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Abstract

In this study, the growth of Oreochromis niloticus both mixed sex and males sexually reversed
were analyzed in concrete ponds in the FES Zaragoza, UNAM, under the environmental conditions
of the Mexico City. The experiment was carried from May to November 2013, in two concrete
ponds of 50 m2. Similar feeding regime and stocking density of fish were maintained for the cul-
ture systems. Different growth parameters like body weight, length, daily weight gain (DWG), spe-
cific growth rate (SGR), feed conversion rate (FCR), Fulton’s condition index (K) and survival were
analyzed during six months culture period. It was found that culture with monosex males tilapias
yielded the highest weight, length, DWG and SGR compared to mixed sex populations tilapias. Wa-
ter quality was monitored along the experiment. Based on the results, there were statistically
significant differences in size (W = 20942.5, p < 0.05) and weight (W = 21413.0, p < 0.05) between
the divisions of the pond. The initial total length used was 1.2 cm and ended with 20.4 cm for
monosex males, higher than mixed-sex population. The initial average body weight of the fish was
0.21 g and they recorded 192.2 g at the end of culture for monosex males. The weight-length
relationship for both populations of fish was positive allometric. The percentage gain in body
weight and total length averaged were 150% and 31.8% respectively. Specific growth rates in
weight and length for monosex males were higher than mixed-sex population. Daily weight gain
and size was similar in both populations. The FCR had a mean value of 1.9:1 for monosex males
and condition factor (K) had an average of 1.45 for mixed-sex population. Water quality indicated
good oxygenation (>5 mg/L), warm water (>20°C), productive (<100 mg/L CaCO3) and slightly
basic (pH > 8). Acceptable growth of fish and a yield of 3 ton/ha/6 months were obtained in both
two ponds; therefore, the culture of tilapia under conditions of Mexico City was recommended.
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1. Introduction

The Nile tilapia, Oreochromis niloticus (Linnaeus) is one of the most important freshwater fish in world aqua-
culture [1] [2]. It is widely cultured in many tropical and subtropical countries of the world [3]. Tilapias of the
family Cichlidae were introduced from Africa [4] and, represent important social and economic benefits to rural
communities [5].

Rapid growth rates, high tolerance to adverse environmental conditions, efficient feed conversion, ease of
spawning, resistance to disease and good consumer acceptance make it a suitable fish for culture [6]-[8]. Farmed
tilapia production decreased dramatically in recent years, decreasing from 92 981 ton in 1993 to 75,927 ton in
2011 [9]. The major concern for tilapia aquaculture is excessive reproduction and the resulting small size of the
fish produced [10]-[12]. Hence, the desirability of monosex male populations of tilapia is well established for
increased production potential and low management requirements. Besides, sex-specific differences in growth
are significant in Nile tilapia where males grow significantly faster, the metabolic energy is channeled towards
growth larger and more uniform in size than females [13]-[15]. They benefit from anabolism enhancing andro-
gens. In females, there is a greater reallocation of metabolic energy towards reproduction [16] [17].

Intensive monoculture of the fish in concrete tanks is carried out in a few countries [18]. The problem of
overpopulation in ponds caused by uncontrolled reproduction is a major constraint to the further development of
the tilapia culture industry. One solution to this problem is the use of monosex male populations which can be
produced by a number of means [18]-[20]. One method commonly used in developed countries and increasingly
gaining acceptance in developing countries is the culture of all-male fish produced by the oral administration of
17a-methyltestosterone (MT) during the period of gonadal differentiation of the fish [20] [21]. Then, the aim
was to evaluate and to compare the performance of mixed-sex and monosex stocks of Nile tilapia in Mexico
City, in outdoor fertilized concrete ponds with available natural and supplementary food.

2. Material and Methods
2.1. Experimental Fish and Feeding Trial

Nile Tilapia fingerlings (O. niloticus) were obtained from Aquaculture Production Center Zacatepec, Morelos
belongs to CONAPESCA, Mexico. Tilapia fingerlings were transported in plastic bags filled with hatchery pond
water and filled with air and transported to Experimental Aquaculture Unit at FES Zaragoza of the National
Autonomous University of Mexico, in Mexico City where this experiment was realized. The batch of tilapia
stocked in May has been over-wintered. Two concrete ponds were used for stocking of tilapia, in one with mo-
nosex male and other with mixed-sex populations stock, with a surface area of 50 m2 and water depth of 0.75 m.

Initially, 650 fish fingerlings were introduced in 1000-L circular tank and maintained during 40 days before
start the experiment. During this time they were fed with steelhead rainbow trout commercial feed (41.9% +
0.13% of protein and 12.08% + 0.12% of lipids). The acclimated fish (mean initial body weight 0.2 + 0.05 g)
were placed into two concrete ponds. Three hundred fingerlings (six fish/m2) were randomly distributed in each
pond. Fish were fed with commercial steelhead rainbow trout feed for 180 days (May to November 2013) at the
rate of 6% of their body weight for the first thirty days then gradually reduced to 3% for remaining days. The
daily ration was given in three equal proportions at 10:00, 14:00 and 18:00 h, respectively. At the beginning of
the experiment and every 30 days, 40 fish fry was individually were measured for total length (TL) and standard
length (SL) to the nearest 0.1 cm and weighed (body weight, BW) to the nearest 0.1 g. Water quality was moni-
tored along the experiment and in situ measurements were taken for environmental variables such as: water
temperature and dissolved oxygen (DO) with a water oximeter using Hanna portable (model H19146); transpa-
rency with a Secchi disk. Conductivity, pH and total dissolved solids were measured in-situ using Hanna porta-
ble combo waterproof pH/EC/TDS/Temperature Tester, model HI 991300. Total alkalinity, total harness and
ammonia-nitrogen were determined in the laboratory according to [22] [23] procedures.

2.2. Growth Performance and Fed Efficiency

The following indicators were calculated: Initial Body Weight (IBW); Final Body Weight (FBW); Initial Total
Length (ITL); Final Total Length (FTL); Daily Weight Gain (DWG); Daily Size Gain (DSG); Specific Growth
Rate (SGR in %/day) = 100 x (Ln final weight (g) — Ln initial weight (g)/days of the experiment); Feed Conver-
sion Rate (FCR) = feed intake (g)/weight gain (g); Feed Efficiency (FE) = weight gain (g)/Feed intake (g); Ful-
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ton’s condition index (K) = (body weight/total length®) x 100 and % survival, according with [18] [24] [25].
The total length (TL)-total body weight (BW) relationship was calculated by a power regression between
these variables for each sex using the formula:

BW =aTL®

where BW is the body weight, TL the total length, b the growth exponent or length-weigh factor, and a is a con-
stant. The values of a and b were estimated by means of a “linearized” form of that equation by taking (base 10)
logarithms on both sides and estimating the values of log (a) and log (b) by means of a linear regression, using
ordinary least-squares regression. Student’s t test was used to accept (or reject) the hypothesis of isometric
growth [26].

3. Statistical Analysis

Data were subjected to analyses of U-Mann-Whitney and Kruskal-Wallis [27] [28] in order to determine signif-
icant differences on fish performance (p < 0.05), using the statistical program SPSS Version 15.0 (SPSS, Mich-
igan Avenue, Chicago, IL, USA).

4. Results
4.1. Water Quality Parameters

The physical and chemical parameters of ponds water take every third day during the experiment (Table 1) were
maintained within the tolerance range of Nile tilapia. The water mean value temperature obtained in the experi-
ment was of 21°C + 0.1°C. There were not statistical differences between both ponds (W = 46.5; p = 0.147), but
a statistical difference was registered in the water temperature among the months (H = 17.6; p = 0.045). Secchi
disc transparency with a mean value of 0.32 + 0.05 m was obtained during the study. There were no significant
differences for Secchi disk depth between ponds (W = 72; p = 0.975). Dissolved oxygen fluctuated between
lowest of 5.2 + 0.7 mg/L obtained in August 2013 by mixed-sex populations and the highest of 10.3 + 0.25
mg/L recorded in June in the monosex male tilapia. There was not statistical difference in the dissolved oxygen
concentration between the ponds (W = 49.5; p = 0.203), but there was difference among months (H = 23; p <
0.017).

The surface water pH fluctuated between slight to moderate alkalinity. No acidic pH was recorded; it was al-
kaline for most part of the study. The monthly mean variations in electrical conductivity and total dissolved sol-
ids (TDS) followed similar trend with increase to end of period. There were variation in conductivity and TDS
during the study. Both electrical conductivity and TDS showed significant differences in their concentrations
among the months (H = 22.5; p = 0. 20), but there was not between ponds (W = 76; p = 0.839). The range of the
total hardness was of 35.8 mg CaCO-/L to 98.2 mg CaCOa/L. Total ammonia nitrogen concentration was lowest
at 0.1 £ 0.05 mg/L at the beginning of the study (May), it gradually increased until a maximum concentration of
0.39 + 0.1 mg/L in September. There was not statistical different between ponds (W = 65; p = 0.706).

Table 1. Data of physical and chemical parameters of the water in concrete ponds for Nile tilapia monosex male and mixed-
sex culture (mean values * s.e.) from May to November 2013.

Monosex male Mixed-sex population
Parameters Means of parameters Range of parameters Means of parameters Range of parameters

Water temperature (°C) 209+0.5 17.7-24.2 216+0.6 175-25

Dissolved oxygen (mg/L) 10.3+0.25 6.3-16.6 727107 52-9.9
pH 95+0.2 8.1-10.6 9.1+02 7.8-104
Secchi disk (m) 0.35+0.05 0.30-0.40 0.30+0.1 0.25-0.35

Total hardness (mg CaCO,/L) 92+5 45-120 68+9 36 - 98
Conductivity (uS/cm) 890 + 25 749 - 1145 856 + 40 750 - 1250
Total Dissolved Solids (mg/L) 725+ 14 520 - 952 655+ 25 456 - 998

Alkalinity (mg CaCOa/L) 108 £ 15 73-135 92+19 55-140
Ammonia (mg/L) 0.28 +0.15 0.12-0.55 0.33+0.1 0.28-0.39
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4.2. Growth Performance

The tilapia fish maintained a trend of weight increase along the 180 days trial. However, higher increase was
observed at 150 days with the commercial feed utilized. FBW, FE, DWG, FCR and K (Table 2) of fish were
significantly affected and improved by protein level of the food and possibly by the water temperature range. It
is important mentioned that the mean DWG of fish in all treatment ranged from 0.10 to 0.99 g/day (Table 2) and
the FBW is considerate very good in those concrete ponds in the Mexico City.

The survival percentage in all the culture was around 95%, the lower mortality was registered in June, proba-
bly by the manipulation realized to the fish. Total sample size of O. niloticus was 292 individuals in each pond
of 50 m2 during 180 days. Total length and body weight ranged from 2.2 to 19.8 cm and 0.2 to 131.7 g respec-
tively for mixed-sex population tilapia. In monosex males tilapia, the total length and body weight ranged from
1.2 t0 20.4 cm and 0.11 to 192.2 g respectively (Figure 1). The total length (W = 20942.5, p < 0.05) and body
weight (W = 21413.0, p < 0.05) did differs significantly between ponds.

Length-weight relationship was calculated for both populations and these equations are given as follow:

BW=0.013TL*** r? =0.990; p =3.333E —187 for monosex males tilapia

BW=0.016TL*%® r? =0.979; p =1.005E —171 for mixed —sex population tilapia
Weight increases allometrically with size (Figure 2) since the b value was significantly different than 3

Table 2. Data of stocking and harvest parameters of monosex male and mixed-sex Nile tilapia in concrete ponds (mean
values + s.e.) in period from May to November 2013.

Mixed-sex population Monosex male
Growth parameters Means of parameters Range of parameters Means of parameters Range of parameters
Initial body weight (g) 1.0+0.05 08-1.2 0.21+£0.01 0.11-0.36
Final body weight (g) 74.8+10.9 23.7-140.3 91.3+10.4 13.8-192.2
Initial total length (cm) 40+0.1 3.8-4.2 2.4+0.07 1.2-3.0
Final total length (cm) 155+1.3 11.0-21.3 16.1+0.64 9.5-20.4
SGR (%/day) 3.0+0.12 20-47 41+0.14 0.56 - 8.1
DWG (g/day) 0.52 +0.15 0.10-0.99 0.51+0.8 0.07-0.70
DSG (cm/day) 0.11 £0.05 0.10-0.12 0.07 £0.01 0.03-0.17
FCR 1.8+0.03 0.7-23 1.97 £0.07 1.65-2.25
FCI (K) 145+0.11 13-16 1.12+0.12 0.76 - 1.75
FE 1.03+0.09 081-1.21 0.74 +£0.05 0.58-0.95
Survival (%) 97.2 95

Daily Weight Gain (DWG); Daily Size Gain (DSG); Specific Growth Rate (SGR); Feed Conversion Rate (FCR) Feed Efficiency (FE); Fulton’s condi-
tion index (K).
120
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Figure 1. Growth curve of live body weight for mono-sex males and mixed-
sexd Oreochromis niloticus during the study period (mean * e.e).
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Figure 2. Length-weight relationships for (a) monosex males tilapia and (b) mixed-sex population tilapia.

(t-value = 4.67; p < 0.05).

Condition increased from May to November, this may be due to prevailing adequate environmental conditions.
When the growth began in May, the condition of the males decreased; however in August the maximum condi-
tion values were achieved, as a consequence of weight increase due to the environmental conditions and food
available.

5. Discussion

The potential role of tilapia culture in Mexico City was clearly indicated by the experiment. Analyses from the
two experiments clearly indicate that increased growth rates resulted in larger adult fish yields on monosex tila-
pia than mixed-sex populations. Fish of strains monosex reached a size of 192.2 g within a culture period of 6
months in ponds, more than mixed-sex populations tilapia (140.3 g). [14] [29] further reported similar result,
where all male tilapia showed superior growth rate over the females and mixed-sex which is in agreement with
the results of the present study. They attributed this to the fact that energy is not utilized for reproduction and
there exist no competition with younger fish in all male tilapia culture. However, has been registered that the ti-
lapia of more than 200 g attracts premium prices in the market at national level and, it is more accepted by con-
sumers.

The variation in weight observed in this study, might be explained by the establishment of hierarchies in
feeding among the fish. Dominant individuals within a population may have consumed more food and have
grown faster leaving less food for the submissive individuals, which in turn had slower growth and may have
low biomass. Hierarchical interactions among fish was evidenced by the variation in size (few small and nu-
merous large) of harvested fish following treatment. Similar results were reported by [21].

Monosex tilapia showed significantly higher weight, length, survival rate. The higher values of weight of the
fish treated can be attributed to the anabolic effect of hormone to induce sex reversal in farmed tilapias [30]. In
this respect, some studies reported that the anabolic effect of hormone showed an increase in individual growth
of tilapia [31] [32]. Other studies reported that the higher mean weights could be attributed to the improvement
of food conversion efficiency of sex-reversed fry of Oreochromis niloticus [29] [33].

Growth of individual fish was compared well with other studies. In the present study the weight growth rate
was less to 1 g/day. [34] [35] observed individual growth of 1.2 g/day in hand-sexed male tilapia raised in ponds
receiving high rate of fertilizers and 1.7 - 2.0 g/day in fertilized ponds with supplemental feeding. [36] reported
growth rates of 1.7 - 1.8 g/day in Nile tilapia reared in out-door tanks, higher than the fish culture in this study.

A further major factor affecting the growth rates of the fish was the relative exposure to lower temperatures
occurring in the latter part of the growing season. Whereas fish grew during the period of optimal temperatures
early in the season (May-July, 23°C - 25°C), the growth rate were lowest when the ambient temperature began to
decline toward the end of the culture (September-October; 22.5°C - 21°C).

[21] cited that the better performance of hormone-treated fish compared to untreated fish during grow-out is
in accordance due to a combination of factors: faster growth of males, improved food conversion efficiency and
activation of other endogenous anabolic hormones enhancing growth.

[15] mentioned that using monosex seed can control the stunting problem caused by competition for food that
otherwise occur between recruits and stocked fish. Moreover, has been showed that on average, monosex fish
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grew more than 10% faster than mixed-sex fish in both ponds and cages [31]. Faster growth of monosex tilapia
has been related to the lack of energy expenditure in egg production and mouth brooding by females and lower
energy expenditure on courtship by males [31].

The results of the present study showed that the best weight gain was observed in monosex males as 192.2 g,
the specific growth rate (SGR) was recorded of 4.1 and the food conversion ratio (FCR) was 1.12. These values
were similar to registered by [29] [37]. The commercial food presented highest values of FBW, SGR, FE and
low FCR, showing that tilapia fish require a dietary protein level of 40% and 12% of lipids. This result is in
agreement with the optimum P/E ratio for optimum growth of several species of teleost fish that range from 19
to 27 [38]. Comparatively, the requirements of tilapia fish are similar to those reported in other carnivorous
fishes ranging between 32% to 50% of protein and 7% to 17% of lipids such as in the fingerlings of bay snook
[39].

It was observed in other experiments that fish treated at higher densities had similar total length to those
treated at lower densities; thus it is apparent that the fish held at higher densities were in poorer condition, as it
is mentioned by [21]. A considerable advantage of the adequate or low stocking density was the significant re-
duction in mortality, and then high survival, as happened in this experiment.

Monthly mortality was estimated from known numbers of fish only at the beginning of the experiment. While
mortality rate was assumed constant over time, losses may have occurred mainly over some small time interval.
Mortality was generally small (<5%), so errors from this assumption should have been minor. Similar results
were obtained by [34], but different to reported by [29].

The results of the present study revealed that the growth performance between all male and mixed-sex
Oreochromis niloticus reared for 180 days under the same culture condition was significantly different, where
the male mono-sex fish attained a larger final individual size than the mixed-sex group. [29] further reported
similar result, where all male tilapia showed superior growth rate over the mixed-sex, which is in agreement
with the results of the present study.

Alkaline pH was also found to favour tilapia growth in the concrete pond together with the conductivity and
total dissolved solids. The aquatic system also showed to be productive and will support the density of popula-
tion of fishes. Then, the tilapia growth was strongly influenced by the physical-chemical factors which showed
the water quality to be good according to [22] [23]. Temperature, food abundance, nutrients were some of the
factors that could limit fish growth in the pond, and maintenance of good water quality will be a great advantage
for fish production.

Water temperature is one of the most important environmental factors affecting fish physiological responses
of growth and feed utilization. Water temperature varied little between ponds for a same date, but differed sig-
nificantly between months. Reports on Nile tilapia showed that the optimal temperature for growth and repro-
duction was between 22°C to 32°C [40] [41]. For fish increased water temperature could increase both feed in-
take and growth, while excessively high temperatures result in decreased growth and feed efficiency with de-
creased feed intake [42] [43].

Respect to the ideal DO level for tilapia culture is 4 - 5 mg/l and the present study showed higher DO values
for all the ponds attributing good environment for tilapia culture. These similar results were registered by [33].
Therefore, different physic-chemical parameters of water like temperature, DO, transparency, pH and nutrient
are generally considered to have primary importance in fish culture.

In conclusion, the present study revealed that the higher values of mean length, weight and survival rates were
recorded in fish on sex reversal of Oreochromis niloticus in the environmental condition at Mexico City. It is
possible that the higher survival at lower densities observed in this study was due to good water quality in the
pond during the treatment period. Moreover, an alternative explanation for decreased growth could be delete-
rious pH levels caused by inorganic fertilizer addition, and the fish size could be affected by non optimal tem-
perature too during experimental period. Use of hormone to induce sex reversal in farmed tilapias has become a
common practice, and it is a simple and reliable way to produce all-male tilapia stocks, which consistently grow
to a larger uniform size than mixed sex or all-female stocks. This experiment was the first of its kind, comparing
the growth performance of male tilapia and mixed-sex populations in a single environment.
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