Poulson, 1950) resembles Simulium in that only the somatic
mesoderm segments, while in D. tryoni (p. 271) even the basic segmentation of
the somatic mesoderm is lost and all segmental derivatives of the mesoderm
form by direct association with the segmented ectoderm during histodifferentia-
tion. There is thus a tendency for the basic mesodermal segmentation in the
trunk of Cyclorrhapha to be lost.

In the head, external segmentation can be recognized with certainty only for
the mouth part segments, which in D. tryoni, as in all species, become externally
delineated before segmentation of the trunk begins. No corresponding segmenta-
tion of the mesodermal bands occurs, while in front of the mouth neither
ectoderm nor mesoderm retains vestiges of primary segmentation (paired somites
and associate segmental ganglia—Manton, 1949; Anderson 1959) in any species
whose embryology is known (this account p. 271; Ludwig, 1949; Poulson, 1950;
Breuning, 1959; &c). The conclusion of Butt (1960) that the anterior head lobe
described by Breuning (1957) for the embryo of Calliphora erythrocephala repre-
sents the labrum of the dipteran larval head is therefore unfounded, since the
pre-oral composition of the head cannot be segmentally analysed.

The gonads

It has been shown for several species that the germ cells of the rudimentary
larval gonads take origin from pole cells while the gonad sheath and interstitial
cells take origin from mesoderm. D. tryoni conforms to this pattern (p. 272)
and also resembles other Cyclorrhapha in that certain of its pole cells become
incorporated in the wall of the gut (p. 269). In Nematocera, all the pole cells
become germ cells (Ritter, 1890; Kahle, 1908; Hasper, 1910, 1911; Hegner,
1912, 1914; Du Bois, 1932; Gambrell, 1933; Metcalfe, 1935; Idris, 1959, 1960).
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The explanation of the dual fate of the cyclorrhaphan pole cells in terms of the
relative timing of the determination of presumptive areas in the periplasm and
formation of the pole cells and blastoderm cells can be extended to explain the
difference in fate between nematoceran and cyclorrhaphan pole cells if account
is taken of recent work by Yajima (1960) on determination in Chironomus
dorsalis. In this species determination is not completed until the syncytial blasto-
derm stage, whereas the single initial pole cell is cut off after the second syn-
chronous cleavage (cf. p. 277). There is thus no possibility that the presumptive
areas of the blastoderm might overlap the pole-cell-forming region. The regular
early formation of pole cells in Nematocera (p. 277) and their strict subsequent
development as germ cells indicates similarly late determination for other mem-
bers of the group, although the work of Idris (1959) on Culex pipiens suggests
that the Culicidae may be closer to the Cyclorrhapha in this respect.

A pole-cell origin of germ cells has been described in Cyclorrhapha for Droso-
phila melanogaster, Calliphora erythrocephala, Lucilia cuprina, and Melophagus
ovinus as well as for the present case of D. tryoni. The migration in the latter of
16 pole cells from the posterior mid-gut-pole cell-proctodaeal invagination to
the definitive gonad positions (p. 272) reflects the condition in C. erythrocephala
(Noack, 1901) and M. ovinus (Lassman, 1936), although in these two species it
is not yet clear how many cells move to the gonads and how many remain
behind, nor what is the fate of the latter. For L. cuprina, evidence of the pole-
cell origin of germ cells at present rests with the experimental results of Poulson
& Waterhouse (1960) and the actual migration of the cells has not been described.
The same series of experiments also forms the basis of assertions by these two
authors that in Drosophila melanogaster the germ cells arise from pole cells
re-entering the yolk at the posterior pole before gastrulation begins and that
the pole cells entering via the posterior mid-gut invagination during gastrulation
form mid-gut cells only. This contradiction of the classical account of germ-
cell origin in D. melanogaster, which describes pole cells migrating to the
definitive gonad positions after entry via the posterior mid-gut invagination
(Huettner, 1940; Sonnenblick, 1941,1950; Aboim, 1945) in the same manner as
in D. tryoni, has recently been refuted by Hathaway & Selman (1961) and it can
now be accepted that D. tryoni and Drosophila melanogaster are closely similar
and characteristic of Cyclorrhapha in their mode of germ-cell formation.

The extra-embryonic ectoderm

The extra-embryonic ectoderm which differentiates by flattening and attenua-
tion of the dorsal cells of the blastoderm and is subsequently displaced in large
part from the dorsal surface by the elongating germ-band, undergoes no further
changes in D. tryoni other than return to the dorsal surface when the germ-band
shortens and subsequent resorption when dorsal closure takes place. Such
extreme reduction of the extra-embryonic tissue is typical of Cyclorrhapha,
where the only suggestion of amnion formation is in the temporary indrawing
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of the edge of the extra-embryonic ectoderm by the invaginating proctodaeum
in Drosophila melanogaster (Poulson, 1950). In Nematocera, in contrast, the
extra-embryonic ectoderm extends over the germ-band during gastrulation as
a typical amnion and serosa. The reasons for the extreme reduction of the
embryonic membranes in Cyclorrhapha are obscure and will no doubt remain
so until the functions of these membranes in Diptera have been elucidated.

Cell lineage in the Diptera

The general features of cell lineage of the larval organs in Diptera are more
or less constant, as a comparison of the cell-lineage plan presented by Poulson
(1950) for Drosophila melanogaster with that given for D. tryoni on p. 274 shows.
The major difference between the cell-lineage plan given here for Dacus and
that of Poulson, however, is the introduction of the concept of presumptive
areas. The tentative adoption of this interpretation is a necessary step in formulat-
ing hypotheses on which experimentation can be based. If the theoretical concept
of three germ-layers—ectoderm, mesoderm, and endoderm—is retained, the
design of experiments is limited by the question, what are the differences between
the primordia of the three layers? Greater progress will probably be made if the
fundamental questions become (a) What are the differences between the pre-
sumptive areas of the blastoderm? (b) How are these differences established?
(c) What do they lead to in terms of future interaction or autonomous develop-
ment?

SUMMARY

1. The egg of D. tryoni undergoes 7 synchronous nuclear cleavages before 90
nuclei invade the surface. The surface nuclei then undergo 6 further synchronous
cleavages and a blastoderm of 5,800 cells is formed. The 38 nuclei remaining in
the yolk divide synchronously three times to give about 300 primary vitello-
phages. At the posterior pole 4 pole cells are cut off, dividing synchronously
three times to give 32. 2-5 nuclei at the posterior pole form secondary vitello-
phages.

2. Gastrulation, involving invagination of anterior and posterior mid-gut
rudiments, is accompanied by invagination of mesoderm mid-ventrally and of
pole cells and proctodaeum posteriorly. The dorsal blastoderm thins to extra-
embryonic ectoderm, displaced laterally as the germ-band elongates during
gastrulation. Elongation takes place mainly posterior to a temporary cephalic
furrow, behind which a second transverse and four further pairs of temporary
lateral folds form. Most of the vitellophages migrate to the yolk surface to form
a nucleated yolk sac.

3. Organogeny is accompanied by segmentation, shortening of the germ-
band, dorsal closure, and involution of the head. The gut develops from stomo-
daeum, proctodaeum, and anterior and posterior mid-gut rudiments. Malpighian
tubules arise as outgrowths of the proctodaeum, salivary glands as ventro-
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lateral ectodermal plates on the labial segment. The paired mesodermal bands
do not segment. Splanchnic mesoderm gives rise to visceral musculature, somatic
to segmental musculature, fat-body, heart, and gonad sheaths. The primordial
germ cells of the gonads are formed by 16 pole cells. Other pole cells form part
of the proctodaeal wall. The central nervous system arises from ventro-lateral
and antero-lateral ectodermal neuroblasts separated from the hypodermis, the
tracheal system from paired segmental ectodermal invaginations. The remainder
of the embryonic ectoderm gives hypodermis; extra-embryonic ectoderm is
resorbed at dorsal closure. No amnion or serosa form.

4. Cleavage in D. tryoni is typical of Diptera. The rate of synchronous cleavage
and the mode of formation of the blastoderm follow a relatively constant
pattern in different species and although the number of cleavage divisions,
timing of nuclear invasion of the egg surface and number and mode of origin
of the pole cells and vitellophages vary, the resulting blastodermal structure and
presumptive areas in the blastoderm are probably constant for the order. The
mode of gastrulation is also constant, save for a difference in pole-cell behaviour
in Nematocera and Cyclorrhapha. In organogeny, the pole cells of Cyclorrhapha
generally contribute to the gut-wall, those of Nematocera do not, due to the
relative timing of pole-cell formation and determination of the presumptive areas
of the blastoderm in the two groups. Gut formation in D. tryoni is otherwise
typical of Diptera, as is the further development of the mesoderm. Segmenta-
tion in Diptera is ectodermal, tending to be suppressed in the mesoderm. Pre-
oral segmentation is wholly suppressed. The germ cells of dipteran gonads
always arise from pole cells, the gonad sheaths from mesoderm. In Nematocera,
the extra-embryonic ectoderm extends as amnion and serosa; in Cyclorrhapha
no embryonic membranes develop. Cell lineage of the larval organs of Diptera
is more or less constant among species.

RESUME

Developpement embryonnaire de Dactis tryoni

1. L'oeuf de D. tryoni subit 7 divisions nucleaires synchrones a Tissue des-
quelles 90 noyaux colonisent la surface. Ces noyaux de surface subissent alors
6 autres divisions synchrones, realisant ainsi un blastoderme de 5.800 cellules.
Les 38 noyaux demeures dans le vitellus se divisent 3 fois de facon synchrone,
donnant environ 300 vitellophages primaires. Au pole posterieur 4 cellules
polaires se separent, qui se divisent 3 fois de facon synchrone, en donnant
32 cellules. De 2 a 5 noyaux forment au pole posterieur les vitellophages
secondaires.

2. La gastrulation, impliquant l'invagination des ebauches anterieure et pos-
terieure de l'intestin moyen, s'accompagne de l'invagination du mesoderme
medioventralement, et des cellules polaires ainsi que du proctodeum. Le blasto-
derme dorsal s'amincit en ectoderme extra-embryonnaire reporte lateralement
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lors de l'allongement de la bandelette germinative qui a lieu aii cours de la
gastrulation. L'allongement se produit principalement en arriere d'un sillon
cephalique temporaire. Plus en arriere apparait un autre sillon transverse, puis
4 paires de replis lateraux egalement temporaires. La plupart des vitellophages
migrent a la surface du vitellus pour former un sac vitellin nuclee.

3. L'organogenese s'accompagne de l'apparition des segments, du raccour-
cissement de la bandelette germinative, de la fermeture de la region dorsale et
de Pinvolution de la tete. Le tube digestif se developpe a partir du stomodeum,
du proctodeum, et des ebauches de l'intestin anterieur et del'intestinposterieur.
Les tubules de Malpighi apparaissent comme des expansions du proctodeum
et les glandes salivaires comme des plaques ectodermiques ventro-laterales du
segment labial. Le mesoderme splanchnique donne la musculature viscerale, et
le mesoderme somatique la musculature segmentaire ainsi que le corps adipeux,
le cceur et la gaine des gonades. Les cellules germinales primordiales sont repre-
sentees par 16 cellules polaires. Le systeme nerveux central derive de neuro-
blastes ectodermiques ventro-lateraux et antero-laterauxsepares de l'hypoderme;
le systeme tracheal se forme a partir d'invaginations segmentaires paires de
l'ectoderme. Le reste de l'ectoderme de l'embryon donne 1'hypoderme; l'ecto-
derme extra-embryonnaire est resorbe lors de la fermeture dorsale. II ne se
forme ni amnios, ni sereuse.

4. La segmentation de l'oeuf chez D. tryoni est caracteristique des Dipteres.
Le rythme des divisions synchrones et le mode de formation du blastoderme
suivent des modalites constantes. Bien qu'on observe des variations dans le
nombre des divisions, dans l'horaire de la colonisation de la surface de l'oeuf
par les noyaux, ainsi que dans le nombre et l'origine des cellules polaires et des
vitellophages, neanmoins la structure du blastoderme edifie de meme que la
disposition des territoires presomptifs de ce blastoderme demeure vraisem-
blablement constant dans tout l'ordre. Les processus de gastrulation sont
egalement constant, mise a part une difference dans le comportement des
cellules polaires entre les Nematoceres et les Cyclorhaphes. Au cours de l'organo-
genese, il est de regie chez les Cyclorhaphes que les cellules polaires participent
a la paroi du tube digestif, a l'oppose des Nematoceres, en raison de la chrono-
logie relative de la formation des cellules polaires et de la determination des
territoires presomptifs dans les 2 genres. L'edification du tube digestif chez
D. tryoni est par ailleurs typique des Dipteres, de meme que revolution ulterieure
du mesoderme. Les segments concernent surtout l'ectoderme et tendent a dis-
paraitre dans le mesoderme. La segmentation pre-orale est totalement sup-
primee. Les cellules germinales des gonades des Dipteres derivent toujours des
cellules polaires, et le reste de la gonade du mesoderme. Chez les Nematoceres,
l'ectoderme extra-embryonnaire s'etend pour former un amnios et une sereuse;
chez les Cyclorhaphes, il ne se developpe pas de membranes embryonnaires.
La destinee des diverses cellules dans la formation des organes larvaires des
Dipteres est plus ou moins constante d'une espece a l'autre.
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EXPLANATION OF PLATES

PLATE 1

FIG. A. Sagittal section through anterior end of zygote. x 350.
FIG. B. Sagittal section through embryo after first cleavage, x 100.
FIG. C. Parasagittal section through embryo at 6th cleavage, x 100.
FIG. D. Transverse section through middle region of 6-hour embryo, x 210.
FIG. E. Transverse section through middle region of 7-hour embryo, x 210.

PLATE 2

FIG. A. Transverse section through middle region of 7-hour 40-minute embryo, x 210.
FIG. B. Transverse section through middle region of 8-hour embryo, x 210.
FIG. C. Sagittal section through 9-hour embryo, x 100.
FIG. D. Frontal section through 9-hour embryo, x 100.
FIG. E. Parasagittal section through 9-hour embryo, x 100.
FIG. F. Sagittal section through 12-hour embryo, x 100.
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