
INTRODUCTION
Genus Ancistrus is represented by fish commonly

known as bushymouth or bristlenose plecos. They occur
in the watershed of upper Amazon including Peruvian
Ucayali and less frequently in the lower Amazon water-
shed (Kornobis 1990). The fish of this genus living in the
wild can reach up to 15 cm of length, whereas in the cap-
tivity (culture) they do not exceed 13 cm (Riehl and
Baensch 1996). Adults show sexual dimorphism, the
juveniles look the same despite their sex.

The reproduction of bushymouth catfish, Ancistrus
dolichopterus Kner, 1854, is difficult to observe because
it occurs at night in shaded areas—most frequently in hid-
ing spots. The male prepares so called “pseudo-nest”
before female would lay the eggs. He carefully cleans the
nest and protects it from invasion of any potential preda-
tors e.g., snails. This specific care fulfilled only by the
male lasts during the entire embryonic development till
the larvae leave the nest, move independently, and are
able to feed themselves (Rymkiewicz 1988).
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Background. Bushymouth catfish, Ancistrus dolichopterus Kner, 1854 has raised interest among ornamental fish
keepers. Its natural populations are seriously threatened by fishing pressure. The reproduction of this species is
difficult to perform (in captivity) and to observe because it occurs at night in shaded areas—most frequently
in hiding spots. This study was intended to describe the eggs and their membranes of bushymouth catfish known
to provide a parental care during egg development. A special focus of this study was directed towards the
microstructure of membranes protecting life cells, and known to be impacted by the environmental conditions the
egg morphometric analysis, as well as embryonic development.
Materials and methods. The material for the study consisted of the eggs of 3 pairs of bushymouth catfish
obtained as a result of their spawning in an aquarium culture. The fertilised eggs were incubated at a constant
temperature of 24 ± 0.2°C in water of hardness 17°n, pH 6.5. The utrastructural details of egg membranes were
viewed under scanning electron microscope (SEM). Also egg membrane resistance and egg diameters were deter-
mined. Images of eggs and newly hatched larvae were measured and analysed.
Results. Average egg diameter was 2.98 mm and surface-to-volume ratio (S/V) was 2.01. Internal and external lay-
ers of egg membranes showed various structure peculiarities in the surface microstructure of studied eggs. We found
that in comparison to other fish the thickness of egg membrane in the bushymouth catfish was high (26.05 µm).
External layer had no pores leading to external radial zone (zona radiata externa), however, some specific hon-
eycomb-like formations were visible. The resistance of the egg membrane was 54 ± 1.7 g and the egg mass was
0.017 ± 0.0001 g. The correlation between the resistance and the thickness of the egg membranes was not high,
but the correlation between the mass and the resistance was significant.
Conclusion. The presently reported study constitutes a contribution to the knowledge of the eggs and embry-
onic development of bushymouth catfish, and its biological sense, emphasizing the morphophysiological dif-
ferences between this species—living under, specific, diversified ecological conditions. Such knowledge on
early developmental stages may be prove helpful in the fish culturist’s practice of this threatened and interest-
ing species.
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During spawning the female can lay from 30 to more
than 100 eggs, on average 3.1 mm in diameter. Thick and
non-transparent membrane of eggs makes it impossible to
observe the embryonic development (Rymkiewicz 1988).
According to Petrovický (1985) the embryonic develop-
ment of A. dolichopterus takes 94°D (degree-days)
at water temperature of 25°C.

Fish eggs contain the central (living) part which consti-
tutes of the cytoplasm contained inside the semipermeable
vitelline membrane. This living part contains the genetic
material, large portion of the storage material (yolk), and
is protected by the egg membranes and envelopes.

Zona radiata of any species within the bony fishes is
constructed of two layers: the thin external layer (zona
radiata externa i.e., ZRE) and the thicker internal layer
(zona radiata interna i.e., ZRI) (Balon 1977, Riehl 1991,
Riehl and Patzner 1998). Modern technologies such as
scanning electron microscopy (SEM), make it possible to
find family- and species-specific variability in the thick-
ness and structure of these layers. These layers undergo
structural modification upon activation and fertilization of
the egg (Johnson and Werner 1986, Lönning 1972, Mayer
et al. 1988, Yamamoto and Yamagami 1975). It is also
known that the structure and thickness of egg protective
membranes results from specific reproductive ecology of
given fish species (Stehr and Hawkes 1979). To our
knowledge, there is no available literature discussing the
structure of egg membranes of fish providing parental
care such as the bushymouth catfish. This study was moti-
vated by the lack of any publications discussing egg mem-
brane structures of the bushymouth catfish and we are
providing information referring to some of these aspects.
In this study we focus on microstructure of the layers sur-
rounding the living tissue and morphometrics of the
deposited eggs, assuming that these characteristics are
strongly influenced by the environment in which the
embryo develops.

MATERIALS AND METHODS
The material for the study consisted of the eggs of 3 pairs

of bushymouth catfish, Ancistrus dolichopterus, obtained as
a result of their natural spawning in an aquarium.

Three spawning pairs were bred in three 60-L tanks at
water temperature of 24°C, pH of 6.5, and total hardness
of 17°n. A hiding spot (coconut membrane) was provided
as a substrate for laying eggs and its inside was carefully
cleaned by the male. Inside the shell, each female laid the
average of 121 eggs, which were fertilized there.

The eggs were lumped in the form of a cluster. During
the entire embryonic development, the male was taking
care by protecting the developing eggs and constantly fan-
ning them with its pectoral fins, which provided optimal
oxygen conditions (Fig. 1).

Hatched larvae were also protected by the male, who was
constantly swimming around the nest, until the yolk sacs in
the developing larvae would disappear completely (Fig. 2).

Samples of fertilized and swollen eggs (n = 20) were
subjected to the following tests:

• Egg membrane ultrastructure using scanning elec-
tron microscopy (SEM). Prior to SEM eggs were first
fixed in 4% formaldehyde, and secondly dehydrated in
a series of alcohol and acetone washes. Dried eggs were
attached to a stub and sputter-coated with a thin layer of
gold and palladium alloy. Prepared samples were observed
using scanning electron microscope (JEOL JSM 6100) and
images were saved for further image analyses. Egg-mem-
brane thickness and pore diameter were measured by
using image analysis software NIS Element Br.

• The dimensions of oval in shape egg were determined
using a setup consisting of light microscope (Nicon Eclipse TE
2000 S) connected to digital camera (Nikon DS-5Mc-UZ),
monitor. Egg volume (V) and surface area (S) was calculat-
ed using two diameter measurements (r1 and r2):

V = 4/3π r1 r2
2

S = 4π r1r2
and these parameters were used to calculate the egg sur-
face to volume (S/V) ratio.

• Egg-membrane resistance was measured using
a setup consisting of WPE 10 electronic balance equipped
with a memory function that recorded the maximum pres-
sure (membrane strength) and a devise making it possible
to change the pressure continuously. The test was carried
out on 20 randomly selected eggs. Each egg was tested
separately using two flat surfaces, (20 × 20 mm),
approaching at a speed of 1 mm · 1s–1.

Detailed observation of embryonic development was
not possible due to the opaque egg membrane. Statistical
analyses (test of correlation and regression) were conduct-
ed using Statistica®8.1.PL software.

The presently reported study has been carried out in
accordance with the Polish regulations on experiments on
animals.

RESULTS
SEM examination indicated pronnunced differences in

the surface microstructure. A division into two layers was
visible in the cross-section of the egg membrane (Fig. 3),
where strictly ordered canal outlines penetrating through
the internal membrane layer were visible only in the base
part, while the top part, 80% of the membrane, did not
show distinct structural arrangement.

While it is impossible to see any pores penetrating into
the external zone (zona radiata externa) and, even with
2500× magnification (Fig. 4), only a certain kind
of unordered, structural honeycombs was visible, the inter-
nal side being distinctly and regularly perforated by canals
penetrating inside the internal zone of the membrane (zona
radiata interna) in the amount of 23 per 25 µm2 (Fig. 5).

The thickness of the egg membrane in bushymouth
catfish was 26.05 µm.

The resistance of the egg membrane in bushymouth cat-
fish was 54 ± 1.7 g and the egg mass was 0.017 ± 0.0001 g.

A correlation was reported between the resistance and the
thickness of the egg membranes in bushymouth catfish
(R = 0.08), which was not high. However, the correlation
between the mass and the resistance (R=0.23),was significant.
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The diameter (d) of the swollen eggs was on average
2.98 ± 0.02 mm. At 24°C the embryonic development lasted
102°D. The egg volume (V) was on average 14.04 ± 0.23 mm3

and its surface area (S) 28.11 ± 0.32 mm2. The S/V param-
eter, directly related to the metabolism in the tissues condi-
tioning the pace of the embryogenesis and time of embry-
onic development, was on average 2.01 ± 0.01 mm–1.

DISCUSSION
The presently reported study contributed a number of

new data on the egg-membrane microstructure in the
bushymouth catfish.

The general structure of an egg of the bushymouth,
particularly the membrane ultrastructure, is related to the
nature of the substrate on which the eggs are deposited.
What is worth noticing is the fact of relatively high fertility
of examined specimens (over 100 eggs laid by one female),
which significantly exceeds the respective values reported
by other authors (Petrovický 1985, Rymkiewicz 1988). This
may be explained with mature age, which complies with
the opinion that individual fertility increases with the age
of bushymouth catfish (Rymkiewicz 1988).

SEM observations of the egg membranes indicated that
certain formations, resembling “honeycomb”, were visible
in the microstructure of the external zone (zona radiata
externa). Similarly, but more visibly, such structures can
be found in egg membranes of ruffe, Gymnocephalus cer-
nua (L.), (see Patzner and Glechner 1996); red piranha,
Pygocentrus nattereri Kner, 1858, (see Riehl 1995), and
speckled piranha, Serrasalmus spilopleura Kner, 1858
(see Rizzo et al. 2002) as well as in saltwater fish such as:
silvery lightfish, Maurolicus muelleri (Gmelin, 1789),
(see Robertson 1981). Such a specific external egg- mem-
brane structure in bushymouth catfish fosters fastening or
better adherence to substrate irregularities (hard surfaces).

The inside of the membrane is distinctly and regularly per-
forated with canals penetrating into the internal zone
(zona radiata interna). Such pores are also found in other fish
species, e.g., silver carp, Hypophthalmichthys molitrix
(Valenciennes, 1844), with pore diameter of 0.026 µm (Esmaeli
and Johal 2005) and blackhead seabream, Acanthopagrus
schlegelii (Bleeker, 1854)—with 0.17-µm pores (Gwo 2008).

The egg membrane of A. dolichopterus is relatively
thick—26.05 µm—as compared to other fish species.
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Figs. 1–5. Bushymouth catfish, Ancistrus dolichopterus; Fig. 1. A male guarding the developing eggs; Fig. 2. Newly
hatched larvae; Fig. 3. Cross-section of egg membrane (×2300); ZRE = zona radiata externa, ZRI = zona radia-
ta interna; Fig. 4. External side of the egg membrane (×2500); Fig. 5. Internal side of egg (×10 000)



For comparison, the membrane thickness in a number of
fish is as follows: lumpfish, Cyclopterus lumpus L.,—50
µm; European plaice, Pleuronectes platessa L.,—20 µm;
capelin, Mallotus villosus (Müller, 1776),—10 µm
(Davenport et al. 1986); Dalmatian barbelgudgeon,
Aulopyge huegelii Heckel, 1843,—from 3.2 through 5.5 µm
(Bless and Riehl 2002); silver carp, Hypophthalmichthys
molitrix (Valenciennes, 1844),—5.86 µm (Esmaeli and
Johal 2005); pond loach, Misgurnus anguillicaudatus
(Cantor, 1842),—2.0 µm; Misgurnus mizolepis Günther,
1888—3.0 µm (Kim and Park 1996); trahira, Hoplias mal-
abaricus (Bloch, 1794),—3.92 µm (Gomes et al. 2007);
Barbatula toni (Dybowski, 1869)—from 4.0 through 5.0 µm
(Kim and Park 1996); silvery lightfish, Maurolicus muelleri
(Gmelin, 1789),—from 0.01 through 0.02 µm (Robertson
1981); cardinal fish, Apogon imberbis (L.),—1.2 µm
(Lahnsteiner 2003).

The egg membrane resistance in bushymouth catfish
is 54 ± 8.0 g. The values are comparable with the values
obtained for certain saltwater fish such as e.g., European
plaice, Pleuronectes platessa L.,—35.2 g, lumpfish,
C. lumpus,—107.5 g (Davenport et al. 1986) and, on the
other hand, much lower than the resistance characteristic
for the species laying eggs during spawning in a spawn-
ing redds, covered by the gravel such as e.g., salmonid
fish (Sobociński and Winnicki 1974, Formicki 1986,
Iuchi et al. 1996).

What must also be mentioned here is a certain problem
regarding the size of eggs in bushymouth catfish, which in
comparison to other mature fish, are relatively big. This
involves the whole egg surface and, thus, the dimensions
of the egg membrane. Its dimensions influence the volume
of the egg inside, where the oocyte ectoplasm, the yolk, the
nucleus, and the place for perivitelline space will be locat-
ed (Davenport et al. 1986, Makeeva and Pavlov 2000,
Korzelecka-Orkisz et al. 2005, 2006). The egg size is
mainly determined by technical conditions in which the
spawning event and later the embryogenesis take place.
If it is assumed that the speed of biochemical transforma-
tions of the embryo developing inside the egg depends on
its access to oxygen from the external environment, while
the speed of diffusion and the quantity of diffusing gas
depend on the difference in partial pressure on both sides
of the membrane as well as on the surface through which
the diffusion occurs, the value of S/V coefficient specify-
ing the surface-to-volume ratio is of great importance.
It makes it possible to specify the correlation between the
speed of embryo development and the value of this coef-
ficient determining the respiratory efficiency of the struc-
tures surrounding the developing embryo (Bonisławska
unpublished*).

If eggs are larger (less favourable S/V coefficient),
which is the case of bushymouth catfish, the oxygen dif-
fusion into the egg inside takes place more slowly and,
thus, the speed of energy transformation and morphogen-
esis is lower. This might be attributed to the specific
male’s behaviour during the embryo development. The
male constantly fans the eggs while taking care of them.

Such behaviour facilitates better aeration and creation
of optimal conditions for the developing embryos.

There are, however, rare exceptions from the above
rule like e.g., the eggs of bighead carp, Aristichthys
nobilis (Richardson, 1845), and grass carp,
Ctenopharyngodon idella (Valenciennes, 1844). The eggs
look large with the diameter of 4.8 mm, but the oocytes
located inside the egg membranes (diameter: 1.3–1.4 mm)
do not differ in size from other cyprinid fish species and
the huge perivitelline space taking up 97%–98% of the
whole egg volume is one of the adjustments allowing the
eggs to float in the water column (Makeeva and Pavlov 2000,
Bonisławska unpublished*).

Specific lumping of the deposited eggs allows the male
to take care of all the eggs better, which increases the sur-
vival rate practically to a maximum. Such behaviour allows
for the survival of a larger percentage of fertilized eggs in
spite of relatively low individual fecundity in bushymouth
catfish. In comparison to other fish species with certain
forms of care over the eggs and larvae living in the same
environment (e.g., Characidae), the bushymouth catfish
developed a specific type of natural individual care of the
eggs and the progeny by safeguarding them from predators
and removing dead eggs (Rymkiewicz 1988, Riehl and
Patzner 1991, Secutti and Trajano 2009). Fertility is much
lower in fish not taking care of their eggs, which are laid in
a larger area. The survival percentage is, thus, lower
although the final amount of fry is similar in both cases.

The observed structural peculiarities as well as charac-
teristic behaviour indicate that bushymouth catfish, like
representatives of other species in the fish class, devel-
oped numerous adaptive mechanisms in the process of
evolution, which allow them to live and reproduce freely
in highly diversified environmental conditions.
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