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A b s t r a c t

A rearing experiment was focused on the effect of the type and diet composition on the European
grayling (Thymallus thymallus L.) eggs quality, expressed by the embryos survival to the eyed-egg
stage. Three feeding variants were analyzed. Spawners from group I were fed exclusively trout feed,
group II received trout feed with maggots and fish in group III foraged on natural feed. A statistically
significantly higher survival rate was determined for the eggs produced by group III spawners
(84.57%) compared to the other two variants: 48.44% for group I and 56.00% for group II (the Tukey’s
post hoc test, P < 0.05).
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A b s t r a k t

Przeprowadzono eksperyment hodowlany dotyczący wpływu rodzaju i składu diety na jakość ikry
lipienia europejskiego (Thymallus thymallus L.), wyrażoną przeżywalnością embrionów do stadium
zaoczkowania. Analizowano trzy warianty żywieniowe. Tarlaki z grupy I karmione były wyłącznie
komponowaną paszą pstrągową, z grupy II – paszą pstrągową z dodatkiem larw much, natomiast III
grupa ryb odżywiała się wyłącznie pokarmem naturalnym. Wykazano istotnie wyższą przeżywalność
embrionów z ikry pozyskanej od tarlaków z grupy III (84,57%) w stosunku do pozostałych wariantów
– 48,44% i 56,00% odpowiednio w I i II wariancie (Tukey post hoc test, P < 0.05).

Introduction

Stocking material production of endangered fish species and the reinforce-
ment of natural fish populations with material obtained under controlled
conditions is an important element of active fish protection. These activities,
carried out ex situ mostly involves implementation of the breeding methods for
a given species and maintaining fish broodstocks in pond facilities (GORYCZKO

et al. 2001). Fish breeding stations should play a dominant role (WITKOWSKI

and BARTEL 1999), as they guarantee the suitable conditions for fish rearing,
which can ensure regular stocking actions (WITKOWSKI 1992). Successful
production of stocking material in pond facilities requires, among others,
optimum feeding strategies for fish during the successive development stages
(IZQUIERDO et al. 2001, SPURNÝ et al. 2004, WUNDERLICH et al. 2011, CZER-

NIAWSKI et al. 2011, CZERNIAWSKI et al. 2012, SZMYT et al. 2013).
Currently, some of the fish breeding stations continue to acquire spawners

from natural habitats. However, when populations of the species become
extremely limited, this approach is less effective and may hinder stocking
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material production. On the other hand, acquisition of gametes from farmed
broodstocks is not very popular, even though it seems to be a recommendable
or even necessary solution with respect to many species (ZAKĘŚ and DEMSKA-
-ZAKĘŚ 2009, SZCZEPKOWSKI et al. 2010, WITKOWSKI et al. 2013), including the
European grayling. In Europe, e.g. in Poland (SZMYT 2011) or the Czech
Republic (TUREK 2010), the above method may help to stabilize fish stocking
material production on a satisfying level. Nonetheless, in the late 20th century,
only four European grayling broodstocks were reared in pond facilities in
Poland (AUGUSTYN et al. 2000), and the situation has not improved since then.
The main problems are: the complicated breeding biotechnology (KOWALEWSKI

1987, 2002, GORYCZKO et al. 1995), burdened with such problems as the high
embryos mortality during incubation and, more importantly, the lack of
suitable feed dedicated for the European grayling spawners.

Apart from the rate of breeding success, the efficiency of fish breeding
depends on the quality of gametes. While state-of-the-art innovative biotech-
nological solutions are increasingly often implemented, much attention is still
being paid to the right selection of feeds. The overall goal is to obtain good
quality gametes, which in turn is a deciding factor for the survival and growth
of larvae. The gametes quality depends on external conditions (the genotype,
age and size of spawners, size and development stage of gametes) as well as
internal ones, including technical manipulations and the nutrition of spawners
(CRAIG and HARVEY 1984, BALLESTRAZZI et al. 2003). Feeding not only affects
the age of fish maturation, their fecundity, the size and chemical composition
of eggs, but it also influences the development of embryos (IZOQIUREDO et al.
2001, SARGENT et al. 2002, KOWALSKA et al. 2006). The spawning success and
survival of the offsprings are largely dependent on the polyunsaturated fatty
acids and carotenoids supplied with a diet (CRAIK 1985, TVERANGER 1986,
VERRETH et al. 1994, GEORGE et al. 2001).

Due to their relatively small size, grayling individuals in a broodstock
cannot be fed typical feed for trout spawners. Out of necessity, they are fed
grower feed. However, the excessive content of fat combined with the insuffi-
cient levels of vitamins and minerals relative to the requirements of potential
reproducers in such feeds have an adverse impact on the condition of fish and
consequently on the quality of gametes they produce (JENSEN 1996, CIERESZKO

et al. 2002). As a result, the embryos survival rate to the eyed-egg stage is
deteriorated. An alternative solution is to reduce the amount of grower feed
and to enrich spawners diet with components which will counteract the
deficiencies of primary nutrients. A right diet for spawners can be designed
based on the chemical composition of fish gametes originating from the natural
environment (SARGENT et al. 2002, JANKOWSKA et al. 2003). Selection of
a suitable feed is one of the most difficult steps in fish rearing, especially
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concern fish species for which feed recipes have not been worked out yet. This
is the obstacle encountered in the rearing of the European grayling, a fish seen
as an important element in the species diversity of ichthyofauna.

The objective of this study has been to determine exclusively an effect of the
type and feed composition on the quality of European grayling (Thymallus
thymallus L.) eggs, expressed by the embryos survival rate until the develop-
ment of eyed-egg stage.

Material and Methods

The research on the effect of the European grayling spawners diet supple-
mentation was composed of two steps. The first step was to arrive experimen-
tally at the preliminary biotechnological assumptions, primarily the type of
tested food and the rearing conditions for spawners (SZMYT et al. 2004). The
second step, described in this article, is the continuation and optimization of
our previous investigations.

Fish rearing and feeding

The study material comprised a farmed broodstock of the European
grayling reared at the Department of Salmonid Research in Rutki, Inland
Fisheries Institute in Olsztyn (GORYCZKO et al. 1995). The experiment was
carried out in production scale. After the 2004 spawning season, the whole
broodstock was divided into three treatments, without determination of
spawners sex ratio. Two groups of spawners were kept indoors, in concrete
tanks with the bottom area equal 9 m2 and the working capacity 5.4 m3 each.
The third group of fish was kept in a semi-natural environment such as
a sedimentation pool, dimensioned on 50m long x 20m width and 2m depth,
used water from a fish farm.

Each experimental group was composed (in the same ratio 60 and 40%
respectively) of fish aged 2+ and older, which had spawned at least once
(Table 1). Because of the very high incidence of poaching (SZMYT and GRUD-

NIEWSKA 2005a), 66 grayling individuals aged 1+ were introduced to the stock
of fish living in the sedimentation pool. Due to lack of specific data about size of
poaching and the inability to compare of spawners losses in particular experi-
mental groups were not taken into account. In this group, all mature fish
regardless age were used for artificial reproduction although quality of eggs
obtained from two years old females is much worse than from older fish
(GRUDNIEWSKA et al. 2001, SZMYT and GRUDNIEWSKA 2005b). The idea was that
environmental and food conditions will compensate it.
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Table 1.
Age and initial number of fish in each variant of the experiment

Feeding variants

Extruded trout feed
+ maggots

Extruded trout feed Natural feed
Age group

1 + – – 66
Older* 80 100 106
Total 80 100 172

* include 2 and 3 years old fish

Fish from first group were fed with extruded trout feed Dan-Ex 2446 (Dana
Feed A/S) and Aller Safir (Aller Aqua A/S), in a 1:1 ratio. Size of dose was not
constant and was not correlated with fish biomass. The exact quantities of
feeds given daily were adjusted to the foraging effort of spawners. Fish from
the second group additionally were fed with maggots. It was assumed by
Author that the amount of maggots added to the feed was constant during
experiment and was 200g daily. In September and October spawners with this
group were fed the maggots only. The content of the basic chemical compo-
nents (total protein, crude fat, crude ash) in maggots was determined with the
standard methods (AOAC 1996), (Table 2).

Table 2
Chemical composition of diet used in European grayling spawners feeding

Feed

Dan-Ex 2446 Aller Safir Maggots
Component (%)

Crude protein 46.0 45.0 14.68
Crude fat 24.0 20.0 7.25
N-free extractives 14.3 16.0 2.55
Crude fibre 1.2 2.0 –
Crude ash 7.5 8.0 1.32
Gross energy (kcal) 5531.0 5171.0 1677.0
Digestibility energy (kcal) 4554.0 4145.0 *
Vitamin and minerals + + not determined

* digestible energy was no determined due to the absence of data concerning the physiology of
maggots digestion

Fish from third group were not fed but foraged themselves on macroinver-
tebrates, living naturally in the water reservoir. This experimental variant
consisted of an in situ identification of the qualitative and quantitative
composition of the fish food. Samples of macrozoobenthos were taken once, in
May 2004, into a tube sampler, at 13 stations set along the longitudinal axis of
the sedimentation pool, on a line running from the inflow to the outflow. The
collected material was separated on a sieve with the mesh size of 0.5 mm bar
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length. The analysis of the chemical composition of maggots as well as the
analysis of the quality and quantity of the food ingested by fish in the
sedimentation pool served as the basis for our determination of the effect of the
type and composition of food on the quality of the European grayling’s eggs.

Methodology of artificial reproduction and especially fertilization was
conventional for rainbow trout and other salmonids (SEDGWICK 1973). Details
of this method in the case of grayling, under trout farm conditions, was
described by GRUDNIEWSKA et. al. (2009) and GRUDNIEWSKA et. al. (2013). For
reproduction were used all mature fish in each group, regardless age of
spawners. For eggs fertilization in particular feeding groups were used exclus-
ively males from the same groups.

Prophylactic treatments

During the whole fish rearing season, spawners kept indoors were washed
in a disinfecting bath twice weekly, alternately in copper sulphate solution
(0.8 g per 1 m3 of water) and in chloramine T solution (9.0 g per 1 m3 of water).
Any handling of spawners was carried out having first anaesthetized the fish
with solution of Propiscin (IFI, Olsztyn, Poland), diluted to a concentration of
0.5 ml per 1 dm3 of water (KAZUŃ and SIWICKI 2001).

Eggs incubation

Eggs from the different variants were incubated in cupboard incubators
with round trays, separately in three replicates. The incubation was accom-
plished in deep water at the constant temperature of 8oC. In order to prevent
formation of mould on eggs, prophylactic baths in a solution of formalin (1:500
concentration, for 30 min.) were given at two-day intervals (WITKOWSKI et al.
1984). At the eyed-eggs stage, dead embryos were separated from live ones for
each feeding variant, their volume was measured (ml) and a sample (30 ml)
was taken, in which all grains were counted. Dead eggs were separated
manually, by rubber hose or bulb with glass tube. Based on these results, the
total amount of live and dead spawn was calculated, from which the survival
rate was derived. The eggs quality was evaluated at the eyed-egg stage.
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Statistical analysis

In order to determine the effect of food ingested by spawners on the eggs
quality, the results of the experiment were submitted to one-way analysis of
variance (ANOVA) followed by the Tukey (HSD) post hoc test at a significance
level of P < 0.05. The data were log-transformed to avoid violations of
normality and homoscedesticity assumptions. The statistical analysis of the
results was performed with the STATISTICA 10.0 software (Stat Soft®, Inc.,
USA).

Results

The fish maturity check done immediately before spawning showed varied
numbers of mature fish in the particular variants. The group of fish fed only
trout feed (variant I) comprised 27 ovulating females, which corresponded to
51.92% of all fish (males and females together) initially stocked. In the variant
where maggots supplementation was applied, the number of females ready to
spawn was 47 (67.14% of all the fish in that stock), and the fish inhabiting the
sedimentation tank (variant III) presented 30 ovulating females, which equal-
led 30.61% of all the fish in that variant. The total duration of spawning period
by the European grayling in the 2004/2005 season was 136.8oD (18 days).

The taxonomic composition of the natural food ingested by grayling living
in the sedimentation tank included 7 classes of invertebrates (tab. 3). The
mean density of benthic fauna in the tank was 14.459 individuals per m2, and
the mean biomass was 400.97 g per m2.

The most numerous class were Malacostraca (76.6% of the total number).
They were represented by two taxa: Asellus aquaticus (Isopoda) and Gam-
marus sp. (Amphipoda). A. aquaticus was the dominant species, making up
98.0% of the total number of this class and 75.0% of the total benthic fauna.
Malacostraca were also a dominant contributor to the total biomass (38.8%,
including 37.8% composed of A. aquaticus).

The influence of a diet on the reproduction success was found. The highest
embryos survival rate, almost 85% (84.57%), was achieved by the eggs obtained
from spawners feeding on natural food, and that result was statistically
significantly higher than in the other variants (the Tukey post hoc test,
P < 0.05). Table 4 shows the current results juxtaposed with the input data of
2004.
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Table 3
Taxonomic composition, mean number (N indiv. m–2) and biomass (B g m–2) in the sedimentation

pool.

Taxon N B

Turbellaria:
Dugesia sp. 340 2.89
Clitellata:
Oligochaeta 20 0.04
Hirudinea:
Erpobdella octoculata (Linnaeus, 1758) 700 38.03
Malacostraca:
Asellus aquaticus (Linnaeus, 1758) 10859 151.56
Gammarus sp. 220 4.15
Arachnida:
Hydracarina 20 0.04
Insecta:

Ephemeroptera:
Caenisdae 20 0.10
Beatidae 580 2.35

Diptera:
Simulium sp. 20 0.08
Chironomidae 80 0.22
Gastropoda:
Ancylus fluviatilis Müller, 1774 20 0.05
Bithynia tentaculata (Linnaeus, 1758) 680 68.27
Physa fontinalis (Linnaeus, 1758) 380 23.67
Planorbis planorbis (Linnaeus,1758) 60 95.02
Valvata piscinalis (Müller, 1774) 400 5.44
Bivalvia:
Sphaerium sp. 60 9.05
TOTAL 14459 400.97

Table 4
The survival of embryos (%) to the eyed eggs stage from spawners in different feeding groups.

Statistical differences between groups are indicated by different letter superscripts
(ANOVA, P < 0.05)

Feeding variants

Extruded trout feed +
maggots

Extruded trout feed Natural feed
Year

2004* 41.37a 52.22a 77.36b

2005 48.44a 56.00a 84.57b

* preliminary results of studies presented in SZMYT et al. 2004

Discussion

A broodstock of the European grayling is the most valuable element of fish
stocking programmes, which contribute to ‘active species protection’. There-
fore, fish breeding should be conducted in conditions as close as possible to the
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natural (SZMYT 2011). An adequately composed diet should enable spawners to
achieve good growth and condition, but prevent excessive fat content (BIENIARZ

and EPLER 1991). Otherwise, it may prove very difficult or even impossible to
obtain high quality gametes, and this makes questionable any protection or
restitution programmes based on the reproduction and rearing up of fish under
controlled conditions (KUCHARCZYK 2002). Full quality feed for spawners are
unlikely to be offered commercially for fish species with no economic import-
ance, such as the European grayling. It is therefore necessary to enrich the feed
with supplements which will minimize the deficiencies of some nutrients.

Presumably, one of the reasons for a higher survival rate of embryos
obtained from spawners fed commercial extruded feed with maggots supple-
mentation could be their chemical composition. Fish spawners demonstrate
a higher demand for proteins than sexually immature individuals. Standard
trout feeds contain about 45% of protein, while feeds dedicated for spawners
are at least a few per cent richer in this nutrient. This explains such a distinct
rearing effect obtained when standard feeds were supplemented with protein
from maggots. Moreover, the composition of protein and other ingredients
content like vitamins and minerals could be the other reason of better quality
of eggs.

Supplementation of fish diets is a popular solution. Feeds used in the
nutrition of juvenile fish are enriched, for example, with fortified rotifers or
artemia nauplii (ROBIN 1998). Various substances are used for this aim, e.g.
polyunsaturated fatty acids (HAN et al. 2000, HANAEE et al. 2005) or free amino
acids (TONHEIM et al. 2000). A purified mixture of nucleotides can also be used
as a fish dietary supplement (WALKER et al. 2011).

A diet-enriching supplement, especially when fed to non-commercial fish
species, should have a beneficial influence on the production output, yet be
economically viable. The dietary supplement given to the European grayling
such as frozen maggots seems to fulfill the above criteria.

Regular supplementation of a diet fed to the huchen (Hucho hucho L.) with
small quantities of fresh and frozen fish had a positive effect on rearing
parameters (GORYCZKO 1993). This is very important finding because eggs
from the huchen fed only commercial trout feeds had a very low biological
value, and monotonous diet impairs the growth rate of fish (GORYCZKO et al.
2001). The beneficial influence of natural food on the reproduction success of
the huchen broodstock has also been described by AUGUSTYN et al. (2003).
Spawn obtained from spawners fed live fish caught from a river was very good
in quality, and the best effects were achieved when live fish were released
directly into a pond with spawners. Using reared rainbow trouts (Oncorhyn-
chus mykiss Walbaum, 1792) as live food for huchen spawners failed to produce
satisfying outcome and the resulting eggs were of inferior quality.
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Positive effects of dietary supplementation were also demonstrated in the
carp, for example CEKOW and TOMASIN (1982) added ground carrot to a diet
given to carp spawners, achieving a 12% higher survival of larvae and its better
food conversion rate. BLOM and DĄBROWSKI (1995) found out that rainbow
trout spawners could have a higher demand for ascorbic acid than sexually
immature individuals. Thus, for attaining the best possible reproduction
success in this species, it is recommended to supplement their diet with
ascorbic acid to a level eight-fold higher than the previously suggested dose of
50 mg per kilogram of feed.

Optimization of the reared spawners nourishment does not always corre-
spond into a complete reproduction success, which the current results support.
The best eggs quality were obtained from fish kept in a sedimentation tank,
which foraged on natural food only. The results on the survival rate of embryos
to eyed-egg stage correspond to the data of WITKOWSKI et al. (1984) and RYŠAVÝ

(2000) on the embryos survival from grayling specimens obtained from the
natural environment. The authors would argue that the loss should not exceed
15–25% if the eggs incubation was carried out properly. This survival rate was
most probably a consequence of the availability as well as the right composition
and food quality ingested by spawners from the sedimentation tank. The
benthic fauna in the tank was dominated by crustaceans of the orders Isopoda
and Amphipoda, which in nature can make up as much as 90% of the intestinal
contents of fish (STAŃCZYKOWSKA 1986). Amphipoda are very important in the
fish diet, especially of salmonids. Because of the high nutritive value of
amphipods, crustaceans of foreign origin have been introduced to these
biocenoses where the native freshwater shrimps have become extinct (SCHMITZ

1960).
Another dietary component which can potentially affect the eggs quality

consists of carotenoid compounds. GABRIELSEN and AUSTRENG (1998) demon-
strated that the biological activity of carotenoids from natural sources is much
higher than synthetic ones. In nature, fish usually obtain these compounds
from crustaceans (SYNOWIECKI and SHAHIDI 1997). Contents of carotenoids
from natural sources such as crustaceans is high and can range from 30 mg per
kilogram in crayfish meal to 1,300 mg per kilogram in crab meal (GUPTA et al.
2007). Carotenoids play a role in the eggs pigmentation, as shown in several
studies, e.g. WOŹNIAK et al. (2003). In addition, Szmyt et al. (2004) observed
a clearly visible differences in eggs coloration obtained from grayling spawners
foraged on natural feed only (Figure 1). Furthermore CZECZUGA (1975) and
CZECZUGA et al. (1985) found the highest concentration of carotenoids in
European grayling eggs during a spawning season. PROTASOWICKA and
DOMAGAŁA (1989) claim that the presence of this group of compounds in the sea
trout (Salmo trutta m. trutta L.) eggs may play a role in reproduction success.
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GEORGIEV (1971) detected an extremely high mortality of rainbow trout eggs
with a low content of carotenoids during the period of their highest sensitivity.
CRAIK (1985) as well as TVERANGER (1986) imply a positive influence of
carotenoids during the embryonic and post-embryonic development of fish.

Fig. 1. Grayling embryos at the eyed-egg stage, obtained from spawners foraged on natural feed (left)
and fed with extruded trout feed only (right), (SZMYT et al. 2004)

Optimization of fish breeding methods, especially those used to rear fish
with no commercial importance, will often call for non-standard solutions and
needs additional studies. Supplementation of a diet of the European grayling
farmed spawners with maggots is a good example of such an innovative
approach.

Translated by JOLANTA IDŹKOWSKA
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