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EFFECT OF LOW WATER pH ON THE EMBRYO AND LARVAL
DEVELOPMENT OF THE PIKEPERCH (Stizostedion lucioperca L.) -
HISTOLOGICAL OBSERVATIONS

Teresa Ostaszewska, Ryszard Wojda

Warsaw Agricultural University SGGW, Department of Ichthyobiology and Fisheries

ABSTRACT. The embryos of the pikeperch, Stizostedion lucioperca L., were incubated continuously from
fertilisation, at 7.2-7.4 (control) and 5.0-5.2, at 14-16°C. The subsequent larvae in these environments
were maintained at these levels for 7 days after hatching. The investigations revealed histopathological
changes caused by low pH level in the cells and tissues of the following organs: integument, brain, eye,
heart, gill, intestine and yolk sac.
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INTRODUCTION

The acidification of water in natural reservoirs could result from the peat water
inflow, mine deposit wash and some industrial effluents. However, the main cause of
the water acidification are acid rains resulting from atmospheric pollution. In Europe,
acidification is observed in Norway, Finland, Sweden, Denmark, Holland, Germany,
Czech Republic, Slovakia and Poland.

In Poland, on about one third of the territory, the rain pH amounts to 4.1 and
in over half of the country to 4.3. The highest acidification of water in Poland was
observed in the mountain protection areas: in the High Tatra, Karkonosze, Swieto-
krzyskie Mountains and also in the Upper-Silesian Industrial Region (Symposium
on Atmospheric Pollution and Water Degradation 1991).

The acidification of water reservoirs causes serious damages to the ecosystems.
Acid rains disturb the hydrochemical regime of a reservoir by changing water quality
and act toxically on its biota (Hogland 1961). The increasing process of the water
reservoir degradation affects the state of the fish population which clearly declines
with the pH drop (Lance 1981) and simultaneous increase aluminium concentractions
(Vuorinen et al. 1993).
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The degree of fish sensitivity to adversep changes depends on the species, stage
of development and physiological state. The lowest resistance is usually observed
during early development but there are differences between species shortly after
hatching, that is during the most crucial periods of the fish life (Trojnar 1977a), and
Daye and Garside (1980) demonstrated increased mortality rate of the fertilised fish
ova and abnormalities in the embryonic development of Salmonidae during their
incubation at pH 3.7-5.6.

The aim of this experiment was to analyse by histological methods the causes of
high mortality rate of pikeperch larvae (Stizostedion lucioperca L.) shortly after hat-
ching when the eggs were incubated in water at a low pH since the time of fertilisa-
tion.

MATERIAL AND METHODS

Pikeperch larvae for this study were obtained from the experimental fish culture
station of Warsaw Agricultural University SGGW at Laki Jaktorowskie. The ova were
obtained from one female. Incubation of fertilised ova was performed in water at
14-16°C and at pH 5.0-5.2. The water pH level of 5.0 was reached using 2 mol It

H2504. Control group was incubated in water of the same temperature at pH 7.2-7.4.

Larvae for the investigation were taken from the period of mass hatching. Postem-
bryonal development took also place in water of 14-16°C at pH 5.0-5.2 (experimental
group) and pH 7.2-7 4 (control group). Each 20-litre aquarium held 350 newly-hathed
larvae (three replicates per treatment). During the experiment the temperature, pH
and water oxygen content were controlled. Water in aquariums was aerated continu-
ously and oxygen level was about 80-90% of saturation.

Every 8 hours during 7 days after hatching, 10 larvae were collected for histologi-
cal examinations both from the experimental and the control group.

Material collection and methods of histological procedures were described in an
earlier work (Ostaszewska 1989). Standard histological procedures were employed
and the material was embedded in paraffin. Slices 6 pm thick were stained with azan,
haematoxylin-eosin. The number of erythrocytes, mucous cells was estimated from
a series on histological cross-section. Observations were carried out with a light
microscope.

The method of pathogenesis interpretation based on comparison of larvae deve-



EFFECT OF LOW WATER pH ON THE EMBRYO AND LARVAL... 185

loping in water at pH 5.0-5.2 with larvae developing in water at pH 7.2-7.4 was used
in this study. Observations included the cells and tissues of the following organs:
integument, brain, eye, heart, gills, yolk sac, intestine and swimbladder.

The meaurement of yolk sac size has been determined with the help of a ligh microscope
and for the calculating of its volume the elongate elipsoid formula has been used:

N=0,5236-1-h

where:
1-length, h -height.

RESULTS

INTEGUMENT

Histopathological changes were already observed in the epithelial integument one
day after hatching of the larvae which developed at pH 5.0-5.2. The integumentary tissue
had hyperplastic mucous cells with early nuclear pycnosis. There was the delamination
and separation of the integumentary tissue of the head. At the same time the exfoliation
of the epidermal mucous cells was observed and they became devoid of mucus (Fig. 1).
This was accompanied by an accumulation of large amount of mucus on the body surface
with a sinultaneous reduction of the size and number of mucous cells. In addition, as
a result of exposure to acid environment, those cells had very flattened irregular shapes
compared to the cells of the control larvae (Fig. 2).

BRAIN

The brain of four days after hatching and older larvae incubated in water at pH
5.0-5.2 was metaplastic. Apart from this, nuclear pycnosis and partial cellular necrosis
was observed in all regions of the brain (Fig. 3). The brain tissue in younger larvae
was normal (Fig. 4).

EYE

Low pH during embryonal development resulted in the disturbances of the
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Fig.1.One day after hatching larva, pH 5.0-5.2, x 6 000. Plastic mucous cells (ic) with e« nuclear pycnosis.
Sloughing and separation of the epidermal integument (ep) covering the head. ,Shredding " of cells (mc)
devoid of mucus. Haematoxylin and eosin stain.

Fig. 2. One day after hatching larva, pH 7.2-7.4, x 6 000. No clear pathological changes in epidermal (ep) and
mucous cells (mc). Epithelium (ep) correctly covers the head. Haematoxylin and eosin stain.
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Fig. 3. Four days after hatching larva, pH 5.0-5.2, x 15 000. Nuclear pycnosis (p) with partial brain necrosis.
Strongly fused cells of pituitary gland (pg) of irregular shape. Loose arrangement of the optic lobe cells
(ol) form abnormal clefts. Haematoxylin and eosin stain.

Fig. 4. Four days after hatching larva, pH 7.2-7.4, x 6 000. Normal cellular structure of all visible brain
regions: pituitary gland (pg) and hypothalmic infundibulum (h), optic lobes (ol) and cerebral ventricles
(cv). Haematoxylin and eosin stain.
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Fig. 5. Six days after hatching larva, pH 5.0-5.2, x 15 000. Optic lens (1) with siu:ghed a: < necrotic epithelium
(ep). Anaplasia, dysplasia and nuclear pycnosis of the retina (r) and surrounding ceiis. Lack of free
surface between the pigmentary integument and distal segments of photoreceptors. Haematoxylin and
eosin stain.

Fig. 6. Six days after hatching larva, pH 7.2-7.4, x 15 000. All normally developed inner structures of the eye
structures. Clearly visible free space between the pigmentary integument (pi) and distal segments of
photoreceptors (p). Haematoxylin and eosin stain.






