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Reproductive aspects of Oreochromis niloticus (Perciformes: Cichlidae)
at Coatetelco lake, Morelos, Mexico
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Abstract: Sex ratio, size at maturity, maturity stages, fecundity and egg diameter of Oreochromis niloticus from
Coatetelco Lake, Morelos State, Mexico, were studied from January to December 1993. Sex ratio (male:female)
was approximately 1:1.02. Length at maturity was 117 mm (males) and 120 mm (females). The fecundity ranged
between 104 and 709 eggs, with egg diameter from 1 000 to 3 000 pm. The gonadosomatic and hepatosomatic
index indicate that the species breeds during summer and winter.
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Tilapias (Cichlidae) constitute a group of
native fishes from Africa, that have been intro-
duced into various other countries. The Nile's
tilapia Oreochromis niloticus (Linnaeus, 1757)
is one of the most widespread and important
fishesin tropical freshwater aguaculture. There
is a growing consensus that tilapias can
become the world’'s most important warm
water cultured fishes. The main advantage of
tilapiais its relatively low cost of production,
mainly for fry and feed, and the quality of its
flesh. The attributes which make Nile's tilapia
so suitable for fish farming are its general har-
diness, ease of breeding, rapid growth rate,
ability to efficiently convert organic and
domestic wastes into high quality protein, and
good taste (Wohlfarth and Hulata 1983, Yi et
al. 1996). In spite of these qualities, during
1997 the extensive aguaculture in Mexico pro-
duced 83 132 t of tilapias (Anonymous 1998).
This figure only represents about 5.29 % of
total production from fish caught in lakes and
from fish farming.

Knowledge on their biology is essentia
for rational utilization of stocks. Studies on
breeding season and factors associated with it
are needed to protect new recruits and predict
recruitment variability. Other advantages in
favour of economic culturing of O. niloticus
areits herbivorous nature and its mouth-brood-
ing habits. The main reason that tilapias make
arelatively small contribution to fisheries pro-
duction in most countries, in spite of their
desirable traits, is their early sexual maturity.
Tilapias reproduce when they are only a few
months old, often below market weight. Early
sexual maturity may also have a negative
influence on growth rate (Morales 1991).
Actually, O. niloticusis ecologically and com-
mercially the most important species in
Mexico aquatic systems. Thefishisamaterna
mouth-brooder.

Various aspects of the biology of
Cichlids of commercial importance have been
studied by Fryer and lles (1972), Babiker and
Ibrahim (1979), Arredondo-Figueroa and
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Guzman-Arroyo (1986), Gémez et al. (1993),
Morales (1991), Morales (1992), Castrején et
al. (1995), Palacios (1995), Ramos-Cruz
(1995) and Fawole and Arawomo (2000).
There are however, unpublished accounts on
the biology of these species from Coatetelco
Lake, Mexico. The purpose of this study was
to analyze the relationships among fecundity-
length, fecundity-weight, oocyte diameter, and
the reproductive cycle of O. niloticus.

MATERIALSAND METHODS

Samples from the commercia catch at
Coatetelco Lake, located in Morelos State
(18°45' N, 99°20" W, dltitude 1100 m), were
taken approximately at monthly periods from
January to December 1993. Fish were caught
by a static gill net with 5.08 cm of mesh size.
The specimens were collected by the same
fisherman in the same place and date. A total of
319 fish were analyzed: 161 females and 158
males. Fish were measured for total (TL) and
standard lengths (SL) to the nearest 1 mm
(from the tip of the snout to the end of the cau-
dal fin), weighed (total weight) to the nearest
0.1 g and dissected to determine sex; the
gonadic maturity stage was recorded following
Holden and Raitt (1975) procedures. The
gonads and liver were removed and weighted
to the nearest 0.01 g. The sexual proportion
mal e:female was obtained. The mean length at
first reproduction, or mean length at sexual
maturity was obtained as the length at which
50 percent of al individuas are sexually
mature (King 1995). Gonadosomatic index
(GSl) for each fish was caculated as the
weight of the gonads relative to the total body
weight, expressed as a percentage (de Vlaming
et al. 1982). Hepatosomatic index (HSI) was
calculated for females asthe weight of theliver
relative to the total body weight, expressed as
a percentage. The monthly frequency of the
various gonad stages, and mean monthly GSI
and HSI were plotted by month to determine
the reproductive cycle and the breeding season
of the fish. Ripe female fish (85) were used for

fecundity estimations. Fecundity was estimat-
ed using the total number of oocytes contained
in the ovary of the fish, and diameters of the
oocytes were measured with a dissecting
microscope equipped with an ocular microme-
ter. The variation of fecundity with fish body
length was estimated (Bagenal 1978). A mean
fecundity from al samples was calculated
using a “direct summation” procedure
(Shoesmith 1990).

Catal ogue number of voucher specimens:
IBUNAM-P 8832.

RESULTS
Sex ratio

The 319 fishes ranged from 117 to 206
mm intotal length, and 31.2 to 167.0 g in body
weight with 161 females (50.4 %) and 158
males (49.6 %). Females were more numerous
from July to November and the males from
January to June, except April (Table 1). The
sex ratio was 1:1.02 (males. females), and did
not differ significantly of the sex ratio 1:1 (x?
= 0.02; p=0.05).

TABLE 1
Sex ratio at monthly periods and total for O. niloticus

Month Total Femae Mae X2 Prob.
) (m)

January 29 11 18 1.69 ns
February 27 12 15 0.33 ns
March 30 8 22 6.53* *
April 29 17 11 1.28 ns
May 30 14 16 0.13 ns
June 30 15 15 0.00 ns
July 29 17 12 0.86 ns
September 30 20 10 3.33 ns
October 29 18 1 1.69 ns
November 29 17 12 0.86 ns
December 28 12 16 0.57 ns
Total 319 161 158 0.02 ns

*Values significant at p<0.05; ns= no significant
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Maturity stages

The increase from the immature condition
to the ripe condition through well-defined inter-
mediate stages of maturation and ripening, and
the percentage of each stage of gonadal devel-
opment is illustrated in Fig. 1. According with
the females gonadic maturation stages, 0.6% of
the total fishes were maturing (I1), 51.6% were
mature (I11), 14.3% were ripe (1V), and 33.5%
were spent (V). Therefore, the 47.8% of the
fishes were in reproductive process. In the
males gonadic maturation stages were: 7.0% of
the total fishes were maturing (I1), 29.0% were
mature (I11), 5.0% were ripe (1V), and 59.0%
were spent (V). Therefore, the 64.0% of the
fishes were in reproductive process

Fig. 1 shows that for the female in
February, April and June the highest propor-
tion of the average gonadal ripe stage (IV) was
present. On the other hand, the fishes in spent
stage (V) increased from January to April and
in July. This percentage decreased progressive-
ly towards December. Similar results were
obtained for the male (Fig. 2).

Size at first maturity

The relation between body length and
gonadal development was examined in 311
fishes from randomly selected catches. Young
males and females attain maturity while they
are in their first year of life. The smallest
mature female was 120 mm long and the
smallest mature male was 117 mm long. The
smallest ripe female was 141 mm in total
length and 50 g of total weight, while the
smallest ripe male was 144 mm long. It
appears that females attain maturity earlier in
lifewith asize around 3 mm larger than males.
None of the fish examined was immature
beyond a body length of about 150 mm.

Fecundity

The total lengths of the specimen exam-
ined ranged from 125 mm to 209 mm while the
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Fig. 1. Seasonal variation of development maturity stage
of ovary for O. niloticus.
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Fig. 2. Seasonal variation of development maturity stage
of testis for O. niloticus.

total weight ranged from 41.4 g to 167.0 g. In
small ripe females, fecundity ranged from 104
to 373 oocytes/fish, and the mean fecundity
decreased progressively with fish length
between 125 to 144 mm long body. In larger
fish, fecundity increased (609 to 709
oocytes/fish) with total length (205 to 209
mm) (Table 2). The relationship of fecundity
with fish total length was analyzed for al the
examined fish; it can be expressed by the fol-
lowing equation where F= fecundity
(oocytesd/fish) and TL= total length (mm):

F = 0.4701 TL 24808
Regression analysis of fecundity versus
body weight, where F= fecundity
(oocytes/fish) and TW= Total weight (g) was:

Log F=1.1421 + 0.8085 Log TW
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TABLE 2
Variation of fecundity with length and weight in females of O. niloticus

Total length Total weight Fecundity
Range (mm) Frequency Mean (g) Range mean
(oocytes/fish)
125-129 4 41.4 241-297 269
130-134 6 426 174-373 241
135-139 8 43.9 104-272 207
140-144 12 449 127-352 204
145-149 12 50.9 231-430 325
150-154 16 54.4 238-499 323
155-159 10 65.3 271-384 327
160-164 8 60.8 169-704 307
165-169 4 68.5 263-419 341
170-174 2 88.0 360-380 370
180-184 2 97.4 451-531 491
205-209 1 167.0 609-709 659
DISCUSSION

The correlation between fecundity and
body length expressed relationship was lower
(r=0.7930, p<0.001) than the fecundity-body
weight correlation (r=0.8064, p<0.001). The
mean fecundity obtained for tilapiathrough the
direct summation procedure was 465 oocytes.
The number of ripe oocytes increased with
ovarian weight in small fishes and the diame-
ter of oocytes contained in the ovaries ranged
of lessthan 1 000 um for fish in gonadal stage
Il; between 1 000 and 2 000 pum for fish in
gonadal stage |11, and between 2 000 and 3 000
pm for fish in stage of gonadal stage IV.

Gonadosomatic and hepatosomatic index

The gonadosomatic index increases with
the progressive development of the gonads in
both males and females until gonads are ripe
and, the index then declines sharply in spawn-
ing and spent fish. The increase in weight from
immature to the ripe condition through inter-
mediate stages of maturation is illustrated in
Fig. 1 and Fig. 2. Inrelation with reproduction,
the maximum value of the gonadosomatic
index for females was obtained in June and
January (Fig. 3) and, during December and
June for the males. An opposite pattern
between gonad and liver weight means for
females was detected.

According to sizes obtained in
Oreochromis niloticus the individuas have
been considered as small fishes, due to that
were caught by static gill-net with mesh size of
5.08 cm. Therefore, is necessary change the
mesh size of the gill-net (probably to eight or
nine cm) with the intention to obtain more pro-
duction in weight and size. Ramos-Cruz
(1995) and Palacios (1995) reported that the
total average length for O. aureus using gill-
net with mesh size of 9 cmis20.9 cm. Thisis
the reason why the former recommendation is
made.
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Fig. 3. Seasonal variation of the gonadosomatic (Gl) and
hepatosomatic (HI) index of females and males of O.
niloticus.
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The sex ratio for O. niloticusin Coatetelco
lake indicate that male and femal es are approx-
imately nearly equal in numbers and the devi-
ation from the expected 1:1 (malefemale) was
not significant. Fawole and Arawomo (2000)
also indicated that for every female, thereis a
male specimen in Sarotherodon galilaeus.
Babiker and Ibrahim (1979) reported for T.
nilotica that the two sexes are present in an
almost 1:1 ratio in populations of middle-age
fish. Nikolsky (1963) cited that the sex ratio
varies considerably from species to species,
but in the majority of cases it is close to one,
and may vary from year to year in the same
population. It isimportant to stand out the fact
that the capturesin some time are composed by
more males, which could be favourable to the
fishery, because this can serve as a regulatory
mechanism for the sex ratio. This may be due
to the passive nature gill nets or because the
nets not were set close to the brooding
grounds. Ramos-Cruz (1995) mentioned that
the sex ratio for O. aureus was of 2.6:1
males.females, which considers normal. Also,
Fryer and lles (1972) point out that in the
African lakes it is common that in the popul a-
tions of cichlids the males dominate because
they generally present more growth than the
females, without this representing arisk situa-
tion for the fishery.

In this study the sex ratio was different in
each one of the samples. This variation in the
sex ratio can occur because once the fertiliza-
tion of the eggs has concluded, the males pos-
sibly emigrate from the areas of spawning
toward feeding areas located in the shallow
part of the lake (where they are captured). The
females possibly go toward submerged vegeta-
tion and rocky areasto avoid the fishermen and
to carry out the incubation and protection of
the offspring.

In spite of the variation in the gonadal
stages males and females, the periodicity of
spawning for O. niloticus at Coatetelco lake,
indicate that the fish spawn at least twice in the
breeding season. Castrejon et al. (1995) for O.
niloticus and Babiker and Ibrahim (1979) for
T. nilotica found that females breed more than

once in a season. Morales (1991) mentioned
that the frequency of tilapia spawning varies
considerably in function of the environmental
factors and that in Mexico tilapia may present
a frequency of up to 10 spawning for year.
Bardach et al. (1986) reports that when the
tilapias has reached sexual maturity, they can
reproduce from three to six weeks while the
water iswarm, and when environmental condi-
tions are unfavorable the reproductive activity
is suspended.

In this study the smallest mature male had
a total length of 11.7 cm while the smallest
mature female had a total length of 12.0 cm.
Uchida and King (1962, in Morales 1991)
mentioned that the tilapias attain their sexual
maturity at three months old with atotal length
of 8to 16 cm. Gémez et al. (1993) found for
O. mossambicus that the total length of the
smallest mature male and female were
between six and eight cm, and three months of
age. Ramos-Cruz (1995) indicates that O.
aureus reaches the sexual maturity at 22 cm of
total length at six months old. Fawole and
Arawomo (2000) cited for S. galilaeus that
males in Opa reservoir matures at about the
same size as the female (12.5 and 11.7 cm
respectively). This difference arises because
the sexual maturity isafunction of the size and
may be influenced by the abundance and sea
sonal availability of food, the temperature, the
photoperiod and by other environmental fac-
tors in different localities (Nikolsky 1963,
Babiker and Ibrahim 1979).

Arredondo-Figueroa and Guzman-Arroyo
(1986) mentioned that Oreochromis spp is a
mouth brooder with small gonads of less than
700 eggs. In this study, we reported a fecundi-
ty range from 104 to 709 eggs. This result is
lower than that observed by other workers for
O. niloticus. Fryer and lles (1972) obtained a
fecundity of 3 706 eggs from a gigantic female
specimen with total length of 57 cm of T. nilot-
ica. The maximum numbers of eggs counted in
the ripe ovaries of any mouth-brooding cichlid
are 4 300in a25 cm specimen of the T. aurea.
Babiker and Ibrahim (1979) reported a fecun-
dity range of 300 - 2 800 eggs for T. nilotica
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whose body length ranged from 11.0 and 32.0
cm. Palacios (1995) cited a fecundity range of
162 - 954 eggs for O. aureus whose body
length ranged from 18.4 cm and 30.2 cm in
Adolfo Lopez Mateos dam, in Mexico. Moyle
and Cech (2000) mentioned that in mouth-
brooding cichlids, the fecundity is often con-
siderably higher because the parents assure the
survival of the offspring, and in consequence
less mortality. In addition, the variation in
fecundity may be attributed to differential
abundance of food within the members of the
population, and Bagenal (1978) cited that fish
species exhibit wide fluctuations in fecundity
among fish of the same species, size and age.

On criteria of length, females reach matu-
rity before males (12.0 and 11.7 cm, respec-
tively). Small females produce only afew eggs
but fecundity is directly correlated with body
length (r=0.7930) and body weight (r=0.8064).
Even when expressed in terms of body length,
the fecundity by O. niloticus, of the order of
exponential (2.4808) of length, is much lower
than that of most economically exploited
species, as mentioned by Babiker and Ibrahim
(1979) for T. nilotica. Similar values for O.
mossambicus (Gomez et al. 1993) and S
galilaeus (Fawole and Arawomo 2000) were
obtained. Thisis most probably aresult of the
restrictions imposed by the mouth-brooding
habit of this species and the limited space
available for rearing of the spawn in the mouth
cavity (Babiker and Ibrahim 1979).

The occurrence of eggs of varying sizesis
also an indication of multiple spawning by this
species and the egg diameter varied in fish of
the same length or weight. In this study the
eggs ranged between 2.0 and 3.0 mm. Fawole
and Arawomo (2000) mentioned for S.
galilaeus an egg diameter of 2.49 + 1.81 mm.
Fryer and lles (1972) reported that T. galilaeus
had a maximum egg diameter of 2.2 mm; fur-
thermore, they mentioned that egg size varies
considerably from species to species among
the mouth brooding forms. These differences
in egg and brood size must have some hiolog-
ical significance and an attempt has been made
to explain them, at least in part, in terms of the

habitat in which the various specieslive. There
appears to be arelationship between the risk of
being eaten and the size of the egg produced.
However, the degree to which an animal is
able to separate the growth and reproductive
phases must depend on the constancy and pre-
dictability of the environment.

In spite of the periodicity of oviposition
and spawning, the generation and development
of gonads seemed to proceed without interrup-
tion as indicated by the high frequency of
occurrences of all stages of gonadal matura-
tion. Babiker and Ibrahim (1979) cited that it is
possible that in this species and in the majori-
ty of teleosts oogenesis proceeds uninterrupt-
edly or cyclically throughout reproductive life.
Mature ovaries were available all the year
round and this is an indication that the fish
breeds throughout the year. The GSI for the
males was aways lower than those from
females. This is associated with relatively
heavier female gonads. These observations
suggest, that, in spite that the pattern of varia-
tion in the mean gonad weight, the evidence
found in this study corroborates the summer
and winter spawning season for this species.

The reproductive season for this species,
showed that the liver weight is minimal in
spring. Salgado-Ugarte (1995) mentioned that
the poor somatic condition during the spawn-
ing season is a common observation in many
species of fish, and give and indication that the
somatic growth is limited due to the develop-
ment of gonads, furthermore, the decrease in
condition has been ascribed to a depletion of
body reserves during gonad maturation.

The data and information presented here
indicate that the GSI may perhaps not yield a
totally accurate indication of gonadal activity.
Garcia-Berthou and Moreno-Amich (1993)
cited that the use of the multivariate analysis of
covariance (MANCOVA) could be applied
most appropriate the use of this measurement.
This method have the advantages of eliminates
the effect of theindividual size, theincrement in
the variability when comparing variables by
means of aratio and the anomalous characteris-
tics of estimating mean true values of the ratio.
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RESUMEN

En este estudio se analizaron algunos aspectos repro-
ductivos de la mojarra-tilapia Oreochromis niloticus L. en
el lago de Coatetelco, Morelos. La informacion esta basa-
da en los datos biol 6gicos de 319 organismos obtenidos de
enero a diciembre de 1993 de la captura comercial. Las
hembras (161) representaron el 51% y los machos (158) el
49 % del total de la poblacion. La proporcion de sexo fue
de 1:1.02 (X— = 0.02; p=0.05). Los peces acanzan la pri-
meramadurez sexual alos 117 mm y 120 mm de longitud
total (hembras y machos respectivamente). El nimero de
6vulos presentes en las gonadas oscil 6 entre 104 y 709 con
didmetro de 1 000 a 3 000 um, lo cua hace que esta espe-
cie tenga baja fecundidad pero dtafertilidad por los habi-
tos de reproduccion que presenta la especie. Se aplico e
indice gonadosomaético y hepatosomético con los cuales se
detectaron dos periodos (verano e invierno) de maximaac-
tividad reproductiva.
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