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Introduction: Small indigenous fish species (SIS) can be particularly rich in

micronutrients and make a crucial contribution toward improving human

nutrition. The introduction of mola (Amblypharyngodon mola), an SIS, which is

particularly rich in vitamin A, into smallholder carp aquaculture systems has been

widely promoted over the past decade as a promising nutrition-sensitive

innovation. However, standardized techniques for the hatchery mass

production of mola do not yet exist. We hypothesized that the lack of

commercial hatchery mass-production techniques for mola seed is the key

barrier limiting potential for widespread adoption of carp–SIS polyculture.

Methods: To address this gap, we conducted breeding trials at a private hatchery

in Odisha, India, from July to September 2022, to identify standardized methods

for the hatchery-based mass production of mola seed. Breeding was induced

using a synthetic gonadotropin-releasing hormone analog (SGnRHa) at 0.5 mL

and 0.25 mL per kg of body weight of female fish and male fish, respectively. Fish

spawned in double hapas in breeding tanks.

Results: The average fertilization, spawning, and hatching rates over 10 breeding

cycles were 81%, 82%, and 85%, respectively. A total of 8.5 million fertilized eggs

and 6.4 million hatchlings were produced. The survival of fry during larval rearing

trials at a stocking rate of 500 hatchlings/m2 was 58% after 22 days. The mola
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1 SIS are characterized by their diminutive size (they

length of approximately 25 cm) and largely inhabit fre

as floodplains, rivers, streams, canals, ponds, rice field

2 Carp species: Indian major carp (rohu, Labeo rohita

mrigal, Cirrhinus mrigala), Indian minor carp (bata, Labe

calbasu, Labeo calbasu), and exotic carp (grass carp

idella; silver carp, Hypophthalmichthys molitrix; com

carpio; bighead carp, Aristichthys nobilis; black car

piceus; silver barb, Barbonymus gonionotus).

Rajts et al. 10.3389/faquc.2023.1271715
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hatchlings and fry were sold to 29 farmers at prices comparable to those of

Indian major carp.

Discussion: This article makes a unique contribution to the literature by

documenting the entire process of hatchery-based mass mola seed

production, including broodfish collection and maintenance, hormone dose

optimization, breeding arrangements, breeder characteristics, breeding

behavior and performance fecundity, larval rearing, and seed sales to farmers.

This information is intended to serve as a protocol to be followed by any

individual or institution with an interest in mola breeding and represents an

important contribution to the development of nutrition-sensitive aquaculture.
KEYWORDS

small indigenous fish species (SIS), mola (Amblypharyngodon mola), induced breeding,
environmental manipulation, mass seed production, nutrition-sensitive aquaculture
1 Introduction

Fish is an irreplaceable source of micronutrients in diets in the

Global South, where large numbers of vulnerable people belong to

“fish-dependent” populations. Previous studies from South Asia

have demonstrated that some small indigenous fish species—

col lec t ive ly cal led SIS1—can be part icular ly r ich in

micronutrients, including iron, calcium, zinc, and iodine, and

vitamins A, B12, and D, and make a crucial contribution toward

human nutrition (Bogard et al., 2017).

Historically in South Asia, SIS sourced from inland capture

fisheries were abundant and cheap, but the productivity of

freshwater aquatic resources has declined sharply in recent

decades in response to overexploitation and habitat degradation,

making once plentiful and affordable SIS increasingly scarce and

expensive (Toufique and Belton, 2014).

Carp2 polyculture systems are the most widespread form of

aquaculture throughout the Indian subcontinent. Introducing SIS

into conventional carp polyculture has been promoted over the past

decade as a promising nutrition-sensitive innovation, with the

potential to substantially increase the micronutrient intakes of

farming households, especially for women and children.

Nutrition-sensitive aquaculture is defined as a food-based

approach to aquaculture development that prioritizes the
grow to a maximum

shwater habitats, such

s, and wetlands.

; catla, Gibelion catla;

o bata, Labeo gonius;

, Ctenopharyngodon

mon carp, Cyprinus

p, Mylopharyngodon

02
production of nutrient-dense SIS alongside conventional carp

polyculture to support beneficial nutritional outcomes (Thilsted

et al., 2016).

The promotion of nutrition-sensitive carp–SIS polyculture has

centered around introducing mola carplet (Amblypharyngodon

mola, hereafter referred to as “mola”), a small fish species which

is particularly rich in vitamin A, into smallholder managed carp

aquaculture systems in Bangladesh and India (Roos et al., 2002;

Roos et al., 2007; Dubey et al., 2022). These efforts have been

successful in producing significant quantities of mola in grow-out

ponds with no additional inputs or management, and no reduction

in carp yields (Wahab et al., 2003; Milstein et al., 2009). Subsequent

studies have demonstrated that including mola in a carp polyculture

system can increase the consumption of micronutrient-rich mola by

women and children (Castine et al., 2017; Karim et al., 2017) and

can be a cost-effective approach to reducing the burden of

micronutrient malnutrition (Fiedler et al., 2016).

However, to date, efforts to promote nutrition-sensitive

aquaculture have been dependent on the efforts of project or

scheme extension workers to coordinate the harvesting of wild

mola broodfish, maintain them in dedicated “brood ponds”, and

then distribute them to the ponds in target communities. The

harvesting process for collecting mola broodfish from the wild

also destroys small-sized mola and other SIS. The high costs,

difficulties in sourcing and transporting wild mola broodfish, and

the lack of incentives for adoption by the private sector associated

with this approach make its long-term sustainability following the

withdrawal of project support questionable.

In contrast, the development of most farmed aquatic species

that are now cultured at scale in Asia (e.g., carps, tilapias, and

catfishes) has followed a trajectory from reliance on the seed

sourced from the wild, to the hatchery-based mass production of

seed using wild broodfish and closure of the lifecycle, to the

domestication of broodfish and the creation of seed multiplication

and distribution networks by dynamic private-sector actors,

including hatcheries, nurseries, and fish seed traders (Belton, 2012).
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Standardized hatchery techniques for the mass production of

mola and other SIS seed do not yet exist. We hypothesized that a

lack of commercial hatchery reproduction techniques for mola seed

is a key bottleneck that limits the potential for widespread adoption

of carp–SIS polyculture. The project reported on in this study was

designed to overcome this key technical constraint to scaling up

nutrition-sensitive aquaculture, by developing protocols for

hatchery-based seed production of mola in Assam and

Odisha, India.

This article reports the results of successful mola seed

production trials, conducted in partnership with a private

hatchery in Odisha, India, in 2022, which were designed to crack

the code of mola seed mass production to facilitate the scaling up of

nutrition-sensitive carp–SIS polyculture throughout South Asia.

The article’s methodology and results are intended to serve as a

road map, to be replicated by any individual or institution with an

interest in mola seed production, including hatchery design,

induced breeding techniques, and larval rearing.

The article is organized into five sections. Section 1 contains the

introduction and background. Section 2 contains a review of

previous literature on the nutrient content, reproductive biology,

and artificial reproduction of mola. Section 3 details the materials

and methods used in the study, including those relating to broodfish

collection and maintenance, hormone dose optimization, and

breeding arrangements. Section 4 presents results relating to

breeder characteristics, breeding behavior and performance,

fecundity, larval rearing, and seed sales to farmers. Section 5

concludes by reviewing the implications of the results for the

wider promotion of mola as a farmed species, and the potential

for the mass production of other candidate SIS in hatcheries.
2 Nutrient content, reproductive
biology, and reproduction of mola

Mola fish are distributed throughout Bangladesh, India,

Myanmar, and Pakistan. It inhabits rivers, streams, lakes, ponds,

ditches, and other stagnant waters (Froese and Pauly, 2022). Its

maximum recorded length is 20 cm (Talwar and Jhingran, 1991),

although Rahman (1989) reported its maximum length as only 15

cm. The average lifespan of male and female fish is 13 months and

15 months, respectively, as reported in the Payra River of Southern

Bangladesh by Ahamed et al. (2017).

It was discovered decades ago that mola contains high contents

of calcium, iron, vitamin A, and vitamin B12 (Zafri and Ahmad,

1981), and, therefore, has high nutritional value; since then, it has

been one of the most studied SIS. Mola is particularly rich in

vitamin A, with 2,503 μg of vitamin A present per a 100-g edible

portion (Bogard et al., 2015). Mola also contains high levels of

essential amino acids. Mustafa et al. (2015) found that the lipid

content of mola is 4.5%, and that the percentage of omega-3

polyunsaturated fatty acids (PUFAs) in total fatty acids is 6.31%

± 1.4% in the head and 5.93% ± 0.75% in the body. Mola has a

higher lipid content than and similar protein content to most carps

(Bogard et al., 2015).
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Mola has small gill rakers that are connected with a membrane

to filter plankton, and is predominantly a phytoplankton feeder.

Mola is herbivorous, and Chlorophyceae are its most preferred food

source (Gupta and Banerjee, 2013).

Mola is a prolific breeder, with first maturity reported to occur

at 3 months of age (Rajts et al., 1997). Mola is a fractional spawner

(Gupta and Banerjee, 2013). The reproductive biology of mola

varies with the climate, water quality, food availability, size, and

habitat. The present state of knowledge on the reproductive biology

of mola is summarized in Table 1.
TABLE 1 The reproductive biology of mola carplet (Amblypharyngodon
mola) *.

Particulars Value Reference

Age of maturity (months) 3 Rajts et al.
(1997)

Weight at maturity, female fish (g) 0.25–11.82 Rahman et al.
(2018)

Weight at maturity, male fish (g) 0.39–6.86 Rahman et al.
(2018)

Length at first maturity, female fish
(cm)

3.57–9.94 Rahman et al.
(2018)

Length at first maturity, male fish
(cm)

3.69–8.88 Rahman et al.
(2018)

Breeding habit Batch spawner Froese and
Pauly (2022)

Parental care None Froese and
Pauly (2022)

Breeding ground (preferable) Freshly flooded dry
land with plant

substrate

Rajts et al.
(1997)

Natural breeding events per year 2 Kohinoor
et al. (2005)

Natural breeding events per year in
Kaptai reservoir, Bangladesh

3 Azadi and
Mamun
(2004)

Seminatural breeding per year
(induced by environmental
manipulation)

5 Ghosh et al.
(2018)

Gonadosomatic Index (GSI) female
(January and June)

1.78 and 17.06 Kohinoor
et al. (2005)

Eggs per female fish measuring 5
cm–5.5 cm and 8.1 cm–8.5 cm ♀

1,023 and 6,806 Hoque and
Rahman
(2008)

Relative fecundity per female fish
measuring 5 cm–5.5 cm and 8.1 cm–

8.5 cm ♀

200 and 850 Hoque and
Rahman
(2008)**

Relative fecundity of fish in Kaptai
reservoir, Bangladesh

995/g Azadi and
Mamun
(2004)

Diameter of vitellogenic oocyte (μm) 27–30 Hoque and
Rahman
(2008)

(Continued)
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Mola eggs are slightly adhesive, and an appropriate substrate on

which broodfish lay eggs is needed for successful spawning. Mola

breeding can be stimulated by introducing fresh water (particularly

rainwater), increasing water levels, and the provision of previously

dry but freshly inundated land with substrate for the slightly

adhesive eggs. The substrate can be rice plants, remaining rice

straw, or artificial grass.

During spawning, the rice straw can serve as a substrate for the

eggs and helps to generate infusoria3 and other zooplankton that

provide a food source for young fry (Thilsted et al., 2016;

Saha, 2019).

Kohinoor et al. (2005) studied the reproductive biology of mola

for 1 year and found that the gonadosomatic index (GSI) values for

female mola ranged from 1.78 ± 0.88 to 17.06 ± 2.66. The highest

GSI values for female mola were observed in July. Monthly

observation of the diameter of the ova indicated that the fish

spawned at least two times per year, once between May and July,

and again between September and October (Kohinoor et al., 2005).

The possibility of repeated induced breeding of mola has been

demonstrated by several authors. Ghosh et al. (2018) carried out a

successful breeding trial in West Bengal. They found that mola can

be induced to breed five times in 1 year through environmental

manipulation. They did so by flushing ponds with water of different

origins. The spawning of mola was observed every time pond

flushing occurred and also after heavy rain.

Mondal et al. (2020) maintained mola breeders in hapas in

ponds throughout the year to study their breeding habits. Ripe ova

were found for 9 months, that is, from April to December. The

development of oocytes was identified at different stages in each

batch, and natural breeding occurred several times during the

culture period. This is consistent with the findings of Ghosh et al.
3 Infusoria are live food organisms (mostly composed of microscopic

protozoans) that are eaten by fish hatchlings.

Frontiers in Aquaculture 04
(2018), which were that mola could be bred in captivity several

times per year using environmental stimuli.

Saha (2019) reported success in hormonal-induced breeding

with the use of carp pituitary gland (PG) extract. He reported that

the best dose of PG extract for inducing mola to spawn in the

hatchery was 25 mg per kg. The latency time was 6 h–8 h, and

hatching occurred 17 h–18 h after fertilization, at a temperature of

approximately 27°C. Saha estimated the average weight of 4-day-old

hatchlings as 0.7 mg. The hatchlings were grown in a nursery pond

and reached 5.14 cm± 0.42 cm in total length and 1.54 g± 0.33 g in

weight in 34 days. Saha et al. (2014) also reported techniques for the

successful transportation of live mola breeders, which are very

sensitive to handling.

Despite a substantial body of work on the reproductive biology

of mola, the efforts to conduct induced breeding have been largely

ad hoc in nature. No comprehensive, standardized, easily replicable

protocol for the mass breeding and larval rearing of mola under

hatchery conditions has been published to date. In the rest of the

article, we address this knowledge gap by reporting detailed results

from our successful breeding and larval rearing trials of mola in

Odisha, India, in 2022, which serve as a protocol for the future

replication of mass mola seed production.
3 Materials and methods

3.1 Broodfish collection and maintenance

The induced breeding trial for the mass production of mola seed

was conducted at the project partner hatchery complex located in

Tulunga village (Biswal Aquatech; latitude 20°12′45.84'N/longitude
86°20′3.32'E), Jagatsighpur District, Odisha, India. A sample of wild

mola weighing 40 kg was collected between March 2022 and April

2022 from three different sources—community water bodies,

private ponds, and canals—to ensure high levels of genetic

variation, and was transported to the partner hatchery in 10-L

oxygenated plastic bags. On arrival, all live mola were treated with a

10 ppm potassium permanganate (KMnO4) solution and were

stocked in two separate broodfish ponds (area per pond: 400 m2,

depth: 1 m–1.5 m) at a density of 20 kg per pond (50 g/m2), and

maintained for 3 months.

The broodfish ponds were prepared in accordance with

standard protocols (Horvath et al., 2002; Rajts et al., 2022). The

ponds were semidried and, after cleaning, the wet bottom was

treated with powdered hydrated lime [Ca(OH)2], at the rate of 200

g/m2. Basal organic fertilization was conducted using mustard oil

cake (MOC) at a rate of 20 g/m2, and water was gradually filled up

to a depth of 1 m from a borewell. Following this, an initial

application of the inorganic fertilizers urea and single

superphosphate (SSP) was made at rates of 10 g/m2 and 20 g/m2,

respectively, to augment pond productivity.

Mola broodfish were stocked when water transparency (Secchi

disc reading) reached the optimum level of 25 cm–30 cm. The

broodfish were fed to satiation twice daily with floating pelleted feed

(Natpro feed; 1 mm in size; 42% protein). To maintain the healthy
TABLE 1 Continued

Particulars Value Reference

Pituitary gland (PG) dose for
induced breeding

2 mg/kg ♀ and 1
mg/kg ♂

S.I. Khondaker
±

PG dose for induced breeding 25 mg/kg ♀ Saha (2019)

Latency period for ovulation (hours
at 27°C)

6–7 S.I. Khondaker
±

Time of egg development to hatching
(hours at 27°C)

12 Saha (2019)

Larval development time to first
feeding (hours at 27°C)

72 S.I. Khondaker
±

48 Saha (2019)

Number of 4-day-old hatchlings per
kg body weight

1.456 million Saha (2019)

Size in nursery pond (at 34 days old) 5.15 cm; 1.54 g Saha (2019)
*Source: Modified from Rajts and Shelley (2020).
**Calculated from data in Hoque and Rahman (2008).
The relative number increases with size.
± Personal communication, hatchery owner, Bangladesh.
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growth of plankton in the ponds, weekly applications of urea and

SSP were made at rates of 2 g/m2 and 4 g/m2, respectively.

The water quality of broodfish ponds was monitored

periodically between 08:00 and 10:00 using a HANNA

multiparameter kit. The average physicochemical parameters of

the broodfish ponds were: temperature 30°C, pH 7.5, dissolved

oxygen 6.2 mg L–1, alkalinity 190 mg L–1, hardness 85 mg L–1, nitrite

(NO2-N) 0.0 mg L–1, and ammonia (NH4-N) 0.6 mg L–1.

It is very difficult to distinguish between male and female mola

during the early stages of maturity, but sex can be distinguished

during the breeding season (Rajts and Shelley, 2020). When setting

up the induced breeding, mature mola broodfish were identified

based on their secondary sexual characteristics. Male fish are

comparatively brighter than female fish, whereas female fish are

larger in size and lighter in color than male fish. Mature female fish

have smooth pelvic fins and a deeply forked caudal fin, and can be

identified during the spawning season by their soft and

conspicuously distended abdomen. Matured male fish have

yellowish-colored caudal fins (Figure 1).
3.2 Induced breeding arrangements

The mature and healthy mola broodfish were collected from the

broodfish ponds by repeated drag netting, followed by manual

segregation by sex, and transferred to a concrete conditioning cum

breeding tank (L × W × H: 3.9 m × 2.35 m × 1.10 m; capacity: 10

m3) with a constant water showering for approximately 6 h–8 h, for

acclimatization and stimulating spawning readiness. On average, a

total of 3.36 kg of male and female mola broodfish were conditioned
Frontiers in Aquaculture 05
and injected together. The fish were not fed before the breeding

commenced. A combination of hormone administration and

environmental manipulation was used to increase seed production.

Two breeding tanks were prepared with double hapas. First, a

250-mm nylon mesh outer hapa was installed within the tank.

Subsequently, with the aid of a galvanized iron frame, an inner

hapa with a mesh size of 8 mm was installed inside the outer hapa.

Throughout the trial, the breeding tank was exposed to a constant

shower of oxygen-rich water from an overhead tank equipped with

an aeration tower (Figure 2). A diagram illustrating the

construction of an aeration tower is shown in Figure 3.
3.2.1 Preparation, dose optimization, and
administration of inducing hormone

Synthetic gonadotropin-releasing hormone analog (SgnRHa

with domperidone) (trade name—WOVA-FH™, manufactured

by Biostadt India Limited, Mumbai, India) was used to induce

spawning. To optimize the inducing hormone dose, we initially

chose five different treatment doses, i.e., 0.1 mL to 0.5 mL per kg

body weight of female fish (Table 2). Male fish were administered

with half the dose given to female fish.

The hormone dose was diluted 15 times in 0.65% sterile

sodium chloride (NaCl) solution. Dilution was necessary

because of the high viscosity of the product and the very small

dose required for SIS. The inducing solution was administered

into the peritoneal cavity of mola broodfish using an insulin

diabetic syringe of 1-mL capacity with 40 graduations. In brief,

doses of 0.5 mL and 0.25 mL per kg body weight of female fish and

male fish, respectively, yielded the highest hatchling production
FIGURE 1

Mature female (left) and male (right) mola.
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among the five treatments, and these doses were selected for the

mass production of mola seed.

The inducing solution was prepared and injected according to

the individual body weight of the fish with an average 2: 1 male-to-

female ratio. For female mola breeders weighing 1 kg, 8 mL of

inducing solution (0.5 mL of hormone + 7.5 mL of water) was used.

The following formula was used to determine the individual doses

for breeders:

G   =  
H

1, 000
 �  W

� �
 �  

D
V

(1)

In which, G represents the number of graduations on the

syringe, having the required volume of solution to be injected; H

the desired dose of hormone to be applied (original hormone, mL

kg –1); W the weight of fish to be injected (g); D the dilution rate of

hormone; and V the volume of the diluted solution in one unit of

syringe graduation.
FIGURE 3

A diagram illustrating the construction of an aeration tower.
FIGURE 2

Aeration tower installed in the overhead water reservoir tank.
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For instance, 0.04 mL (5 × 0.008) of inducing solution is

required for a single female mola weighing 5 g. One graduation of

insulin syringe contains 0.025 mL (1/40 mL). Therefore, for a 5-g

female, the volume of solution contained in 1.6-graduations (0.04/

0.025) needs to be injected. Immediately after administering the

inducing solution, the broodfish were returned to the 10-mm mesh

inner hapa, which was covered with nylon mosquito nets to prevent

the fish from jumping out.

Table 3 details the characteristics of mola broodfish used over

10 production cycles. A sample of mola broodfish weighing 34 kg in

total (female broodfish weighed 21 kg in total and male broodfish

weighed 13 kg in total) was injected. Breeding took place over 16 h–

22 h during the peak breeding season (i.e., June 2022–September

2022), with a natural photoperiod of 12 h light: 12 h dark. The water

quality of the breeding tanks was monitored, and the average values

for temperature, pH, and dissolved oxygen were 29.53°C ± 0.39°C,

8.03 ± 0.12, and 6.86 mg/L–1± 0.31 mg/L–1, respectively, over the 10

production cycles.
3.3 Evaluation of breeding performance

The breeding performance of hatchery-based mass production

of mola was evaluated in terms of spawning rates (percentage of

female fish that responded), fertilization rate (%), hatching rate (%),

hatchling production, and survival (%). The numbers of eggs and

hatchlings were calculated using the volumetric method and the

following equations (Sarkar et al., 2005; Kumar et al., 2018; Kumar

et al., 2021):

Latency period (h)

= duration from first injection to spawning (2)

Spawning rate ( % )

= (number of female fish that responded=

total number of injected fish) � 100

(3)

Incubation period = duration from fertilization to hatching (4)

Absolute fecundity

= total number of eggs in the ovary of mature female fish (5)

Relative fecundity (number of eggs spawned per g body weight 

of fish) = total number of eggs released=body weight of female fish

(6)

Fertilization rate ( % )

= (number of fertilized eggs=total number of eggs counted)

� 100 (7)
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TABLE 3 Morphometric characteristics and sex ratio of mola broodfish (Amblypharyngodon mola) used for mass seed production.

al
ight of
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Average
weight of
female
broodfish (g)

Average
weight of
male
broodfish
(g)

Average
length of
female
broodfish
(cm)

Average
length of
male
broodfish
(cm)

0 7.58 3.25 9.34 5.09

0 7.22 3.03 9.06 5.07

0 7.48 3.08 9.34 5.04

0 6.84 2.59 8.75 4.64

0 6.96 2.80 8.91 4.78

0 6.57 2.67 8.55 4.58

7 6.50 2.86 8.46 4.81

6.35 2.88 8.21 4.83

5 6.50 2.62 8.49 4.75

7 6.98 2.73 8.98 4.84

94 – – – –

9 6.79 2.82 8.72 4.83

1 1.02 0.44 0.98 0.47

4.0 2.0 6.0 2.4

0 10.0 5.0 11.5 6.9
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Breeding
batch

Date Number
of female
broodfish

Number
of male
broodfish

Total
number
of
broodfish

M: F
ratio

Total
weight of
female
broodfish
(g)

Total
weight of
male
broodfish
(g)

Tot
we
all
bro
(g)

One 5/7/
2022

264 418 682 1.6: 1 2,000 1,360 3,36

Two 14/7/
2022

436 545 981 1.3: 1 3,150 1,650 4,80

Three 30/7/
2022

515 795 1,310 1.5: 1 3,850 2,450 6,30

Four 31/7/
2022

358 482 840 1.3: 1 2,450 1,250 3,70

Five 19/8/
2022

381 482 863 1.3: 1 2,650 1,350 4,00

Six 21/8/
2022

396 645 1,041 1.6: 1 2,600 1,720 4,32

Seven 20/9/
2022

122 201 323 1.6: 1 793 574 1,36

Eight 21/9/
2022

50 100 150 2.0: 1 318 288 605

Nine 26/9/
2022

200 380 580 1.9: 1 1,300 995 2,29

10 27/9/
2022

265 365 630 1.4: 1 1,850 997 2,84

Total – 2,987 4,413 7,400 – 20,961 12,634 33,5

Mean – 299 441 740 1.6: 1 2,096 1,263 3,35

SD – 146 201 343 0.25 1,077 610 1,67

Minimum – 50 100 150 1.3: 1 318 288 605

Maximum – 515 795 1,310 2.0: 1 3,850 2,450 6,30
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Hatching rate ( % )

= (number of hatched eggs=total number of fertilized eggs)

� 100 (8)

Hatchling survival ( % )

= (number of live hatchlings harvested=total number of  

hatchlings hatched out)� 100

(9)
3.4 Nursery rearing of
hatchery-produced mola

Three-day-old hatchlings were stocked from July 2022 to

August 2022 in three different nursery ponds that were 400 m2 in

size (depth 1 m–1.5 m), at stocking densities of 500, 625, and 750

individuals per m2, and reared for 21 days. The nursing ponds were

located inside the partner hatchery complex, at a distance of

approximately 200 m from the breeding tanks.
3.4.1 Nursery pond preparation
The nursery ponds were dewatered, and the pond bottom soil

was kept moist until lime application. Hydrated lime in powder

form was applied at a rate of 200 g/m2 and left to dry on the pond

bottom for a week. Mola hatchlings are sensitive to predation from

copepods and some insects and insect larvae such as backswimmers

and dragonfly larvae. Liming on wet soil followed by drying the

pond bottom will eliminate most predators during pond

preparation (Rajts et al., 2022).

Fermented MOC was sprayed on the pond bottom as organic

fertilizer, after diluting in water at a rate of 20 g/m2. The ponds were

gradually filled from a borewell to a depth of 1 m 3–4 days before

mola seed was stocked. The inorganic fertilizers urea and SSP were

applied by dilution in pondwater at rates of 10 g/m2 and 20 g/m2,

respectively, when water filling started. Fermented MOC was

sprayed on the pond surface daily thereafter, mainly as an organic

fertilizer, at a rate of 1.25 g/m2.

During the initial days of rearing, hatchlings require plenty of

small zooplankton because their mouths are small and they are

unable to catch fast-moving prey (Rajts et al., 2022). This type of

zooplankton consists of protozoans and rotifers. Dried grass was

placed all-around the shallow areas of the pond to develop

Paramecium and rotifer populations, which are the best source of

food for the small mouths of hatchlings. The decomposing grass

was removed after 7 days.

Before stocking mola hatchlings, the nursery ponds were netted

several times with a mosquito net to remove other predatory insects

such as backswimmers and their larvae. To repel predator copepods

at the time of stocking, mola hatchlings were stocked within 3–4

days of filling with water. The stocking was conducted in the
Frontiers in Aquaculture 09
morning, with special attention paid to the gradual adjustment of

the physicochemical characteristics of the carrying water and the

pond water.

The hatchlings were fed with microencapsulated chicken eggs at

a rate of five eggs per 100,000 hatchlings per day. This dose was

divided across four separate feeding events per day. Feeding with

the microencapsulated eggs was stopped after 5 days, but MOC

application was continued. From day 6 onwards, commercial

powdered feed (Natpro feed; 1 mm in size; 42% protein) was

scattered on the water surface, ad libitum.

To enhance natural plankton productivity, urea and SSP were

applied each week at rates of 2 g/m2 and 4 g/m2, respectively,

depending on phytoplankton density (Secchi disc reading 25 cm–30

cm). Water quality deteriorates easily in nursery ponds when excess

fertilizers are applied; therefore, 5 cm–6 cm of fresh water was

added daily until the ponds were filled to a maximum depth of 1.5

m. After 3 weeks (i.e., on day 22), mola fry were harvested. Feeding

was stopped 1 day prior to harvesting.

3.4.2 Survival and growth performance
To assess growth performance, weekly sampling was conducted

to measure the length and weight of broodfish using ruler scales and

a digital weighing balance (precision 1 mg; Saffron), respectively.

Mortality and other behaviors were monitored daily. The growth

performance was calculated using the following formulas:
Daily weight gain (mg) = final weight (mg)−initial weight

(mg)/rearing duration. (10)

Specific growth rate (% day–1) = [Ln (final weight (mg))−Ln

(initial weight (mg))]/rearing duration × 100. (11)

Survival rate (%) = final number of fry/initial number of

hatchlings × 100. (12)
3.4.3 Water quality
The water quality parameters of nursery ponds were monitored

3 days before stocking and subsequently at 3-day intervals using a

HANNA multiparameter kit. The parameters measured were

temperature (°C), pH, dissolved oxygen (mg/L−1), ammonia-

nitrogen (NH3-N) (mg/L−1), nitrite-nitrogen, (NO2-N) (mg/L−1),

total alkalinity [as CaCO3 (mg/L−1)], and total hardness [as CaCO3)

(mg/L−1)].
4 Results

4.1 Breeding behavior, latency, induced
spawning, and egg production

Spawning was achieved within an average latency period of 6 h

to 8 h after hormone administration and at an average water

temperature of 29.5°C (range 28.5°C–30°C). The reproductive

behavior of the mola fish was closely observed at regular intervals.

Within 3 h–4 h after hormone administration, male mola initiated
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courtship by exhibiting active movements around female mola, with

occasional synchronized swimming alongside female mola,

followed by frequent coordinated movements. We found that

each female fish paired with a single male fish. After pairing, the

male fish increased the intensity of their movements, and

aggressively and repeatedly chased and contacted the female fish’s

abdominal area near the urogenital aperture. The frequency of

coupling and twisting activity by male fish intensified

during spawning.

Batch-specific information on average spawning and

fertilization rates during mass production of mola seed is

presented in Table 4. The spawning rate ranged from 74% to

87%, with a mean value of 82% ± 4.99%. The average absolute

fecundity was recorded as 9,018 ± 3,120, with a range between 5,076

and 14,167, and the numbers of spawned eggs ranged between 515

and 778 eggs per g–1 female fish body weight, with a mean value of

609 ± 85 eggs per g–1 female fish body weight. Over the 10

production cycles, approximately 8.5 million fertilized eggs were

produced. The fertilization rate ranged between 77% and 86%, with

a mean value of 81% ± 2.39%, and the number of fertilized eggs per

g body weight of female fish ranged between 415 and 618, with a

mean value of 499 ± 73.

The fertilized eggs were light brown to yellowish in color, clear

in appearance, demersal, and semi-adhesive (Figure 4). The eggs

were found to be attached to the lower bottom part and lower lateral

side of the 250-mm mesh outer hapa. The following morning,

between 09:00 and 11:00, all breeders were removed from the
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inner hapa and relocated to a designated spent brood pond. The

average numbers of dead male and female mola per spawning were

16.20 ± 10.24 and 9.90 ± 6.97, respectively, with mortality rates of

between 5.54% ± 2.53% and 2.25% ± 1.07%, respectively.
4.2 Hatchling production and survival

Table 5 details information, by batch, on hatchling production

during hatchery-based mass production of mola seed. Larvae were

observed to hatch 12 h–14 h after fertilization, at a water

temperature of 28.5°C–30°C. The hatching rate ranged from

76%–91%, with mean values of 85% ± 4.66%. Over the 10

production cycles, approximately 6.36 million hatchlings were

harvested, with an average of 635,820 ± 335,171 hatchlings

harvested per batch. The average number of hatchlings harvested

per female fish ranged from 2,065 to 2,980, with a mean value of

2,580 ± 351. The total number of hatchlings produced per kg body

weight of female fish ranged from 272,547 to 458,399, with a mean

value of 375,979 ± 62,793.

The embryos began a twisting movement inside the egg capsule

5–7 times per minute before hatching. The twisting movement

broke down the eggshell, and the embryo finally emerged tail first.

One-day-old hatchlings exhibit sluggish movement and tend to

remain attached to the wall of the hapa (Figure 4). From the second

day onwards, hatchlings move toward the water column and remain

close to the side wall of the hapa while exhibiting resting swimming
TABLE 4 Information (by batch) on spawning fecundity and fertilization rate during hatchery-based mass seed production of mola
(Amblypharyngodon mola).

Breeding
batch

Number of eggs
released by each
female fish
(spawning
fecundity)

Spawning rate
(% of female
fish that
responded)

Total
eggs
released

Number of
eggs per g
body weight
of female fish

Number
of fertil-
ized
eggs

Fertilization
rate (%)

Number of
fertilized eggs
per g body
weight of
female fish

One 4,256 76 855,383 562 654,368 76.5 430

Two 4,101 87 1,550,234 568 1,263,441 81.5 463

Three 3,851 86 1,713,706 515 1,379,533 80.5 415

Four 3,632 86 1,122,318 531 903,466 80.5 427

Five 4,804 82 1,508,543 691 1,229,463 81.5 563

Six 5,106 83 1,679,733 778 1,335,388 79.5 618

Seven 4,257 80 417,188 655 356,696 85.5 560

Eight 3,400 74 125,813 535 102,538 81.5 436

Nine 4,333 75 649,915 667 542,679 83.5 557

10 4,437 77 900,705 636 743,081 82.5 524

Total – – 10,523,537 – 8,510,652 – –

Mean 4,271 82.49 1,052,354 609 851,065 81 492

SD 512 4.99 555,532 85 444,719 2.39 73

Minimum 3,400 74 125,813 515 102,538 77 415

Maximum 5,106 87 1,713,706 778 1,379,533 86 618
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behavior. Beyond 48 h after hatching, hatchlings exhibit active

swimming behavior, and the eyes and mouth become prominent.

The yolk sac is completely absorbed within 72 h.

The newly hatched larvae are completely transparent, slender,

and lack pigmentation. Rudimentary eye and otic vesicles are
Frontiers in Aquaculture 11
visible. A large yolk sac is present, which is bulbous in the

anterior area and narrow in the posterior area.

From the third day onwards, the air bladder became pigmented

black. The larva had three black spots when viewed from above; one

of them was an air bladder, and the other two were eyeballs. Larval
TABLE 5 Information (by batch) on the production and survival rate of mola (Amblypharyngodon mola) hatchlings during hatchery-based mass seed
production.

Breeding
batch

Hatching
rate (%)

Number of
hatchlings
hatched

Survival
rate (%)

Total number of
hatchlings har-
vested

Number of hatchlings
harvested per female
fish

Number of
hatchlings
harvested per kg
body weight of
female fish

One 75.5 494,048 84 415,000 2,065 272,537

Two 84 1,061,290 93 987,000 2,611 361,411

Three 86.5 1,193,296 89.5 1,068,000 2,400 321,039

Four 84.5 763,429 87.5 668,000 2,162 315,889

Five 80.5 989,718 88.5 875,900 2,789 401,055

Six 82.5 1,101,695 88.5 975,000 2,964 451,368

Seven 88.5 315,676 92.5 292,000 2,980 458,399

Eight 89.5 91,771 87.5 80,300 2,170 341,775

Nine 90.5 491,124 84.5 415,000 2,767 425,641

10 88.5 657,627 88.5 582,000 2,867 410,678

Total – 7,159,674 – 6,358,200 – –

Mean 85 715,967 89 635,820 2,580 375,979

SD 4.66 369,102 2.89 335,171 351 62793

Minimum 76 91,771 84 80,300 2,065 272,537

Maximum 91 1,193,296 93 1,068,000 2,980 458,399
FIGURE 4

Mola eggs attached to the outer hapa (left), and one-day-old hatchlings (right).
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movements became faster and more frequent, and the larvae were

found to be swimming casually.
4.3 Larval rearing of hatchlings

The average growth performance during the 3-week larval

rearing period in terms of daily weight gain (mg day–1), specific

growth rate (SGR; % day–1), and survival are presented in Table 6.

The highest growth and survival were recorded at the lowest

stocking density. After 21 days of rearing, the mean SGRs were

30.71% ± 2.75%, 30.26% ± 2.70%, and 29.21% ± 2.71% at stocking

densities of 500/m2, 625/m2, and 750/m2, respectively. The

respective survival values were 58%, 53%, and 48%, respectively.

The average water quality parameters of the three nursery

ponds during the nursery rearing period are presented in Table 7.

The temperature ranged between 29.70°C and 34.5°C, and the pH

ranged between 7.60 and 8.90 throughout the study period. The

level of dissolved oxygen varied from 5.21 mg/L to 8.95 mg/L, but

the averages remained comparable in the three ponds. As expected,

nitrite (NO2-N) and ammonia (NH3-N) were found to be highest in

the pond with the highest stocking density.
4 In Odisha, numerous earthen tanks or ponds have been excavated under

government schemes and community programmes for water conservation

through rainwater harvesting and multipurpose utilization. These tanks are

managed by the decentralized governance system of Gram Panchayats under

the Panchayati Raj and Drinking Water Department, the Government of

Odisha. In Odisha there are approximately 62,000 multipurpose GP tanks,

which have a total water area of 54,000 ha.

5 Women’s self-help groups are informal community groups led by women

that are often used as a means of reducing poverty and empowering women

to undertake many livelihood-generating activities using credit facilities.

Currently, the Government of Odisha nurtures approximately 600,000

WSHGs, which have approximately 7 million women in total who

participate in village-level socioeconomic activities and promote women’s

empowerment.
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4.4 Dissemination of mola seed

Mola hatchlings and fry were either sold or distributed on a

complimentary basis to carp farmers at regular intervals who had

come to purchase carp seed from the project partner hatchery. From

July 2022 to October 2022, 29 farmers took mola seed from the

hatchery, of which nine took 3-day-old hatchlings and 20 purchased

mola fry that were 1–1.5 inches in size. These farmers came from five

districts in Odisha (Jagatshingpur, Bhadrak, Jajpur, Cuttack, and

Kendrapara). A summary of mola seed sales is given in Table 8.

Cumulatively, 2.13 million hatchlings were sold directly, with

an average price of 1,043 INR per 100,000 fry, and 70,500 mola fry

were sold at an average rate of 0.28 INR per 100 fry. Seed were sold

in well-oxygenated plastic bags, filled with clean aerated

groundwater. By October 2022, the partner hatchery had earned a

total of 41,650 INR (around USD 510) by selling mola seed

originating from the project.

The basic details of all the farmerswho purchasedmola seeds were

recorded.Most of the farmers stockedmola seed into pond-based carp

polyculture systems, which had an average pond area of 0.3 ha. The

mola seed were also purchased by village committees to stock in two

Gram Panchayat (GP) tanks4, and by two private entrepreneurs for

stocking biofloc aquaculture systems. Approximately 15,000 fry were

distributed to women’s self-help groups (WSHGs)5 as part of

promotional activities for stocking in GP tanks. The remaining
TABLE 7 Different water quality parameters during nursery rearing of
mola (Amblypharyngodon mola) hatchlings at different stocking
densities.

Parameters Stocking densities

500/m2 625/m2 750/m2

Temperature (°C) 31.45 ± 1.42 30.90 ± 0.91 31.31 ± 1.24

pH 8.10 ± 0.37 8.57 ± 0.24 8.38 ± 0.36

Dissolved oxygen (mg/L–1) 7.26 ± 0.70 7.32 ± 1.14 7.25 ± 1.06

Nitrite (NO2-N) (mg/L–1) 0.27 ± 0.14 0.30 ± 0.15 0.42 ± 0.24

Ammonia (NH3-N) (mg/L–1) 0.75 ± 0.37 0.62 ± 0.23 1.12 ± 0.44

Alkalinity (mg/L–1) 134.25 ±
20.33

140.12 ±
19.55

128.00 ±
20.66

Hardness (mg/L–1) 134.50 ±
17.98

126.00 ±
16.27

126.62 ±
12.11

Transparency (cm) 29.16 ± 3.10 34.08 ± 2.60 34.33 ± 2.87
TABLE 8 Details of mola (Amblypharyngodon mola) seed sales from the
partner hatchery of Odisha during 2022.

Item Hatchlings Fry

Number of farmers purchasing 9 20

Average quantity per purchase 236,667 3525

Total quantity sold (number) 2,130,000 70,500

Average sales value (INR) 1,043 per 100,000 0.28 per fry
TABLE 6 Survival and growth performance of mola (Amblypharyngodon
mola) hatchling at different stocking densities after 21 days of nursery
rearing.

Parameter Stocking densities

500/m2 625/m2 750/m2

Initial weight (mg) 0.002 0.002 0.002

Final weight (mg) 0.32 0.21 0.07

Daily weight gain (mg/day–1) 0.315 0.218 0.076

Specific growth rate (% per day–1) 30.71 ± 2.75 30.26 ± 2.70 29.21 ± 2.71

Survival (%) 58 53 48
frontiersin.org

https://doi.org/10.3389/faquc.2023.1271715
https://www.frontiersin.org/journals/aquaculture
https://www.frontiersin.org


Rajts et al. 10.3389/faquc.2023.1271715
unsold seed were stocked in carp polyculture ponds at the partner

hatchery for grow-out and broodfish rearing.
5 Discussion

This article reports on the first systematic breeding methods

aimed at developing a technical protocol for hatchery-based mass

production of mola seed, a popular nutrient-rich SIS from South

Asia. SIS are small and delicate to handle, making it difficult to

produce seed from them in large quantities using conventional

hatchery methods. Induced breeding, therefore, needs species-

specific innovation and specially modified technology (Rajts

et al., 2022).

In the present study, average absolute fecundity and spawning

fecundity were found to be 9,018 and 4,271, respectively, which is

comparable to the findings reported in the study by Saha (2019).

Previous studies have also reported that mola is a highly fecund fish.

The average latency and incubation periods observed in the

present study were 6 h–8 h and 12 h–14 h, respectively, which

corresponds with the findings of Saha (2019). The latency period of

mola is also similar to that of the endemic cyprinid fish Dawkinsia

rohani (7 h–8 h at 22°C–25°C with 0.5 mL–0.7 mL of WOVA-FH

per kg body weight of female fish and Barilius barila (6 h–7 h at 25°

C–28°C with 0.5 mL of WOVA-FH per kg body weight of female

fish) (Dey et al., 2016; Mariappan et al., 2021). However, the latency

and incubation periods of mola are shorter than those of Indian

major carps (Chattopadhyay, 2017).

In the present study, administering synthetic GnRH-based

hormone through the peritoneal cavity at 0.5 mL kg–1 body

weight of female mola resulted in a fertilization rate of 77%–86%

(mean 81%), and hatching rate of 76%–91% (mean 85%). The

number of hatchlings harvested per female fish ranged from 2,065

to 2,980 (mean: 2,580). This approach yielded better results than

those previously reported by Saha (2019), which were observed in

fish in their responses to PG hormone administration through the

pectoral fin cavity [at 25 mg/kg−1 body weight of female mola

(fertilization rate 84%, hatching rate 63%, and 678 hatchlings per

female fish)].

This is supported by the fact that various cyprinids, such as

Indian major carps, minor carps Labeo bata, and Pengba

Osteobrama belangeri, performed better during breeding with

synthetic hormone doses of 0.4 mL/kg−1 to 0.5 mL/kg−1 body

weight for female fish and 2 kg−1 to 2.5 kg−1 body weight for

male fish (Behera et al., 2007; Rath et al., 2007; Das et al., 2016).

However, trials are required to explore the possibilities of higher

doses of inducing agents for the mass seed production of SIS.

The efficacy of the synthetic GnRH-based hormones has been

reported to be greater than that of PG hormone in cases of other

cyprinid and carp species, as GnRHa works at a higher level of the

brain–pituitary–gonadal axis, which can facilitate more balanced

control of reproductive and physiological events for oocyte

maturation and spawning (Rath et al., 2007; Das et al., 2016;

Kumar et al., 2021). Commercial synthetic hormones are

convenient for mass production of SIS seed because they are
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easily accessible in the market, in contrast to the time-consuming

and labor-intensive process required to produce inducing solutions

from carp pituitary extracts (hypophysation).

The present study was conducted with the intent of maintaining

the sex ratio of male and female broodfish at 2: 1 (male > female),

but in practice the ratio averaged 1.6: 1 over 10 production cycles. A

male-biased sex ratio of two male fish to one female fish has been

reported for many species to lead to a significantly higher

fertilization rate, hatching rate, and larval survival (Mandal et al.,

2016; Kumar et al., 2021).

With the same tanks set up for conditioning and spawning, the

induced breeding protocol developed for the study eliminates the

need for a separate breeding pool, hatching pool, tray, or incubator.

Instead of a continuous flow of water, the current study used

controlled showering, which also serves as a water-saving strategy.

In addition, in contrast to Saha (2019), no substratum (grass, water,

hyacinth, etc.) was used during the breeding trials; instead, eggs

were attached to and gathered within the 250-mm outer hapa, which

could be handled easily.

The hatchery setup included an aeration tower in the overhead

water reservoir tank to maintain optimal levels of dissolved oxygen

and degas groundwater during hatchery operations. The concept

was first introduced in Bangladesh during the 1980s by Rajts (1986).

Toxic gases are removed from the groundwater by the aeration

tower as inflowing water pumped from the borewell passes through

it on its way to the overhead tank. In addition, this process dissolves

oxygen, ensuring that the water supply is almost completely

saturated with oxygen, which increases larval survival Rajts

(1986). By automatically aerating the water before it enters the

overhead tank, this tool has the benefit of eliminating the need for

additional aeration during breeding operation and is thus an

energy-saving strategy. According to Avery and Steeby (2004),

pretreating the water with degassing-aeration towers is a critical

step in the enhancement of dissolved oxygen and the removal of

unwanted gases, which are essential for effective hatching.

The spawning and hatching success of fish is influenced by

factors that are related to water quality, especially water

temperature. In our study, the water temperature in the breeding

tanks was 29.53°C and the dissolved oxygen concentration was 6.86

mg/L–1, both of which are favorable for breeding (Chattopadhyay,

2017). Although it has been reported that most small indigenous

fish breed at a water temperature of 26.0°C–28.5°C under captivity

(Das et al., 2016; Mariappan et al., 2021), in slightly higher water

temperatures, the embryos hatch faster, and have a better survival

rate (Olaniyi and Omitogun, 2013).

For SIS, such as mola, spontaneous spawning may also be

achieved by manipulating water quality parameters, alone or in

combination with hormone induction. This might be accomplished

by maintaining a constant level of dissolved oxygen; implementing

constant showering and flow from groundwater or pond water;

adding soft water, such as rainwater; and adding substratum to

mimic the situation in spawning ponds (Rajts et al., 2022). This

approach might stimulate fish to spawn for an extended period,

even outside of their typical spawning season. Therefore, rainwater

storage and use could be a critical additional step to stimulate the
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spontaneous spawning of SIS and extend the duration of spawning

beyond the normal breeding season. In this regard, field trials are

needed to better understand the interactions between

environmental stimuli and reproductive parameters during the

mola breeding cycle.

As mola is a prolific breeder, the sex-specific separation of mola

broodfish should be maintained during both the off-season and

breeding season to eliminate the possibility of auto-breeding.

However, in the present study, sex-specific broodfish ponds were

not maintained as it is very difficult to distinguish between male and

female mola during the early-maturity stage, and sex can be

determined only during the breeding season (Rajts and Shelley,

2020). It is also challenging to maintain the sex segregation of mola

because of handling stress and injury to the fish during sorting.

During nursery rearing, the survival of mola fry depended on

pond preparation, the presence of selectively cultured plankton in

nursery ponds, and stocking density. For the first 3–4 days of

nursery rearing, mola fry require that a sufficient number of rotifers

(their food source) is present, but they are also at risk of being eaten

by large copepod zooplankton. Therefore, management is necessary

for the selective elimination of zooplankton, and also the selective

development of protozoans and rotifers.

In the current study, ponds stocked with 500 individuals per m2

yielded the highest survival and growth rates after 3 weeks of

culture. However, from preliminary observations during the

study, it appears advisable for farmers to stock mola hatchlings at

a lower stocking density during nursery rearing, such as 200

individuals per m2.

To prevent disease outbreaks and plankton shortages, fry

should be harvested after 3 weeks of culture. They can then be

stocked into a carp–mola polyculture grow-out pond at a rate of 5–

10 individuals/m2. Further focused study is required to optimize the

stocking density of mola fry during nursery rearing, and also in

grow-out ponds.

Stocking hatchery-produced mola seed offers several potential

advantages over the previous practice of stocking broodfish

harvested from natural water bodies. Stocking wild breeders in

seasonal ponds where water is available for a short period only can

be challenging because ponds may dry up before their progeny

reach market size. Moreover, ponds stocked with wild breeders

contain SIS populations comprising a mix of age groups, resulting

in the production of fish of variable sizes, which are less marketable.

In contrast, hatchery-produced SIS seed are of uniform size and

age, and can be stocked at the optimum time and density to

maximize survival and growth. Moreover, hatchery-produced

seed can be conditioned and packed in clean well-oxygenated

water before it is delivered to farmers, which would reduce the

number of mortalities during transport and stocking. Stocking

hatchery-produced fry may also ensure a uniform size of SIS at

harvest, making them more marketable and thus more likely to be

sold at better prices. Hatchery-based seed production also offers the

possibility of stimulating spawning much earlier than in the wild,

giving farmers a head start over nature.

The project is monitoring sales of mola seed by the partner

hatchery (WorldFish, 2022). The average selling price of mola

hatchlings (INR 1,043 per 100,000 pieces) and fry (INR 0.28 per
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piece) was comparable to that of carp seed sold by the hatchery. For

example, rohu hatchlings typically sell for INR 900 per 100,000

pieces, whereas mixed carp fry (rohu, mrigal, and catla) cost INR

0.20–0.25 per piece. Even so, further thorough economic analysis

and modeling are crucial to determining the cost–benefit ratio and

setting the mola seed price.

Micronutrient deficiencies are a major public health issue in the

Global South. Therefore, it is crucial that forms of aquaculture that

produce vital micronutrients without depleting underlying

environmental resources are developed (Gephart et al., 2020). The

higher levels of key micronutrients in mola than in carp, the

compatibility of mola with carp polyculture systems, and the

opportunity to obtain multiple harvests per year make mola an

ideal species for nutrition-sensitive aquaculture.

We hope that this groundbreaking commercial mass mola seed

production trial will facilitate the large-scale adoption of nutrition-

sensitive carp–mola polyculture, which will boost farm incomes,

increase the consumption of micronutrient-dense fish, and support

the livelihoods and well-being of vulnerable populations who

currently experience nutritional inadequacies in regions of India

and South Asia.
6 Conclusion

To conclude, the mass seed production of the nutrient-dense

SIS mola can be achieved through induced breeding using GnRH-

based synthetic hormone (Wova-FH) at a dose of 0.5 mL and 0.25

mL per kg body weight of female and male fish, respectively,

combined with environmental manipulation using oxygen-rich

water. The breeding protocol is simple and can be adopted by

small-scale hatchery operators.
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