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Periblast in the Egg of the Eel, Anguilla japonica

Kiichiro Yamamoto
(Received July 3, 1981)

Abstract In the egg of the eel, Anguilla japonica, the peripheral periblast may be recognized as
early as the one cell stage, while the subgerminal periblast is discernible for the first time at the
blastula stage. The periblast nucleus seems to be derived from the nuclei of both the marginal
cell and bottom cell of the blastoderm. The nuclei of the periblast increase in number by mitotic
division until the end of the blastula stage, thereafter they multiply by amitosis. Thus, the periblast
becomes a syncytial layer enclosing the whole yolk sphere until the late stage of gastrula. The
periblast does not take part in the formation of a permanent embryonic body, but it supposedly
takes on some important role in the consumption of yolk.

The periblast is a characteristic structure pre-
sent in the developing eggs of fishes and birds.
It is a thin syncytial layer enveloping the vitel-
line sphere. The existence of the periblast in
the teleost egg was first discovered as long ago
as 1854 by Lereboullet. Since then, many
workers have investigated its origin, function
and fate in various kinds of teleost eggs. Thus,
a great deal of knowledge on the subject has
been accumulated, but some controversial pro-
blems still remain unsolved.

The present study deals with the periblast in
the egg of the eel, Anguilla japonica Temminck
et Schlegel, and the results obtained will be
presented in the following sections.

Material and methods

The material used in the present study and
the methods for the preparation of sections were
the same as those reported in a preceding paper
by the present author (Yamamoto, 1981).

Observations

In the eel, the peripheral periblast, though
very thin, may be clearly recognized in an egg
at the one cell stage, while the subgerminal
periblast becomes discernible for the first time
in the egg at the blastula stage. Until the egg
arrives at the blastula stage, however, no nucleus
has ever been detected, even in the peripheral
periblast.

Figure 1A shows the blastoderm at the later
stage of morula. The blastomeres of the
blastoderm are almost spherical in shape, their

dimensions being 70 to 60 in diameter.
They contain a spherical nucleus about 12 u
in diameter. A marginal cell embedded in the
yolk is shown in Fig. 1B as having a clear
boundary, but one portion of the cell is con-
tinuous with the peripheral periblast. This sug-
gests that the marginal cell is destined to be
transformed into the peripheral periblast and
that the nucleus of the cell becomes the precursor
of the periblast nucleus.

On the other hand, the nucleus in the sub-
germinal periblast in this species is supposed to
be derived from the bottom cells of the blas-
toderm. Figure 1C shows an egg at the time
when the bottom blastomere takes part in the
formation of the subgerminal periblast. In this
egg, a clear segmentation cavity is not yet found
between the blastoderm and yolk sphere. How-
ever, the upper surface of the yolk sphere be-
comes flattened and a slit appears between the
yolk sphere and the lowest layer of the blas-
tomeres. The blastomere in Fig. 1D shows no
distinct boundary and has almost completely
fused with the subgerminal periblast. The
nucleus of the blastomere still retains the same
spherical shape and size (about 12.5 s in
diameter) as those of other blastomeres.

In an egg at the blastula stage, both the
peripheral and subgerminal periblasts are clearly
revealed and the nuclei found in the layers show
active multiplication. Figure 1E and F show
mitotic figures seen in the subgerminal periblast.
Fine asters and spindles are recognized in the
dividing nuclei. Besides these dividing nuclei,
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Fig. 1. Periblast nucleus and its division in the egg of the esl. A: A vertical section of morula stage egg.
B: A marginal cell participating in the formation of the peripheral periblast, from the same egg as
above. C: A vertical section of morula stage egg. D: A bottom cell almost fused with the sub-

germinal periblast, from the same egg as above.
Nuclei showing mitotic figures, from the same egg as above. be, blastocoel; bm, blastomere; mc

E: Periblast in the egg at the blastula stage. F:

>

marginal cell; pb, periblast; pbn, periblast nucleus; y, yolk.

there are resting nuclei situated in the periblast.
They have a spherical form and a diameter of
about 15 u.

The gastrulation of eel eggs begins to take
place about 10 hours after fertilization at a water
temperature of 23°C. In the egg at the gastrula
stage, no mitotic figures have been discovered
in the periblast. However, the nuclei distributed

in the periblast increase markedly in number.
and they are observed not only in the sub-
germinal periblast, but also in the peripheral
periblast (Fig. 2G), Therefore, it is probable
that they have multiplied by amitotic division.
In Fig. 2H, nuclei distributed in the sub-
germinal periblast of the egg at the early stage
of gastrula are shown. There are two large
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Fig. 2. Syncytial periblast and its nuclei. G: Subgerminal periblast present in the egg at the early stage
of gastrula. H: Nuclei showing amitotic division, from the same egg as above. 1: Periblast found

in an embryo at the blastopore closing stage.

J: Nuclei lying among yolk granules, from the same

egg as above. K: Periblast nuclei in an egg just before hatching. L: Clusters of periblast nuclei
found in the yolk sac syncytial layer (Periblast) of a larva one day after hatching. fn, free nucleus;

other abbreviations as in Fig. 1.

nuclei elliptical in shape, the long axis of which
being about 23 1. A wall is present at the
middle part of the nuclei, which seems to
separate the nuclei into two parts. In addition
to the elliptical nuclei, there are many spherical
nuclei having diameters from 12 to 15 .
Some of them are observed very close together,

as if they had resulted from a division of the
elliptical nuclei. At this stage, the nuclei are
not yet broadly distributed in the peripheral
periblast and are found limited to a narrow
region near the margin of the blastoderm. They
are elliptical in shape, being 20 to 15 s in long
axis and 10 x in short axis.
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As the development of the egg proceeds
further, the nuclei are widely dispersed into the
peripheral periblast. In eggs at the blastopore
closing stage, the nuclei are found all through
the periblast (Fig. 21). The size and shape of
the nuclei are about the same as those described
above. As shown in Fig. 2J, there are fre-
quently some nuclei situated outside the peri-
blast, embedded among yolk globules.

Along with the progression of development,
the boundary between the periblast and yolk
sphere becomes more and more obscure. In
Fig. 2K, the periblast in the egg is shown just
before hatching. The figure shows that the
periblast is uneven in contour and many cyto-
plasmic processes extend from the periblast into
the masses of small yolk granules. The peri-
blast nuclei are comparatively large in size,
some elliptical ones being 20 # in long axis
and 10 u in short axis, while spherical ones are
about 12 x in diameter.

Hatched larvae absorb the yolk quickly.
Therefore, the yolk sacs of larvae become
smaller in size rapidly. Simultaneously, the
periblast enclosing the yolk sphere rapidly de-
creases in area and this results in a denser dis-
tribution of nuclei in the periblast. The con-
tour of the periblast becomes more uneven and
many cytoplasmic processes extend from the
periblast into the masses of small yolk granules.
The nuclei of the periblast are almost elliptical
in shape and measure about 15z in long axis
and 7.5 p in short axis.

Besides these nuclei, there are many nuclei of
various sizes and shapes which stain deeply with
haematoxylin and are distributed in the periblast,
forming many small clusters (Fig. 2L).

Discussion

Agassiz and Whitman (1884) proposed the
term periblast to represent the thinner portion
of the protoplasmic mantle of teleostean ova,
which envelops the yolk sphere and is con-
tinuous with the blastodisc. Before that time,
the periblast had been called “feullet muquex”
by Lereboullet (1854, 1861), ‘““dotterhaut” by
Oellacher (1872), “‘intermediate layer” by Van
Beneden (1878), “parablast” by Klein (1876)
and Hoffmann (1881), and “yolk hypoblast” by
Ryder (1882). The “keimwall” described by
His (1876) may correspond to the periblast,

although free cells instead of free nuclei are
found embedded in the layer.

Since the paper of Agassiz and Whitman was
published, however, the term periblast has been
commonly employed for the representation of
the protoplasmic layer. After the segmentation
cavity has been formed, a thin protoplasmic
layer appears on the bottom of the cavity, which
is also designated as periblast. To distinguish
the mantle portion from the portion under the
blastoderm, the former is called a ‘“peripheral
portion of periblast” and the latter a “sub-
germinal portion of periblast” (Agassiz and
Whitman, 1884).

When the egg reaches the early stage of the
blastula, the peripheral portion of the periblast
is separated from the blastodisc and becomes
connected to the subgerminal periblast. Thus,
the periblast becomes a thin protoplasmic
mantle enclosing the whole yolk sphere.

In all teleosts hitherto studied, the peripheral
portion of the periblast has been observed in the
fertilized egg at the one cell stage. This is also
true in the egg of the eel, as confirmed in the
present study. On the other hand, the sub-
germinal periblast may be revealed after the seg-
mentation cavity appears. In some gadoid fish
(Van Beneden, 1878), Ctunolabrus (Aggasiz and
Whitman, 1884) and Serranus (Wilson, 1891),
the segmentation cavity appears as early as the
16 cell stage. Therefore, in these kinds of
fishes the subgerminal periblast may be already
found in the egg at the 16 cell stage, while in
many kinds of fishes such as Esox (Kupffer,
1868), Gadus morrhua (Ryder, 1882), Merlucius
(Kingsley and Conn, 1883), Belone (Wenckebach,
1886), Salmo fario and Salmo irideus (Samassa,
1896), Salmo fario (Kopsch, 1911), the Japanese
killifish Oryzias latipes (Kamito, 1928) and the
dog-salmon Oncorhynchus keta (Saito, 1950;
Mahon and Hoar, 1956; Nishida, 1958), the
subgerminal periblast first makes an appearance
in the egg at the blastula stage.

As mentioned above, the egg of the eel belongs
to the latter type and the subgerminal periblast
is first revealed in the egg at the blastula stage.

When the eggs of fishes develop into the
blastula stage, many free nuclei are observed in
the periblast, thus the layer is transformed into
a syncytium.

As for the origin of the periblast nucleus, five
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theories have been offered. The first one was
asserted by Kupffer (1868). According to him,
in the egg of Gasterosteus and Spinachus the
periblast nucleus originates in situ, independent
of the cell of the blastoderm. Klein (1876) who
studied the development of Salmo fario and
Van Kowalewskii (1886) who studied goldfish
agreed with Kupffer’s opinion.

The second theory was proposed by Hoffmann
(1881). According to him, the first cleavage of
Scorpaena and Juli is horizontal and divides the
blastodisc into two cells of unequal size. The
upper small cell thus formed goes on to display
the same segmentation as seen in other fish eggs
and develops into a normal blastoderm, while the
lower large cell shows only nuclear division and
no cytoplasmic one. Thus, a layer of syn-
cytium, designated as periblast, results. Ryder
(1882) who studied eggs of a cod, Gadus mor-
rhua, gave the same opinion as that of Hoffmann.

This theory was criticized severely by Agassiz
and Whitman (1884). Hoffmann accepted
these criticisms and again studied this subject
using salmon eggs as material (1888). As a
result, he arrived at the conclusion that hori-
zontal cleavage in the salmon egg occurs at the
8-cell stage, and that the upper cell layer thus
formed takes part in the formation of the
blastoderm, while the lower cell layer partici-
pates in the formation of the periblast.

The third theory was offered by Agassiz and
Whitman (1884). They maintained that the
periblast nucleus merely originates in the
marginal cells of the balstoderm. List (1887)
who studied [labriden fish, Wilson (1891) who
studied Serranus, Ziegler (1896) who studied
Labrax and Kamito (1928) who studied the
Japanese killifish Oryzias latipes all arrived at
the same conclusion.

Meanwhile, Wenckebach (1886) who studied
Belone acus, Samassa (1896) who studied Salmo
fario and Salmo irideus, Kopsch (1911) who
studied Salmo fario, Kanoh (1949) who studied
Tribolodon and Gamo and Araki (1961) who
studied Oryzias latipes presented a fourth theory
that both the marginal and bottom cells of the
blastoderm take part in the formation of the
periblast nucleus.

Further, Gamo (1961b) stated a fifth theory
that, in Oryzias latipes, some nuclei of the
embryonic cells in contact with the periblast

undergo transformation into the periblast nucleus
during the gastrula, blood circulation and tail-
bud stages.

As mentioned above, in the egg of the eel,
the periblast nucleus seems to be derived from
the nuclei of both marginal and bottom cells of
the blastoderm. The phenomenon that some
of the embryonic cells are transformed into
periblast nuclei during the gastrula, blood
circulation and tail-bud stages has not been
recognized in the present study.

Until the end of the blastula stage, the peri-
blast nucleus increases actively in number by
mitotic division as revealed by Agassiz and
Whitman (1884), Wilson (1891), Kamito (1928),
Mahon and Hoar (1956) and Gamo and Araki
(1961). After that time, the multiplication of
the nucleus is supposed to be performed by
amitotic division (Wenckebach, 1886; Wilson,
1891; Samassa, 1896; Kanoh, 1949; Gamo and
Araki, 1961; Long, 1980). The behavior of the
periblast nucleus at the time of amitotic division,
however, has not yet been described by these
investigators.

The multiplication of the periblast nucleus in
the eel egg is the same as that reported by the
above investigators, namely, the nuclei increase
in number by mitosis until the end of the blastula
stage, and after that time they seem to multiply
by amitotic division due to the formation of a
wall in the middle of the nucleus.

As for the role of the periblast, some authors
in the past such as Kupffer (1868), Cunningham
(1875), Van Beneden (1878). Ryder (1882),
Brook (1885) and Reinhard (1898) maintained
that the periblast takes part in the formation of
the blood, circulatory system and alimentary
canal. However, many authors since, for in-
stance, Agassiz and Whitman (1884), Wencke-
bach (1886), Wilson (1891), Samassa (1896),
Ziegler (1896), Kamito (1928), Yamada (1959a,
b), and Gamo (1961a, ¢) asserted that the peri-
blast does not share in formation of any portion
of a permanent embryonic body, but that it
takes on some important role in breaking down
the yolk and makes it available for the growing
embryo.

Recentry this opinion has been supported by
evidence obtained through electron microscopy
(Yamamoto, 1967; Walzer and Schonenberger,
1979a, b; Shimizu and Yamada, 1980), and his-
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tochemistry (Walzer and Schonenberger, 1979a,
b). The presence of cell organelles related to
active cell metabolism, such as markedly
elongated cisternae of the endoplasmic reticulae,
developed Golgi complexes and many mito-
chondria, and the location of several enzymes
necessary for the consumption of yolk have been
demonstrated in the periblast by the above
studies.

Further, Trinkaus (1951, 1971) emphasized
that at the time of epiboly, the periblast aids
the spreading of blastoderm by exerting pull on
the margin of the blastoderm.

From the observations of the present study it
seems certain that the periblast in the egg of the
eel does not take part in the formation of a
permanent embryonic body, but that it takes
on some important role in the absorption of the
yolk. The role of the periblast during epiboly,
however, has not been investigated in the pre-
sent study.

Many clusters of transformed nuclei distri-
buted in the yolk sac syncytial layer have
already been reported by Wenckebach (1886)
who studied the larvae of Belone and by Yamada
(1959a, b) who studied the larvae of the pond
smelt, the dog-salmon and the rainbow trout.
Wenckebach gave the opinion that this trans-
formation of the nuclei may be a sign of de-
generation. The present author could not
follow the fate of the periblast nuclei until their
final moments, but it seems highly probable
that the supposition of Wenckebach (1886) is
also applicable in the case of the eel egg.
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