
INTRODUCTION
The embryonic development of the majority of teleost

fishes takes place in an environment, external to the
maternal organism. To facilitate such development a
number of evolutionary adaptations exist that counteract
adverse environmental effects and favour factors benefi-
cial to the developing embryo (e.g., factors affecting suit-
able spawning time, spawning performance, nest con-
struction, egg deposition, parental care, and egg structure)
(Depêche and Billard 1994, Chen et al. 2007, Fava and
Toledo-Piza 2007, Fishelson and Gon 2008, Jiang
et al. 2010).

The perciform fish egg has a complex structure. Its
central (live) is composed of vitelline cytoplasm sur-
rounded by a semi-permeable vitelline membrane and a
set of additional envelopes. These envelopes closely sur-
rounding the egg are primary- and secondary products of
the ovary (Depêche and Billard 1994, Britz and Cambray
2001, Bless and Riehl 2002). They are elastic and resist-
ant to mechanical stimuli (Davenport et al. 1986).
Additionally, the egg is covered by a limp, delicate, gelat-
inous coat that surrounds the egg by the end of oogenesis
and after its discharge form the oviduct. The size, shape,

and the weight of egg cells are determined by their taxo-
nomic affiliation (Riehl and Schulte 1977, Riehl 1978,
Mikodina 1987, Britz and Bartsch 1998, Britz and
Cambray 2001, Bless and Riehl 2002, Depêche and
Billard 1994, Fausto et al. 2004, Chen et al. 2007, Fava
and Toledo-Piza 2007, Fishelson and Gon 2008, Jiang
et al. 2010).

The gelatinous layer—distinct in some teleost fish-
es—is usually formed between the radial layer of the egg
shell and the follicular cells of the ovary follicle and has
been treated as an amorphous structure (Bonsignorio et al.
1996, Jiang et al. 2010) It contains high amounts of gly-
coprotein (Kobayashi 1982, Scapigliati et al. 1995, Chiou
et al. 2004) as occurs also in the zona radiata externa
(Mansour et al. 2009). Immediately after the egg deposi-
tion this gelatinous substance quickly acquires water and
swells. This contributes to a characteristic “sticky”
appearance of eggs, helping them to attach to underwater
vegetation.

A good example of the above-mentioned phenomenon
is the European perch, Perca fluviatilis L., which deposits
its eggs in the form of long (0.5–5.5 m), openwork, gelat-
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Background. After their deposition in water, eggs of perch form characteristic, long gelatinous ribbons (strands)
floating within the water column. The ultrastructure of the external gelatinious egg envelope of members of the
family Percidae was believed to be amorphous. The aim of the presently reported study was to describe the ultra-
structure and function of the gelatinous egg envelope composing the perch egg ribbon.
Materials and Methods. Fresh eggs of European perch, Perca fluviatilis L., were collected, in the form of egg rib-
bons, from females caught at the spawning grounds on the Odra River side canal Dziewoklicz, within the city limits
of Szczecin, Poland. After fertilization eggs were fixed in 4% formaldehyde. In the laboratory, the commonly accept-
ed techniques (dehydration, critical-point drying, sputter coating) were used to prepare samples for examination with
a scanning electron microscope (SEM). The observations were photographically documented.
Results. Closely below the surface of the gelatinous egg ribbon we observed a network of microtubules. These
microtubules opened at the egg ribbon surface in the form of ring-like or nozzle-like pores.
Conclusion. The gelatinous egg envelope of perch is a complex microtubular network that likely performs a
skeletal role for the egg ribbon. Our results also suggest that the regular surface openings of the aforementioned
network may play an attachment function (micro-suckers) reciprocally between eggs and between eggs and other
objects, thereby facilitating the fastening the eggs to underwater vegetation.
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inous egg ribbons, attached to submerged aquatic vegeta-
tion (Flügel 1967, Riehl and Patzner 1998). While in
water, perch eggs form a gelatinous structure, which is
greatly enhanced by ovarian fluid (Mansour et al. 2009).
Similar, although not identical gelatinous envelopes are
produced in the eggs of many other teleost fish species
such as: vimba, Vimba vimba (L.); lumpsucker,
Cyclopterus lumpus L.; white bream, Blicca bjoerkna L.;
Chinese perch, Siniperca chuatsi (Basilewsky, 1855);
spirlin, Alburnoides bipunctatus (Bloch, 1782); and roach,
Rutilus rutilus (L.) (see: Davenport and Lonning 1983,
Patzner and Glechner 1996, Britz and Bartsch 1998, Szulc 2007,
Jiang et al. 2010).

The aim of this paper was to describe the newly found,
three-dimensional structures within the gelatinous layer of
the perch egg and to explain their role in the process of
embryogenesis and its success.

MATERIALS AND METHODS
Gametes of European perch, Perca fluviatilis L., were

collected in April 2008 from mature specimens at the
spawning grounds on the Odra River side canal
Dziewoklicz, within the city limits of Szczecin. The eggs
and sperm from 11 males and 11 females were gently
squeezed out into individual test tubes. The test tubes were
transported in thermos flasks held in isothermal chests,
chilled by reusable “ice” packs to ensure stable temparature. In
the laboratory the eggs from each female were fertilized with
the pooled sperm (from 11 males) , and placed in 300-mL
glass beakers in an isothermal laboratory. The eggs were
incubated in constantly aerated water at 12 ± 0.5°C.

Sections of the egg ribbon, destined for scanning elec-
tron microscopy (SEM), were sampled 2 and 24 h after
egg fertilization and fixed in 4% buffered formaldehyde.
The samples from each female were dehydrated in an
alcohol and acetone series, CO2 critical-point dried,
mounted on SEM stubs, and sputter coated with gold pal-
ladium (Glauert 1981) and observed under a scanning
electron microscope (FEI Quanta 200). The observations
were photographically documented. The egg strand from
each female was photographed (in vivo) under light
microscope.

In this description of our results, we have chosen to
omit general details and focus on details of unknown and
hitherto undescribed egg features.

RESULTS
Our observations suggest that the gelatinous envelope

of the perch egg possesses a complex structure. Upon
eggs deposition in the water, acquiring substantial
amounts of water, and swelling they form an openwork,
gelatinous ribbon with evenly distributed eggs (Fig. 1),
containing developing embryos. Scanning electron micro-
scope examination of the surface of the gelatinous enve-
lope of eggs sampled from the egg ribbon revealed a num-
ber of structural surface and envelope-core details which
were arranged regularly and showed a repeated pattern.
Examination of individual sections revealed internal,
tubular structures, just beneath the outer surface of the
gelatinous envelope (Fig. 2), some of them opening onto
the surface with ring-like orifices. (Figs. 3–5). Surface
examination of the gelatinous layer revealed a pattern of
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Fig. 1. European perch, Perca fluviatilis L.; developing eggs, each surrounded by a gelatinous egg envelope



densely distributed nozzle-like openings of the micro-
tubular network (Figs. 6, 7). These structures were not
homogeneously distributed within the layer being more
abundant in some areas than in others.

DISCUSSION
The present findings of a three-dimensional network

of microtubules and their specific nozzle-like pores con-

tradict the presumption about the alleged uniform structure
of the gelatinous layer of the perch egg (Rizzo et al. 2002).
Microtubules are common cytoskeletal structures, occur-
ring as well in intercellular spaces of numerous organisms
including fishes. They are present under the embryonic
shield (Jesuthasan and Strähle 1997) and in the chro-
matophores (Schliwa et al. 1979) of many fish species.
Microtubular systems may also be present in products
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Fig. 2–7. Gelatinous layer of egg envelope of European perch, Perca fluviatilis; Fig. 2. Reticular network of micro-
tubules in the gelatinous layer; Fig. 3. Sub-surface microtubules and their pores (i) in the gelatinous layer;
Figs. 4, 5. Pores (i) of the microtubular system; Fig. 6. Diversified shape of pores (i) of the microtubular net-
work; Fig. 7. Nozle-like opening of the microtubular network



of genital organs, such as ovary and oviduct, of fish (Mooi
1990). We believe that the springy, elastic, but at the same
time, limp structures, may aid the flow or pulsation of flu-
ids inside them. Moreover, the hydrophilous nature of
their colloids, present inside the tubules confer an inner
turgor (Bogucki 1930, Winnicki 1967, Davenport and
Lønning 1983). As a consequence, the network of tubules
inside the gelatinous envelope of an egg is suspected of
creating a specific, three-dimensional scaffolding, carry-
ing non-structural constituents of the gel.

In view of the above, we assume that the principal role
of the microtubular network in the gel of the egg ribbon
of perch is its skeletal function. This said, however, the
microtubules may also play a secondary role regarding
egg ribbon attachment. Certainly the nozzle-like pores of
the microtubules resemble small suckers. After the eggs
are discharged from the maternal organism, the
hydrophilous colloids, present inside the tubules, acquire
water, thus creating a negative pressure in the tubules
which draws water in through the pores. We suggest that
this hydrostatic process effects a thorough reciprocal
attachment of eggs as well as the attachment of the egg
ribbon to the vegetation. Such an interpretation of fish
eggs being surrounded by a natural gel and the method
used to attach to the vegetation challenges the commonly-
held view of “stickiness” of the eggs being a phenomenon
caused by simple sticky lumps of gelatinous material.

Specific filaments, present in the inter-egg gel within
the ribbon, were observed using a dissecting microscope
by Mansour et al. (2009). We elaborated on those find-
ings, contributing additional ultrastructural data. Mansour
et al. (2009) suggested that the ovarian fluid of perch is an
important element of this egg attachment and formation of
this gelatinous structure of egg ribbon. Our finding, con-
firm that the microtubular network is responsible for
reciprocal attachment of individual eggs.

It should be emphasized that any extra layer surround-
ing the egg (in this case a hypothetical “sticky” substance)
would constitute an evolutionary disadvantage, through
obstructing oxygen penetration from water to the egg. The
explanation proposed here helps to understand the “stick-
iness” as being a micro-attachment event caused by suck-
ing action of nozzle-like pores of the microtubules. The
attachment of ring-like or nozzle-like attachment struc-
tures of the microtubular network facilitates spreading of
the egg ribbon on submerged aquatic vegetation or on a
solid substrate (Zeh et al. 1989, Gillet and Dubois 1995,
Mansour at al. 2008), which in turn better exposes the
eggs to currents of aerated water. Moreover, the micro-
tubular surface pores are also variable in shape
(Figs. 4–7), which may suggests that they reflect specific
needs of their location on the egg ribbon (or that a variety
of shaped pores all can function similarly). Another
aspect of water acquisition by the microtubular network
of egg ribbons of the European perch may be their more
neutral buoyancy. Such eggs would be more likely draped
over aquatic vegetation or sway in the water column
receiving more oxygen needed during embryogenesis.

The gelatinous layer may constitute a mechanical protection
of an egg. Although it may not seem mechanically resistant
its extensive dimensions, combined with the turgidity with-
in the microtubular network, could help to protect the devel-
oping embryo against sudden mechanical impacts.
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