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A b s t r a c t

A preliminary examination was carried out into the effect that various activating liquids 
have on the survivability of ide Leuciscus idus (L.) embryos. It was found to be similar 
(54–59%) in four study groups; the embryo survivability was found to have decreased (44%) 
only in the group where non-sterilised tap water was used for gamete activation. A negative 
correlation was found between water conductivity, salinity and sperm motility. A positive 
correlation was found between water conductivity, salinity and embryo survivability. 
A negative correlation between the sperm motility and the survivability of ide embryos at the 
eyed-egg stage shows that the fertilisation result is more affected by the duration of sperm 
movement than by the percentage of motile sperm.
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A b s t r a k t

Przeprowadzono wstępne badania wpływu różnych płynów aktywujących na przeżywal-
ność embrionów jazia Leuciscus idus (L.). Stwierdzono, że w czterech grupach badawczych 
nie różniła się ona między sobą (54–59%). Jedynie w grupie, w której do aktywacji gamet 
użyto niesterylizowanej wody kranowej, odnotowano obniżenie przeżywalności embrionów 
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(44%). Wykazano ujemną korelację między przewodnością wody oraz jej zasoleniem a ruchli-
wością plemników. Stwierdzono także dodatnią korelację między przewodnością wody i jej 
zasoleniem a przeżywalnością embrionów. Ujemna korelacja między ruchliwością plemników 
a przeżywalnością embrionów jazia w stadium zaoczkowania świadczy o większym wpływie 
na wyniki zapłodnienia czasu ruchu plemników niż odsetka ruchliwych plemników.

Introduction

The stocking material production result is affected by many factors. 
The most important of them include gamete quality, percentage of 
fertilised eggs and water temperature during incubation (KUCHARCZYK 
et al. 2008b, TARGOŃSKA et al. 2008b, SZCZERBOWSKI et al. 2009). The 
significance of gamete quality (especially sperm in cyprinids) in controlled 
reproduction was examined, for example, by GLOGOWSKI et al. (1999), 
BABIAK et al. (1998), KOWALSKI et al. (2003) and CEJKO et al. (2010). Their 
findings show that the following factors affect fertilisation: percentage 
of motile sperm and their duration of movement and concentration. This 
has practical implications when it is necessary to apply liquids used to 
store sperm or to evaluate their motility, which can significantly affect 
the duration of sperm movement and motility. For example, 0.5% solution 
of NaCl positively affects those parameters, while the same saline at the 
concentration of 0.9% NaCl blocks sperm movement (KUCHARCZYK 1999, 
GLOGOWSKI et al. 1999).

A significant effect on the survivability of fertilised embryos is 
exerted by external biotic factors, mainly bacteria and parasitic moulds 
from the genera Achlya and Saprolegnia (CZECZUGA, MUSZYŃSKA 1999, 
CZECZUGA et al. 1999). Bacterial infections can be transmitted vertically, 
e.g. Renibacterium salmoninarum (BULLOCK et al. 1978, BRUNO, MUNRO 
1986, EVELYN et al. 1986), or horizontally, e.g. Aeromonas sp. (BULLOCK, 
STUCKEY 1987). In the first case, infection takes place before ovulation or 
soon after it, through ovarian fluid in a female body cavity (EVELYN et al. 
1984, LEE, EVELYN 1989). In horizontal infections, the source is usually 
water or the activating liquid used in egg fertilisation. The most sensitive 
place which is susceptible to infection is the open micropyle or pores in 
the egg shell. Bacteria cells can enter to oocytes as they are small enough 
to pass through micropyle. Although fish eggs contain substances which 
protect them against microorganism growth (YOUSIF et al. 1994), bacteria 
infiltration inside an egg may cause it to die. Dead eggs become food 
for moulds and a source of infection of further grains of eggs. Due to 
the risk of eggs infection, activating liquids used for fertilisation should 
be sterilised. Therefore, many methods of sterilisation are applied in 
aquacultural practice and many liquids are used, which are subjectively 
regarded as sterile. However, the actual properties and the effect of the 
liquids on spawning effectiveness, expressed as embryo survivability, has 
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not been corroborated by proper research. In hatchery practice, water 
available at the hatchery units is used as the gamete activating liquid.

The aim of the study was to determine the effect of sterilisation 
of activating liquid on fertilisation results, evaluated in the study as the 
survivability of embryos at the eyed-egg stage.

Materials and Methods

Ide, Leuciscus leuciscus (L.), spawners were obtained from Lake Mosąg 
near Olsztyn. Following their delivery to the hatchery, they were divided 
into two groups according to sex and put into 1000 dm3 tanks equipped 
with devices which enable controlling environmental conditions (KUJAWA et 
al. 1999). Fish reproduction was carried out according to the methodology 
described by KREJSZEFF et al. (2009). In order to induce final gamete 
maturity, the fish were administered Ovopel (Unic-Trade, Hungary) in the 
first injection and Ovaprim (Syndel, Canada) in the second, according to 
the methodology provided by ŻARSKI et al. (2009). Gametes were obtained 
from 12 females and 8 males. After eggs taken from all the females were 
mixed, small samples of eggs (100–200 grains) were placed on Petri dishes. 
0.05 ml of sperm mixture was added to each sample, followed by specially 
prepared water to activate the gametes (Table 1). Five different liquids for 
fertilisation were prepared:
– water circulating in the hatchery system (total volume 1 m3), which 

was chemically disinfected (cw group) 12 hours before the experiment 
(simulation of routine disinfection of hatchery devices prior to eggs 
incubation); 

– water boiled (bw group) 12 hours before the experiment;
– tap water, disinfected (UVw group) with ultraviolet radiation (UV) 

in a mini-circulation with the total volume of 7 dm3 with a UV lamp 
(JBL – AquaCristal UV-C 11W). The disinfection time – 12 hours;

– water obtained by reversed osmosis (ow group) 12 hours before the 
experiment;

– tap water (tw) put aside 12 hours before the experiment, non-sterilised.
Each type of water was prepared 12 hours before the planned spawning 

to make the experiment conditions uniform because some parameters 
(e.g. pH or hardness) change over time. Immediately before fertilisation, 
the temperature of each type of water was unified by placing the beakers 
with each liquid in a water bath at the temperature in which eggs were 
later incubated. The physicochemical parameters of water (electric 
conductivity, salinity, redox potential, content of dissolved oxygen, pH and 
temperature) were measured by a multiparametric device HI 9828 (Hanna 
Instruments, Italy) – Table 1.
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Five minutes after gamete activation, the water used in fertilisation 
was poured off. Subsequently, Petri dishes with eggs stuck to their bottoms 
were poured over with water taken from the tank where incubation would 
take place. Incubation was then carried out in a closed water circulation. 
The water temperature during the activation and fertilisation processes 
was 14–15oC, which is the optimum value for ide embryo growth 
(KUCHARCZYK et al. 2008b, KUPREN et al. 2008). Sperm motility was 
assessed subjectively under a microscope (magnification 500X) (GLOGOWSKI 
et al. 1999). Embryo survivability was determined at the eyed-egg stage. 
The experiment was carried out in three replications.

Embryo survivability and sperm motility data for different groups was 
subjected to arcsine transformation, which was followed by an analysis 
of variance (ANOVA) and post-hoc Tukey’s test (α = 0.05). The relationships 
between the parameters in question and the percentage of motile sperms 
and embryo survivability at the eyed-egg stage was examined using linear 
correlation.

Results 

Sperm motility in different types of water prepared for gamete 
activation is shown in Table 1. Sperm motility decreased from 85–90% 
to 70% in group cw, and to 45% in group bw. The type of water used in 
fertilisation affected ide embryo survivability at the eyed-egg stage. 
Survivability in the group in which non-sterilised tap water (tw) was used 
for gamete activation was statistically lower (44%) compared to the other 
groups (54–59%), while no significant differences were found between the 
latter. The highest survivability was recorded in the group in which boiled 
water was used for fertilisation.

An correlation analysis between the parameters under consideration 
revealed a negative correlation between sperm motility and water 

T a b l e  1

A listing of the examined parameters of the water used for gamete activation 
and sperm motility in the water. The data on the sperm motility marked 

with the same letter index are not statistically different

Group
Conductivity 
μS cm–1

Salinity 
‰

ORP
O2

pH
Temperature 

oC

Sperm 
motility 

%

Survival 
of embryos 

(%)% ppm

cw 578 0.28 102 68 6.6 8.4 14.8 70b 55a

bw 652 0.32 126 93.9 9.2 8.25 14.6 45c 59a

UVw 625 0.31 31 83.4 8.4 8.71 15.1 85a 54a

ow 342 0.17 94 74.5 7.3 7.21 14.9 90a 57a

tw 14 0.01 77 79.8 7.1 6.02 14.9 90a 44b
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conductivity and salinity (Figure 1 and Figure 2). An analysis of the two 
latter parameters and embryo survivability to the eyed-egg stage revealed 
a significant relationship. An increase in salinity to 0.32‰ positively 
affected embryo survivability (Figure 3). Moreover, the results indicate 
a positive correlation between water conductivity and embryo survivability 
(Figure 4). A negative correlation was also found between sperm motility 
and embryo survivability (Figure 5). 
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Fig. 1. The relationship between conductivity of water used for gamete activation 
and sperm motility in it
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Fig. 2. The relationship between salinity of water used for gamete activation 
and sperm motility in it
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Fig. 3. The relationship between conductivity of water used for gamete activation 
and survivability of embryos to the eyed-egg stage
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Discussion

Great progress has been observed in recent years in the controlled 
reproduction of cyprinids, including the ide (KUCHARCZYK et al. 1997a, 
1997b, 1997c, 2008b, TARGOŃSKA et al. 2008a, KREJSZEFF et al. 2009, ŻARSKI 
et al. 2009). However, there is still a problem of variable survivability 
of embryos achieved in controlled reproduction. According to KUCHARCZYK et 
al. (2008b), ide embryo survivability, recorded at the eyed-egg or hatching 
stage, usually fluctuates within the range of ±50% and is lower than the 
values recorded for other cyprinids, such as the chub Leuciscus cephalus 
(L.), the asp Aspius aspius (L.) or the common nase Chondrostoma 
nasus (L.) (TARGOŃSKA et al. 2008b). One of the methods of seeking 
improvement of ide embryo survivability was the use of new hormone 
agents in controlled reproduction. Improvement of embryo survivability 
was achieved following the application of Ovaprim, as compared 
to Ovopel – the most commonly used agent (ŻARSKI et al. 2009). It is 
noteworthy that the final effectiveness of breeding measures is affected by 
indirect factors, such as incubation temperature – in the case of the burbot 
Lota lota L. (ŻARSKI et al. 2010), the asp (KUJAWA et al. 1997) or the bream 

Fig. 5. The relationship between motility of sperm used for spawn fertilisation 
and survivability of embryos to the eyed-egg stage
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Abramis brama (L.) (KUCHARCZYK et al. 1997d, 1998), as well as – recorded 
for characids – the number of reproduction cycle repetitions (KUCHARCZYK 
et al. 2008c, 2010). 

One of the factors which affects fertilisation and, consequently, 
embryo survivability is the quality of oocytes and semen and the number 
of sperm per egg (RURANGWA et al. 1998, 2004, KUCHARCZYK 2008a, 2008b). 
The quality of semen is expressed by percentage of motile sperm, the 
duration of their movement, plasma composition, sperm damage, etc. 
(GLOGOWSKI et al. 1999, BABIAK et al. 1998, RURANGWA et al. 1998, 
2004, LAHNSTEINER et al. 2003, KOWALSKI et al. 2003, CEJKO et al. 2010, 
TARGOŃSKA et al. 2008a). It is much more difficult to determine the biolo-
gical quality of oocytes, whose most frequent determinant is embryo 
survivability at the eyed-egg or hatching stage, which requires both 
proper conditions of fertilisation and incubation (KUCHARCZYK et al. 2005, 
KREJSZEFF et al. 2008, ŻARSKI et al. 2008, 2009).  

The type of liquid used for gamete activation also affects egg fertilisation 
(ŁUCZYŃSKI et al. 1997, RODINA et al. 2004, KUJAWA et al. 2009), by 
reducing or extending the duration of sperm movement and egg activation 
time to micropyle closing (AMANZE, IYENGAR 1990, COSSON et al, 2008). 
It has been found in this study that the way an activating liquid is 
prepared, including the way it is sterilised, is important in affecting sperm 
motility. A statistically significant negative correlation has been found 
between water conductivity, salinity and sperm motility (Figure 1, Figure 2). 
However, a comparison of the two parameters of water with embryo 
survivability at the eyed-egg stage reveals an opposite relationship. 
An increase in salinity and conductivity of water used in fertilisation was 
accompanied by an increase in the percentage of live embryos (Figure 3, 
Figure 4). Interestingly, a negative correlation was found between sperm 
motility and embryo survivability (Figure 5). According to the findings 
of a study by TARGOŃSKA et al. (2008a), ide embryo survivability is more 
affected by duration of sperm movement than by motility. The results 
seem to corroborate the claim. An absence of a positive correlation 
between sperm motility and embryo survivability must result not only 
from different duration of sperm movement but also from different time 
of micropyle closing (AMANZE and IYENGAR 1990, COSSON et al. 2008). 

The findings of this study show an important problem for fishery and 
aquaculture economy. The manner of preparation of water used for gamete 
activation directly affects the effectiveness and, consequently, profitability 
of controlled reproduction of the ide. Therefore, the same methods of controlled 
reproduction in various fish farms with different water characteristics may 
yield different results as the differences found in this study corroborate 
a significant relationship between embryo survivability and the liquid activa-
ting gametes used. Apparently small differences in salinity or conductivity 
may result in a considerable increase in the percentage of live embryos.

Translated by Jerzy Gozdek Accepted for print: 16.03.2010
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