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Abstract
The present study was designed to investigate the effect of dietary supplementation of fish meal on the survival,

growth and reproductive performances of Poecilia sphenops (0.58±0.01 g and 2.25±0.05 cm) in fiberglass rectangular
tanks (1 m3) for 180 days. Total 135 individuals were randomly distributed according to their sex ratio 1:2 (male: female)
in three treatments (basal diet: BD-without fish meal; FM10: 10% fish meal and FM20: 20% fish meal) in triplicate. Fishes
were fed with the experimental diets upto satiation. The total length gain, net weight gain, specific growth rate increased,
while food conversion ratio and protein efficiency ratio reduced with dietary inclusion of fish meal. The reproductive
performances like ovarian mass, absolute fecundity, gonado-somatic index, relative fecundity, mean fry production per
female and fry survival rate were significantly higher in FM20 as compared to FM10 and BD. The findings of the study
revealed that the 20% dietary inclusion of fish meal improves the growth and reproductive performances in black molly.
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INTRODUCTION
Ornamental fish keeping is one of the oldest

hobbies in the world and next only to
photography in popularity (Kaur et al., 2016).
In recent times, ornamental fish keeping has
become a necessity from luxury and is assuming
importance among people as a stress reliever.
Globally, ornamental fish trade is estimated to
be worth more than US$ 1 billion, whereas
growth in the entire industry, including fish feed
and accessories, is estimated to be at about US$
18-20 billion, with an average annual growth
rate of 14 percent (Raja et al., 2019).

In India, the ornamental fish trade generates
substantial livelihoods and contributes
significantly to the economy. It is concentrated
in and around the metropolises of Kolkata,
Mumbai and Chennai. Indian waters possess
rich diversity of ornamental fishes (>150 spp.),
and out of 280 exotic species which have been
introduced in the country so far, over 100
species and a similar number of indigenous
species are bred successfully in captivity (Swain
et al., 2010).

Ornamental fishes are often tiny, peaceful,
encompassing attractive colours and suitable for
rearing in captivity. Basically, they are of two
types, viz.,  egg-layers (oviparous) and
livebearers (ovo-viviparous). Livebearers that
belong to the Poeciliidae family are the most
popular ornamental fish for breeding (Alderton,
2012). Guppy, Poecilia reticulate; molly,
Poecilia sphenops; swordtail, Xiphophorus
helleri; platy, Xiphophorus maculatus  and
mosquito fish, Gambusia affinis are members
of this family and are easy to breed. Ideally,
poecilids are raised in cemented tanks, outdoors
earthen ponds and net cages. Livebearers
maintained in captivity prefer to feed on live
food organisms coupled with fish meal,
skimmed milk powder, rice bran and wheat
flour, but this may not offer adequate nutrients
to broodstock fish (Coad, 2017). Due to
differences in biological processes, brood fish
may have different nutritional needs than young
fish.

Broodstock nutrition is one of the most
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poorly understood and researched areas in
aquaculture (Berlinsky et al., 2020). Since,
research on broodstock nutrition is limited and
relatively expensive, it is generally regarded as
high risk (Izquierdo et al., 2001). Furthermore,
to study the effect of broodstock nutrition on
egg composition, the feeding period needs to
be variable; this makes it difficult to carry out
lengthy studies (Izquierdo et al., 2001). The
broodstock diet composed of proteins, lipids
and fatty acids is identified as one of the major
factors that determine the success of
reproduction and survival of young ones (Swain
et al., 2010). Several reports on broodstock
nutrition have shown a positive relationship
between maternal nutrition and reproductive
performance (Chong et al., 2004; Kithsiri 
et al., 2010; Pandey et al., 2016).

Fish meal is a nutrient-rich and high-protein
feed ingredient that is trusted as a reliable source
of protein due to its nutritional quality and its
abil ity to satisfy the nutritional needs of
broodstock (Jannathulla et al., 2019). The high-
quality fish meal normally contains between
60% and 72% crude protein by weight (Deborah
et al., 2011). Optimum dietary protein levels
for ornamental fishes depend on species, age,
feeding level, quality of diet ingredients,
protein-energy ratio and diet composition
(NRC, 2011). The earlier investigations on
livebearers have reported that fish fed with 25-
40% optimal level of dietary protein achieved
the highest mean body weight, ovary weight,
gonado-somatic index (GSI) and the number
of yolky oocytes, suggesting that broodstock
nutrition plays a vital role in governing egg
production and larval survival, and resulting in
better reproductive performances (Mohanta
et al., 2016; Pandey et al., 2016; Uribe et al.,
2018). The livebearers bred easily in captivity
and view of this, breeders do not pay much
attention to provide the fish with a nutritionally
balanced diet. The nutritionally imbalanced feed
may lead to problems like small brood size,
production of inferior quality fry leading to a
low survival rate. In the present study, we
hypothesized dietary supplementation of fish

meal on survival, growth and reproductive
potential of black molly. Therefore, an attempt
was made to evaluate the effects of dietary
supplementation of fish meal on survival,
growth and reproductive potential of black
molly, Poecilia sphenops (Valenciennes).

MATERIALS AND METHODS
Experimental site: The trial was conducted over
a period of 180 days in outdoor fiberglass-
reinforced plastic (FRP) pools (1.5m × 1m × 0.75m)
with water holding capacity of approximately 1.0
m3 at the fish farm of College of Fisheries, Guru
Angad Dev Veterinary and Animal Sciences
University (GADVASU), Ludhiana, Punjab
(30°54’21.5’’ N and 75°48’04.7’’ E).

Experimental design: Healthy, active and
equal-sized fry of black molly, Poecilia
sphenops were procured from the local
aquarium fish shop of Ludhiana. Fish were
acclimatized for 15 days under indoor
conditions and fed ad libitum twice a day with
a commercial diet. The experiment consisted
of 3 treatments including basal diet (BD, 0%
fish meal), FM10 and FM20 with dietary
supplementation levels of the fish meal at the
rate of 10% and 20% respectively in triplicate
(Table 1). Before stocking, fishes were weighed
and measured individually and transferred at
the rate of 15 nos. advanced fry of black molly
(1 male: 2 female) sex ratio to each tank.

Experimental diet: The three experimental
diets namely with the different levels of dietary
protein with increasing levels of fish meal
(FM10-10% and FM20-20%) including control
(basal diet, BD- 0%) were formulated using
major protein sources like fish meal, mustard
meal and soybean meal (Table 1). Total protein
and total carbohydrate input were distributed
as per the Pearson square method (de Silva and
Anderson, 1995). The proximate composition of
formulated diets was analyzed by following the
standard methods of AOAC (2005) (Table 1).
The variation in protein content in experimental
diets was mainly due to incorporating different
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levels of high protein fish meal. Fish were fed
to satiation twice a day at 09:00 and 17:00 h
with formulated supplementary diets during the
experiment.

Proximate composition: The moisture content
was determined by drying samples in an oven
at 102°C till a constant weight. Crude protein
content was determined using an automated
Kjeldahl (Kelplus, PELICAN, India). Crude
lipid was determined by the ether extraction
method using the Soxhlet apparatus (PELICAN,
India). Ash content was determined by burning
the samples in a muffle furnace (Khera
Instruments Pvt. Ltd.) at 550°C for 18 hr. The
crude fiber was determined by Fibra Plus
(India). The total carbohydrate content was
approximated as the value for N-free extract
(NFE), and gross energy (GE) was calculated

based on the following formula:

NFE (%) = (100 %) – [(% Protein) + (% Fat) +
(% Fiber) + (%Moisture) + (% Ash)] ….. (NRC,
2011).
Gross Energy (kJ/kg) = (Protein×23.6 kJ/kg) +
(Fat×39.5 kJ/kg) + (NFE×17.2 kJ/kg)….. (NRC,
2011).

Water quality parameters: Throughout the
trial, bore-well water was used to fill, exchange,
and maintain the water level in the experimental
tanks. Moreover, 1/4 th and 3/4 th of
freshwater were exchanged with experimental
tanks weekly and monthly respectively. In
accordance with standard procedures,
temperature, pH, dissolved oxygen, alkalinity,
hardness, ammonia nitrogen and nitrate
nitrogen were monitored every two weeks
(APHA, 2005).

Table 1. Formulation and proximate composition (%) of experimental diets for black molly
during 6 months trial

Ingredient composition
(% dry matter basis)
Fish meal

Rice bran

Mustard meal

Soybean meal

Wheat flour

Soy oil

Lysine

Methionine

Vitamin – mineral mixture

Proximate composition
(% dry matter basis)
Moisture

Crude protein

Ether extract

Total ash

Crude fiber

Nitrogen free extract

Gross energy (kJ/kg)

Experimental diets
BD FM10 FM20
0.00 10.00 20.00

33.00 30.50 28.00

40.00 35.00 30.00

11.50 11.50 11.50

11.50 9.00 6.50

1.50 1.50 1.50

0.50 0.50 0.50

0.50 0.50 0.50

1.50 1.50 1.50

10.23 9.72 9.21

22.70 26.95 30.67

5.23 6.53 6.79

5.31 5.39 5.76

12.66 11.25 11.11

43.87 40.16 36.46

13.39 13.87 14.22
Note: Dietary treatments with different levels of fish meal: BD (0% fish meal), FM10 (10% fish meal) and FM20
(20% fish meal)
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 Growth performance and feed utilization:
Growth parameters were assessed monthly by
recording total body length and body weight.
Fishes were kept without food overnight before
measuring body weight, and body weights were
measured by using an electronic precision
balance (Mettler Toledo). At the end of the
experiment, fish were harvested from each
experimental tank by using a suitable net and
rapidly transferred into separate plastic tubs
containing water. The fish were dried using a
clean and sterile filter paper to remove the
excess water before recording the final body
weights (FBW). Growth performance and feed
utilization were calculated according to the
standard formulas (Kithsiri et al., 2010).

Total length gain (TLG, cm) = final length (g)
- initial length (g).
Net weight gain (NWG, g) = final weight (g) -
initial weight (g).
Specific growth ratio (SGR, [%body weight/
day]) = 100 × (ln [final weight] – ln [initial
weight])/feeding days.
Feed consumption (FC) (g) = the amount of
feed consumed by each fish during the
experimental period.
Feed conversion ratio (FCR) = dry feed intake
(g)/wet-weight gain (g).
Fulton’s condition factor (K) (%) = 100 ×
(final body weight [g]/[total length]3[cm]).

Reproductive studies: Daily observations were
made on fish health and fertility. Mature females
were picked up and kept in perforated breeding
baskets with continuous aeration to collect
young ones (come out of the breeding basket
through holes) to offer shelter for the new
swimming fry and avoid parental cannibalism.
After the gestation period, the newly born fry
in each tank were collected with a hand net,
counted, and kept in separate tanks.  The
reproductive parameters associated with fry
production l ike relative fecundity,  fry
production per female and fry survival rate was
calculated according to Kithsiri et al. (2010).
Three fish from each treatment were sacrificed
during the experiment to determine ovary

weight, ova volume, ova diameter, fecundity
and gonadosomatic index (GSI). The binocular
stereoscopic microscope was used to carry out
dissections. Excision of the gonad was followed
by removal of the oviduct and mesovarium. A
digital vernier calliper was used to measure
ovarian length, width and height to determine
the ovary volume (length * width * height).
Absolute fecundity and gonadosomatic index
were recorded according to Pandey et al. (2016),
and the reproductive parameters were estimated
by using the following formula:

GSI = (ovary weight [g]/wet body weight [g])
× 100
Absolute fecundity = number of mature oocytes
in the ovary prior to spawning
Relative fecundity = total eggs produced per
female/wet body weight
Fry production per female = (Total number of
fry harvested during the experiment)/ (Number
of females)
Fry survival (%) = (Total number of fry survived
at the end of the experiment)/ (Total number of
fry produce throughout the experiment) ×100

Preparation of tanks for breeding and fry
collection: At regular intervals, females were
checked for readiness (gravid spot) to release
the young ones. Gravid females were placed
into breeding tanks (plastic tubs with 40 liter
capacity). Breeding tanks were provided with
a bunch of monofilament nylon ropes as a
shelter for the new swimming fry to prevent
parental cannibalism. The fry collected from
each replicate breeding tank was put into a
separate tank during the breeding period.

Statistical analysis: Statistical analysis was
performed with a statistical package (SPSS 20.0
for Windows, SPSS Inc., Richmond, CA, USA).
One-way ANOVA was applied to work out the
effect of formulated supplementary diets on the
growth and reproductive performance of molly
(P<0.05), followed by Duncan’s multiple
comparison to determine significant differences
among the treatments. Differences were
considered statistically significant if P<0.05.
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RESULTS
Water quality parameters: Throughout the
study, the water quality parameters recorded
similar trends in all the dietary treatments and
were found to be slightly affected by the
inclusion of dietary fish meal in feed (p<0.05),
except for the temperature, dissolved oxygen
and nitrate-nitrogen (p>0.05) (Table 2).

Survival and growth performance: The dietary
supplementation of the fish meal had a
significant (P<0.05) effect on the survival rate
(%) of fish. Among all treatments, the survival
rate was over 80%, but FM20 provided a higher
survival rate than the other diets (Table 3). A
higher (P<0.05) growth in terms of total length
gain (TLG), net weight gain (NWG) and SGR
(3.03, 1.33 and 1.34) was recorded in fish fed
with FM20 diet compared to FM10 and BD
(Table 3).

Food consumption and feed utilization: Even
though each dietary treatment was widely
accepted, there were significant differences
(P<0.05) in FC between treatments (Table 3).
FCR decreased with increasing protein levels
in feed (P<0.05), indicating greater efficiency
of feed utilization at  high protein levels,
whereas dietary protein supplementation had
no significant effect on PER (P>0.05). In
contrast, the Fulton’s condition factor (K)
showed marked variation, but no significant
differences were found between the treatments
(P>0.05).

Reproductive performance and fry
production: Fish fed with FM20 diet showed a
significant (P<0.05) increase in ovarian weight,
ovarian volume, number of the mature oocytes,
oocyte diameter, absolute fecundity and mean
GSI (%) compared to fish fed with FM10 and
BD (Table 4). Further, the relative fecundity and
fry production per female was significantly
(P<0.05) affected by higher supplementation of
fish meal in the FM20 group (Table 4) without
showing any significant differences (P>0.05)
in fry survival between the treatments.

DISCUSSION
This study evaluates the inclusion of dietary

fish meal on growth, survival, body
composition, and particularly, reproductive
performance of black molly, as a model of
poecilids fish. During the feeding trials, all the
experimental diets were well accepted by the
brood fishes. Moreover, all the fish
approximately reached sexual maturity and
were able to produce fry in the batches as
poecilids display fractional spawning
behaviour. Water quality parameters were
constant for all dietary treatments throughout
the trial, which is in accordance with prior
studies on livebearers (Chong et al., 2004; Ling
et al., 2006).

The dietary protein level influences the
body weight in different fish species (Ling
et al., 2006; Pandey et al., 2016). Based on the
results of this study, lower food conversion
ratios at high protein levels are associated with
better growth. It has also been shown that better
feed conversion correlates with higher growth
and reproduction in guppies (Kithsiri et al.,
2010) as well as mollies (Pandey et al. ,
2016). Conversely, the dietary protein
supplementation produced less variable results
with respect to protein efficiency ratios, which
was probably due to the limited growth of
poecilids. It is reported that the crude protein
content in broodstock diets of livebearer
ornamental fish ranges between 25 and 40%
(Mohanta et al., 2016; Pandey et al., 2016;
Uribe et al., 2018). Likewise, bestowing to the
above recommendation the proximate
composition of the experimental diets in the
present study indicated that  the dietary
requirement of molly was fulfilled, as diet FM20
contained optimal levels of protein, lipid and
carbohydrate compared to FM10 and BD. The
results of the study were in agreement with
earlier findings of Pandey et al. (2016) that
dietary protein level of 28.8% is adequate for
the growth and reproductive performance of
molly, Poecilia sphenops. Furthermore, Chong
et al. (2004) reported that the incorporation of
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Table 2. Water quality parameters (Mean±S.E.) in different treatments during trial

Parameter

Temperature (ºC)
pH
Dissolved oxygen (mg L-1)
Total hardness (CaCO3mg L-1)
Total alkalinity (CaCO3mg L-1)
Ammonia–nitrogen (NH3-N, mg L-1)
Nitrate–nitrogen (NO3-N, mg L-1)

Experimental diets
       BD     FM10     FM20
28.40±0.39 28.50±0.32 28.55±0.42
7.76c±0.03 7.81b±0.01 7.88a±0.01
5.57±0.20 5.71±0.20 5.75±0.20
158.57c±1.26 168.57b±1.45 174.57a±1.62
172.57c±3.47 184.57b±1.73 187.57a±2.13
0.052b±0.002 0.058a±0.002 0.059a±0.002
0.045±0.002 0.044±0.002 0.048±0.003

Note: Values (mean± standard error) with different superscripts in a row differ significantly (P<0.05)

Table 3. Effect of dietary inclusion of fish meal on growth performance, food consumption and
feed utilization of black molly in different treatments

Parameters /Treatments BD FM10 FM20
Initial total length (cm) 2.25±0.06 2.30±0.06 2.20±0..04
Final total length (cm) 4.46c±0.22 4.91b±0.11 5.23a±0.20
Total length gain (TLG) 2.21±0.17 2.61±0.19 3.03±0.14
Initial body weight (g) 0.59±0.02 0.58±0.01 0.57±0.02
Final body weight (g) 1.55c±0.03 1.78b±0.06 1.90a±0.02
Net weight gain (g) 0.96c±0.06 1.20b±0.04 1.33a±0.06
SGR (%) 1.17c±0.02 1.27b±0.04 1.34a±0.02
PER 0.06±0.01 0.05±0.02 0.05±0.02
FC (g) 6.23c±0.18 5.92b±0.12 5.51a±0.23
FCR 4.58c±0.02 3.70b±0.03 3.18a±0.02
Fulton’s condition factor (K) (%) 1.31±0.18 1.27±0.14 1.19±0.14
Broodstock survival (%) 84.44a±0.22 91.11b±0.59 95.55c±0.38
Note: Values are the means ± standard deviation of the triplicate samples. Means without letter are not significantly
different. Letters a, b and c indicate significant differences in treatments, according to Duncan’s multiple range
tests (P<0.05).

Table 4. Effect of dietary inclusion of fish meal on reproductive performance and fry production
of black molly in different treatments

Experimental diets

Reproductive parameters       BD     FM10     FM20

GSI (%) 31.61a±0.47 32.02a±0.42 34.75b±0.58
Absolute fecundity 9.50a±0.35 11.66b±0.17 13.47c±0.52
Relative fecundity 61.53a±1.31 67.69b±0.94 71.02c±0.83
Oocyte diameter (mm) 3.66a±0.05 3.83b±0.08 4.12c±0.12
Ovarian volume (mm3) 956.43a±8.17 1183.32b±5.56 1348.40c±6.38
Ovarian weight (g) 0.49a±0.02 0.57b±0.03 0.66c±0.03
Fry production/female (nos.) 30.15a±0.45 39.26b±0.75 46.87c±0.71
Fry survival rate (%) 90.84±4.73 92.36b±5.45 93.28c±4.65

Note: Values are the means ± standard deviation of the triplicate samples. Means without letter are not significantly different.
Letters a, b and c indicate significant differences in treatments, according to Duncan’s multiple range tests (P<0.05).
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fish meal in the diet of ornamental
broodstock influenced the growth and
reproductive performance. In the present study,
the dietary inclusion of 10 – 20% fish meal
established a linear relationship with the growth
and reproductive performances of black molly
(Fig.1 and 2). Chong et al. (2004) reported that
incorporation of fish meal in broodstock diet
up to 20% enhanced growth and reproductive
performance of ornamental livebearer fish
(Sword tail, Xiphophorus helleri).

In the present trial, the growth indices
implied that high quality protein diet favoured
all the growth parameters of the test fish in
FM20. However, the fish fed with a basal diet
demonstrated a lack of sufficient nutrients to
support growth. In order to compensate, there
must be sufficient bioavailable nutrients in the
fish diet (Ling et al., 2006). According to James
and Sampath (2003), a portion of digested

protein is used as energy for maintenance and
routine metabolism, and the remainder is used
for the growth of somatic and gonad tissues. 
Thus, the reason for slow growth in fish fed
with BD and FM10 diets can be attributed to a
lack of protein remaining to be converted to
flesh or gonad tissues since a large portion of
the consumed protein might have gone to
maintenance.   

In the present study, the slower growth rate
of black molly before and during breeding may
be due to the greater allocation of assimilated
energy to ovary development and fry
production (Kithsiri et al., 2010; Bairwa et al.,
2017). Furthermore, the fish fed with higher
levels of dietary protein showed higher ovary
weight, higher fry production and GSI in female
relative to the fish fed with the lower levels of
dietary protein, indicating better ovarian
maturation and oocyte development in black

Fig. 1. Linear relationship between dietary protein level in experimental diets vs. body weight
and FCR of black molly
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Fig. 2. Linear relationship between dietary protein level in experimental diets vs. GSI and relative
fecundity of black molly

molly owing to the presence of 30.67%
crude protein and 1.79% crude lipid in the FM20
diet. This finding is in line with earlier studies
that suggested diets with 25-40% protein levels
were best for growth development, since they
resulted in the highest average ovary weight
and the largest average number of yolky oocytes
in the ovary of poecilids (Kithsiri et al., 2010;
Pandey et al. ,  2016). The reproductive
performance and optimum growth rates in
broodstock are positively correlated, as many
of these factors contribute to earlier oocyte
maturation, a higher rate of vitellogenesis, better
spawning performances and larger eggs
(Reading et al. , 2018). Oocyte maturation
involves the transportation and acceleration of
protein and lipid in the oocytes (Gu et al.,
2015). The effects of supplemental diets on fry
growth have been investigated extensively but
the results remain inconclusive. However, the
lowest number of fry in BD didn’t compromise
with the quality of the young fry in mollies.
Hence, the present study discloses that there
was a significant influence on fecundity,

probably due to feeding with varying protein
levels.

In conclusion, the diet containing 20% fish
meal (dietary protein:  30.67% and lipid:
6.79%) demonstrated better growth and
reproductive performance of female molly
compared to the other diets. These results
provide a novel insight into the potential
utilization of fish meal in poecilids. However,
considering the availability of quality fish meal
in the market and its economic aspects in
aquafeeds, further studies can be conducted
on the same lines by incorporating higher
levels of dietary fish meal.
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