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ABSTRACT

The African catfish is one of the most promising warm-freshwater species for aquaculture
development in the upcoming years, although there are two primary limitations in its
production: less-than-desirable survival rates and low larvae quality. In this study, a novel
method of egg fertilization for this species was evaluated which has already been successfully
utilized in the production of other finfish. The results indicate that dividing the semen
designated for fertilization of eggs into smaller aliquots and adding it to the eggs at 30s intervals
(i.e.,, 0, 30 and 60s), after activation of the eggs with water, increased the hatching rate
percentage (97.1%) compared to control groups (87.9%) in which the entire portion of semen
was added to eggs at the time of water addition for egg activation. Results with repeated
evaluations in the field confirmed that eggs with greater biological quality were fertilized at a
similar rate using the modified and control methods for fertilization, although when the eggs
were of a lesser biological quality, the fertilization rate was greater using the modified methods

than the control methods.
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1. Introduction

With the growth of the human population, there is a constantly increasing demand for
food, including protein. One of the possible sources of easily digestible protein are fish and
other seafood. Because water resources for procuring seafood are currently exploited to the
maximum, the supply of more fish to the market requires intensive culture for the production
of seafood (Teletchea and Fontaine, 2014). For this reason, total aquaculture production has
developed very rapidly: from 1 million metric tons in 1950 to 80 million metric tons in 2016

(FAO, 2018). Because the global production of some species has reached its maximum, there



has been increasing interest in different finfish species for aquaculture (Kristan et al., 2018;
Kucharczyk et al., 2018; Teletchea, 2019). Of particular interest are species of fish, both
freshwater and saltwater, which can be bred in confined conditions (i.e., the African catfish;
Clarias gariepinus). The global production of this species increased from about 5,000 metric
tons in 1992 to 248,000 metric tons in 2015 (FAO, 2019). Considering the relatively lesser
production costs when this species is used for aquaculture than with many other fish species, as
well as lesser environmental control requirements for breeding and the excellent quality of the
meat as a protein source, African catfish production is a viable aquaculture endeavor. Further
intensive production growth should be expected, particularly considering African catfish are a
warm water species, which can be successfully cultured on a mass scale on different continents
(e.g., Africa, Asia and Europe; Olaniyi and Omitogun, 2013; Bhattacharya et al., 2018; Mdiller
et al., 2018) and there is also the possibility of larvae production throughout the year.

In aquaculture, reproductive efficiency is one of the limiting factors of fish meat
production. Obtaining larvae of acceptable quality when attempting to produce viable quality
gametes for aquaculture purposes is a particularly difficult task (Cejko et al., 2013; Szabo et al.,
2015; Kristan et al., 2018). For this reason, there has been considerable emphasis on developing
reproductive protocols for using biotechnologies in reproduction (Kucharczyk et al., 1997,
2019), gamete collection, collecting high quality gametes, short-term gamete storage
(Kucharczyk et al. 2018) and fertilization (Cejko et al. 2016; Kristan et al., 2018; Muller et al.,
2018). This is especially important, if non-domesticated- or cultured- (semi-domesticated or
domesticated) spawning specimens are used for meat production (Kujawa et al., 2011,
Targonska et al., 2011; Nowosad et al. 2017). In many cases, especially in species that have a
relatively greater fecundity, there is often a limited number of spawning specimens used. In
such situations, precisely-developed protocols for artificial reproduction, that when used, result

in desirable egg fertilization percentages are necessary (Szabo et al., 2010; Kucharczyk et al.,



2016; Muller et al. 2019). The success of finfish artificial reproduction depends on many factors
(i.e., genetic origin of spawning specimens, temperature and fluctuations in temperature,
salinity and breeder feeding regimens; Nowosad et al., 2014, 2018) and all of the factors that
affect the survivability of larvae need to be precisely controlled (Kupren et al., 2011).

The production of catfish stocks for aquaculture depends strictly on the quality of
gametes and, consequently, on larvae quality. For this reason, different techniques of artificial
reproduction, including assessments of different spawning agents (Brzuska, 2004; Brzuska et
al., 2004; Mansour et al., 2004; Karami et al., 2011; Sharaf, 2012; Bhattacharya et al., 2018;
Muiller et al., 2018) and conditions for rearing larvae (Olaniyi and Omitogun, 2013) have been
evaluated. The further development of methods for obtaining viable gametes and the short- and
long-term storage conditions might also be useful for the production of “special lines” or
different kinds of catfish hybrids for aquaculture purposes (Mansour et al., 2004; Szabo et al.,
2010; Okomoda et al., 2017; Mdller et al., 2018; 2019). In many finfish species, gametes are
collected separately without contact with water or urine (Kupren etal., 2011; Cejko et al., 2016).
This method is usually called the “dry” method of fertilization, which involves the placement
of gametes together in a vessel with an addition of water or activation solution. In some
freshwater finfish species, there is the possibility of fertilizing oocytes within a few minutes
(e.g., about 3 minutes) after egg activation (e.g., Eurasian perch - Perca fluviatilis, common ide
- Leuciscus idus, asp - Leuciscus aspius and burbot - Lota lota; (Zarski et al., 2012; Kucharczyk
et al., 2016). In some other species, progressive motility of spermatozoa when placed in the
water is not induced until about 60 minutes (range 20 to 60 s) after the placement of sperm in
water or an activation induction solution. This is the situation with the common carp (Cyprinus
carpio), crucian carp (Carassius carassius) and African catfish (Biegniewska et al., 2010;
Cejko et al., 2013; 2016; Bozkurt and Yavas, 2017). The development of protocols to increase

the fertilization rate, enhance development of embryos and improve the production of viable



larvae are extremely important for large-scale mass fish production (Kucharczyk et al., 2018).
There has been recent progress in developing aquaculture conditions for African catfish,
especially in the field of artificial reproduction (Brzuska, 2004; Brzuska et al., 2004; Sharaf,
2012; Miller et al., 2018), gamete management and cryopreservation (Viveiros et al., 2000;
Mansour et al., 2004; Samarin et al., 2018; Miller et al., 2019) and biotechnological progress
(Karami et al., 2011; Okomoda et al., 2017; Miller et al., 2018), although there have not been
any studies conducted that relate to the optimization of the in vitro fertilization process in this
species. For this reason, the aim of this study was to optimize the fertilization of African catfish
eggs in laboratory conditions and to assess the effectiveness of this method for the production

of African catfish in field conditions.

2. Material and methods
2.1. Broodstock and artificial reproduction

The research was conducted in accordance with the permission of the local ethics
committee for animal experiments (27/2010N for years 2010-2015).

The African catfish broodstock was cultured in the Department of Lake and River
Fisheries, University of Warmia and Mazury in Olsztyn, Poland (northern Poland). The
spawning specimens originated from two African catfish farms: Przesin Fish Farm (north-
western Poland) and Jurki Fish Farm (north-eastern Poland). The fish were maintained in 1 m?
tanks which were a component of an RAS system (Kujawa et al., 1999). The water temperature
was constant at 24.5 °C. Fish were fed dry feed with a protein content of 40% to 45% daily in
amounts equivalent to 1% to 2% of the total body biomass. The fish were not fed for three days
before imposing the reproduction induction treatment regimen. On the day before gamete
collection, the water temperature was increased to 25 °C and 12 hours before the planned time

of spawning induction the breeding specimens of both sexes were treated with Ovaprim



(Syndel, Canada) in a single dose of 0.5 mL/kg (Karami et al., 2011; Sharaf, 2012). The
spawning specimens were captured for obtaining gametes 12 hours after the Ovaprim injection.
All manipulations with fish occurred after anesthesia induction (0.15 g/L for females) or

euthanasia (males for testis collection: 0.25 g/L) with MS-222 (Finquel, USA).

2.2. Collection of gametes

Eggs were collected separately from each female and placed in plastic bowls. For milt
collection, the males were euthanized and the testis were collected as whole organs after
dissection. There was an incision of the testis and semen was squeezed from the testes into
small plastic containers (Brzuska et al., 2004; Sharaf, 2012). The spermatozoa motility were
assessed using the method described by Viveiros et al. (2000). Only sperm with a motility of
90% or greater was used for fertilization of the eggs. The gametes were stored at room
temperature (= 22 °C) before activation for a maximum of 1 hour (Viveiros et al., 2000; Samarin

etal., 2018).

2.3. Experimental design

The eggs from one female were used in conducting these experiments. Three separate
experiments were conducted. In the first experiment, the eggs were mixed with sperm at
different times subsequent to egg activation by placement of eggs in water: (O s; control group
— “C”) and after a delay of 30, 60 and 90 s (Groups A-30, A-60 and A-90). About 160 eggs
were fertilized with 50 puL of pooled sperm added at one time to the vessel containing the eggs.
In the second experiment, eggs were mixed with sperm at the time water was added for egg
activation (0 s; control groups — “C”) and at: 0 and 30 s (B-0-30), 0 and 60 s (B-0-60) and 0 and
90 s (B-0-90) after activation of eggs by placement in water. In the latter three groups, the sperm

were divided into two equal aliquots of 25 uL each, whereas in Group C the sperm were all



added at one time. In the third experiment, the sperm were divided into three (17 pL each) or
four (12.5 pL each) aliquots and the eggs were placed with sperm at 0, 30 and 60 s (D-0-30-
60), at 0, 30 and 90 s (D-0-30-90) and at 0, 30, 60 and 90 s (D-0-30-60-90) after activation of
eggs by placement in water. The results were compared to the control group in which eggs were
placed with sperm at the time of water addition for egg activation (control group — “C”).

The water used for oocyte activation (10 mL) had the following characteristics:
conductivity (25 °C): 516; pH: 7.43; total water hardness: 255 mg/L CaCOs; Na*: 10.8 ppm; K™:
4.9 ppm; Fe: 12 ug/L; Mn: 26 pg/L. The same water was used for egg activation in other
freshwater finfish species (e.g., ide, asp, burbot; Kucharczyk et al. 2016, 2018). After adding
the water for egg activation, the water was stirred for 120 s. The water was then changed and
the eggs were transferred to 100 mL cylindrical plastic containers with a lid and mesh sides
(200 pum), which ensured the free flow of water through the containers. The marked containers

were then placed in the tanks. All treatments were conducted in triplicate.

2.4. Incubation and hatching

Eggs were incubated in marked containers which were placed in shallow pools that were
part of an RAS (Sikora et al., 2018). The water temperature during incubation was 25 ° C. After
hatching, the larvae and dead eggs were transferred from each incubator to large Petri dishes
for counting. Hatched larvae were divided into normal and abnormal development specimens.
The hatched larvae without visible deformities, as compared with the total number of eggs used
for fertilization, were used to determine the percentage hatching rate (Nowosad et al., 2018;

Samarin et al., 2018).

2.5. Field application of the method



The field experiment was conducted at two African catfish farms using the methods
previously described in this manuscript. For each experiment, there were about 100,000 eggs
used for each replicate. Twelve groups were established: a control group with about 100,000
eggs being mixed with 5 mL of spermatozoa and 500 mL of tap (hatchery) water being added
at “zero” time; and groups fertilized using the modified methods with about 100,000 eggs mixed
with 5 mL spermatozoa divided into three equal aliquots and 500 mL of tap (hatchery) water
added at 0, 30 and 60 s after egg activation by placement in water. The eggs were mixed with
water until there was egg “stickiness” detected. The eggs were then placed in a tannin solution
(0.5 ppt) two times for a total time of about 60 s.

The other aspects of the procedure were the same as previously described in this
manuscript, except the egg incubation was conducted in 7 L Weiss jars as a part of a closed
system (re-circulating aquaculture system), in which water is re-conditioned and re-used.
Shortly before hatching, three samples of about 300 eggs per each replication were transferred
to Petri dishes. The hatched larvae without any visible deformities, as compared with the
number of eggs placed in vessels for fertilization, were used to determine the percentage

hatching rate (Nowosad et al., 2018; Samarin et al., 2018).

2.6. Statistical analysis.

All of the data are presented in means = SD and were expressed in percentages. Arc-
sine transformation of the data was conducted before the statistical analyses were conducted.
The data regarding the survival rate of embryos (hatching rate) were analyzed using a one-way
analysis of variance (ANOVA) and subjected to the Tukey’s post hoc test at a significance level
of 5% (P = 0.05) for laboratory experiments. For field experiments, the survival rate of embryos

(hatching rate) was analyzed using a one-way analysis of variance (ANOVA) and subjected to



a t-test at a significance level of 5% (P = 0.05). The statistical analyses were performed using

STATISTICA 9.1 (StatSoft, Inc., USA).

3. Results

The biological quality of eggs in the laboratory study was considered to be very good
and 87.9% of hatched larvae were without developmental anomalies in the control group. In
the field test, the egg quality varied from 11.2% to 92.3% with an average of 71.5%. The
hatching rate of African catfish embryos was less for longer periods from egg activation to the
addition of the spermatozoa to the vessel containing the oocytes (Fig. 1). The greatest hatching
rate was noted when the oocytes and spermatozoa were added at the same time in the water
(time of activation — 0 s). A delay of 15 s and 30 s in adding spermatozoa to oocytes activated
by water resulted in hatching rates of 71.2% and 45.7%, respectively. There was a hatching rate
of 7.9% in the group in which spermatozoa were added 90 s after adding water for activation.

In the second experiment, the greatest hatching rates were in groups in which sperm was
divided into two groups and were added 0 s and 30 s or O s and 60 s after adding water for
oocyte activation (Fig. 2). In all three groups in which there were additions of sperm two times,
the hatching rate was greater than in the control group (in which the sperm was added only
once).

In the third experiment, where sperm were divided into three or four aliquots, the
hatching rate in the treated groups was markedly greater than in the control group (Fig. 3). The
greatest hatching rate was in the group in which sperm were added to the water containing the
oocytes four times (0, 30, 60 and 90 s) after the addition of water for oocyte activation.

In the field test, the differences were compared between the hatching rates between
using the fertilization method that is currently used commercially to the hatching rates for the

modified method by dividing the semen into three samples and adding it to a vessel containing



eggs at 0 s, 30 s and 60 s after adding water for egg activation (Fig. 4). In eight of 12 samples,
the hatching rate was greater using the modified method. In both cases, there were no
differences in the hatching percentage between the control and modified groups with hatching

percentages in the control group being greater than 92%.

4. Discussion

In the present study, a method was developed, for the first time, for optimizing
fertilization in African catfish that had a positive effect on the survival of embryos and hatching
percentage. The African catfish is a species in which males are sacrificed during artificial
reproduction (Szabo et al., 2010; Mdller et al., 2018; 2019; Samarin et al., 2018) because sperm
cannot be obtained from the males of this species by stripping in field conditions (Van der Waal
and Polling, 1985; Viveiros et al., 2002; 2003). This, however, results in losses of males from
the spawning stock populations. For this reason, as well as the relatively greater fecundity of
the females of this species compared with many other fish species, the number of spawning
specimens used for a single spawning in a fish farm is usually very limited (e.g., one female
and one male). The quality of the gametes and the fertilization rate are as important as in other
species in which a limited number of spawning specimens are used for artificial reproduction
(Kucharczyk et al., 2016; Miller et al., 2018; Samarin et al., 2018).

The biological quality of eggs is determined by the percentage of developing embryos
or the percentage of hatched larvae with typical morphology, and is often used in both research
and aquaculture production to estimate reproductive efficiency when there is use of artificial
reproduction practices (Kucharczyk et al., 1997; 2019; Kujawa et al., 2011; Blecha et al., 2018;
Kristan et al., 2018). For some species (e.g., zander or perch), methods have been developed to
verify the egg quality before the eggs are fertilized (Zarski et al., 2011; 2012), but for many

other species, including African catfish, there are no such methods available. The quality of



African catfish eggs, therefore, can only be ascertained after fertilization. In this species, many
factors affect the biological quality of eggs, including environmental conditions or hormonal
agents administered to induce the final stages of gamete maturation and ovulation (Brzuska,
2004; Brzuska et al., 2004). For this reason, Ovaprim is generally used to induce ovulation in
African catfish because the eggs that develop with its use are generally of excellent biological
quality (Karami et al., 2011; Sharaf et al., 2012). The findings in previous studies in this regard
were similar to those in the present studies (in ten of 14 treatment groups the spawning
percentage of hatched larvae was greater than 70%).

Fish sperm usually have a rather short period of motility after activation before a loss of
viability. After contact with water or an activating fluid, the sperm generally lose the capacity
for motility and for fertilization of eggs within seconds (Cejko et al., 2013; 2016). Biegniewska
et al. (2010) reported that sperm of African catfish lose the capacity for motility in a very short
period of time after activation. The period for which the capacity for motility is retained,
however, is in contrast to length of the time during which fertilization can continue to occur
after the time of egg activation. In some species, it takes as long as180 s from the time of egg
activation to fertilization, during which time there is no decrease in the percentage of fertilized
eggs (Zarski et al., 2012; Kucharczyk et al. 2016). The situation in African catfish is somewhat
different. If fertilization in this species has not occurred within 90 s after egg activation, the
percentage of hatched larvae is about ten times less than if sperm and eggs are placed in the
same vessel at the time of sperm and egg activation (Fig. 1). This indicates that the process of
closing the micropyle in oocytes occurs more rapidly than for several other species (e.g., ide,
asp, burbot; Kucharczyk et al., 2016).

Extending the time of contact between sperm and eggs by dividing semen into aliquots
and adding aliquots of sperm at certain times after egg activation in some fish species has a

positive effect on fertilization efficiency (Kucharczyk et al., 2016). There were similar results



in the current study, where the division of semen into several aliquots and adding the sperm to
the container with the eggs at varying times after water was added for egg activation. Thus, the
hatching percentage with the modified methods was greater than with the traditional method
used for fertilization of African catfish eggs (Figs. 2 and 3). Using the same amount of sperm
(with the last of the three or four additions occurring at 90 s after water was added for egg
activation) increased the hatching rate by 9.2% compared with the control group and there was
an excellent hatching rate (97.1%).

In African catfish, as well as other finfish, the percentage of fertilized eggs or hatched
larvae varies and depends on many factors. These include the origin of the fish, type of
stimulation with environmental conditions and hormonal agents, having a proper gonadal
harvest time and storage conditions, feeding management of the spawning specimens and many
other factors (Nowosad et al., 2014; 2016; 2017; Kristan et al., 2018). For example, in studies
conducted with African catfish (Brzuska, 2004; Brzuska et al., 2004), the percentage of
developing embryos was less than 60%. In a study conducted by Muller et al. (2019), there was
an average survival rate of 61% (range 43.7%-72.4%), however, in a study of Samarin et al.
(2018) it was 81% to 88%. This variability was confirmed in the control groups of field
experiments in the current study: 11.2% to 92.3% with an average of 71.5% (Fig. 4). In
experimental groups where there was fertilization of eggs using the modified method, the values
were greater (+7.2%) for hatching percentage (average 78.7%). Furthermore, when there was a
lesser biological quality of the eggs produced, there were greater relative differences between
the groups in which the modified and control methods were used for fertilization in the field

portion of the research of the present study.

5. Conclusions



Modifying the fertilization method in African catfish increases the percentage of larvae
hatching. This method involves dividing the semen used for insemination into smaller aliquots
and adding it to eggs within 90 s after adding water for egg activation. Field assessments
confirmed the effectiveness of this method. Furthermore, when eggs were of a lesser biological
quality, the relative effectiveness of the modified method for larvae production as compared

with the conventional method was greater than when the eggs were of greater biological quality.
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Figure captions:

Fig. 1. Association between the hatching rate of African catfish (Clarias gariepinus) larvae
and different experimental fertilization procedures; Groups description: C — control groups
(eggs mixed with sperm at the time of adding water for egg activation) and after a delay of 30
s, 60 s and 90s as groups A-30, A-60 and A-90; Data among the groups with different letters

were different (P < 0.05)
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Fig. 2. Association between hatching rate of African catfish (Clarias gariepinus) larvae and
different experimental fertilization procedures; Groups description: C — control groups (eggs
mixed with sperm at the time of adding water for egg activation) and eggs mixed with sperm at
0 s and 30 s (as B-0-30), 0 s and 60 s (as B-0-60) and 0 s and 90 s (as B-0-90) relative to the
time of adding water for egg activation; Data among the groups with different letters were

different (P < 0.05)
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Fig. 3. Association between hatching rate of African catfish (Clarias gariepinus) larvae and
different experimental fertilization procedures; Groups description: C — control groups (eggs
mixed with sperm at the time of adding water for egg activation) and eggs were mixed with
spermat 0's, 30 s and 60 s (D-0-30-60), at 0 s, 30 s and 90 s (D-0-30-90) and at0's, 30°s, 60 s
and 90 s (D-0-30-60-90) relative to the time of adding water for egg activation; Data among the

groups with different letters were different (P < 0.05)
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Fig. 4. Hatching rate of African catfish (Clarias gariepinus) larvae from the field test; Groups
description: control groups (eggs mixed with sperm at the time of adding water for egg
activation) and treated groups in which eggs were mixed with sperm at 0 s, 30 s and 60 s after
adding water for egg activation; Data among the groups with different letters were different (P

< 0.05)
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