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Abstract

Among many aquaculture species, carp is the most popular one es-
pecially in South-East Asia because of its highly favorable culture
conditions, rapid growth, easy culture technique, high market de-
mand and consumers’ acceptability. Brood stock quality, egg and
sperm quantity and quality, and fitness of larvae are the primary
and prime issues in carp industry, because without healthy and well
fingerlings nothing will be successful. Therefore, the present study
has been conducted to explore how different phenotypic traits of two
different sized males (big vs. small) can influence the hatching suc-
cess (direct benefits of females) in hatchery reared common carp
(Cyprinus carpio). 50 mature males of two sized groups (i.e. 25 big
males >1 kg and 25 small males <1 kg) have been sorted for this
study. Some common females having almost the same weight (2-2.5
kg) have also been chosen as control females for the experiment.
The results have found significant differences between two male
groups in some selected phenotypic traits (standard length, body
area, color area in body, pectoral fin and caudal fin). The study has
also revealed that bigger males have produced significantly high-
er number of hatchlings than their counter group. Thus, the overall
results provide an important suggestion to the hatchery owners to
prefer the bigger males in order to produce higher number of fry for
greater benefits.
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Introduction

Today, aquaculture is a well-established technology and econom-
ic activity in the world. It provides a dynamic source of food, employ-
ment, recreation and economic benefits all over the world. Bangladesh
is considered one of the most suitable countries in the world especial-
ly for freshwater aquaculture because of its favorable resources and
geo-ecological conditions. Recently, Bangladesh has positioned forth
in inland open water harvesting and fifth in fish culture in world rank-
ing having a production of 3.78 million MT fish of which 1.19 million
MT came from only carp production in 2015-2016 [1,2].

Carp culture is the most popular form of aquaculture practice in
Bangladesh because of its suitable culture environment, fast growth,
easy to culture, high market demand and consumers’ acceptability [3].
Carp culture mainly depends on several factors such as broodstocks
management, seed production, larvae rearing, culture systems, nutri-
tion, disease control, etc. Among these variables, broodstocks collec-
tion, rearing and management, and then production of good quality
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sperm, eggs and fry are the primary and prime issues, because
without healthy and well fingerlings nothing will be successful. But
now-a-days due to the degradation of ecological systems, natural
resources of good quality carp seeds are destroyed. Therefore,
hatchery is now the main source of carp seed production.

Eggs and sperm are the main elements in hatcheries for fish
breeding to produce larvae. Egg and sperm quality is significantly
important for the production of high quality fish larvae and for eco-
nomical utilization of hatcheries [4]. Good quality eggs and sperm
can increase fish production and thereby fulfill the market demand of
fish and fish protein. Good quality eggs have been defined as the abil-
ity of the egg to be fertilized and subsequently develop into a normal
embryo, while good sperm quality as its ability to successfully fertilize
an egg and subsequently allow the development of a normal embryo
[5]. Poor quality of egg and sperm is one of the major constraints in
the expansion of aquaculture especially in hatcheries for good quality
larvae production.

The common carp (Cyprinus carpio) originated in European riv-
ers around the Black sea and the Aegean basin [6]. It is one of the
few fish species that have a global distribution [7]. Some research
have already been carried out with common carp that show how age
of broodstock can influence the reproductive traits and fertilization,
about induced breeding of this species, chromosome set manipula-
tion and sex control, how growth hormone gene can be transferred
in this species, genetics and breeding, etc., [8-15]. Unfortunately no
specific study has been conducted to investigate the effects of brood-
stocks’ phenotypic traits (e.g. standard length, body weight, colour
patterns, etc.,) on hatching success of a fish species especially the com-
mercially important common carp. Therefore, the present study has
been carried out to explore the influence of males’ phenotypic traits on
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hatching success using common carp (C. carpio) as an experimental
species with a special research design.

Methods and Materials

Source and maintenance of broodstocks

The sexually mature common carps (C. carpio) were collected
from a commercial carp hatchery, the South Bay (Pvt) Ltd. hatchery,
West Shiromoni, Khulna, Bangladesh which maintains breeding pro-
tocols to avoid associated inbreeding problems. 50 mature males of
two sized groups (hereafter called two treatment groups) were sorted
for this study where 25 individuals of bigger than 1 kg and anoth-
er 25 individuals of less than 1 kg were included into two different
treatment groups and each treatment had two replications (Figure 1).
Some common females having almost same weight (2-2.5 kg) were
also collected from the hatchery for the experiment. Then each group
was reared separately under the same environmental conditions pro-
viding optimum level of diet up to couple of days.

Figure 1: The overall experimental design of this study.

Artificial propagation

The artificial propagation technique (also called ‘hypophysation’)
was applied at the base of pectoral fin by using the reccommended dos-
es of Pituitary Glands (PG) for induced spawning [16]. Common fe-
males were administered two times at the rate of 1.5 mg PG/kg body
weight for first time and approximately after 6 hours, the second dose
was injected at the rate of 6.0 mg PG/kg body weight. The experimen-
tal males were administered only a single dose when the females were
injected their second dose at the rate of 1 mg PG/kg body weight.
Then they were allowed to become ready for artificial spawning after
another 6 hours.

Measurements of phenotypic traits

After collecting sperm and eggs from each male and female, indi-
vidual’s photograph was taken along with their ID using a digital cam-
era (Canon DS126621). Then standard length (distance in cm from
tip of the snout to the posterior end of the last vertebra) and body area
(area covered from tip of the snout to the last mark of caudal pedun-
cle) of each fish were measured from the digital photographs using

Image] software (https://imagej.nih.gov/ij/index.html). Similarly, red
colored area in body, pectoral fin and caudal fin were also measured.

Determination of hatching rate

First, eggs were collected into a bowl from a common female by
hand stripping and the bowl was shaken to mix the eggs well. Then
exactly 1 mL of eggs was collected with a marked syringe for each rep-
lication of every treatment. For example, there were two replications
for each treatment and therefore, two bowls were ready for each treat-
ment to put 1 mL of eggs in each bowl. Then sperm were collected into
a bowl from each male by hand stripping and from the total sperm
pool exactly 0.5 mL of sperm was collected with a marked syringe and
mixed with the eggs of each replication. Meanwhile, required amount
of pre-prepared urea and NaCl solution (20 L water + 100 g urea + 80
g NaCl) was added to each replication bowl and continuously stirred
with a clean chicken feather in order to remove the adhesiveness of
eggs. Finally, the externally added solution (urea and NaCl mixer) was
discarded to collect the fertilized eggs. Then 25-30 mL powder milk
solution was added to the fertilized eggs to increase the calcium level
of eggs and also to remove the adhesiveness completely. The fertilized
egg masses were then transferred to previously labeled plastic contain-
ers (2 L) filled with sufficient aerated water. Then they were allowed
for incubation up to 38-40 hours at ambient temperature (27-29°C).
After two days, the total number of hatchlings and also unhatched
eggs in each replication were counted using a white colour plastic
spoon. Thus, the comparative hatching rate between two treatment
groups was determined.

Statistical analyses

All analyses were performed using ‘R version 3.4.3 [17]. The
descriptive statistics (means, SD, SEs, etc.) were calculated with the
‘psych’ package, and normality and homogeneity were tested using the
‘one way tests’ package. The appropriate transformation was applied to
yield normal distribution for any non-normally distributed trait.

The Welch two-sample t-test was performed to explore the varia-
tion in phenotypic traits (e.g. standard length, body area, body colour
area, red colour area in pectoral and caudal fin) between two male
groups (i.e. big vs. small male). Correlations among all interested traits
were also done by using the ‘Performance Analytics’ package. A multi-
ple linear regression analysis was performed where hatching rate was
included as response variable and all the measured phonotypic traits
were put as independent variables. Finally, a repeated measure ANO-
VA model was also applied using the ‘car’ package where hatching rate
was included as a response variable, treatment and the male-by-female
interaction as fixed factors and female body weight as a random effect
(to account for exact amount of eggs came from the same female). All
graphs were made with the ‘ggplot2’ package.

Results

Variation in phenotypic traits

The Welch two-sample t-tests have shown that bigger males (>1
kg) have significantly longer standard length (F , = -7.24, P<0.001),
lager body area (F = -9.07, P<0.001), and significantly more colour
area in body (F, = 6.08, P<0.001), pectoral fin (F, = 5.85, P<0.001)
and caudal fin (F1,43: -7.86, P<0.001) than the smaller males (<1 kg)

(Table 1).
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Big male Small male
Traits t-value P
(Mean+SE) (MeantSE)
Standard length (cm) 40.09%1.25 31.28+0.54 -7.24 <0.001
Body area (cm®) 434.10£29.69 | 244.8016.64 | -9.07 <0.001
Color area in body (cm?) 203.79 £13.54 | 118.92+£7.45 6.08 <0.001
1 a1 ectoral fi
Color area in pectoral fin | 5141 59 | 10024058 | 585 | <0.001
(em?)
Color area in caudal fin
75.261+5.75 48.61+1.18 -7.86 <0.001

(em?)

Response traits Estimate | Standard error t-value P

Male body weight 0.127 0.052 2.456 0.018
Female body weight 0.014 0.06 0.231 0.818
Standard length 0.006 0.0005 1.258 0.218
Body area -0.0007 0.0005 -1.57¢ 0.123

Color area in body -0.0004 0.0002 -1.643 0.109
Color area in pectoral fin | 0.00003 0.002 0.013 0.989
Color area in caudal fin -0.0007 0.002 -0.45 0.6554

Table 1: Variation in phenotypic traits between two size groups of male common
carp.

Significant P-values are marked in bold and italic fonts.

Table 3: Multiple regression analysis to explore whether the hatching rate of male
depends on different measured phenotypic traits.

Significant P- values are marked in bold italic fonts.

Correlation among phenotypic traits

The correlation analysis has shown very strong relationship
among the different measured phenotypic traits (Table 2).

Trait-1 Trait-2 cf:‘;.: 22::3) P
Standard length Male body weight 0.93 <0.001
Standard length Body area 0.95 <0.001
Standard length Colour area in body 0.83 <0.001
Standard length Colour area in pectoral fin 0.86 <0.001
Standard length Colour area in caudal fin 0.94 <0.001

Male body weight Body area 0.98 <0.001
Male body weight Colour area in body 0.83 <o0.001
Male body weight Colour area in pectoral fin 0.84 <0.001
Male body weight Colour area in caudal fin 0.96 <o0.001
Body area Colour area in body 0.84 <0.001
Body area Colour area in pectoral fin 0.83 <0.001
Body area Colour area in caudal fin 0.97 <0.001
Colour area in body Colour area in pectoral fin 0.75 <0.001
Colour area in body Colour area in caudal fin 0.82 <0.001
Colour area in pecto- . -
val fin Colour area in caudal fin 0.83 <0.001
Table 2: Correlations among different measured phenotypic traits of male common
carp.
Significant P-values are marked in bold and italic fonts.

Hatching rate comparison

The multiple regression analysis has revealed that hatching rate
(%) was dependent only on male body weight where it was increased
or decreased with the increase or decrease of male body weight, while
it was not dependent on any other measured phenotypic trait (Table
3). Finally, the repeated measure ANOVA model has shown that the
bigger males produced significantly higher number of hatchlings than
their counter male group (F ,=7.88, P<0.05, Cohens f= 0.41 and Fig-
ure 2). The model has also shown no effect of female weight (F , =0.95,
P=0.33) and treatment-by-female interaction (F, = 1.12,P=0.29) on
hatching rate. Thus, it has been confirmed that female weight, and the
interaction of male and female have no effect on hatching rate in this
experiment.

Discussion

The study has shown that bigger males (>1 kg) have significantly
longer standard length, larger body area, more colour area in body,

Figure 2: Variation in hatching percentage (mean+SE) between big and small male
common carp.

pectoral and caudal fin than the smaller males (<1 kg) (Table 1). The
overall results have also revealed that bigger males have the ability to
produce significant number of hatchlings than the smaller males (Ta-
ble 3 and Figure 2).

Several studies have shown that body size is a fundamental trait
that can affect many aspects of fish performance such as courtship
behaviors, sperm quality and quantity, egg number and size, offspring
number and fitness, etc. [18-26]. In the present study, males were
selected based on their weights where the bigger males were signifi-
cantly longer (i.e. standard length) having larger body size and colour
area than the smaller males. The findings have revealed that bigger
males had significantly more colour area in body, pectoral and caudal
fins than the smaller males. Similar kinds of result were also found by
other studies [18,27-29]. Smith, Phillips found that bigger males of
European bitter ling (Rhodeus amarus) possessed comparatively more
colour area than the smaller males, while Rahman, Kelley demonstrat-
ed that male guppy (Poecilia reticulata) fed with higher amount of diet
grew larger and had more colour patterns than their counter group
[18,27]. In another study, Serrano-Meneses, Cordoba-Aguilar found
that large males of ruby spots (Hetaerina americana) had significantly
more wing pigmentation than smaller ones. Evans, Bisazza revealed
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that female guppy (P. reticulata) exhibited preferences for males hav-
ing relatively larger orange spots in their bodies [28,29]. Meanwhile,
some studies have shown that males with relatively larger body area
and colour patterns may have larger testis, produce faster and more
viable sperm [30-35]. Evidences have also revealed that relatively larg-
er and colorful males have higher parentage success than their less
conspicuous counterparts [36-39].

The main outcome of this present study having higher hatching
rate of larger males corroborates some other studies [26,28,40-42].
According to Pujolar, Locatello, the highest fertilization success of ter-
ritorial males of grass goby (Zosterisessor ophiocephalus) was found
from individuals with the largest body size [26]. There is a positive
relationship between body size and fertilization success in territorial
males of the grass goby (Z. ophiocephalus). In another study, Huang
and Chang revealed that hatching rates were significantly positively
correlated to standard length of parental males of paradise fish (Mac-
ropodus opercularis) (hatching rate: r = 0.813, P<0.001) [40]. Jones and
Hutchings conducted an experiment with Atlantic salmon (Salmosal-
ar) where they found the influence of male body size on parr fertiliza-
tion success significantly in a single treatment having no anadromous
male [41]. Thus they suggest that parr body size is an important pre-
dictor of the probability of an individual being involved in spawning.
In an experiment with three-spined stickleback (Gasterosteus aculea-
tus), Largiader, Fries found an increased fertilization success of larger
territorial males in comparison with smaller ones [42]. Large body
size is advantageous for male ruby spots (Hetaerina americana) since
it enhances territory tenure, fighting rate, wing pigmentation and
mating success [28]. Levitan found in sea urchin (Diadema antilla-
rum) that body size is a good indicator of gonad volume and gamete
release across densities [43].

Previous few studies, however, found no correlation between
body size and fertilization success [44-46]. In a study, Petersen, War-
ner revealed that there was no correlation between the size of a male
and fertilization effectiveness in the blue head wrasse (Thalassoma bi-
fasciatum) [44]. Spence and Smith did not find male size to be related
to reproductive success in zebra fish (Daniorerio) while using males
ranging between 33.8 and 37.4 mm. Rakitin, Ferguson found that
male body size did not affect the reproductive success in Atlantic cod
(Gadus morhua L.) which might be due to the effect of tank size on the
courtship performance of captive males [45,46].

Conclusion

Size-dependent variation of phenotypic traits and reproductive
fitness were investigated in some animals. However, very few stud-
ies revealed the correlation of phenotypic traits with the fertilization
success in a commercially important carp species, the common carp
(Cyprinus carpio). Therefore, this study has been conducted to explore
whether some phenotypic traits of male common carp can provide an
indication to confirm the fertilization success in this species. It has
been concluded from the present study that the selected traits such
as standard length, body area, colour area in body, pectoral fin and
caudal fin are significantly different between two male groups (i.e. >1
Kg vs. <1 Kg). The study has also revealed that bigger males produced
significantly higher number of hatchlings than their counter group.
The overall results provide an indication of direct benefits for females
(i.e. reproductive purpose) to prefer the bigger males as their mating
partners, and also provide a suggestion to the commercial farmers to

choose big sized males for higher fry production. To have more con-
firmation about this issue, still some research should be carried out to
explore the use of bigger males and females based on their phenotypic
traits for higher fertilization success and thereby, good offspring pro-
duction in some other commercially important fish species.
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