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Abstract: Tilapia production has increased in Aguamilpa Reservoir, in Nayarit, Mexico, in the last few years and 
represents a good economic activity for rural communities and the country. We determined growth parameters, 
mortality and reproductive aspects for 2 413 specimens of blue tilapia Oreochromis aureus in this reservoir. 
Samples were taken monthly from July 2000 through June 2001, of which 1 371 were males and 1 042 were 
females. Standard length (SL) and total weight (TW) were measured in each organism. The SL/TW relationships 
through power models for sexes were determined. The growth parameters L ∞, k, and t0 of the von Bertalanffy 
equation were estimated using frequency distribution of length through ELEFAN-I computer program. Finally 
the reproductive cycle and size of first maturity were established using morph chromatic maturity scale. The 
results suggested that the males and females had negative allometric growth (b<3). Significant differences 
were found between SL/TW model for the sexes, suggesting separate models for males and females. Results 
indicate that there are no differences in growth rates between sexes; the proposed parameters were L∞=43.33cm 
standard length, k=0.36/year and t0=-0.43years. Natural and fishing mortality coefficients were 0.83/year and 
1.10/year, respectively. The estimated exploitation rate (0.57/year) suggested that during the study period the 
fishery showed signs of overfishing. Blue tilapia reproduces year-round; the highest activity occurs from January 
through May and size of first maturity was 23cm SL. We conclude that it is necessary to establish a minimum 
catch size in this reservoir based on the reproductive behavior of this species. Rev. Biol. Trop. 58 (4): 1577-1586. 
Epub 2010 December 01.
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Tilapias of the family Cichlidae were 
introduced from Africa (Gómez-Márquez et al. 
2003) and represent important social and eco-
nomic benefits to rural communities (Jiménez-
Badillo 2006). Reservoirs and lakes are the 
major tilapia fishery habitats around the world 
(Jiménez-Badillo 2004). While Mexico is a 
leading producer of tilapia in Latin America 
export levels are minimal (Ruiz Velazco-Arce 

et al. 2006). The total production in Mexico 
was of 80 614 metric tons in 2007 (CONAP-
ESCA 2008).

Aguamilpa Reservoir is located in the 
State of Nayarit, Mexico and has a storage 
capacity of ~6  950 millions of cubic meters 
when full and a surface area of ~11 500ha (CFE 
1989, Orbe-Mendoza et al. 2002). Commercial 
fishing started at the reservoir in the late 1990s, 
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benefiting inhabitants in villages and smaller 
communities surrounding the reservoir (SAG-
ARPA 2006). This fishery is now established 
and has helped to diversify economic activities. 
This State now ranks in the first place of tilapia 
production in Mexico, with an average of 2 145 
metric tons per year from 2000 through 2004 
(Pérez-Velázquez et al. 2005).

Studies of tilapia fisheries have been pro-
duced for some reservoirs and lakes in Mexico. 
Orbe-Mendoza et al. (2002) determined some 
aspects of the biology and fishing of the blue 
tilapia in the Aguamilpa Reservoir. Hernández-
Montaño & Orbe-Mendoza (2002) published 
on aspects of the blue tilapia and the Nile tila-
pia in the Zimapán Reservoir. Orbe-Mendoza 
et al. (1999) reported fishing activities of the 
tilapia in the El Infiernillo Reservoir. For this 
Reservoir, general and analytical models for 
tilapia management practices were developed 
(Jiménez-Badillo 2004). For this reservoir, 
modeling of age and growth of blue tilapia 
was performed by Jiménez-Badillo (2006). For 
Lake Coatetelco, Gómez-Márquez et al. (2008) 
did similar studies of the Nile tilapia.

The aim of this study was to evaluate 
growth parameters, mortality, population struc-
ture, reproductive season and size at first 
maturity of the blue tilapia in the Aguamilpa 
Reservoir, to provide basic information for the 
development of an appropriate fishery manage-
ment of this specie.

MATERIALS AND METHODS

This study was carried out in the Aguamil-
pa reservoir (21º53’-21º23’ N and 104º46’- 
104º25’ W) in Nayarit State, Mexico.  Basic 
data was obtained from 2 413 tilapia fish caught 
with gillnets (9.6 and 11.4cm mesh) at commer-
cial landing sites, from July 2000 through June 
2001. Standard length (SL; ±0.1cm) and total 
weight (TW; ±0.1g) was recorded. At the time 
of the catch, the sex of each fish was registered. 
Additionally, surface temperature of the water 
was recorded with bucket thermometer (T°C; 
±0.1°C) in different areas, covering the entire 
reservoir.  Statistical analysis (χ2) tested a null 

hypothesis of 1female:1male (Sokal & Rohlf 
1979) with significance set at α=0.05. 

Relationship standard length to total 
weight: The SL/TW relationship for females, 
males and all specimens were analyzed with 
the power equation WT=aSLb (Ricker 1975), 
with the parameters of the models transformed 
by the log of the linear regression equation 
(WT)=log (a)+log(SL)b, where a is a constant 
and b is the slope. In order to analyze models 
between sexes, a covariance analysis (ANCO-
VA) for elevations and slopes (Zar 1974) was 
used. The estimated b parameter was evaluated 
with t-student test (Pauly 1983).

Growth parameters: The von Bertalanffy 
growth parameters (VBGF) for females, males 
and all specimens were estimated using the 
ELEFAN-I computer program, through fre-
quency distributions of length (Gayanilo et al. 
1996). The data were arbitrarily grouped into 
class intervals of 2cm SL.

The third parameter (t0) of the VBFG was 
calculated independently, using the empirical 
formula of Pauly (1979), defined as:

log10 (-t0) = -3.922 - 0.2752 log10 L∞ - 1.038 log10 k,

where t0 is the hypothetical age at which the 
fish length is zero, L∞ is the maximum allow-
able length in environmental condition and k is 
the growth rate of the VBGF.

The longevity of individuals (tmax) was 
estimated using the following equation Pauly 
(1983):

tmax =
 3 

+ t0          k

The growth performance index (Ф’) of 
Munro & Pauly (1983) was calculated, using:

Ф´ = log k + 2 log L∞

Coefficients of mortality and exploita-
tion: The total mortality coefficient (Z) was 
estimated by a linearization curve to con-
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vert catch (Pauly 1984). Analysis used FiSAT 
software (Gayanilo et al. 1996).

The natural mortality coefficient (M) was 
calculated through the equation proposed by 
Pauly (1980):

log10 M = -0.0066 - 0 2979 log10 L∞ + 0.6543 log10 K + 
0.4634 log10 TºC

where T°C is the average surface water tem-
perature during the sampling period.

The Z and M estimates were used to cal-
culate the fishing mortality coefficient (F) with 
the formula F=Z -M and the exploitation rate 
(E) cited by Sparre & Venema (1997):

E =      F
       F + M

Relative condition factor: The relative 
condition factor (Kn), was calculated monthly 
for females, males and total sample (Le Cren 
1951):

  Kn =   TW
         TW’

where TW  is the weight of the fish and TW’ 
is the estimated weight of the fish through the 
relationship SL/TW equation calculated for this 
population.

Reproductive cycle: The maturity stages 
in 977 individuals were assigned through morph 
chromatic scale proposed by Nikolsky (1963). 
The correlation between mean surface water 
temperature and the percentage of ripe (Phase 
IV) and spawning (Phase V) fish Nikolsky 
(1963) was determined with the nonparametric 
Spearman’s rank correlation coefficient rs using 
an arcsine transformation of the percentages 
(Sokal & Rohlf 1979). 

The size at first maturity was determined 
when the height at which 50% of the cumula-
tive relative frequency of specimens were in 
ripe stage (phase IV) of the maturity scale of 
Nikolsky (1963). To get the size at first maturi-

ty the data were fitted to logistic model (Sparre 
& Venema 1997):

P =        1
       1 + e(a-bSL)

where P is the proportion of ripe individuals 
for size class, a and b are model parameters. 
Then the size at first maturity (Lm%50) was 
calculated:

Lm50% =    a
                  b

Fecundity: The fecundity of 112 females 
was determined and for an estimation of total 
fecundity, ripe females were used, taking the 
total number of eggs contained in the gonads 
(Bagenal & Tech 1978). The gonads of selected 
specimens were fixed in Gilson solution and 
oocytes were counted under a stereo micro-
scope. Individual fecundity (F) was related to 
the SL and TW by means of the F=aSLb and 
F=a+TWb equations, where a and b are the 
model parameters. 

RESULTS

Population structure: During the field 
work, 1 371 males and 1 042 females were cap-
tured for a sex ratio of 1male:0.76female. This 
was significantly different from the expected 
1:1 ratio (χ2=36.33, p<0.0001).

The SL of the catch specimens ranged 
from 10 to 40.3cm, with a mean of 23.50 
±3.34cm. Smaller sizes were found during Feb-
ruary (10.5cm SL), April (10.0cm SL) and May 
2001 (11cm SL; Fig. 1). There were no signifi-
cant differences between the size of males and 
females (U-test, p>0.05). The TW of the catch 
specimens ranged from 20 to 1 800g, with a 
mean of 475.68±188.58g. 

The monthly male-female sex ratio was 
statistically different from 1:1 (χ2-test; p<0.05) 
in July 2000 (1:0.59), December (1:0.66), Janu-
ary 2001 (1:0.57) and February (1:0.61). Also, 
the sex ratio was significantly higher for males 
(χ2-test; p<0.05) in two length frequencies (19-
23cm, 29-33cm).
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Fig. 1. Frequency distribution of length monthly for the total specimens.
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Relationship of standard length to total 
weight: The models of the power relation 
TW=aSLb for females, males and total catch 
were highly significant (F-test, p<0.00001); 
the same statistical differences were found 
between sex models (ANCOVA-test, F=8.43, 
p<0.01). Thus this suggested the use of one 
model for males and another for females. Both 
females and males showed a value of b<3 
(t-test, p<0.05), which indicates a negative 
allometric growth (Table 1).

Growth parameters: Growth parame-
ters of the VBGF estimates were: L∞=41.8cm 
and k=0.35/year for females, L∞=43.21cm 
and k=0.37/year for males and total catch 
L∞=43.33cm and k=0.36/year. The growth per-
formance index (Ф’) was higher in males 
(Ф’=2.839) than in females (Ф’=2.786) and the 
total catch was 2.830. The estimate of the third 
parameter of the VBGF (t0) was -0.43years for 
females, -0.40years for males and -0.41years 
for the total catch. Longevity was higher for 
males (8.14 years) than females (7.70 years) 
and was nearly eight years for the total catch. 
The sizes estimated by the growth models for 
females and males did not differ significantly 
(χ2=1323, p>0.05); therefore, we used a single 
model for both sexes.

Coefficients of mortality and exploita-
tion: The total mortality coefficient (Z) was 
1.94/year, the natural mortality coefficient (M) 
was 0.83/year. The fishing mortality coefficient 
(F) was 1.10/year and the exploitation coef-
ficient was 0.57/year.

Relative condition factor: There were no 
significant differences in the relative condi-
tion index (Kn) between sexes (ANOVA-test, 
F=1.058, p>0.05). The values of this factor, 
on a monthly basis were significant different 
(ANOVA-test, F=12.245, p<0.001), the highest 
value was in May 2001 (Fig. 2).

Reproductive cycle: The greatest per-
centage of mature (Phase IV) individuals in 
the monthly catches occurred from January 
through April 2001 (>20%) and the highest 
percentage of spawning (Phase V) individuals 
occurred from January through March and May 
2001 (>40%). Hence, the first four months of 
the year represent the peak reproductive period 
of blue tilapia in the reservoir. The range of 
temperature was ~8°C (24.62°C in December 
2000 and 32.72°C in July 2000) with a mean 
of 28.54±2.77°C. The percent of mature (Phase 
IV) tilapia was correlated with temperature 

TABLE 1
Parameters estimated of standard length to total weight relationship

Sex
Standard length (cm)

a b b±C.I. r2 n
Min Max

Females 10.5 37.0 0.2101 2.4287 0.1370 0.8184 1042
Males 10.0 40.3 0.1374 2.5641 0.1426 0.8449 1371
Both 10.0 40.3 0.1625 2.5104 0.1404 0.8349 2413

a=model parameter, b=allometry coefficient, C.I.=confidence interval and n= sample size.

Fig. 2. Average of relative condition factor (±standard 
deviation).
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(rs=0.67, p<0.001) and the percent of spawning 
stage (Phase V) tilapia was slightly correlated 
with water temperature (rs=0.64, p<0.05). The 
highest percent of mature and spawning tilapia 
occurred during January, February, March and 
May 2001, when monthly water temperature 
ranged between 25 and 28.3°C (Fig. 3).

The length at which 50% of the specimens 
were mature was 23cm. The smallest mature 
tilapia was 18cm (Fig. 4).

Fecundity: The fecundity ranged from 
118 eggs (22.7cm SL) to 5 753 eggs (29cm 
SL), with a mean during study period of 1 
231±802eggs. No significant relationship was 
found between SL and fecundity (r2=0.02, 
F=3.27, p>0.05; Fig. 5). There was no relation-
ship between fecundity and TW (r2=0.002, 
F=0.260, p>0.05). The highest average fecun-
dity occurred in females with an SL of 28-30cm 
(2 268±232eggs) and the lowest in females 
with a SL of 20-22cm (938±519eggs).

DISCUSSION

Blue tilapias (O. aureus) in Aguamilpa 
Reservoir were larger than those reported in El 
Infiernillo Reservoir (15 to 30.5cm SL) in the 
State of Michoacan (Jiménez-Badillo 2006) 
and similar those found by Ramos-Cruz (1995) 
in the Benito Juárez dam (10.6 to 39.8cm total 
length). This may be related to differences 
among fishing gear used at Aguamilpa Res-
ervoir than other regions of Mexico. The size 
reported in O. niloticus for several reservoirs 
and water bodies of Mexico are lower than 
those found in the present study, for example 
in Coatetelco lake, Morelos the size ranged 
was from 11.7 to 20.6cm total length (Gómez-
Marquez et al. 2003).

Carlander (1969) points out that, regarding 
the relationship of SL to TW, the values of b 
should vary between 2.5 and 3.5. For blue tilapia 
in Aguamilpa, estimates of b for males, females 
and total catch growth rate indicate a negative 
allometric (b <3), which is similar to reservoirs 
in Cuba (Fonticiella 2000), El Infiernillo (Jimé-
nez-Badillo 2006) and Benito Juárez Reservoir 

in Oaxaca (Ramos-Cruz 1995). Allometric 
growth is often common in species of the genus 
Oreochromis, as reported for the Nile tilapia in 
Lake Coatetelco in Morelos (Gómez-Márquez 
et al. 2008) and the Shanawan Channel in 

Fig. 3. Reproductive pattern and monthly surface water 
temperature (T°C).
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Egypt (Khallaf et al. 2003) and for the longfin 
tilapia (O. macrochir) in the Okavango Delta 
of Botswana (Booth & Merron 1996) and Lake 
Metztitlan, Ibáñez (2004) found that allometric 
coefficient may vary through year reaching val-
ues of three when environmental conditions are 
suitable for species. The allometric growth for 
different species of tilapia has been attributed 
mainly to problems of food and fish density in 
the water (Murphy et al. 1991). The significant 
differences found between the SL/TW models 
for males and females has not been reported in 
earlier works except for Fonticiella (2000) who 
indicates that these differences may be related 
to sexual dimorphism and behavior.

Growth parameters of the VBGF for the 
total catch were L∞=43.33cm SL, k=0.36/
year and t0=-0.43years. With no significant 
differences between sex models, there are 
not evidence indicating a growth differential 
between males and females. For this reservoir, 
Orbe-Mendoza et al. (2002) estimated growth 
parameters of L∞=36.5cm SL and k=0.6/year 
and calculated growth to be faster than reported 
in our study; however, we found a greater 
range of sizes than reported by Orbe-Mendoza 
et al. (2002). This permits better estimates of 
parameters in the VBGF, compared with simi-
lar studies with blue tilapia in other reservoirs 
in Mexico. Table 2 indicates that there may be 
differences in the growth of this species in dif-
ferent areas caused by factors such as tempera-
ture, availability of food, metabolic activity and 
reproductive activity, among other differences 
as reflected in parameters L∞ and k (Isaac 1990, 
Jiménez-Badillo 2006).

The natural mortality coefficient (0.82/
year) was lower than the fishing mortality 
coefficient (1.12/year). The exploitation rate 
was 0.57/year, higher than the optimal level 
(E=0.5/year) proposed by Gulland (1971). This 
suggests that blue tilapia overfishing during our 
study period although the former possibility 
is function of the gear fishing characteristics, 
effort and is necessary evaluate it in futures 
studies. Orbe-Mendoza et al. (2002) reported 
an exploitation rate of 0.47/year, that overfish-
ing was not present at that time. Since 2001 
catches have increased and now exceed 2 000 
metric tons per year and it is likely that the 
fishery is now overexploiting the resource 
(SAGARPA 2006).

Blue tilapia spawning is partially asyn-
chronous, that is, the gonads are not fully 
mature at the same time (Jiménez-Badillo 
2006). Spawning can be sequential most of the 
year, but we found more mature females from 
January through April 2001, suggesting mul-
tiple spawns during the year while the highest 
frequency of spawning occurring from Janu-
ary to May 2001. Orbe-Mendoza et al. (2002) 
reported that more than 85% of females are 
mature or spawning during April and May.

In El Infiernillo Reservoir, reproductive 
peaks occurred from May through August 
and October through January (Jiménez-Badillo 
2006). In the Zimapán Reservoir in Hidalgo, 
peak spawning activity of tilapia was similar 
to this study, March to May and September 
(Hernández-Montaño & Orbe-Mendoza 2002).

Highest values or the relative condition 
factor (Kn) occurred during September 2000 

TABLE 2
Growth parameters for Oreochromis aureus in four reservoirs in Mexico

Authors L∞ (cm) k (yr–1) t0 (yr) Ф′ Reservoir
This study 43.3 0.32 -0.430 2.83 Aguamilpa, Nayarit
Jiménez-Badillo, 2006 47.9 0.46 -0.055 3.02 Infiernillo, Michoacan
Hernández-Montaño & Orbe-Mendoza, 2002 41.3 0.66 -0.250 3.05 Zimapan, Hidalgo
Orbe-Mendoza et al., 2002 36.5 0.60 2.90 Aguamilpa, Nayarit
Ramos-Cruz, 1995 29.6 0.22 -0.904 2.29 Benito Juarez, Oaxaca

L∞=maximum allowable length, k=the growth rate, t0=hypothetical age at which the fish length is zero and Ф′=growth 
performance index.
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and February and May 2001, which were the 
months with the largest percent of spawning 
and post-spawning females.

The peak period of reproductive activity 
of blue tilapia started when the surface water 
temperature was in the range of 25-28.3°C. 
Saavedra-Martínez (2006) found that the repro-
duction of tilapia under cultivated conditions 
occurred at temperatures ranging from 26-29°C. 
In the present study we found that fecundity 
can vary in one size and ranged from 118 eggs/
fish (22.7cm SL) to 5 753 eggs/fish (29cm SL), 
with no other published studies of fecundity 
for blue tilapia in environmental conditions. 
For the Nile tilapia in Lake Chila in Veracruz, 
fecundity ranged from 1 505 to 5 559 eggs for 
females range from 23.5 to 32.5cm (Basurto-
Origel 1994). In the Coatetelco Lake, Mexico 
the fecundity in O. niloticus varied from 104 
to 373 eggs/fish (Gómez-Marquez et al. 2003) 
and the size range was lower that present work 
(12.5 to 20.9cm total length). Peña-Mendoza et 
al. (2005) determined the fecundity in O. niloti-
cus in Emiliano Zapata dam, Morelos, Mexico, 
found that varied between 243 to 847eggs/fish 
with size ranged from 14 to 22cm total length. 
The fecundity to Nile tilapia in the Opa Reser-
voir in Nigeria reported by Komolafe & Ara-
womo (2007) was between 73 eggs (18.8cm) 
to 1 810 eggs (29.7cm). 

The size at first maturity of blue tilapia in 
the Aguamilpa Reservoir was 23cm SL. This is 
no different from other reports: 25cm (Orbe-
Mendoza et al. 2002) and 22cm (Ramos-Cruz 
1995), given that size at maturity probability is 
affected by fishing or environmental conditions 
like temperature and available of food. For the 
Aguamilpa Reservoir, the minimum capture 
size of 25cm for tilapia, which was proposed 
by SAGARPA (2006) would protect 80% of the 
mature individuals; however, the size is not yet 
been regulated.

Although the catch of blue tilapia in the 
Aguamilpa reservoir has increased to more 
than twice the reported catch of 2000 and 
2001, the catch might have been sustained 
by repopulation programs conducted in the 

reservoir (SAGARPA 2006). However, this is 
no comfort to the fishery since there are clear 
indications of overexploitation of the resource. 
To maintain a sustainable fishery, a minimum 
capture size, based on the information available 
about maturity and size and on appropriate size 
of gill nets, is needed.
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RESUMEN

Los parámetros de crecimiento, reproducción y mor-
talidad de Oreochormis aureus en el embalse de Aguamilpa, 
México fueron determinados. Un total de 2 413 organismos 
se recolectaron entre julio de 2000 y junio de 2001, de los 
cuales 1 371 fueron machos y 1 042 hembras. Se analizó la 
relación longitud estándar (LE) y peso total (PT) mediante 
modelos potenciales. Los parámetros de crecimiento de la 
ecuación de von Bertalanffy fueron estimados usando la 
distribución de frecuencia de tallas con ayuda del programa 
ELEFAN-I. Finalmente se determinó el ciclo reproductivo, 
talla de primera madurez y fecundidad. Los resultados 
indicaron que tanto hembras como machos presentaron 
crecimiento alométrico negativo. Se encontraron diferen-
cias significativas entre hembras y machos para la relación 
LE-PT sugiriendo modelos separados por sexo. No existie-
ron diferencias significativas en el crecimiento por sexo y 
la tasa de explotación estimada (0.57/año) sugiere que la 
pesquería durante el periodo de estudio mostró signos de 
sobreexplotación. La tilapia azul se reproduce a lo largo del 
año con mayor intensidad entre enero y mayo. Por lo tanto 
se concluye que es necesario establecer una talla mínima 
de captura con base en el comportamiento reproductivo 
de la especie. 

Palabras clave: crecimiento, reproducción, tasa de explo-
tación, Oreochromis aureus, embalse de Aguamilpa, 
ELEFAN.
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