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ABSTRACT 
 

The present study deals with the effect of temperature on the development of 
different tilapia species (O. niloticus, red tilapia, O. aureus and hybrid tilapia (O. 
niloticus x O. aureus)) during larval rearing, and its subsequent effect on larval 
growth and survival. The development of the gills and the digestive tract was 
investigated histologically and histochemically in the developing control and 
temperature-exposed larvae of different tilapia species. The exposure of different 
tilapia species larvae to moderate level of temperature (25-35ºC) with a mean of 30ºC 
greatly enhanced the development of gills and the digestive system of larvae as 
indicated by the quantitative and qualitative changes of the mucus composition from 
predominantly neutral to a mixture of neutral and acid mucosubstances, or acid 
mucosubstances occurred during the rearing period. This may be due to the direct 
effect of temperature on food intake and increasing of metabolism, enhanced the 
immunity of larvae or indirect effect of temperature on sex differentiation and 
producing high percentage of males which have rapid growth rate than females. Thus, 
rearing temperature directly or indirectly improved larval growth of  different tilapia 
species, since a marked increase in both, length and weight of larvae occurred during 
the experimental period. In addition, temperature-exposed larvae also gave a 
significantly higher survival rate than that of control. 

It could be concluded that the exposure of different tilapia species larvae to a 
rearing temperature of 30ºC was effective for improvement of development and 
growth in a safe, simple and acceptable manner, as well as in a friendly approach to 
the environment.  
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INTRODUCTION 
 
Early ontogeny in fish is impacted by nearly all environmental factors, including 

temperature, oxygen content, salinity, pH, insolation, other biotic and anthropogenic 
factors (Jones, 2002; Kamler, 2002; 2008), and even precipitation and winds that blow 
along coasts (Bergenius et al. 2005). Among these factors, temperature is considered 
to be one of the more important, if not the most important, factors. Within a viable 
range, temperature plays a controlling role, beyond this range it is a lethal factor 
(Kamler 1992, 2002). The influence of temperature on the development, growth, and 
survival of embryos and larvae has been studied by Kujawa et al. (1997), Kamler et 
al. (1998), Hansen and Falk-Petersen (2001), Ojanguren and Braña (2003), Korwin-
Kossakowski (2008). The influence of temperature on the metabolism has also been 
described by Jaworski and Kamler (2002), and Finn and Rønnestad (2003). 
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In Egyptian tilapia hatcheries, the transition from endogenous to exogenous 
nutrition often results in high mortalities of Nile tilapia larvae, which might be 
attributed to nutritional and infection problems (Gisbert et al., 2004). The cause of 
mortalities may be physiological in nature given that starvation, due to the physical 
inability to feed after exhaustion of endogenous reserves. The period of mixed 
nutrition in rearing larvae of Nile tilapia, O. niloticus is considered as one of the most 
critical events during larval early life stages, since a several-day delay in feed 
availability influences posterior larval growth and survival. 

The causes of mortalities in tilapia hatcheries are often unknown and complex, 
but microorganisms have been associated with epizootic mortalities (Ottesen and 
Olafsen, 2000). The specific immune system of fish is not fully matured until at least 
several weeks after hatching (Ellis, 1988; Chantanachookhin et al., 1991). Thus, until 
the appearance of lymphoid cells and production of immunoglobulins, fish larvae may 
have to rely largely on non-specific defense (Bly et al., 1986). 

The epidermal mucus layer constitutes the primary biological interface between 
fish and the aqueous environment. A number of functions have been ascribed to the 
mucous layer, such as friction reduction (Pickering, 1974), protection against injury 
(Pickering and Richards, 1980), and ionoregulation. The mucus coat of fish also forms 
the primary barrier against infection (Pickering, 1974; Pickering and Macey, 1977; 
Ingram, 1980), and fish skin mucus may inhibit the growth of bacteria (Harrell et al., 
1976; Fouz et al., 1990). In addition, the mucus plays an important role in various 
food processing activities (Murray et al., 1994; Vandenberg et al., 1994; Tibbetts, 
1997; Gallagher et at, 2001). 

Histological and histochemical description of the ontogeny of the digestive 
system may provide important information for the establishment of physiologically 
sound rearing methods to improve commercial larval rearing. Several studies have 
described the development of digestive tract organs in diverse fish species, including 
haddock (Hamlin et al., 2000), California halibut (Gisbert et al., 2004), Japanese eel 
larvae (Kurokawa et al., 2004), large yellow croaker (Mai et al., 2005), shi drum 
(Zaiss et al., 2006) and O. niloticus (Khalil et al., 2006; Hashem et al., 2011). 
However, there is no available information on the differentiation of the 
gastrointestinal tract of Nile tilapia during early life stages. As temperature increases, 
the developmental and growth rates accelerate (Jordaan and Kling 2003; Khalil et al., 
2006; Kamiñski et al. 2006; Korwin-Kossakowski, 2008; Hashem et al., 2011). Also, 
temperature used as a detrimental factor in Nile tilapia sex differentiation in Egyptian 
hatcheries (Mousa, 2004). 

Therefore, the objective of the present work was to describe the effect of water 
temperature on growth, survival and mucous cell activity during the development of 
gills and digestive system of different tilapia species (O. niloticus, red tilapia, O. 
aureus and hybrid tilapia (O. niloticus x O. aureus)), to provide a basis for future 
larval rearing protocol. 

 
MATERIALS AND METHODS 
 

Study Site: 
The present study was carried out at both Shakshook-El-Fayyom Research 

Station and El-Matareyya Research Station-National Institute of Oceanography and 
Fisheries. The duration of the study was 5 months (150 days) starting from 1May  to 
30 September (2010-2012). 
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Treatments and spawning: 
Three groups of mouth-brooding tilapia, the Taiwanese red tilapia hybrid (O. 

niloticus x O. mossambicus), Oreochromis aureus, Oreochromis niloticus and a 
hybridization between Oreochromis aureus males and Oreochromis niloticus females 
(O. aureus x O. niloticus) were used in the present work. Before spawning, brood fish 
of each tilapia species were kept in two ponds; males and females were separated 
since January in two different ponds, they were fed daily with 40% protein diet to 
ensure a good quality and quantity of eggs. Medium-size tilapia brood fish (150-250 
g) were used.  

Semi-natural spawning was carried in spawning hapas at the first of May 
(temperature: 23-25C). Brood fish were stocked into 30 fine-mesh 1-m2 spawning 
hapas at a rate of 2 males and 4 females per hapa. Breeding activity was monitored 
daily. Once breeding occurred, the other fish were removed and the brooding female 
left to incubate the progeny. 

Immediately after hatching, the larvae with same ages were classified into three 
groups (three aquaria for each group). Since the sensitivity of fish to temperature is 
dependent on developmental stage (age), fry from a single brood were used in order to 
control the time elapsed after fertilization (and therefore, developmental stage). The 
density of larvae for each aquarium is about 500 larvae/aquarium i.e. 10 larvae/l. The 
first group of aquaria, was untreated (control), maintained at 25ºC. The second and 
third groups were exposed to either 30ºC or 35ºC temperatures. Water quality in the 
aquaria was maintained by partial water exchange (70%) daily. Gentle aeration was 
conducted with pressurized air. Moreover all aquaria were kept under ambient 
photoperiod. The larvae received natural feed of fresh plankton obtained from 
fertilized pond with plankton net. 
Larvae sampling and processing: 

Both standard length (SL) and weight (W) of larvae at hatching; 14, 28 and 35 
days old, were measured for each group. Twenty larvae were randomly sampled, 
anaesthetized, placed on paper towels for about 10 seconds to remove most of the 
adhering water, and individually both, measured and weighed. At the end of the 
experiment the surviving number for the different treatments were determined. 

For histological and histochemical study, the larvae were anaesthetized in a 
solution (40 mg/l) of clove oil (Sigma) and fixed in toto in Bouin’s fluid at room 
temperature for 48 h. Then, the samples were transferred to 70% alcohol after fixation 
and dehydrated through series of graded ethanol, cleared in xylene, embedded in 
paraplast (M.P. 56-58˚C) and serial transverse and longitudinal sections, 5 μm thick, 
were cut and mounted on glass slides. For each specimen, selected sections were 
stained with the following techniques: 
1. Harris’ alum hematoxylin, according to Conn (1953) and aqueous solution of eosin 
(1%) was used as a counter stain. 
2.  Alcian blue (AB)/periodic acid-Schiff reagent (PAS) pH 1.0 (Bancroft and Cook, 
1984). Positive reactions for mucous cell histochemistry at AB/PAS pH 1.0 were blue 
or blue greenish for acid mucins, red for neutral mucins and reddish purple for a 
combination of neutral and acid mucins. 
Statistical analysis: 

Results were analyzed with the SPSS (Statistical Package for Social Sciences) 
statistical package. Paired-samples “t” test was applied to compare means. The level 
for accepted statistical significance was P0.05. 
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RESULTS  
 

I. The effect of temperature on growth and survival rate: 
i) Growth in length: 

The results in Table (1) showed that the rearing temperature improved larval 
growth of tilapia species; O. niloticus, Red tilapia (O. sp), O. aureus and hybrid tilapia 
(O. niloticus x O. aureus). However, treatment with the high temperature (35C) gave 
significantly (p≤0.05) lower increase in length of larvae than low temperature (30C) 
as shown in Table (1). 

 
Table 1: Body length (mean±SD) of larvae for all treatments through experimental period (five weeks) 

in the different species; O niloticus, red tilapia, O. aureus and hybrid tilapia (O. aureus 
male x O. niloticus female) at different water temperatures 25, 30 and 35ºC. 

 O. niloticus Red tilapia O. aureus  Hybrid tilapia 
25ºC 30ºC 35ºC 25ºC 30ºC 35ºC 25ºC 30ºC 35ºC 25ºC 30ºC 35ºC 

Zero time  1.2 
± 

0.06 

1.2 
± 

0.06 

1.2 
± 

0.06 

1.2 
± 

0.06 

1.2 
± 

0.06 

1.2 
± 

0.06 

1.2 
± 

0.06 

1.2 
± 

0.06 

1.2 
± 

0.06 

1.2 
± 

0.06 

1.2 
± 

0.06 

1.2 
± 

0.06 
After four 

weeks 
2.4 
± 

0.12 

3.4 a 
± 

0.17 

3.2 a 
± 

0.16 

2.5 
± 

0.13 

3.3 a 
± 

0.165 

3.1 a 
± 

0.16 

2.5 
± 

0.13 

3.4 a 
± 

0.17 

3.0 a 
± 

0.15 

2.4 
± 

0.12 

3.4 a 
± 

0.17 

3.1 a 
± 

0.16 
After five 

weeks 
3.2 
± 

0.16 

4.4 a 
± 

0.22 

4.0 a 
± 

0.2 

3.3 
± 

0.165 

4.5 a 
± 

0.23 

4.2 a 
± 

0.21 

3.4 
± 

0.17 

4.5 a 
± 

0.23 

4.1 a 
± 

0.21 

3.2 
± 

0.16 

4.4 a 
± 

0.22 

4.1 a 
± 

0.21 

 a: Significant differences when compared to 25ºC (P<0.05). 
 

ii) Growth in weight: 
The larvae of tilapia species; O. niloticus, Red tilapia (O. sp), O. aureus and 

hybrid tilapia (O. niloticus x O. aureus) reared at high levels of temperature, i.e. 30-
35ºC, exhibited significantly (p≤0.05) greater average body weight than those of 
control (25C) as represented in Table (2). However, the exposure to high temperature 
(35C) gave significantly (p≤0.05) lower values of larval body weight than low 
temperature (30C) as represented in Table (2). 

 
Table 2: Body weight (mean±SD) of larvae for all treatments through experimental period (five weeks) 

in the different species; O niloticus, red tilapia, O. aureus and hybrid tilapia (O. aureus 
male x O. niloticus female) at different water temperaturess 25, 30 and 35ºC. 

 

 O. niloticus Red tilapia O. aureus Hybrid tilapia 
25ºC 30ºC 35ºC 25ºC 30ºC 35ºC 25ºC 30ºC 35ºC 25ºC 30ºC 35ºC 

Zero time  0.014 
± 

0.007 

0.014 
± 

0.007 

0.014 
± 

0.007 

0.015 
± 

0.007 

0.015 
± 

0.007 

0.015 
± 

0.007 

0.014 
± 

0.007 

0.014 
± 

0.007 

0.014 
± 

0.007 

0.014 
± 

0.007 

0.014 
± 

0.007 

0.014 
± 

0.007 
After four 

weeks 
0.261 

± 
0.013 

0.45 a 

± 
0.023 

0.41 a 

± 
0.021 

0.27 
± 

0.014 

0.44 a

± 
0.022 

0.40 a

± 
0.02 

0.26 
± 

0.013 

0.49 a

± 
0.025 

0.40 a

± 
0.02 

0.26 
± 

0.013 

0.55 a 

± 
0.028 

0.41 a

± 
0.021 

After five 
weeks 

0.63 
± 

0.032 

0.9 a 

± 
0.045 

0.7 a 

± 
0.035 

0.65 
± 

0.033 

0.98 a

± 
0.049 

0.84 a

± 
0.042 

0.74 
± 

0.037 

1.0 a

± 
0.05 

0.91 a

± 
0.046 

0.62 
± 

0.031 

0.97 a 

± 
0.049 

0.77 a

± 
0.039 

a: Significant differences when compared to 25ºC (P<0.05). 
 

iii) Survival rate: 
The data represented in Table (3) showed that the exposure of tilapia species; O. 

niloticus, Red tilapia (O. sp), O. aureus and hybrid tilapia (O. niloticus x O. aureus) 
larvae to high levels of temperature (30-35ºC)) improved larval rearing, since low 
mortalities occurred over the rearing period of 35 days. The larvae exposed to high 
temperature exhibited significantly (p≤0.05) higher survival rate than control. 
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However, the exposure to high temperature (35C) resulted in a significantly lower 
survival rate than low temperature (30C). 

 
Table (3): Survival rate (%), (mean±SD)  of larvae for all treatments through experimental period (5 

weeks) in the different species; O niloticus, red tilapia, O. aureus and hybrid tilapia (O. 
aureus male x O. niloticus female) at different water temperature 25, 30 and 35˚C.  

Temperature 
degree 

Tilapia species 
O. niloticus Red tilapia O. aureus  Hybrid tilapia 

25ºC 42±2.1  41±2.05 41±2.05 40±2.00 

30ºC 90±4.5 a 90±4.50 a 91±4.55 a  91±4.55 a  

35ºC 80±4.0 a 81±4.05 a 80±4.00 a  79±3.95 a 

       a: Significant differences when compared to 25ºC (P<0.05). 
 

II. The effect of temperature on the histology and histochemistry of the gills and 
the digestive system: 

i) Gills: 
The exposure of tilapia species larvae to high degrees of temperatures; 30°C 

enhanced the production of mucin in the developing gills of larvae as indicated by the 
increased numbers and strong staining of mucous cells at 35 days of age in 
comparison with the control group; 25°C (Fig. 1). 
ii) Digestive system: 

The larvae of different tilapia species were reared in different regime of 
temperatures for a period of 35 days. We followed up the changes occurred in 
digestive system; buccopharynx and intestine after the temperature-exposure period 
(Figs. 2 and 3). 
Buccopharynx: 

Figure (2) showed numerous mucous cells in the buccopharyngeal epithelium of 
larvae reared at high temperature (30ºC) compared to those reared at low temperature 
(25ºC).   
Intestine: 

In the intestine of the temperature-exposed larvae (30ºC) after 35 dph, the 
mucosal folds were very long with round tips. Mucus cells were highly abundant and 
contain intense NMPS (Fig. 3). 

 
DISCUSSION 
 
The first few weeks of development become a critical period for fish larvae, 

particularly when the yolk-sac is reabsorbed and exogenous feeding starts. The 
present study examined the effects of rearing temperature on the development of the 
gills and the digestive system during larval development of tilapia species; O. 
niloticus, Red tilapia (O. sp), O. aureus and hybrid tilapia (O. niloticus x O. aureus), 
and its subsequent effect on larval growth and survival. The exposure to high levels of 
temperature (30-35ºC) accelerated larval growth, since a higher increase in both, 
length and weight of larvae occurred during the experimental period. Larvae exposed 
to higher temperature gave also a significantly (p≤0.05) higher survival rate than that 
of control. Similar reports showed that, water temperatures within the range of 26-
28ºC during the early development of common carp ensures optimum results during 
further rearing; while for grass carp the optimal temperature for early development is 
32ºC (Korwin-Kossakowski, 2008). The primary goal of producing stocking material 
is to obtain larger individuals in a shorter period of time (Kamler et al. 1998). Since 
high temperatures in the viable range shorten development time and accelerate 
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growth, thus limiting losses caused by periods of starvation (Kamler et al. 1998, Jones 
2002), the usefulness of applying high temperatures is obvious. 

The histological studies of the gills and the alimentary canal across species of 
fish are becoming more valuable as the interest in fish culture expands and more 
information is required with regard to acclimatization, feeding and nutrition (Murrey 
et al., 1994). The exposure of different tilapia species larvae to moderate level of 
temperature (25-35ºC) with a mean of 30ºC greatly enhanced the development of gills 
and the digestive system of larvae as indicated by the quantitative and qualitative 
changes of the mucus composition from predominantly neutral to a mixture of neutral 
and acid mucosubstances, or acid mucosubstances occurred during the rearing period. 
In the present study, taste buds and mucus cells in the bucco-pharyngeal cavity of the 
temperature-exposed larvae (30ºC) are abundant. The abundance of taste buds in the 
bucco-pharyngeal cavity of the fish is rather to be correlated with the way in which 
the fish scores its food rather than with the nature of its diet. On the other hand, the 
concentration of mucus cells in bucco-pharynx shows that, this part is primarily 
concerned with mucus production, to facilitate swallowing of food and to entrap small 
food particles (Shehata, 1999).  

In the current study, the presence of functional bucco-pharyngeal mucous cells 
secreting mucins, which are known to play an important role in protecting the mucosa 
against bacterial attack and, physical and chemical damage, added to the fact that, no 
histopathological alterations, nor bacteria were detected in the gut mucosa and lumen, 
respectively (Allen, 1989). This seemed to indicate that such high mortality rates 
during larval rearing of the fish, particularly throughout the stages of first feeding 
when larvae undergo intense organogenesis, was probably linked to nutritional 
deficits and imbalances rather than to infection problems. Teleostean mucous cells are 
known to contain carbohydrates without characterizing their specific nature. An 
abundance of mucous cells indicates that bucco- pharyngeal mucosubstances have 
some role in the digestive process and different mucosubstances found in different 
regions of the gut are correlated with assorted digestive functions (Murrey et al., 
1994). In the present study, mucus cells are abundant in the bucco- pharyngeal and 
contain neutral MPS. Mucus secreted in the digestive tract is the first protective 
barrier against mechanical, physical and chemical factors as well as against infections 
(Morrison and Wright 1999; Yashpal et al. 2007). Numerous PAS positive mucous 
cells appeared along the digestive tract, suggest that, these cells play an important role 
in pregastric digestion in larvae (Baglole et al., 1997).  

In the present study, the number of mucous cells in the gut of the temperature-
exposed larvae (30ºC) increased with larval development. The components of mucous 
cells in the bucco- pharyngeal were mainly sulphated mucosubstances, to protect the 
mucosa against chemicals, parasites, hypertonic media and acidity, as well as to 
provide lubrication for ingested food particles (Shephard, 1994 and Zaiss et al., 2006).  

In the present study, the intestinal mucosal folds in the temperature-exposed 
larvae (30ºC) are very long compared with control. The submucosa consists of loose 
areolar connective tissue, richly supplied with lymphocytes granulocytes and blood 
vessels. The circular layer of muscle fibers is relatively thicker than the longitudinal 
one. Murrey et al. (1994) concluded that, the thick layer of connective tissue between 
the mucosa and the muscle cells, as well as the deep longitudinal folds found in T. 
brasiliensis will probably help to reinforce and maintain the integrity of the walls of 
the organ when a great amount of food is ingested at one time or when preys are 
swallowed as a whole. In the temperature-exposed larvae (30ºC), mucus cells were 
many in the intestine and increased in number with larval development. The mucus 
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cells contain neutral muccosubstances. The presence of neutral mucins in the 
digestive tract has been related to the absorption of easily digested substances, such as 
disaccharides and short chain fatty acids (Osman and Caceci, 1991). In most teleosts, 
the anterior intestine is involved in the absorption of lipids and it is characterized by 
lipid inclusions in the epithelial cells of the mucosa, which are considered as a 
temporary storage site (Rombout et al., 1984; Kjørsvik et al., 1991). In the present 
study, no lipid inclusions were observed in the anterior segment of the intestinal 
mucosa of the fish larvae, although lipid vacuoles increased in the liver throughout 
development. These results are similar to those already reported in P. californicus 
(Gisbert et al., 2004) and Hipoglossus hipoglossus (Luizi et al., 1999). These authors 
suggested that the lack of such lipid vacuoles in the intestine of Artemia sp.-fed larvae 
could be interpreted as a sign of reduced intestinal lipid digestion due to the rapid 
passage of Artemia sp. through the alimentary canal of larvae (Luizi et al., 1999); 
whereas, Gisbert et al. (2004) hypothesized that the lipid content of feed did not 
exceed the fatty acid absorption and exporting capacities of enterocytes, resulting in 
no accumulation of lipids in the intestinal mucosa. 

In conclusion, the ontogeny of the digestive system in the larvae of tilapia 
species is good pattern in the temperature-exposed larvae (30ºC). However, species 
specific differences in the appearance of functional mucous cells were noticed. Future 
work must be focused on the ontogeny of enzymatic secretions to provide precise 
information about the functionality of the digestive tract and to evaluate the effect of 
different feeding and weaning strategies on digestive tract maturation. 
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ARABIC SUMMRY 

 
  

  تأثير درجة حرارة التحضين على نمو وتطور اليرقات فى أنواع مختلفة من أسماك البلطى
  

                        - ٣فاطمة أمين النمكى - ١محسن صالح حسين -٢مصطفى عبد الوھاب موسي -١نبيل فھمى عبدالحكيم
  ٢عطيةالسيد ابراھيم 

 جامعة الأزھر - كلية الزراعة - قسم الأنتاج الحيوانى -١
 المعھد القومى لعلوم البحار والمصايد ـ معمل تناسل وتفريخ الأسماك -٢
  أبوحماد شرقية -العباسة  - المعمل المركزى لبحوث الثروة السمكية -٣

  
مѧن البلطѧى وھѧى البلطѧى فى الأنواع المختلفѧة  تأثير درجة الحرارة على التطور الدراسة الحالية تتناول

. علѧى النمѧو ومعѧدل البقѧاء وأثرھا اليرقات، تحضين النيلى والأحمر و الأوريا والھجين بين الأوريا و النيلى أثناء
تم فحص تطور الخياشيم والجھاز الھضمى باستخدام الطرق الھستولوجية والھستوكيميائية أثناء نمو اليرقات فѧى 

أدى تعѧرض يرقѧات . المجموعة الضѧابطة واليرقѧات المعرضѧة لѧدرجات الحѧرارةأنواع البلطى المختلفة لكل من 
إلѧى تسѧريع نمѧو الخياشѧيم و   م٣٠º) م٣٥º-٢٥(أنواع البلطى المختلفة لمعѧدلات متوسѧطة مѧن درجѧات الحѧرارة 

الجھاز الھضمى لليرقѧات كمѧا إتضѧح مѧن التغيѧرات الكميѧة والنوعيѧة لتكѧوين المخѧاط مѧن متعѧادل إلѧى خلѧيط مѧن 
ربما يرجع ھذا إلى الأثر المباشر للحѧرارة علѧى تنѧاول الغѧذاء وزيѧادة . لمتعادل مع الحمضى أثناء مدة التحضينا

الأيض، أو الأثر الغير مباشر للحرارة علѧى تميѧز الجѧنس وإنتѧاج نسѧبة مرتفعѧة مѧن الѧذكور التѧى لھѧا معѧدل نمѧو 
ن  إلى تحسن نمو يرقات أنѧواع البلطѧى المختلفѧة وبالتالى يؤدى التعرض للحرارة أثناء التحضي. أعلى من الإناث

بالإضѧѧافة إلѧѧى ذلѧѧك فѧѧإن اليرقѧѧات . كمѧѧا إتضѧѧح مѧѧن الزيѧѧادة الملحوظѧѧة فѧѧى طѧѧول ووزن اليرقѧѧات أثنѧѧاء التجربѧѧة
  . المعرضة للحرارة أعطت معدل بقاء أعلى من تلك الناتجة من المجموعة الضابطة

يكѧون مѧؤثرا ومحفѧزا  م٣٠ºيمكن التوصية بѧأن تعѧرض يرقѧات أنѧواع البلطѧى المختلفѧة لدرجѧة حѧرارة 
  .بطريقة آمنة، بسيطة، صديقة للبيئة ومقبولة للتطور، والنمو

 
 
 
 
 

  


