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ABSTRACT 

Red jumbo tilapia and M. americanum prawns 
were placed in 1000 L units in polyculture at 
three different densities of tilapia (4/5, 9/5 and 
14/5 m2; tilapia/prawn) during 112 days with ini- 
tial weight of  6.5 ± 2.8 g for tilapia and 25.9 ± 
8.5 g for prawn. Prawn (0/5 m2) and tilapia (4/0, 
9/0 and 14/0 m2) controls were included. Tanks 
were maintained outdoors and under shade. 
Total weight gain (WG), daily individual weight 
gain (DWG), specific growth rate (SGR), survival, 
production of gross mass and food conversion 
ratios (FCR), ammonia, nitrite and nitrate, and 
chlorophyll a were measured in all units. Only 
prawn weight gain was significantly higher in 
polyculture. For tilapia, the highest survival at 
the end of the trial was 94% and the lowest was 
75%, while prawns had final survival rates from 
43% to 86%. No statistical differences were ob- 
served in weight increase among treatments at p 
≤ 0.05. 
 
Keywords: Native Prawn; Tilapia; Polyculture;  
Density 

1. INTRODUCTION 

The freshwater prawn Macrobrachium americanum 
from Western America has culture potential [1-3]. How- 
ever, this issue it is understudied and there are not previ- 
ous studies on its polyculture. Polyculture is an efficient  

way to use culture units by adding two species with dif- 
ferent requirements [4,5]. Since 1962 Ling [6] had pro- 
moted the polyculture of Macrobrachium prawns with 
fish such as tilapia. It is known that the polyculture of 
tilapia and prawns may increase total production and im- 
prove profits because of the high market value of prawns 
[7-9]. Tilapia may tolerate low water quality, can resist 
infections and has high market value [10]. This fish is 
often stocked at low densities fed with no balanced diets, 
so low final yields are obtained [11]. Male tilapia finger- 
lings may have a weight of 450 g after five months, but 
this size could be larger in polyculture [12]. Tilapia has 
been cultured successfully with prawns (M. rosenbergii, 
[13]), crayfish (Cherax quadricarinatus, [13]) and shrimp 
(Litopenaus vannamei, [14]). So, they could be also good 
if combined with M. americanum (Bate 1868). If possi- 
ble, the culture of M. americanum with tilapia could be 
suitable in places in which this prawn is native. Tilapia is 
a very adaptable fish and has different feeding habits 
than prawns as they feed in the upper level while prawns 
take food from the bottom [9,13]. Mono cultured tilapia 
may produce significant deposition of surplus organic 
matter and lower water quality [12,15] while prawns do 
not utilize the upper level of the water column, thus fa- 
voring plankton instability [16]. In addition, inappropri- 
ate tilapia densities have been recognized as a factor that 
causes a low yield [13,17]. Therefore, polyculture in pro- 
per densities could be more profitable than mono culture.  

This issue has been studied on Tilapia but not with M. 
americanum prawns. The aim of this study is to deter-  
mine the mutual benefit of M. americanum and tilapia 
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when cultured together at different tilapia densities. 

2. MATERIALS AND METHODS 

2.1. General Procedure 

The experiment was performed in C.I.I.D.I.R. I.P.N. 
Sinaloa laboratory, Mexico. A stock of Red Florida tila- 
pia fry (sexually reverted males) was purchased from 
Aquatic Depot, S.A. de C.V., Mexico. This strain is 
called Red Jumbo and its genetic heritage is 50% Florida 
red tilapia (O. mossambicus) and 50% Pink Nile tilapia 
(O. niloticus). They were placed outdoors in a 1000 L 
unit and fed with Purina Nutripec initiation (53% protein, 
15% fat) pellet until they had an average weight of 6.5 ± 
1.8 g. Then, 210 specimens with good swimming behav- 
ior were selected. At the same time, M. americanum 
prawns were captured in the Sinaloa River (W107˚30', 
N25˚00'). They had an average weight of 25.9 ± 8.5 g. 
and were acclimated in 1000 L outdoor tanks during a 
month before the trial. During this time, they were fed 
with fresh squid meat and shrimp commercial pellet (Ca- 
maronina, Purina, Cd. Obregon, Mexico). Three days be- 
fore the beginning of the trial, three different densities of 
tilapia were stocked into the experimental units with and 
without prawns. Units consisted of 21 round plastic tanks 
(1.5 m diameter) filled with 1000 L of fresh water fil- 
tered through a sand filter and a 5-µ mesh. Unitss were 
maintained outdoors, permanently aerated, in static wa- 
ters, under a shade net and at ambient temperature which 
during the time of this assay had a daily fluctuation from 
22˚C to 37˚C. In order to register prawn molting, units 
were checked 3 times per day looking for molts or car- 
casses which were counted. Experimental design lasted 
90 days and consisted of three different tilapia densities 
each with three replicas, with and without prawns. Se- 
lected combinations of tilapia and prawn utilized as treat- 
ments were as following:  

Treatment 1, (TP1) 4 Tilapia/5 prawn per m2. Treat- 
ment 2, (TP2) 9 Tilapia/5 prawn per m2; Treatment 3, 
(TP3) 14 Tilapia/5 prawn per m2; Treatment 4, (T1) 4 
Tilapia/0 prawn per m2; Treatment 5, (T2) 9 Tilapia/no 
prawn; Treatment 6, (T3) 14/0 prawn per m2; Treatment 7, 
(P) 0 Tilapia/5 prawn per m2. 

A 75% water exchange was done every week with 
freshwater previously filtered through a sand filter and a 
5 µ mesh. Water quality was not strictly controlled but 
the following parameters were monitored: Dissolved 
Oxygen (DO) was measured every day at 8:00 h and at 
1600 hours (YSI 150 oxymeter; Yellow springs, Ohio). 
DO was also measured once a week at 0600 hours as 
suggested by [18]. Chlorophyll a, ammonia, nitrite and 
nitrate were quantified every week from samples taken at 
1200 hours following the techniques of [19] Tilapia was  
fed with five percent of their average weight with Purina 

Nutripec (30% protein, 6%; lipid) during the first 10 
weeks and then food was switched to 25% protein, 5% 
fat Purina Nutripec pellet. Every two weeks all organ- 
isms were weighed and measured in its total length and 
survival of both species was registered. For prawns total 
length was considered as the distance from the most for- 
ward point of the rostrum to the farthest tip of the telson. 
For tilapia, from the most forward point of the head 
(mouth closed), to the farthest tip of the tail. Food amount 
was adjusted at this time depending on the weight. Tila- 
pia food was divided in three equal rations, all given by 
hand (0700, 1200 and 1800 hours). Since the pellet floats 
and the fish consumed the food quickly, this food was 
not available for prawns. Prawns were fed with comer- 
cial shrimp pellet (Purina, Mexico, 32% protein) which 
was given in a single ration at 1800 hours. This food 
quickly sinks and Tilapia received food at the same time, 
so virtually all this food went to the bottom. After 90 
days the experiment came to the end. At this time, total 
weight and total length were recorded for all specimens 
of all treatments.  

2.2 Measurements 

The following parameters were also calculated as sug- 
gested by [12]: 

Total weight gain (g) = Total final weight − Total init- 
ial weight; 

Growth rate (g) = (Total final weight − Initial total 
weight)/Total time in days; 

Weight gain per day [(g) × (day − 1)] = (average final 
weight − average initial weight)/days; 

Feed conversion ratio (FCR) = food intake (g)/weight 
gain (g); 

Survival (%) = (total individuals at the end of the trial 
× 100)/total individuals at the beginning of the trial; 

Specific growth rate or body weight gain per day 
(SGR) = [(Ln final weight) − (Ln initial weight) × 100]/ 
Total time in days. 

2.3. Statistical Analysis 

One way ANOVA was performed on mean values, to 
find possible differences between sizes (total weight) of 
tilapia or prawns treatments followed by F test [20]. The 
k value, or Fulton condition index which is based on the 
proper relationship between length and weight [21] was 
calculated for tilapia. As for water quality variables, also 
one way Anovas were performed comparing the medias 
for every day of every variable. 

3. RESULTS 

3.1. Growth 

The initial, final, total weight gain, daily weight gain  
(DWG) and specific growth rate (SGR) for tilapia are 
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presented in Table 1 while the same parameters for 
prawns are presented in Table 2. For tilapia, no statistical 
differences on weight increase were observed among dif- 
ferent treatments at all (Table 1; p ≤ 0.05). Prawns 
weight increase was not statistically different either (Ta- 
ble 2; p ≤ 0.05). However, they were statistically differ- 
ent in total gained weight (Table 2; p ≤ 0.05).  

3.2. Survival 

For tilapia, the higher survival at the end of the trial 
was 94% for T1 (mean = 6.5) and the lowest was 75% for 
TP3 (mean = 15.7) with significant differences on both (P 
≤ 0.05). Prawns had a final survival of 43% for P (mean 
= 3), 48% for TP1 (mean = 3.3), 57% for TP2 (mean =3.9) 
and 86% for TP3 (mean = 6.0). TP3 and all others com- 
binations together were statistically different (p ≤ 0.05).  

3.3. Prawn Molt 

After 90 days, the molt frequencies of control (P) were 
6.0 ± 1.7. TP3 had the lowest molt frequency (2.3 ± 0.6) 
with statistical differences as shown in Figure 1. Data 
lost because of prawn molt counting were not observed 
since units were constantly monitored and molts were 
quickly withdrawn, avoiding tilapia or prawns to eat 
them.  

3.4. Feed Conversion 

Feed conversion ratio (FCR) for the treatments and 
control for tilapia and prawns are presented in Table 3. 
No statistical differences were observed (p ≤ 0.05). 

3.5. Biomass Production 

All treatments and controls seem to have biomass val- 
ues in relation with stocking density. Tilapia bio mass in 
all treatments had the average values as presented in 
Figure 2 and prawns in Figure 3. 
 
Table 1. Selected combinations of tilapia and prawn utilized as 
treatments during a 90-day trial stocked in 1000 liter tanks at 
different Tilapia (Oreochromis sp.) densities. 

Tilapia/prawn density 

TP1 4/5 m2 

TP2 9/5 m2 

TP3 14/5 m2 

T1 4/0 m2 

T2 9/0 m2 

T3 14/0 m2 

P 0/5 m2 

3.6. Biological Indexes 

The k value between treatments was not statistically 
different (p ≤ 0.05) and all had values close to 1, which is 
an indicator of fitness (Ricker, 1975). The IHS and IHP 
did not have statistical differences either at all (p ≤ 0.05; 
Table 4). Tilapia body composition (Table 5) was mostly 
carcass (skin + bones + head), secondly body muscle and 
guts as observed in Table 6 (no statistical differences at p 
≤ 0.05). 

3.7. Water Quality Variables 

Daily temperature variations had an average of 29.9˚C 
± 1.2˚C without statistically significant differences (p ≤ 
0.05). Recorded values were from 28.6˚C ± 1.9˚C to 
31.3˚C ± 1.0˚C along the trial. 

3.8. Dissolved Oxygen 

The highest values were registered in the control (P) 
with an interval from 5.7 ± 0.5 to 5.8 ± 0.6 mg O2/l. The 
lowest values were observed in TP3 and those were from 
4.8 ± 0.5 to 5.0 ± 0.9 mg O2/l. Significant differences 
were only obtained between this last treatment and all 
others at (p ≤ 0.05).  

3.9. Chlorophyll a 

The highest concentrations of chlorophyll a were 
observed in treatments with more biomass (TP3; 16.1 
± 9.3 µ·gl−1) and the lowest in the control (P; 14.6 ± 
7.2 µ·gl−1). However, no significant differences were 
observed (p ≤ 0.05). 

3.10. Nitrogen (N) 

The lowest concentration of ammonia was in the con- 
trol treatment (P) with a mean of 0.0005 ± 0.0001 mg/l, 
while the highest concentration was 0.0279 ± 0.010 mg/l 
(T3). Significant differences were observed between TP1 
and T1 compared with all others (p ≤ 0.05). The highest 
concentration of nitrite in this study occurred in the TP2 
treatment (0.30 ± 0.01 mg/l) while the treatment P had 
the lowest (0.05 ± 0.07 mg/l). Significant differences 
were observed between TP1, T1 and T3 in comparison 
with all others (p ≤ 0.05). For the nitrates, the P treatment 
had the lower amount with average of 0.001 ± 0.002 mg/l 
while the highest was in TP2 (0.32 mg/l). Significant dif- 
ferences were the same as in nitrites (p ≤ 0.05). So, a 
positive correlation (R = 1.0; p ≤ 0.05) between nitrate 
and nitrite concentrations was found. 

Water never had critical limits of nitrites, nitrates or O2 
in agreement with Dos Santos and Valenti (2002). 

4. DISCUSSION 

None of the densities of tilapias utilized in present  
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Table 2. Initial, final and total gained weight and specific growth rate in grams of red Tilapia Oreochromis sp. (media ± std) during a 
90 day trial and stocked in 1000 liter tanks at different Tilapia (Oreochromis sp.) densities. 

Tilapia/Prawn 

 TP1 TP2 TP3 T1 T2 T3 

Initial weight 6.6 ± 2.7 6.8 ± 1.8 6.1 ± 2.3 6.4 ± 1.7 6.7 ± 2.0 6.3 ± 1.1 

Final weight 122.5 ± 40.1 128.5 ± 37.6 132.2 ± 45.6 111.6 ± 37.9 119.4 ± 40.1 117.7 ± 48.3 

Total gained weight 116.5 ± 10.8 122.5 ± 14.1 126.2 ± 21.6 105.6 ± 9.4 113.4 ± 17.2 111.4 ± 16.9 

DWG g·day−1 1.0 ± 0.1 1.1 ± 0.1 1.1 ± 0.1 0.9 ± 0.1 1.0 ± 0.2 1.0 ± 0.2 

SGR %·day−1 2.5 ± 0.1 2.5 ± 0.1 2.6 ± 0.1 2.4 ± 0.1 2.4 ± 0.1 2.5 ± 0.1 

After ANOVA, treatments were not statistically different at p ≤ 0.05. 
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Figure 1. Molt frequency of the prawn M. americanum during 
a 90-day trial and stocked in 1000 liter tanks at different Tilapia 
(Oreochromis sp.) densities. Bars with different letters are sta- 
tistically different at p ≤ 0.05. 
 
work can guarantee larger fishes since no significant dif- 
ferences on growth increase were obtained, even though 
fish condition was not affected by density or polyculture, 
in a trend previously observed [7,8]. Perhaps because the 
experimental culture conditions, DWG and SGR values 
of tilapia in this study seems to be lower (1.0 from 2.0 
g·d−1) in comparison to other findings (e.g. [22,23]; 2.9 
and 2.3 g·d−1, respectively). However, those works were 
made in ponds with peryphyton systems, at lower density 
(4/m2 or less) and with M. rosenbergii. Though, present 
proportions of tilapia muscle, guts and carcasses are com- 
parable with that works or even with some works with 
marine shrimp [14] what suggests the independence of 
this proportions from culture density.  

Figure 2. (a) Biomass obtained of red tilapia (Oreochromis sp.) 
during a 90-day trial and stocked in 1000 liter tanks at different 
densities in Polyculture with the prawn M. americanum; (b) 
Biomass obtained of red tilapia (Oreochromis sp.) at different 
densities with no prawns. 
 
benefit of tilapia presence for prawns. 

In present study, no statistical differences were ob- 
served on prawn SGR values as previously obtained by 
[7,24,25]. IHP and HIS indexes (utilized to predict tilapia 
nutritional status [26], in this study had a lower average 
value in polyculture (3.0 ± 0.7) compared with mono- 
culture (3.3 ± 1.0) but with no statistical differences, as 
also observed by [27].  

In the case of prawns, only the mean biomass for total 
weight gained (Figure 3) was significantly greater in 
TP3 with the highest tilapia growth and highest prawn 
survival. This supports that this polyculture could be 
suitable even at the highest density here utilized. Consi- 
dering total gained weight values of present work (Table 
2), it seems that high tilapia density could benefit prawn 
more than fish. Also, the best FCR for tilapia was at low 
density, being similar to Nile tilapia (O. niloticus) cul- 
tured with Litopenaeus vannamei [14]. However, for 
prawns this was at the highest density which suggests the  

It is suggested that prawn and tilapia growth was not 
affected by co-existence in present work. There are no 
previous documented studies on M. americanum poly- 
culture, yet [9] found in monoculture with this prawn, 
similar sizes to that of present work and suggested that 
its growth curve is comparable to M. rosenbergii. Indeed, 
there is plenty of previous work with that species sus- 
taining its culture with tilapia [24,28,29]. 
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Table 3. Initial, final and gained weight in grams PGD (per day, g·d−1) and TCE (specific growth rate, %·d−1) of the prawn Macro- 
brachium americanum (media ± std) during a 90-day trial and stocked in 1000 liter tanks at different Tilapia (Oreochromis sp.) den- 
sities. 

 P TP1 TP2 TP3 

Initial weight 25.3 ± 8.2 a 26.1 ± 7.5 a 25.7 ± 8.4 a 26.5 ± 8.0 a 

Final weight 41.2 ± 1.3 a 45.8 ± 1.4 a 45.4 ± 2.7 a 46.0 ± 1.4 a 

Total gained weight 16.2 ± 1.3 a 20.8 ± 1.4 ab 20.3 ± 2.6 ab 20.9 ± 1.4 b 

DWG g·d-1 0.1 ± 0.01 a 0.2 ± 0.01 b 0.2 ± 0.02 ab 0.2 ± 0.01 b 

SGR %·d-1 0.4 ± 0.03 a 0.5 ± 0.03 a 0.5 ± 0.05 a 0.5 ± 0.03 a 

From ANOVA, different letters means statistical differences at (p ≤ 0.05). 
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Figure 3. Total biomass obtained of the prawn M. americanum 
in a 90-day trail and stocked in 1000 liter tanks at different 
Tilapia densities. 
 

In present work, survival was lower for tilapia at high 
densities, even though units with crowded tilapia pro- 
duced more total tilapia biomass and higher prawn sur- 
vival. However, even the lower survival reported here for 
tilapia is common in this kind of experiments [13,22, 
23,28,30]. In agreement with those authors, prawns have 
no negative effect on tilapia survival and total tilapia bio- 
mass obtained with prawns at present work is as compa- 
rable to most reports with similar experimental designs 
[15,28,31] and higher than some prawn monoculture 
works [15,32]. Prawns present survival also seems to be 
as expected in polyculture, even though previous works 
were done with M. rosenbergii. In those works, prawn 
survival (polyculture or monoculture) use to be from 
39% to 57% [9,12,15]. The cause of highest prawn sur- 
vival in this work at high tilapia density was not di- 
rectly studied but possibly, the organic matter accumu- 
lated in the bottom or produced because of the tilapia ac- 
tivity, may help to satisfy prawn needs in addition to pel- 
let. Also, Tilapia may help to counteract cannibalism, one 
of the main causes of mortality in prawn culture [33]. It 
has been stated before that Tilapia might improve water 
quality in benefit of prawns [8,16,28]. Larger prawns 
were produced in polyculture, a fact that supports this 
previously stated fact [8,16,28,34] Most previous re- 
search agree on this topic even considering that some 
studies had report low prawn survival or low growth 
when it is cultured with tilapia [7,30]. Previous authors 
suggest that interespecific competition may exist be-  

Table 4. Feed conversion ratio (FCR) of Oreochromis sp. 
(above) and prawn M. americanum (below) during a 90-day 
trial and stocked in 1000 liter tanks at different Tilapia (Oreo- 
chromis sp.) densities. 

TP1 TP2 TP3 T1 T2 T3 

1.6 ± 0.2 1.5 ± 0.1 1.4 ± 0.2 1.5 ± 0.1 1.5 ± 0.1 1.3 ± 0.1

P TP1 TP2 TP3   

1.5 ± 0.1 1.6 ± 0.7 1.7 ± 0.2 1.7 ± 0.1   

No significant differences among treatments and controls were observed (p 
≤ 0.05). 

 
tween large prawns and tilapias, but this behavior was 
not observed in present work, even considering that M. 
americanun is often aggressive [2,3,35].  

Biological indexes such as the K condition factor 
could be stress indicators [36] but in present work, K 
value was always acceptable for tilapia in agreement with 
[37], suggesting that density may have a negative effect 
on survival but not in fitness. In fact, prawn FCR in pre- 
sent work was higher in polyculture. In regard to IHP and 
IHS values, it is known that the higher the value, the bet- 
ter the nutritional condition [26]. IHP results of this study 
were not statistically different; suggesting that polycul- 
ture at the higher density may not cause fitness problems, 
as previously observed by [27]. 

On the other hand, water quality parameters such as 
temperature, dissolved oxygen, chlorophyll a, NO2 and 
NH3 were always inside safe levels in agreement with 
[18,29,30,38], so mortalities or lower growth might not 
be related to water quality. Also, the highest concentra- 
tions of chlorophyll a in this study were registered in the 
treatments with more Tilapia (T2 and T3). This fish pro- 
duces high amounts of N wastes [39] but even the higher 
values of N wastes registered here were within the inter- 
val recommended by [40], suggesting that even the high- 
est biomass utilized here was suitable in terms of water 
quality. 

5. CONCLUSSION 

Present results indicate that tilapia and M. americanum 
polyculture in tanks actually improves prawn production 
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Table 5. Biological indexes (FC = condition factor K, IHS = hepatosomatic Index, IHP = hepatopancreatic Index) of red tilapia 
Oreochromis sp. during a 90-day trial and stocked in 1000 liter tanks at different Tilapia (Oreochromis sp.) densities. 

 TP1 TP2 TP3 T1 T2 T3 P 

FC 1.0 ± 0.2 1.1 ± 0.2 1.1 ± 0.1 1.0 ± 0.2 1.0 ± 0.1 1.0 ± 0.1 - 

IHS 1.8 ± 0.2 2.1 ± 0.6 2.8 ± 0.6 2.4 ± 1.7 2.0 ± 0.9 2.3 ± 0.7 - 

IHP 4.1 ± 1.9 3.9 ± 0.8 3.0 ± 0.7 - - - 3.3 ± 1.0 

By Anova, no significant differences between treatments and controls were obtained (p ≤ 0.05). 

 
Table 6. Body composition in percentages of the red tilapia Oreochromis sp. (±std dev) during a 90-day trial and stocked in 1000 liter 
tanks at different Tilapia (Oreochromis sp.) densities. S.C. = Stomach content. 

% TP1 TP2 TP3 T1 T2 T3 

Muscle 31.0 ± 2.0 30.9 ± 1.9 31.2 ± 1.1 30.9 ± 1.4 31.1 ± 0.9 31.5 ± 1.2 

Carcass 54.9 ± 3.1 55.5 ± 1.6 55.3 ± 1.8 55.1 ± 2.4 54.1 ± 2.1 54.1 ± 1.9 

Guts 9.6 ± 2.0 11.5 ± 1.5 10.8 ± 1.2 11.2 ± 0.8 12.1 ± 1.1 13.2 ± 1.2 

S.C. 4.5 ± 2.5 2.1 ± 1.4 2.7 ± 1.4 2.8 ± 1.0 2.3 ± 1.8 1.2 ± 0.8 

No significant differences (p ≤ 0.05) were obtained. 

 
and increases total animal biomass. Since no one of these 
treatments is statistically better than the others, the high- 
est density here utilized could be suggested for further 
research, which could be performed in small experimen- 
tal ponds, perhaps with farm raised prawns, prior to in- 
tent this kind of culture at a further production level. 
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