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ABSTRACT

Photoperiod, crude protein level and water temperature were studied for their effects on reproductive performance and egg hatchability in Nile tilapia (Oreochromis niloticus). Photoperiod was either natural (12h illumination: 12h dark) or complete darkness during 24 hours.  Crude protein was in diets at 20%, 30% or 40%.  Water temperature during spawning season was considered as a third factor and decreased naturally according to air temperature from 22 to 18oC.  Spawning rate in Nile tilapia was affected by all three factors.  Nile tilapia did not lay eggs when water temperature decreased below 19o C regardless of crude protein level in diets or photoperiod.  When water temperature increased to 19-21oC, spawning percentage averaged 10 and 34.9% for dark and natural photoperiod treatments, respectively. The most productive period coincided with a rise in water temperature from 22 to 27o. Spawning performance improved with increasing protein level only when broodstock were exposed to natural photoperiod.  Under these conditions, spawning frequencies were 66.6, 85.7 and 171.4% of total number of female broodstock fed diets containing 20, 30 and 40% crude protein, respectively.  Spawning rate in total female broodstock was 50 and 110% of total brooders during the spawning season when Nile tilapia were exposed to dark and natural photoperiod, respectively.  Reproduction performance in O. niloticus can be improved by exposing Nile tilapia broodstock to natural photoperiod and water temperature above 22o and feeding a 40% crude protein diet.

INTRODUCTION

It is well known that nutrition affects reproductive performance, egg quality and hatchability of fry.  For O. niloticus, there has been limited work on the influence of dietary protein on spawning interval and spawning frequency, and that which has been published reports variable results (Gunasekera et al. 1996).  Even less has been done on the influence of broodstock diet on egg size in tropical fishes (Mangor-Jensen et al. 1994).

Photoperiod is known to influence gonadal activity in several fish species and it is manipulated to modify the spawning time of channel catfish (Ictalurus punctatus) (Kelly and Kohler 1996), tilapias and other commercially important species (Lowe-McConnell 1979; Eyeson 1983; Emit et al. 1989; Brummett 1995).  Limited information is available on the effect of photoperiod on reproduction performance of Nile tilapia.  The environment plays an important role in at least initiating the reproductive cycle in Oreochromis mossambicus.  An increase in photoperiod, rainfall and water temperature together with a decrease in water pH are cues for gonadal maturation (Brummett 1995; Cornish and Smit 1995).  Major environmental factors involved in cueing reproductive activity are temperature and photoperiod (Balarin and Hatton 1979; Lowe-McConnell 1979; Eyeson 1983; Emit et al. 1989).

The purpose of the present study was to test the effect of photoperiod, crude protein level and water temperature on reproduction and egg hatchability of O. niloticus.

MATERIALS AND METHODS

O. niloticus broodstock were purchased from a fish farm in Nawa, Egypt, and transported to the fish culture research unit at Cairo University.  Forty-two females and twelve males were randomly assigned to six concrete tanks (2.0 x 1.2 x l.0m) at a density of two males and seven females per tank.  The size of the female broodstock ranged from 80 to 183g, while the size of male broodstock ranged from 142 to 205g.  The water depth was maintained at about 80 cm. Water was completely changed every third day.  The experiment lasted 92 days (Sept.1 to Dec. 1, 1997).

Fish were exposed to various combinations of different levels of photoperiod, crude protein level in diet and water temperature.  Photoperiod had two levels: natural (12hr illumination 12hr darkness) and complete darkness over 24 hours.  Three tanks were exposed to natural photoperiod while three other tanks were covered by black vinyl sheets to provide complete darkness.  The crude protein in test diets had 3 levels 20% 30% and 40%.  Water temperature during the spawning season was considered as a third factor, which decreased according to air temperature naturally from 27o to 18o C during the spawning season.  The main ingredients are illustrated in Table 1.  The fish were fed test diets once a day at 10:00 a.m. at 3% body weight.

First spawning occurred on 12 of September, 1997.  Female broodstock were checked for fertilized eggs in the buccal cavity every 3rd day.  For each fish, data on total weight (g) were obtained after egg collection.  Spawning rates were calculated in relation to the total number of females present in that treatment.

The number of eggs per female and average egg size were determined for each female and each treatment.  Number of eggs produced per gram body weight was estimated by dividing the total number of eggs collected from each female/spawn by the weight of the fish.  The eggs were then transferred to the indoor experimental aquaria for hatching and fry rearing.

Hatching performance was checked including the determination of incubation period, hatching rate (%) and yolk-sac fry survival to determine the effect of water temperature and diet in each treatment.  Hatching rate was calculated as a percentage of incubated eggs when >90% of the embryos had hatched.  Body weight and length were recorded once for yolk-sac fry and swim-up fry at the beginning of each stage.  Due to lack of adequate replication, statistical analysis was not attempted.  Data are presented as indicative of trends with reference to related findings in the literature.

Table 1. Formulation and Proximate Analysis of Diets.

Ingredient
          Dietary protein level

(g/100 g diet)          20%
  30%
  40%

Soybean
    23.2
  34.7
  46.3

Concentrates           19.6
  29.4
  39.2

Starch
    53.4
  32.0
  10.6

Oil
      3.8
    3.9
    3.9 

 

  100.0
100.0
 100.0

Proximate composition (% dry weight)

Protein
  20.00
  28.90
 39.10

Lipid
    4.90
    5.57
   6.13

Ash
    4.16
    6.29
   8.47

Crude fiber
    1.65
    2.50
   4.41

RESULTS AND DISCUSSION

Spawning Performance

Spawning rate was affected by all the three factors tested.  Generally, a temperature of 2l–23oC is the minimum required for spawning to take place (Huet 1972).  Temperatures above 20oC trigger the development of secondary sexual characteristics and nest building (Fryer and Iles 1972).  In our study, Nile tilapia did not lay eggs when water temperatures went down below 19 oC, regardless of crude protein level in test diet or photoperiod (Table 2).  When water temperature increased to 19-21oC spawning percentage averaged 10 and 34.9% for dark and natural photoperiod treatments, respectively.  The most productive period coincided with the rise in water temperature to 22-27°C where spawning rate averaged 40 and 73% of total female’s under dark and natural photoperiod conditions, respectively. 

Spawning performance under dark conditions was similar (spawning rate 50%) under both the low protein (20%) and the high protein (40%) diets during this study.  However, spawning performance improved with increasing protein level when broodstock were exposed to natural photoperiod.  Under these conditions spawning frequency totaled 66.6, 85.7 and 171.4% for test diets containing 20, 30 and 40% crude protein, respectively.

Table 2. Spawning Rate as Percentage (%) of Total Females Present in Each Treatment According to Crude Protein in the Diet Water Temperatures (°C).

Treatment
Dark Conditions
Natural Photopeiriod


Crude Protein Level

Crude Protein Level


Water temperature
20%
30%
40%
Total
20%
30%
40%
Total

22 – 27
50
*
33.33
40
33.33
57.14
128.57
73

20 – 21
0.0
*
16.66
10
33.33
28.57
42.85
34.92

18 – 19
0.0
*
0.0
0.0
0.0
0.0
0.0
0.0

Total
50
*
50
50
66.66
85.71
171.43
110

* Fry were lost as a result of fungal infection.

De-Silva and Randampola (1990) found that spawning frequency of Nile tilapia females increased with increasing protein level from 20 to 25% and decreased beyond 30%.  Santiago et al. (1983) reported that in O. niloticus the spawning frequency tended to increase as the dietary crude protein level increased from 20 to 50%.  Low dietary protein level appears to reduce spawning frequency due to the limitation of resources required for the maintenance of normal body functions (Gunasekera et al. 1996).  In the present study, the effect of crude protein level in test diets on spawning performance for broodstock sharply declined as water temperature decreased from 22-27oC to 19-21oC.  At 22-27oC, spawning rate improved from 33.3% to 128.5% with increasing crude protein level in diet from 20 to 40%.  However at 19-21oC, spawning rate improved from 33.3% to only 42.8% as crude protein level was increased from 20 to 40%.

The pineal organ of fish, through its 24hr rhythmic release of melatonin, acts as a transducer of photoperiod, influencing different physiological functions such as reproduction and growth (Falcon et al. 1996).  Gonadotropin releasing hormone GnRH synthesis is involved in the acceleration of precocious maturation in precocious male masu salmon (Aida and Amano 1995).  Exposure of Puntius sarana to a long photoperiod (16L/8D) promoted spermatogensis and secretory activity of the pituitary gonadotrophic cells, while in total darkness they were either arrested or blocked after certain stage of development (Kumari and Dutt 1995).  In our study, spawning frequency in total female broodstock was 50 and 110% when fish were exposed to dark and natural photoperiod, respectively.  This indicates that natural photoperiod is essential to enhance the rate of reproduction in Nile tilapia broodstock. 

Since reproduction rate was reduced when water temperature decreased below 22°C and spawning of females ceased when water temperature was less than 19oC regardless of the presence of natural photoperiod, it is concluded that spawning performance of Nile tilapia depended on the combined effect of temperature and photoperiod.  The reproductive cycle of rainbow trout (Oncorhynchus mykiss) appears to be controlled by the yearly cycle of photoperiod with temperature performing a modulating role (Davies et al. 1995).  Lengthening of photoperiod has been effective in inducing spawning in carp held on short photoperiod and a warm temperature regime (Davies and Hanyu 1986).  Photoperiod manipulation is effective in modifying the spawning time of all commercially important species of salmonid so far investigated (Bromage et al. 1993).

Egg Production

Total weight of eggs produced, as a percentage of female body weight ranged from 3.85 to 5.19% per spawn for all treatments (Tables 3 and 4) averaging 4.24% of body weight per spawn per female.  Gunasekera et al. (1996) reported that Nile tilapia females fed 20 and 35% protein diets produced a higher number of eggs per spawn than those fed 10% especially at later spawnings.  On the other hand, Santiago et al. (1983) reported that O. niloticus females fed varying protein diets of 20 to 50% did not show significant differences in the mean number of eggs per one spawn.  Our findings support those of the latter group; egg production per spawn per female did not vary among treatments for all levels of crude protein, photoperiod and water temperatures, which may suggest that photoperiod affects merely spawning frequency but not the volume of egg production per spawn.

Relative fecundity (number of eggs produced per gram body weight per spawn) for individual females followed the same trend as that of egg production.  The relative fecundity for the majority of treatments ranged between 5.75-8.47 eggs/g body weight.  The overall average for all treatments for this parameter was 6.57 eggs/g body weight of female. 

Total number of eggs per female under different photoperiods, protein content and water temperature combinations were not different among all treatments.  The average female (113 grams in weight) produced 668.0 eggs per spawn, agreeing with favorable production figures recorded for this species.  The range of egg production was 617.7- 776.0 eggs/female/spawn for brooders of 97-126 grams.  These results indicated that once oogenesis has occurred in Nile tilapia females, external factors such as crude protein level or water temperature or photoperiod do not affect the volume of egg production or relative fecundity.

Similar results were reported for the guppy (Poecilia reticulata) (Dahlgren 1980) where an increase in dietary protein level did not make any significant difference in the fecundity.  On the other hand, the opposite trend was reported for bighead carp, (Aristichthys nobilis) (Santiago et al. 1991), dwarf gourami, (Coilsa lalia) (Shim et al. 1989) and rainbow trout (Smith et al. 1979).

Very little work had been done on the influence of broodstock diets on egg size of tropical fish (Dahlgren 1980; Mangor-Jensen et al. 1994).  Gunasekara et al. (1996) reported that there is no work done on effects of dietary protein on size of spawned eggs of O. niloticus.  In our study, average egg weight ranged from 5.9 to 8 mg/egg with an overall average of 6.78 mg/egg.  There were no differences among treatments.  One kilogram of O. niloticus eggs contained 147,500 fertilized eggs.  Compared to other species, egg size of Nile tilapia is larger than bighead carp (120,000-160,000 eggs/kg), silver carp (180,000-220,000 eggs/kg) and grass carp (160,000-180,000 eggs/kg) and less than that of European catfish (30,000-50,000 eggs/kg), pike (50,000-80,000 eggs/kg) and common carp (80,000-120,000 eggs/kg) (Woynarovich and Horvath 1980). 
Hatching Rate and Incubation Period

Differences in hatching rate were identified only for those tanks under low protein and dark conditions, where mean hatching rate was lower (Tables 3 and 4).  The hatching rate of fertilized eggs was generally high, ranging from 84.2 to 97.7%, except for those treatments under low protein level (20%) and complete darkness which ranged from 60.2-66.2%.

Water temperature ranged from 18-27o C.  The incubation period (in days) tended to be shorter with increasing water temperature.  Eggs tended to hatch after 3.3 to 7 days, depending on temperature.  There appeared to be a relationship between incubation period and water temperature and its interaction with protein level and photoperiod.  The average hatching period was 6, 5.4 and 3.4 days for incubation temperatures of 18-19°C, 20-23°C and 24-27°C, respectively.

Rana (1985), rearing O. mossambicus eggs in round-bottomed containers at 28°C, reported hatching times of 4 days.  The overall average time of incubation was 4.7 days.  The time required for O. niloticus embryos to develop from one stage to another decreased with increased rearing temperature.  To achieve optimal development of all embryonic stages, O. niloticus eggs should be incubated at temperatures of 25-30°C (Rana 1990).  Watanabe et al. (1984) reported hatching times of approximately 3 days for O. niloticus eggs placed in upwelling containers at 27.5-31.5°C. 

Yolk-Sac Fry


Studies with some species (Forester and Alderdice 1966) have shown that low incubation temperatures produced larger fry at hatching, whereas studies with other species (Hasler 1982) have shown that low incubation temperatures produced smaller fry at hatching.  The results of the present study indicate that incubation temperature does not have an effect on total body length of yolk-sac fry, after hatching.  The protein level in test diets and photoperiod applied to broodstock during the spawning season also did not affect that parameter either.

On the other hand, broodstock exposed to complete darkness produced heavier yolk-sac fry than under a normal photoperiod.  The overall mean wet weight of yolk-sac fry produced under complete darkness and natural photoperiod averaged 7.25 and 6.51mg/yolk-sac fry, respectively (Tables 3 and 4). 

Growth rate of O. niloticus fry developing solely on their yolk reserves has been observed to accelerate at higher rearing temperatures (Rana 1990).  In our study, only water temperature, out of the three factors tested, had a significant effect on the duration of yolk-sac absorption. There was an inverse relationship between water temperature and the duration of yolk-sac absorption in days, averaging 14.1, 10.5 and 7.08 days when water temperatures in hatching containers ranged between 18-19, 20-23 and 24-270C, respectively.  Higher water temperature in hatching containers seemed to have a positive effect on the rate of metabolism and development of yolk-sac fry and consequently shortened the duration of yolk-sac absorption.  These results are in agreement with Rana (1990) who stated that for O. niloticus onset of first exogenous feeding occurred at 10 days.

Survival rates of yolk-sac fry produced from broodstock exposed to complete darkness were generally lower than those from natural photoperiod tanks.  In fact, with a 30% crude protein diet and no light, fry survival was 0, but this was probably due to a disease problem rather than the effect of the treatments.  Increasing the level of crude protein in test diets of broodstock improved the survival rate of yolk-sac fry in the majority of tanks especially those under the dark conditions.  The interaction between photoperiod and water temperature was probably the result of solar heating of those tanks exposed to full sunlight.  Watanabe et al. (1995) demonstrated that variations in water temperatures within an ecological range can markedly influence development rates and survival of pre-feeding larvae.

Within the range of environmental parameters tested, it is concluded that the reproductive performance of Nile tilapia could be maximized by holding Nile tilapia broodstock under natural photoperiod in water temperature above 22°C and fed diets containing crude protein levels of 40%.
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Table 3. Relative Fecundity, Average Number of Eggs Per Spawn Per Female and Egg and Fry Quality Measures for Oreochromis niloticus Broodstock Fed Diets with Varying Protein Levels Under Different Water Temperatures and Complete Darkness.

                                                     Crude Protein Level

Water temperature

Parameter
20%
30%
40%


18-19
20-23
24-27
18-19
20-23
24-27
18-19
20-23
24-27

Relative fecundity
-
-
6.2 ± 1.49
-
6.7 + 1.95
*
-
-
6.5 ± 1.17

Egg weight (mg)
-
-
7.1 ± 3.1
-
7.3 + 0.85
6.5 + 0.94
-
-
8.0 ± 1.0

Average number of eggs/female/one/spawn
-
-
713 ± 341
-
618+ 96
691+ 228
-
-
795 ± 170

Hatching percentage (%)
-
60.3 ± 0.0
66.3 ± 1.68
-
*
*
-
96.2 ± 0.0
87.0 ± 17.2

Incubation period (days)
-
7.0 ± 0.0
4.0 ± 1.4
-
*
*
-
6.0 ± 0.0
4.5 ± 0.7

Wet weight of yolk-sac fry (mg)
-
6.8 ± 0.1
6.4 ± 1.0
-
*
*
-
10.8 ± 0.9
6.3 ± 0.3

Total body length of yolk-sac fry (cm/fry)
-
0.55 ± 0.0
0.57 ± 0.03
-
*
*
-
0.75± 0.07
0.57 ± 0.03

Duration of yolk-sac absorption (days)
-
10.5 ± 3.5
8.5 ± 2.1
-
*
*
-
11.5 ± 0.7
9.0 ± 0.0

Survival rate of yolk-sac fry (%)
-
51.3 ± 10.2
74.6 ± 1.9
-
*
*
-
72.4 ±34.6
96.0 ± 0.0

Table 4. Relative Fecundity, Average Number of Eggs Per Spawn Per Female and Egg and Fry Quality Measures for Oreochromis niloticus Broodstock Fed Diets with Varying Protein Levels Under Different Water Temperatures and Natural Photoperiod.

                                                     Crude Protein Level

Water temperature

Parameter
20%
30%
40%


18-19
20-23
24-27
18-19
20-23
24-27
18-19
20-23
24-27

Relative fecundity
-
8.5 ± 3.17
3.6 ± 0.0
-
5.8 ± 2.54
6.5 ± 2.42
-
8.2 ± 0.32
6.8 ± 2.70

Egg weight (mg)
-
6.2 ± 0.7
6.6 ± 0.82
-
7.5 ± 0.82
6.5 ± 0.28
-
6.2 ± 1.2
5.9 ± 0.77

Average number of eggs/female/one/spawn
-
644 ± 3191
369.5 ± 193
-
730 ± 248
708 ± 268
-
778 ± 307
633± 207

Hatching percentage (%)
-
96.6 ± 42.3 
84.2 ± 24.9 
-
93.6 ± 3.3
96.1 ± 1.4
-
91.8 ± 5.7
97.74± 2.1

Incubation period (days)
-
6.50 ± 0.7
3.33 ± 1.5
-
4.33 ± 2.0
2.00 ± 0.0
-
3.60 ± 1.6
3.50 ± 1.8

Wet weight of yolk-sac fry (mg)
-
6.20 ± 1.1
6.00 ± 0.6
-
6.50 ± 1.1
8.20 ± 1.3
-
6.40 ± 1.1 
6.10 ± 0.9

Total body length of yolk-sac fry (cm/fry)
-
0.55 ± 0.0
0.57 ± 0.05
-
0.50± 0.01
0.66± 0.08
-
0.55± 0.05
0.60 ± 0.10

Duration of yolk-sac absorption (days)
-
13.6 ± 05.5
6.6 ± 0.0
-
9.00 ± 1.4
6.50 ± 0.7
-
8.37 ± 1.7
6.50 ± 0.7

Survival rate of yolk-sac fry (%)
-
90.1±64.2
86.3 ± 64.2
-
98.1 ± 0.5
73.6± 32.2
-
88.1± 21.6
91.93±  0.0

* Excluded due to loss of fry to disease.

