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ARTICLE INFO ABSTRACT

Article History: Understanding the reproductive dynamics of a fish species is a fundamental
Received: March 20, 2021  aspect to provide sound scientific advice for fisheries management. So, the aim
Accepted: April 9, 2021 of this study is to afford some aspects of the reproductive dynamics of Tilapia

Online: April 14, 2021 zillii for the first time in a Ramsar site (Ayata Lake), south-eastern Algeria. A

total of 470 individuals of T. zillii (224 males, 231 females, and 15
Keywords: undetermined) ranging in size from 3.53 to 23.8 cm TL, were sampled in a
Tilapia zillii, Ramsar site (Ayata lake) between November 2018 and November 2019. The
Spawning season, overall sex ratio was 0.97:1 males to females which were not significantly
Length at first maturity, different from 1:1. Seasonal sex distribution was in favor of females during
Ramsar site, autumn, winter, and spring. Macroscopic examination of gonads and monthly
Avyata lake, follow-up of gonado-somatic index indicated that spawning occurred once a
Algeria. year between March and August with peak activity in June. The length at first

maturity (L) Was estimated at 9.7 cm for females and 8.5 cm for males. The
condition factor k indicated a good condition of the individuals that is reflected
by an accumulation of reserves.

INTRODUCTION

To understand fish population dynamics, reproductive information, such as the
spawning season, the maturation of oocytes, the size at first sexual maturity, gonado-
somatic index (GSI), sex ratio, fecundity and recruitment, is crucial. Understanding the
reproductive biology of a species is the central aspect of providing sound scientific advice
for fisheries management such as minimum legal lengths, closed season and closed area.
Reproductive biology also plays an important role in determining productivity and
therefore a population’s resiliency to exploitation by fisheries or to perturbation caused
by other human activities (Mehanna et al., 2012; Al-Kiyuni et al., 2014; Mehanna, 2014;
Mehanna et al., 2019). In Algeria, despite the recent updating attempts of freshwater fish
species inventory (Bacha and amara, 2007; Kara, 2012; Guezi and Kara, 2015; Guezi et
al, 2017), efforts are still needed in some geographical areas to construct a database about
the fishery status, biology, ecology and dynamics of fish species because most of these
data are generally unknown.

Tilapia is the common name of more than 70 fish species belonging to family
Cichlidae which undergo under three genera (Sarotherodon, Oreochromis and Tilapia)
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(Meyer, 2002). It is known that family Cichlidae have a high economic significance in
tropical inland waters in Africa, and they play important role in the ecology of freshwater
bodies (lkomi & Jessa 2003). Tilapia zillii (Gervais, 1848) along with the other tilapias
have been the object of considerable research because of its suitability for aquaculture. It
can tolerate a wide range of temperature and salinity and can utilize aquatic vegetation.
This species has established successfully in the Ayata lake and forming a considerable
part of the catch.

Many data are available on the growth, biology and physiology of Tilapia zilli in
the African countries (El-Zarka, 1956; El-Zarka et al., 1970; Polat, 1998; Dikel et al,
2002; Yildirim et al., 2009; Mahmoud et al., 2011; Yildirim and Guro, 2015), but there
are very scarce researches on its ecology and biology in Algeria (Zouakh et al., 2005 &
2016; Belarouci, 2005; Chaibi et al., 2012). Despite the importance of T. zillii and its
widespread occurrence, little information about its reproductive biology and dynamics is
available. So, this study was undertaken to provide the basic data on some aspects of the
reproduction such as the spawning period, the size at first maturity, gonado-somatic index
(GSI), sex ratio and condition factor of Tilapia zilli in a Ramsar site (Ayata lake), south-
eastern Algeria for the first time.

MATERIALS AND METHODS

1. Study area

Ayata lake, which lies on Oued Righ valley, extends over 155 ha near the National
Highway n° 3 to about 6 km after Djamaa direction towards the city of Touggourt. The
site is located 150 km West of EI Oued city. It has an average altitude of 31 m, delimited
by the following geographic coordinates: 33° 29'17"an d 33° 29'48"'N-05° 59'10""and 05°
59'37"E (Fig.1). The region has a typical climate of Sahara where the dry season extends
throughout the year with annual average temperatures exceeding 25 °C. Rainfall (~2-3
months in winter) is characterized by great irregularity inter-annually and inter-monthly.
The coldest month is January (11 °C) and the warmest one is July where temperatures
often exceed 47 °C. Sirocco blows frequently in the area and it often creates sandstorms
(Guezi et al., 2017). Water temperature is between15.8 and 31 °C and salinity between 8
and 11.5 g/l (Gouasmia et al., 2016).
2. Sampling

Monthly samples of T. zillii were collected from the Ayata lake using beach seine
of length = 10 m, height = 1 m, and mesh = 4 mm. A total of 470 individuals of T. zilli
(224 males, 231 females, 15 undetermined) ranging in size from 3.5 to 23.8 cm TL, were
sampled from Ayata lake between November 2018 and November 2019. For each
specimen, the total length (TL) was measured to the nearest centimeter and both body
weight (W) and gutted weight were recorded to the nearest 0.1 g. Sex of each individual
fish was detected macroscopically after dissection of specimens. The gonads and liver
were removed and weighed to the nearest 0.01 g.
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Fig. 1. A map of the Valley of Oued Righ showing the location of Ayata Lake (Guezi et al., 2017).

3. Methods

The different aspects of the reproductive dynamics of T. zillii were investigated by
considering the sex distribution, the spawning season, and the length at first sexual
maturity. Overall sex ratio (S/R) was calculated as: S/R = (number of males/number of
females). The variations in sex ratio according to different seasons and length groups
were analyzed and tested using the x2 test (Scherrer 1984).

Gonads were staged after dissection macroscopically according to Orange (1961)
and mentioned in Mehanna et al. (2019) as follows: Stage | (immature): gonads thread-
like, sexes can't be visually determined. Stage Il (mature): gonads enlarged, sexes can be
easily determined, but ova not visible to naked eye. Stage Il (ripe): gonads enlarged
occupying about 10% of body cavity, ova visible to naked eye. Stage IV (running):
gonads greatly enlarged, ova easily dislodged from follicles or loose in lumen of ovary.
Stage V (spent): gonads small containing mature ova as remnants in various stages of
resorption.

Gonado-somatic index (GSI) was determined for males and females as:

GSI = Wg*100/Wt, where Wg is the gonad weight in gram and Wt is the eviscerated
body weight in gram (Bougis, 1952).
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Monthly fluctuations of lipid reserves in the liver were evaluated by monitoring the
variations of the hepatosomatic index (HSI) which calculated as: HSI = WL*100/Wt,
where WL.: liver weight (g) and Wt: gutted weight (g) (Bougis, 1952).

Condition factor K was calculated as K= Wit*100/TL3 (Wt: eviscerated body
weight in g, TL: total length in cm) and its monthly variations were analyzed.

Length at maturity was modeled by using a 2-parameter logistic ogive of the form:
PL = 1/1+e - 9% ‘Where PL is the percentage of fish mature at length L, Lo is the
length at first sexual maturity and & is the steepness of the ogive. The ogive was fitted by
minimizing the negative log-likelihood.

4. Statistical analysis

Comparison of GSI, HSI and K values between months were carried out by analysis
of variance (ANOVA) completed by Newman-Keuls. The overall sex-ratio was tested
monthly using chi-square test X* (Dagnélie, 1975). Statistical analyses were performed
with Xlstat_Pro_7.5 software.

RESULTS

1. Sexratio
The overall sex-ratio is 0.97:1 males to females (231 females, 224 males) and is in

favor of females. Females dominated significantly in April and May with a value of X?
(1.6; 0.92). Males were the most abundant in July with a value of X? (0.15) (Table 1). Sex
distribution by season (Table 2) reveals a clear dominance of males during summer
(spawning period), with a maximum value (55%; X? = 0.84) and presents a well-balanced
sex during winter and spring.

Table 1. Number of males and females in monthly samples of Tilapia zillii in Ayata lake

Month Males Females Total No. X?calculated
Nov. 2018 19 19 38 0
Dec. 2018 16 13 29 0.31
Jan. 2019 13 11 24 0.16
Feb. 13 10 23 0.39
Mar. 21 18 39 0.23
Apr. 16 24 40 16
May 23 30 53 0.92
Jun. 15 22 17 1.32
Jul. 31 28 59 0.15
Aug. 15 13 28 0.14
Sep. 14 17 23 0.29
Oct. 12 14 35 0.15
Nov. 16 12 27 0.57

Annual 224 231 455 0.1
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Table 2. Seasonal sex distribution of T. zillii in Ayata lake.

Season Males (%) Females (%) Total No. X?calculated
Summer 55.26 44.73 76 0.84
Autumn 45.45 54.54 132 1.09
Winter 49.19 50.8 124 0.03
Spring 49.59 50.4 123 0.008
Annual 49.23 50.76 455 0.1

2. Gonado-somatic index and Maturity stages

In females of T. zillii, the monthly variation in gonado-somatic index (GSI)
revealed that GSI increased slowly from November to February with recorded values
from 1.61 to 2.89. Then, it increases rapidly towards the maximum during June (19.74).
After June the GSI sharply decreased to reach its minimum value during September
(2.30), which reflected the period of spawning activity (Fig. 2). The evolution of the GSI
in males was almost similar to that observed in females (Fig. 2). The maturation phase of
gametes was between November and February. The maximum value of the GSI was
observed in June; afterwards the values of the GSI began to decrease. The monthly
evolution of GSI in the T. zillii populations from Ayata lake indicated a breeding season
occurring between March and August, with a peak in June. This result was confirmed by
analyzing the evolution of the maturity stages, the ripe gonads were noticed in high
percentage during April to August with the highest during June. Females were in sexual
rest stage from August to November while the gonad-somatic index remained almost
constant (2.30).

30 -
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Fig. 2. Monthly variations in the gonado-somatic index (GSI) of Tilapia zillii (females and males) in Ayata lake, the
different letters indicate significant differences between sampling points. Error bars correspond to standard deviations.

3. Hepatosomatic index HSI
The HSI reached its maximum in July in females (4.50%) and males (3.54%) and
attained its minimum in November for both sexes (1.87; 0.46) (Fig. 3).
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Fig. 3. Monthly variations in the hepatosomatic index (HSI) of Tilapia zillii in Ayata Lake (the different letters indicate
significant differences between sampling points. Error bars correspond to standard deviations).

4. Condition factor

Monthly variations in the condition coefficient (K) were not perceptible in males
(around 1. 75) (Fig. 4). In females, a significant increase occurs between October (2.87)
and November (3.04).
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Fig. 4. Monthly variations in the condition factor (K) of Tilapia zillii in Ayata Lake (The different letters indicate
significant differences between sampling points. Error bars correspond to standard deviations).

5. Size at first sexual maturity

The size at 50% sexual maturity was estimated graphically where the maturation
curve is constructed and length at maturity was estimated as the point on abscissa
corresponding to the 50% point on the ordinate (Fig. 5). From the maturation curve, the

length at first sexual maturity of T. zillii from Ayata Lake was 8.5 and 9.7 cm TL for
males and females, respectively.

100 - P

90 1 - Females
80
70
60
50

40 A

Proportion mature (%)

30

20

10

SRR TS, T s TR S T .
1234567 8 91011121314151617 181920 21222324
TL (Cm)




260 Guezi et al. , 2021

100

el
(=]

Males

Proportion mature (%)
[\%) » Ny h o ~) (o4}
o (=] o o o o o

—
L}

(=]

1234 5 6 7 8 910111213 14 1516 17 18 19 20 21 22
TL (Cm)

Fig. 5. Proportion of mature individuals (%) by total length for females and males of Tilapia zillii in Ayata Lake.

DISCUSSION

The present study has established key reproductive dynamical characteristics of one
of the commercial species of family cichlidae, T. zillii in Ayata lake as a Ramsar site in
south-eastern Algeria.

1. Sex ratio

Sex ratio constitutes basic information indispensable for the assessment of the
potential of fish reproduction and stock size estimation in fish population (Vicentini &
Araujo, 2003; Adebiye, 2013). The changes in the percentage of females to males of T.
zillii in Ayata lake were most probably due to spawning and feeding behavior. The sex
ratio of 0.97 M: 1 F observed in this study is statistically close to the theoretical sex ratio
(1:1). However, it is biologically in favor of females during Autumn, winter and spring as
well as in the spawning months. This result is more or less similar to the previous ones:
El-Shazly (1993) gave M/F ratio as 1:0.91 in lake Mariut, Egypt, Phillips (1994)
estimated M/F in lake Edku as 1 : 0.91 and as 1:0.97 by EI-Sawy (2006) while in Abu
Qir it was 1:1.05 (Akel and Moharram, 2007). These differences could be explained
either by the number of individuals considered, which have a direct impact on the value
(Phillip and ruwet, 1982; Negassa and Getahun, 2003; Negassa and Prabu, 2008;
Mahmoud et al., 2011) or by the environmental conditions in the study area, such as
water temperature (27°C seasonal average) and water salinity that varies between 7.8 and
10.2 psu (practical salinity unit) (Zouakh et al., 2016).

2. Spawning season

Knowing the time of spawning is essential to protect both of the ripe females and
the new recruits and to predict the recruitment variability. To determine the reproduction
period of T. zillii in Ayata lake, monthly variations in both of maturity stages and gonado-
somatic index values were analysed. Gonado-somatic index is one of the important
parameter of fish biology, which gives the detail idea regarding fish reproduction and
reproductive status of the species and help in ascertaining breeding period of fish (Gupta
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& Srivastava, 2001; Shankar & Kulkarni, 2005; El-Kashef et al., 2013). Monthly pattern
of gonadal activity and the monthly variations in GSI of T. zillii population in Ayata lake
showed that spawning occurred once a year and runs from March to August. This
coincide with the finding of Maclaren (1981) who mentioned that cichlids exhibited
prolonged spawning season in Lake Manzalah extended from April to September.
Negassa and Getahun (2003) declared that T. zillii in lake Zwai (Ethiopia) breeds allover
the year with peak activities between April and September. In Abu Qir Bay, T. zillii
breeds with maximum activity during June and July (Akel and Moharram, 2007). A
different pattern has been found in T. zillii in Lake Victoria (Welcomme, 1967) and in
Naivasha lake, Kenya (Siddiqui, 1979), in Nigeria (Welman, 1948) and Zake (Grosse,
1963), where the climatic conditions are different from that of Algeria's Sahara (Zouakh
et al., 2016).

Indeed, the maturation of genital products begins in winter and is completed in
spring. The first issuances of gametes take place in late spring. The gonads are then
emptied of their gametes in summer and these results are similar to the other ones (Table
3).

Table 3. Spawning period of Tilapia zillii in different regions according to literature data

Authors Study area Spawning period
Zaoukh et al. (2016) Oued Righ wetland (Algeria) April-July
Mahmoud et al. (2011) Timsah Lake (Egypt) April-August

Negassa and Getahun (2003)

Zwai Lake (Ethiopia)

April-September

Maclaren (1981)

Lake Manzalah (Egypt)

April - September

Present study

Avyata lake (Algeria)

March-August

3. Hepatosomatic index HSI

Variations of HSI values indicate in both sexes of T. zillii that lipid reserves in the
liver just after the breeding season (August). A reversion of trophic activity following this
period of eventual fast may explain this situation. Indeed, fishes, which decrease their
food intake during gonadal maturation, use nutrients originating from endogenous
reserves in muscle, adipose tissue and liver (Lal and Singh, 1987; Nassour and Léger,
1989; Martin et al., 1993).

According to Zaoukh et al. (2016), the minimum values are noticed at the end of
the spawning period. Due to the significant variations in the HSI, this species would draw
its energy from lipid reserves of the liver and, thus, could belong to the category of fish
called ‘lean’ that store their lipid reserves in the liver. However, these remains to be
confirmed by the study of the mesenteric reserve index (MRI) and the extra-visceral
reserve index (EVRI) to check if the liver plays a more important role than the mesenteric
fat and muscle in the phenomenon of genital product maturation.

4. Condition factor K
The relatively high value of K during November in both sexes of T. zillii could be
explained by favorable trophic conditions during this period. Indeed, values of condition
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coefficient have been used to measure various ecological and biological factors such as
degree of fatness, gonad development and the suitability of the environment with regard
to the feeding condition (MacGregoer, 1959).
5. Length (Lmsp) at first sexual maturity

The length at first sexual maturity is important for determining the optimum length
at first capture and consequently the optimum mesh size. It is accepted that the optimum
size for the first maturation depends upon many factors, including the relative allocation
of food energy between somatic and gonad growth (Mazzoni and Caramaschi, 1995). In
our study, the length at first sexual maturity (Lmso) of males and females of T. zillii in
Avyata lake was estimated as 8.5 and 9.7 cm TL, respectively. These values indicated that
males reach their length at first maturity before females and this disagree with those of
El- Shalloof (1991) who estimated the Lm as 8.6 cm (females) and 10.1 cm (males) in
Lake Manzalah, ElI-Haweet (1991) for both sexes reached first sexual maturity at the
same length 7 cm in Lake Borollus, Akel and Moharram (2007) gave Lm equal 8.7 cm
(females) and 9.7 cm (males) in Abu Qir Bay. On the other hand, males reached first
sexual maturity at smaller lengths than females in lake Edku (9 cm TL for females and 8
cm TL for males) (Phillips,1994). These differences in length at first sexual maturity may
be attributed to differences in genetics and environmental conditions such as food
availability, population structure and changes in temperature and salinity.

CONCLUSION

In conclusion, this paper highlights the basic data on the reproductive biology of
Tilapia zillii in arid environment (Ramsar site, Ayata lake) for the first time. Results
revealed two important facts which should be considered through the management of T.
zillit in Ayata lake. Firstly, the timing of spawning (from March to August) and secondly,
the size at first sexual maturity. Results are still to be debated with further incoming data
on feeding habits, ecology and population genetics that may explain the patchy
geographic repartition of such sensitive fish. So, it is recommended to make a detailed
study concerned gear selectivity and type to find the proper mesh size which guarantees
the contribution of a considerable part of the stock of T. zillii during the spawning season.
Also, the recommended study should cover all the biological and dynamical aspects as
well as the catch and effort data to be make sure that this species is exploited rationally.
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