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ABSTRACT: Sound knowledge of the reproductive traits of brood fish is essential to maximize
the propagation efficiency of fishes. This study was undertaken to understand and document the
efficiency of artificial propagation and breeding performances of exotic carps at the National
Research & Development Centre for Aquaculture (NR&DCA), Gelephu between February and
June 2021. The reproductive performances of six carp species (Silver carp, Grass carp, Common
carp, Catla, Rohu, and Mrigal; n = 414) were investigated. Two propagation methods: semi-
natural for common carp and artificial propagation method for Indian Major Carp and Chinese
Major Carp were studied to understand their breeding performance. The brooders and larvae
were fed @ 2 % and @ 4 -8 times the initial body weight and fry and fingerlings @ 50 -100 %
of their initial weight respectively. ANOVA results revealed that there are significant differences
(Fs, 413 = 69.701, p < 0.05) in the mean body weights of brooders used for propagation. However,
regression coefficients depict a non-significant (p > 0.05) effect of mean body weight (MBW)
on relative fecundity (RF). The association and degree of relationship observed between MBW
and RF were negative and moderate correlations (r = -0.661) which could be accounted for due
to the low fecundity of heavy brooders relative to age factors. The overall mean body weight
recorded was 3383.44 + 1847.50 g (Mean + SD) with a range of 2023.45 + 690.35 g to 5483.57
+ 1502.49 g. Mrigal exhibited the highest absolute fecundity of 405,749 numbers, whereas Rohu
had demonstrated the highest relative fecundity of 171,642 numbers. Overall fertilization rate,
hatching rate, and fingerling survival rates recorded were 53%, 56%, and 71% irrespective of
fish species. These species-specific findings will provide a scientific basis to improve the current
hatchery protocols to enhance fingerling production for Carp species in the country.
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1. INTRODUCTION

Fish farming was introduced during the early
1980s with the establishment of the Fish Seed
Production Centre at Gelephu under the Sarpang
district with an objective to promote Carp
farming in Bhutan. Thereafter, the center served
as a fish seed production and demonstration
center that enabled the development of the
fisheries sector through capacity development
and provision of extension services to the
interested local fish farmers, particularly in the
southern foothills of the country.

Since then, warm water-based Carp farming is
promoted in the field and currently, about 500
farmers across twelve districts - Chhukha,
Dagana, Mongar, Pemagatshel, Punakha,
Samdrup Jongkhar, Samtse, Sarpang,
Trashigang, Tsirang, Wangdue Phodrang, and
Zhemgang of Bhutan have adopted Carp farming

(National Research & Development Centre for
Aquaculture [NR&DCA] 2017).

Fish is one of the important sources of animal
protein in the diet of Bhutanese (Thinley et al.
2018). The consumption pattern of fish has been
increasing over the years, and the growing
requirements are met through major imports
resulting in an outflow of millions of Ngultrums.
The domestic fresh fish production was 181.65
MT (Renewable Natural Resources Statistical
Division [RNR-SD] 2020) against the import of
1109.23 MT (Bhutan Trade Statistics 2020) in
2020. This demand-supply deficit provides an
opportunity to increase domestic fish production.

Currently, fish farming is by and large
undertaken at the subsistence level as
commercialization is mainly constrained by the
limited and small land holding of Bhutanese
farmers.
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In absence of private hatcheries, artificial
propagation of Carps in two government-owned
farms (i.e., NR&DCA, Gelephu and RCA,
Phuntshothang) plays an important role in
ensuring a consistent and adequate supply of
fingerlings to Bhutanese fish farmers. However,
a comprehensive study to understand the
efficiency and breeding performance of Carps on
government-owned farms has not been
undertaken, so far. Therefore, this study was
conducted to understand and document the
performances of artificial propagation of Carp,
and the breeding performance of different Carps
promoted in Bhutan, which will enable the
establishment of a benchmark for further
improvement of Carp farming in the country.

2. MATERIALS AND METHODS
2.1 Artificial propagation

The empirical investigation started from
February 2021 until June 2021. Out of six
species, the breeding season for common Carp
starts first from February to March followed by
Grass Carp, and Silver Carp in the month of
March to May. Similarly, Catla, Rohu, and
Mrigal responded to induced breeding during the
month of June to August. Data were collected
from 414 sets of brooders (828 males, 1:2 ratio
female to male brood proportion for the
propagation), in total, 414*3 = 1,242 numbers of
brooders).

The artificial propagation of Chinese Major
Carps (CMCs) and Indian Major Carps (IMCs)
was carried out within the Carp hatchery using

the synthetic hormone ie., Salmon
Gonadotropin-Releasing Hormone  (Ovatide
manufactured by Capital Nets, Ganeshpeth

Colony, Nagpur, Maharashtra, India) to induce
spawning and then data were recorded on daily
basis using the standard format. After spawning,
the ova were collected and transferred to
incubators @ 35-90 liters of ova per incubator.
The ova hatched within 12-24 hours of
incubation. After absorption of the yolk sac, the
larvae were fed with poultry egg yolk @ 4-8
times their initial body weight. After seven days
of larval rearing in the incubators, they were
transferred to nursery ponds and fed with soya
bean and poultry egg mixed juice for 25 days.
From 26-120 days, the fries received fry feed @
50-100% of the initial body weight.

2.2 Semi-natural propagation

Common Carp has different breeding nature
which is a semi-natural type. During the breeding
season, matured female to male brood ratio of
1:2 in numbers by body weight was selected and
set for propagation in an earthen pond. The brood
spawned after three days to five days and eggs
were automatically collected on underlying
kakabans (a type of egg collector, egg collectors
are joined together in a sort of raft which can be
fixed slightly off the pond bottom by using two
long poles tied in place with cord and stakes).
The ova hatched within 12-24 hours. After
absorption of the yolk sac, the larvae were fed
with poultry egg yolk @ 4-8 times their initial
body weight. After seven days of larval rearing
in the incubators, they were transferred to
nursery ponds and fed with soya bean and
poultry egg mixed juice for 25 days. From 26 -
120 days, the fries received fry feed @ 50-100%
of the initial body weight.

2.3 Fecundity

Fecundity is the indication of fertility, such as the
sperm or egg count of an organism. Fecundity is
important to assess the reproductive potential and
to evaluate the commercial potential of fish
stock. Following the onset of spawning after 12-
18 hours of the induced breeding, the ova were
measured using the volumetric method to
determine the gross quantity of ova being
spawned by the respective sets of brooders.
Measured and counted ova were transferred from
hapa (a cage enclosure) into incubators for
hatching. From each set, a one-liter ova was
taken as a sub-sample with calibrated beakers to
determine the fecundity. For Common Carp,
fecundity estimation was determined through
weighing and counting ova from the three
broods. Body weight and gross weight of the
ovaries were taken to determine the relative and
absolute fecundity. The samples were randomly
collected from the cases that exhibited egg clog.
With minimal exposure to the stressors, the
sampled eggs were set in within the incubators
for hatching. Absolute Fecundity (AF) is the
reproductive power of a female fish, i.e., the total
number of ova present in the ovary or eggs
released by a female fish during spawning. A
formula to measure AF is adopted from (Bandpei
et al 2011);

Absolute Fecundity = nV/v
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Where n =
subsample,

number of eggs in the

V = volume to which the total number of
eggs is made up and

v = volume of the subsample
Whereas, Relative Fecundity (RF) refers to the
number of eggs produced/present expressed in
terms of the number of eggs per gram ovary or
body weight (per g or kg).
2.4 Fertilization, Hatching, and Survival Rate
The fertilization, hatching, and survival rate were
determined using the following formula adopted
from (Naeem et al. 2011);

Nos. of fertilized eggs

Fertilization Rate = Total number of eggs X100
Nos. of hatchlings
Hatching Rate = Total no. of fertilized X100
eggs
. Total no. of remaining
Survival Rate (Fry seed X 100

to fingerling) = Initial no. of seed

2.5 Data analysis

Both descriptive and inferential statistics test like
Analysis of Variance (ANOVA) was used to
compare the mean of breeding parameters. Data
were analyzed using Statistical Package for
Social Sciences (SPSS) version 25.0.

3. RESULTS & DISCUSSION

The alternate hypothesis tests for the study are
Mean Body Weight (MBW) has a positive
correlation to Relative Fecundity (RF). The
dependent variable RF was regressed on
predicting variable MBW to test hypothesis H.
MBW non-significantly predicted RF, F (1, 4) =
3.097, p > 0.05, which indicates that the MBW
can play a non-significant role in shaping RF (b
= -26.124, p > 0.05). These results clearly direct
the negative effect of the MBW. Moreover, the
R? = 0.436 depicts that the model explains 43.6%
of the variance in RF.

The finding indicated a significant difference in
the MBW and Body Length (BL) of brooders of
six species, F (5, 413y =69.701, p < 0.05) (Table

1). Grass Carp broods were the heaviest in terms
of body weight and longest in its length.
However, Rohu was recorded as the slimmest
and Catla the shortest.

Table 1: Morphometric information indicating
mean body weight (g) and mean body length

(cm)

Species Mean BW + SD Mean BL + SD
Common carp 3590.48 £ 1924.482 54.86 + 10.892
Grass carp 5483.57 + 1502.49P 72.25 + 6.88°

Silver carp 2529.23+1722.102 57.85 +£10.67%¢
Rohu 2023.45 £ 690.35% 49,53 £5.11%

Catla 2330.29 + 846.41% 49.20 + 3.79¢

Mrigal 3285.74 + 1049.53? 59.70 + 7.07¢

*Means with the same superscript within the columns are
not significantly different at (p = 0.05).

Pareto dot chart summarizes the overall species-
wise absolute fecundity and relative fecundity of
total numbers of brood sets (n = 414) used for
propagation during the empirical trial (Figure 1).
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Figure 1: Pareto dot chart showing reproductive
traits of six carps.

The same chart also reveals the proportion of
successful and unsuccessful sets of brooders used
for propagation. Notably, 84.49% (n = 414) of
the brood sets responded successfully whereas
unsuccessful sets recorded was only 15.51% (n =
76). The overall absolute fecundity ranged from
135,629 to 405,749 numbers for six species with
a relative fecundity range of 51,178 to 171,642
numbers. The highest absolute fecundity
recorded was 405,749 numbers for Rohu
followed by 353,734 numbers in Mrigal and
341,269 numbers in Catla.

3.1 Fertilization, Hatching, and Survival Rate
The overall species-wise fertilization, hatching

and survival rates are reflected in Figure 2. It is
evident that CMCs (68.5%) and IMCs (75%)
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have relatively higher survival rates than the
Common Carp (65%). Overall fertilization rate
ranged from 45% to 60% wherein Grass Carp,
Silver Carp, and Mrigal had the least fertilization
rate of 45%. Hatching rates varied from 52% to
65%, in which this study recorded the highest
hatching success of 65% for Common Carp.
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Figure 2: Reproductive traits of carps in terms of
fertilization, hatching, and survival rates.

3.2 Reproductive Traits of IMCs

The mean body weight of the IMCs broods
differed significantly (p<0.05) between Rohu
(2023.45 + 690.35) and Mrigal (3285.74 =+
1049.53) and also between Mrigal (3285.74 +
1049.53) and Catla (2330.29 * 846.41). The
findings from the study indicate 366,917 and
446,928 numbers of absolute fecundity and
relative fecundity respectively for IMCs. The
consolidated fertilization rate for IMCs was 55%,
wherein Rohu and Catla showed the highest
hatching rates of 60%. Rahman et al. (2013)
reported that the Rohu Labeo rohita has induced
breeding performance of 80.76% and 70.96% of
fertilization and hatchability rate respectively
which is comparatively higher than the current
finding. The low reproductive traits in this study
could be due to low water temperatures, probable
inbreeding, age factors, feeds and feeding,
health-related, and also due to the management
aspects compared to the study undertaken by
Rahman et al. 2013.

3.3 Reproductive Traits of CMCs
The mean absolute fecundity of CMCs was noted

as 208,135 numbers which ranged from 135,629
numbers for Silver Carp and 280,641 numbers

for Grass Carp. Similarly, the mean relative
fecundity was recorded as 52,402 numbers with a
minimum of 51,178 numbers for Grass Carp and
a maximum of 53,628 numbers for Silver Carp.
On contrary, Basavaraja (2007) reported high
fecundity of 100,000 & 150,000 numbers per kg
body weight in Silver Carp Hypophthalmichthys
molitrix and Grass Carp Ctenopharyngodon
idella. This study recorded a fertilization rate of
53%, a hatching rate of 56%, and a survival rate
of 73% which is almost similar to the findings of
Venugopal et al. (2000) who reported mean
fertilization, hatching, and larval survival rate of
75%, 70%, and 60% respectively. This
comparable finding of the reproductive traits in
CMCs indicates their reproductive suitability
within the wet sub-tropical agro-ecological zone.

3.4 Fecundity of EC - Cyprinus carpio

The absolute fecundity recorded was 250,000
numbers while the relative fecundity was
recorded as 100,000 numbers. The fecundity,
fertility, and hatching rates range from 99,450 to
125,700 numbers, 79,560 to 103,074 numbers,
and 63,648 to 82,459 numbers (Malik et al.
2017). Fertilization, hatching, and survival rate
recorded for Common Carp were 60%, 65%, and
65% respectively. Similarly, 7.8-82% of
fertilization rate, 32-80% of hatchability rate, and
32-80% of survival rate in the semi-natural
environment were reported by Malik et al.
(2017). Linhart et al. (1999) also obtained a
mean relative fecundity of 100,000 to 300,000
eggs through a review report on Common Carp
breeding in the USSR and European countries.
Similarly, Thien et al. (2001) reported 65.5-
85.9%, 10-66.8%, and 64.3-96.0% range survival
rates in larva, fry, and fingerlings respectively.

4. CONCLUSIONS & RECOMMENDATION

By and large, fish farming in the country is at the
subsistence level as commercialization is mainly
constrained by the limited and small land holding
of Bhutanese farmers. In order to meet the
current requirement of fingerlings to enhance
table fish production, two government farms are
ensuring a consistent and adequate supply of
fingerlings to Bhutanese fish farmers. The
artificial propagation and breeding performance
of different Carps in Government farms is crucial
for upscaling Carps farming in the country. The
finding from the current study indicated that
IMCs has higher survival rates than CMCs and
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the Common Carps. However, CMCs have a
better fertilization rate than IMCs. On the other
hand, Common Carp has higher hatching rates
than IMCs and CMCs. The body weight of IMCs
brood was found higher when compared to
CMCs and Common Carp.

It is also indicative that Silver carp is found to be
the low-performing species in terms of fecundity,
hatching rate, and overall larvae to fingerlings
survival. Thus, based on the current findings on
fingerlings’ fecundity and survival rate, IMCs are
recommended to be the better species for
propagation in the Government farms at
NR&DCA and at RCA as these centers have
similar climatic and agro-ecological conditions.
It is suggested that an in-depth study with the
same age and weight of brooders of all Carp
species considering the same variables needs to
be investigated to further understand and
establish sound scientific knowledge on their
reproductive performances.
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