Egg Membranes of Pleuronectinae

Fig. 4. Pleuronectes yokohamae. Fine structure of egg membrane.
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Bar scales indicate 1mm (A) and 10um

(B-E). A) Whole egg (light microscope); B) Outer surface of egg membrane (SEM); C) Cross section of
egg membrane; D) Micropyle, exterior surface; E) Micropyle, interior surface.

brane could be clearly observed (Fig. 3B). Sculptur-
ing of the egg membrane consisted of regular, hex-
agonally-arranged walls, about 3um in height and
about 10zm in length. Under higher magnification,
these structures showed a further pattern of poly-
gonal areas within each hexagonal unit. Each poly-
gon was about 1.5um in diameter and possessed a
pore canal opening in its center (Fig. 3C). Pore
density was 27.7-35.3 per 100um?’. The egg mem-
brane, about 3.2um thick, consisted of six, equally-

thick lamellae (Fig. 3D). The opening of the micro-
pylar canal was about 8.4um in diameter, the canal
tapering toward the inner membrane surface. The
region around the outer opening lack further struc-
tures (Fig. 3E). The internal surface also lacked any
specialized apparatus except for the elevated region
of the terminal aperture of the micropyle. This eleva-
tion was surrounded by small cavities and undulating
structures (Fig. 3F).
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Pleuronectes yokohamae

The eggs were spherical in shape, ranging between
0.8-0.9mm in diameter, although somewhat mod-
ified by fixation. No specialized membrane structures
were detected under light microscope (Fig. 4A).

Under SEM, that the egg membrane possessed a
number of irregularly distributed pores or cavities
(0.60-1.29m in diameter) at a density of 12.5 per
100um?* (Fig. 4B). The egg membrane was 12.4um
thick, consisting of about ten lamellae, of which the
inner- and outermost were thickest. The outer lamel-
la, about five times as thick as the middle lamellae,
appeared to constitute an adhesive layer (Fig. 4C).
The entrance of the micropyle was about 6um in
diameter, the canal tapering toward the inner mem-
brane surface. The region around the outer opening
of the micropyle lacked an adhesive layer and pores
(Fig. 4D). Cavities of various sizes were distributed
irregularly on the internal surface. The terminus of
the micropyle, measuring about 2.6 #m in diameter,
was surrounded by a protuberance with about 30
pores (Fig. 4E).

Discussion
A rich diversity in both spawning ecology and egg

morphology exists in pleuronectine fishes (Pertseva-
Ostroumova, 1961; Minami, 1984). The eggs of each

of the four pleuronectine species examined here,
having their own morphologies under light micro-
scope level and properties (Table 1), also, under
SEM, showed a distinctive fine architecture (Table
2).

Among them, only Pleuronichthys cornutus pos-
sessed hexagonal structures on the egg membrane,
which were visible by light microscope. At least four
other pleuronectine species were have been reported
to have hexagonal membrane structures (Sumida et
al., 1979), with similar structures have been reported
in other teleosts, including one or more species of
Synodontidae, Callionymidae and Uranoscopidae
(Mito, 1960; Ikeda and Mito, 1988). As for the
ecological significance of such hexagonal structures,
various functions including protection, resiliency
and buoyancy have been proposed (Robertson, 1981;
Stehr and Hawkes, 1983). However, there is little
direct evidence relating fish behavior to a hexag-
onally-patterned egg membrane, although it is nota-
ble that all of the fishes so far known to have such a
structure, have a creeping mode of behavior, irre-
spective of their phylogeny. This is suggestive of a
certain functional significance.

The egg membrane of Hippoglossoides dubius was
the thinnest of the four species examined here. In
addition, H. dubius had a wide perivitelline space.
Having the thinnest egg membrane seems to be relat-
ed to the formation of a wide perivitelline space, the
function of which was reviewed by Laale (1980).

Table 1. Comparison of morphological characters (light microscope level) and properties of pleuronectine eggs

. Egg diameter Oil globule Character of Property of Perivitelline
Species *
(mm) (mm) egg membrane egg space
Hippoglossoides dubius 1.5-1.7 Many** Smooth Pelagic Wide
(0.01-0.001)
Eopsetta grigorjewi 1.0-1.1 None Smooth Pelagic Narrow
Pleuronichthys cornutus 1.1-1.2 Single Sculptured Pelagic Narrow
(0.17-0.18)
Pleuronectes yokohamae 0.8-0.9 None Smooth Demersal Narrow
*Qbservations by light microscope; ¥**Kuragami (1917).
Table 2. Comparison of fine structures of the egg membranes
Species Egg surface with Diameter of micropylar  Thickness of egg Number of
canal (#m) membrane («m) lamelae
Hippoglossoides dubius pores 4-6 2.7 5-6
Eopsetta grigorjewi pores 8 33 7
Pleuronichthys cornutus polygons and pores 8 3.2 6
Pleuronectes yokohamae pores 6 12.4 10
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Any increase in the egg size with a wide perivitelline
space influences the ascent rate (Robertson, 1981). It
is notable that the eggs of H. dubius, having a wide
perivitelline space, and P. cornutus, having a hexago-
nal structure, possess one or many oil globules which
confer buoyancy, whereas the eggs of many pleuro-
nectine species lack oil globule.

On the other hand, the demersal eggs of Pleuro-
nectes yokohamae have much more complex lamellae
and a thicker membrane than pelagic pleuronectine
eggs. Comparing the eggs of Platichthys stellatus and
Oncorhynchus gorbuscha, Stehr and Hawkes (1979)
mentioned that pelagic eggs tended to have a thin
membrane, while demersal eggs tended to develop a
much thicker membrane in relation to the egg diam-
eter. They proposed that this difference might be
related to a protective function. Pearcy (1962) con-
sidered that demersal eggs belonging to the order
Pleuronectiformes might be less subject to dispersion
by offshore currents or freezing than more buoyant
eggs. Minami (1984) reported that P. yokohamae
spawned demersal eggs on inshore, rocky sites, ex-
posed to strong currents, whereas Kareius bicolor-
atus, with almost the same spawning season as the
former, spawned pelagic eggs at offshore muddy
sites. The thick membrane in association with the
complex lamellar structure of P. yokohamae may
have conferred advantage from the greater mechan-
ical stresses.

Teleostean eggs are known to possess a number of
pores or knobs uniformly distributed on the surface
of the egg membrane (Hagstrém and Lonning, 1968;
Loénning, 1972; Lonning and Hagstrém, 1975; Ho-
sokawa et al., 1981; Stehr and Hawkes, 1979; Ohta et
al., 1983; Groot and Alderdice, 1985; Hirai and
Yamamoto, 1986; Hirai, 1988; Riehl and Kock,
1989). In the ovary, the pore canals distributed
throughout the egg membrane contribute to the

Fig. 5. Comparison of egg membrane pores of
Pagrus major (A) and Eopsetta grigorjewi (B) at
the same magnification (Bar: 10um).

transportation of nutrients from the follicle cell to
the developing egg body (Hurley and Fisher, 1966;
Stehr and Hawkes, 1983) and it has been suggested
that the pores of fertilized eggs are the remnants of
previous canals (Hagstrom and Lonning, 1968; Lon-
ning, 1972; Groot and Alderdice, 1985). As the
cross-sectional observations of the egg membrane of
Eopsetta grigorjewi revealed, the pore canals may be
blocked or disappear completely by the process of
oogenesis, in order to protect the embryo against
exposure to the natural environment. The pore diam-
eters of pleuronectine eggs are much larger and their
densities lower than in other fishes (Table 3). Figure
5 clearly shows the difference in egg membrane be-

Table 3. Comparison of egg membranes pores between pleuronectine fishes and other teleosts

Pore diameter

Pore density

Family Species (Pore/100zm?) Source

Pleuronectinae Hippoglossoides dubius 0.29-0.40 8.4-8.6 This study

Eopsetta grigorjewi 0.90-1.13 9.6-13.2 This study

Pleuronichthys cornutus 0.28-0.33 27.7-35.3 This study

Pleuronectes yokohamae 0.60-1.29 12.5 This study
Clupeidae Sardinops melanosticutus 56—-60 Kuroda et al., 1983
Salmonidae Oncorhynchus keta 40.8+4.0 Groot and Alderdice, 1985
Sparidae Pagrus major 0.16-0.24 47.7-53.8 Hirai, unpublished
Scombridae Scomber japonicus 0.14-0.24 40-41 Kuroda et al., 1982
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tween E. grigorjewi and Pagrus major, (Sparidae).
Thus a large pore size and lower density may be a
characteristic of pleuronectine fish.

Based on an examination of the membranes of
pelagic eggs from nine marine species, Hirai (1988)
reported that the micropylar region was character-
ized by a circular elevation in which the pores were
larger than those elsewhere on the egg membrane.
However, the eggs of Kareius bicoloratus (Pleuronec-
tinae) had uniform pores around the micropylar
canal, without any elevation. Similarly, the four
pleuronectine species examined here lacked any char-
acteristic structure around the micropylar canal.
Such a lack may be a common feature of the Pleu-
ronectinae.

Lonning and Hagstrom (1975) considered that the
differences in teleost egg membrane structure were
species specific. Ivankov and Kurdyayeva (1973)
hypothesized that the morphological character of the
primary membrane (zona radiata) indicated adapta-
tion to spawning and egg development. The present
observations indicate that the thickness, lamellar
structure and surface sculpturing of the egg mem-
brane are closely related to environmental factors,
for example, giving protection from mechanical
stresses or determining of ascent rate, whereas the
pore density and diameter reflect systematic relation-
ships.
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H LA BRAE ¢ BO IO IPEMMRES
FHERK

v A BRHEEE 4 o SO0 0 INBE ARG & E AT F R
BEEHOTHE L. 7H4 v 1 (Hippoglossoides dubius) (3P
AR R VIFMEIR A FES, RO MVIIEE L, BEE L HMT
» -1, —H, =3 A LA (Pleuronectes yokohamae) ZHIRFED
RO EES, TORER MO LA BEREROLO LI
NTEL, K0 EMNEEEEEL TV, oY LA (Eopse
tta grigorjewi) & A 4 % 77 v 4 (Pleuronichthys cornutus) OB (3[H
BRREDSER TR TH 0, IEMFI 2 EOPRIDIF S LIFEESE
RUT, A4 9 H LA TEIERREIC, B L FRTERS
raPEErBES . SEFANT Y L ERERHOIE, <
hE TRESh oIy, BESEICHHT 2L
DAEESNEL, TOEHBOREIVEL S LBEORHER-
TWi. JoES, ZoBMES X OEER LoMEyi, A
EhoDR#, #LEEoRLE V- BEECLDIBOEER
BEEELNEEED, —7, BAOTEPKESR, Chof
BEOBT20HBOBMERL TV 2LEALNS.
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