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ABSTRACT: The present study was conducted to evaluate the effect of polyculture shrimp, 
Litopenaeus vannamei with keeled mullet, liza carinata at different densitiescompared to the 
monoculture system on Physico- Chemical water quality. In a complete randomized design, 15 glass 
aquaria (80×30×40 cm - 96 L) randomly distributed into in 5 treatments group (in triplicates). Each 
aquaria was stocked with 12 aquatic animals. In first experimental group was stocked with L. carinata 
only as monoculture (T1; Fish 100%). Similarly, second experimental group was stocked with 
L. vannamei only as monoculture (T2; Shrimp 100%). Experimental treatments of T3-T5 groups were 
stocked with both L. carinata and L. vannamei in polyculture at densities of (fish 25%: shrimp 75%), 
(fish 50%: shrimp 50%) and (fish 75%, shrimp 25%), respectively. Over the 12-weeks period, all 
water quality parameters were observed within the acceptable range for both L. carinata and 
L. vannamei either monoculture or polyculture systems. The results showed that water salinity was 
ranged between 30.15 to 32.30ppt, water temperature from 25.32 to 30.90°C, dissolved oxygen(6.17 to 
7.09 mgL

-1
) and pH (7.07 to 7.83)without any statistical differences (P ≥ 0.05).The concentration of 

phosphorous (PO4) ranged from 00.05±0.02 - 0.009±0.002 mg/l. The highestPO4 values was recorded 
for (T1) followed (T5). The highest TAN values was recorded for (T1) followed (T5), while the lowest 
values were recorded in either T3 or T2. The same trend was observed for NO3. The concentration of 
NO2 ranges from 0.001 to 0.09 mg/L. The results of present study suggested that a clear effect of 
mixed culture of L. carinata with L. vannamei in polyculture system to purify the water pond through 
food residues or undigested food and improve physico-chemical water quality. 
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INTRODUCTION 

Aquaculture continues to pioneer the 

advancement of intensive cultivation technology 

in order to increase the production and to meet 

people's protein needs. The use of various 

natural products in aquaculture as immune 

stimulants has been reported to be effective in 

reducing the evidence of disease in fish and 

shrimp aquaculture and increasing production 

(Manoppo et al., 2015; Sharawy et al., 2020).  

Intensive development of the aquaculture 

industry has been accompanied by an increase in 

environmental impacts. Aquaculture has 

negative environmental, social and economic 

impacts in the absence of appropriate control 

programs. Ecosystems are not always as fragile 

as could be considered, instead, they have a 

remarkable capacity of resiliency (Frankic and 

Hershner, 2003).  

The production process generates substantial 

amounts of polluted effluent, containing uneaten 

feed and feces (Piedrahita, 2003; Sugiura et al., 
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2006). High levels of nutrients cause environmental 

deterioration of the receiving water bodies 

(Thompson et al., 2002). 

Shrimp farming has been historically related 

to negative environmental impacts including 

alteration of wetlands, land subsidence, 

pollution of agricultural lands and coastal waters 

by pond effluents and sludge, increased of 

pathogens into coastal environment, and 

subsequent loss of goods and services generated 

by natural common property resources (Paez-

Osuna, 2001; Paez-Osuna et al., 2003; Azad et 

al., 2009).  

Several studies have concentrated on the 

design and development of alternative farming 

systems for the integrated culture of aquatic 

organisms (Pacheco-Vega et al., 2018). Researchers 

have been experimenting with co-culturing 

shrimp with a number of species, including 

tilapia (Muangkeow et al., 2007; Yuan et al., 

2010), milkfish (Jaspe et al., 2011), mullet 

(Costa et al., 2013), and seaweeds (Lombardi 

et al., 2006; Cruz-Suárez et al., 2010). In most 

cases, water quality, overall production, and 

survival were improved compared to monoculture 

(Liu et al., 2014). 

The polyculture system is highly productive 

and can be very lucrative, with a low environmental 

impact (Vinatea, 1999; Valenti, 2002).  

The polyculture as integrated practiced 
system in aquaculture via stocking of fish 
species of different food habits proved to be an 
important management tool in utilizing 
efficiently the natural food resources in the fish 
pond. Synergistic interactions among fish 
species are manifested by higher growth and 
yield in poly-culture than in monoculture. The 
bases for these interactions are the increase of 
available food resources and the improvement of 
environmental conditions (Shaker et al., 2013). 
Although, polyculture is not yet common 
practice. The perceived low profitability of 
extensive aquaculture systems, in which poly-
culture are mostly performed is considered to be 
a downside. 

Hoang et al. (2020) concluded that the 

combination of shrimp and fish in polyculture 

and biofloc has additive effects at the level of 

animal production and synergistic effects at the 

level of some water quality parameters.  

Akiyama and Angawati (1999) reported 

that the polyculture of penaeid shrimps with 

omnivorous fishes such as tilapia showed an 

improvement in water quality as fish fed on 

organic wastes (Cruz et al., 2008).  

Martinez-Porchas et al. (2010)reported that 

shrimp polyculture is not yet a common practice 

among farmers; however, this activity represents 

an important alternative to solving and 

minimizing some of the problems that shrimp 

aquaculture has faced in the past two decades 

(environmental pollution, diseases, and 

decreasing prices). 

The intensive monoculture shrimp faces two 

major problems. Firstly, water quality deterioration 

caused by a high concentration of metabolites 

and secondly, low nutrient utilization efficiency 

and high water exchange within or outside the 

pond system (Avnimelech, 2007). Wastewaters, 

containing high nitrogen and phosphorus 

concentrations, are often discharged directly into 

canals and rivers leading to oxygen depletion 

and eutrophication (Anh et al., 2010). This has 

raised several concerns about the persistence of 

toxic compounds in aquatic environments and in 

harvested animals as well (Business, 2003). 

However to reduce the outbreak or spread of 

shrimp disease and water quality degradation, 

many remediating actions have been suggested. 

One of the most practical methods is Integrated 

Multi-Trophic Aquaculture (IMTA) system as 

polyculture which caters for an enhanced 

nutrient recycling relative to conventional 

farming systems, as species with different 

trophic levels are used, providing also an 

opportunity for diversification and increased 

yield of both crustaceans and fish, according to 

(Troell et al., 2009; Barrington et al., 2010), as 

well as appears to prevent shrimp disease 

outbreaks (Liu et al., 2014). 

Water must be tested with different physic-

chemical parameters. Selection of parameters 

for testing of water is solely depends upon for 

what purpose we going to use that water and 

what extent we need its quality and purity. 

Water does content different types of floating, 

dissolved, suspended and microbiological as 

well as bacteriological impurities. Some 

physical test should be performed for testing of 

its physical appearance such as temperature, 
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color, odour, pH, turbidity, TDS etc, while 

chemical tests should be perform for its BOD, 

COD, dissolved oxygen, alkalinity, hardness and 

other characters (Patil et al., 2012). 

This study was conducted to determine the 

effect of the polyculture of shrimp, Litopenaeus 

vannamei with Keeled mullet, Liza carinata at 

different densities on water quality compared to 

the monoculture system of both Liza carinata 

and litopenaeus vannamei. 

MATERIALS AND METHODS 

Experimental Design 

The present study was carried out in Fish 

Rearing Laboratory at National Institute of 

Oceanography and Fisheries (NIOF), Gulfs of 

Suez & Aqaba’s Branch, Suez Governorate, 

Egypt. The experimental period of 12 weeks 

started during September to November 2019. 

Shrimp, Litopenaeus vannamei post larvae 

(Pl) with an average initial body weight of 

0.33±0.01 g were obtained from Birkat 

Ghalioun - Kafr El Sheikh Governorate, Egypt, 

while the fry of keeled mullet, Liza carinata 

with an average initial body weight of 5.60 ± 

0.11g were obtained from El Hag-Zaghloul 

farm, Suez Governorate, Egypt. The fish and 

shrimp Pl’s were stocked separately into three 

glass aquaria (each with 96 L) at Fish Rearing 

Laboratory, Gulfs of Suez & Aqaba’s Branch, 

National Institute of Oceanography and 

Fisheries (NIOF), Suez, Egypt. Both of fish and 

shrimp Pl’s were acclimated separately for two 

weeks to laboratory conditions. 

In a complete randomized design, 15 glass 

aquaria (80×30×40 cm - 96 L) randomly 

distributed into in 5 treatments group (in 

triplicates).Each aquaria was stocked with 12 

aquatic animals. In first experimental group was 

stocked with L. carinata only as monoculture 

(T1; Fish 100%). Similarly, second experimental 

group was stocked with L. vannamei only as 

monoculture (T2; Shrimp 100%).Experimental 

treatments of T3-T5 groups were stocked with 

both L. carinata and L. vannamei in polyculture 

at densities of (fish 25%: shrimp 75%), (fish 

50%: shrimp 50%) and (fish 75%, shrimp 25%), 

respectively. 

Aquaria’s were cleaned and disinfected 

before the experimental trails. The system were 

installed in an environmental-controlled 

laboratory and held under natural light (12:12 h 

light: dark schedule). Continuous aeration was 

provided by an air blower, Heaters were placed 

in the glass aquaria to obtain the optimum 

temperature for both fish and shrimp. 

Experimental Tank Management 

Fish in all treatments were fed commercial 

diet (35 % crude protein and 5.98 % crude fat, 

Skretting Egypt Company, Belbies, Egypt).Fish 

and shrimp were fed at a rate of 5% and 7% of 

the live body weight, respectively in monoculture 

system, while in polyculture system shrimp was 

not fed and fish only fed at a rate of 5% of the 

live body weight. The daily ration was divided 

into two equal amounts and offered two times a 

day (08:30, and 15:00 h).Samples from each 

replicate aquaria were weighed biweekly and the 

amount of daily allowance was adjusted 

accordingly. 

Water Quality 

Water temperature (°C), dissolved oxygen 

(DO, mg/l), pH, salinity (ppt), total ammonia 

nitrogen (TAN, mg/l), nitrite nitrogen (NO2), 

nitrate nitrogen (NO3) and phosphate (PO4) were 

monitored during the trial, to maintain water 

quality at the optimum range for fish and shrimp. 

Water temperature was recorded daily at 13.00 h 

using a mercury thermometer suspended at 30-

cm depth. DO was measured at 05.00 h using 

YSI model 56 oxygen meter and pH at 09.00 h 

by using a pH meter. Salinity, TAN, NO2, NO3, 

and PO4 using multi-spectrophotometers 

(JENWAY 6100) were measured three times a 

week according to APHA (1998). 

Statistical Analysis 

Data were statistically analyzed by ANOVA 

using One-way software (Spss 26.0 for windows). 

Duncan’s multiple range test was used to 

compare differences between treatment means 

when significant F values were observed 

(Duncan, 1955), at P 0.05 level. 
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RESULTS AND DISCUSSION 

Physical Water Parameters 

Over the 12-weeks period, all physical water 
quality parameters were observed within the 
acceptable range for both L. carinata and L. 
vannamei either monoculture or polyculture 
systems (Van Wyk and Scarpa, 1999). The 
results showed that water salinity was ranged 
between 30.15 to 32.30ppt, water temperature 
from 25.32 to 30.90°C, dissolved oxygen (6.17 
to 7.09 mgL

-1
) and pH (7.07 to 7.83) without 

any statistical differences (P ≥ 0.05) (Figs. 1-4). 

Physical parameters of water play a significant 
role in the biology and physiology of aquatic 
animals. The results in this study showed that 
was range PH values (7.07 to 7.83) in all 
treatments, Both species, fish and shrimp, 
tolerate pH varying between 6.0 and 9.0 (Boyd, 
1990; Arana, 1997), while the ideal and 
satisfactory pH ranges for fish farming varies 
from 7.0 to 8.5, and from 6.5 to 9.5 (Sipaúba- 
Tavares, 1994), marine shrimp ideal pH ranges 
from 8.0 to 8.5 (Igarashi, 1995), and water 
temperature from 25.32 to 30.90°C, within the 
range recommended by Brock and Main (1994). 

The results in present study indicate that 
water Salinity was ranged between 30.15 to 
32.30 ppt. Aghuzbeni et al. (2017) found that, 
the integrated culture of shrimp and mullet has 
shown to be successful in productive and water 
quality ways. Some studies on the polyculture of 
penaeid shrimps with omnivorous fishes such as 
tilapia showed an improvement in water quality 
as fish fed on organic wastes (Akiyama and 
Angawati, 1999; Cruz et al., 2008). (Fitzsimmons, 
2001) demonstrated that beneficial effects of 
culturing shrimp with other aquatic species 
result in positive conditions on the primary and 
secondary species (Jaspe et al., 2011). 
Improving pond water quality by controlling 
phytoplankton growth, reducing the accumulation 
of organic matter, antibacterial effect and the 
prevalence of viruses (Jatobá et al., 2011). 
Juarez-Rosales et al. (2019) reported that the 
white shrimp (10 org/m

2
) can be co-cultured 

with Nile tilapia at a stocking high density 
(4 org/m

2
), leading to improved water quality. 

Chemical Water Parameters 

The results noted that elevated values were 

recorded for all chemical parameters at the 

beginning of the experiment due to higher 

concentration in the watersource used, then 

decreased in the second week.  

Regarding to the mono and polyculture systems, 

an increase in chemical water parameters was 

observed at the end of the experiment in 

L. carinata monoculture system as a result of 

increased weight of fish (not shown) and 

consequently increased waste output (dissolved 

outputs, faces and uneaten feeds) compared to 

either L. vannamei monoculture or experimental 

polyculture systems. 

Phosphorous (PO4) 

The result showed that the concentration of 

phosphorous (PO4, Fig. 5) ranged from 0.05 ± 

0.02 - 0.009±0.002 mg/l. The highestPO4 values 

was recorded for (T1) followed (T5), while the 

lowest values were recorded in either (T2) or 

(T3). 

Total ammonia nitrogen (TAN), nitrite 

(NO2) and nitrate (NO3) 

The result showed that the concentration of 

TAN (Fig. 6) ranged from 0.02 - 0.72 mg/l. The 

highest TAN values was recorded for (T1) 

followed (T5), while the lowest values were 

recorded in either T3 or T2. The same trend was 

observed for NO3(NO3–N, Fig. 7). The 

concentration of NO2 (NO2 -N) ranges from 

0.001 to 0.09 mg/L, with highest values 

recorded for T1compared to other experimental 

treatments (Fig.  8). 

Water chemical quality parameters in all 

treatments stayed in a suitable range for white 

shrimp and mullet growth (Van Wyk and 

Scarpa, 1999). The chemical water quality 

parameters including TAN, nitrite, nitrate, 

phosphate were significantly different between 

treatments which was significantly influenced 

by type of culture aquatic animals especially 

polyculture system.  

Polyculture system that is mixing of two or 

more species does not require significant extra 

investment money or human efforts because the 

secondary species are simply added within the 

same space of pond. Generally, many benefits 

have been achieved in shrimp polyculture 

systems when using fish, bivalves and seaweeds. 

The benefits include the diminution of ecological  
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Fig. 1. Water salinity valuesin experimental treatment over a 12-week period 

 

Fig. 2. Water temperature (C
o
) recorded in experimental treatment over a 12-week period 

 

Fig. 3. Water dissolved oxygen (mg/l) values recorded in experimental treatment over a 12-week 

period 
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Fig. 4. Water pH values recorded in experimental treatment overa 12-week period 
 

 

Fig. 5. WaterPO4 (mg/l) values recorded in experimental treatment overa 12-week period 

 

Fig. 6. Water TAN(mg/l) values recorded in experimental treatment overa 12-week period 
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Fig. 7. WaterNO3 (mg/l) values recorded in experimental treatment overa 12-week period 

 

Fig. 8. WaterNO2(mg/l) values recorded in experimental treatment overa 12-week period 
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shrimp at the fish stocking density of 10% 

shrimp biomass to improve water quality, 

overall productivity and nutrient utilization 

efficiency. 

Conclusion 

There are a positive relationship between the 

number of fish in all treatment and the values of 

Total ammonia nitrogen, Nitrite, Nitrate and 

Phosphate. While there are a reverse relationship 

between the number of shrimp in all treatment 

and the values of Total ammonia nitrogen, 

Nitrite, Nitrate and Phosphate. 
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، هغ سوك السهُلً Litopenaeus vannameiالوتؼذد الأًىاع بُي الجوبرٌ الفاًوًُ تأثُر الاستزراع

Liza carinata  بكثافاث هختلفت هقارًت بٌظام الاستزراع الأحادٌ ػلً جىدة الوُاٍ الفُزَائُت

 والكُوُائُت

حسي الشبراوي ػبذٍ
1
ػورو هٌُرهلال - 

1
هحوذ ػبذالحلُن ػلً - 

2
ػُاط هحوذ صلاح - 

2
 

 ِصش - (NIOFاٌبسبسواٌّصبَذ ) ٌؼٍىَ اٌّؼهذاٌمىٍِ -شؼبت حشبُت الازُبء اٌّبئُت -حشبُتالأسّبن ِؼًّ -1

 ِصش - اٌضلبصَك خبِؼت – اٌضساػت وٍُت – اٌسُىأٍ الإٔخبج لسُ -2

ِغ  Litopenaeus vannamei أخشَج اٌذساست اٌسبٌُت ٌخمُُُ حأثُش اسخضساع اٌدّبشٌ ِخؼذد الأٔىاع بُٓ اٌدّبشٌ اٌفبًُّٔ

بىثبفبث ِخخٍفت ِمبسٔت بٕظبَ الاسخضساع الأزبدٌ ػًٍ خىدة اٌُّبٖ اٌفُضَبئُت واٌىُُّبئُت.  Liza carinata سّه اٌسهًٍُ

 ِؼبِلاث 5ٌخش( بشىً ػشىائٍ فٍ  96 -سُ  40×  30×  80زىض صخبخٍ ) 15فٍ حصُُّ ػشىائٍ وبًِ ، حُ حىصَغ 

زُىاْ ِبئٍ. فٍ اٌّدّىػت اٌخدشَبُت الأوًٌ حُ حشبُت 12ً ِؼبٍِت(. حُ حخضَٓ وً زىض بؼذد حدشَبُت )ثلاد ِىشساث ٌى

.وببٌّثً ، حُ حشبُت اٌدّبشي اٌفبًُّٔ فٍ اٌّدّىػت اٌخدشَبُت اٌثبُٔت بٕظبَ T1)بٕظبَ الاسخضساع الأزبدٌ) أسّبن اٌسهًٍُ

أسّبن  فمذ حُ حشبُت ٌىً ِٓ T3-(T5ثت اًٌ اٌخبِست )ٌثلا.ببٌٕسبت اًٌ اٌّؼبِلاث اٌخدشَبُت ِٓ اT2)الاسخضساع الأزبدٌ)

% 50سهًٍُ:  %50% خّبشٌ(، )75سهًٍُ:  %25واٌدّبشي اٌفبًُّٔ فٍ ٔظبَ اسخضساع ِخؼذد الأٔىاع بىثبفت ) اٌسهًٍُ

أسبىػبً ، ٌىزظج خُّغ ِؼبَُش خىدة  12% خّبشٌ( ، ػًٍ اٌخىاًٌ. خلاي فخشة حشبُت ٌّذة 25٪ سهًٍُ: 75خّبشٌ( و )

واٌدّبشي اٌفبًُّٔ سىاء وبٔج أزبدَت إٌىع أو ِخؼذدة الأٔىاع.  أسّبن اٌسهًٍُ اٌُّبٖ ضّٓ إٌطبق اٌّمبىي ٌىً ِٓ

إًٌ  25.32خضء فً اٌف ودسخت زشاسة اٌّبء ِٓ  32.30إًٌ  30.15زج بُٓ أظهشث إٌخبئح أْ ٍِىزت اٌّبء حشاو

( دوْ أٌ فشوق 7.83إًٌ  7.07ِدُ/ ٌخش( ودسخت اٌسّىضت ) 7.09إًٌ  6.17دسخت ِئىَت والأوسدُٓ اٌّزاة ) 30.90

ش. حُ حسدًُ /ٌخٍِدُ ±0.020.05 -.009±0.002ِٓ  (PO4) . حشاوذ حشوُض اٌفىسفىس (P ≥ 0.05) راث دلاٌت إزصبئُت

،  (T5) حٍُهب (T1) ( ٌـTAN. حُ حسدًُ أػًٍ لُُ ٌلاِىُٔب اٌىٍُت )(T5) ِخبىػتبـ(T 1) ٌٍفىسفىس فً اٌّؼبٍِت أػًٍ لُُ

ِٓ  NO2 . َخشاوذ حشوُضNO3 . وٌىزع ٔفس الاحدبٖ ببٌٕسبت ٌثبٍٔ أوسُذ إٌُخشوخT2ُٓ أوT3 بُّٕب سدٍج أدًٔ لُُ فٍ

 أسّبن اٌسهًٍُ بُٓ أشبسث ٔخبئح اٌذساست اٌسبٌُت إًٌ وخىد حأثُش واضر ٌلاسخضساع اٌّخؼذدٍِدُ/ٌخش.  0.09إًٌ  0.001

فٍ ٔظبَ الاسخضساع ِخؼذد الأٔىاع ٌخٕمُت ُِبٖ اٌسىض ِٓ بمبَب اٌطؼبَ أو اٌطؼبَ غُش اٌّهضىَ وحسسُٓ  واٌدّبشي اٌفبًُّٔ

  خىدة اٌُّبٖ اٌفُضَبئُت واٌىُُّبئُت.

 ـــــــــــــــــــــــــــ

 الوحكوــــــىى9

 اٌّؼهذ اٌمىٍِ ٌؼٍىَ اٌبسبس واٌّصبَذ. –أسخبر حشبُت الأسّبن   هحوذ ػبذالسُوغ جىدٍأشرف أ.د.  -1

 خبِؼت اٌضلبصَك. –وٍُت اٌضساػت  –أسخبر حغزَت اٌسُىاْ   يـــجوال الذَي ػلٍ ػبذالرحوأ.د.  -2


