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Grassi4 gives the first mention of thysanuran development.

He describes three features in the developmental processes
of Japyx. The cleavage is distinctly superficial; an amnion
exists, and also a â€œ¿�dorsalorgan.â€•

Ryder5 published studies on Anurida maritima Guen., giving

the following results. After the formation of the germ band
two membranes invest the embryo, the inner one being cre
nated. The embryonic area forms a nearly complete belt sur

rounding the egg, and seven pairs of appendages can be made
out: antennae i, mandibles i, maxillae z, thoracic legs 3, and

the collophore on the first abdominal segment. A rudimentary

spring is reported as still visible on the fourth abdominal seg
ment @fthe hatched larva, but no trace remains in the adult.

Wheeler6 gives the first account of section views of an
apterygote insect. He shows the existence of an intercalary
segment with appendages in the head of Anurida maritima,
placed between the mandibular and antennal segments. The
â€œ¿�dorsalorganâ€• is shown in section and is definitely homolo
gized with the â€œ¿�indusiumâ€•of Xiphidium.

Later studies all include internal structure as seen in sections.

In 1896 Heymons7 published a short account of his work on
Lepisma saccizarina, the highest of the Thysanura. The eggs

of this species are oval and about i mm. in their longest diame
ter; cleavage is distinctly superficial, and an extremely small
germ band early appears. This is found to sink immediately
into the yolk, still, however, retaining its connection with the
serosa, the extraembryonic part of the blastoderm, by a thin
membrane, the amnion. As the embryo sinks in, the amniotic
cavity becomes large and distinct, but always retains connection

with the outside by the open amnion pore. The amnion is
hence never constricted from the serosa. By later growth of
the germ band the pore is opened and the amnion is retracted

4 Grassi, B., â€œ¿�IProgenitori degli Insetti e dci Miriapodi l'Japyx e la Campo

dea,â€•Atti accad. Givenia Sci. Nat. in Catania. (i), vol. xix. 1885.
6 Ryder, J. A., â€œ¿�The Embryology of Anurida Maritima Guen.,â€• Amer. Nat.

Vol. xx. 1888.
6 Wheeler, W. M., â€œ¿�AContribution to Insect Embryology,â€• Journ. of Morph.

Vol. viii, No. i. 1893.
Heymons, R., â€œ¿�EmBeitrag zur Entwicklungsgeschichte der Insekten Apter.

ygota,â€• Sits. Berichie Acad. Wiss. Berlin. i898.
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to form a â€œ¿�dorsalorganâ€• similar to the structure of that name

in the pterygote insect. The author proves two points: (i)
that Thysanuran cleavage is superficial, differing from the Col
lembolan type, and (2) that embryonic membranes are formed

homologous with those of the Pterygota. Hence Lepisma is
an intermediate form transitional between the Collembola and

higher insects.

This paper is followed in 1897 by a longer and more com
plete study of the same form at the hands of the same worker,
Heymons.8 In this he shows that some of the cleavage nuclei

migrate from the center to form the blastoderm, while others
remain in the yolk as yolk-cells. The gastrula has the form of
a circular depression instead of the typical groove, and as soon
as a two-layered condition is attained the germ band sinks into
the yolk. While buried in the yolk the germ-band segments
and paired appendages appear. First antennae, post-oral in
position, next distinct intercalary appendages, mandibles, and
two pairs of maxillae with a median unpaired labrum. The

maxillae early split in two longitudinally, and the maxillary
paips remain clearly homologous with the thoracic legs. Paired

abdominal appendages appear on each segment except the iith,
getting progressively smaller from the first pair to the ioth.
After several weeks the larvae hatch and are chiefly distin
guished from the adults by their white color and the absence of
the styli and cerci.

The reproductive cells appear at an early stage in the hind
end of the embryo and are clearly of ectodermic origin; after

much migrating they enter the primitive somites and form

follicles segmentally arranged in the female. The mesenteron
was described as arising from yolk-cells that migrate from the

yolk and multiply to form a continuous layer enclosing the

yolk and is hence entodermal in origin. In conclusion it is
clear that the Thysanura show strongly marked pterygote
peculiarities, and the conditions described suggest the author's
opinion that the formation of embryonic envelopes is due to
increase of yolk material in the egg.

8 Heymons, R., â€œ¿�Entwicklungsgeschichtliche Untersuchungen an Lepisma sac

charina L.,â€•Zeitschr.f. wiss. Zool. Bd. lxii. i8@v.
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At almost the same time Uzel9 published a series of articles
on the two forms Campodea and Lepisma. His work on the

latter practically confirms that of Heymons and may be omitted
from this review. He determines that the eggs of Campodea
are spherical, about 0.4 mm. in diameter, undergo superficial

cleavage, resulting in a blastoderm spread uniformly over the
whole surface. No secondary yolk cleavage exists. The germ
band arises by migration of cells from all parts of the blasto
derm to form a belt encircling nearly the whole egg. A â€œ¿�dor
sal organâ€• appears between the head and the tail, but neither an

amnion nor a serosa is developed. Paired appendages are early

distinguished, also a median unpaired labrum. Of the paired

appendages the following are found: one pair of antennae, a

pair of distinct intercalary appendages, one pair of mandibles,
two pairs of maxillae, three pairs of thoracic feet, and nine

pairs of abdominal structures. An interesting point is noted

in the permanent retention of the intercalary appendages as

lateral folds round the adult mouth. Later the 1â€”7thabdomi

nal appendages split longitudinally, the outer part forming the

permanent styli and the inner the abdominal sacs.

There is to appear in the new Journal of Morphology'0 a
paper giving the results of my studies on Anurida maritima.
Merely a summary of the most important points will be included

in this consideration. It was found that the ovary was ex
tremely simple in form, like that of a myriapod. Each ovum is

associated with nutritive cells and the germinal vesicle early

disappears. The egg is spherical, about .27 mm. in diameter,
with at first slightly unequal holoblastic cleavage; this is even
tually lost after a large-celled morula stage has been formed,

and the blastoderm rises by migration, as in eggs with super
ficial cleavage. It assumes a two-layered condition at once,
the entoderm remaining dormant in the yolk. A â€œ¿�dorsal
organâ€• is formed between the two ends of the belt-like germ
band, the latter early showing the usual pairs of appendages

9Uzel, H., â€œ¿�VorlaufigeMittheilungen iiber die Entwicklung der Thysanura.
Beitrage zur Entwicklungsgeschichte von Campodea staphilinus,â€• Zool. Anz.
Nrs. 125, 128,@ 1877.

10 Claypole, A. M., â€œ¿�The Oogenesis and Embryology of Anurida Maritima,â€•

Journ. of Morph. Vol. xiv. 1898.
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together with a pair on the intercalary segment which takes

part in the formation of the adult mouth. These are homolo
gized with the second pair of Crustacean antennae. Yolk is

found enclosed with reproductive cells, causing their very
rapid development. Anurida agrees with the rest of the
Collembola in showing characters allying it strongly with the

lower arthropods.
Summing up the present state of knowledge regarding

Apterygote embryology, it is found that at least fourteen species
of Collembola and three of Thysanura have been studied with
more or less care. This work confirms by its results the opin

ion that the Apterygota possess truly primitive characters and
also show transitions to the higher and lower Arthropoda.
Cleavage among the Collembola, as far as determined, shows
many types: equal holoblastic, unequal holoblastic, holoblastic

becoming superficial, and truly superficial; while on the other
hand the Thysanura show only the superficial type, whether the
eggs are spherical or oval. It is unfortunate that in most
cases the size of the eggs is not given, and in many instances
the method of cleavage is unknown. Still a comparison of the
three available forms is instructive.

ANURIDA. Spherical, .27 mm. in diameter. Cleavage holoblastic

becoming superficial.

CAMPODEA. Spherical, .@ mm. Superficial cleavage.

LEPISMA. Oval, i. mm. Superficial cleavage.

The apparent discrepancy between the two sizes given for
the eggs of Anurida by Ryder and myself is readily explained
by the fact that the measurements were taken at different.
stages. There is a marked increase in size during develop
ment. No early stages are described for Isotoma, whose size
is the smallest yet recorded (.15 mm.), but some of Packard's

so-called germ-band figures suggest strongly that they are pos
sibly stages showing the first cleavage plane appearing. Enough
is given in this short series to indicate a regular increase in the

size of the egg and a pan passu loss of holoblastic cleavage in

passing up the scale of apterygote insects. The only trace of
the total cleavage remaining in Lepisma is shown in the yolk
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cleavage; it is markedly significant that nothing of, this kind
occurs in Anurida after the holoblastic condition is lost, though
the yolk is fused into a solid mass and nuclei are scattered

through it; such secondary cleavage is reported in Anurophorus,
where egg cleavage is superficial.

It is equally clear that the amnion and serosa are absent in
the Collembola, the embryonic membranes formed having the
nature of â€œ¿�BlastodermhÃ¤uten.â€•In Anurophorus, Achorutes,
Degeeria, Sminthurus, and Anurida these membranes show
some amount of crenation and hence have powers of expansion.

In all cases they are found in connection with the so-called
â€œ¿�dorsalorgan,â€• which is a structure clearly homologous
throughout the Collembola, being similarly placed and similar
in development. A similar structure, similarly placed, is also

found in Campodea and Japyx. Heymons considers the
â€œ¿�dorsalorgan,â€• caused by the invaginating cellula envelopes,
homologous with these. But the distinct and early appearance

of this organ and the simultaneous presence of the amnion and
serosa in Japyx and Campodea are clear evidences against such
an homology. This is still further confirmed by reference to

the structure described by Wheeler as the â€œ¿�indusiumâ€•;this is

without doubt, as he states, the homologue of the apterygote

â€¢¿�â€œdorsalorgan,â€• and is certainly distinct from the structure that

rises later during the elimination of embryonic envelopes. It

is possible that a structure similar to the earlier stages of the
indusium may exist in Lepisma, but no such specialized later
developments would be expected as those found in the
Orthoptera.

It is also interesting to see the clearness with which certain
facts are indicated as to the appearance and fate of certain
appendages. The collophore is without doubt a fused pair of

abdominal feet; the spring has a similar origin on the fourth
or fifth abdominal segment, and according to Uzel the styli
and ventral bladders rise directly from abdominal appendages.
There is almost unanimous evidence that an intercalary seg

ment exists in the apterygote head placed between the antennae
and the mandibles, disappearing in some cases but remaining to
form permanent mouth-parts in others. It is reasonable to
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consider them the homologues of the second pair of Crustacean

antennae.
In every way the apterygote insect appears to be truly primi

tive; no evidences of wings appear, and many points in shape of
eggs, cleavage, embryonic membranes, and appendages show
resemblances to the lower Arthropoda. One question has been
purposely left untouched in this brief review: that of gastrula
tion. It is only from studies based on sections that safe con

clusions can be drawn, and the difficulties introduced by the
method of germ-layer formation described for Anurida render

further facts necessary concerning these processes in other

forms before general principles can be safely deduced.
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