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Electrofishing is a widely preferred method in freshwater. Freshwater conducts electric
current at low levels. Therefore, a relatively high voltage electric current is applied in
these waters. In this study, the effects of changes in the structure of the water after the
electric current applied to the water on gamete quality and embryo-larvae survival rates
were investigated. Water samples were collected from the central region of the tank (N),
as well as from the positive (+) and negative (-) poles following the application of an
electric current to the well water at 165 volts and 3 mA for durations of 15 and 30
minutes. Sperm kinematic velocity parameters, fertilization and hatching rates were
determined to be at the highest level in the group where electric current was applied for
30 minutes and water samples were taken from the middle of the tank, 30 (N), were used
(P<0.05). Furthermore, it was observed that the Chemical Oxygen Demand value was one
of the values lowest in the groups where sperm motility results were found to be the
highest (P<0.05). Regardless of the duration of electric current application, it was found

that the dissolved oxygen value of the water samples collected from the positive poles
was similar to the control group, but higher than the negative poles. In conclusion, the

application of electric current resulted in var

iations in both the sperm kinematic

parameter values and the water parameters among the samples collected from different
poles. However, there was no statistically significant difference in fertilization and

hatching rates between the groups (P>0.05).

INTRODUCTION

To enhance the diversity of species used in aquaculture, it
is essential to source species from natural environments.
This approach not only ensures the preservation of endan-
gered species but also facilitates the production of endemic
species by collecting gametes in their natural habitats. In
the capture of these species, especially in freshwater envi-
ronments, electric currents are employed, with techniques
such as electrofishing being the most common in these
practices. In electrofishing, since freshwater conducts elec-
tric current at a low level, a relatively high voltage is ap-
plied. This method allows for the capture of a large number
of fish during breeding periods, potentially affecting the ga-
metes of these fish.

The application of electroshock is influenced by several
critical factors, including the chemical composition of the
water (e.g., temperature and conductivity), as well as pa-
rameters such as the duration of the shock and the inten-
sity of the applied voltage. Furthermore, even when using

identical equipment in studies, variations in the effects of
electric current on fish occur due to differing properties
of each water source, such as conductivity.! In particular,
species belonging to the Salmonidae family are more af-
fected by electrofishing compared to other species, and this
is also extended to their gametes as well. Nowadays, there
are no consistent results regarding the effect of electric cur-
rents on fish gametes. In some studies, it has been deter-
mined that the survival rates of gametes obtained from fish
belonging to the Salmonidae family caught by electrofish-
ing decreased compared to the control groups.23 On the
other hand, similar results were obtained from the brood-
stock Chinook Salmon Oncorhynchus tshawytscha caught by
electrofishing method in terms of fecundity, fertilized eggs
and survival rate of offspring comparing with the control
group.? Eggs were successfully obtained from coho salmon,
which had spinal damage due to electroshock application.’
A decrease of sperm motility is suspected in male brood-
stock fish caught by electrofishing. Only one study exam-
ined the effect of electric current on sperm motility under
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laboratory conditions. In this study spermatozoa motility
was determined by exposing it to current at different volt-
age levels for applications in gene transfer studies.®

There are many evaluation criteria for assessing the
quality of fish sperm, but the most important among them
is motility performance, especially considering fertilization
occurs outside their bodies in the aquatic medium. The
chemical and physical properties of water such as tempera-
ture, pH, electrical conductivity, osmotic pressure, quality,
and concentration of dissolved ions, are among the most
important influencing factors for general and aquatic or-
ganisms, and their vital activities.” Also, in freshwater fish,
hypo-osmotic shock initiates sperm motility.8 The move-
ment of sperm released by male fish during the spawning
season is influenced by the characteristics and nature of
their aquatic habitat, directly and indirectly affects the per-
centage of egg fertility. Additionally, the osmotic pressure
of the seminal plasma decreases as a result of reduced ion
concentrations due to diffusion in the aqueous medium.?
Therefore, the concentration and composition of ions in
this medium affect the rate of the diffusion of seminal
plasma, ions and consequently, the activation and motility
of sperm.10

The electrolysis of water is the preferred method for con-
ducting studies carried out in sustainable processes across
various fields of science.!! Side reactions are not observed
during the electrolysis of water, and the pH gradually
changes due to the production of hydroxyl and hydroxide
ions in electrolysis. At the cathode, H" ions are reduced by
gaining electrons, and H, gas is formed. In the anode, O,
gas and H" are formed as a result of the oxidation of H,0
molecules. In an electric field, ions are in motion, where
the speed of this movement depends on the type of ion, its
charge, and the intensity of the field.12

To date, the quality of gametes obtained from fish ex-
posed to electric current has been studied. It has been sug-
gested that sensitivity of broodstock fish to electrofishing
can impact gamete quality, potentially leading to signif-
icant implications for the continuity of fish populations.
Rainbow trout, a member of the Salmonidae family, was se-
lected for this study due to the sensitivity of Salmonidae
species and their gametes to electric current applications
compared to other species.!3 Fish that were not exposed to
electric current were used in the study. Sperm from these
fish were activated using water exposed to electric current,
with electrolyzed water also employed as a fertilization so-
lution. The effect of electrolyzed water on spermatozoa
motility, hatching rate, embryo and larval survival rates
have been determined. The chemical parameters of water,
an aspect often underemphasized in electrofishing but is
recommended to be investigated,! were also examined
within the scope of this study.

MATERIALS AND METHODS

ELECTRIC CURRENT EXPOSURE

Electric current was applied to the well water used for fer-
tilization procedure and the activation solution of sperma-

tozoa in the experimental groups. Well water was trans-
ferred to a 600 ml capacity electrophoresis tank (platinum
electrodes included) (Thermo Scientific, EASYCASTTM B1)
and exposed to 165 V and 3 mA electric current for 15 and
30 minutes. As a result, from the application of electric cur-
rent at different duration times (15 and 30 minutes), six
experimental groups were formed with water samples col-
lected from positive (+), middle of the tank (N), and nega-
tive (-) poles [30(+), 30(-), 30N, 15(+), 15(-), 15N]. One ex-
perimental group was the control group, and no electric
current was applied to this water. Immediately after 15 and
30 minutes of electrical application, water samples were
transferred to 1.5mL microtubes to be used in spermatozoa
activation and samples to be used in fertilization were
transferred to 50 mL falcon tubes. After applying electric
currentall water samples were kept at 12 °C for two hours
before being utilized for fertilization and sperm activation.
Water samples were measured for pH, temperature, dis-
solved oxygen, and oxidation-reduction potential using a
multiparameter device (HANNA, HI98194), and osmolality
using a micro-osmometer (Fiske Micro-osmometer 210).
All trials were carried out in 3 repetitions.

For all water samples used in experimental groups; Ni-
trate SM 4500 NO3" - B; chloride SM 4500 CI” - B; Carbon-
ate/Bicarbonate SM 2320 - B; Chemical Oxygen Demand
(COD) was determined according to SM 5220 - C; K, Mg,
Na and Ca 200.7 methods (Telliar and Martin 2001). An-
alyzes were performed with ICP-OES (Perkin Elmer, Op-
tima 7000DV) system, Multimeter (Mettler Toledo, S213)
and Thermo (Orion star, T910).

ANESTHESIA AND GAMETE COLLECTION

The trials were carried out between December 2022-Febru-
ary 2023 in Istanbul University Aquatic Vertebrate Exper-
iment Unit (Sakarya, Turkey). In this study, 3" years old
three male and two female rainbow trout were used (1.6 *
0.3 kg and length of 54 + 0.4 cm). Commercial trout feed
was used for rainbow trout feeding (44% protein, 18% fat,
1.9% sellulose. Ozpekler, Denizli, Turkey). Fish were anes-
thetized in water containing 0.3 mL/L of 2-phenoxyethanol
until gill movements stopped. For the experiment, a quality
assessment based on morphological observation was made
in the stripping of gamete from the broodstock fish. Since
the gamete quality of two female and three male fish sep-
arated for the experiment was within the required criteria,
they were used in the experiment. Since the first gamete
taken from the broodstock fish during stripping were likely
to be of poor quality, they were not used in the experiment.
Eggs with a regular, circular shape and homogeneous pro-
tein content and color were used. Sperma obtained from
male were not used in the study with an aqueous, a color
other than milky white, a sperm kinematic speed value
of less than 50ps and amount of sperm less than 10mL.
Gamete collection and the procedures performed in this
process were carried out according to the procedure applied
by Ahmed et al.1# The obtained semen was collected in
glass containers and transferred to Styrofoam boxes with
lids containing ice cassettes. Direct contact of ice cassettes
with sperm samples was prevented by using filter paper.
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The osmotic pressure of rainbow trout seminal plasma was
determined using a micro-osmometer (Fiske Micro-os-
mometer 210). For this purpose, sperm samples were cen-
trifuged at 10,000 x g for 10 min (4 °C) (Hettich Universal 32
R). Sperm osmolality was measured at 253.6 + 4.03 mOsm/
kg according to Ozdemir and Ekicil> protocol. Ciereszko
and Dabrowskil®'s method of counting (Neubauer counting
chamber) was used to determine spermatozoa density. The
collected sperm was diluted 1,000 times with 7%o. NaCl. The
calculation was made using the following formula: semen
concentration (ml) = 1000 xnumber of counted semen/[area
(mm?) x chamber depth (mm) x dilution ratio All trials were
replicated 3 times.

EVALUATION OF SPERM KINEMATIC PARAMETERS

Sperm samples were activated with water samples belong-
ing to 30(+), 30(-), 30N, 15(+), 15(-), 15N and control group.
Sperm motility parameters were analyzed and recorded in
the CEROS II (Hamilton-Thorne) Computer-Assisted Sperm
Analysis (CASA) system by a digital camera (U-TV1X-2
Tokyo) attached to the CX41 microscope (Olympus). In the
activation of sperm samples, a dilution ratio of 1:20 (sperm:
water) was used and sperm kinematic parameters (Average
path velocity, VAP; curvilinear velocity, VCL and straight-
line velocity, VSL, um/s) were determined using the stan-
dard count chamber slide (4- Chamber slide, 20 micron,
Leja Standard Count, Nieuw Vennep The Netherlands).14
The kinematic parameters of the sperm samples of each
fish were statistically analyzed ten seconds after the sperm
samples were activated with the water (12 °C) of the exper-
imental groups. In the CASA system, 50 um/s was used as
the lower limit of the progressive VAP value. A timekeeper
was used to evaluate the duration of spermatozoa motility.
Due to the brief motility period of rainbow trout spermato-
zoa identical tasks in each experiment were conducted for
the same researchers. Trials were replicated 3 times.

FERTILIZATION AND HATCHING RATE

Fertilization was performed according to Billard and
Jensen.!7 Eggs (100 each) from two female rainbow trout
were collected. A total of 200 eggs (22 g) obtained from two
separate females were pooled in each group. Pooled sperm
samples (175 pl) obtained from three male were added to
the pooled eggs. For the fertilization, it was used sperma-
tozoa:egg ratio of 3x10°:1. About 20 minutes after fertiliza-
tion, eggs were washed with well water and transferred to
the cassettes (600 cm3) in the race-way systems in a single
row. The fertilization procedure was carried out in 3 rep-
etitions for each group. After the incubation of the fertil-
ized eggs at 13 = 0.5 °C, larvae hatched in 25 days. Eggs
were found to be in the eyed stage on the 18th day (over
90%). During the process from the fertilization of eggs to
the observation stage, unfertilized were removed. The fer-
tilization rate was calculated according to the number of

eggs with eyes using the following formula.

Numberofeyed — eggs 2100 (1)

Fertilizationrate (%) =

Numberofestimatedeggs

The hatching rate was determined using the number of

hatched larvae and the total number of fertilized eggs.

Hatchability (%) — Totalnumberofhatchedeggs 100 (2)

Totalnumberof fertilizedeggs z
STATISTICAL ANALYSIS

Mean and standard deviation (¥Sd) values (P<0.05) of all
parameters were calculated using Microsoft Office Excel
program. Water parameters were calculated using One-way
analysis of variance (ANOVA) and Duncan post hoc test us-
ing SPSS 21 statistical program, all groups were analyzed.
Sperm parameters, fertilization rates, and hatching rates
were analyzed using Kruskal-Wallis Test, and Dunn’s post
hoc multiple comparisons test for all groups using Minitab
18® software.

RESULTS

WATER PARAMETERS

Chemical analyzes of water were conducted to determine
the changes in water parameters resulting after the applica-
tion of electric current. Differences in water parameter val-
ues were found among the anode (+), cathode (-), and the
middle of the tank (N) area after the application of elec-
tric current (Table 1). Potassium, which has a significant ef-
fect on rainbow trout spermatozoa motility, was found to
be highest in the 30N group and lowest in the 30(+) group.
Also, in the 30(+) group, in addition to sodium and magne-
sium, the chemical oxygen demand (COD) was measured at
the lowest level.

Conductivity, dissolved oxygen, and pH values of water
samples to be used in the activation of rainbow trout sperm
and fertilization are shown in Table (1). The 15(+) and 30(+)
groups detected the highest dissolved oxygen values. Sta-
tistically, no difference was observed between 15(+), 30(+)
and control groups (P>0.05). The pH value was determined
in the highest 30(-) and the lowest 30(+) groups.

EFFECT OF WATER EXPOSED TO ELECTRIC CURRENT ON
KINEMATIC PARAMETERS OF SPERM MOTILITY

The differences between the groups were determined as a
result of the use of well water samples without electric cur-
rent and water samples exposed to electric current in sperm
activation. The use of water samples in which electric cur-
rent was applied at different duration times (15 and 30 min)
in sperm activation, sperm kinematic parameters differed
depending on the different regions of the tank where the
water samples were taken and the duration time of elec-
tric current application. As a result of the use of water sam-
ples exposed to electric current for 30 minutes in sperm
activation, the best sperm motility parameters were de-
termined statistically [except for the 30(-) group]. In ad-
dition, in the control group, motility parameters were de-
termined at the lowest values in sperm activated by water
samples obtained from (-) poles, regardless of the duration
of electric current application. Almost similar results were
obtained in all groups in terms of progressive and motile
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Table 1. Water parameters values of experimental groups according to electric current duration time.

Control 15(-) 15(+) 15N 30(-) 30(+) 30N

Nitrate (mg/L) 16.5+0.50¢ 15.8+0.22b 17.2+0.014 16.7+0.09¢ 15.1+0.052 18.7+0.01¢ 16.4+0.16¢
Chloride (mg/L) 6.13+0.32P 1020.204 10+0.20d 14.1+0.06¢ 2+0.102 10+0.204 8+0.10¢
Bicarbonate (mg/L) 145.7+2.528 79+3¢ 119+2f 93.9+0.54d 63.1+1.552 69.3+2.81P 107.3+2.81¢
Chemical Oxygen Demand (COD) (mg/L) 30.9+0.36f 18.620.404 27.9+0.30¢ 12.4+0.10¢ 12.4+0.10¢ 6.22+0.762 9.35+0.05P
Potassium (mg/L) 2.630.67P 5.05+0.35¢ 3.74£0.094 2.730.04P 3.030.01¢ 0.930.152 6.78+0.19f
Magnesium (mg/L) 8.120.20¢ 9.3+0.15f 7.03+0.03P 7.67+0.25¢ 8.78+0.11¢ 9.27+0.182 7.65+0.19¢
Calcium (mg/L) 28.1+0.32¢ 24.5+1.15P 41.2+1.198 39.2+0.81f 9.22+0.192 31.0+1.10d 33.4+171¢€
Sodium (mg/L) 4.54+0.28¢ 5.16+0.12d 3.73+0.27P 3.87+0.04P 4.94+0.02d 2.75+0.252 4.22+0.23¢
pH 7.52+0.293b 7.07+0.223b 7.2+0.132b 7.4+0.363P 7.64+0.95bP 7+0.202 7.07+0.332b
Conductivity (mVORP) 355.50+3.37P 261.33+5.48P 331.92+2.61bP 347.42+13.43P 174.83+23.952 274.50+20.87P 335.25+11.203b
Dissolved Oxygen (ppm) 9.10+0.55¢ 7.58+0.36P 9.60+0.51¢ 7.93+0.37P 6.96+0.592 9.45+0.59¢ 8.07+0.18P
Osmolality (mOsm/kg) 2.25+1.26P 1.000.822 1.75+0.502P 1.750.962b 0.50+0.582 1.25+0.962P 1.250.962b

Data are expressed as mean * standard deviation.

Means with different superscript letters showed significant differences according to Duncan post hoc testing after One way analysis of variance (ANOVA) (P<0.05).

The experiments were carried out in three replicates.
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Table 2. Effect of activation solution exposed to electrical field on rainbow trout spermatozoa kinematic

parameters.
Motile Control 15(-) 15(+) 15N 30(-) 30(+) 30N
Sperm
Motility (um/
sec)
VAP 38.8+11.4 33.5+6.88 43.8+10.1 37.6£8.10 30.4+9.13 42.5+16.3 48.1+13.3
VSL 30.4+7.39 27.9+7.11 34.9+6.37 32+6.43 25.7+8.66 32.6+11.8 37+8.63
VCL 46.7+16.2 40.4+6.83 51.9+14.62 43.3£9.62 35.3+10.1 49.4+20.4 57+19.3
Progressive
Sperm
Motility (um/
sec)
VAP 64.6+8.82 55.2+18.4 65.6+£5.93 59+19.9 47.7+27.2 59.6+24.3 68.2+10.6
VSL 60.7£9.19 52.2+170.6 61.6+4.89 55.6+19.1 46.3+26.4 56.3+22.6 63.5+9.21
VCL 70.2+11.9 60.9+20.5 71.8+8.33 64.2+21.4 49.3+28.3 63.7+26.4 73.9+15.5

Data are expressed as mean * standard deviation for each parameter.
The experiments were carried out in three replicates.
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Figure 1. Kruskal Wallis test and Dunn’s multiple comparison analysis of rainbow trout spermatozoa kinematic

parameters.

Significant difference between groups are expressed as * = <0.01.

motility kinematic parameters (Table 2). Progressive, and
motile sperm motility values were observed to be highest in
the 30N group. Significant differences between groups are

EFFECT OF WATER EXPOSED TO ELECTRIC CURRENT ON
SPERM MOTILITY AND DURATION TIME

The results of the study suggest that the electric current
applied to the water does not positively affect the sperm

motility time. The control group statistically had the
longest motility period (P<0.05). It was determined that the
30N group, which had the best kinematic parameter values,
was the group with the longest sperm motility time among
the experimental groups other than the control group. As
in other analysis results, the groups with the lowest motil-
ity time are the (-) groups, regardless of the electric current
application time (Table 3). Significant differences between
groups are shown in figures 7 and 8.
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Figure 2. Kruskal Wallis test and Dunn’s multiple comparison analysis of rainbow trout spermatozoa kinematic
parameters.

Significant difference between groups are expressed as * = <0.01.
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Figure 3. Kruskal Wallis test and Dunn’s multiple comparison analysis of rainbow trout spermatozoa kinematic
parameters.

Significant difference between groups are expressed as * = <0.01.
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Figure 4. Kruskal Wallis test and Dunn’s multiple comparison analysis of rainbow trout spermatozoa kinematic
parameters.

Significant difference between groups are expressed as * = <0.01.
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Figure 5. Kruskal Wallis test and Dunn’s multiple comparison analysis of rainbow trout spermatozoa kinematic
parameters.

Significant difference between groups are expressed as * = <0.01.
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Figure 6. Kruskal Wallis test and Dunn’s multiple comparison analysis of rainbow trout spermatozoa kinematic

parameters.

Significant difference between groups are expressed as * = <0.01.

Table 3. Effect of spermatozoa activation and fertilizing solution exposed to electrical field on rainbow trout

spermatozoa parameters, fertilization and hatching rates.

Control 15(-) 15(+) 15N 30(-) 30(+) 30N
Fertilization 63.9+18.1 58.5+9.11 53.9+12.03 63.9+14.2 64.2+21.6 67.3£19.1 69.3+17.7
rate (%)
Hatching rate 76.4+21.2 73.7+27.6 81.7+13 87+10.8 74.6+26.7 76.7£31.2 89.6+12.3
(%)
Total motility 95.3£2.17 92.2+3.25 93£9.99 96.4+3.14 92.9+3.94 95.6+£3.21 92.3+5.94
(%)
Duration time 26.8+3.06 21.3+3.90 23+2.00 23.2+2.14 20.3+1.63 23.3+2.34 25.5+3.45
of
spermatozoa

motility (sec)

Data are expressed as mean * standard deviation for each parameter.

FERTILIZATION AND HATCHING RATES

Data on fertilization and hatching rates are shown in Table
(3). Although there was no statistically significant differ-
ence between the groups.

The fertilization rate has been found to be high espe-
cially in groups where electrical current (regardless of the
pole from which the water is taken) is applied to the water
for 30 minutes. Hatching rate; water samples taken from
the middle of the tank (regardless of the duration of electric
current application) were found to be high in the groups
used in fertilization (15N ve 30N).

A high correlation coefficient was found between in
motile sperm motility average path velocity (MVAP), motile
sperm motility straight -line velocity (MVSL), with the du-

ration time of spermatozoa motility (correlations of 0.843
and 0.824 respectively). The P-values associated with these
correlations were 0.017 and 0.022 respectively, indicating
a high confidence in the observed relationship, supporting
the statistical significance of these associations at the 5%
significance level. (Figure 9).

DISCUSSION

Electrofishing is one of the anthropogenic activities that
impacts aquatic life. To date, studies on this subject have
primarily focused on electrofishing effects on broodstock
fish, as well as the quality of eggs and larvae obtained from
these broodstocks. In these studies, the chemical parame-
ters of water were not adequately evaluated. For this rea-
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Significant difference between groups are expressed as * = <0.01.
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Significant difference between groups are expressed as * = <0.01.

son, the effect of electrofishing on the chemical parame-
ters of water is determined in this study. In addition, After
the application of electric current to water, the effect of
changes in the chemical structure of the water on fish ga-

metes was examined. Water was electrolysed with the use
of an electrophoresis device in the laboratory., Numerous
studies have demonstrated the effectiveness of electric cur-
rents at various voltages for electrofishing. For consistency
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with previous research, this study utilized 165 volts, a value
commonly employed in similar studies. Additionaly, the use
of electrofishing during fishing also affects invertebrates.
For this reason, there are studies examining the use of elec-
trofishing in invertebrate catching and its effects on living
organisms.18:19 Although studies on marine fish are lim-
ited, there are studies on direct exposure of eggs and lar-
vae to electric current20 However, the effect of electrolyzed
water on spermatozoa motility is unknown. In this study,
a single electric current intensity, but two different appli-
cation times were used. As a water source, well water was
used for rainbow trout spermatozoa activation and fertil-
ization. Spermatozoa were activated by well-water samples
from (+) pole, (-) pole, and the middle area (N) between two
poles of electrophoresis device after exposure to 165 V at 15
and 30 minutes. The electric current passed easily through
water due to the presence of dissolved ions, which facilitate
electron transfer.

The results of the effects of electrofishing on fish repro-
duction, as well as gamete quality, are contradictory. How-
ever, it has been stated that electrofishing in spawning ar-
eas can damage embryos. Huysman et al.3 reported that the
survival rates of eggs obtained from O. tschawytsca were
lower compared to the control group, while Tipping and
Gilhuly® successfully obtained eggs from injured brood-
stock coho salmon through electrofishing. In the study con-
ducted by Tesch et al.,2! an increase in the survival rates
of eggs was found in the use below 200 volts. Dwyer and
Erdahl?2 subjected the eggs of Oncorhynchus clarki to 150
and 225 volts, a similar survival rate at 150V was found
compared to the control group. Keefe and Whitesel23 stated
that exposing brook trout embryos to 600 V has negative
consequences for the survival and development of both em-
bryos and larvae. Cho et al.2 reported that an electric cur-
rent of 200 V adversely affected the survival rates of chi-
nook salmon embryos. For this reason, 165 V, a value lower
than 200 V, was used in our study.

The effective factors in the motility of spermatozoa dif-
fer according to living organisms. This circumstance is
more diverse among fish species. The final evaluation of the
sperm motility rate is determined by the quality of the sper-
matozoa synthesized inside the testicles of males and by

the nature and characteristics of the aqueous medium (os-
molality, pH, ion composition and quantity) in which they
motile after release from the males.24 Mature sperm are
found inside the testicular ducts in the inactive form, sur-
rounded by seminal fluid, which works to adjust the os-
motic pressure between the intracellular and extracellular
sperm cells to remain the sperm in an immobility state. The
cations (sodium, potassium, calcium, and magnesium) con-
sidered are the main ionic components of the sperma of
rainbow trout, and the potassium ion concentrations have
chief role in immobility state of spermatozoa.®25 When the
sperma of freshwater fish mixes with the aqueous medium,
the osmotic pressure of the seminal plasma changes and
tends to decrease by reducing the concentrations of its
ions due to their diffusion in the aqueous medium.8-2¢ This
leads to a change in the osmotic pressure difference be-
tween intracellular and extracellular the sperm cells, which
is the point of transition of sperm cell from the quiescent
phase to the motile phase. Therefore, the concentration
and composition of ions in the aqueous medium affect the
degree of the diffusion rate of seminal plasma ions and thus
the osmotic pressure difference around the sperm and its
rate of movement.24 It has been determined that in various
species of freshwater fish, sperm motility decreases at val-
ues between 0-100 or 200-300 mOsmol/kg.27 In our study;
The use of semen with an osmotic pressure of 250 mOsmol/
kg with all groups of activation solution with an osmotic
pressure of 2.8 = 1.2 mOsmol/kg has given motility to sper-
matozoa. Although the osmotic pressure values of the wa-
ter samples used in the study were quite low, it was ob-
served that it did not adversely affect sperm activation (due
to being outside the limit values) as stated by Cosson.2? Al-
though, all water samples groups had similar osmotic pres-
sure values, differences in motility time and velocity para-
meters were observed between the groups (P<0.05). It was
thought that the source of these differences between the
groups (P<0.05) may not be related to osmotic pressure be-
cause the water samples groups have similar osmotic pres-
sure values. As Morisawa and Suzuki28 similarly stated, our
study shows that osmotic pressure only initiates sperma-
tozoa motility, but different factors may have an effect on
velocity parameters and motility duration. Seminal plasma
osmolality is not a factor that inhibits the motility of trout
in the sperm duct, and sodium chloride can slightly stim-
ulate motility.25 Potassium, which is an important compo-
nent of seminal plasma, is the factor that prevents sperm
motility in the sperm duct.25 In addition to the fact that
the increase in sodium concentration in rainbow trout de-
creases potassium sensitivity,2> there is a possibility that
the presence of CaZ* prevents the passage of K* through the
cell membrane. The presence of Na*, K* and Cl~ ions in S.t.
macrostigma reduces motility ratios, while the presence of
Ca2* and Mg2* ions have the opposite effect.24 In rainbow
trout sperm was immobile in KCI solution containing 1-300
mmol/kg,2> the K value in all groups was found to be be-
low 1 mmol/kg in our study. Although K+ was the highest in
the 30N group (6.73 mg/1) and the lowest value was (0.9 mg/
1) in the 30(+) group. The fertilization and hatching rates
and kinematic parameters of sperm motility were found to
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be the highest in the 30N group. K* and osmotic pressure
together are an important ion that controls spermatozoa
motility in the Salmonidae family.3 Since the K* and os-
motic pressure values of the experimental groups were out-
side the limit values specified in the literature,2527 it shows
that the sperm kinematic velocity parameters, fertilization
and hatching rate in our study were not determinants. A
sperm activation solution in which the ionic concentration
is less than the ionic concentration of the seminal plasma,
but the concentration of cations (which are similar to the
positive ions of the seminal plasma) is slightly higher than
the anions, thus reducing the rate of diffusion of seminal
plasma ions (mostly cations) in the aqueous medium due to
the similar repulsion force between the plasma ions and the
medium, which reduces the rate of activation and move-
ment of sperm. Yamaner et al.2? found that; there is an
inverse relationship when increasing the concentrations of
ionic solutions (NaCl and CaCl,) (high osmosis) as activa-
tion mediums with sperm motility (%) of Black Sea trout
(Salmo trutta labrax). From Figures (1 and 2); sperm that
were activated by dilution with 30N had the highest values
of motile and progressive sperm motility (VAP, VCL, VSL)
parameters than other treatments. The ions were run to the
poles in the electrophoresis tank depending on their charge
and application time (15-30 min). Depending on the ion
charges they have, the separation of ions other than cal-
cium ions into (+) and (-) poles was relatively achieved in 30
minutes. When the electric current passes for thirty min-
utes (+ and N groups) and used to activate the sperm, the
semen plasma ions spread well and quickly, which reflected
positively on the speed of activation and the movement of
the sperm (P<0.05).

The 30N group was the group with the highest spermato-
zoa motility kinematic parameters, fertilization and hatch-
ing rates. 30(+) group was in the second rank of experi-
mental groups for fertilization rate. In the 30(+) and 30N
groups, chemical oxygen demand (COD) values, which is
one of the water pollution parameter indicators, were quite
low. The fact that the rate parameters detected in these
groups were at the highest level indicates that the Chemical
Oxygen Demand (COD) value was likely the determinant of
the sperm kinematic velocity parameters and fertilization
rate in our study.

Under hypoxic conditions, the spermatozoa of some fish
species consume more oxygen and swim faster. This can in-
crease the swimming rate of spermatozoa by increasing the
rate of oxidative phosphorylation.39 However, in many fish
species, there is also a decrease in the percentage of motile
spermatozoa and the velocity of sperm swimming in hy-
poxic conditions.3! The differences detected in the sperm
kinematic velocity parameter values of the water samples
groups that were observed to be hypoxic compared to the
other groups (P<0.05) showed that hypoxic conditions (at
least alone) were not determinants of the velocity values.

Above pH 8.5 in rainbow trout, while an increase in
spermatozoa motility was observed at pH 8.18 in rainbow
trout2®; in our study, a decrease in kinematic velocity pa-
rameters and motility duration was detected in rainbow
trout spermatozoa under alkaline conditions. Control, 30(-

) and 15(-) groups are the groups with the lowest sperm
kinematic velocity values and hatching rates. Among these
groups, especially in the 30(-) group; It is noteworthy that
pH is the highest and conductivity is the lowest (Table 1).
Oberlercher and Wanzenbock3?2 in their study of whitefish,
a species belonging to the Salmonidae family, found a de-
cline in survival rates of these eggs when conductivity was
measured at 330 uS, but the survival rates of the offspring
was similar with the control group. In our study, the 30N
group with the highest fertilization and hatching ratio has a
conductivity value similar to the Oberlercher and Wanzen-
bock32's results. In the 30(-) group with the value of con-
ductivitiy has 178 uS, sperm motility was at its lowest level
and fertilization rate was higher than the control group.

It is stated that the application of electrofishing can in-
crease the mortality of trout eggs (Dwyer et al., 1993) These
results led us to conclude that the duration of the appli-
cation of electric current was significant and the ions were
dispersed to the poles after 30 minutes. Since the increase
of H+ inhibits sperm motility, the accumulation of H* ob-
served in the cathode with the effect of electric current
in the 30(-) group adversely affected the kinematic para-
meters. These results show that the electric current time
has an effect on pH and conductivity. The group of 30(-)
with the lowest rate of spermatozoa kinematic parameters
was found to have the highest pH, Chloride, Calsium, bi-
carbonate, nitrate values among the experimental groups.
On the other hand, it is stated that pH does not have a sig-
nificant effect on trout sperm motility.8 In Onchorynchus
mykiss, sperm motility increased as a result of the use of a
high-pH water samples in the activation of sperm stored at
low pH. In addition, it was stated that there was no motil-
ity at pH<7,33 motility values were very low at pH<7.5. Con-
trary to these results, in our study, it was determined that
the sperm motility parameters in the 30(+) group where the
lowest pH value was determined had higher sperm motil-
ity kinematic parameters than all groups, except for 30N.
02 accumulation was expected to be observed at the an-
ode, and in our study, these findings were supported by the
highest dissolved oxygen levels in the groups (+). At the (-
) pole, there is an accumulation of H*. At the cathode, the
water was expected to be alkaline, and in our study, it was
determined that as the electric current application time was
prolonged, the (-) groups gained alkaline properties, the (+)
groups gained acidic properties, and the acidic character of
the water increased with the prolongation of the electric
current application time.

As a result of the study; it was determined that the
30 (N) group has the value of the highest sperm motility
kinematic parameters, fertilization and hatching rate. The
most noteable result that can be evaluated as different from
other groups in the chemical parameters of the water be-
longing to the 30N group is that the COD is at low levels
and the K ion is at high level. Although K-ion has the high-
est value in groups, it is not at the limit of inhibiting sper-
matozoa motility. Despite the duration of the applied elec-
tric current, the use of water samples taken from different
poles, and the changes in the amount of ions in the water,
these results did not have a negative effect on the fertiliza-
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tion of eggs and the survival rates of embryos and larvae.
Also; while the broodstocks and the offsprings obtained
from these broodstock fish can be affected positively/nega-
tively during the application of electric current to the water
during electrofishing, the gametes left to this environment
after the application of electric current are also positively
affected due to changes in the chemical structure of the wa-
ter.

After all, in aquaculture; it is thought that water exposed
to electric current can be used during fertilization. It is
thought that the results will be evaluated more clearly by
increasing the number of samples and analyzing the waters
of different characters in the future studies.
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