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A b s t r a c t

The aim of this study was compare the results obtained after testing new spawning agents
(Ovaprim and PG-600) in artificial reproduction of common tench in comparison to Ovopel, the
spawning agent, which worked very well in this species. The tench spawners were collected from open
waters. After catching, the selected fish were transported to the hatchery, where the fish were treated
with the spawning agents: Ovopel at 1 pellet kg–1 Ovaprim at 0.5 ml kg–1 or PG-600 at 600 IU kg–1.
The fish from the control group received saline (0.9% NaCl). The best parameters recorded during the
artificial reproduction, such as the percentage of ovulated females and embryo survival at the
eyed-egg-stage were obtained in the group treated with GnRH analogues. In general, the obtained
results indicate that all of the tested spawning agents might be used on successful tench artificial
reproduction. However, after application of Ovopel better results were recorded.
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A b s t r a c t

Celem pracy było porównanie wyników kontrolowanego rozrodu lina pozyskanego z wód
otwartych po zastosowaniu nowych środków hormonalnych (Ovaprim i PG-600) z wynikami uzys-
kanymi po użyciu Ovopelu, który był stosowany z powodzeniem u tego gatunku wcześniej.
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Krótko po odłowie wyselekcjonowane tarlaki przetransportowano do wylęgarni, gdzie zostały pod-
dane stymulacji hormonalnej. Ryby otrzymały Ovopel (1 granula kg–1), Ovaprim (0,5 ml kg–1) lub
PG-600 (600 IU kg–1). Ryby z grupy kontrolnej otrzymały placebo (0.9% NaCl). Najlepsze wyniki
kontrolowanego rozrodu, wyrażone jako odsetek owulujących samic, oraz najwyższą przeżywalność
embrionów uzyskano w grupach, którym podano analogi GnRH. Otrzymane wyniki wskazują na
wysoką skuteczność wszystkich testowanych preparatów w indukcji owulacji u lina. Najlepszy wynik
jednak odnotowano po zastosowaniu Ovopelu.

Introduction

Common tench Tinca tinca (L.) is one of the most perspective cyprinid fish
species for freshwater aquaculture (WANG et al. 2006). For many years this
species had been important for both lake exploitation (MAMCARZ and SKRZYP-

CZAK 2006, SKRZYPCZAK and MAMCARZ 2006) and pond culture (CELADA et al.
2009). For those reasons many papers aimed at different aspects of tench
reproductive cycle (BRETON et al. 1980a, 1980b, EPLER et al. 1981, HORO-

SZEWICZ et al. 1981), artificial reproduction (e.g. LINHART et al. 2006, MAMCARZ

et al. 2006, KOURIL et al. 2008), physiology of reproduction and rearing larvae
and juveniles under controlled conditions (i.e. CELADA et al. 2009). Most
of them were carried out on cultured stocks (i.e. GELA et al. 2006, RODINA et al.
2007). These data were contrary to those concerning the different aspects
of wild fishes reproduction (KUCHARCZYK et al. 2007). Controlled reproduction
of wild spawners is much more difficult and much more irregular than the
cultured ones (KREJSZEFF et al. 2009, 2010a). Thus, improvement of our
knowledge regarding reproduction of wild stocks is needed. Especially, when
monitoring and preventive methods are undertaken to avoid gene pool shal-
lowing what could be linked with introduction to culture stock external gene
pool (HARADA et al. 1998).

Many different hormonal combinations have been tested to induce artificial
spawning of wild cyprinids, including common tench. Most commonly used
were: carp pituitary homogenate (CPH), human chorionic gonadotrophin
(hCG) and different forms of GnRH analogues frequently with dopamine
antagonist (i.e. Ovopel) (e.g. BARTH et al. 1997, CAILLE et al. 2006, KUCHARCZYK

et al. 2007, KUJAWA et al. 2009). However, the results were very often
inconsistent (KUCHARCZYK et al. 1996, 1998). Thus, the new spawning agents
were introduced for wild species controlled reproduction (TARGOŃSKA et al.
2010) due to decrease production costs (HAKUĆ-BŁAŻOWSKA et al. 2009, 2010)
and improve gametes quality (ŻARSKI et al. 2009).

Widely applied method in artificial reproduction of wild cyprinids is
recognition of oocytes maturity stage prior to hormonal injection (KUCHARCZYK

et al. 1997a,b,c, 2005, 2008, KREJSZEFF et al. 2008, 2009). Due to the fact that
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tench is batch spawner it is very difficult to predict effectiveness of wild stock
reproduction regarding latency time and quantity of obtained eggs (KUCHAR-

CZYK et al. 2001, KUJAWA et al. 2010). The same difficulties for other batch
spawning species were reported earlier (KREJSZEFF et al. 2010a). Thus, other
aspects of wild stock propagation were undertaken. It regards, among others,
time of hormonal stimulation after fish collection from natural reservoirs
during spawning season (KUCHARCZYK et al. 2007) and comparable investiga-
tion regarding wild and cultured stocks reproduction effectiveness (KUJAWA et
al. 2010). So far, there is no published data regarding different hormonal
preparations effectiveness. The aim of the study was to compare the effective-
ness of three commercial preparations (Ovopel, Ovaprim and PG-600) in
controlled reproduction of tench collected from natural waters (lakes) during
spawning season. The tested preparations were not used for induction
of spawning in common tench so far.

Material and Methods

Broodstock collection

Tench spawners were collected during two subsequent spawning seasons
from wild stock in mid-June from Sasek Wielki Lake, north Poland. Females,
for further treatments, were strictly selected according to the following
criteria: the belly had to be fully distended and bulging, soft and resilient to
touch. For experimental procedures all captured males were used. The size of
spawners ranged from 0.6 to 1.2 kg. Shortly after catching, the fish were moved
to the hatchery. Water temperature in the lake during fish catching was about
17oC. The selected males and females were kept in separate 1000 dm3 tanks in
the hatchery with controlled temperature and photoperiod (16 hrs light and
8 hrs dark) (KUJAWA et al. 1999). Water temperature in the hatchery unit was
gradually increased from 18 to 20oC. The maximum load of spawners was
25 kg m–3. The level of dissolved oxygen was minimum 6 ppm.

Experiment design

In each year the same experimental procedure was done. The females were
randomly divided into four groups (n = 20 for each treatment in each year):
three experimental and control one. After two days of acclimation to 20oC, the
females were treated with respective single hormonal injection. Ovaprim
(0.5 ml kg–1), Ovopel (1 pellet kg–1) and PG-600 (600 IU kg–1) were used for
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stimulation while the control group received saline (0.9% NaCl). Ovaprim
(Syndel, Canada) is a preparation containing salmon GnRH analogue [D-Arg6,
Pro9Net-sGnRH] (at 20 μg ) and 10 mg dopamine antagonist (domperidone) in
1 ml solution (Peter et al. 1993). One Ovopel (Unic-trade, Hungary) pellet
(average weight about 25 mg) contains mammalian GnRH analogue [D-Ala6,
Pro9Net-mGnRH] (at 18–20 μg) and 8–10 mg dopamine antagonist (metoclop-
ramide) (HORVATH et al. 1997). PG-600 (Intervet, Poland) is a preparation
containing human and horse chorionic gonadotropin. Males (n = 10 for each
treatment in each year) were randomly divided into four groups (as well as
females) and received the same preparations as females but in a half of doses.
All spawning agents (except Ovaprim, which is produced ready to use) were
prepared with 0.9% NaCl: gonadotrophins was dissolved and Ovopel pellets
were pulverized in a mortar and then dissolved. Injections were done in-
traperitoneally at the base of the ventral fin. When ovulation occurred
collection of gametes and controlled incubation was applied. It allowed deter-
mining the reproduction effectiveness in each group. Before any manipulations
fish were anaesthetized with 2-phenoxyethanol (0.5 cm3 dm–3).

Gametes management

Ripe gamete donors were anaesthetized in the solution of 2-pheno-
xyethanol (0.5 cm3 dm–3). Milt samples were collected with plastic syringes and
kept at 4oC. Next, spermatozoa motility in each experimental group was
estimated subjectively under the light microscope (magnification 500x) accord-
ing to methodology described by GLOGOWSKI et al. (1999). Females were
checked every hour between hours 12 and 16 after injection. Eggs were
stripped into a plastic vessels. Weight of obtained eggs was noted. Two egg
samples (250–300 eggs each) from each female were placed on Petri dishes.
Next, eggs were mixed with 0.05 ml of pooled freshly obtained milt sample and
gametes were activated with hatchery water. Eggs samples were incubated at
24oC in closed recirculation system as described KREJSZEFF et al. (2010b).
During eyed-egg-stage, the survival of embryos was recorded.

Statistical analysis

The statistical analysis of the data was carried out using the STATISTICA
for Windows ver. 8.0 PL software package (StatSoft) and MS Excel. All of the
values expressed as percentages were arcsine transformed prior to statistical
analysis. Statistical differences between groups were analyzed by the analysis
of variance (ANOVA) and Tukey’s post hoc test (α = 0.05).
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Results

Hormonal stimulation had a positive influence on achievement of spawning
readiness and ovulation by the females. The largest percentage of ovulating
females was recorded in the group stimulated with Ovopel (98%). That result
differed significantly from those obtained in other groups stimulated with
Ovaprim (80%) and PG-600 (65%) respectively between which no differences
were recorded (P > 0.05). In case of the control group ovulation was detected in
just 10% of the females (Table 1). The highest weight of obtained eggs were
recorded in groups treated with preparations containing GnRHa and the
lowest in the control group. During incubation of eggs obtained from the
control group females the lowest percentage of live embryos at eyed-egg stage
as compared to the other groups where hormonal stimulation was applied was
recorded. No statistically significant differences regarding embryos survival
were recorded among the experimental groups (P > 0.05) (Table 1). No
differences in the latency time were found either and for all the groups it was
16 ± 1 hours.

Table 1
Results of controlled reproduction of wild common tench, Tinca tinca (L.), stock with application

of different hormonal preparations

Spermatozoa Embryos Weight of eggs
motility survival per kg of females

[%] [%] body weight

Ovulation
[%]

Spermiation
[%]

mean SD mean SD mean SD mean SD mean SD

Group

Control 10c 0 55b 7 53b 9 65.3a 3.5 2.51c 2.23

Ovaprim 80b 14 85a 7 81a 6 88.9b 2.9 13.94a 2.31

PG-600 65b 7 70ab 0 75a 11 85.6b 6.2 8.93b 1.95

Ovopel 98a 3.5 90a 0 80a 9 86.4b 4.2 14.11a 2.42

Results were obtained during two subsequent reproductive seasons. Data in columns marked with
different superscript were statistically different

Hormonal stimulation was observed to be efficient in induction of spermi-
ation in males (Table 1). A better result in spermiation rate was observed
after application of preparations contained GnRHa (P < 0.05). However, no
statistical differences were noted as concerned spermatozoa motility among
experimental groups. The worst results were recorded in control group
(Table 1).
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Discussion

Controlled reproduction of freshwater fish, including cyprinids, depends
of hormonal stimulation (KUCHARCZYK et al. 1996, 1998, 2008, SZCZERBOWSKI

et al. 2009, YARON et al. 2009), where the dose and type of hormonal
preparation applied influence the effectiveness of reproduction directly
(BRZUSKA 2006, KREJSZEFF et al. 2008). This concerns the percentage of
ovulations and the survival of embryos resulting from the quality of the
gametes conditioned by hormonal stimulation (CEJKO et al., 2010, ŻARSKI et
al. 2009, 2010). This depends on both the mechanism of functioning of the
individual hormonal preparations and their specificity for the fish organism
(BRZUSKA 2006, PODHOREC and KOURIL 2009, YARON et al. 2009). In case of
this study the best results obtained after application of Ovopel indicate high
effectiveness of mammalian gonadoliberine analogue (mGnRHa) in ovulation
stimulation in tench. The studies conducted so far indicate that this analogue
is much less specific in cyprinids as compared to the salmon analogue
contained, among others, in Ovaprim, which created the necessity of the
increased mGnRHa dosage administration in one injection (PODHOREC and
KOURIL 2009, ŻARSKI et al. 2009, TARGOŃSKA et al. 2010).

Application of pure gonadotropins in induction of cyprinid fish reproduc-
tion caused ovulation only in batch spawners, including common tench.
However, this kind of hormonal preparations effectiveness were usually
worst than after stimulation with GnRH analogues (KUCHARCZYK et al.
1997a,b,c, 2005, 2007). In the present study results after application
of PG-600 in females were comparable with those obtained in Ovaprim group.
Such high effectiveness of PG-600 could be linked with different gonadot-
ropins contained in this preparation (mixed human and horse gonadotropin).
However, it should be studied much more closely to find which form
of gonadotropins would be more effective for induction of ovulation in cyprinids.

It was previously reported that different hormonal preparations affects
gametes quality significantly. The positive or negative effect of application
of different hormonal preparations usually intensified when ovulation and
spermiation were induced with more or less effective preparations (ŻARSKI et
al. 2009, TARGOŃSKA et al 2010). In the present study all the hormonal
preparations tested offered positive influence on the quality of the gametes
expressed as the percentage of live eyed-egg embryos. Only eggs obtained from
the females of the control group were characterized by a significantly lower
quality. These results are contrary with those obtained for other cyprinids. In ide,
Leuciscus idus (L.), and dace, Leuciscus leuciscus (L.) application of Ovaprim
improved gametes quality as compared to Ovopel (ŻARSKI et al. 2009). Positive
effect of Ovaprim was also reported for asp, Aspius aspius (L.) (TARGOŃSKA et al.
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2010). In those studies Ovaprim improved probably quality of eggs as well as
semen quality. However, very good embryos survival in common tench is
commonly observed (KUCHARCZYK et al. 2007, KUJAWA et al. 2009). Thus,
positive effect of various hormonal preparations and high survival rate of tench
embryos regardless of hormonal preparation used indicates that effective induc-
tion of ovulation in common tench is quite easy to achieve with various
hormonal preparations. However, on the base of obtained results it should be
strongly recommended to use preparations which contains GnRH analogues.

Translated by DANIEL ŻARSKI

Accepted for print 4.10.2010

References

BRETON B., HOROSZEWICZ L., BILLARD R., BIENIARZ K. 1980a. Temperature and reproduction in tench:
effect of a rise in the annual temperature regime on gonadotropin level, gametogenesis and spawning.
I. The male. Reprod. Nutr. Dev., 20: 105–118.

BRETON B., HOROSZEWICZ L., BIENIARZ K., EPLER P. 1980. Temperature and reproduction in tench: effect of
a rise in the annual temperature regime on gonadotropin level, gametogenesis and spawning. II. The
female. Reprod. Nutr. Dev., 20: 1011–1024.

BRZUSKA E. 2006. Artificial spawning of female Lithuanian strain B carp (Cyprinus carpio L.) after
treatment with carp pituitary homogenate, Ovopel or [D-Tle6, ProNHEt9] LH-RH-a (Lecirelin).
Aquacult. Res., 37: 264–271.

CEJKO B.I. KOWALSKI R.K., KUCHARCZYK D., TARGOŃSKA K., KREJSZEFF S., ŻARSKI D., GLOGOWSKI J. 2010.
Influence of the length of time after hormonal stimulation on selected parameters of milt of ide
Leuciscus idus L. Aquacult. Res., 41: 804–813.

CELADA J.D., AGUILERA A., GARCIA V., CARRAL J.M., SAEZ-ROYUELA M., GONZALES R., GONZALES A. 2009.
Rearing juvenile tench (Tinca tinca L.) under controlled conditions using Artemia nauplii as
supplement to a dry diet. Aquacult. Int., 17: 565–570.

EPLER P., BIENIARZ K., HOROSZEWICZ L. 1981. Effect of different thermal regimes on reproductive cycle of
tench, Tinca tinca (L.) III: Histological characteristic of ovaries. Pol. Arch. Hydrobiol., 28: 197–205.

GELA D., FLAJSHANS M., KOCOUR M., RODINA M., LINHART O. 2006. Tench (Tinca tinca) broodstock
management in breeding station under conditions of pond culture: a review. Aquacult. Int., 14:
195–203.

GLOGOWSKI J., BABIAK I., KUCHARCZYK D., LUCZYNSKI M., PIROS B. 1999. Some properties of bream Abramis
brama L. sperm and its cryopreservation. Aquacult. Res., 30: 765–772.

HAKUĆ-BŁAŻOWSKA A., KUPREN K., TURKOWSKI K., TARGOŃSKA K., JAMRÓZ M., KREJSZEFF S., KWIATKOWSKI

M., ŻARSKI D., KUCHARCZYK D. 2009. Comparison of economic effectiveness of applying different
hormonal agents in asp Aspius aspius (L.) and ide Leuciscus idus (L.). Pol. J. Nat. Sc., 24: 224–234.

HAKUĆ-BŁAZOWSKA A., KUPREN K., TURKOWSKI K., TARGOŃSKA K., ŻARSKI D., KUCHARCZYK D. 2010.
A comparison of the economic effectiveness of various spawning agents for stimulating the reproduc-
tion of the cultured and wild forms of the common barbel Barbus barbus (L.). Pol. J. Nat. Sc., 25:
272–286.

HARADA Y., YOKOTA M., IIZUKA M. 1998. Genetic risk of domestication in artificial fish stocking and its
possible reduction. Res Popul. Ecol., 40: 311–324.

HOROSZEWICZ L., BIENIARZ K., EPLER P. 1981. Effect of different thermal regimes on reproductive cycle of
tench, Tinca tinca (L.) IV: Duration and temperature of spawning. Pol. Arch. Hydrobiol., 28:
207–216.

HORVATH L., SZABO T., BURKE J. 1997. Hatchery testing of GnRH analogue-containing pellets on
ovulation in four cyprinid species. Pol. Arch. Hydrobiol., 44: 221–226.

The Effect of Application of New Spawning... 71



KOURIL J., MRAZ J., HAMACKOVA J., BARTH T. 2008. Hormonal induction of tench (Tinca tinca L.)
ovulation with the same treatments over two consecutive reproductive seasons. Cybium, 32: 61.

KREJSZEFF S., KUCHARCZYK D., KUPREN K., TARGOŃSKA K., MAMCARZ A., KUJAWA R., KACZKOWSKI Z.,
RATAJSKI S. 2008. Reproduction of chub, Leuciscus cephalus L., under controlled conditions.
Aquacult. Res., 39: 907–912.

KREJSZEFF S., TARGOŃSKA K., ŻARSKI D., KUCHARCZYK D. 2009. Domestication affects spawning of the
ide (Leuciscus idus) – preliminary study. Aquaculture, 295: 145–147.

KREJSZEFF S., TARGOŃSKA K., ŻARSKI D., KUCHARCZYK D. 2010a. Comparison of artificial reproduction
of two different spawn-forms of the chub. Reprod. Biol., 10: 67–74.

KREJSZEFF S., ŻARSKI D., KUCHARCZYK D., KUPREN K., TARGOŃSKA K., MAMCARZ A. 2010b.
An experimental device for eggs incubation and Fish larvae rearing under laboratory conditions.
Pol. J. Nat. Sc., 25: 190–199.

KUCHARCZYK D., KUJAWA R., MAMCARZ A., SKRZYPCZAK A., WYSZOMIRSKA E. 1996. Induced spawning in
perch, Perca fluviatilis L. using carp pituitary extract and HCG. Aquacult. Res., 27: 847–852.

KUCHARCZYK D., KUJAWA R., LUCZYNSKI M., GLOGOWSKI J., BABIAK I., WYSZOMIRSKA E. 1997a. Induced
spawning in bream, Abramis brama (L.), using carp pituitary extract and hCG. Aquacult. Res.,
28: 139–144.

KUCHARCZYK D., KUJAWA R., MAMCARZ A., WYSZOMIRSKA E. 1997b. Artificial spawning in bream
(Abramis brama L.). Pol. Arch. Hydrobiol., 44: 201–205.

KUCHARCZYK D., KUJAWA R., MAMCARZ A., WYSZOMIRSKA E. 1997c. Induced spawning in rudd
(Scardinius erythrophthalmus L.). Pol. Arch. Hydrobiol,. 44: 207–211.

KUCHARCZYK D., KUJAWA R., MAMCARZ A., SKRZYPCZAK A., WYSZOMIRSKA E. 1998. Induced spawning in
perch, Perca fluviatilis L., using FSH + LH with pimozide or metoclopramide. Aquacult. Res.,
29: 131–136.

KUCHARCZYK D., KUJAWA R., MAMCARZ A., TARGOŃSKA-DIETRICH K., WYSZOMIRSKA E., GLOGOWSKI J.,
BABIAK I., SZABÓ T. 2005. Induced spawning in bream (Abramis brama L.) using GnRH-
containing pellets. Czech J. Anim. Sci., 50: 89–95.

KUCHARCZYK D., KUJAWA R., MAMCARZ A., TARGOŃSKA K., KREJSZEFF S., WYSZOMIRSKA E. 2007.
Artificial spawning of common tench (Tinca tinca L.) collected from wild populations. Pol.
J. Nat. Sci., 22: 37–45.

KUCHARCZYK D., TARGOŃSKA K., HLIWA P., GOMUŁKA P., KWIATKOWSKI M., KREJSZEFF S., PERKOWSKI J.
2008. Reproductive parameters of common carp (Cyprinus carpio L.) spawners during natural
season and out-of-season spawning. Reprod. Biol., 8: 285–289.

KUJAWA R., KUCHARCZYK D., MAMCARZ A. 1999. A model system for keeping spawners of wild and
domestic fish before artificial spawning. Aquacult. Eng., 20: 85–89.

KUJAWA R., KUCHARCZYK D., MAMCARZ A. 2009. The effect of tannin concentration and egg unsticking
time on the hatching success of tench Tinca tinca (L.) larvae. Rev. Fish Biol. Fish., (in press).

KUJAWA R., KUCHARCZYK D., MAMCARZ A., ŻARSKI D., TARGOŃSKA K. 2010. Artificial spawning
of common tench Tinca tinca (Linnaeus, 1758), obtained from wild and domestic stocks.
Aquacult. Int., (in press).

LINHART O., RODINA M., KOCOUR M., GELA D. 2006. Insemination, fertilization and gamete manage-
ment in tench, Tinca tinca (L.). Aquacult. Int., 14: 61–73.

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.

PETER R.E., LIN H.R., VAN DER KRAAK G., LITTLE M. 1993. Releasing hormones, dopamine antagonists
and induced spawning. In: Recent advances in aquaculture. Eds. J.P. Muir, R.J. Roberts.
Vol. IV. Institute of Aquaculture, Blackwell Scientific Publications, Oxford, pp. 25–30.

PODHOREC P., KOURIL J. 2009. Induction of final oocyte maturation in Cyprinidae fish by hy-
pothalamic factors: a review. Vet. Med., 54: 97–110.

RODINA M., GELA D., KOCOUR M., HADI ALAVI S.M., HULAK M., LINHART O. 2007. Cryopreservation
of tench, Tinca tinca, sperm: Sperm motility and hatching success of embryos. Theriogenology,
67: 931–940.

Daniel Żarski72



SKRZYPCZAK A., MAMCARZ A. 2006. Changes in commercially exploited populations of tench, Tinca
tinca (L.) in lakes of Northeastern Poland. Aquacult. Int., 14: 179–193.

SZCZERBOWSKI A., KUCHARCZYK D., MAMCARZ A., ŁUCZYŃSKI M.J., TARGOŃSKA K., KUJAWA R. 2009.
Artificial off-season spawning of Eurasian perch Perca fluviatilis L. Arch. Pol. Fish., 17: 95–98.

TARGOŃSKA K., KUCHARCZYK D., KUJAWA R., MAMCARZ A., ŻARSKI D. 2010. Controlled reproduction
of asp, Aspius aspius (L.) using luteinizing hormone releasing hormone (LHRH) analogues with
dopamine inhibitors. Aquaculture, 306: 407–410.

WANG J., MIN W., GUAN M., GONG L., REN J., HUANG Z., ZHENG H., ZHANG J., LIU H., HAN Y. 2006.
Tench farming in China: present status and future Prospects. Aquacult. Int., 14: 205–208.

YARON Z., BOGOMOLNAYA A., DRORI S., BITON I., AIZEN J., KULIKOVSKY Z., LEVAVI-SIVAN B. 2009.
Spawning induction in the carp, past experience and future prospects. Israeli J. Aquacult.
– Bamidgeh, 61: 5–26.

ŻARSKI D., KUCHARCZYK D., TARGOŃSKA K., JAMRÓZ M., KREJSZEFF S., MAMCARZ A. 2009. Application
of Ovopel, Ovaprim and their combination in artificial reproduction of two rheophilic cyprinid
fishes. Pol. J. Nat. Sc., 24: 235–244.

ŻARSKI D., KUCHARCZYK D., SASINOWSKI W., TARGOŃSKA K., MAMCARZ A. 2010. The influence
of temperature on successful reproduction of burbot Lota lota L. under the hatchery conditions.
Pol. J. Nat. Sc., 25: 93–105.

The Effect of Application of New Spawning... 73




