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Indoor experiment was conducted in 15 cement tanks (1.8 m®) each to have
triplicate for each treatment. Pacific white shrimp juvenile (ABW: 0.43+ 0.047 Q)
were procured from an approval hatchery and reared in the raceway tank for 20
days before stocking in the experiment tanks. After rearing the shrimp juveniles were
stocked at a density of 60/m? in all four treatments and in one control tank. Silver
pompano seeds (ABW2.17 + 0.2083 g) were procured from RGCA, Kerala and
reared in raceway tank for 20 days and then stocked at four different stocking
densities (T1 - 3/m?, T2 - 6/m?, T3 - 9/m? and T4— 12/m?). Feeding was done only to
Pacific white shrimp twice a day (10.00 a.m and 2.00 p.m) with commercial shrimp
feed as per the feeding schedule of the feed company. Sampling was done once in
10 days for shrimp and fortnightly for fish and the bio-growth parameters were
observed and recorded. Water quality parameters were recorded every day.

Highest weight gain and ADG for P. vannamei were observed in control tank
(6.51 £ 0.0173 g) which is not statistically significant. The percentage weight gain,
SGR and SR 1489.25 +39.30%, 4.61 + 0.042g and 97%, respectively for P.
vannamei were the highest for T;. Highest weight gain, percentage of weight gain
and SGR 4.96 = 0.0751 g, 263.65 + 13.389 g and 2.15 + 0.061g, respectively for
silver pompano were observed in T3 which are not statistically significant. The
highest survival rate of silver pompano was observed in T (100%).

The highest net biomass production (877.45 = 7.572 g) was recorded in T;. In
total production, the highest percentage of P. vannamei was obtained from T;
(96.5%). Good FCR and FCE 1.16 + 0.007 and 86.56 * 0.49 respectively were

observed in Ts.



The outdoor experiment was carried out in two HDPE lined ponds of size 30
m® (10 m x 3 m x 1m) for the best performed stocking density in indoor trial study
(shrimp-60/m? and pompano-3/m?) for validation. P. vannamei (0.028% 0.003 g) and
silver pompano (0.364+ 0.066 g) were stocked and reared for 60 days. Bio-growth
parameters and water quality parameters were analyzed every 10 days and daily
respectively. The growth performances in both the trials were assessed in terms of
mean weight gain, specific growth rate (SGR), feed conversion ratio (FCR), feed
efficiency ratio (FER), survival rate (SR) and total production.

In outdoor system, the total biomass was observed to be 16560.37 + 8.515 g.
The FCR and FCE were better than that of indoor system for the same stocking
density of fishes and shrimp.

The results showed that silver pompano stocked at 3/m? along with P.
vannamei did not affect the growth and production of P. vannamei, instead it helped
in enhancing total biomass production. Although there is an increase in the fish
density, the mean body weight of shrimp was not affected. But the biomass was

increased and the profit enhanced.
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I.INTRODUCTION

World farmed crustacean production during 2016 was 7.86 million tonnes
(MT) (FAO, 2018). Of this 4.86 million tonnes (MT) was by penaeids. Among the
penaeids, Penaeus vannamei stood first in the global production with 4.15 MT (FAO,
2018). Pacific white shrimp (P. vannamei), a native species of Pacific Ocean is an
important source of foreign exports in many developing countries of Asia and Latin
America. In 2016, among the crustaceans, P. vannamei showed hike in production,

with 53% of growth rate over the last year (FAO, 2018).

India’s production of P. vannamei shrimp has increased from 5,01,297 MT in
2016 to 6,22,327 MT in 2017-18. This has registered an increase of 24% over the
last year production and the overall shrimp export during 2017-18 was 6,91,748 MT
(MPEDA, 2018). This has clearly indicated that this progressive increase in shrimp
production was supported by P. vannamei production (over 89.96% of the total
shrimp production) even though there was a chance for culturing other shrimp

varieties in the country.

P. vannamei is native to the Pacific coast of Mexico and central and South
America extending to south up to Peru, in areas where water temperatures are
normally over 20°C throughout the year (Wyban and Sweeny, 1991: Rosenberry
2002). Introductions of P. vannamei to Asia began in 1978 to 1989, when it was
introduced to the Philippines first and in 1988 to Mainland in China. In 1996,
mainland China and Taiwan started commercial production of P. vannamei and from

there, aquaculture production expanded rapidly to other nations in Asia, including
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Thailand, Indonesia, Vietham, Malaysia and India (Rosenberry, 2004; Briggs et al.,

2004).

The first commercial shipment of Specific Pathogen Free (SPF) P. vannamei
broodstock from America to Asia was from Hawaii to Taiwan province of China in
1996 (Wyban, 2002). P. vannamei has the potential to grow as fast as P. monodon
(at upto 3g/week) up to 20g under intensive culture conditions. Although it will keep
growing beyond 20g, its growth may slow (particularly males) to 1g/wk once above
20 g weight (Wyban and Sweeny, 1991). Therefore, this shrimp is grown up to 20 g

and preferred for harvesting.

P. vannamei tolerates a wide range of salinities from 0.5 to 45 ppt.
P. vannamei inhabits in waters that range in salinity from 1 to 40 ppt (Smith and
Lawrence, 1990; Bray et al., 1994; Samocha et al., 2001). However, better growth
and survival were found to be at 7 to 34 ppt, but grows particularly well at low

densities when the salinity was around 10 to 15 ppt (Wyban and Sweeny, 1991).

The stocking density of P. vannamei is 60/m? as per Coastal Aquaculture
Authority (CAA) regulations. Athough P. vannamei can tolerate a wide range of
temperature, it grows best between 23 to 30°C comprising the majority of the tropical
and sub tropical-world, with the optimum for growth being 30°C for small (1g) and
27°C for larger (12 to 18 g) shrimp. They can also tolerate temperature lower than
15° C and upto 37°C, but at reduced growth rates (Wyban and Sweeny, 1991). P.
vannamei requires a low protein diet (20 to 35%) during culture when compared to

P. monodon and P. styilirostris (36 to 42%) and are able to utilize natural productivity

2
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of shrimp ponds, even under intensive culture conditions (Wyban and Sweeny,

1991).

The silver pompano, Trachinotus blochii is a common Carangid fish in the
tropical belt and particularly in Indian coast. It is a high-value fish due to its tasty
meat and appealing appearance. Fry production was started in 1989 in Taiwan.
Since then, culture of silver pompano has been carried out continuously and
profitably not only in Taiwan but also in China and Singapore too. Pompano
juveniles live in small schools, while adults are usually solitary. Adults feed primarily
on sand molluscs and other hard-shelled invertebrates. During farming, they can be
weaned to feeds such as floating pellets, sinking pellets and by-catch waste. The
pompano species tolerate a wide range of salinities (McMaster et al., 2003). They
are resistant to low dissolved oxygen and handling stress, readily consume pelleted
rations, successfully breed in captivity (Weirich, 2006), and are excellent candidates
for aquaculture in a variety of systems (McMaster et al., 2004). This species prefers
warm tropical waters, with a tolerance from 25-29°C. They can grow fast in salinities
below 20 ppt and poorly in full seawater. Pompano are not tolerant of low
temperature. It is pelagic, very active and is able to acclimatize and grow well even
at a lower salinity of about 10 ppt and hence suitable for farming in the vast low

saline waters of our country besides its potential for sea cage farming.

1.1 Farming methods

Shrimps are mostly farmed under monoculture. Intensification can be done
without many problems under monoculture system. However, there are specific

3



fishes to be addressed for monoculture production of shrimps. One such issue is the
waste production and disposal in the ponds. The shrimp aquaculture industry faces
several problems due to feces and food wastes. Shrimp excreta and excess feed
waste lead to contamination and possible damages of the near shore water.
Polyculture offers huge benefits like alternative to minimize or eventually solve these

problems. However, polyculture is not commercially used by the shrimp farmers.

Polyculture is referred to as multi-trophic aquaculture, co-culture or simply
integrated aquaculture (Bunting, 2008). There are three general types of polyculture,
viz direct polyculture, cage-cum-pond polyculture and sequential polyculture (Yi and
Fitzsimmons, 2004). Direct polyculture refers to two or more species mixed in the
same culture unit without partitioning. This type of polyculture does not need
significant extra economical or human effort in investment because the secondary
species are simply added within the same culture unit of the main species. Thus,

there is no need for more space.

Cage-cum-pond polyculture is related to direct polyculture because different
species are cultured together in the same tank or pond, but one of the animal are
stocked within cages, limiting their space within the cages and there is no physical
contact with the main organism (Yi and Fitzsimmons, 2004). Sequential polyculture
is a system where the main and subordinate species are separated by different
culture systems. Simple example of this system is the shrimp effluents flow towards
the subordinate species culture system. Unfortunately, these types of polyculture

systems need many investments.



1.2. Shrimp —fish polyculture

Shrimp polyculture is a sustainable aquaculture production method and has
been shown experimentally to improve yield, decrease the environmental impact, re-
utilize wastes and reduce the entry of pathogen organisms in shrimp aquaculture.
However, there are some considerations that need to be solved before practicing
polyculture, such as economic and human effort investment, compatibility of the
species (feeding habits and environmental requirements), food competition, space,

size of the organisms and decreasing oxygen levels.

Polyculture contributes to minimizing the environmental impact of farm
effluents, particularly the nitrogenous wastes, which are further converted into toxic
metabolites. Subordinate species or secondary species in the polyculture system
feed on and assimilate most of the wastes generated from shrimp aquaculture. A
higher efficiency of nitrogen waste utilization has been observed in polyculture
systems compared with monoculture systems, with a consequent decrease in
nitrogen level and improvement in water quality and diminution of the environmental
impact resulting from effluent discharges (Zhen-xiong et al., 2001). It could be
observed that wastes from aquaculture are assimilated through the food web within
pond by subordinate species and natural pond biota in the polyculture systems
(Yokoyama et al., 2002). There is also evidence that polyculture improves
productivity, decomposition of nitrogenous wastes according to Hooper et al., (2005)

Balvanera et al., (2006) Douglass et al., (2008).



1.3 Present focus

Shrimp farming is an emerging sector, in terms of global production and also
employment opportunities. Present problems in shrimp farming are lack of profitable
technologies for sustainable aquaculture production. Nowadays disease outbreaks
have caused a significant decrease in the profit and heavy loss to the farmers in
recent years. Alternative methods like polyculture of shrimp with fishes can ensure
yield, and decreasing the disease causative agents and maintaining the water

quality in optimum condition.

Marine fin fishes such as cobia, silver pompano, grouper, sea bass, milkfish,
pearl spot, etc. are nowadays cultured in cages and coastal ponds. They help in
increasing the marine aquaculture production. Therefore, shrimp culture along with
fishes in polyculture is felt profitable if the stocking densities are standardized.
Keeping in view of the need to standardize the polyculture of Pacific white shrimp
with silver pompano, the present study is planned to contemplate the following

objectives:

I. To conduct growth experiment of Pacific white shrimp (P. vannamei) with

silver pompano under different stocking densities in indoor system

ii. To conduct growth experiment of Pacific white shrimp (P. vannamei) with
silver pompano under outdoor system with best stocking ratio obtained from indoor

trial

ii.. To monitor and record water quality parameters of the rearing system



II. REVIEW OF LITERATURE

Polyculture is culture of two or more species differing in their feeding
behavior, habits and ecological requirements to effectively increase the production in
the same pond (Zimmermann and New, 2000). It also refers to two or more species
mixed in the same aquaculture unit without partitioning (Martinez-Porchas et al.,
2010). Lanza-Espino et al., (1991) defined polyculture as adding one or more

subordinate species to the culture system involving one main species.

Fishes that are used in aquaculture can utilize a wide range of feeding niches.
They can be carnivorous, benthivorous, omnivorous, planktivorous and herbivorous
(Bosma and Verdegem, 2011). Fishes in an ideal polyculture pond occupy different
niches and possess feeding habits which are different from one another but
complementary to each, thereby they are able to utilize food available in the pond

more efficiently than by a single species (Yuan et al., 2010).

Shrimp farming is an emerging sector, which has been growing at a rate of
14.88% annually (MPEDA, 2018) Shrimp farming has now developed into an
important export-oriented food industry especially in South Asian countries
(Chakraborty, 2001). There are many problems that are often influencing the
production and profit. Some of the identified problems are lack of sustainable
technologies, adverse environmental impacts, competition for resources with other
activities and disease outbreaks which have caused a significant decrease in the

production of shrimp in recent years (FAO, 2014). Therefore, an assurance for the



farmers is essential in order to prevent the economic losses to them. As pointed out
by Hepher and Pruginin (1981) polyculture can help to increase the productivity

through efficient utilization of natural food available resources available.

Shrimp polyculture is an age-old practice and might have evolved from early
extensive shrimp farming in which fishes such as milkfish (Chanos chanos) and
mullet (Mugil sps.) were incidentally or intentionally introduced and harvested as
extra crops to shrimp (Jhingran, 1982). In the past decades, there were reports on
the crustacean polyculture, demonstrating in some cases that it is not only profitable
but also a sustainable activity, both in freshwater and marine systems (Irz and
Mckenzie, 2003). Rodrigues and Zimmermann (1998) reported that 74% of research
works on polyculture of crustacean were done in freshwater prawns in combination
with planktivorous fishes. The remaining 26% of research works on polyculture were
done with M. rosenbergii along with a wide variety of other species. It might be true
as polyculture has been mostly a technology in freshwater aquaculture. In the
reports concerning the polyculture of freshwater prawns with fishes, it has been
pointed out that the production cost of prawn may be lowered by the correct choice
of fish species and their stocking rates (Valenti and New, 2000). Therefore, it is
evident that polyculture can help in reducing the production cost thereby the profit

margin can be increased.

2.1. History of polyculture
It is observed that Chinese aquaculture practices are very old and ancient.

They have often stocked multiple species of carps together in ponds to take



advantage of the fertilized water and natural foods (Brick and Stickney, 1979), each
of the species stocked occupied its own ecological niche. Another form of
polyculture that has a long history in China is rice—fish culture (Kangmin, 1988). By
modifying rice ponds to provide a refuge for fishes when the rice field is dewatered
enabling the rice farmer to have two types of crops. Polyculture of Chinese carps
with different food habits has been practiced in China for centuries (Lin, 1969 and
Hao-Ren, 1982). With, the introduction of Chinese carps too many countries,
polyculture has become a common practice in other parts of the world (Hepher and

Milstein, 1989).

Today, polyculture is done with a wide variety of species than those that have
been used in olden days in China, and there have been nuances modern
approaches developed in the polyculture of fishes. According to Brick and Stickney
(1979) the species used in polyculture systems need to be compatible, that is, they
need to grow well without interfering with one another. In some exceptional
polyculture systems, as explained by them combinations of species are used to
maintain the unwanted fish growth and survival. There have also been instances
where fish have been stocked in marine cages to consume parasites as it can be
observed in the stocking of wrasse (family Labridae) to control sea lice in Atlantic
salmon cages in Norway (Sayer et.al.,, 1996). Similarly, sea cucumbers (class
Holothuriidae) are stocked in salmon net pens to feed on feces, fouling organisms,

and unconsumed feed in fish cage culture (Ahlgren, 1998).



Paclibare et al., (2002) illustrated tilapia-shrimp polyculture systems as TIPS
(Tilapia Introduction to Prawn System) developed by FYD International on Negros
Island in the Philippines. The system was developed in 95 ha of ponds on Negros
Island in 2002 and expanded further in other islands in 2003. By 2008, in
Philippines, more than 60% of the shrimp farms employed tilapia — shrimp
polyculture (Cruz, et al., 2008). Farming tilapia and shrimp together, improves
shrimp health and increases profits (Yuan, et al., 2010; Hernandez-Barraza, et al.,
2012). Shrimp production has been found to be higher in polycultures than in

monocultures (Li and Dong, 2002).

2.2. Importance of polyculture

Belton and Little (2008) demonstrated that integrated aquaculture practices,
such as polyculture, can contribute to minimizing the environmental impact of farm
effluents, particularly those related to nitrogenous wastes, which could be further
converted into toxic metabolites. The subordinate species can feed and assimilate
most of the wastes generated from shrimp aquaculture. A higher efficiency of
nitrogen utilization has been observed in polyculture systems compared with

monoculture systems (Zhen-xiong et al., 2001).

The benefits of polyculture as already mentioned include the mitigation of
ecological impacts and amelioration of yield and environmental quality (Chien and
Liao, 1995; Martinez - Porchas et al., 2010; Yuan et al., 2010; Bosma and
Verdegem, 2011). Polyculture is considered as an effective strategy to minimize

waste in the farm system. Several benefits have been reported in shrimp polyculture
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systems when using fish and other aquatic organisms as subordinate species,
despite the fact that polyculture is not yet a common practice (Martinez-Porchas et
al., 2010). It has been demonstrated that beneficial effects of culturing shrimp with
other shellfish, macroalgae and tilapia as other aquatic species led to positive
conditions on the primary as well as secondary species, besides, it improves the
pond water quality by controlling phytoplankton growth, reducing the accumulation of
organic matter, antibacterial effects and the prevalence of viruses (Jatoba et al.,
2011). According to Hepher and Pruginin (1981), the beneficial effect of polyculture

is due to dissolved oxygen stability, reduction of predators and coprophagy.

It has been reported that polyculture increased the yield of fish over
monoculture at similar stocking densities by reducing inter-specific resource
competition and probably by mutual enrichment of diet through synergy (Hossain
and Islam, 2006). Lilyestrom et al., (1987) contended that polyculture appeared to
have no adverse effects on the survival, growth or yield of either species in channel
catfish (Ictalurus punctatus) with freshwater prawn polyculture system. In freshwater
prawn-fish polyculture system, cannibalism amongst prawn did not seem to be
exacerbated by the presence of other fishes or crustaceans (Valenti and New,

2000).

Studies on polyculture and mix-culture of shrimp with different species of
Tilapia (hybrid red tilapia, O. niloticus and O. urolepis hornorum), milkfish (C.
chanos), mullet (M. cephalus and M. platanus), rabbit fish (Siganus fuscescens and

Siganus guttatus), angelfish (Pterophyllum scalare) and river puffer (Takifugu
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obscurus) have been made with positive results (Tendencia et al., 2004; Jang et al.,
2007; Yuan et al., 2010; Jaspe et al., 2011; Hernandez-Barraza et al., 2012; Costa
et al.,, 2013; Luong et al., 2014; Ribeiro et al., 2014; Apun-Molina et al., 2015;
Aghuzbeni et al., 2016). Polyculture adds a secondary or subordinate species and
improves the performance of the main cultured species by enhancing water quality
as per the observation of Wang and Lu, (2016) and Tian et al., (2001). Therefore,
polyculture fits the principles of sustainable aquaculture. It reduces the
environmental impact of the farming activity, increases producer profitability and
provides benefits associated with advanced ecological stability and function by

optimizing use of available resources (Wohlfarth et al., 1985; McKinnon et al., 2002).

2.3. Shrimp polyculture systems

2.3.1. Shrimp with Tilapia

In a polyculture pond, tilapia and shrimp can utilize different niches in the
culture system (Yi et al., 2002). Akiyama and Anggawati (1998) registered about two
decades back that the polyculture of shrimp and tilapia had increased the production
of shrimp, with tilapia production as a secondary benefit. In addition to that, Saelee
(2002) reported that excess feed usage in a polyculture system than in a shrimp
monoculture system did not have any adverse effect on water quality, due to the
grazing of available natural food by Nile tilapia, which was the secondary species in
the pond that helped in stabilizing the water quality. Yi et al., (2002) also found that
the addition of Nile tilapia into shrimp ponds with shrimp as the main species could
improve feed utilization efficiency, better economic returns and less environmental
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pollution. Tendencia et al., (2006) has gone to the extent of expressing that the
presence of genetically improved farmed tilapia (GIFT) can reduce the luminous
bacteria population and increase shrimp survival. It could be true as it was endorsed
by Nagashima (2001) and Tendencia (2006a;b;c) who witnessed antibacterial
activity against luminous bacteria and gram-negative bacteria in the mucus of
some species of grouper, tilapia, milkfish, sea bass and rabbitfish. Thus, the
presence of a secondary species like tilapia was found to inhibit growth of luminous

bacteria and positively affect shrimp survival.

Tilapia production in shrimp ponds was noticed to be expanding in many
countries of Southeast Asian and Latin America, including Thailand, Mexico, Peru,
Ecuador, Brazil and also among other countries (Fitzsimmons, 2001). Polyculture of
shrimp with tilapia species may provide an opportunity to develop a sustainable

aquaculture system as pointed by Fitzsimmons (2001).

2.3.2 Shrimp with Milkfish (C. chanos) and Mullet (M. cephalus)

Eldani and Primavera (1981) and Marichamy and Rajapackram (1982)
reported that shrimp culture with mullet and milkfish had benefits in the removal of
nitrogenous wastes from the shrimp ponds. Mullet is potentially a good candidate for
polyculture with shrimp due to its commercial value and high resistance to wide
range of temperature and salinity (Pakrasi et al., 1975). In many countries, mullets
are cultured in association with fish and other organisms as polyculture as withessed
by Pakrasi et al., (1975). The rearing of grey mullets in combination with milkfish,

Indian major carps and shrimps in the coastal tanks of West Bengal has been
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described by them elaborately. Mullet is a filter feeder, which usually swims near the
top of the water as school and swallows the scum of the water surface (Anil et al.,
2010). The economic feasibility of polyculture of the giant tiger shrimp with mullet
was further investigated by them. All these reports clearly indicate that shrimp

performance is enhanced by the presence of a secondary species.

2.3.3. Blue Shrimp (Penaeus stylirostris) with sea cucumber (Holothuria
scabra)

Study on polyculture of blue shrimp with sea cucumber was conducted in
New Caledonia (Purcell et al., 2006 and Bell et al., 2007). Results of this study
indicated that co-culture of sea cucumber (H. scabra) juveniles and blue shrimp (P.
stylirostris) in earthen ponds was feasible, without any adverse impact on shrimp
production. In contrary to the above observation, Bell et al., (2007) reported that
grow-out production of P. stylirostris with H. scabra in pond was not viable. They
further studied that such a production system with high stocking density of sandfish
juvenile had no significant effects on growth and survival of shrimp. However, shrimp
had a significant negative impact on survival and growth of sandfish in sand-bottom
tanks. Furthermore, all sandfish were dead or moribund after a month of grow-out
trial in ponds. Therefore, there might be some adverse effects also in such

polyculture systems, which might be species specific.

2.3.4 Blue shrimp (P. stylirostris) with gold lined rabbit fish (Siganus lineatus)
The shrimp industry in New Caledonia according to the reports available has

not been highly profitable but has persisted mainly because of the lucrative, niche
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market for P. stylirostris in Japan. Goldlined rabbitfish, S. lineatusis is considered a
potential candidate for polyculture with blue shrimp in earthen ponds due to it is
herbivorous feeding habits, adaptive nature in captivity and strong belief of its
capability to inhibit the growth of Vibrio. S. lineatus can well adapt and grow in a
closed culture system where dissolved oxygen is above 2mg/L and eutrophication is
limited. This species was less competitive among individuals in high stocking density

and was able to grow at low temperature during the cold season (Luong et al.,

2014). The reports suggest a positive grow-out of blue shrimp and Gold lined Rabbit

fish (Tendencia et al., 2006 a)
2.3.5. Black tiger shrimp (P. monodon) with Red Tilapia

Akiyama and Anggawati (1998) have mentioned that yields of shrimp
increased when red tilapia (Oreochromis spp.) were stocked into black tiger shrimp
(P. monodon) ponds. Red tilapia was reported to have influenced shrimp
performance by improving and stabilizing water quality and foraging and cleaning
the pond bottom. According to them it was a probiotic type effect in the pond
environment.

Two experiments on intensive black tiger shrimp-—tilapia polyculture was
conducted by Yi et al., (2002) in Thailand, which proved that positive interactions
and mutual benefits did exist between black tiger shrimp and Nile tilapia (O.
niloticus). Shrimp yield and feed conversion ratio (FCR) were improved by the
presence of Nile tilapia in the system. These findings support the concept of

polyculture with tilapia for penaeid shrimps.
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2.3.6. Penaeid Shrimp with bivalves

There are reports on the polyculture of different aquatic species, like Pacific
oyster, Crassostrea gigas and black clam, Chione fluctifraga and fish (Oreochromis
urolepis hornorum) with shrimps (Martinez-Cordova and Martinez-Porchas 2006;
Tendencia et al., 2006). They also withessed improvement in the shrimp production.
Similar results of polyculture of Indian white shrimp (P. indicus) with C. gigas and C.
fluctifraga showed that the presence of mollusks had a beneficial effect on the

production of shrimp (Martinez-Cordova and Martinez-Porchas 2006,).

2.3.7. Penaeid Shrimp with pompano (Trachinotus carolinus)

Shrimp culture with omnivorous species with carnivorous tendencies is very
scanty. Gomez et al., (1982) evaluated polyculture of pompano (T. carolinus) and
shrimp (P. brasiliensis) in concrete tanks fed with two different artificial
diets.Combination of species such as Pompano (T. carolinus) for encouraging
results demonstrating its potential due to its high price in the market together with
demand was felt feasible (Trimble, 1980).Pompano and penaeid shrimp have a high
commercial value and their polyculture was investigated very long back in Alabama
(Tatum and Trimble, 1978) and Texas ( Rossberg and Strawn 1980). However, there
were low survival rates. But in a later case, Trimble (1980) managed polyculture

production ponds in Alabama with high survival and positive economic returns.

2.4. Feeding in polyculture system

Penaeid shrimps spend most of their life in contact with the bottom sediment
(Dall et al., 1990) and have wide-range of food habits in natural systems. They have
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been described as omnivores, scavengers, detritus feeders, carnivores, and
predators (Bailey-Brock and Moss, 1992; Rothlisberg, 1998). Their diverse feeding
behaviors offer possibility to culture shrimp in polyculture as either the main species
or a secondary species (Jackson and Ozbay, 2008; Yuan et al., 2010).They
consume detrital aggregates, including bacteria and meiofauna, protozoa, micro-
algae, zooplankton, macro benthos and other items (Dall, 1968; Chong and
Sasekumar, 1981; Moriarty, 1997).

Polyculture of shrimp without bottom feeding secondary species allows the
shrimps to obtain their sufficient share of the pelleted feed, as naturally a certain
proportion of the feed will sink to the bottom. In addition, it allows the shrimp to graze
on bacterial films on the bottom substrate and ultimately results in better growth
performance (Hossain and Islam, 2006). Roberts and Kuris (1990) recommended
that the stocking density of shrimps and fishes in the polyculture system varies from
region to region and farm to farm. Shrimps may be predators depending on the size
of the fishes as observed and recorded by Roberts and Kuris (1990).

Silver pompano (T. blochii) has already been considered a suitable candidate
for mariculture due to its easy adaptation to culture systems, acceptance of
formulated feeds, and fast growth rates (Chavez et al., 2011). The silver pompano is
a pelagic and active species that is easy to domesticate and culture in tropical and
subtropical marine waters.

Several studies have been conducted to assess the culture of this species
(Gopakumar et al., 2011; 2012; Nazar et al., 2012; Kalidas et al., 2012). Like other

marine species, successful culture of pompano requires high dietary crude protein
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(CP), with a diet containing 45% CP being the minimum requirement for growth of
juvenile pompano (Lazo et al., 1998). Pompano are highly active marine species and
it has been suggested that the appropriate diet for successful growth of juvenile
pompano requires a high level of digestible energy (DE) to support metabolic and
growth demands (Weirich et al., 2009)

Different studies indicate that feeding management practices affect growth
and feed conversion ratio of the cultured species (Wang and Lu, 2016; Cho et al.,
2003) and reduce size class variation (Jobling, 1994). Moreover, feeding regimes
optimizing feeding frequency and feeding rate may minimize feed wastage and lead
to an improvement in environmental safety, greater size-class homogeneity and
economic return (Dwyer et al., 2002; Tucker et al., 2006; Cho et al., 2003; Kim et al.,
2007; Booth et al., 2008). Insufficient feeding frequency leads to poor growth and
high mortality, especially in intensive systems (Carneiro and Mikos, 2005). Sporadic
feeding and low feeding rates may contribute to reduced growth as well as increased
hunger, intra specific aggression, and increased rate of cannibalism according to
Folkvord and Ottera, (1993). However, increasing feeding frequency requires more
labor and increases production costs (Carneiro and Mikos, 2005).

Fishes require food to supply the energy they need for movement and all
other functions, and as the “building blocks for growth”. Unfortunately, the maximum
growth and the lowest feed conversion ratios do not coincide at the same feeding
rate. The lowest feed conversion occurs at feeding rates below those at which

maximum growth occurs (Silva et al., 1995; Goddard, 1996). Thus, it is evident that
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there is a range of possible feeding rates, which depend on whether maximum
growth, optimal food conversion, or a balance between the two is sought.

Fish carcass composition is a good indicator of physiological condition but it
is relatively time consuming to routinely measure (Ali et al., 2005). Feeds and
feeding are among the major factors influencing carcass composition and fish
quality. Eating quality therefore is an important determinant of the overall impression
of a food (Ochang et al., 2007). Overall, proper feeding frequency and feeding rates
vary with fish size, rearing system, temperature and feed quality (Ruohonen et al.,
1998).

The available literature suggests a possible production enhancement in the
polyculture systems for Penaeid shrimps. Pacific white shrimp is the present day
highly preferred species for the Indian coastal aquaculture and therefore
investigation for production enhancement is the need of the hour as suggested by
Wyban and Sweeny, (1991). Considering the emerging marine finfish aquaculture,
Silver pompano combined shrimp polyculture might be a real boost to the aqua-

culturists in India.
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. MATERIALS AND METHODS

The present study was undertaken with an objective of determining the
growth performance of Pacific white shrimp, (P. vannamei) with silver pompano (T.
blochii) (Plate 1) under polyculture system at different stocking densities in indoor
condition. Further, outdoor grow out study was conducted for the best performing
stocking density selected from the indoor trial conducted.

3.1 Raceway rearing of Pacific white shrimp

Pacific white shrimp Post Larvae (PL8) were purchased from Coastal
Aquaculture Authority Approved (CAA) Dolphin Shrimp Hatchery, Melamunthal,
Ramnadhapuram. The shrimp seeds were tested for occurance of White Spot
Syndrome Virus (WSSV), Enterocyctocean Hepato Peneaii (EHP), and Vibrio (V.
paraheamoliticus) in a commercial laboratory located at Marakkanam before
purchase. The shrimp seeds were stocked in raceway cement tank of 18m? capacity
for initial rearing of Pacific white shrimp seeds, before starting the experimental
study for acclimatization and make them fit for experimental condition (Plate 2).
Raceway cement tank was cleaned, disinfected with bleaching power and dried for 3
days prior to use. Feeding was done with commercial feed for two times (10.00 a.m
and 2.00 p.m) a day as per the feeding regime of the commercial feed company.
Vigorous and continuous aeration was given in the raceway tank with the help of an
air compressor. Excess feed and fecal matter were removed regularly from the tank

through siphoning to maintain the water quality.
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3.2 Raceway rearing of silver pompano

Raceway cement tank (18m?® capacity) was used for initial rearing of silver
pompano fry before stocking them in starting the experimental study. Silver
pompano fry (500) was purchased from CMFRI, Mandapam, Ramnadhapram. After
3 hours of transportation in oxygen filled HDPE bags and brought to the MRFF,
Tharuvaikulam, Raceway tank was cleaned, disinfected with bleaching power and
dried for 3 days prior to stocking. Pompano fry were reared for a period of one week
for acclimatization to make them fit for stocking in experimental condition. Vigorous
and continuous aeration was given in the raceway tank with the help of an air
compressor. Feeding was done two times (10.00 a.m and 2.00 a.m) a day using
commercial fish feed until satiation. Excess feed and fecal matter were removed
from the tank through siphoning.
3.3 Experiment set up
3.3.1 Indoor experiment

The indoor growth experiment was carried out in Mariculture Research Farm
Facility (MRFF), an Unit of Department of Aquaculture located at Tharuvaikulam
coastal village, Thoothukudi District. A total of 15 cement tanks each with a capacity
of 1.8m* were used for this trial study (Pic 3 a of Plate 3). They were 4 sets of
treatment tanks and 1 set of control tanks in triplicate. Before starting the
experiment, these cement tanks were washed with seawater, freshwater and
disinfected with bleaching powder. Air dried and filled with clear filtered sea water
pumped from the sea bores. All the 15 cement tanks were provided with proper

aeration facility to ensure proper water quality in the tanks.
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3.3.2 Outdoor Experiment

The outdoor growth experiment was done in two HDPE lined ponds (Pic 3 b
of Plate 3) of size 30m*® (10 m x 3 m x 1m) at the same location. The experiment was
done as one treatment with duplicate. The trial ponds were prepared for stocking
after sun drying, sludge removal and by water flushing. After preparation, the ponds
were filled with clean filtered seawater and the water was treated by chlorination.
Both the ponds were provided with proper aeration by ring blowers.
3.4 Indoor polyculture trial Pacific white shrimp and silver pompano

Raceway reared Pacific white shrimp with an initial body weight of 0.43%
0.047g and silver pompano with an ABW of 2.17 + 0.2083 g were stocked
successively in cement tanks. Pacific white shrimps were stocked at a density of
60/m? as per CAA recommendation in all 4 treatments and 1 control tank prior to fish
stocking uniform size silver pompano seeds were selected and stocked at 4 different
stocking densities in four treatment tanks and control tank was left with only shrimp.
Pacific white shrimps were fed with commercial crumble feed with a protein content
of 35 % (Pic 4 a of Plate 4). Pacific white shrimps were fed with as per commercial
feed regime. The stocking density details of pacific white shrimp and silver pompano
seeds in the cement tanks were given in Table 3.1. Harvesting was done at the end
of 60 days of indoor trial (Pic 4 b of Plate 4). The experiment tanks were monitored
daily and the water quality parameters were assessed. The dead shrimps and waste
generated in the tanks were siphoned off. If there are any unusual behavior of fish or

shrimp, that was attended to immediately.
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Table 3.1. Stocking details and experiment code of Pacific white shrimp (P.

vannamei) and silver pompano fingerlings under polyculture in indoor system.

Silver pompano

Pacific white shrimp

Treatment Stocking Numbers Stocking Numbers
density/m? Stocked Density/m? Stocked
Treatment 1(T4) | 3/m? 7 60/m? 135
Treatment 2(T>) | 6/m? 14 60/m? 135
Treatment 3(Ts) | 9/m? 21 60/m? 135
Treatment 4(Ty) | 12/m? 28 60/m? 135
Control (C) 0 0 60/m? 135

3.5 Outdoor polyculture of Pacific white shrimp and silver pompano

Raceway reared Pacific white shrimp with an initial body weight of 0.028 *

0.0032g and silver pompano with an ABW of 0.364+ 0.0655g were stocked at the

best stocking density obtained from indoor ponds. The ponds were supplied with

aeration through ring blowers and Pacific white shrimp were fed with commercial

crumble feed (protein content of 35 %) as per the feeding chart given. The stocking

density details of Pacific white shrimp PL and silver pompano seeds in the treatment

and duplicate pond are given in Table 3.2. Harvesting was done at the end of 60

days of outdoor trial (Pic 5 of plate 5)
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Table 3.2 Stocking details of Pacific white shrimp (P. vannamei) and silver

pompano fingerlings under polyculture in outdoor system

Silver pompano Pacific white shrimp
Stocking Numbers Stocking Numbers
density Stocked density Stocked
Treatment 3/m® 90 60/m? 1800

3.6. Water quality parameters

During the experiment period, water quality parameters such as Temperature,
Dissolved Oxygen, pH and salinity were recorded daily and Ammonia—N, and
Alkalinity were measured once in 3 days. Water temperature was measured using a
thermometer with an accuracy of 0.1°C in the afternoon and evening. The pH of
rearing water was measured using the laboratory model Elico pH meter. Modified
Winkler’s titration method (APHA, 2005) was adopted to estimate the dissolved
oxygen once in a day. Total alkalinity was determined as per the method described

in APHA, (2005).

3.7 Sampling

The sampling was done once in 10 days for shrimp and fortnightly for silver
pompano. Length and weight for Pacific white shrimp and silver pompano were

recorded during sampling (Plate 6 a and 6 b of Plate 6).
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3.8 Bio-Growth Parameters

Following parameters were calculated based on the formula

1. Weight gain (Wg) = (Mean final weight - Mean initial weight)

2. Biomass = ABW X No.of fishes

3. Average daily weight gain (ADG) = Final weight — Initital weight / days
of culture

4. Daily weight gain percentage = ADWG/initial weight of fishes X 100

5. Net Biomass Production = Final Biomass obtained — Initial Biomass
stocked

6. Specific Growth Rate (SGR) = (Ln final weight — Ln initial weight) x
100/ Days

7. Food Conversion Ratio (FCR)= Total feed (g) / Weight gain (g)

8. Food Conversion Efficiency (FCE) = Net Biomass Production/ Total
feed given X 100

9. Survival Rate (SR) = No of fishes survived / No of fishes stocked x 100

3.9 Statistical Analysis
The data obtained during experiment was statistically analyzed with one way

ANOVA and Students “t” test.
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IV.RESULTS

4.1. Growth studies on P. vannamei with silver pompano at different stocking

densities under polyculture in indoor system

The growth parameters of P. vannamei and silver pompano cultured under

polyculture in indoor system are presented in Table 4.1 and 4.2

4.1.1. Growth of P. vannamei

P. vannamei in the control group reached the high ABW of 6.97+0.04g, which
was followed by shrimps in T, group. However, there was a minor variation in the
ABW of shrimps of stocking, which is not statistically significant. The shrimps in the

T, group had reached the lowest ABW among the treatments (Table 4.1).

P. vannamei attained maximum mean weight gain of 6.51+0.02g in the
control group (C). Among treatments, P. vannamei attained maximum final mean
weight gain of 6.45 £ 0.05g in the Treatment 1(T;) and followed by 6.26+0.049g in
Treatment 4(T4) as given in Table 4.1. The least weight gain (6.23+0.06g) was

noticed in the P. vannamei of treatment 2(T2).

The percentage weight gain estimated against the initial ABW of shrimps
showed great variation among the treatments. Percentage of weight gain in P.
vannamei was the highest (1489.25+39.3%) shrimps of T; and the lowest
percentage of weight gain (1153.24 + 665.83%) of P. vannamei was observed in T,

(Table 4.1). The highest Specific Growth Rate in P. vannamei was recorded in T,
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Table: 4.1 Bio-gowth parameters of P. vannamei during culture with silver pompano under polyculture in

indoor system

*(P < 0.05)

Treatment Parameters (Mean £ SD value)
Experiment | Mean Initial | Mean Final Mean Weight | Percentage of | Average Daily Specific Survival
Animal weight weight Gain(g) weight Gain- Growth- Growth Rate Rate
(@) )] PWG (%) ADG(9) SGR(%/day) (%)
a a a b a b
Control Shrimp 0.47 6.97 6.51 1,381.34 0.1083 4.4884 95
+ + + + +
0.03 0.04 0.02 73.62 0.08
b b a a a a
T, Shrimp 0.43 6.88 6.45 1489.252 0.1074 4.61 97
+ + + + +
0.01 0.05 0.05 39.30 0.04
a c b b b a
T, Shrimp 0.54 6.76 6.23 1153.24 0.104 4.21 94
+ + + * *
0.01 0.06 0.06 665.83 0.02
a c c b b b
T3 Shrimp 0.48 6.73 6.25 1318.52 0.104 4.41 92
+ + + t t
0.04 0.08 0.07 108.78 0.13
b c c a b a
Ty Shrimp 0.43 6.69 6.26 1472.08 0.104 4.58 89
+ + + t t
0.03 0.01 0.04 105.46 0.12
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Table: 4.2 Bio-gowth parameters of silver pompano during cultured with P. vannamei under polyculture in

indoor system

*(P < 0.05)

Parameters (Mean £ SD value)

Treatment | Experiment Mean Mean Final | Mean Weight | Percentage of Average Specific Survival
Animal Initial weight Gain(g) weight Gain- Daily Growth Rate
weight (9) PWG (%) Growth- Rate (%)
(9) ADG(g) SGR-(9)
a
2.10 7.05 4.95 239.26 0.083 2.03 100
T, Fish + + + + +
0.15 0.04 0.18 23.78 0.12
b
2.04 6.92 4.88 240.45 0.0813 2.0398 93
T, Fish + + + +
0.07 0.07 11.88 0.06
b
1.89 6.84 4.96 263.65 0.083 2.15 95
T3 Fish + + + + +
0.06 0.02 0.07 13.39 0.06
c
1.94 6.75 4.81 251.17 0.08 2.09 92
T4 Fish + + + + +
0.13 0.02 0.14 23.01 0.11
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(4.61+0.049) was observed in T; and the lowest SGR (4.21 + 0.02 g) was recorded

in T, (Table 4.1).

The maximum Average Daily Growth (ADG) value (0.11g) was obtained in the
P. vannamei in the control group(C). Minimum ADG of 0.01g and 0.01g were

observed in T3 and T4, respectively (Table 4.1).

The highest survival rate for P. vannamei was observed in T1 (97%) and
followed by control group (95%) and the lowest survival rate of P. vannamei was

observed in T4 (89%).

Growth patterns of P. vannamei recorded during the polyculture with different
densities of silver pompano in indoor system are depicted in Fig 4.1 As it can be
observed, P. vannamei registered positive growth patterns for all the treatments.
Also all are almost same level up to DOC 40 days. In all treatments, growth was
consistently increasing and touched the maximum. Among all treatments, the
shrimps in Control group reached the highest (6.97+0.03g) and followed by shrimps
of T1(6.88+0.05g) on the 60™ day of observation. The shrimps of T, registered least

growth in the 60" day of this experiment.
4.1.2. Growth of silver pompano

There were drastic variations among the silver pompano of different groups

attaining their final ABW. The fishes in T, reached a higher ABW (7.05£0.049) than
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Fig 4.1 Growth patterns of P. vannamei during the polyculture with different
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that of other treatments. The other treatments (T, Tz and T,4) did not show any higher

variation is the final ABW as can be noticed in Table 4.2 and Fig 4.2.

Silver pompano attained maximum mean body weight gain of 4.96+£0.079 in
the Treatment 3 (T3) and followed by T; (4.95+£0.18g). The minimum weight gain was

4.81+0.14g observed in the silver pompano of T4 (Table 4.2).

Percentage of weight gain in silver pompano was the highest
(263.65£13.39%) in T3 group. The minimum percentage of weight gain
(239.26+£23.78%) was obtained in the treatment of T, (Table 4.2). In silver pompano
the maximum SGR of 2.09+0.11g was noticed in the T4 group and the minimum

SGR of 2.03+0.12g was with fishes in T, was tabulated in Table 4.2

The ADG of silver pompano was found to be maximum (0.08g) in two

treatments such as T1 and T3 seen Table 4.2

There were differences in the survival rate of silver pompano and the highest
survival rate of silver pompano was observed in T1 (100%), followed by T3 (95%) and

the lowest survival rate was observed in T4 (92%) (Table 4.2).

Growth patterns of silver pompano recorded during the polyculture with P.
vannamei in Indoor system were depicted in Fig 4.2 There was a fluctuation of
growth in silver pompano in the treatments. The growth was consistently increasing

until 30 DOC and there was a slow growth occurred after 30" day.

However, after 45" DOC, the growth was increasing. This was observed in
all treatments. Maximum growth was obtained in T; (7.05+0.04g) and followed by T,
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(6.92g) on 60™ day of this experiment which was given in Fig 4.2 and Table 4.2
Minimum growth was obtained in 60 days of this experiment in T4 (6.75+0.02g) and

followed by T3(6.84 + 0.02g) which was depicted in Fig 4.2 and Table 4.2

4.1.3 Biomass production and feed conversion parameters of P. vannamei and

silver pompano under polyculture system in indoor system

The biomass production and feed utilization parameters of P. vannamei and
silver pompano under polyculture system in indoor system are presented in Table
4.3. The net biomass production of P. vannamei was the highest in T;
(842.78+7.21g) which is followed by control group (835.66+2.17g). The lowest net
biomass production for P. vannamei was observed in T, (752.25%£5.83g) (Table
4.3).The highest biomass production of silver pompano was observed in T4
(121.27g) and followed by T3(97.25+1.579). The lowest biomass production of silver

pompano was observed in T; (34.67+£1.24q) (Table 4.3).

The highest total net combined biomass production of P. vannamei and silver
pompano (877.45+7.579) was recorded in T, and followed by T4 (873.51+6.75¢g).The
lowest total net biomass production (835.66+2.17g) was observed in control group

which had only shrimps (Table 4.3).

When the feed consumption parameters were compared with net
biomass production, it was observed that the mean feed intake was maximum
observed in T; (1171.66+8.4g) and the minimum mean feed intake (1009+11.179)

was in the Ts. Since there was higher feed intake, the T; group had poor FCR
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Table: 4.3 Production and feed conversion parameters of P. vannamei and silver pompano cultured under
polyculture in indoor system

Parameters (Mean = SD value)

. . : Total Net Percentage
Experiment Me_an Initial Me_an Final | Net B'O”?ass Biomass of Total feed given FCE
Treatment . Biomass Biomass production : o FCR
animal production(g | contribution (9) (%)
(9) (9) (9) 0
(%)
: 63.9+3.51 | 899.56+4.79 | 835.66+2.17 | 835.66+2.17 100 1034.49+551 | 1.24 | 80.78+0.31
Control Shrimp
Fish 14.741.05 | 49.37+0.3 | 34.67+1.24 3.95 1.34
877.45£7.57 1171.66+ 8.4 74.89+0.11
T1 Shrimp 58.5+1.19 | 901.28 +6.46 | 842.78+7.21 96.05
Fish 28.51+1.01 | 89.92 +0.04 | 61.40+0.98 7.25 1074.21+ 9.63
847.87+6.34 1.27
78.93+0.18
T2 . 92.75
Shrimp 72.9+0.78 | 859.37 +7.7 | 786.47+7.32
Fish 39.62+ 1.38 | 136.87 +0.35 | 97.25+1.57 11.14
873.28+7.17 1009+ 11.17 | 1.16 | 56:96¥049
Ts Shrimp 64.8+5.11 | 840.83+9.31 | 776.03+8.66 88.86
. 0210, 0910, . .
Fish 54.32+6.04 | 175.59+0.46 121.27 873 5146 75 13.88 1093.9+2.88 125 | 79.8550.41
Ta Shrimp | 28:09£4.05 | 31030+2.13 | 752.25+5.83 86.12

33




1.34 against the best conversion rate of 1.16 in Ts. Next to T3z which showed good
Food Conversion Ratio (FCR) followed the control group had better FCR (1.24). The

poor FCR was observed in T; (1.34) (Table 4.3).

This data could be further processed against the food conversion efficiency of
the animals in polyculture. Maximum Food Conversion Efficiency (FCE) was
recorded in T3 (86.56+0.49) followed by the control group (80.78+0.31). The lowest
FCE was observed in Ty (74.89£0.11%) and followed by T, (78.93+0.18%) as seen

in Fig 4.3

4.1.4. Biomass contribution of shrimp and fish in the production of indoor

system

Percentage contribution of P. vannamei and silver pompano is the production
under polyculture in indoor system at 4 different treatments which was depicted in
Fig 4.4. As there was no fish component, the entire production in control group was
with shrimp alone (100%). It can be seen further that there is a positive relation
between the share of fishes and their stocking density. It is obtained that the
additional species could enhance the production as it is evidenced in the net

biomass production.
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Fig 4.3 Food conversion efficiency of of P. vannamei and silver
pompano(combined) polycultured in indoor and outdoor polyculture systems
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Fig 4.4 Percentage contribution of P. vannamei and silver pompano under
polyculture in Indoor system
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4.1.5. Water quality parameters during the experiment period

The water quality parameters (mean = SD) of indoor system such as
temperature, pH, dissolved oxygen, alkalinity, secchi depth, salinity and ammonia,
are presented in Table 4.4 Water temperature of the indoor system, was found to be
25.89+0.1°C (mean + SD). The maximum water temperature was 26.2°C and the
minimum water temperature was found to be 24.5°C. Salinity (mean £ SD) was
37.33+0.33 (mg/l) during the experiment. Dissolved oxygen (mean + SD) level of the
indoor system was observed to be 5.56+0.18mg/l. The p” was 8.42+0.05 and the
highest value was 8.45 and the lowest value of p™ was 8.2. The Alkalinity level was
131.33£1.49 mg/l during the study. Secchi disc depth (mean + SD) was observed to
be of 22.22+0.81(cm). In the indoor tanks Ammonia (mean + SD) values were

0.01mg/I during the study period (Table 4.4).

4.2. Growth studies on P. vannamei with silver pompano under polyculture in

outdoor system

The estimated growth parameters of P. vannamei and silver pompano
cultured under polyculture in outdoor system are presented in Table 4.5. The
biomass Production and feed conversion parameters of this outdoor system are
presented in Table 4.6. The growth patterns of shrimp and fish are depicted in Fig

4.5 and Fig 4.6.
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4.2.1. Growth of P. vannamei and silver pompano

In the outdoor ponds, P. vannamei reached a mean body weight of 9.91g

within the rearing period of 60 days. During the same time silver pompano reached

Table: 4.4 Range of Water quality parameters during indoor system

Parameters (mean £ SD)
Water quality parameters Value
Temperature 25.89+0.11(°C)
Salinity 37.33+0.33(mg/l)
Alkalinity 131.33+1.49(mg/l)
Dissolved oxygen 5.56 + 0.18(mg/l)
Secchi depth 22.22+0.81(cm)
p" 8.42+0.05
Ammonia 0.01(mg/l)
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Table: 4.5 Bio-gowth parameters of P. vannamei and silver pompano cultured under polyculture in outdoor

system

Parameters (mean + SD)

Treatment | Experi Mean Initial Mean Final Mean Weight | Percentage of | Average Daily Specific Survival
ment weight weight Gain(g) weight Gain Growth Growth Rate
Animal (9) (9) PWG (%) ADG(Q) Rate (%)
SGR-(9)
Fish 0.36 6.82 6.46 1793.06 0.108 4.90 95
+ + *
0.03 0.03 9.72
T
Shrimp 0.02 9.91 9.89 49,425 0.165 10.34 90
*
25
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the mean body weight of 6.82+0.03g. Percentage weight gain of P. vannamei

(49,425+£25%) was observed in this treatment which was given in Table 4.5.

Specific Growth rate of P. vannamei was (10.34g) and that of silver pompano
was 4.90+0.01g. Average Daily Growth (ADG) of P. vannamei was 0.165g and silver
pompano was 0.108g. The survival rate was 90% for P. vannamei and 95% for silver

pompano.

Growth pattern of P. vannamei recorded during the polyculture with silver
pompano in outdoor system which was given in Fig 4.5. The growth was steadily
increasing with an ADG of 0.16g up to 60th day. The silver pompano also had the

same growth trend (Fig 4.6)

The growth of P. vannamei and silver pompano is statistically significant in

outdoor polyculture system as it could be presented in Table 4.6.

4.2.2. Biomass production and feed conversion parameters of P. vannamei

and silver pompano in outdoor system

The biomass production and feed conversion parameters of P. vannamei and
silver pompano under polyculture system in outdoor pond are given in Table 9. The
Net biomass production of P. vannamei and silver pompano was 16,560.37+8.51¢g
which is combination of both shrimp and fish. The total feed consumed was
21180.85+10.69¢g leading to an FCR of 1.28 and FCE of 78.19%. The percentage
contribution of fish and shrimp are depicted in Fig 7 and it can be observed that

silver pompano has contributed to 3.32% of the total biomass production.
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Fig. 4.6 Growth pattern of silver pompano during the polyculture with
P. vannamei in outdoor system
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Table: 4.6 ANOVA for growth and production parameters of P. vannamei with silver pompano cultured under
polyculture in outdoor system *(P < 0.05)

ANOVA
Source of Variation SS df MS F P-value F crit
Rows 102.6542 6 17.10903 24.91261 0.000542 4.283866
Columns 9.794579 1 9.794579 14.26197 0.009218 5.987378
Error 4.120571 6 0.686762
Total 116.5693 13
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Fig 4.7 Percentage contribution of P. vannamei and silver pompano under
polyculture in outdoor system
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Table: 4.7 Production and feed conversion parameters of P. vannamei and silver pompano cultured under
polyculture in outdoor system

Parameters (mean + SD)
Treatment | Experi | Mean Initial Mean Final Net Biomass Total Net Percentage of | Total feed FCR FCE
mental Biomass Biomass production Biomass contribution given (%)
Animal (9 (9 9 production(g) (%) (9)
Fish 582.67 549.85
32.4 + + 3.32
0.41 0.41
21180.85 1.28 78.19
16560.37 +
T Shrimp 36 16010.1 16002 + 10.69
+ + 8.51 96.68
5.12 8.1
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Table: 4.8 Comparison of indoor and outdoor culture of P. vannamei and silver pompano under polyculture

system

Stocking Net Biomass Percentage of FCR FCE Survival rate
density production (g/m? | contribution (%) (%) (%)
Numbers/m?

species | Indoo | outdo | Indoor | outdoo | Indoor | outdoo | Indoor | outdoor | Indoor | outdoor | Indoor | outdoo
r or r r r

Shrimp 60 60 37457 | 533.4 96.05% | 96.68% 97% 90%

1.34 1.28 74.89 78.19
Fish 3 3 15.41 18.33 3.95% 3.32% 100% 95%
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The comparison of indoor and outdoor culture of P. vannamei and silver
pompano is presented in Table 4.8. As it can be seen from the Table 4.8, there
are similarities in FCR and FCE in both treatments. However, the survival and net
biomass production/m? are much better in outdoor system than that of indoor
polyculture system. Surprisingly, the percentage contribution of fish in the total
net biomass production was almost same in both the cases. The outdoor system
gave a shrimp production of 533.4 g/m? against the indoor system, which yielded

only 374.57 g/m?.

Water quality parameters as recorded in outdoor system are
presented in Table 4.9. During outdoor culture, the temperature was 29.44+0.24
(°C), Alkalinity was 156.22+3.26 (mg/l), Dissolved oxygen was 5.67+0.19 (mg/l),
p" was 8.45+0.04, Secchi depth was 15.11+ 0.61cm. Ammonia was 0.017(mg/l)

throughout the culture system (Table 4.9).

Table: 4.9 Ranges of Water quality parameters during outdoor system

Parameters (meanz SD)
Water quality parameters Value
Temperature 29.44+0.24(°C)
Salinity 38.11+0.35(mg/l)
Alkalinity 156.22+3.26(mg/l)
Dissolved oxygen 5.67£0.19(mg/l)
Secchi depth 15.11+0.61(cm)
p" 8.45+0.04
Ammonia 0.017(mg/l)
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V.DISCUSSION

In the present study, there was highest ADG for P. vannamei reared in the
control group (C) and the next highest was with P. vannamei in T; group. The
difference was not statistically significant between two groups indicating the T,
performed much similar to control group. This signifies exhibits no negative
Impact of silver pompano at 3/m? as the ADG of shrimp. This finding is similar to
that of Yuan et al., (2010); Hernandez Barraza et al., (2012) who said that
polyculture of tilapia with shrimp together, improved shrimp health and enhanced

profits compared to monoculture.

In the present experiment, it was seen that shrimp production was higher
in the T,group than that of control group. This difference is statistically significant
between two groups indicating that T; performed better than control group. These
results are similar to that of Li and Dong (2002) who said that Shrimp production
was generally higher in polyculture system than in monoculture system. It may be
the reason of silver pompano influence the shrimp growth and improved

production.

Akiyama and Anggawati (1998) observed that polyculture of shrimp—tilapia
culture improved survival rates of black tiger shrimp by 4% and 13% at tilapia
stocking densities of 0.2 and 0.3 fish/m?, respectively. In the present study similar
results could be observed that silver pompano - P. vannamei polyculture
increased the P. vannamei survival rates in T1. The survival (97%) was higher
than P. vannamei monoculture (control group). It might be due to the ability of

silver pompano that can feed excess feed and reduce the ammonia level and
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maintain the water quality in optimum condition that leads to increasing the

shrimp survival rate and enhanced production.

In the present experiment silver pompano was stocked after stocking the
shrimp thereby the cannibalism by the fish was avoided. This was earlier stated
by Yi et al.,, (2002). They conducted two experiments and did not find any
significant improvement of shrimp survival by tilapia stocked at 0.25 and 0.5
fish/m? in intensive black tiger shrimp ponds. It was said, that the small stocking
size of tilapia ranged from 5.5 g to 8 g used in the experiments of Yi et al., (2002)

got good result. The lower size fishes would have had less beneficial effect.

In the present study, there was no disease in shrimps harvested in
treatment groups compared to control group. This signifies the positive impact of
silver pompano which did not affect shrimp health and survival in treatment tanks.
This finding related to that of Akiyama and Anggawati (1998) mentioned that red
tilapia with black tiger shrimp ponds might have a probiotic effect which helped to
improve the pond environment and hence shrimp survival, but provided no

conclusive proof.

Yi et al., (2002) reported that shrimp in polyculture ponds, where feed
rations were determined by feed consumption conditions in individual ponds, had
similar growth rates to monoculture ponds. But, in the present study there is a
smaller difference in feed rations compared to control group. In polyculture tanks,
the FCR was more similar to that of control tanks indicating that shrimp probably
compensated intake of food, when in the presence of silver pompano in higher

stocking density.
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High stocking density of silver pompano did cause a smaller significant
variation in feed ration and FCE. Stocking of secondary animal in the shrimp
pond might have influenced shrimp growth rate. This may be a reason for

fluctuation in feed rations and shrimp growth.

In the present study, there is increase in shrimp production in (T;) although
there was presence of silver pompano. The FCR was higher than the control.
This difference was statistically not significant between control groups. This result
similar to that of Akiyama and Anggawati (1998) who reported that red tilapia
enhanced black tiger shrimp production in polyculture ponds stocked with tilapia

at the density of 0.2/m? and 0.3/m?, but increased FCR by 10%.

In the present study it was observed that silver pompano ADG was almost
similar in all the treatments and there is no difference statistically between the
groups. This finding is similar to that of Yuan et al., (2010) who reported that
stocking size of tilapia or density did not affect daily weight gain which was similar
at all tilapia stocking densities. The result in the present study showed that silver
pompano is a very good candidate species for polyculture with shrimps and

therefore this polyculture practices can be recommended.

In the polyculture system, water quality parameters deserve special
attention as pointed by Muangkeow et al., (2007) and Troell et al., (2009) the
secondary species, preferably a finfish is always found to help in maintaining the
water quality in the polyculture ponds. The same was found true in the present

study.

Lowest net biomass production of shrimp was observed in T, followed by

Ts. But the shrimp production was not decreased in T; and T,. This signifies the
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negative impact of high stocking density of silver pompano and shrimp growth.
There is statistically significant difference between treatments. Yuan et al., (2010)
also showed negative partial net returns due to addition of tilapia and pointed out
that increased tilapia stocking density and size in these treatments negatively
affected overall profitability mainly due to reduced shrimp production. This shows
that low density of silver pompano (T;) would not affect the shrimp growth and

overall production of shrimps

There was good FCR observed in (T3) followed by control group. But no
significant difference was observed between treatment groups. This result agrees
to that of Saelee (2002) who reported that the polyculture of shrimp and Nile
tilapia in low salinity waters showed FCR that was almost equal to 2 and was
higher than that in the monoculture (1.6). The better FCR in the study obtained
might be due to the combination of fish and shrimp biomass taken together,

which was believed to be due to be no feed given.

The ADG of silver pompano was almost same in all the treatment tanks.
These findings are similar to that of Cruz et al., (2008) who said that shrimp gets
benefit from tilapia in two ways. At first, shrimp were fed on organic waste and
second, because of bio-perturbation of sediments. Different studies showed that
there is the positive effect of Nile tilapia on shrimp performance. This could be
due to the addition of undigested food particles excreted by Nile tilapia that

served as direct as food for the shrimp (Gonzales-Corre, 1988).

There was an increase in the biomass production in all treatment tanks
compared to control group. That might be due to the secondary species (silver

pompano) contributing the shrimp production. This finding is similar to that of
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Akiyama and Anggawati (1998) who said that the polyculture of shrimp and tilapia
had increased the production of shrimp, with tilapia production as a secondary

benefit. Secondary animal always is beneficial in increasing the production.

When the best performed treatment in the indoor system was repeated in
the outdoor system, the production parameters were found to be magnified.
However, the percentage contribution of fish was found to be almost similar in
both systems. This result was also similar to that of Baylon (1996) who said that
polyculture of shrimp with milkfish resulted to significantly higher phytoplankton
content compared to monoculture. This present study shows that the silver
pompano might have fed on excess feed and shrimp excreta that would have led

to better water quality in optimum condition.

Both indoor and outdoor system had the optimum level of water quality
parameters were maintained throughout the study. This finding are similar to that
of Muangkeow et al., (2007); Troell et al., (2009) who told that polyculture had the
advantage of diminution of ecological impacts and maintenance of water quality
which subsequently improved total biomass of shrimp. In the present study, mean
water temperatures in tanks during indoor and outdoor ponds were optimum,
which would have supported shrimp survival, growth and FCR. However, this
finding was not in agreement with that of Yuan et al., (2010) who reported that
mean water temperature in tanks were 24.6°C during the experimental period.
This low water temperature might have had some negative effects on shrimp

survival, growth and food conversion ratio (Wyban et al., 1995).
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Tian et al. (2001a) suggested that most varieties of tilapia are omnivorous
in feeding habit and also filter feeders, which are capable of improving water

guality in ponds (Diana et al., 1991; Jingrong et al., 1993; Zhang et al., 1999).

Polyculture of shrimp with silver pompano in the present study was found
to be an alternative approach for shrimp farming, which could ultimately lead to a

more sustainable shrimp farming.
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VI. SUMMARY AND CONCLUSION

Polyculture of aquatic species is mostly done in freshwater farming.
However, its application in mariculture is also felt essential considering the need
to effectively use different resources. Combination of shrimp and other marine fin-
fishes gain attention because of the demand for marine fin fishes. There were
some reports specifying the advantages of shrimp — fish polyculture in other
countries. Therefore, an experiment was planned with polyculture of shrimp and
silver pompano in both indoor and outdoor grow-out systems. Polyculture trials
were conducted with P. vannamei and silver pompano (T. blochii) to assess its

growth at different stocking densities in indoor and outdoor grow-out systems.

Pacific white shrimp Post Larvae (PL 8) were procured from Coastal
Aquaculture Authority (CAA) Approved hatchery and silver pompano fry from
RGCA, Pozhiyoor. Before starting the experiment, Pacific white shrimp Post
Larvae and silver pompano fry were reared in raceway nursery system for a
period of 20 days to acclimatize and make them fit for stocking in experiment
condition. In raceway system, Pacific white shrimp and pompano were fed with
commercial feed for two times a day. After 20 days uniform size shrimp juvenile
and fish young ones were segregated and taken for the polyculture in cement

tanks.

Indoor experiment was conducted for a period of 60 days in 15 cement
tanks each with a capacity of 1.8m> The experiment set up comprised of

triplicates of 4 sets of treatment tanks and 1 set of control tanks. Pacific white
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shrimps (ABW: 0.43+ 0.047g) were stocked at a density of 60/m? as per CAA
recommendation in all four treatments and in one control tank. Silver pompano
seeds (ABW: 2.17 £ 0.2083g) were stocked at four different stocking densities (T;
- 3/m?% T, - 6/m? Ts- 9/m? and T,;-12m?) in treatment tanks. After the shrimp
stocking, fishes were stocked in to the experiment tank. The control tank was
having only shrimp. Feeding was done only to Pacific white shrimp two times
(10.00 am & 2.00 pm) a day with commercial shrimp feed as per the feeding
schedule of the feed company. Sampling was done once in 10 days and the bio-
growth parameters were observed and recorded. Water quality parameters were

recorded every day.

Highest weight gain and ADG for P. vannamei were observed in control
tank (6.51 + 0.0173 g) which is not statistically significant. The percentage weight
gain, SGR and SR for P. vannamei were the highest for T; (1489.25 +£39.30%,
4.61 £ 0.042g and 97%, respectively). Highest weight gain, percentage of weight
gain and SGR for silver pompano were observed in T3 (4.96 + 0.0751 g, 263.65 +
13.389 g and 2.15 + 0.061 g respectively) which are not statistically significant.

The highest survival rate of silver pompano was observed in T1(100%).

The highest net biomass production (877.45 + 7.572 g) was recorded in
T;. In total production, the highest percentage of P. vannamei was obtained from
T.group (96.5%). Good FCR and FCE were observed in T3 (1.16 = 0.007 and
86.56 £ 0.49%, respectively). The results showed that silver pompano stocked at
3/m? along with P. vannamei did not affect the growth and production of P.

vannamei, instead it helped in enhancing total biomass production.
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The outdoor experiment was carried out in two HDPE lined ponds of size
30m® (10 m x 3 m x 1m) and the best performed stocking density in indoor trial
study was taken for outdoor grow-out trial based on the results from the first
experiment (shrimp-60/m? and pompano-3/m?) in order to validate the result
obtained in the indoor experiment. This trial was also done for a period of 60
days. Bio-growth parameters and water quality parameters were analyzed every

10 days and daily, respectively.

In outdoor system, the total biomass production was 16560.37 + 8.515 g.
When compared to indoor and outdoor culture, there are similarities in FCR and
FCE in both treatments. However, the survival and net biomass production/m?
are much better in outdoor system than that of indoor polyculture system.
Surprisingly, the percentage contribution of fish in the total net biomass
production was almost same in both the cases. The outdoor system gave a
shrimp production of 533.4 g/m? against the indoor system, which yielded only

374.57 g/m*.

In this study the growth performance of Pacific white shrimp (P. vannamei
) was not affected by silver pompano under different stocking densities such as
3/m? 6/m? 9/m? and 12/m? in indoor system. Among the treatments, silver
pompano stocking density at 3/m? along with P. vannamei helped in enhancing

total biomass production.

In the outdoor experiment it was found that the mean body weight of
shrimp was higher than that of indoor culture. The FCR and FCE were found to

be not affected.
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Plate 1

Pic 1. Experiment animals of P.vannamei and T.blochii

Plate 2

Pic 2. Stocking of seeds in raceway unit for acclimatization
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Plate 3

Pic 3 a. Experiment tanks used for polyculture of P.vannamei and silver
pompano in Indoor system

Pic 3 b. Experiment ponds used for polyculture of P.vannamei and silver
pompano in outdoor system
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Plate 4

Pic 4 a . Feeding the experiment animals

Pic 4 b. Harvesting of P.vannamei and silver pompano in indoor polyculture
system

76



Plate 5
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Pic 5 a. Sampling of P.vannamei during the experiment

Pic 5b. Sampling of silver pompano during the experiment
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Plate 6

Pic 6. Harvesting of P.vannamei and silver pompano in outdoor polyculture
system
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