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Abstract. The aim of the study was to assess the growth and
development of sea trout, Salmo trutta L., fry obtained from
frozen, thawed semen after the fish had been released into the
wild and were feeding there. The semen was cryopreserved
with either methanol (MeOH) or dimethyl sulfoxide (DMSO).
Fresh eggs were collected and fertilized with the thawed
semen. The control was eggs fertilized with fresh semen that
had been kept on ice. The eggs were incubated and reared in
a closed recirculating system. The fertilized eggs were counted
for visible eye pigment. After rearing, three groups of fish were
tagged and stocked into a stream. The fish aged 6 months
were caught from the stream. The fish were measured,
weighed, identified to which experimental variant they
belonged, and their survival rate was estimated. No significant
differences in survival rate, length, weight, or condition factor
among the control, DMSO, and MeOH groups were noted
during larval development in a closed recirculating system.
These parameters were also similar in the control and
experimental groups after the fish had grow in a natural
stream. The use of frozen semen to fertilize fresh sea trout
eggs resulted in a normal incubation process, larval stage, and
regular fry growth and survival, both under laboratory
conditions, and, most importantly, in the wild. The results
indicate it is possible to use frozen semen for fry production
and the restoration of wild fish populations.
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Introduction

Seat trout Salmo trutta L. resources in the rivers of
Western Pomerania have diminished systematically
primarily because of increasing human impact on the
environment. At the same time, actions have been
undertaken that are intended to restore resources of
this fish, mainly by stocking Polish marine areas
(Bartel 1992, 2004, 2012). Stocking material is ac-
quired from fish farms that obtain spawn by induced
reproduction of trout on spawning migrations from
the sea to rivers annually each fall, and then this ma-
terial is reared to the smolt stage. Currently, condi-
tions for acquiring natural spawners from Polish
rivers are deteriorating. At times there is a shortage of
spawners, and maintaining a supply of good quality
sperm until the end of the breeding season is also
a problem. Thus, when the availability of reproduc-
tive products from fish undertaking spawning migra-
tions is limited, the possibility of fertilizing freshly
deposited eggs with sperm that has been frozen in
liquid nitrogen and deposited in Dewar flasks had to
be tested. When freezing gametes in liquid nitrogen
the physical factors and chemical properties of the
cryodiluent can have a destructive effect on the cells.
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Damage to DNA, plasmalema, the motility appara-

tus, and cell metabolism as well as others injuries

have been noted (Ogier de Baulny et al. 1997,

Cabrita et al. 1998, 2005, Drokin et al. 1998, Labbe

et al. 2001, Tiersch et al. 2004). The damage inflicted

on the thawed spermatozoa can influence the life

functions of the offspring obtained from eggs fertil-

ized with frozen semen, and this can appear at differ-

ent stages of ontogenesis. Therefore, observing the

development of offspring is required (Horváth and

Urbányi 2000, Young et al. 2009). Research on sur-

vival rates and malformation of progeny has been

performed mostly to the larval stage.

To date, we have demonstrated that sea trout lar-
vae produced with these methods grow and develop
very well in closed circulation conditions until they
are three months old, and that the cryoprotectant
(methanol) used in freezing has no adverse affect on
the growth of the developing fry (Dziewulska et al.
2012). In the present study, we plan to test the effect
of two cryoprotectants-dimethy sulfoxide (DMSO)
and methanol (MeOH)-on the development of prog-
eny up to and including the feeding period in a natu-
ral stream. These cryoprotectants are used
commonly in fish spermatozoa cryopreservation
(Lahnsteiner et al. 1997, Cabrita et al. 2001,
Mansour et al. 2006, Jodun et al. 2006, Ciereszko et
al. 2014). The aim of this work was to check the pat-
tern of growth and development of sea trout alevins
obtained from frozen, thawed semen that had been
cryopreserved with methanol or dimethyl sulfoxide
after stocking and during the period of feeding in the
wild to the age of six months.

Materials and methods

On November 13, 2008, sperm from six adult sea

trout males of 55-60 cm was collected in the Reda

River near Trzebiatów. Eggs produced by three fe-

males measuring 65-70 cm was also collected. The

reproduction products were held on ice and shipped

in plastic containers at temperatures of 2-4�C to the

laboratory at the Department of General Zoology and

subject to testing. Sperm quality was evaluated using
the latest measurement methods (CASA)
(Dziewulska et al. 2011), and sperm cells from three
males with a motility of 80% were selected. Next, the
semen was mixed in three equal volumes, computer
analysis of sperm cell movement was conducted, and
semen concentration was determined (16.1 bn ml-1).
Some of the semen was then frozen using the stan-
dard method for salmonid fishes in liquid nitrogen in
0.25 ml straws diluted in a mixture of 0.3 M glucose,
10% egg yolk, and either 10% methanol (MeOH) or
10% dimethyl sulfoxide, proportionally (Dziewulska
et al. 2012). The straws were placed on a polystyrene
frame at a height of 4 cm, in liquid nitrogen vapor,
and after three minutes they were dropped into the
nitrogen. After one hour of freezing, the semen in the
straws was thawed at 40�C for 5-6 s and then used to
fertilize the eggs.

Eggs from the three females were also mixed in
three equal volumes, and 14 samples of 100 eggs
each were collected and fertilized with the thawed se-
men, half of which had been frozen with methanol
and half with dimethyl sulfoxide. The control was
eggs fertilized with fresh semen kept on ice, with
three repetitions (mixed fresh semen was obtained
from the same fish that the frozen semen was ob-
tained). The egg/semen ratio was 1:400 × 103 when
the eggs were fertilized with fresh semen; while it was
ten times higher when the eggs were fertilized with
thawed semen. After pouring the semen over the
eggs, the gametes were mixed for 20-30 s, and after
two to three m, the fertilized eggs were rinsed three
times by adding 50 ml water from a closed circulat-
ing system and left for 60 m. Next, numbered basins
were stocked with eggs and placed into aquariums in
the closed circulating system in the aquarium room
at the department. During incubation, eggs with
non-developing embryos were counted and dis-
carded. Later, the fertilized eggs with visible eye pig-
ment were counted. The larvae absorbed the yolk
sacs for nearly three weeks. On January 21, aquari-
ums with a capacity of 55 l were stocked with
weighed and measured larvae with each tank holding
approximately 100 fish, in three variants with three
repetitions. The experiment lasted until April 16.
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Measurements of the growing fish were conducted
every two weeks on ten specimens. The water column
was 20 cm high. Water temperature was kept at
10-13°C and water flow was 300 l h-1. The chemical
and physical parameters of the water were recorded
three times daily. During rearing, the N-NH3 concen-
tration was 0.008 mg l-1 ± 0.005, diluted oxygen was
8.40 mg l-1 ± 0.35, and pH was 7.98 ± 0.42. The lar-
vae were fed ad libitum. Their first food was live zoo-
plankton caught in ponds. Next, they were provided
with Artemia nauplii, Chironomidae larvae, and fly
(Muscidae) larvae. The food was delivered from
07:00 to 17:00 every three hours. The survival rate
and growth of larvae that were starting to feed was
monitored for a three-months rearing period. Fork
length (LF) was recorded to the nearest 0.5 mm and
weight (W) to the nearest 0.001 g. After manipula-
tion, the fish were returned to the tanks. The condi-
tion factor (KF) was calculated with the following
formula: KF = 105 × W × LF

-3.

After the aquarium experiment was completed,
the fish were marked. The fish in the control group
were marked with alizarin according to standard pro-
cedures (Tsukamoto 1988, Pelczarski and Czerkies
2003); the fish developed from fertilization with se-
men frozen with dimethyl sulfoxide had their flesh
fin removed, and the fish from semen frozen with
methanol were unmarked. The fish were held for
a week and then released into the Trawna stream.
We have used this stream for many years for rearing
trout and Atlantic salmon, Salmo salar L., fry. The
fish were caught subsequently with electrofishing.
For stocking purposes, we used the middle section of
the stream, where other fish species are absent. Wa-
ter temperature, oxygen content, and pH are appro-
priate for the growth of salmonid fishes. Nutrient
availability in the stream is also high. The stream is
characterized by a high percentage of Gammaridae
and Chironomidae larvae in the total amount of
macroinvertebrates (Czerniawski et al. 2007). These
taxa are among the most common food components
eaten by salmonid fish at this age (Amundsen et al.
2000).

The fish grew in the stream for three months, and
they were subsequently caught (on July 23, 2009 at

the age of 6 months) in the manner indicated above.

The fish were measured (fork length) and weighed,

and otoliths were extracted from some fish to check

for the presence of the alizarin marker. The fish were

identified as belonging a given experimental group,

and then their average body length, mass, and sur-

vival rates were calculated. The fork length of the fish

captured from the stream was recorded to the nearest

0.1 cm and weight to the nearest 0.1 g. Condition fac-

tor was calculated using the following formula:

KF = 100 × W × LF
-3.

The significance of differences in the survival rates

of the fish was tested with the chi-square test, and

one-way ANOVA was used to analyze the significance

of differences in weight, length, and condition factor

between the control group and the two experimental

groups. Tukey’s test was used for all post-hoc compar-

isons. All statistical procedures were performed with

Statistica v.10.0 software at a significance level of

0.05. The data are presented as means ± SD.

Results

The fertilization capacity of the fresh semen was high
(94%), whereas that of the sperm frozen with metha-
nol and dimethyl sulfoxide was more than two times
lower. Of those, an insignificantly higher percentage
of fertilized eggs were obtained from semen frozen
with methanol (42%) than with dimethyl sulfoxide
(37%). The survival rate of the fish from spawning to
hatching and the start of feeding was high and similar
in the three groups tested at 96.6, 97, and 96.2%, re-
spectively, from fertilization to hatching (P > 0.05)
and from 98.7, 98.8, and 100%, respectively, from
hatching to the start of feeding (P > 0.05). Larval
body mass and body length at the start of feeding in
the three groups was approximately as follows: con-
trol – 25.6 ± 0.88 mm and 0.11 ± 0.01 g; methanol
group – 25.6 ± 0.68 mm and 0.12 ± 0.01 g; DMSO
group – 25.2 ± 1.12 mm and 0.12 ± 0.02 g (P >
0.05). During the aquarium experiment, survival
rates were high, as follows: control – 35.1 ± 2.09 mm
and 0.40 ± 0.12 g; methanol group – 33.9 ± 2.89
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mm and 0.36 ± 0.12 g; DMSO group – 35.7 ± 3.42
mm and 0.44 ± 0.15 g. These differences were not
statistically significant (P > 0.05). After the comple-
tion of the experiment in the aquarium room, the fish
were marked and one week later they were released
into the Trawna stream, as follows: control – 89 fish;
DMSO – 101 fish; MeOH – 94 fish. On average, fish
body length exceeded 11 cm and the average mass
exceeded 17 g, whereas the condition coefficient was
1.2 (Table 1). During feeding in the wild, no signifi-
cant differences in the characteristic mentioned
above among the control, DMSO, and MeOH groups
were noted (P > 0.05). We caught 42, 51, and 55 fish
that represented 47.2, 54.2, and 54.4%, respectively,
of settled, healthy fish, in good condition, and show-
ing no symptoms of disease. The survival rate in the
wild did not differ significantly among the studied
groups (P > 0.05).

Discussion

The first conclusion drawn from the observations of
fish growth and survival rate under laboratory condi-
tions was that the differences noted referred primar-
ily to the fertilization rates of the fresh and frozen
sperm. The fertilization rates with the frozen sperm
were considerably lower, and were not comparable to
those of the fresh sperm. Similar results were re-
corded before (Dziewulska et al. 2012). During both
egg incubation and larval growth to the feeding stage,
survival rates were high and comparable in all

variants, just as is reported in earlier studies

(Dziewulska et al. 2012). The fish grew during the

first three months in aquariums and exhibited good,

similar growth with high, comparable survival rates.

After the fish were released into the natural
stream, growth was very good in all variants. After
capture three months later in the middle of the feeding
season, fish length exceeded 11 cm and body mass 17
g. These favorable results were probably the result of
food conditions in the stream, which are characterized
by a high percentage of Gammaridae and
Chironomidae larvae in the total amount of
macroinvertebrates (Czerniawski et al. 2007). These
organisms are among the most common food compo-
nents consumed by salmonid fishes at this age, which
confirms the food selectivity of juvenile salmonid
fishes for these organisms (Amundsen et al. 2000).

The major problem of salmonid restoration in the
wild is high mortality. Despite many attempts and
annual stocking, parr-to-smolt survival is still low
and does not exceed 20-30% (Brown and Day 2002,
Achord et al. 2007). The parr-to-adult salmonid sur-
vival rates are even worse at 1-5% (McNeil 1991,
Salvanes 2001). Stocking with hatchery-reared fish
is a popular way to restore salmonid populations
(Domagala and Bartel 1997, Jonsson and Jonsson
2006). However, studies have shown that hatch-
ery-reared fish mortality is at least twice as high as
that of wild fish (Sväsand et al. 1989, Weber and
Fausch 2003, Jonsson and Jonsson 2006).

In the present study, the survival rate was very
high, and it approximated the rate for summer trout
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Table 1

Survival and growth of sea trout (S. trutta) alevins in a stream; mean ± SD. MeOH group – fish obtained from fertilization with
semen frozen with methanol, DMSO group – fish obtained from fertilization with semen frozen with dimethyl sulfoxide

Groups
Stocked
fish

Captured
fish

Efficiency
(%)

Basic fish characteristics on the day
of release

Basic fish characteristics on the day
of capture

Length
(cm)

Weight
(g)

Condition
factor

Length
(cm)

Weight
(g)

Condition
factor

Control group 89 42 47.2 3.5 ± 0.2 0.40 ± 0.12 0.92 ± 0.16 12.0 ± 0.9 17.4 ± 3.2 1.0 ± 0.1

MeOH group 94 51 54.2 3.4 ± 0.3 0.36 ± 0.12 0.93 ± 0.10 11.1 ± 0.6 17.1 ± 3.4 1.3 ± 0.1

DMSO group 101 55 54.4 3.6 ± 0.3 0.44 ± 0.15 0.93 ± 0.10 11.1 ± 0.8 17.2 ± 3.1 1.3 ± 0.2



in this stream recorded during experiments con-
ducted in previous years (Domaga³a and
Trzebiatowski 1990, Trzebiatowski and Domaga³a
1990a, 1990b). However, it was varied and was high-
est among fish that had not been manipulated or ma-
nipulated minimally. The survival of the control
group treated with alizarin, which had been sub-
jected to additional procedures, was lower. Satisfac-
tory fry survival rates could be obtained by rearing fry
on live food before releasing them into the wild. The
study results indicate that the quality of the food ad-
ministered in the rearing stage can affect fish growth
and survival under natural conditions considerably.
The food used in the present study during fish rear-
ing under controlled conditions permitted achieving
much higher survival rates after stocking than does
standard feed. The results obtained by Czerniawski
et al. (2009) show that rearing sea trout larvae in
a nursery using live zooplankton can increase sur-
vival in streams by 20% in comparison to the same
material reared on feed. Even better results were ob-
served when Atlantic salmon and sea trout fry reared
on live zooplankton under controlled conditions
were released into streams. Atlantic salmon and sea
trout fall fry reared on live zooplankton and then re-
leased as into streams as feeding fry achieved sur-
vival rates that were 50 and 40% higher, respectively,
than those of the same stock reared on standard feed
(Czerniawski et al. 2011, 2015). What is more, favor-
able survival rates were affected by the absence of
predators. Survival and growth might also be affected
by predatory fish species (Kennedy and Strange
1986). In some cases, predators can cause over 90%
mortality rates among salmonid fish fry (Kelly-Quin
and Bracken 1989). It should be added that over
three months the fish dispersed within an area of
about 800 m2, just as in earlier trout experiments
conducted in this stream (Domaga³a and
Trzebiatowski 1990, Trzebiatowski and Domaga³a
1990b, 1990b). Therefore, using frozen semen to fer-
tilize fresh trout eggs results in a normal incubation
process, larva stage, and regular fry growth and sur-
vival, both under laboratory conditions and in a natu-
ral stream. Thus, it can be used for the natural
reproduction of endangered fish species.
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