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ABSTRACT 

Improving the efficiency of production, profitability and nutrient utilization are the most 

important factors for aquaculture companies. Many research efforts have been focused to 

develop strategies that improve the productive performance of shrimp farms. One 

recognized strategy is polyculture, which can considerably improve farm production 

yields by optimizing use of available resources.  

Tilapia production in shrimp ponds (with and without shrimp) has increased rapidly in 

many countries including Thailand, the Philippines, Honduras, Mexico, Peru, and the 

inland desert of Arizona.  

A current practice in extensive, semi-intensive and intensive culture systems is the 

integration of tilapia with shrimp to increase total productivity. I tested this hypothesis  in 

the present trials experimentally by co-cultivating tilapia and Pacific white shrimp in 

closed recirculating systems. The present series of experiments were carried out over a 

period of three years between 2007 and 2009. All of these studies were developed and 

conducted at the facilities of the Environmental Research Lab (ERL) of the University of 

Arizona in Tucson, AZ. 

A preliminary study included three treatments in low salinity water (5 ppt). White shrimp 

post larvae were stocked into cylindrical plastic pools and Red tilapias were stocked into 

aquaria. Equal numbers of shrimp were placed in all the treatments whereas fish (Red 

tilapia) density was variable. We found good growth and 100 % survival of shrimp and 

tilapia.  

The first experiment included five treatments with four replicates each with saline water 

of 10 ppt. Shrimp and Nile tilapia were weighed and distributed in 20 fiberglass tanks 

with capacity of 200 liters. There were evaluated finding statistically significant 

differences in  growth of tilapia (P< 0.05) but no significant difference in  growth of 

shrimp at different fish densities (P> 0.05)  

The second and third experiments included four treatments with four replicates each 

using the same shrimp density in each study but different fish density by treatment. 
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Results of one-way analysis of variance (ANOVA) for the second experiment showed a 

significant effect of the shrimp- tilapia polyculture on the growth of Pacific white shrimp 

(P< 0.05) but not for tilapia (P> 0.05) compared with monoculture. In the third 

experiment, there were significant differences in the growth of shrimp (P< 0.05) but not 

significant differences in the growth of fish (P> 0.05). These experiments were conducted 

using slightly different culture systems.  
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INTRODUCTION 

Current situation of world aquaculture 

Aquaculture is providing an increasing share of global seafood harvests. Production from 

capture fisheries for the last 10 years has leveled at around 90–93 million tonnes annually 

(FAO, 2006), and there seems to be little prospect for any further increase. Today, over 

half of the fish consumed comes from culture, and total aquaculture production of fish 

and shellfish in 2006 reached over 50 million tonnes (FAO, 2008). With an annual 

average growth rate of 10 percent (FAO, 2006), it seems feasible that the aquaculture 

sector will meet the challenge of doubling production within 10 years.  

Global capture fisheries production in 2006 was about 92 million metric tonnes, with an 

estimated first-sale value of US$91.2 billion (FAO, 2007), whereas, world production of 

shrimp, captured and farmed, was approximately 6 million tonnes (FAO, 2008). The 

Food and Agriculture Organization (FAO) has projected that by 2030 an additional 37 

million tonnes of fish per year will be required to supply global demand. Due to the 

inability to increase supply from wild capture sources, the only feasible source is 

aquaculture. 

Aquaculture continues to be the fastest growing animal food-producing sector and to 

outpace population growth, with per capita supply from aquaculture increasing from 0.7 

kg in 1970 to 7.8 kg in 2006, an average annual growth rate of 6.9 percent. It has already 

overtaken capture fisheries as a source of food fish (FAO, 2008). From a production of 

less than 1 million tonnes per year in the early 1950s, production in 2006 was reported to 

be 51.7 million tonnes with a value of US$78.8 billion, representing an annual growth of 

nearly 7 percent. World aquaculture is heavily dominated by the Asia–Pacific region, 

which accounts for 89 percent of production in terms of quantity and 77 percent in terms 

of value. This dominance is mainly due to China’s enormous production, which accounts 

for 67 percent of global production in terms of quantity and 49 percent of global value. 

China produces 77 percent of all carps (cyprinids) and 82 percent of the global supply of 

oysters (ostreids), (FAO Fisheries, 2008). 

http://www.greenfacts.org/glossary/abc/aquaculture.htm
http://www.greenfacts.org/glossary/pqrs/population-population-group.htm
http://www.greenfacts.org/glossary/abc/capture-fishery.htm
http://www.greenfacts.org/glossary/def/fisheries-production.htm
http://www.greenfacts.org/glossary/mno/mass-units.htm
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The Asia–Pacific region accounts for 98 percent of carp, 95 percent of oyster production, 

and 88 percent of shrimps and prawns. Norway and Chile are the world’s two leading 

producers of cultured salmons (salmonids), accounting for 33 and 31 percent, 

respectively, of world production. The culture of aquatic plants and seaweeds has 

increased consistently, with an average annual growth rate of 8 percent since 1970. In 

2006, it contributed 93 percent of the world’s total supply of aquatic plants, or 15.1 

million tonnes (US$7.2 billion), some 72 percent of which was produced by China. 

However, growth rates for aquaculture production are slowing, partly owing to public 

concerns about aquaculture discharge practices and fish quality. In response to these 

concerns, integrated multi-trophic aquaculture (which promotes economic and 

environmental sustainability) and organic aquaculture are on the rise. 

Shrimp farming has been one of the most important and fastest growing aquaculture 

sectors in Asia, America, Europe, and Africa. A substantial income has been generated 

for developing and developed countries. Shrimp culture has achieved worldwide 

importance in recent years. Production has increased from about 87,831 tonnes in 1981 to 

around 3,164,384 MT in 2007 (FAO, 2008). This high production has led prices to 

decrease from 2005-2010. To compete today in the international shrimp market, it is 

necessary to develop the most efficient culture strategies to lower the costs as much as 

possible. 

Due to global dwindling of adequate freshwater, most aquaculture expansion is expected 

to occur in brackish water and marine environments. However, aquaculture is now at a 

crossroads and there are many critical aspects of sustainability that need to be addressed. 

Sustainability of some sectors of the aquaculture industry are being questioned, and those 

apprehensions stem from multiple indicators (i.e. resource usage, environmental 

degradation, negative social interactions, and financial viability (Beveridge., et al,1997; 

Naylor et al., 2000; Neori et al., 2004). 

 

http://www.greenfacts.org/glossary/pqrs/sustainability.htm
http://www.greenfacts.org/glossary/mno/organic.htm
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According to Ponce-Marban et al., (2006) many research areas address how to increase 

profitability in aquaculture companies. One recognized strategy is polyculture, which can 

considerably improve farm production yields by optimizing use of available resources 

(Bardach et al., 1972 and Landau, 1992). Polyculture or composite culture is the system 

in which fast growing compatible species of different feeding habits are stocked in the 

same pond (Jhingram, 1975). The basic principles of the polyculture; species of different 

feedings habits are, culture in the same pond to avoid food competition and best food 

utilization of natural foods with different habits (Azad et al., 2004). There are several 

variations of tilapia-shrimp polycultures: simultaneous, sequential and crop rotation. In  

simultaneous polyculture, fish and shrimp are grown together in a pond or raceway; in 

the sequential system, water is moved from one growing unit to another, and in the crop 

rotation system, tilapia and shrimp are grown alternately. There appear to be distinct 

advantages of each of these systems (Yi et al., 2002). 

One way to make a culture system profitable, would be to polyculture two or more 

organisms so that additional incomes can be obtained. Culturing different species in the 

same pond optimizes utilization of the food available in the pond ecosystem (Kestmont, 

1995). In addition, polyculture aims to increase productivity by a more efficient 

utilization of the ecological resources in the aquatic environment (Lutz, 2003). 

Polyculture may produce an expected production of fish with different feeding habits if 

stocked in proper ratios, densities and combinations (Halver, 1984). 

Importance of shrimp-fish polyculture 

In recent years, shrimp ponds have been abandoned in many parts of the world due to 

diseases, poor management and environmental degradation. These losses are due to 

nutrient accumulation in culture systems and lack of effective waste treatments (Pruder, 

1992; Phillips et al., 1993; Briggs and Funge Smith, 1994; Boyd and Clay, 1998; Fast and 

Menasveta; Lim, 2000 and Jackson et al., 2003). A solution to this issue  would be 

polyculture, which is considered to be more ecologically-sound than monoculture 

(Mackay and Lodge, 1983). Other advantages of polyculture include less metabolic waste 

accumulation/pollution and possibly higher economic return. Yuan et al., (2010), reported 

http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4KBT1GV-5&_user=56761&_coverDate=11%2F16%2F2006&_rdoc=18&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232006%23997389998%23636575%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=43&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=1c882a5ed4df3c85171d8117ca2df510#bib2
http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4KBT1GV-5&_user=56761&_coverDate=11%2F16%2F2006&_rdoc=18&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232006%23997389998%23636575%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=43&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=1c882a5ed4df3c85171d8117ca2df510#bib18
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4J7B0TT-5&_user=56761&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1041876960&_rerunOrigin=google&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=86806977554b200d2955e80095daaa21#bbib11
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4J7B0TT-5&_user=56761&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1041876960&_rerunOrigin=google&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=86806977554b200d2955e80095daaa21#bbib11
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4J7B0TT-5&_user=56761&_coverDate=05%2F31%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=4972&_sort=d&_docanchor=&view=c&_searchStrId=1041876960&_rerunOrigin=google&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=af58d30b6b10b6db977bc74f6e12d2bc#bib12
http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4XRCRMR-5&_user=56761&_coverDate=01%2F07%2F2010&_rdoc=8&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232010%23997019996%231577418%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=25&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=757e4d64e36e1e77d1eedfeeebf65a20#bib35
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there is a need to develop culture technology and intensive polyculture systems with 

increased waste assimilating capacity to transfer excessive nutrients into harvestable 

aquatic products and to avoid uncontrolled effluent discharge. 

Polyculture has a long tradition in Asian countries including China, where shrimp and 

fish have been farmed in ponds for many centuries (McLarney, 1976; Costa-Pierce et al.; 

1984 Lin, 1969, 1982). With the introduction of Chinese carps to many countries, 

polyculture has been a common practice in other parts of the world (Hepher and Milstein, 

1989), although there are relatively few suitable species that feed on plankton, grow fast, 

and do not compete with shrimp for food.  

In traditional Chinese or Indonesian polyculture, farmers stocked five to eight species and 

were often disappointed with the long culture period and low production (Rahman et al., 

2007; Rahman et al., 2008). Today, farmers have a tendency to use fewer species. 

Shrimp-tilapia polyculture has been practiced in extensive, semi-intensive and intensive 

culture systems. In most shrimp-tilapia polyculture systems, shrimp was cultured as the 

primary species; while tilapias were cultured as the secondary species to reuse shrimp 

feed wastes and improve water quality (Gonzales-Corre, 1988; Akiyama and Anggawati, 

1999; Saelee, 2002). 

When the selected species in polyculture occupy different niches and possess feeding 

habits that are different and complementary to each other, the food available is utilized 

more efficiently that in monoculture (Yuan et al., 2010). Therefore, stocking two or more 

complementary species can increase the maximum standing crop of a pond by allowing a 

wider range of feeding behaviors.   

Tian et al. (2001a) reported that most varieties of tilapia are omnivorous in their feeding 

habit and, when young, are mainly filter feeders. Thus they are capable of improving 

water quality in ponds (Diana et al., 1991; Ruan et al., 1992, 1993; Zhang et al., 1999). 

Nile tilapia (Oreochromis niloticus) is the most commonly cultured species among 

tilapias. Although Nile tilapia is the least saline tolerant species among the commercially 

http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4JJFV6W-2&_user=56761&_coverDate=08%2F31%2F2006&_rdoc=36&_fmt=full&_orig=browse&_srch=doc-info(%23toc%234972%232006%23997419998%23630115%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=82&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=043f2e99c52e1c6776015b3342b23bda#bib24
http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4JJFV6W-2&_user=56761&_coverDate=08%2F31%2F2006&_rdoc=36&_fmt=full&_orig=browse&_srch=doc-info(%23toc%234972%232006%23997419998%23630115%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=82&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=043f2e99c52e1c6776015b3342b23bda#bib8
http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4JJFV6W-2&_user=56761&_coverDate=08%2F31%2F2006&_rdoc=36&_fmt=full&_orig=browse&_srch=doc-info(%23toc%234972%232006%23997419998%23630115%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=82&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=043f2e99c52e1c6776015b3342b23bda#bib8
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important tilapia species, Nile tilapia may be the tilapia species of choice in brackish 

water shrimp ponds (Teichert-Coddington et al., 1997).  

Tilapia production in former shrimp ponds has increased rapidly in many countries 

including Thailand, the Philippines, Honduras, Mexico, Peru, and the inland desert of 

Arizona (Yap, 2001; Fitzsimmons et al., 2003). Tilapia by nature is an omnivorous fish 

feeding on a wide variety of natural foods including aquatic plants, small aquatic animals, 

plankton, as well as decaying organic matter (Cruz et al., 2008). 

Other critical issues are the direct and indirect effect of eutrophication and anoxic 

sediment conditions caused by effluents of shrimp farms. A key effect has been the 

proliferation of opportunistic and pathogenic vibrios. Among the most pathogenic is the 

luminous Vibrio harveyi. Vibrio infections are the result of predisposing stress combined 

with V. harveyi strain-specific virulence factors (Pasharawipas et al., 2005). The use of 

water from a fish culture pond seems to reduce the prevalence of bacterial infections in 

shrimp ponds from luminous vibriosis (Yap, 2001). Vibrio harveyi and most other 

bacterial pathogens common in shrimp culture are gram negative while waters which 

have been used for fish culture tend to be predominated by gram positive bacteria (Yi and 

Fitzsimmons, 2004). Tendencia et al. (2004, 2005) have demonstrated that tilapia effluent 

water produced substances antagonistic to V. harveyi populations, which at the right fish 

biomass (at least 300 g/m
3
), effectively prevented luminous vibrio growth and 

proliferation.  

Typically, from the stocking of tilapia to harvest, total vibrio count drops from a level of 

10
-4

–10
-5

 CFU/mL to nondetectable levels at ten times dilution (NPPMCI, 2000). The 

mechanism by which this happens is not clear. A possible explanation is that tilapia 

reduce the organic matter load on surface sediments where the pathogenic vibrio grows. 

This is one of the reasons to use tilapia as biomanipulators. Biomanipulation is defined in 

its original concept, as manipulation of all aquatic biota and their habitats to improve 

water quality (Shapiro et al., 1975).  For example, tilapia and milkfish have been 

increasingly used, especially in shrimp farming polyculture (often as sequential 

polyculture), to “treat” the water (Wang et al., 1998; Baliao, 2000; Yap, 2001; Corre et 

http://www3.interscience.wiley.com.ezproxy1.library.arizona.edu/cgi-bin/fulltext/121543003/main.html,ftx_abs#b23
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al., 2001; Paclibare et al., 2001; Martinez-Cordero et al., 2004; Yi and Fitzsimmons, 

2004; Yi et al., 2004; Lio-Po et al., 2005; Tendencia et al. 2006; Cruz et al., 2008). 

Although milkfish has been used to reduce the negative impact of vibriosis, tilapia offers 

several advantages compared to milkfish. Tilapia hatchery operations are simple; tilapia 

tolerate fluctuations of water quality, particularly dissolved oxygen; they thrive on 

plankton and detritus and provide bioperturbation of pond sediments during all life stages 

(Cruz et al., 2008). 

Tilapia-based bioremediation technology developed simultaneously in several countries 

and is now employed by intensive and semi-intensive shrimp farmers in many places 

around the Philippines. Since its development in the late 1990s, the technology has been 

refined considerably, with tilapia now firmly established as the biomanipulator species of 

choice (Cruz et al., 2008). The same authors mention that a review of field data and 

published literature on the subject suggest that shrimp and its environment benefit from 

tilapia biomanipulation in four ways: (a) promotion of Chlorella sp. as the dominant algal 

species, (b) feeding on organic waste, (c) bioperturbation of sediment, and (d) production 

of natural antimicrobials (Figure 1). 

 

 

 

 

 

 

 

 

 

 



19 
 

Figure 0.1 Pathways in the use of tilapia as biomanipulator in shrimp farms   

 

     Derived from: Cruz et al., 2008                                                                                          

Characteristic of the fish and shrimp species in this study    

Tilapia Importance  

Tilapia is the most widely grown of any farmed fish. They are second only to carp as the 

most important farmed fish in the world (Monterey Bay Aquarium, 2006) due to their 

general hardiness, ease of breeding, rapid growth, tolerance to a wide range of 

environmental conditions, adaptation to both fresh and brackish water environment, 

resistance to diseases, ability to efficiently convert organic and domestic wastes into high 

quality protein, amenability to handling and captivity, and tasty flavor (Stickney et al., 

1979, Suresh and Lin, 1992). As a species in shrimp polyculture, tilapia is better than 

mullet (Mugil cephalus L.) (Cheng et al., 1992), because tilapia can filter seston 

(plankton, organic detritus and inorganic material) and create a top–down effect which 

decreases the abundance of zooplankton and increases phytoplankton biomass (primary 

http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4XRCRMR-5&_user=56761&_coverDate=01%2F07%2F2010&_rdoc=8&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232010%23997019996%231577418%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=25&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=757e4d64e36e1e77d1eedfeeebf65a20#bbib46
http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4XRCRMR-5&_user=56761&_coverDate=01%2F07%2F2010&_rdoc=8&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232010%23997019996%231577418%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=25&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=757e4d64e36e1e77d1eedfeeebf65a20#bbib46
http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4XRCRMR-5&_user=56761&_coverDate=01%2F07%2F2010&_rdoc=8&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232010%23997019996%231577418%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=25&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=757e4d64e36e1e77d1eedfeeebf65a20#bib47
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production) (Yuan et al., 1993a) and nitrogenous and phosphorus cycle rates (Yuan et al., 

1993b).  

Growers in Ecuador have reported that tilapias consume dead or moribund shrimp in 

polyculture ponds avoiding the spread of some diseases in shrimp. Cannibalism is one of 

the primary vectors for transmission of shrimp diseases. Tilapias, which do not appear to 

be susceptible or carriers of these viruses, disrupt cannibalism as a mode of transmission 

(Yi et al., 2002). 

Tilapia is often co-cultured with shrimps, in a wide range of salinity levels (from 0 to 30 

ppt.), where the system either utilizes water from separate tilapia culture ponds and 

reservoirs, or tilapia are being stocked in cages inside shrimp ponds or even mixed in the 

same ponds (Akiyama and Anggawati, 1999; Yi and Fitzsimmons, 2004; Lio-Po et al., 

2005). Nile tilapia is produced throughout the tropics due to its high disease resistance 

and fast growth in a wide variety of production systems (Brummett and Alon, 1994).  

Pacific white shrimp importance 

Pacific white shrimp (Litopenaeus vannamei) are native to the Pacific coast of Mexico 

southward to Peru. They were originally raised commercially in Ecuador, Mexico, Peru, 

Panama, Honduras and Colombia (Rosenberry, 1993; FAO, 1994). 

The Pacific white shrimp inhabits waters that range in salinity from 1 to 40 ppt (Smith 

and Lawrence, 1990; Bray et al., 1994; Samocha et al., 2001).  

According to Pattamaporn et al., (2006), Pacific white shrimp were first introduced to 

Asia in 1996 by farmers in Taiwan. They were introduced to China in 1998. Because of 

problems with raising black tiger shrimp that led to low harvests in Thailand, in 1998 

(Limsuwan, 1999), some Pacific white shrimp were imported for testing. The first trials 

were not successful. However, during March 2002 to February 2003, the Department of 

Fisheries, Ministry of Agriculture and Cooperatives imported specific pathogen-free 

(SPF) broodstock of Pacific white shrimp for further testing. As a result, some farmers 

switched to raising Pacific white shrimp. Most of them found that the results were better 

than with black tiger shrimp. 

http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4KBT1GV-5&_user=56761&_coverDate=11%2F16%2F2006&_rdoc=18&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232006%23997389998%23636575%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=43&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=1c882a5ed4df3c85171d8117ca2df510#bib6
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Subsequently, more shrimp farmers all over Thailand began raising Pacific white shrimp.  

In the rearing of all types of penaeid shrimp, the farmer must control water quality to 

keep it within the optimum range so shrimp will be healthy and grow quickly (Chen, 

1993, Philips et al., 1993). Shrimp are also affected by other factors such as the amount 

of food, amount of sunlight and temperature, pH and salinity of the water (Limsuwan, 

2000). 

Decapod crustaceans are usually opportunistic omnivores, taking their food from the 

benthos or from fauna associated with submersed and shore vegetation in 

the water bodies (Williams, 1981; Nelson, 1981; Laber, 1985; Marte, 1989). Therefore, 

if shrimp farmers maintain water quality so that there is sufficient natural food, they 

could decrease expenditures on artificial foods (Pattamaporn et al., 2006). 

Importance of water recirculation systems 

Recirculating aquaculture production systems have created a great deal of interest in the 

US and other countries. Inherent in recirculating aquaculture systems is the need to 

remove solid waste material from the culture water on a continuous basis (McMillan et 

al., 2003). One concern with recirculating systems is waste discharge. Recirculating 

systems have been promoted as a means of reducing discharges to the environment 

(Rakocy, 1997). However, similar to other aquaculture production systems, recirculating 

systems that create wastes are not by themselves environmentally friendly (Losordo and 

Timmons 1994). However, properly designed recirculating systems can mitigate most of 

the environmental impact by reducing the volume of water discharged and focusing a 

higher strength waste stream into a point source (Losordo et al., 1992 a). 
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Dissertation format 

The research that will be presented is entitled: “Analyses of Productivity of Nile tilapia 

(Oreochromis niloticus), Red tilapia (O. niloticus x O. mossambicus) and Pacific white 

shrimp (Litopenaeus vannamei) Polyculture in a Recirculating System”. 

This dissertation is divided into three chapters that consider the findings of three different 

studies conducted at Environmental Research Lab (ERL) of the University of Arizona in 

Tucson, AZ. US. The purpose of these major sections is to systematically examine and 

determine the total productivity of tilapia (Oreochromis niloticus and Oreochromis 

mossambicus × O. niloticus) and Pacific white shrimp (Litopenaeus vannamei) in 

integrated closed recirculating systems.  

A preliminary study, “Assessment of Pacific white shrimp (Litopenaeus vannamei) 

Growth in a Polyculture System with Red tilapia (Oreochromis mossambicus × O. 

niloticus) in a Recirculating System”, was conducted in order to get a better 

understanding of the polyculture system. 

Description of the preliminary study 

I assessed Polyculture of Pacific white shrimp (Litopenaeus vannamei) and Red tilapia 

(Oreochromis mossambicus × O. niloticus) through a preliminary study in the facilities 

of the ERL. The experiment was conducted in 2007, over five weeks using unreplicated 

treatments. The shrimp used in this experiment were weighed and placed in mesh baskets 

placed within plastic pools containing 300 L of saline water at 5 ppt. The fish were 

placed in aquariums with 40 L of water capacity. Each one was equipped with an air 

stone and an individual thermometer float. Aquariums were placed over the plastic pools 

on a wood stand. Fish were distributed in three aquariums, placing four fish with a total 

weight of 40 g in the first, eight fish with 80 g in the second and twelve fish with 120 g in 

the third aquarium. Fish were fed at 6% of body weight with commercial fish feeds of 

35% protein. Shrimp were weighed and placed in the baskets with five shrimp per basket. 

The average initial weight of each shrimp per basket was 1.37 g in the first plastic pool, 

1.25 g at the second, and 1.40 g at the third. All of the shrimp were fed with commercial 
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pellets at 10 % of their body weight. The final mean weight of shrimp at the middle fish 

density was 11.1±0.88 g followed by shrimp at high fish density 10.5±0.83 g and low 

density 9.7±0.87 g, respectively. The average final weight of fish, were 25.5±0.59 g, 

28.6±0.59 g and 27.7±0.72 g, respectively.  

A formal analysis of variation could not be performed due to lack of replicates. Therefore   

coefficients of variation were calculated indicating little variation among treatments. This 

preliminary experiment showed that fish did not adversely affect shrimp growth. 

The experiment was conducted over 5 weeks with no fish or shrimp mortalities during the 

experimental period (Figure2). 

Figure 0.2 Photograph of the experimental systems of the preliminary study (ERL). 
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Test of animals 

Juvenile Pacific white shrimp (L. vannamei) were obtained from Shrimp Improvement 

Systems, Inc. in Miami, FL. Red tilapia is a hybrid line from existing stocks at the 

facilities of the ERL, from hybrid crosses (O. aureus x O. mossambicus, and O. aureus x 

O. urolepis hornorum) whereas, the tilapia (O. niloticus) is an improved line that comes 

from existing stocks at the facilities of the ERL, with original stocks from Auburn 

University, Auburn, AL. 

To test the productivity of tilapia (O. niloticus x O. mossambicus) and shrimp (L. 

vannamei), three treatments (3 pools and 3 aquariums), were set (Table 1). Shrimp were 

stocked in baskets at a density of 5 individuals  per basket and 4 baskets into each pool, 

whereas tilapia were stocked at densities of 4, 8 and 12 fish/aquarium, Treatments One, 

Two and Three, respectively.  

Table 0.1 Shrimp and tilapia stocking density in the experiment cultured for 35 days  

               at different fish densities 

 

Treatment Shrimp/

pool 

Baskets/pool Shrimp/

basket 

 

Tilapia/aquarium 

 

Shrimp: 

tilapia 

ratio 

T1 20 4 5 4 (low density) 5/1 

T2 20 4 5 8 (mid density) 2.5/1 

T3 20 4 5 12 (high density) 1.66/1 

 
        Each aquarium was 45 cm L ×30 cm W ×30 cm H (40L capacity). 
        Each pool was 124 cm D x 25 cm H (300L capacity). 
 

 

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4NFXDF4-3&_user=56761&_coverDate=09%2F14%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=4972&_sort=d&_docanchor=&view=c&_searchStrId=1128173207&_rerunOrigin=google&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=36bc8f021cc9a00bfb23f673319fa30a#tbl1
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Feed and feeding 

Shrimp and fish were fed once a day for 5 weeks, using commercial pellets (made by 

Rangen Company, Buhl, ID and Ace Hi Feed from Star-Milling from Perris, CA, 

respectively). Feed adjustments were made according to shrimp and fish weights once a 

week. Feed was distributed into baskets as well as into aquariums. Feeding rate for fish 

and shrimp was 6 % and 10% of their body weight per day, respectively.                                                                                                             

 Measuring and monitoring 

Growth performance of tilapia and shrimp  

Tilapia and shrimp were weighed every week and returned to tanks after weighing. At 

harvest, all shrimp and fish were counted and weighed individually. The coefficient of 

variation (CV) was used to evaluate data obtained and describe their variation. The CV 

was calculated as: 

CV % = (SD/mean) (100) where: 

CV= Coefficient of variation 

SD= Standard deviation 

Mean= average 

Water quality  

Salinity and temperature were measured once a day with a S/ Mill-E Handheld seawater 

salinity refractometer. Dissolved oxygen (DO), and pH were recorded twice a week in all 

experimental tanks using YSI Model 550A - oxygen meter and a Combo (pH/Conduct/ 

TDS/ and temperature), respectively. Water quality parameters such as ammonia (NH4), 

nitrite (NO2) and nitrate (NO3) were evaluated twice a week with a Hach model DR/890 

portable colorimeter.  
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Results 

 Tilapia growth performance 

The individual mean weight of fish by tank at the end of the experiment  in Treatment 

Two with middle fish density was (28.6±0.59 g), whereas, the mean fish weight in the 

low and high densities Treatments One and Three were 25.5±0.59, and 27.7±0.72 g, 

respectively. 

The Feed Conversion Ratio (FCR) found in T2 was 1.85±0.01, 1.89±0.02 in T3 and 

2.05±0.03 in T1, respectively.  

 Shrimp growth performance  

At harvest, the mean individual weights of shrimp per tank  were 9.7±0.87, 11.1±0.88 

and 10.5±0.83 g for the Treatments One, Two and Three, respectively.  The FCR of 

shrimp was 1.63± 0.02 in T2, 1.70± 0.01 in T3 and 1.73±0.01 in T1 (Table 2).                                                                  
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Table 0.2 Mean ± SD of the growth performance of shrimp and tilapia in the   

                integrated closed recirculation systems during the experimental  

                period (35 days).             

 
                                          Treatments 

Parameter 

 

1 

(4 fish density) 

2 

(8 fish density) 

3 

(12 fish density) 

Shrimp    

Stock 20 20 20 

Mean individual weight /tank (g) 1.37± 0.23 1.25± 0.41 1.40± 0.54 

Estimated fed consumption (g) 291.6 322.7 312.9 

Harvest    

Mean individual weight/tank (g) 9.7± 0.87 11.1± 0.88 10.5± 0.83 

1
Growth rate  GR (g) 0.240±0.009 0.282±0.008 0.262±0.010 

2 
FCR 1.73±0.01 1.63±0.02 1.70±0.01 

Survival rate (%) 100 100 100 

Tilapia    

Stock density/aquarium 4 8 12 

Initial mean weight (g) 10± 0.05 10± 0.17 10± 0.17 

Estimated fed consumption (g) 127.6 277.0 402.1 

Harvest    

Mean individual weight (g) 25.5± 0.59 28.6± 0.59 27.7± 0.72 

1 Growth rate (g) 0.442±0.010 0.531±0.009 0.505±0.009 

2 
FCR 2.05±0.03 1.85±0.01 1.89±0.02 

 
1 GR (g) = Final wet weight – initial wet weight)/ days of culture. 
2 FCR = Feed intake (g)/Body weight gain (g).        
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Descriptive statistics were used to evaluate the data. The measures used to describe the 

data set are measures of central tendency and measures of variability or dispersion. 

The coefficients of variation calculated for both shrimp and tilapia showed little variation 

among the treatments with 8.92%, 7.96% y 7.93% for shrimp and 2.31%, 2.06% and 

2.61%  for tilapia at the first, second and third treatment respectively (Table 3).           

 

Table 0.3 Coefficient of Variation of tilapia and Pacific white shrimp in the  

                experimental period. 

         

Shrimp Tilapia 

Values T1 T2 T3 T1 T2 T3 

Individuals 

number 

20 20 20 4 8 12 

Total final 

weight (g) 

195.5 222.5 211.5 102.1 229.2 332.4 

Mean final W 

(g) 

9.7± 0.87 11.1± 0.88 10.5± 0.83 25.5± 0.59 28.6± 0.59 27.7± 0.72 

SD 0.8723 0.8854 0.8390 0.5909 0.5928 0.7248 

CV (%) 8.92 7.96 7.93 2.31 2.06 2.61 

 

Physico-chemical parameters 

The water quality parameters were not different between treatments during the 

experimental period. These parameters were analyzed every week and remained within 

the recommended limits for both shrimp and fish species (Stone and Thomforde, 2004).  

The pH range was between 7.5 and 8.1; the mean temperature was 28.5± 0.28 °C. The 

concentration of total ammonia was determined to be in the range from 0.12 to 0.44 

mg/L, nitrite (NO2) from 0.01 to 0.03 mg/L and nitrate (NO3) from 5.5 to 8.8 mg/L, the 

results are shown in Table 4. 
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Table 0.4 Mean ± SD values of water quality parameters measured during the 

growth period.  

 

Each mean value represents the weekly data collected during the 5 week growth period. 

No significant differences were found between treatments means at P <0.05. pH, the 

range of recorded values are presented. 

Discussion  

Although shrimp at middle fish density consumed more food than shrimp in treatments at 

low and high fish densities, their FCR was (1.63±0.02), followed by the shrimp at high 

(1.70±0.02) and low (1.73±0.01) fish densities. An analysis of variance could not be 

performed due to lack of replicates. Therefore, descriptive statistics were used to describe 

the study populations. The coefficients of variation for the final weight of shrimp 

indicated little variation among treatments, (8.92%, 7.96% y 7.93% for shrimp and 

2.31%, 2.06% and 2.61%  for tilapia respectively) This preliminary experiment showed 

that fish did not adversely affect shrimp growth in polyculture system. 

 

 

 

 

 

 

Parameters 7 days 14 days 21 days 28 days 35 days 

DO (mg/L) 7.6±0.16 7.5±0.23 7.8±0.15 8.1±0.27 7.7±0.12 

Temperature (⁰C) 28.6±0.2 28.9±0.1 28.1±0.1 28.5±0.2 28.5±0.2 

Salinity (ppt) 5.0 5.0 5.0 5.0 5.0 

pH 7.2± 0.2 7.5±0.1 7.9±0.1 7.9±0.2 7.8±0.1 

TAN (mg/L) 0.12±0.011 0.33±0.01 0.44±0.001 0.39±0.002 0.42±0.001 

NH3 (mg/L) 0.000±0.001 0.001±0.002 0.004±0.001 0.007±0.001 0.005±0.002 

NO2 (mg/L) 0.04±0.001 0.03±0.003 0.02±0.001 0.01±0.001 0.03 ±0.002 

NO3 (mg/L) 0.155±0.008 0.175±0.005 0.158±0.007 0.183±0.003 0.188±0.007 
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Present studies 

The specific purpose of these studies was to analyze the total productivity of Nile tilapia 

(Oreochromis niloticus), Red tilapia (O. niloticus x O. mossambicus) and Pacific white 

shrimp (Litopenaeus vannamei) in both shrimp–tilapia polyculture and monoculture 

systems using different production methods and experimental designs as well as different 

densities in recirculation systems. 

Juvenile Pacific white shrimp (L. vannamei) were obtained from Shrimp Improvement 

Systems, Inc. of Miami, FL. Red tilapia is a hybrid line that comes from existing stocks at 

the ERL facilities, with genes from hybrid crosses (O. aureus x O. mossambicus, and O. 

aureus x O. urolepis hornorum) whereas, the Nile tilapia (O. niloticus) is an improved 

line that comes from existing stocks at ERL, with original stocks from Auburn University 

(Auburn, AL). 

The highest shrimp and fish production was achieved in the polyculture systems in all 

studies. Very good survival was obtained although both species were being handled and 

weighed periodically. Shrimp had higher growth in co-production with tilapia with 

significant difference in two of the three experiments. The average final growth of fish 

demonstrated significant differences in the first study in which tilapia reached a higher 

weight in polyculture at the end of the experiment.  

Below is a summary of the most important findings reported in CHAPTER ONE and 

includes methods, results and discussion: 

This experiment was performed to determine the feasibility of stocking shrimp with Nile 

tilapia in culture tanks in order to determine the growth, survival rate and total production 

of shrimp (L. vannamei) and fish (O. niloticus) in polyculture and monoculture systems. 

Shrimp and fish were cultured over 6 weeks. They were randomly distributed in 20 round 

tanks including five treatments and four replicates. The first 12 tanks contained tilapia 

and shrimp together as a polyculture system, whereas, the other eight tanks contained 

shrimp and fish separately (four tanks for each species) as a monoculture system. Fish 

were fed at 3% body weight in T1, 2.25% in T2, 1.5% in T3, polycultures and 3% in T4 
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monoculture while shrimp in all treatments were fed with 6% body weight using feed 

pellets at 35% protein. Shrimp with an initial average weight (±SD) of 5.21± 1 were 

stocked with nine shrimp per tank. 

Mean shrimp growth rates, total yield and feed conversion ratio were 0.171±0.001 g, 

467.7 g and 2.45±0.01 for the first treatment (T1), 0.165±0.007 g, 452.0 g and 2.51±0.02 

for the second treatment (T2), 0.155±0.009 g, 446.8 g and 2.64±0.02 for the third 

treatment (T3), in polycultures and 0.154±0.003 g, 436.6 g and 2.60±0.01 for the fourth 

treatment (T4) in monoculture. The individual mean weight of shrimp (L. vannamei) did 

not show a statistically significant difference (F3, 12 =1.57, P=0.2473) between 

polycultures (Treatment One, Two and Three) and monoculture (Treatment Four).  

Fish in this study were stocked at 6 individuals /tank with an average initial weight (±SD) 

of 50.4 g (±0.38). Their mean growth rates, total yield, and feed conversion ratio were 

1.16±0.05 g, 2458.8 g, and 1.60±0.02 in Treatment One (T1), 0.85±0.02 g, 2132.6 g and 

1.62±0.02 in Treatment Two (T2), 0.52±0.03 g, 1785.4 g and 1.63±0.05 in Treatment 

Three (T3) as polycultures while the values in Treatment Five (T5) were 1.06±0.04 g, 

2356.4 g and 1.74±0.03 as monoculture.  

Making a comparison of tilapia between polyculture in Treatments One, Two and Three 

(T1, T2, T3) with feeding rates of 3%, 2.25% and 1.5% body weight and monoculture 

Treatment Five (T5) with 3%, they were significantly different (F3, 12 = 737.15, =P< 

0.0001). The mean individual weight of tilapia in Treatments Two and Three were lower 

due to the feeding rate, which was just 2.5% and 1.5 % body weight, respectively. The 

mean individual weights of fish in this experiment were larger in polyculture than in 

monoculture. Survival of fish and shrimp in this experiment was also 100%. 

Details of the second study including the methodology, results and discussion, are 

described in CHAPTER TWO. The following is a brief review of the main findings: 

The second experiment was carried out to determine the productivity of shrimp (L. 

vannamei) and Nile tilapia (O. niloticus) in polyculture and monoculture regimes with 

recirculating water. The fish and shrimp used were the same lines used in the first trial. 
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In this study 16 round tanks were used with a capacity of 200 L for stocking shrimp and 

fish, which were randomly, distributed using four treatments. Each treatment was 

replicated four times. 

 Fish and shrimp were fed with 3% and 6 % of their body weight respectively, using 

commercial pellets (Star- Milling, Perris, CA and Rangen Company, Buhl, ID 

respectively) of nutritionally complete diets with 35 % protein for both species, once a 

day for six weeks. The tanks received one water exchange per hour. Shrimp were 

cultured at the same densities in all treatments (10 individuals/tank), while fish were 

stocked at densities of 12, 8 and 4 individuals/tank in Treatments One, Two and Three 

respectively.   

The initial mean weight of the shrimp stocked was 2.48±0.57 g. The final mean 

individual weight and growth rate of shrimp were significantly higher in the highest fish 

density (10.83±0.97 g and 0.185±0.003 g/day) from polyculture tanks than in Treatment 

Four (9.85±0.73 g and 0.164±0.004 g/day) where monoculture was used (F3, 12 = 13.42, 

P< 0.0001). 

The initial mean weights of the fish stocked were 22.10±2, 22.13±3 and 22.60±2 g for 

Treatments One, Two and Three, respectively. The final weight and growth rate of these 

tilapias were 57.2±6 and 0.78±0.00 g/day (T1), 55.6±7 and 0.74±0.002 g/day (T2) and 

54.5±6 g and 0.71±0.004 g/day (T3). The statistical analysis revealed no significant 

differences between treatments (P>0.05).  

A description in detail of the third study is found in CHAPTER THREE. A summary is 

presented as follows:   

Treatments consisted of a constant density of shrimp and three different fish densities, 

plus a control group with only shrimp. Treatments were randomly assigned in triplicate to 

the tanks.       

The lines of Nile tilapia (O.niloticus) and Pacific white shrimp (L.vannamei) used, were 

the same in the first and second trial which were described earlier.  
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Fish and shrimp were stocked into rectangular fiberglass tanks at a shrimp density of five 

individuals/replicate and eight, four and two fish in First, Second and Third treatment, 

respectively. Just shrimp were stocked in treatment four as the control group. Fish and 

shrimp were fed using commercial pellets (Star- Milling, Perris, CA and Rangen 

Company, Buhl, ID respectively) with 35% crude protein at 3% and 8% of their body 

weight, respectively, and once a day for four weeks. The initial mean weight of shrimp at 

stocking was 0.87±0.01 g.  

At harvest, the final mean individual weight and daily weight gain of shrimp were 

significantly higher in polycultures T1, T2 and T3 at high (6.08±0.18 g and 0.185±0.002 

g), mid T2 (5.83±0.12 and low T3 (5.77±0.10 and 0.176±0.001 g) densities respectively 

compared with monoculture T4 (5.14±0.59 g and 0.165±0.002 g) (F3, 12 =106.6, P< 

0.0001). Whereas there was no significant differences in the final mean weight of tilapias 

stocked at densities of 12 fish in T1, 8 in T2 and 4 in T3, respectively (F2, 11 = 1.15, P= 

0.3533). 

General discussion 

The overall result of these studies showed that it is both feasible and beneficial to adopt 

the efficient combination of tilapia and shrimp to develop a polyculture regime.  

High survival of shrimp and tilapia in these experiments could have been a result of the 

tilapia’s inhibiting effect on certain pathogenic microorganisms also reported by Cruz et 

al., (2008). Tilapia can directly help shrimp when they produce enzymes in the slime that 

inhibit the growth of luminous bacteria (SEAFDEC, 2000). This slime may support gram 

(+) bacteria which may have probiotic benefits for shrimp. When the tilapia is under 

stress, the slime produced could protect it from pathogenic bacteria and fungi which may 

be present in the culture system. According to Tendencia et al., (2004), two major 

mechanisms may be considered for the direct inhibitory effect of tilapia on V. harveyi. 

One is the production of surface mucus and other metabolites, which could have a direct 

inhibitory action to V. harveyi. The other is the microflora associated with tilapia culture 

that could have a competitive effect on V. harveyi. The same positive effect of tilapia on 
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shrimp with specific antibacterial activity against V. harveyi has been reported by 

Akiyama and Anggawati, (1998).  

In general, these studies showed a higher total production of fish and shrimp in 

polyculture tanks compared with either species in monoculture. In some of these studies, 

the better growth of tilapia and shrimp appears to be a result of either species being 

overfed during the experimental period or shrimp that were able to utilize waste materials 

of Nile tilapia which were fed a pelleted feed.  

Another possibility to explain the increased growth of fish and shrimp in polyculture is 

based on the nutritional values contained in the food. Typical tilapia assimilation 

efficiency is 70% for protein and 51% for total energy (Bowen, 1982). Therefore 30 % of 

the protein and 49 % of the energy would be available to the shrimp from tilapia feces.  

Regarding the use of commercial diets for feeding fish, these assimilation values must 

have improved over the last 30 years. However, for this study, older assimilation values 

were used as conservative estimates. 

The higher tilapia density or the higher feeding rate provide more protein and energy 

available for tilapia and shrimp in the system. The uneaten feed and fecal matter from the 

tilapia result in better growth of shrimp. With uneaten feed, some feed particles always 

reach the bottom where it becomes available to shrimp. More importantly, the fecal matter 

from the tilapia contributes to the detrital rain that supports the shrimp (Yi et al., 2002). 

After fish consume the feed pellets, the protein that is broken down in the stomach during 

the digestion process, provides amino acids for the tilapia. The amino acids which are 

important nutritional sources of nitrogen are used to build more protein into the fish 

biomass or can be metabolized to provide energy. The conversion of new amino acids or 

of older amino acids from discarded protein, leads to release of ammonia-nitrogen into 

the water column, following different routes of excretion (gills, urine and feces). 

This ammonia nitrogen can become bioavailable for tilapia and shrimp through the 

nitrifying bacteria (Nitrosomonas and Nitrobacter) which convert into useful forms, 

biofilms or nitrate nitrogen. Nitrogen in form of nitrate (NO3), is utilized by algae which 
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also convert this nitrogen into useful forms (e.g. protein) when they are eaten by fish and 

shrimp. 

 The nitrifying bacteria as well as heterotrophic bacteria are present in the system in the 

form of biofilms on all surfaces in the system (Stickney, 1993). These additional feed 

forms could be used by shrimp and tilapia for nutritional value when these species were 

cultured together. 

To better explain these experiments and to better define the conclusion, we can consider 

additional studies. I suggest using: tagged shrimp and tilapia with the same density and 

size of fish that were used in these trials. We would keep feed amounts the same in all 

treatments during the experimental period, but with tagged individuals we can have better 

statistical strength when comparing growth and survival rates.  An additional study would 

be to collect fecal materials using chromic oxide (CrO2) as an external inert indicator 

incorporated in the diet as a feed marker. This marker at a concentration of 1 %  is 

commonly used for the estimation of nutrient digestibility in fish (Furukawa and 

Tsukahara, 1966; Austreng, 1978), This evaluation will allow us to determine protein and 

energy content through an analysis of digestibility and thus estimating how much 

additional protein and energy can be available to the shrimp when they are consuming 

fecal matter. 

Another important study would be to utilize tracers, stable isotopes to determine the 

assimilation of a typical tilapia feed (tilapia pellets), into the tissues of the fish and 

shrimp. Stable isotope ratios from food sources are incorporated into animal tissues 

(Pinnegar and Polunin, 1999).  Stable isotope ratios and their partitioned fractions could 

be followed and evaluated to determine the fate of compounds cycled between the feed, 

fish, shrimp, fecal matter and biofilms. 
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Conclusion: 

Tilapia-shrimp simultaneous and sequential polyculture may provide an alternative 

method for shrimp farming, which could lead to a more sustainable shrimp industry. 

Nevertheless, further research is needed in order to perfect the conversion from shrimp 

monoculture to tilapia shrimp polyculture.  
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CHAPTER ONE 

COMPARATIVE STUDY BETWEEN SIMULTANEOUS POLYCULTURE AND 

MONOCULTURE ON THE GROWTH PERFORMANCE OF PACIFIC WHITE 

SHRIMP (Litopenaeus vannamei) AND NILE TILAPIA (Oreochromis niloticus) AT 

DIFFERENT FEEDING RATES IN A RECIRCULATING SYSTEM. 

Abstract 

Polyculture is the production of two or more aquatic organisms within a particular 

aquaculture environment. It has been used by farmers to maximize production by raising 

a combination of species having different food habits in the same physical space. This 

study was carried out from August to October, 2008 and the aim was to test the growth 

performance of Pacific white shrimp (Litopenaeus vannamei) and Nile tilapia fish (O. 

niloticus) and also measure their efficiency in both polyculture and monoculture systems. 

The experiment was conducted over six weeks using 20, 200 L round tanks with five 

treatments and four replicates. Twelve tanks contained tilapia and shrimp together as 

polyculture treatments whereas, in the other eight tanks, shrimp and fish were placed 

separately (four tanks for each species) as monoculture treatment. The 144 shrimp and 96 

fish stocked in this experiment were previously measured and weighed and then 

randomly distributed among the 20 round fiberglass tanks each containing 180 L of water 

at 10 ppt salinity. Each tank was equipped with an air stone. Fish were fed daily at rates 

of 3%, 2.25% and 1.5% in polycultures and 3 % in monoculture whereas, shrimp were 

fed at a rate of 6% for all the treatments, based on their body weight, with 35% protein 

feed. Data were evaluated using ANOVA. Shrimp in polycultures (T1, T2 and T3) 

reached similar mean final weights of 12.99±1.6, 12.56±1.6 and 12.41±1.7 g, 

respectively. In monoculture (T4) shrimp reached a mean final weight of 12.13±1.6 g 

with no significant difference between treatments (P> 0.05). Tilapia in polycultures (T1, 

T2 and T3) at high, mid and low feeding rates achieved final mean individual weights of 

102.4±2, 88.8±4.5 and 74.3±1.9 g, respectively,  growing better at the highest feeding 

rate, also compared to monoculture (T5) with the same feeding rate.  Fish in monoculture 

had a final individual weight of 98.1±1.9 g.  
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Introduction 

In recent years, shrimp ponds have been abandoned in many parts of the world due to 

diseases, poor management and environmental degradation (Thien et al., 2004). Tilapia 

culture, supplemented with low densities of shrimp, in abandoned shrimp ponds may 

provide an opportunity to develop a sustainable aquaculture system that will support local 

inhabitants who have not benefited from the shrimp boom in many parts of the world 

(Yuan et al., 2010). The concept of sustainable aquaculture systems is viewed in terms of 

three interrelated aspects: production technology, social and economic relevance, and 

environmental impact (AIT, 1994). 

Polyculture of shrimp with tilapias may provide an opportunity to develop a sustainable 

aquaculture system (Fitzsimmons, 2001). These two species utilize different niches in the 

culture setting (Yuan et al., 2010). As a result, tilapia production in former shrimp ponds 

has increased rapidly in many countries including Thailand, the Philippines, Honduras, 

Mexico, Peru, and the inland desert of Arizona (Yap, 2001; Fitzsimmons et al., 2003).  

Akiyama and Anggawati (1999), reported that polyculture of shrimp and tilapia increased 

the production of shrimp, when tilapias were stocked into existing shrimp ponds, with 

tilapia production as a secondary benefit. Saelee (2002) reported that greater feed input in 

the polyculture than in shrimp monoculture did not worsen water quality, indicating Nile 

tilapia help stabilize water quality through grazing natural foods. Yi et al., (2002), also 

found that the addition of Nile tilapia into shrimp ponds, with shrimp as the main species, 

can improve feed utilization efficiency, better economic returns and less environmental 

pollution. Wang et al. (1995), mention that by maximizing use of the ecological 

conditions in shrimp ponds, polyculture can increase economic return. 

Tilapia are among the domesticated finfish species that can feed on natural foods of low 

trophic level, such as detritus and plankton, and they can grow in saline water after 

proper acclimation. They appear to be the most appropriate choice for a shrimp–fish 

polyculture system. They have proven to be ideal species for polyculture (Hepher and 

Pruginin, 1981; Yakupitigage et al., 1991). 

http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4XRCRMR-5&_user=56761&_coverDate=01%2F07%2F2010&_rdoc=8&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232010%23997019996%231577418%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=25&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=757e4d64e36e1e77d1eedfeeebf65a20#bib1
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According to Midlen and Redding, (1998) and Yuan et al. (2010), in intensive culture 

ponds receiving floating pelleted feed, tilapias monopolize the feed; however, some feed 

particles always get to the bottom where the shrimp will get them. This experiment was 

conducted to determine the feasibility of stocking shrimp with Nile tilapia in culture 

tanks, in order to determine growth, survival rate and total production of shrimp and fish 

in polyculture and monoculture systems. 

Material and Methods 

 Experiment 

A 45-day study was conducted at the ERL facilities from 24 August 2008 to 8 October 

2008. The trial was carried out  in 20 round tanks with capacity of 200 L. each in a 

greenhouse to investigate the growth performance of Pacific white shrimp (Litopenaeus 

vannamei) and Nile tilapia fish (Oreochromis niloticus) and assess their efficiency in 

both simultaneous polyculture and monoculture regimes.  

The experiment was conducted over six weeks using a recirculating system. Fish and 

shrimp were weighed and randomly distributed in the system using five treatments and 

four replicate tanks per treatment. The first 12 tanks were stocked with tilapia and shrimp 

together as polyculture, whereas, in the other eight tanks fish and shrimp were placed 

separately (four tanks for each species) as monoculture.   

Tanks contained 180 L of water at 10 ppt. The water was re-used through two phases of 

biological and mechanical filtration and then recirculated back into tilapia and shrimp 

tanks. Each tank was divided into an upper and a lower section using a circular screen, 

with the shrimp in the bottom and fish on the upper side. Each tank was equipped with an 

air stone. One air blower (2 Hp) was used to supply air for all tanks. PVC pipes of 5 cm 

in diameter were connected to the outlet of the air blower and extended to all tanks. On 

the pipe, there were 20 holes of 1.5 mm in diameter, and the distance between two 

adjacent holes was 40 cm. Salinity and water temperature were measured daily, while 

dissolved oxygen (DO) and pH were monitored once a week.  Water samples were taken 
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each week for analyses of total ammonia (NH3), nitrate nitrogen (NO3-N) and nitrite 

nitrogen (NO2-N). 

Fish and shrimp were fed with commercial pelleted feed (Star- Milling, Perris, CA and 

Rangen Company, Buhl, ID respectively) of 35 % protein, using a different feeding rate 

for tilapia, 3%, 2.25% and 1.5% for Treatments One, Two and Three respectively, while 

shrimp were fed 6% of their body biomass.  

 Test animals and experimental design 

Juvenile Pacific white shrimp (L. vannamei) were obtained from Shrimp Improvement 

Systems, Inc. of Miami FL, whereas the Nile tilapia (O. niloticus) is an improved line 

that comes from existing stocks at the facilities of the ERL with the original stocks 

obtained from Auburn University (Auburn, AL). 

To test the effects of tilapia (O. niloticus) on shrimp (L. vannamei) both species were 

evaluated in polyculture and monoculture regimes. For this evaluation, five treatments 

were set. Shrimp were stocked in four of the treatments at a density of nine 

individuals/tank (T1, T2, T3, and T4). Treatments One to Three (T1 to T3) were 

integrated in recirculation systems consisting of shrimp and fish tanks as polyculture. To 

compare monoculture systems, just shrimp were stocked in Treatment Four (T4) with the 

same density as in the first treatment and fish were stocked in Treatment Five (T5) at  six 

individuals/tank. Four replicates were set for each Treatment (Figure 1.1). 
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T1
Fish/shrimp

T2
Fish/shrimp

T3
Fish/shrimp

T4
Shrimp

T5
Fish

Polycultures Monocultures

Experimental Design of the first study

Running time of the experiment

6 weeks in brackish water at 10 ppt salinity

96 fish and 144 shrimp total

Treatments with different fish feeding rate

Figure 
1.

 

 Data sampling and analysis 

 Feed and growth performance 

Fish and shrimp were fed once a day, using commercial pellets over 45 days of culture 

with 35% crude protein for both species. For feeding  shrimp, with an initial mean weight 

of 5.22 ± 0.3, sinking feeds were used (Rangen Company, Buhl, ID) while Nile tilapia 

with an initial weight of 50.0 ± 0.04 g were fed with ACE Feeds (from Star- Milling, 

Perris, CA) respectively. 

Feed adjustments were made every two weeks according to sampled shrimp and fish 

weights. Feed for shrimp was placed on the tank bottom using a PVC tube (10 cm in 

diameter and 35 cm long) to avoid tilapia consuming it. Feeding rate for shrimp was 6% 

of body weight for all treatments while for fish were 3%, 2.25%  and 1.5% of their body 

weight in Treatments One, Two and Three (T1, T2, T3) polycultures and 3% in 

Treatment Five (T5) monoculture, respectively.  

Figure 1.1 
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Growth performance of shrimp and tilapia were calculated based on the following 

criteria: weight at harvest (FW), survival rate (SR), growth rate (GR) and feed conversion 

ratio (FCR). These parameters were calculated by the formulas: 

Weight at harvest (g) = Sum of individual weights (g) 

Survival rate (%) = number at harvest x 100/ number at stocking 

Growth rate (g day -1) = Final wet weight – initial wet weight)/ days of culture 

FCR = Total feed (g)/total wet weight gain (g) 

 Statistical analysis 

The data obtained are presented as Treatment means ± standard deviation (SD). The 

means of each group were compared using a one-way Analysis of Variance (ANOVA) 

for completely randomized design, followed by Bonferroni tests.  

The statistical results were reported through the F value and the two degrees of freedom 

(df) and using the alpha level at 0.05 They represent the between-groups df and the 

within-groups df. 

Example:  F (a, b) = C, p < 0.001 

 F = F-test  

(a)= Number of treatments- 1 

(b) =Number of tanks – number of treatments 

(C) = MS measurement variation before and after normalization 

 P= p- value (A measure of probability that a difference between groups during an 

experiment happened by chance). 

*(a and b) represent the degrees of freedom 
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Results 

Growth performance of shrimp 

The growth of shrimp was not significantly different between polycultures with high, mid 

and low feeding rates of tilapia (T1, T2, and T3) which reached  mean final weights of 

12.99±1.6, 12.56±1.6 and 12.41±1.7 g, and shrimp monoculture (T4) in which the 

average final weight was 12.13±1.6 g (F3, 12= 1.57, P= 0.2473).  

The FCR of shrimp in this experiment was lower in the high tilapia feeding rate 

polyculture Treatment One (2.45±0.01) than in the mid and low tilapia feeding rate 

polycultures Treatments Two and Three (2.51±0.02 and 2.64±0.02) and shrimp 

monoculture Treatment Four (2.60±0.01 (F3, 12=93.9, P < 0.0001). 

 Growth performance of fish 

The growth performance of O. niloticus and production data are summarized in Table 

1.1. Tilapia in co-production with shrimp at high, mid and low feeding rate (T1, T2 and 

T3), reached a final mean weight of 102.4±2, 88.8±4.5 and 74.3±1.9 g, respectively, 

compared to fish monoculture (T5) in which the total weight was 98.1±1.9 g. Treatment 

One with the highest feeding rate polyculture, grew better than Treatments Two and 

Three (mid and low feeding rate polycultures) and Four (shrimp monoculture) (F3, 

12=737.15, P< 0.0001). 

The FCR of fish in polyculture in comparison with fish in monoculture was not 

significantly different (F3, 12= 3.26, P> 0.0593).   

 

 

 

 

 

 

 

 

 

 



52 
 

Table 1.1 Mean ± SD of the growth performance of shrimp and tilapia in 

polyculture (at high, mid and low feeding rate of fish) and monoculture in closed 

recirculation systems. 

 
                                          Treatments  

Parameter 

 

T1 (high) T2 (mid) T3 (low) T4 (monoculture) 

Shrimp     

Stock density 36 36 36 36 

Mean individual weight (g) 5.25 ±1 5.12 ±1 5.4 ±1 5.1 ±1 

Harvest 36 36 36 36 

Mean final weight (g) 12.99 ±1.6 12.56 ±1.6 12.41 ±1.7 12.13 ±1.6 

1 Growth rate  GR (g) 0.171±0.001 0.165±0.007 0.155±0.009 0.154±0.003 

2 FCR 2.45±0.01 2.51±0.02 2.64±0.02 2.60±0.01 

Tilapia    T5 (monoculture) 

Stock density 24 24 24 24 

Mean initial weight (g) 50.07 ±1.6 50.24 ±1.9 50.9 ±2 50.4 ±1.7 

Harvest 24 24 24 24 

Mean individual weight (g) 102.4 ±2 88.8 ±4.5 74.3 ±1.9 98.1 ±1.9 

1 Growth rate (g) 1.16±0.05 0.85±0.02 0.52±0.03 1.06±0.04 

2FCR 1.60±0.02 1.62±0.02 1.63±.05 1.74±.03 

Combined
     

Total biomass(g tank -1) 731.6 ±7.73 648.1 ±1.3 558.3 ±8.5 699.3 ±8.8 

Total weight gain (g tank-1) 385.3 ±5.9 298.6 ±4.3 206.0 ±9.5 351.6 ±10.7 

Overall FCR 2.02 ±0.02 2.06± 0.02 2.13±0.02 2.17 ± 0.10 

1 GR (g) = Final wet weight – initial wet weight)/ days of culture. 
2 FCR = Feed intake (g)/Body weight gain (g).                         

 

As shown in Figure 1.2, the average final weight of fish at harvest was higher in 

polyculture Treatment One (T1) with the highest feeding rate 102.4 g than in fish 

monoculture Treatment Five (T5) with 98.1 g. Compared to Treatments T2 and T3 the 

differences were greater because of the effect of their lower feeding rate. 
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Figure 1.2 Mean ± SD final weight of Nile tilapia (O. niloticus) during the       

                culture period (45 days). 

                                          

 
 

Experimental period 

 

                       Polyculture    (T1, T2, T3)               Monoculture   (T5) 

 

Shrimp and fish produced significantly higher combined biomass in the high feeding rate 

of tilapia than in mid and low feeding rates, reaching an average final weight of shrimp-

fish biomass/tank of 731.6±7.7 g in Treatment one, 648.1 ±1.3 in Treatment Two and 558.3 

±8.5 g in Treatment Three, respectively. The total productivity of shrimp and tilapia in 

polyculture at high fish feeding rate, was also higher than in monocultures Treatments 

(Four and Five), in which the sum of the tilapia and shrimp biomass/tank was 699.3 ±8.8 

g at the end of the trial. There was significant difference between these groups (F3, 12= 

432.19, P< 0.0001) Survival in both species was 100 %.  
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In tilapia-shrimp polyculture, the feed conversion ratio (FCR) of shrimp and fish 

combined was 2.02±0.02 in Treatment One, indicated that this group consumed 

comparatively less food but gained higher body weight than groups in Treatments Two 

and Three 2.06±0.02 and 2.13±0.02 respectively, was better than in monocultures 

(Treatments Four and Five) 2.17±0.10 (Table 1.2). 

Table 1.2 Growth performance of shrimp and tilapia in polyculture (at different 

feeding rates of tilapia) and monoculture in closed recirculation systems. 

 

Parameters Treatments 

Combined
 T1 (high) T2 (mid) T3 (low) T4 and T5 

(monocultures) 

Total biomass(g /tank) 731.6 ±7.73 648.1 ±1.3 558.3 ±8.5 699.3 ±8.8 

Total weight gain (g/tank) 385.3 ±5.9 298.6 ±4.3 206.0 ±9.5 351.6 ±10.7 

Overall FCR 2.02 ±0.02 2.06± 0.02 2.13±0.02 2.17 ± 0.10 

 

The ranges of mean water quality parameters measured during the trial are presented in 

Table 2. Water temperature during the experiment averaged 28.4 °C with a maximum of 

28.9 °C and minimum of 28.1 °C. The mean dissolved oxygen was 7.7 mg/L while the 

pH averaged 7.6, TAN, nitrite-N and nitrate levels varied slightly during this experiment. 

Throughout the trial, all physico-chemical parameters of water were within ranges 

considered to be optimal for shrimp and tilapia growth. 
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Table 1.3. Mean ± SD of physico-chemical parameters analyzed for water during the 

6 week growth period.  

 

Discussion 

Shrimp in polyculture treatments at three different feeding rates (3%, 2.25% and 1.5%) of 

tilapia, did not show significant differences (P> 0.05) in growth and survival in 

comparison with monoculture methods. However, tilapias reared in co-production with 

shrimp (Treatment One) at the same feeding rate as in fish monoculture (Treatment Five), 

had significantly higher fish biomass at the end of the experiment 616.5, 619.8, 613.8 and 

608.4 g in polyculture and 586.8, 590.2, 597.1 and 582.0 g in monoculture (F3, 12 

=737.15, P< 0.0001).  

No mortality was recorded, high survival of shrimp and tilapia in these experiments could 

be due to the tilapia’s inhibiting effect on certain pathogenic microorganisms Cruz et al., 

(2008). Akiyama and Anggawati (1999) reported that the production and survival of 

shrimps in an intensive tilapia-shrimp polyculture was improved. Similarly, Tian et al. 

(2001a) reported that survival and net yield of shrimp in a polyculture system was higher 

Parameters 7 14 21 28 35 42 

DO (mg/L) 7.6±0.16 7.5±0.23 7.8±0.15 8.1±0.27 7.7±0.12 7.6 

Temperature  (
o
 

C) 

28.6±0.2 28.9±0.1 28.1±0.1 28.5±0.2 28.5±0.2 28.1 

Salinity (ppt) 10.0 10.0 10.0 10.0 10.0 10.0 

pH 7.7± 0.2 7.9±0.1 7.6±0.1 7.8±0.2 7.8±0.1 7.3±0.2 

TAN (mg/L) 0.12±0.01 0.33±0.01 0.44±0.001 0.39±0.002 0.42±0.001 0.40±0.003 

NH3 (mg/L) 0.000±0.0 0.001±0.00 0.004±0.00 0.007±0.00 0.005±0.00 0.007±0.00 

NO2 (mg/L) 0.04±0.001 0.03±0.003 0.02±0.001 0.04±0.001 0.03 ±0.002 0.04 ±0.001 

NO3 (mg/L) 0.155±0.0 0.147±0.00 0.158±0.00 0.186±0.00 0.169±0.00 0.157±0.00 
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by 3-16% and 5-17% than that in the monoculture, respectively, due probably to the 

better water quality in the polyculture system. 

Analyzing total productivity of both species, the production achieved in tilapia- shrimp 

polyculture at the end of the experiment were 2926.7, 2584.68 and 2232.21 g at the high, 

mid and low tilapia feeding rates, whereas, in monoculture the total biomass was 2793.3 

g. These results suggest that co-cultured shrimp tilapia regime had a positive effect on the 

growth of the two species. In general, tilapia and shrimp grew more in polyculture tanks 

with the highest feeding rate in which the overall FCR was also better. These results also 

suggest that the quantity of waste feed particles and feces from tilapia passed into the 

water system may play an important role in the growing of shrimp and tilapia when they 

are cultured together.  
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CHAPTER TWO 

COMPARATIVE ANALYSIS BETWEEN POLYCULTURE AND 

MONOCULTURE SYSTEMS TO MEASURE THE EFFECT OF NILE TILAPIA 

(Oreochromis niloticus) ON THE PRODUCTION OF PACIFIC WHITE SHRIMP 

(Litopenaeus vannamei) IN A RECIRCULATING SYSTEM. 

Abstract 

This study was conducted between May and July 2009, and the aim was to test the 

growth performance of Pacific white shrimp (L. vannamei) and Nile tilapia fish (O. 

niloticus) and also measure their efficiency in both polyculture and monoculture systems. 

The experiment was conducted over six weeks using 16 round fiberglass tanks containing 

180 L of water at 10 ppt salinity. The individuals used in this study were 160 shrimp and 

96 fish which were randomly distributed using four treatments and four replicates, 

stocking 40 shrimp at different fish densities (48, 32 and 16 individuals) for the first, 

second and third polyculture treatments respectively and another 40 shrimp as 

monoculture. The fish were placed in cages which were placed into the tanks, whereas, 

the shrimp were stocked directly in the tank. Each tank was equipped with an air stone 

diffuser. Fish and shrimp were fed with 3% and 6 % of their population biomass daily, 

using feed with 35% and 40% protein respectively. Chemical-physical parameters of the 

water were determined. The average of temperature, ammonia and nitrite, dissolved 

oxygen and pH, were 28.5
 o
 C, 0.01 ppm, .05 ± .001 mg/L, 5.6 mg/l and 7.5, in that order. 

The results obtained were evaluated using one-way analysis of variance (ANOVA). Mean 

final weight of shrimp polycultures was very similar at high, mid and low fish density 

(10.83±0.97, 10.37±0.96 and 10.20±0.94 respectively). Shrimp in monoculture had a final 

weight of 9.85±0.73, 6% lower than polycultures (P < 0.05) as expected due to the 

additional feed in the form of fish feces in the polyculture tanks. No adverse interactions 

between tilapia and shrimp were evident in this study. Tilapia did not show a significant 

difference between polyculture and monoculture treatments (P> 0.05).  
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Introduction 

Polyculture or composite culture is the system in which fast growing compatible species 

of different feeding habits are stocked in different proportions in the same pond 

(Jhingran, 1975). It is a fact that, polyculture may produce an expected result if the fish 

with different feeding habits are stocked in proper ratios and combinations (Halver, 

1984). Polyculture can increase the economic return by maximizing use of the ecological 

conditions in shrimp ponds (Wang et al., 1995). 

The idea of polyculture is based on the principle that each species stocked has its own 

ecological and feeding niche that does not completely overlap with the feeding niches of 

other species. Therefore, a more complete use is made of the food resources and space 

available in polyculture than in monoculture. Commercial pelleted diets used in 

aquaculture contain protein, carbohydrates, fat, ash and moisture (Losordo, 1997). In 

some cases, one species enhances the food availability for other species and thus 

increases the total fish yield per unit area (Hepher et al., 1989, Miah et al., 1993 and Azad 

et al., 2004).  

Tilapia is often co-cultured with shrimps, in a wide range of salinity levels (from 0 to 30 

percent) using separate tilapia culture ponds and reservoirs, with tilapia stocked in cages 

inside shrimp ponds or with tilapia and shrimp mixed in the same ponds (Akiyama and 

Anggawati, 1999; Lio-Po et al., 2005; Yi and Fitzsimmons, 2004). 

In the intensive culture ponds receiving floating pelleted feed, tilapias monopolize the 

feed. However, some feed particles always get to the bottom where the shrimp, the 

benthic feeder, can get it (Midlen and Redding, 1998; Yuan et al., 2010). 

In order to avoid adverse effects on polyculture systems, it is necessary to introduce 

better management practices such as: a) proper site selection with good water circulation, 

b) proper feeding to decrease feed conversion ratios; and c) culturing together different 

species (polyculture) in separated culture areas, or in independent cages. (Lombardi et al., 

2001a, Lombardi et al., 2001b, Read and Fernandez, 2003 and Neori et al., 2004).  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4K3KC2N-3&_user=56761&_coverDate=09%2F08%2F2006&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1243164952&_rerunOrigin=google&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=c7dc6a62924e0fd0860783335991eba5#bib15
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4K3KC2N-3&_user=56761&_coverDate=09%2F08%2F2006&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1243164952&_rerunOrigin=google&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=c7dc6a62924e0fd0860783335991eba5#bib15
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4K3KC2N-3&_user=56761&_coverDate=09%2F08%2F2006&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1243164952&_rerunOrigin=google&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=c7dc6a62924e0fd0860783335991eba5#bib16
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4K3KC2N-3&_user=56761&_coverDate=09%2F08%2F2006&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1243164952&_rerunOrigin=google&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=c7dc6a62924e0fd0860783335991eba5#bib27
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4K3KC2N-3&_user=56761&_coverDate=09%2F08%2F2006&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1243164952&_rerunOrigin=google&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=c7dc6a62924e0fd0860783335991eba5#bib22
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Cage culture is very popular because mixed sex tilapia can be produced without the risk 

of reproduction when mesh is large enough to let eggs fall through. Cages are an 

alternative for shrimp producers to avoid nest building by tilapia where shrimp can 

become stranded when the ponds are emptied.  

Although the fish are confined, metabolic wastes leave the cages and are broken down 

throughout the body of water (Boyd 1990). 

This research was conducted in fiberglass tanks stocking Pacific white shrimp (L. 

vannamei) and tilapia (O. niloticus) with the fish in plastic cages to determine the 

productivity of these species in polyculture and monoculture systems. 

Material and methods 

The present experiment was conducted in 16 round fiberglass tanks with capacity of 200 

liters each at the ERL facilities from May to July 2009, to investigate the growth 

performance of Pacific white shrimp (Litopenaeus vannamei) and Nile tilapia fish 

(Oreochromis niloticus) and to evaluate water quality in tilapia-shrimp polyculture tanks 

at different stocking densities of Nile tilapia (Figure 2.1). 

This study was conducted over 45 days using four treatments and four replicates for 

treatment. Fish and shrimp were weighed and randomly distributed in the system. There 

were twelve tanks with tilapia and shrimp together as a polyculture system, whereas, in 

the other four tanks just shrimp were placed as a control group. The fish were placed in 

cages and these in turn into the tanks, whereas the shrimp were stocked directly in the 

tank. 

Each tank was equipped with an air stone diffusion. One air blower (2 Hp) was used to 

supply air for all tanks. PVC pipes of 5 cm in diameter was connected to the outlet of the 

air blower and extended to along all tanks. On the pipe, there were 20 holes of 1.5 mm in 

diameter, and the distance between two adjacent holes was 40 cm). All the water quality 

parameters such as temperature, pH, salinity, dissolved oxygen (DO), ammonia (NH3), 

nitrite (NO3-N) and nitrate (NO2-N) were measured and recorded during the experiment.  
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Figure 1. 

 

Fish and shrimp were fed daily with commercial pelleted feed (Star- Milling, Perris, CA 

and Rangen Company, Buhl, ID respectively) at 3% and 6% of their body weight 

respectively using food pellets at 35% protein. The differences among the growth 

performance of both groups (fish and shrimp) were evaluated using a one-Way Analysis 

of Variance (ANOVA). 

 The statistical results were reported trough the F value and the two degrees of freedom 

(df) and using the alpha level at 0.05 They represent the between-groups df and the 

within-groups df. 

 

Example: F (a, b) =C, p < 0.05 

 F = F-test 

 

(a)= Number of treatments-1 

 

(b) =Number of tanks – number of treatments 

 

(C) = MS measurement variation before and after normalization. 

 

Figure 2.1 
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(P) = p- value (probability) 

 

 Fish and shrimp culture techniques 

Shrimp and fish used in the present study were juvenile Pacific white shrimp (L. 

vannamei) obtained from Shrimp Improvement Systems, Inc. of Miami FL, and Nile 

tilapia (O. niloticus) which is an improved line obtained from existing stocks at ERL with 

the original stocks from Auburn University (Auburn, AL). 

Shrimp were stocked in the same proportion (10 individuals/tank) with a mean individual 

weight of 2.48±0.57 g. 

Fish were stocked at different densities, 12 individuals/tank in the first treatment, 8 

individuals /tank in the second and 4 individuals/ tank in the third. All fish weighed an 

average of 50 ± 2.0 g. This experiment was carried out in fiberglass tanks with 200 L 

water capacity each. Tanks were disinfected, drained and sun dried for 3 days. Tanks 

were then filled with water (180 liters). Productivity and water quality parameters were 

evaluated over 45 days. 

 Growth and yield 

At the end of each two weeks period, fish and shrimp were individually weighed and 

immediately returned to the water. At the end of the experiment, all fish and shrimp were 

harvested and the total number and weight of both species were determined. Survival rate 

and yield data were then calculated. 

The growth and yield indexes measured were: total biomass (g), mean body weight by 

species (g), daily weight gain (dwg = fw − iw /t). The survival rate and food conversion 

(fcr = feed consumption (fc)/ final weight (fw) – initial weight (iw), were also determined 

and analyzed. 
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 Feed and feeding regime 

Shrimp and fish were fed once a day using sinking and floating feeds with a daily ration 

of 6% and 3 % of their total biomass, respectively. The ration was a commercial type of 

extruded feed (Ace Hi Feeds Star Milling, Pernis, California), with 35% crude protein 

was feed over 45 days to the Nile tilapia. For feeding shrimp, pelleted (sinking) diets 

were used from the Rangen Company, of Buhl, Idaho (Table 2.1).               

Table 2.1 Description of treatments according to biomass and feeding rate  

 

  Treatments        Biomass shrimp/tank           Feeding rate (%) 

         (T)       Shrimp #      Tilapia #       Shrimp      Tilapia 

          1        10         12         6%          3% 

          2        10          8         6%          3% 

          3        10          4         6%          3% 

          4        10          -         6%           - 

 

 Water quality measurements 

Dissolved oxygen concentrations were measured on site once a week with a YSI model 

550A oxygen meter. pH and water temperature were determined daily with a Combo 

pH/Conduct/ TDS/Temperature. Salinity level was measured once a day with a salinity 

refractometer. A Hach model DR/890 portable colorimeter was used to determine total 

ammonia-N, nitrite and nitrate.  

 Statistical analysis 

The data obtained are presented as treatment means ± standard deviation (SD). The 

means of each group were compared using a one-way Analysis of Variance (ANOVA) 

for completely randomized design, followed by Bonferroni test at 5% level of 

significance. 

Results 

Nile tilapia and Pacific white shrimp grew steadily in all treatments throughout the 

experimental period. The mean individual weight of shrimp at the end of the trial ranged 
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from 9.85 g to 10.83 g being higher in Treatment One (T1) 10.83±0.97 g than in 

Treatments Two and Three (T2, T3) 10.37±0.96 and 10.20±0.94 g (polycultures) and 

Treatment Four (T4) 9.85±0.73 g (monoculture) (F3, 12= 13.42, P< 0.0001). No mortality 

occurred in this experiment.  

Growth of shrimp including total weight, and net yields were better in polyculture than in 

monoculture regimes (Figure 2.2). Final mean weight of shrimp was significantly 

different among Treatments One and Four and One and Three. The shrimp grew 

significantly faster in polyculture than in monoculture (F3, 12= 13.42, P< 0.0001). With 

regards to the growth parameters of tilapia, there were no significant differences ((F2, 9 = 

3.70, P= 0.0670) (Table 2.2). 

Table 2.2 Mean ± SD of growth performance of shrimp (L. vannamei) in polyculture 

(T1, T2 and T3) and monoculture (T4) regimes over 45 culture days 

 

Parameters Treatments 

 

Shrimp               T1           T2           T3             T4 

Number stocked 40 40 40 40 

Mean initial weight (g) 2.48±0.57 2.46±0.49 2.41±0.46 2.45±0.59 

Termination values     

Mean individual 

weight (g) 

10.83±0.97 10.37±0.96 10.20±0.94 9.85±0.73 

1
 Growth rate  GR (g 

day
− 1

) 

0.185±0.003 0.175±0.001 0.173±0.007 0.164±0.004 

2
 FCR 1.54±0.03 1.59±0.01 1.58±0.02 1.65±0.02 

Total food intake (g)
 

515.5 503.2 493.7 490 

1
 GR (g) = Final wet weight – initial wet weight)/ days of culture. 

2
 FCR = Feed intake (g)/Body weight gain (g). 

           

The mean final weights of shrimp were significantly higher in the highest fish density 

(10.83±0.97) than in the mid (10.37±0.96) and low (10.20±0.94) fish density from 

polyculture tanks and better than monoculture in Treatment Four (9.85±0.73) (Figure 

2.2). 
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Figure 2.2 Mean ± SD weight of L. vannamei juveniles reared at different fish 

stocking densities by tank (12/ 10 in treatment one, 8/ 10 in treatment two and 4/ 10  

in treatment 4, during 45 days in floating cages. 

          

 
 

 

 

 

Feed conversion ratio (FCR), in shrimp ranged from 1.54±0.03 to 1.65±0.02 and they 

were not significantly different within polycultures (T1, T2 and T3). However, 

monoculture Treatment Four (T4) was significantly different from the polycultures (F3, 12 

=14, P> 0.0003). The total estimated food intake was relatively constant for all shrimp in 

each treatment with no significant differences between them during the experimental 

period. 

Nile tilapia, the growth rate for all treatments ranged from 0.710±0.004 g to 0.780±0.000 

g/fish/day. Final weight of tilapia growing in low tilapia density treatment was lower than 
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those in the medium and high tilapia density treatments among which there was no 

significant difference (F2,93= 0.94, P = 0.3960). The FCR in fish ranged from 1.25 to 1.28 

between which there was no significant difference (P > 0.05) (Table 2.3).  

Table 2.3 Mean ± SD of growth performance of Nile tilapia (O. niloticus) in 

polyculture with shrimp (T1, T2 and T3) using different fish densities reared for 45 

days. 

 

Parameters Treatments 

Tilapia               T1                T2                T3    

Number stocked 48 32 16 

Initial weight (g) 22.1± 2 22.1± 3 22.6± 2 

Harvest    

Individual weight (g) 57.2± 6 55.6 ± 7 54.5 ± 6 

1
  Growth  rate 

(g day
− 1

) 

0.780±0.00 0.744±0.002 0.710±0.004 

2
FCR 1.25±0.02 1.28±0.01 1.28±0.02 

Total food intake (g)
 

2122.7 1375.0 656.8 

1
 GR (g) = Final wet weight – initial wet weight)/ days of culture. 

2
 FCR = Feed intake (g)/Body weight gain (g). 

 

Nile tilapia readily consumed all food in all treatments and the consumption was very 

similar with practically the same fish biomass per tank in each treatment but different 

between treatments.  

Water quality parameters were within the normal range during the 6 weeks of the study. 

The pH, ammonia, nitrite and nitrate levels proved to be within the recommended 

standards (Table 2.4).  
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Table 2.4. Mean ± SD of physico-chemical parameters analyzed for water of the 

four treatments.  

 

 

 

Discussion 

After 45 days, shrimp registered an average weight of 10.8±0.9, 10.3±0.9, 10.2±0.9 g in 

the high, mid and low tilapia density polyculture. Their growth was significant higher 

than in shrimp monoculture in which they reached a weight of 9.8±0.7 g. (F3, 156= 8.06, P 

<.0001. A survival rate of 100% occurred in all treatments, which is similar to the results 

reported by Lombardi et al. (2003). This study reveals that shrimp-tilapia polycultures 

using floating cages to place fish can be successfully utilized to culture shrimp (L. 

vannamei) in co-production with tilapia (O. niloticus). 

Akiyama and Anggawati, (1998), also found that the polyculture of shrimp and tilapia 

increase the production of shrimp, when tilapia production is a secondary benefit.  

Under this scenario, shrimp-tilapia polyculture, with fish in cages, can have positive 

outcomes. Pacific white shrimp with tilapia can help to increase production and improve 

the feed conversion (FCR) to shrimp. In this study, the FCR of shrimp in polyculture at 

high, mid and low tilapia density (T1, T2 and T3) were 1.54±0.03, 1.59±01 and 

Parameters/ 

Days 

7 14 21 28 35 42 

DO (mg/L) 7.2±0.12 7.5±0.13 6.9±0.18 7.1±0.27 7.3±0.11 7.2±0.14 

Temperature 

(⁰C) 

29.2±0.2 28.5±0.1 29.6±0.1 29.4±0.2 28.6±0.2 29.1 

Salinity 

(ppt) 

10.0 10.0 10.0 10.0 10.0 10.0 

pH 7.9± 0.2 7.8±0.1 8.2±0.1 7.7±0.2 8.1±0.1 7.9±0.2 

TAN (mg/L) 0.115±0.011 0.109±0.01 0.102±0.001 0.099±0.002 0.102±0.001 0.112±0.003 

NH3 (mg/L) 0.001±0.001 0.001±0.002 0.004±0.001 0.007±0.001 0.005±0.002 0.007±0.003 

NO2 (mg/L) 0.02±0.001 0.03±0.003 0.02±0.001 0.04±0.001 0.03 ±0.002 0.04 ±0.001 

NO3 (mg/L) 0.145±0.00 0.165±0.00 0.158±0.00 0.174±0.00 0.155±0.00 0.170±0.00 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4K3KC2N-3&_user=56761&_coverDate=09%2F08%2F2006&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1243164952&_rerunOrigin=google&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=c7dc6a62924e0fd0860783335991eba5#bib17
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1.58±0.02 whereas the values reached in monoculture Treatment Four (T4) was 

1.65±0.02, resulting in significant differences (F3, 12 =14, P< 0.0003). 

These results suggest that the shrimp utilized fish waste materials (uneaten feed and fecal 

material). As is mentioned by Losordo, (1997) there are many nutrients in the system that 

come from feeds not assimilated by the fish, indicating that it is possible that fish and 

shrimp could take them up and use them as a food supplement in their diet.  

No significant differences (F2, 93= 0.94, P= 0.3960) were observed between the mean final 

weight of Nile tilapia in polyculture and monoculture at the end of the experiment  

In conclusion, the addition of tilapia in cages had a significant effect on shrimp yield, 

which was higher than in shrimp monoculture. 
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CHAPTER THREE 

CHAPTER THREE: GROWTH PERFORMANCE AND PRODUCTION OF 

PACIFIC WHITE SHRIMP (Litopenaeus vannamei) AND NILE TILAPIA 

(Oreochromis niloticus) WITH THREE DENSITIES IN A SEQUENTIAL 

POLYCULTURE SYSTEM. 

Abstract 

This study was conducted from August to September, 2009 and the aim was to assess the 

effect of adding Nile tilapia (Oreochromis niloticus) at different densities on the growth 

performance of Pacific white shrimp (Litopenaeus vannamei). The growth rate and feed 

conversion ratio of shrimp in both polyculture and monoculture were evaluated. The 

experiment was conducted over 4 weeks using 12 rectangular fiberglass tanks with four 

treatments and four replicates. In this sequential system, the water was moved from one 

tank (growing unit) to another. 

Fish and shrimp were weighed and randomly distributed in the system. Fish and shrimp 

were stocked in the first three treatments as a polyculture, whereas only shrimp were 

stocked in the fourth treatment as monoculture (control group). 

The shrimp and fish in this experiment were weighed and then placed in the tanks 

containing 50 L each with water at 10 ppt salinity. Each tank was equipped with an air 

stone. Fish and shrimp were fed once daily at 3% and 8% of their body weight, 

respectively, using a 35% protein feed. Hence, tanks with both fish and shrimp received 

more feed than did the monoculture tanks. The data were evaluated by a one-way 

analysis of variance (ANOVA) with a post hoc Bonferroni test. 

The mean individual weight at the beginning of this trial was essentially equal for all 

treatments at 0.89±0.20, 0.87±0.21, 0.86±0.22 and 0.86±0.09 g for the Treatments One, 

Two, Three and Four, respectively. At termination, highest mean individual weight and 

the best feed conversion ratio of shrimp were obtained in the first treatment (polyculture) 

6.08 ±0.18 g and 1.26±0.01, whereas, the lowest results were found in the Treatment 

Four (monoculture) with 5.14 ±0.59 g and 1.35± 0.01, respectively. The growth of 
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shrimp in tilapia-shrimp polyculture was higher in Treatment One (high fish density) than 

in Treatments Two and Three (with mid and low fish density) and Treatment Four 

(monoculture) (P< 0.05).  There was no significance difference in the growth of tilapia 

among the various treatments (P> 0.05). The greater growth of shrimp in the polyculture 

treatments was likely due to the additional feed plus the availability of fish feces in these 

treatments. All water quality parameters evaluated were within acceptable limits for fish 

and shrimp culture in tank water. The study found no adverse interaction between fish 

and shrimp.  

Introduction 

According to Ponce-Marban et al. (2006), many research areas address how to increase 

profitability in aquaculture companies. One recognized strategy is polyculture, which can 

considerably improve farm production yields by optimizing use of available resources 

(Bardach et al., 1972 and Landau, 1992). 

Polyculture consists of adding one or more subordinate species to the culture system of a 

main species (Lanza-Espino et al., 1991). According to Yuan et al. (2010), tilapia-shrimp 

polyculture with appropriate feeding strategy is technically feasible, economically 

attractive and environmentally friendly. Polyculture can also provide benefits associated 

with advanced ecological stability and function (McKinnon et al. 2002, Gooley and  

Gavine, 2003). 

The co-production of two or more aquatic organisms, however, may represent certain 

problems such as: competition for feed, oxygen and space; transmission of pathogens 

from one species to another, and labor costs may increase for handling and harvest of the 

two or more species (Lutz, 2003 ). For this reason, it is very important to select species in 

which these problems can be minimized. 

As a species in shrimp polyculture, tilapia was reported to be better than mullet (Mugil 

cephalus) (Cheng et al., 1992) and milkfish (Chanos chanos) (Eldani and Primavera, 

1981). Tilapia can filter seston and create a top–down effect which decreases the 

http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4KBT1GV-5&_user=56761&_coverDate=11%2F16%2F2006&_rdoc=18&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232006%23997389998%23636575%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=43&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=1c882a5ed4df3c85171d8117ca2df510#bib2
http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4KBT1GV-5&_user=56761&_coverDate=11%2F16%2F2006&_rdoc=18&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232006%23997389998%23636575%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=43&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=1c882a5ed4df3c85171d8117ca2df510#bib18
http://www.sciencedirect.com.ezproxy2.library.arizona.edu/science?_ob=ArticleURL&_udi=B6T4D-4KBT1GV-5&_user=56761&_coverDate=11%2F16%2F2006&_rdoc=18&_fmt=high&_orig=browse&_srch=doc-info(%23toc%234972%232006%23997389998%23636575%23FLA%23display%23Volume)&_cdi=4972&_sort=d&_docanchor=&_ct=43&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=1c882a5ed4df3c85171d8117ca2df510#bib19
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4JJFV6W-2&_user=56761&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000059541&_version=1&_urlVersion=0&_userid=56761&md5=d9da13683bc9a4913a30abf82eee0ec1#bbib20
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abundance of zooplankton and increases phytoplankton biomass (primary production) 

(Yuan et al., 1993a) and nitrogenous and phosphorus cycle rates (Yuan et al., 1993b). 

Tilapia and shrimp stocked together can reduce the impact that shrimp in monoculture 

systems produce in the environment. When they grow, tilapia become effective filter 

feeders of phytoplankton and predators of zooplankton. In intensive farms, most nutrition 

is derived from pelleted feeds, although fish will continue to spend time feeding on algal 

and bacterial films from all surfaces (Yi et al., 2002).  

On the basis of these findings, this experiment was conducted under a sequential water 

system to determine the effect of Nile tilapia (O.niloticus) at different densities on the 

production, growth and FCR of shrimp (L. vannamei) in a polyculture system. 

Materials and methods 

The present study was carried out at the ERL from 31 August 2009 to 28 September 2009 

to determine the growth performance of shrimp when stocked with tilapia and when 

grown as single species. The trial was carried out in 12 fiberglass tanks with capacity of 

50 liters. 

The experiment was conducted using four treatments and three replicate tanks per 

treatment. Fish and shrimp were weighed and randomly distributed in the system 

containing saline water at 10 ppt. Each tank was equipped with an air stone diffuser. One 

air blower (2 Hp) was used to supply air for all tanks. Salinity and water temperature 

were measured once a day, whereas dissolved oxygen (DO) and pH were monitored once 

a week. Water samples were taken each week for analyses of total ammonia (NH3), 

nitrate nitrogen (NO3-N), nitrite nitrogen (NO2-N). 

The juvenile Pacific white shrimp (L. vannamei) were obtained from Shrimp 

Improvement Systems, Inc. Miami FL, whereas, the tilapia (O. niloticus) is an improved 

line that came from existing stocks at the ERL facilities with original stocks from Auburn 

University (Auburn, AL). 



75 
 

Fish and shrimp were fed with commercial pellets at 3% and 8% body weight, 

respectively, using 35% protein food pellets. The data were evaluated using a one way 

analysis of variance (ANOVA). Determination of statistical differences was set at a 

confidence level of 5 %. 

The statistical results were reported through the F value and the two degrees of freedom 

(df) and using the alpha level at 0.05 They represent the between-groups df and the 

within-groups df. 

Example: F (a, b) =C, p < .001 

 F = F test 

(a)= Number of treatments-1 

(b) =Number tanks – number of treatments 

(C) =The result of F- test 

 P= p- value (probability) 

 

 Experimental design 

To test the effects of tilapia (O. niloticus) on shrimp (L. vannamei), the shrimp were 

evaluated in polyculture and monoculture systems. In the sequential system used, tilapia 

were stocked at different densities ranging from two to eight individuals per tank, 

whereas, shrimp were stocked at five individuals per compartment (four 

compartments/tank). For this evaluation, four treatments were set at four shrimp/tilapia 

stocking ratios. Shrimp were stocked with tilapia in three of the treatments at ratios of 

20:8 individuals in Treatment One (T1), 20:4 individuals in Treatment Two (T2) and 20:2 

individuals in Treatment Three (T3).  In Treatment Four (T4) shrimp were stocked with a 

ratio of 20:0 as a control group. All were in closed recirculation systems consisting of 

shrimp and fish tanks as polyculture. Four replicates were set for each treatment.  
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 Feed and feeding regime 

In this study, sinking and floating feeds were used. Shrimp and fish were fed once a day. 

The shrimp were fed a daily ration of 8% of their total biomass, while for fish 3 % of 

their body weight was used. Commercial extruded feeds (floating pellets with 1–2 mm 

ACE feeds from Star Milling ( Perris, CA) with 35% crude protein was used to feed Nile 

tilapia. For feeding shrimp, 35 % protein sinking feeds from Rangen Company (Buhl, ID) 

was used (Table 3.1).  

         

  Table 3.1. Description of treatments according to shrimp and fish numbers and  

                    feeding rate. 
 

Treatments Number of shrimp/tilapia Feeding rate (%) 

(T) Shrimp Tilapia Shrimp Tilapia 

1 20 12 8% 3% 

2 20 8 8% 3% 

3 20 4 8% 3% 

4 20 - 8% - 

 

 Water quality measurements 

All the water quality parameters such as temperature, pH, salinity, dissolved oxygen 

(DO), ammonia (NH3), nitrite (NO3-N) and nitrate (NO2-N) were measured and recorded 

during the experiment. Dissolved oxygen concentrations were measured on site once a 

week with a YSI model 550A oxygen meter, while the water temperature and pH were 

determined daily with a Combo (pH/Conduct/ TDS/ and Temperature. Salinity level was 

measured once a day with a S/ Mill-E Handheld Seawater Salinity Refractometer. A 

Hach model DR/890 portable colorimeter was used to determine total ammonia-N, nitrite 

and nitrate.  
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 Statistical analysis 

The differences among the growth performance of both groups (tilapia and shrimp) in 

this study, were evaluated using a one-way ANOVA, also a Bonferroni test at 5 % level 

of significance was used for post hoc analysis. 

Results     

Values in Table 3.2, reflect the weight increase of shrimp during the four weeks of the 

experiment showed that shrimp polyculture at high tilapia density reached a mean final 

weight of 6.08±0.18 g at the end of the experiment, which was higher than shrimp 

polycultures at mid and low density (5.83±0.12, 5.77±0.10) and shrimp monoculture 

(5.14±0.59 g), respectively. Significant differences were found (F3, 12= 106.6, P < 

0.0001). From the beginning the shrimp in Treatment One with the highest tilapia density 

started to gain more weight than shrimp in the other treatments. In fact, at the end of the 

4th week, the shrimp of this treatment achieved a total increase of 103.8 g being the best 

treatment of this trial. The total weight of shrimp for the Second and Third polyculture 

treatments and Fourth monoculture treatment were 99.1, 98.2 and 85.6 g, respectively, 

with the Fourth treatment the lowest.  

 Shrimp growth performance 

The growth performance of shrimp and tilapia was summarized in Table 3.2 and 3.3 At 

harvest (week 4) the highest growth rate for shrimp was 0.185±0.002 g day
−1 

in T1 

(polyculture) and the lowest was 0.165±0.002 g day
−1

 in T4 (monoculture). Survival of 

Nile tilapia and shrimp were 100% for all treatments.  
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Table 3.2. Mean ± SD of growth performance of Pacific white shrimp (L. vannamei) 

cultured for 4 weeks in tilapia-shrimp polyculture and shrimp monoculture 

 

Shrimp Treatments/ Fish densities 

Parameters T1 (8) T2 (4) T3 (2) T4 (no fish) 

Stock 20 20 20 20 

Mean initial weight (g) 0.89 ±0.20 0.87±0.21 0.86±0.22 0.86±0.09 

Harvest 20 20 20 20 

Mean final weight (g) 6.08±0.18 5.83±0.12 5.77±0.10 5.14±0.59 

Total final weight (g) 121.6 116.6 115.4 102.8 

1 Growth rate  GR (g 

day
−1 

) 

0.185±0.002 0.176±0.001 0.175±0.003 0.165±0.002 

FCR 1.26±0.01 1.26±0.01 1.25±0.01 1.35±0.01 

 

1 GR (g) = Final wet weight – initial wet weight)/ days of culture. 
2 FCR = Feed intake (g)/Body weight gain (g) 
 

The values of FCR of shrimp were 1.26±0.01 in T1, 1.26±0.01 in T2, 1.25±0.01 in T3, 

and 1.35±0.01 in T4. The high density tilapia treatment not only had the highest shrimp 

biomass at harvest but also the lowest FCR in those shrimp, which was significantly 

better than those in the control (F3, 12 =132, P< 0.0001), but not significantly different 

from the medium and low tilapia densities (P>0.05).  

Figure 3.1, shows that shrimp in T1 had the highest individual mean weight while the 

lowest was in T4.The highest weights and growth rate of shrimp were achieved in the 

polyculture tanks with tilapia stocked at high density (8 fish per tank) with a final mean 

weight of 6.08±0.18 g Treatment One (T1), whereas, the lowest weight was reached in 

shrimp monoculture Treatment Four (T4) with 5.14±0.59 g. 
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Figure 3.1  Mean ± SD Final weight of shrimp (L.vannamei) by treatment  

                    during the experimental period (4 weeks). 

 

 
                                                           

 Tilapia growth performance 

The mean final weight of fish at harvest was 39.6±3 g in T1, 37.2±6 in T2 and 35.1±3 g 

in T3 respectively. The growth rate showed a similar pattern as did individual weight, 

with results of 0.779±0.003, 0.677±0.001 and 0.600±0.000 g day
−1 

for T1, T2 and T3, in 

that order.  The increased weight and feed offered to tilapia was recorded in order to 

determine the FCR at the final of the evaluated period The FCR for the three groups were 

1.0±0.02, 1.09±0.01 and 1.17±0.02, respectively. There were no significant differences 

(F2, 11= 1.15, P= 0.3533) among treatments (Table 3.3). In addition, no mortality was 

found in any treatment.  
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Table 3.3 Mean ± SD of growth performance of Nile tilapia (O. niloticus) cultured      

               for 4 weeks in the tilapia-shrimp polyculture. 

 

Fish Treatments and densities 

Initial T1 (high) 12 T2 (mid) 8 T3 (low) 4 

Initial mean weight (g) 17.8 ±3 18.2 ±5 18.3 ±3 

Harvest 12 8 4 

Mean final weight (g) 39.6 ±3 37.2 ±6 35.1 ±3 

1 
Growth rate GR (g day

−1 
) 0.779±0.003 0.677±0.001 0.600±0.000 

FCR 
2
 1.0±0.02 1.09±0.01 1.17±0.02 

 

1 GR (g) = Final wet weight – initial wet weight)/ days of culture. 
2 FCR = Feed intake (g)/Body weight gain (g).    
 

Water quality parameters were compared by examining the overall average values at the 

final of the experimental period and they were not significantly affected by density or 

size of shrimp-tilapia stocked. The pH showed values between 7.1 and 7.6, whereas, the 

mean temperature was 28.5±0.33ºC during the four weeks of the experiment. The 

concentration of total ammonia was found to range from 0.10 to 0.14 mg/L, nitrite (NO2) 

from 0.001 to 0.02 mg/L and nitrate (NO3) from 0.001 to 0.002 mg/L. In general, all the 

water parameters were maintained at adequate levels for growing tilapia and white 

shrimp. The results reached in both cultures are shown in Table 3.4. 
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Table 3.4 Mean ± SD of water quality parameters analyzed for water of the four  

               treatments. Each mean value represents the weekly data collected during  

               the 4 weeks growth period. 

 

Discussion 

The ammonia and nitrite levels in this study remained within safe limits hence, no 

mortality was recorded and no sign of stress was observed. 

In this study, in which both floating and sinking feeds were used, showed that the culture 

of these two species in polyculture tanks is technically feasible and can result in better 

growth of shrimp when the tilapia-shrimp density is optimized. 

The growth rate for shrimp and fish polyculture at high, mid and low fish densities in this 

experiment were lower than those reported by Muangkeow et al., (2007), who obtained a 

growth rate between 0.213 and 0.242 g day
− 1

 in shrimp and between 1.16 and 3.29 g 

day
− 1

 in tilapia whereas in this experiment the results were 0.185±0.002, 0.176±0.001, 

and 0.176 g day
− 1

 for shrimp and 0.779, 0.677 and 0.600 g/day
− 1

 for tilapia in the first, 

second and third treatments, respectively. This difference may be because of the use of 

small tanks in which the shrimp and fish had less space than shrimp and fish cultured in 

larger ponds.  

Parameters/ Days 7 14 21 28 

DO (mg/L) 7.6±0.16 7.2±0.23 7.4±0.15 7.1±0.27 

Temperature (o C) 28.6±0.2 28.9±0.1 28.1±0.1 28.5±0.2 

Salinity (ppt) 10 10 10 10 

pH 7.2± 0.2 7.5±0.1 7.9±0.1 7.9±0.2 

TAN (mg/L) 0.13±0.011 0.14±0.01 0.102±0.001 0.13±0.002 

NH3 – N (mg/L) 0.001±0.001 0.001±0.002 0.004±0.001 0.002±0.001 

NO2-N (mg/L) 0.02±0.001 0.03±0.003 0.02±0.001 0.01±0.001 

NO3-N (mg/L) 0.135±0.008 0.145±0.005 0.168±0.007 0.183±0.003 
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The present study indicated that the culture of shrimp and Nile tilapia in a sequential 

tanks system is technically feasible and improves the total production of shrimp with 

significant differences at (F3, 12= 106.6, P < 0.0001) between polyculture and 

monoculture treatments.  

Growth of Nile tilapia in this experiment was not significantly different between the low 

and high tilapia density polyculture (P > 0.05). Even though there was no significant 

difference in the growth of tilapia between any of the treatments, yields were 

significantly higher in the high tilapia density polyculture than those in monoculture.  
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Table 1.  Initial and final weight (g) of shrimp (L. vannamei) during the experimental 

                period (Preliminary study). 

 

Individuals Treatment 1 Treatment 2 Treat 3 

Number Initial W Final W  Initial W Final W  Initial W Final W  

1 1.2 9.3  1.9 11.9  1.0 10.3  

2 1.2 8.8  1.8 12.4  1.1 10.6  

3 1.4 9.5  1.8 12.2  1.1 10.7  

4 1.3 9.1  1.7 11.3  1.2 10.0  

5 1.4 9.3  1.8 11.7  1.1 9.9  

6 1.5 9.0  0.8 10.8  1.1 9.8  

7 1.3 8.7  0.6 10.0  1.2 9.7  

8 1.5 9.2  0.7 10.9  0.8 9.6  

9 1.3 9.1  0.9 10.0  0.9 9.5  

10 1.4 9.0  0.5 9.3  1.0 9.9  

11 1.7 10.1  1.4 11.6  2.1 11.3  

12 1.6 9.7  1.2 12.3  2.3 12.3  

13 1.7 9.8  1.2 12.2  2.4 12.2  

14 1.7 9.5  1.3 11.3  2.4 11.6  

15 1.8 9.9  1.4 11.6  2.3 11.6  

16 1.2 10.8  1.1 10.9  1.2 10.7  

17 1.1 11.6  1.2 10.6  1.2 10.8  

18 1.1 11.2  1.2 11.1  1.1 10.5  

19 1.0 10.9  1.3 10.4  1.3 10.4  

20 1.1 11.0  1.2 10.0  1.2 10.1  
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Total Σ =27.5 Σ= 195.5  Σ =25 Σ =222.5  Σ =28 Σ =211.5  

 

 

 

Table  2.  Initial and final weight (g) of tilapia (Oreochromis mossambicus × O. niloticus)   

                during the experimental period (Preliminary study). 

 

Treat Fish In W Fin W 

1 1 10.1 25.3 

1 2 9.9 26.3 

1 3 9.8 24.9 

1 4 10.2 25.6 

2 1 9.9 28.4 

2 2 9.7 28.9 

2 3 10.2 29.1 

2 4 10.2 29.3 

2 5 10.1 28.9 

2 6 10.1 28.0 

2 7 9.9 27.6 

2 8 9.9 29.0 

3 1 10.0 27.9 

3 2 10.1 27.9 

3 3 10.1 28.8 

3 4 10.2 27.1 

3 5 9.9 27.9 

3 6 9.8 27.2 

3 7 10.0 28.1 

3 8 9.9 27.1 

3 9 10.1 26.8 

3 10 9.8 26.8 

3 11 10.2 27.8 

3 12 9.9 29.0 

Total 24 ∑=240 663.7 
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 Average 10±0.15 27.6±1.24 

 SD 0.1532 1.2402 
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Table  3.   Initial and final weight (g) of shrimp (L. vannamei) (First experiment) 

 

 

Individuals Treatment 1      Treatment 2    Treatment 3    Treatment 4  

Number Initial W Fin W  Initial W Fin W  Initial W Fin W  Initial W Fin W  

1 4.0 13.9  4.5 12.0  4.0 13.2  4.7 11.8  

2 5.7 12.6  6.4 14.4  5.5 13.7  5.7 9.8  

3 5.1 13.4  5.7 12.0  4.9 12.1  5.7 10.9  

4 4.9 13.7  3.9 13.8  4.9 13.9  4.2 11.3  

5 5.3 12.7  4.4 12.1  4.8 12.6  5.5 12.6  

6 8.0 17.3  6.5 13.2  7.2 10.9  7.3 11.8  

7 5.9 16.1  4.5 10.7  6.7 12.0  6.7 11.4  

8 5.8 10.8  5.8 11.8  7.4 10.4  4.1 11.7  

9 3.1 12.4  3.1 11.8  3.2 13.1  3.2 13.5  

10 5.7 8.5  4.7 11.8  5.9 13.0  4.8 12.3  

11 6.5 10.8  5.6 12.2  5.0 13.5  6.2 11.0  

12 5.1 11.3  5.3 12.6  5.0 12.6  6.1 11.6  

13 5.3 12.5  5.6 14.3  4.3 13.0  6.4 10.9  

14 6.8 13.2  5.5 12.2  4.7 13.9  4.8 9.7  

15 3.9 13.5  6.4 14.3  7.4 12.3  5.6 13.3  

16 5.0 13.7  5.5 12.3  6.2 10.7  5.2 9.7  

17 3.6 13.9  6.3 13.1  6.8 15.0  3.6 11.4  

18 5.0 15.0  3.9 13.0  4.1 12.9  3.4 14.0  

19 7.0 11.1  5.0 14.0  5.0 13.5  4.2 12.1  

20 5.3 11.7  5.3 15.0  4.3 14.4  4.4 13.5  

21 4.3 12.9  5.9 8.8  4.9 6.8  5.1 12.1  

22 6.0 13.0  4.1 11.8  6.2 10.4  4.5 13.1  

23 4.6 13.0  5.8 13.1  5.5 14.7  4.9 14.2  

24 6.0 13.5  6.3 14.1  6.7 13.3  5.7 14.8  

25 4.9 14.4  6.9 14.9  7.8 10.0  6.9 8.3  

26 5.0 14.7  4.2 13.2  4.7 10.4  7.3 15.5  

27 6.2 15.8  3.8 12.9  3.6 11.7  3.1 10.5  

28 5.2 11.9  2.9 6.1  4.2 11.0  5.4 11.7  

29 5.4 11.9  3.2 10.8  4.0 13.0  3.7 12.2  

30 6.1 12.0  4.1 11.5  6.1 14.8  5.9 12.6  

31 6.3 12.1  4.6 11.6  4.7 9.7  5.9 13.4  

32 6.8 12.2  4.9 11.8  6.1 13.9  5.9 11.7  

33 3.3 12.6  5.2 12.2  6.9 15.1  6.5 14.2  

34 4.3 12.8  5.9 13.1  6.5 13.2  7.5 13.8  

35 4.7 12.9  6.4 14.7  5.7 10.8  3.8 14.4  

36 3.2 14.1  6.5 15.2  3.8 11.6  3.2 10.1  
Total Σ 189.3 467.9  Σ 184.6 452.4  Σ 194.7 447.1  Σ 187.1 436.9  

 

 

 

 



91 
 

Table  4. Fish were feeding with 3% body weight (T1), 2.25% (T2) 1.5% (T3) in 

polyculture  and 3% (T4) in monoculture (First  Experiment). 

 

 

 

 

Individuals Treatment  One Treatment two Treatment three treatment four 

Number In w Fin W In w Fin W In w Fin W In w Fin W 

1 50.5 101.0 45.9 79.4 50.2 72.7 49.0 96.3 

2 49.2 103.3 48.0 83.0 49.2 73.4 49.2 97.7 

3 52.1 104.2 52.1 97.9 50.2 77.3 54.3 96.4 

4 48.0 103.1 53.6 90.8 50.1 73.1 52.4 99.1 

5 51.0 103.0 51.0 84.0 51.8 72.9 47.3 98.6 

6 52.3 102.0 51.0 98.7 48.4 73.0 51.3 98.7 

7 49.0 104.9 49.0 85.9 50.5 73.9 50.5 101.0 

8 49.2 103.3 47.0 86.5 49.2 75.0 49.2 99.3 

9 52.1 104.2 51.6 88.1 52.1 77.3 52.0 98.3 

10 48.2 103.1 50.8 89.1 47.3 73.9 52.4 99.5 

11 50.5 100.4 49.8 87.3 51.3 72.9 51.0 95.8 

12 49.1 104.0 49.7 92.5 52.2 73.9 52.3 96.4 

13 47.1 98.7 48.6 84.8 50.9 72.7 51.3 99.6 

14 49.2 103.3 49.2 89.1 47.4 73.4 47.5 100.4 

15 50.1 104.2 52.1 91.6 52.1 77.8 50.3 101.9 

16 52.5 106.1 50.3 89.3 54.8 73.1 49.5 99.4 

17 51.0 100.5 49.6 85.4 51.7 72.9 50.8 98.5 

18 50.3 101.0 50.6 88.4 52.6 72.9 52.3 97.4 

19 50.5 101.0 47.7 84.0 51.3 78.9 50.1 99.3 

20 49.2 98.4 49.2 89.3 49.2 75.0 47.8 94.3 

21 52.1 104.2 52.1 90.3 49.5 78.4 50.4 97.8 

22 52.4 103.1 52.4 90.4 52.9 73.9 50.6 96.6 

23 47.0 103.3 52.2 93.2 53.7 73.2 48.1 99.6 

24 49.2 98.5 52.3 93.6 54.5 73.9 50.5 94.5 

Total Σ= 1201.8 2458.8 Σ= 1205.8 2132.6 Σ= 1223.1 1785.4 Σ= 1210.1 2356.4 
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Tilapia biomass (g) /tank at the end of the experiment (First  Experiment). 

 

T1 T2 T3 T4 

616.56 533.76 442.38 586.8 

619.86 529.38 446.88 590.28 

613.8 528.6 442.8 597.18 

608.46 540.78 453.3 582.06 

      

 
       

        

 
 

Shrimp biomass(g) /tank at the end of the experiment 
    

  

 
     

  
T1 T2 T3 T4 

122.85 111.7 111.87 104.76 

112.32 115.74 116.82 103.86 

120.06 117.72 105.12 114.03 

112.5 106.92 113.04 114.03 

 
     

  

 
     

  

  
     

 

        

  
    

  T1 T2 T3 T4 

739.41 645.54 554.25 691.56 

732.18 645.12 563.7 694.14 

733.86 646.32 547.92 711.21 

720.96 647.7 566.34 696.09 

 

 

 

 

 

 

 

Tilapia - Shrimp biomass(g) /tank at the end of the experiment 
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Table  5.   Initial and final weight (g) of shrimp growing at different tilapia densities  

                (Second experiment) 

 

Individuals Treatment 1 

(high) 

Treatment 2 

(mid) 

Treatment 3 

(low) 

Treatment 4 

(control) 

Number Initial W Fin W Initial W Fin W Initial W Fin W Initial W Fin W 

1 2.1 10.4 2.2 9.6 2.4 11.4 3.4 9.8 

2 2.2 9.9 3.0 9.9 2.1 11.1 2.9 11.0 

3 3.1 10.3 2.9 10.7 1.9 9.3 3.6 9.4 

4 3.3 10.3 3.6 9.3 3.4 10.2 2.5 9.8 

5 3.1 10.2 2.0 10.5 1.7 10.5 1.9 10.7 

6 2.0 11.9 3.0 12.0 2.3 8.7 2.0 9.7 

7 2.4 13.2 2.0 11.6 3.8 10.7 2.2 9.8 

8 2.8 11.5 1.8 10.6 2.2 10.6 1.9 9.6 

9 1.9 10.9 2.5 9.9 2.2 9.2 1.7 9.9 

10 1.8 11.5 1.9 8.9 2.2 9.7 1.9 8.9 

11 2.0 9.7 2.5 12.0 2.1 11.6 1.9 10.4 

12 2.4 10.6 2.0 12.0 2.5 9.4 2.0 9.8 

13 1.8 12.8 2.4 10.3 1.9 11.4 2.1 10.2 

14 2.2 11.8 2.1 10.6 2.9 10.4 3.0 10.7 

15 3.6 9.7 2.7 12.3 2.7 9.0 1.9 10.4 

16 2.2 11.2 2.3 10.1 2.6 12.3 1.7 8.7 

17 2.2 10.4 2.5 9.6 3.0 9.7 2.9 10.0 

18 2.3 11.0 2.0 9.0 2.3 9.9 3.2 10.7 

19 3.2 11.0 3.2 9.5 2.3 8.8 2.9 8.8 

20 2.9 10.2 3.1 8.6 2.5 10.8 3.1 9.4 

21 1.8 9.9 2.3 12.0 2.8 10.3 2.5 11.4 

22 2.7 13.0 2.7 9.8 2.6 9.6 2.4 9.3 

23 3.3 10.2 2.6 11.4 2.4 9.9 3.4 9.8 

24 2.8 9.3 3.1 10.7 2.7 11.2 2.6 9.2 

25 1.9 12.1 1.8 10.5 1.8 11.4 1.8 11.0 

26 1.8 10.2 2.0 10.3 1.8 10.5 2.3 10.1 

27 2.9 10.6 1.7 9.6 2.0 8.9 2.1 10.1 

28 1.9 10.6 3.2 10.2 2.7 10.3 1.9 9.1 

29 2.5 11.0 3.0 10.9 2.5 9.7 3.7 9.8 

30 3.5 10.5 1.7 9.0 2.8 9.4 1.8 8.9 

31 2.2 10.5 2.1 10.4 2.5 9.7 3.0 9.3 

32 2.0 11.0 2.0 9.9 2.4 10.0 2.7 9.7 

33 3.1 11.3 2.3 9.6 1.5 10.1 3.4 10.6 

34 1.7 10.6 2.4 11.3 2.1 9.4 1.7 9.0 

35 3.3 12.9 2.6 11.5 2.1 11.0 2.7 8.7 

36 2.8 11.4 2.6 9.1 2.5 11.3 1.9 11.0 

37 1.9 10.5 2.9 10.2 2.4 8.9 2.9 8.7 
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38 3.2 10.4 2.1 10.8 2.7 11.4 2.4 9.7 

39 1.8 9.4 3.3 9.9 3.2 11.7 1.8 9.8 

40 2.6 9.6 2.3 10.7 2.0 8.9 2.3 11.1 

Total 99.2 433.5 98.4 414.8 96.5 408.3 98 394 

 

 

 

Table  6.  Initial and final weight (g) of fish feeding with 3% body weight (T1) 12 fish/tank, (T2) 8       

                fish/tank and (T3) 4 fish/tank in polycultures (Second  experiment) 

 

Individuals Treatment 1 (high density) Treatment 2  ( mid density) Treatment 3 ( low 

density) 

Number Initial W Fin W Initial W Fin W Initial W Fin W 

1 21.6 47.8 18.5 49.7 24.4 48.7 
2 19.0 54.0 20.7 45.4 19.4 49.0 

3 19.6 49.7 19.1 55.4 21.1 49.7 
4 15.0 53.9 18.7 46.3 26.0 63.0 

5 19.0 64.9 23.7 58.6 20.3 49.4 
6 20.0 51.6 25.0 59.0 21.2 53.3 
7 21.2 55.3 24.4 68.4 24.0 49.3 
8 27.0 59.1 26.6 67.7 25.0 63.0 

9 23.2 62.6 19.7 49.4 20.9 44.7 
10 24.7 63.3 19.7 47.6 19.6 57.9 

11 22.8 63.4 20.2 50 23.0 48.7 
12 24.3 60.1 19.4 46.8 25.2 65.8 
13 18.0 47.0 25.3 57.9 19.2 48.9 
14 19.8 46.5 28.0 64.6 22.4 57.3 
15 19.8 56.0 25.6 67.0 25.7 59.8 
16 19.1 61.5 25.5 68.0 25.0 64.8 
17 19.2 59.9 20.2 47.9 362.4 873.3 
18 19.4 56.3 19.0 46.0 

  19 21.2 58.3 20.4 49.7 

  20 22.4 55.2 18.4 47.1 

  21 24.0 57.8 22.5 55.9 

  22 25.4 59.3 25.0 60.4 

  23 27.7 65.8 26.8 65.9 

  24 23.7 66.1 26.2 65.8 
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25 19.3 44.0 18.6 49.8 

  26 18.5 45.9 22.4 47.6 

  27 20.8 48.1 19.0 47.9 

  28 19.2 56.0 18.4 56.6 

  29 19.6 53.6 21.1 56.7 

  30 20.6 57.8 21.2 59.1 

  31 23.0 54.3 24.0 62.0 

  32 25.4 57.4 25.0 65.0 

  33 25.9 61.3 708.3 1780.5 

  34 25.3 65.8 
    35 25.2 67.6 

    36 25.0 65.4 

    37 19.8 49.0 

    38 19.4 47.7 

    39 19.7 47.4 

    40 20.5 48.1 

    41 20.8 55.3 

    42 24.0 66.3 

    43 24.0 58.4 

    44 26.0 57.1 

    45l 25.4 67.6 

    46 25.0 67.7     

47 26.2 65.8     

48 25.1 64.7     

 1060.8 2747.7     
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Mean Final weight of shrimp and fish (g) by tank at the 

                  end of the experiment (Second  Experiment). 

 

Treatment One Treatment Two Treatment Three Treatment 

Four 

 Shrimp Tilapia Shrimp Tilapia Shrimp Tilapia Shrimp 

Tank One 11.01 57.14 10.30 56.31 10.14 52.60 9.86 

Tank Two 10.84 62.23 10.40 56.41 10.33 53.75 9.91 

Tank 

Three 

10.74 61.61 10.44 54.83 10.12 54.27 9.87 

Tank 

Four 

10.76 63.05 10.34 55.58 10.24 57.70 9.76 
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Table  7.   Initial and final weight (g) of shrimp at different fish densities (Third  

                 experiment) 

 

Individuals Treatment 1  (8)     Treatment 2 (4)    Treatment 3 (2)    Treatment 4 

(control) 

Number Initial W Fin W Initial W Fin W Initial W Fin W Initial W Fin W 

1 0.5 6.0 0.5 6.0 0.9 5.7 0.7 5.8 

2 1.0 5.8 0.8 5.8 0.5 5.8 0.9 6.2 

3 0.9 6.0 1.1 5.9 1.1 5.9 1.0 4.5 

4 0.8 5.9 0.9 5.8 0.9 5.8 0.9 4.8 

5 1.2 6.3 1.1 5.7 0.9 5.7 0.8 4.6 

6 0.8 6.2 1.0 5.7 1.1 5.9 1.0 4.9 

7 1.0 6.3 0.5 5.8 0.6 5.8 0.9 4.9 

8 0.7 6.2 0.8 6.0 0.6 5.7 0.8 4.9 

9 0.8 6.4 1.1 5.8 1.2 5.8 0.7 5.1 

10 1.1 6.3 1.0 6.0 0.8 5.6 0.9 6.0 

11 1.3 6.0 0.7 6.0 1.2 5.7 1.0 4.2 

12 0.8 5.9 0.7 5.7 0.9 5.8 0.9 5.0 

13 0.8 6.0 0.9 5.9 0.6 5.7 0.9 5.6 

14 0.6 6.2 0.9 5.7 0.8 5.7 0.8 4.8 

15 0.8 6.3 1.2 5.7 0.8 5.7 0.8 6.0 

16 1.1 6.0 1.1 5.8 1.2 6.0 1.0 5.6 

17 0.7 5.8 0.7 5.9 0.5 5.8 0.7 4.4 

18 1.1 6.0 0.5 5.7 0.7 5.9 0.8 4.5 

19 1.0 5.9 1.0 6.0 1.0 5.8 0.8 5.3 

20 0.8 6.1 1.0 5.7 0.9 5.6 0.9 5.7 

Total 17.8 121.6 17.5 116.6 17.2 115.4 17.2 102.8 
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Table  8.  Initial and final weight (g) of tilapia (Oreochromis niloticus) of the three 

treatments (T1 = 8 fish, T2= 4 fish, T3= 2 fish) during the experimental period (Third 

experiment). 

 

 

   

      

 

 

 

 

 

 

 

 

                                                                                                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treat  Fish  In W   Fin W 

1 1 18.9 45.1 

1 2 22.9 36.1 

1 3 13.7 39.2 

1 4 22.3 43.1 

1 5 13.6 38.9 

1 6 21.2 37.2 

1 7 16.3 39.7 

1 8 14.0 38.2 

  Mean final 

weight 

39.6 g 

2 1 21.7 39.9 

2 2 23.0 27.9 

2 3 10.3 38.9 

2 4 18.0 42.2 

  Mean final 

weight 

37.2 g 

3 1 15.6 37.3 

3 2 21.0 32.9 

  Mean final 

weight 

35.1 g 
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Mean Final weight of shrimp (g) / tank in polyculture and  

                 monoculture treatments at the end of the experiment  

 

 Shrimp in 

polyculture (T1) 

Shrimp in 

polyculture (T2) 

Shrimp in 

polyculture (T3) 

Shrimp in 

monoculture (T4) 

Tank 

One 

6.0 5.84 5.78 5.18 

Tank 

Two 

6.28 5.86 5.76 5.16 

Tank 

Three 

6.08 5.80 5.72 5.12 

Tank 

Four 

5.96 5.82 5.82 5.10 
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