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A b s t r a c t

Milt was collected from the tench Tinca tinca (L.) following hormonal stimulation with carp
pituitary homogenate (CPH, group I, n = 9), Ovopel (group II, n = 8) and Ovaprim (group III, n = 9).
Males non-stimulated fish were used as a control (group IV, n = 6). The parameters determined
included the total volume of milt (TVM, ml) and the volume per kg of the males’ body weight (VOM,
ml kg–1 b.w.), total number of spermatozoa produced by the males (TSP, ×109) and the number
of spermatozoa per kg of their body weight (TNS, ×109 kg–1 b.w.). Moreover, attempts were made to
show the effect of the hormone preparations on spermatozoa motility (%), their concentration in milt
(×109 ml–1) and the total protein content in seminal plasma (mg ml–1). Osmotic pressure of the seminal
plasma (mOsm kg–1) was determined to check if the milt samples were contaminated with urine.
Pearson’s linear correlation was also determined between the osmolality, on the one hand, and the
spermatozoa motility and concentration of spermatozoa in milt of the groups examined in the study,
on the other. The significance of differences between the analysed parameters was checked with
Tukey’s test (One-way ANOVA, α = 0.05). Motility and concentration of spermatozoa in the
remained relatively low, not exceeding 22% and 5.0 · 109 ml–1 in each of the groups. Using CPH,
Ovopel or Ovaprim did not result in any significant increase (P > 0.05) in the amount of milt obtained
(TVM, VOM) or the total amount of spermatozoa produced as compared to the control group.
Significant differences (P < 0.05) were found only between the TNS values for group I (CPH), and
group IV (control). Osmolality of the seminal plasma did not exceed 120 mOsm kg–1 in any of the
groups under examination. Its low values as well as low motility and low concentration of
spermatozoa in milt indicate that milt was contaminated with urine, which is also corroborated by
a significant correlation between osmolality and motility of spermatozoa in group III (R2 = 0.828;
P < 0.001) and IV (R2 = 0.983; P < 0.001) and between osmolality and concentration of spermatozoa in
each of the groups (R2 = 0.447; P < 0.05, group I; R2 = 0.964; P < 0.001, group II; R2 = 0.768;
P < 0.001, group III and R2 = 0.924; P < 0.001; group IV).
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A b s t r a k t

Mlecz pozyskano od lina Tinca tinca (L.) po stymulacji hormonalnej za pomocą homogenatu
przysadki mózgowej karpia (CPH, grupa I, n = 9), Ovopelu (grupa II, n = 8) oraz Ovaprimu (grupa
III, n = 9). Grupę kontrolną (IV, n = 6) stanowiły samce, których nie stymulowano. Określono
całkowitą objętość pozyskanego mlecza (TVM, ml) oraz objętość przypadającą na kg masy ciała
samców (VOM, ml kg–1 m.c.), całkowitą liczbę wyprodukowanych przez samce plemników w miliar-
dach (TSP, ×109) oraz liczbę przypadającą na kg masy ich ciała (TNS, ×109 kg–1 m.c.). Dodatkowo
podjęto próbę wykazania wpływu zastosowanych preparatów hormonalnych na ruchliwość plem-
ników (%) ich koncentrację w mleczu (×109 ml–1) oraz stężenie białka ogólnego (mg ml–1) w plazmie
nasienia. W celu sprawdzenia czy pobrane próby mlecza nie zostały zanieczyszczone moczem,
oznaczono ciśnienie osmotyczne plazmy nasienia (mOsm kg–1) oraz przeprowadzono prostoliniową
korelację Pearsona między osmolalnością a ruchliwością i koncentracją plemników w mleczu
badanych grup. Istotność różnic w wartościach analizowanych parametrów weryfikowano testem
Tukey’a (One-way ANOVA, α = 0.05). Wartości ruchliwości i koncentracji plemników w mleczu
utrzymywały się na stosunkowo niskim poziomie nieprzekraczającym 22% oraz 5.0 · 109 ml–1 w każdej
z badanych grup. Zastosowanie CPH, Ovopelu oraz Ovaprimu nie doprowadziło do istotnego wzrostu
(P > 0.05) objętości pozyskanego mlecza (TVM, VOM) oraz całkowitej ilości pozyskanych plemników
(TSP) w porównaniu z grupą kontrolną. Istotne różnice (P < 0.05) stwierdzono jedynie w wartościach
TNS między grupą I (CPH) a grupą IV (kontrolną). Osmolalność plazmy nasienia nie przekraczała
120 mOsm kg–1 w każdej z badanych grup. Niskie jej wartości jak również wartości ruchliwości oraz
koncentracji plemników w mleczu wskazują na zanieczyszczenie mlecza moczem. Stwierdzona
istotna zależność między osmolalnością a ruchliwością plemników w grupie III (R2 = 0.828; P < 0.001)
i IV (R2 = 0.983; P < 0.001) oraz między osmolalnością a koncentracją plemników w każdej
z badanych grup (odpowiednio: R2 = 0.447; P < 0.05, grupa I; R2 = 0.964; P < 0.001, grupa II;
R2 = 0.768; P < 0.001, grupa III oraz R2 = 0.924; P < 0.001; grupa IV) potwierdza ten fakt.

Introduction

The tench Tinca tinca (L.) is a stenothermial species which lives in inland
waters on all continents. In natural conditions it is frequently bred in carp
ponds where it spawns, which in the Polish geographical zone lasts from June
to August (BRYLIŃSKA, BRYLIŃSKI 2000). Due to its high taste quality and an
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important role played by it in leisure activities (angling) and pond manage-
ment (polyculture) (MAMCARZ, SKRZYPCZAK 2006, SKRZYPCZAK, MAMCARZ 2006),
the tench is a valuable breeding fish, which is also confirmed by an increase in
its production in aquaculture (FAO).

Tench reproduction under controlled conditions is relatively difficult to
carry out, especially in fish from wild populations (MAMCARZ et al. 2006,
KUCHARCZYK et al. 2007, KUJAWA et al. 2010). Another serious problem is the
small amount of milt produced in the process, and its frequent contamination
with urine disqualifies such samples for fertilisation, short-term storage or
cryopreservation (LINHART et al. 2003). In order to improve the milt quality,
immobilising solutions are used while it is being extracted or soon afterwards
(RODINA et al. 2004). Their function has been found not only to block the
spermatozoa motion apparatus but-as is the case with the tench – to restore
energy supplies. Moreover, when stored in immobilising solutions (10 hours,
0–4oC), milt can be successfully used to fertilization of gametes fish of the same
species (RODINA et al. 2004).

Reproduction of cyprinids under controlled conditions is based on available
hormonal preparations (KUCHARCZYK et al. 1997, 2008, BRZUSKA, BIAŁOWĄS

2002, KREJSZEFF et al. 2008, 2010, ŻARSKI et al. 2009, TARGOŃSKA et al. 2010).
When used, they affect not only gamete maturation, but also their biological
value (YARON 1995, ZOHAR, MYLONAS 2001). Milt quality is sometimes regarded
as being of marginal importance in fish reproduction, although a significant
effect of its parameters (motility and concentration of spermatozoa in milt) on
the fertilisation process has been shown (GLOGOWSKI et al. 1999, KUCHARCZYK

et al. 2005, TARGOŃSKA et al. 2008). Hormonal stimulation in the tench is
carried out mainly with carp pituitary homogenate (CPH) and gonadoliberine
analogues. They have an impact on the volume of milt and the amount of
spermatozoa produced by males fish (LINHART et al. 1995b, GELA et al. 2006,
CAILLE et al. 2006).

As many hormonal preparations are commercially available which are used
in cyprinid reproduction, the aim of this study was to compare the effective-
ness of CPH and two synthetic, complex preparations, i.e. Ovopel [(D-Ala6,
Pro9 NEt)-mGnRH]+metoklopramide and Ovaprim [(D-Arg6, Pro9 NEt)-
sGnRH]+domperidon. Their effectiveness was evaluated by taking the total
volume of milt (TVM, ml) and the volume per kg of the males’ body weight
(VOM, ml kg–1 b.w.), total number of spermatozoa in billions (TSP, ×109) and
their number per kg of males; b.w. (TNS, ×109 kg–1 b.w.). Moreover, an attempt
was made to show the effect of hormonal preparations on motility of spermato-
zoa (%) and their concentration in milt (×109 ml–1) as well as total protein
content in seminal plasma (mg ml–1). In order to check whether the milt
samples were contaminated with urine, seminal plasma osmotic pressure
(mOsm kg–1) was also determined.
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Materials and Methods

Origin and transport of fish

Wild brood male tench with body weights of 0.28–0.98 kg were caught with
an electric generator in Lake Sasek Wielki during a spawning period, i.e. in
June, 2008. The fish were transported on the same day in bags with oxygen to
the aquarium hall of the Department of Lake and River Fisheries of the
University of Warmia and Mazury in Olsztyn. After being brought to the
hatchery, they were put into 1.000 dm3 tanks in water at a temperature of 17oC
(KUJAWA et al. 1999).

Hormonal stimulation and manipulations with spawners

Following three-day adaptation, the fish were divided into four experi-
mental groups and intraperitoneal hormonal stimulation was carried out
with the three hormonal preparations. Group I (n=9) was given CPH at
2.0 mg kg–1 of b.w. (Argent, USA), group II (n=8) Ovopel at 1 pellet kg–1

of b.w. (Unic-trade, Hungary, HORVÁTH et al. 1997), and group III (n=9)
Ovaprim at 0.5 ml kg–1 of b.w. (Syndel, Canada). Group IV, control (n=6),
consisted of fish which were not stimulated hormonally but were given
physiological saline instead. Following the stimulation, the fish were put into
the tanks and the water temperature was raised to 19oC. Since female tench
usually lay spawn 16 hours after being stimulated, the male fish were caught
after that time, their body weight was determined and milt was collected by
delicately massaging the abdominal parts. All the brood fish procedures were
carried out after they were anaesthetised with 2-phenoxyethanol at 0.5 ml l–1

(Sigma-Aldrich, St. Louis, MO).

Determination of the volume of milt collected and number
of spermatozoa

The total volume of milt produced (TVM) was measured while it was being
collected, using sterile syringes, calibrated every 0.01 ml. The volume of milt
(VOM) was calculated using the males’ body weights and TVM. The values of
TVM and concentration of spermatozoa in milt (×109 ml–1) were used to
calculate the total number of spermatozoa (TSP). The latter TSP and the
males’ b.w. were used to calculate the number of spermatozoa per kg of the
brood fish b.w. (TNS).
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Determination of motility and concentration of spermatozoa in milt,
total protein content in seminal plasma and the seminal plasma

osmotic pressure

Motility of spermatozoa in milt (%) was determined by a subjective method,
using a light microscope and 400x magnification. Spermatozoa were activated
with hatchery water, and the value was given with an accuracy of ±10%
(GLOGOWSKI, CEJKO 2008). Concentration of spermatozoa in milt was deter-
mined using the spectrophotometric method (CIERESZKO, DĄBROWSKI 1993),
after the milt was diluted 500x with 0.7% NaCl (Sigma-Aldrich, St. Louis, MO).
Absorbance of the samples was measured on a Specol 11 spectrophotmeter
(Carl Zeiss Jena, USA) at α = 530 nm. The concentration values were sub-
stituted in the equation of the standard curve, prepared earlier for the tench
(the cytometric method, BIELAŃSKI 1979). Seminal plasma was obtained by
centrifugation milt samples and the supernatatn was decanted to test tubes; its
osmolality (mOsm kg–1) was measured using a Vapor Pressure Osmometer
5520 (WESCOR, Logan, UT, USA). The total protein content in seminal
plasma (mg ml–1) was determined by the method presented by LOWRY et al.
(1951), after diluting it 40× with 0.85% NaCl (Sigma-Aldrich, St. Louis, MO).

Statistical analysis

The results were characterised using the arithmetic average (x̄) and
standard deviation (±SD); the significance of the differences in the milt
parameters analysed was checked with the Tukey’s test (One-way ANOVA,
α = 0.05). In order to show the relationship between osmolality of seminal
plasma and motility and concentration of spermatozoa in milt, Pearson’s
linear correlation was determined. All the analyses were performed using the
GraphPad Prism 4 software (GraphPad Software Inc., USA).

Results

The smallest amount of milt (TVM) was extracted from the fish which were
not stimulated hormonally (0.26 ml), whereas much larger amounts of milt
were collected from the males which were given hormonal preparation, al-
though the TVM values for the groups under examination did not differ
significantly (P > 0.05; Table 1). The volume of milt per kg of brood fish b.w.
(VOM) was similar in groups I and III (1.42 and 1.48 ml kg–1 b.w. respectively).
The VOM values in the other groups did not exceed 1 ml kg–1 b. w., but no
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significant differences were found between the parameter values (P > 0.05;
Table 1). The total number of spermatozoa collected from the fish (TSP) was
similar in the milt from fish which had been given CPH and Ovaprim
(3.82 · 109 and 3.36 · 109, respectively). The values in the other groups were
much lower, but they did not differ significantly from those found in the other
two groups (P > 0.05; Table 1). The most similar values were found in the
groups which had been given CPH and Ovaprim (group I: 6.68 · 109 kg–1 b.w.
and group III: 6.28 · 109 kg–1 b.w.), whereas the TNS values were much lower in
the control group and in the one which had been given Ovopel (Table 1).
Significant differences between TNS values were found between group I and
group IV (P < 0.05).

Table 1
Arithmetic average and standard deviation (±SD) of the total volume of milt (TVM, ml) and the
volume per kg of body weight (VOM, ml kg–1 b.w.), total number of spermatozoa (TSP, ×109) and the
number of spermatozoa per kg of body weight (TNS, ×109 kg–1 b.w.) of the tench Tinca linca (L.)
obtained after stimulation of spermation with CPH (group I), Ovopel (group II) and Ovaprim (group

III); non-stimulated male fish (group IV)

Fish
group

TVM
[ml]

VOM
[ml kg–1 b.w.]

TSP
[×109]

TNS
[×109 kg–1 b.w.]

I
(n = 9) 0.84 ± 0.97a 1.42 ± 1.03a 3.82 ± 3.74a 6.68 ± 3.98a

II
(n = 8) 0.46 ± 0.24a 0.91 ± 0.43a 1.37 ± 1.23a 2.53 ± 1.74ab

III
(n = 9) 0.83 ± 0.50a 1.48 ± 0.63a 3.36 ± 2.45a 6.28 ± 4.07ab

IV
(n = 6) 0.26 ± 0.14a 0.53 ± 0.42a 0.82 ± 0.90a 1.80 ± 2.42b

Mean values with the some letters do not differ significantly (P > 0.05)

The percentage of motility spermatozoa in each of the groups was low and
it did not exceed 22%, with no significant differences between average values
of motility (P > 0.05; Table 2). No significant differences (P > 0.05) were also
found between concentrations of spermatozoa in milt, although the highest
values were found in milt samples from fish in group I, i.e. from the male
fish stimulated with CPH (5.0 · 109 ml–1), whereas the lowest ones were found
in milt samples from group II, i.e. from male fish stimulated by Ovopel
(2.9 · 109 ml–1). The total protein content in seminal plasma from the fish
which had been given CPH, Ovopel or Ovaprim was similar (0.72; 0.58;
0.62 mg ml–1), whereas it was nearly twice as high (1.2 mg ml–1) in group IV
(control), but the differences were not significant as compared with the
others (P > 0.05; Table 2).
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Table 2
Arithmetic average and standard deviation (±SD) of spermatozoa motility (%), seminal plasma
osmotic pressure (mOsm kg–1), concentration of spermatozoa in milt (×109 ml–1) and total protein
content in seminal plasma (mg ml–1) of the tench Tinca linca (L.) obtained after stimulation of
spermation with CPH (group I), Ovopel (group II) and Ovaprim (group III); non-stimulated male fish

(group IV)

Motility
of spermatozoa

[%]

Seminal plasma
osmotic pressure

[mOsm kg–1]

Concentration
of spermatozoa

[×109 ml–1]

Total protein
content

[mg ml–1]

Fish
group

I
(n = 9) 20.56 ± 17.93a 119 ± 28.90a 5.05 ± 1.40a 0.72 ± 0.30a

II
(n = 8) 21.25 ± 18.07a 100 ± 48.34a 2.88 ± 1.74a 0.58 ± 0.21a

III
(n = 9) 17.22 ± 21.38a 98 ± 36.85a 4.03 ± 2.18a 0.62 ± 0.31a

IV
(n = 6) 9.17 ± 12.81a 79 ± 38.55a 3.26 ± 2.33a 1.2 ± 0.64a

Mean values with the same letters do not differ significantly (P > 0.05).
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Fig. 1. Relationship between motility of spermatozoa (%) and seminal plasma osmotic pressure
(mOsm kg–1) in tench Tinca tinca (L.) stimulated hormonally with Ovaprim (a) and in the

control group (b)

Osmotic pressure in seminal plasma did not exceed 120 mOsm kg–1 in any of
the groups under study, with the highest values determined for plasma samples
from fish in the control group (79 mOsm kg–1). The values of osmolality
determined for various groups of fish did not differ significantly (P > 0.05; Table 2).
A significant correlation was found between motility of spermatozoa in milt,
and osmolality of seminal plasma in group III (R2 = 0.828; P < 0.001; Figure 1a)
and group IV (R2 = 0.983; P < 0.001; Figure 1b). The correlation for the other
two groups was not significant, with the R2 coefficients adopting the value of:
R2 = 0.280 in group I and R2 = 0.066 in group II. A significant relationship was
found between concentration of spermatozoa in milt and osmolality of seminal
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plasma in each of the groups under study, with Pearson’s coefficients equal to:
R2 = 0.447 (P < 0.05; group I; Figure 2a), R2 = 0.964 (P < 0.001; group II;
Figure 2b), R2 = 0.768 (P < 0.001; group III; Figure 2c) and R2 = 0.924
(P < 0.001; group IV; Figure 2d).
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Fig. 2. Relationship between concentration of spermatozoa in milt (×109 ml–1) and seminal plasma
osmotic pressure (mOsm kg–1) in tench Tinca tinca (L.) stimulated hormonally with CPH (a), Ovopel

(b), Ovaprim (c) and in the control group (d)

Discussion

The effectiveness of spawning is impacted by many factors on which
reproduction success depends; hence it is very important to optimise the
procedures used in reproduction biotechniques. These include: the way brood
fish are obtained and their origin (KUCHARCZYK et al. 2007, KREJSZEFF et al.
2008, 2009, 2010), thermal conditions and the possibility of controlling them
(TARGOŃSKA et al. 2010, ŻARSKI et al. 2010, CEJKO et al. unpublished;
TARGOŃSKA et al. unpublished), as well as the types and doses of hormonal
agents (YARON 1995, KUCHARCZYK et al. 2005). The economic profitability of an
undertaking is also very important (TURKOWSKI et al. 2008, HAKUĆ-BŁAŻOWSKA

et al. 2009, 2010).
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A small number of hatched larvae is a bottleneck for controlled tench
reproduction and it largely determines the profitability of production and
rearing of the fish. One of the reasons for this is poor quality of the milt used for
spawn fertilisation, frequently contaminated with urine (LINHART et al. 2003).
Spermatozoa motility in salmonids and acipenserids is controlled mainly by the
concentration of K+, ions, whereas the proper osmotic pressure of seminal
plasma plays a decisive role in cyprinids and in marine fish (ALAVI, COSSON

2006). Due to its low osmolality, below 100 mOsm kg–1, urine which gets into
milt is the major factor which prematurely activates spermatozoa motility in
tench (LINHART et al. 2003). The average values of osmotic pressure, which were
determined in each of the groups, correspond to low values of spermatozoa
motility, which indicates that milt is contaminated with urine when collected by
the traditional method. This is corroborated by a significant correlation, which
has been found between osmolality of seminal plasma and spermatozoa motility
in groups III and group IV as well as high values of Pearson’s coefficients.
The highest values motility of spermatozoa and seminal plasma osmolality in
group I and II and the absence of significant correlations between those values
probably indicates that contamination with urine might be very small in those
groups. The tench milt is especially susceptible to contact with urine due to the
vicinity of spermatic ducts and urine bladder (LINHART et al. 2003), but
contamination with urine has also been observed in milt of other species, e.g. in
carp Cyprinus carpio L. (PERCHEC et al. 1995), pikeperch Sander lucioperca (L.)
(CEJKO et al. 2008) and rainbow trout Oncorrhynchus mykiss (Walbaum)
(GLOGOWSKI et al. 2000).

The results presented in this paper do not point to any hormonal preparation
which, when used, would be more or less effective in inducing tench spermation.
This is corroborated by the absence of any significant differences between the
parameters analysed in this study, both in terms of the volume of milt collected
from a male fish (TVM, VOM), the number of spermatozoa (TSP, TNS),
concentration and motility of spermatozoa in the fish groups under examin-
ation. Concentration of spermatozoa in milt ranges from 1 to 20 · 109 ml–1

(ŻUROMSKA 1981, MOCZARSKI, KOŁDRAS 1982, LINHART, BILLARD 1995a), and
although the values of the parameters do not usually exceed 10 · 109 ml–1, their
low values in the tench are not a coincidence (LINHART et al. 1986). The low
concentration of spermatozoa in milt collected from the male fish under
examination may have been caused by poor quality of the brood fish or lack of
a positive effect of the selected hormonal preparations on the last stages of
spermatozoa maturation in spermatic ducts. However, it is more probable that
the urine which reached the milt caused not only premature activation of
spermatozoa motility, but it also reduced its concentration by dilution. These
assumptions may be confirmed by the low concentration values and by the
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results of Pearson’s correlations (high values of R2) between the concentration
and osmolality of seminal plasma in each of the groups under examination.
A similar situation of a decrease concentration of spermatozoa in the tench milt,
which results from its contamination, was described by ŻUROMSKA (1981) and
CAILLE et al. (2006).

The intensity of spermatozoa maturation in spermatic ducts in natural
conditions is determined largely by environmental conditions (temperature,
light); however, hormonal stimulation is also important under controlled condi-
tions. Although stimulation by properly selected hormonal preparations posi-
tively affects the volume of milt collected from male fish (TVM, VOM) as well as
the amount of spermatozoa (TSP, TNS), (CAILLE et al. 2006, CEJKO et al. 2010),
the spermatozoa quality, expressed as the percentage of their motility, is also
affected by the procedure of milt collected (GLOGOWSKI et al. 2000, LINHART et al.
2003). This has been corroborated by literature reports, but also by the results of
experiments presented in this paper, where the spawning of brood fish by the
traditional method resulted in contamination of milt samples with urine,
causing the percentage of motility spermatozoa to decrease.

Seminal plasma osmotic pressure is one of important indicators of the tench
milt quality. Despite proper handling of brood fish and properly conducted
hormonal stimulation, it is often difficult to obtain good quality milt. Although
contamination of milt with blood does not disqualify it for being used for spawn
fertilisation (WŁASOW et al. 1999, CIERESZKO et al. 2004), contamination with
urine makes the use of such samples for fertilisation impossible, and all the more
so for short-term storage or cryopreservation of milt. Catheterisation of brood
fish may be an alternative to the traditional method of tench milt colection. The
method has been successfully applied by GLOGOWSKI et al. (2000) in rainbow
trout, thereby minimising the risk of contamination. This method can be used
with success in bigger male fish, so it is difficult to draw conclusions about its
effectiveness in small brood fish. Testing immobilising solutions (RODINA et al.
2004) in order to improve the milt quality is also recommended.

Translated by JERZY GOZDEK
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tinca L.) stimulated with injection or implantation of GnRH analogues and injection of carp
pituitary extract. Aquaculture, 129: 119–121.

LINHART O., RODINA M., BASTL J., COSSON J. 2003. Urinary bladder, ionic composition of seminal fluid
and urine with characterization of sperm motility in tench (Tinca tinca L.). J. App. Ichthyol., 19:
177–181.

LOWRY O.H., ROSENBROUGH N.J., FARR A.R., RANDALL K.J. 1951. Protein measurement with the Folin
phenol-reagent. J. Biol. Chem., 193: 265–275.

MAMCARZ A., SKRZYPCZAK A., 2006. Changes in commercially exploited populations of tench, Tinca tinca
(L.), in littoral zones of lakes of northeastern Poland. Aquacult. Int., 14: 171–177.

MAMCARZ A., KUCHARCZYK D., KUJAWA R. 2006. Reciprocal hybrids of tench Tinca tinca (L.) × bream
Abramis brama (L.), and tench × carp Cyprinus carpio L., and some characteristics of their early
development. Aquacult. Int., 14: 27–33.

MOCZARSKI M., KOŁDRAS M. 1982. Properties of tench, Tinca tinca L., sperm and experiments with
freezing it at -196oC. Acta Ichthyol. Piscat., 12: 41–49.
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