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The teleost demersal egg is usually equipped
with a specialized envelope apparatus that ap-
pears to be useful for embryonic development in
natural circumstances. Examples of such an
apparatus are an adhesive layer enclosing the
herring egg (Kanoh, 1949) and filamentous
threads extending from the vegetal surface of the
medaka egg (Yamamoto, 1961). Since the ap-
paratus in some cases shows a species-specific
structure, it gives a clue for identifying the species
of parental fish. Electron microscopic observa-
tions of the envelope have recently shown that the
structure of micropyle is also species-specific in
salmonid eggs (Szollosi and Billard, 1974; Riehl
and Schulte, 1977, 1978; Riehl, 1980). With the
exception of a few fish groups, however, specialized
envelope apparatus are usually not observed by
light microscopy of pelagic eggs (Ahlstrom and
Moser, 1980). In order to investigate the pos-
sibility that the micropylar structure in the pelagic
fish egg can be used for the identification of the
parental species, electron microscopy was per-
formed on the envelope of anchovy eggs. We
found an unusual conformation of the micropyle
in the developing eggs of this fish.

Materials and methods

In May 1984, the developing eggs of the an-
chovy, Engraulis japonica, were collected off the
northern coast of Kyushu near Genkai-cho, Saga
Prefecture, by means of a plankton net. These
were fixed and preserved in 109 formalin in sea
water. The eggs examined were at the early
gastrula stage or the eyed period of embryonic
development. In preparation for electron micro-
scopy, the eggs were cut into halves with a
Wecker’s scissors to separate the envelope from
the embryonic body. Pieces of the egg envelope
containing the micropyle were rinsed in 0.1 M
cacodylate buffer (pH 7.4) and postfixed in 1%
OsO, in the same buffer. For the purpose of
scanning electron microscopy (SEM), these were
dehydrated in ethanol, critical point dried in CO,
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and sputter-coated with gold. The samples were
then examined in a JEOL JSM-T20 scanning
electron microscope. For transmission electron
microscopy (TEM), the egg envelope postfixed in
OsO, was dehydrated in acetone and embedded
in Epon 812. Thin sections were cut and mounted
on collodion-coated copper grids. Following
stain in uranyl acetate and lead citrate, these were
observed in a JEOL JEM-100S transmission elec-
tron microscope.

Observations

The female anchovy spawns pelagic eggs. The
developing egg is elliptical in shape and measures
about 1.4 and 0.7 mm on its long and short axes,
respectively. The egg envelope is almost trans-
parent and relatively thin (about 2 um in thick-
ness). At one end of the elliptical egg, however,
the envelope is apparently thicker than at other
parts of the egg (about 4 ym in thickness). Since
the micropyle is observed in the thick part, the
long axis of the ellipsoid represents the egg axis of
this fish (Fig. 1). Under the light microscope,
no specialized apparatus useful for fixing the egg
onto the substratum is detected on the surface of
the envelope.

From SEM, it was observed that the outer
surface of the envelope is not smooth but pos-
sesses a number of small knobs. With the ex-
ception of the micropylar region, these show a
uniform distribution throughout the egg surface
(Fig. 2). In the micropylar region, the envelope
shows a circular elevation of the surface measuring
about 15 um in diameter. Thin sections reveal
that the envelope consists of concentric layers
organized in different ways (Fig. 3) (cf. Kobayashi,
1982). The outer layer—zona pellucida externa—
is extremely thin and composed of high electron-
dense material. The inner layer—zona pellucida
interna—forms the bulk of the envelope and con-
sists of alternating dark and light lamellae of
different thicknesses (Fig. 3); the outermost
lamella shows medium electron density. Each
lamella is composed primarily of fibrillar material.
Since the innermost lamella looks like an ac-
cumulation of granular material showing medium
electron density, the arrangement of fibrillar
material seems to be different from that in the
other lamellae of the interna.

High magnification by SEM of the micropylar

— 62 —



Hirai and Yamamoto: Micropyle in Anchovy Eggs

Fig. 1.

at the micropylar region. M, micropyle.

Fig. 3.

terna. Bar=1 ym.

region reveals that the elevated region of the
outer surface of the envelope possesses distinct
pores. The outer opening of the micropyle
measures about 3.2 um in diameter and is ob-
served in the center of the region (Fig. 4). The
inner surface of the envelope also shows a circular
€levation in the region surrounding the inner
opening of the micropyle (Fig. 5), although the
size of the region is about one half of that ob-
served on the outer surface of the envelope.
Probably owing to precipitates produced during
the preparation of samples, however, we are
unable to observe any details of the surface struc-
ture in this region of the envelope. In thin sec-

Microphotograph of a part of the formalin-preserved egg.
Fig. 2. SEM of the animal pole region of the egg showing the circular elevation of the envelope surface

M, micropyle. Bar=100 pum.

Bar=10 xm.
Section through the envelope of the animal pole region showing a niche (N) of the outer surface.
Note the granular organization of the innermost lamella of interna.

IL, z.p. interna; OL, z.p. ex-

tions through the elevated region of the envelope,
the externa is disrupted at intervals; the envelope
thus shows niches on the surface. Judging from
the width of these niches, the pores observed by
SEM of the elevated surface of the envelope rep-
resent the sites where the externa is disrupted.
It is of interest that the outermost lamella of the
interna invariably contains a small amount of
electron-dense material in the region beneath the
niche of the surface.

An important fact observed by SEM of the
envelope is that the outer opening of micropyle
is almost completely filled with convoluted struc-
tures (Fig. 4). No canal traversing the envelope
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Fig. 4. A high magnification of the micropylar region.

of micropyle.
Fig. 5.

Bar=10 um.

inner end of the micropyle. Bar=10 um.
Fig. 6. Section through the micropyle.
opening of the micropyle (M). Bar=1 um.

is detected in serial sections of the micropylar
region. It is assumed that the micropylar canal
in the developing anchovy egg collapses as a
result of swelling of the interna of the envelope.
In fact, annular ridges of the interna are observed
in the outer opening of the micropyle (Fig. 6).
There is no doubt that the convoluted structures
filling the micropyle observed by SEM of the
envelope are formed by the material of interna.
The presence of many vacuoles in the envelope
also suggests that the inner layer tends to swell at
the micropylar region.

Note convoluted structures in the outer opening

SEM of the inner surface of the envelope showing the circular elevation that contains the

Note annular ridges of the interna which close the outer

Discussion

The envelope of the anchovy egg consisted of
concentric layers of different electron density,
zona pellucida externa and interna. A similar
structure of the envelope was reported in both
demersal and pelagic eggs (Busson-Mabillot,
1973; Dumont and Brummet, 1980; Davenport
et al., 1981; Kobayashi, 1982; Ohta et al., 1983;
Groot and Alderdice, 1985). No specialized ap-
paratus which could be useful for the fixation of
the egg onto the substratum in natural circum-
stances was recognized by SEM and TEM of the
anchovy envelope. The interna showed the lamel-
lar organization and did not contain radial canals.
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Although there are no reports on the differentia-
tion of envelope in oogenesis of this fish, micro-
villi of the oocyte may traverse the thickness of
the interna during the formation of the envelope
(Kobayashi, 1985). Since microvilli form a pas-
sive barrier to deposition of material for the egg
coat (Kobayashi and Yamamoto, 1985), radial
canals with these villi in their lumen may be ob-
served in the envelope enclosing the young oocyte.
Concurrently with the withdrawal of the micro-
villi from the canal lumen at the final stage of
oocyte maturation, however, the radial canals
may disappear from the interna. Since deposi-
tion of material for the externa secreted from the
follicular cells (Fliigel, 1967) is also disturbed by
the presence of the villi, the disruption of externa
(surface niches) may represent the outer orifice of
the previous radial canals.

According to Riehl and Gotting (1974), the
micropyle of the fish egg is classified into three
types. It consists of a deep depression (vestibule)
and a short canal in Type I. The micropyle in
Types II and III possesses a long canal. In these
cases, however, the micropylar vestibule is shallow
(Type II) or difficult to recognize (Type 11I). The
micropyle in the anchovy, porgy (Hosokawa
et al., 1981) and eel eggs (Ohta et al., 1983) is
composed of a simple canal without clear depres-
sion of the vestibule. Although the unfertilized
anchovy eggs were not observed in this study, the
micropyle of this fish may belong to Type 11 of
the classification. In spite of the similarity in
shape, the micropyle of the anchovy and eel eggs
is apparently smaller than that of the porgy egg.
The outer opening of micropyle in the fixed
material measures 3 um in the former eggs but is
S um in the latter. The diameter of the circular
elevation of the surface that contains the micro-
pyle is 15 pm in the anchovy egg, whereas it is
20 um in the porgy egg (unpublished measure-
ment). A similar elevation is not observed in
the micropylar region of the eel egg, although the
outer surface of the envelope shows numerous
knobs with central depressions (Ohta ez al., 1983).
Furthermore, the envelope of the anchovy egg
possesses distinct pores in the elevated region of
the animal pole. These observations suggest that
the fine structural organization of the micropylar
region is species-specific also in the pelagic fish
eges.

The micropyle of the developing anchovy egg

was almost completely closed by the material of
the interna. The micropylar canal which allows
the passage of a fertilizing spermatozoon traverses
the thickness of the envelope in the teleost un-
fertilized eggs. In Esox lucius, however, Riehl
and Gotting (1975) described that the micro-
pylar canal of the ‘“‘ripe” egg collected from the
ovary is usually closed with remnants of the
micropylar cell. Judging from the observation
on the micropyle of the oocytes taken from the
preovulatory salmon ovary (Kobayashi and Yama-
moto, 1985), we assume that the materials used
by these workers are not fully matured eggs.
The closure of the micropylar canal in the develop-
ing anchovy egg is not an artifact of the fixation
of the eggs in formalin, because the micropylar
structure in many fish eggs is well preserved in
the same fixative (unpublished observation). A
swelling of the canal wall may occur during
embryonic development in natural circumstances.
Since the structure was the same in the eggs at
different stages of embryonic development (early
gastrula and eyed embryo), the swelling may
occur at the cleavage stage in the anchovy egg.
The decrease in diameter of the micropylar canal
is actually observed in the chum salmon egg
shortly after initiation of embryonic development
(Kobayashi and Yamamoto, 1981). It is there-
fore plausible that the physico-chemical property
of the envelope in the micropylar region is dif-
ferent from that in other regions of the egg (cf.
Kanoh, 1949; Yamamoto, 1958, 1963). We are
now carrying out experiments which clarify
factor(s) to induce the swelling of the interna in
the micropylar region of the pelagic fish eggs in
natural circumstances.
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