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ABSTRACT

A 30-day trial was conducted to investigate the effects of cooling, aeration, shading,
salinity (5 and 10 ppt) and water depth (1.5 and 2.1 m) on the reproductive performance
of Nile tilapia. Ice blocks, air stones connected to an air compressor, black plastic
shade net, common salt and sunken deep tanks were used for their respective treat-
ments. Six-month old Nile tilapia broodfish were stocked in nylon hapas suspended in
24 outdoor circular cement tanks that were fertilized with NPK (16-20-0) at 3 kg N and
1.5 kg P/ha/day. Six females (135 + 0.6 g SE) and four males (149 + 1.2 g) were
stocked in each tank and fed catfish pellets (27% crude protein) at 1% biomass/day
twice daily. Dissolved oxygen concentrations and temperatures were monitored at 0600,
1000 and 1600 hours daily. Eggs and yolksac fry (seed) were collected from the mouths
of incubating females at 5-day intervals. Results showed that 7.5 times more seed was
collected from the females in cooling treatment (10,230 + 962 seed/tank) than from
the control treatment (1,360 + 462 seed/tank). Females with shading treatment
(3,292 £ 132 seed/tank) produced 2.4 times more (P < 0.05) seed than from the
control. Females with aeration produced more variable seed outputs while the females
in high salinity (10 ppt) and deep-water tanks (2.1 m) gave poorer results. Cooling and
shading reduced mean afternoon water temperature from 33 to 30°C. Early morning
DO was significantly higher in the tanks with cooling treatment but lower with shading
as compared to the control. Results showed that manipulation of environmental factors
affected the seed production in Nile tilapia, which might be useful for the efficient
management of tilapia broodfish for mass fry production.
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A hapa-based hatchery technology developed at the Asian Institute of
Technology (AIT) for tilapia seed production has been commercialized
(Little et al., 1997, Bhujel et al., 1998a; 1998b). However, production of
predictable quantity of tilapia seed to meet market demand has been a
major challenge for commercial hatchery operators as female Nile tilapia
(Oreochromis niloticus) produce small number of eggs per spawning
asynchronously (Jalabert and Zohar, 1982; Little et al., 1993). More im-
portantly, drastic drops (> 50%) in seed output are experienced by most
commercial tilapia hatcheries in Thailand during hot weather, especially
when water temperature reaches above 35°C (Bhujel, 1999; 2000). Im-
mediately after the hot season, fry demand increases with the beginning
of rainy season, as availability of sufficient water is the key determinant
whether fish are stocked. But when there is high demand, fry production
cannot be geared up. The mismatch between production and demand is
a problem faced by those engaged in tilapia fry production.

In the tropics, tilapias reproduce year-round (Philippart and Ruwet,
1982), however, spawning peaks during rainy and windy seasons (Brum-
mett, 1995; Bhujel, 2000). Reproductive seasonality of tilapia has also
been reported in Singapore (Khoo and Moreau, 1990). Environmental
factors such as temperature, light and rainfall can play a major role
in reproductive variation in tilapias (Jalabert and Zohar, 1982; Lowe-
McConnell, 1982; Duponchelle et al., 1997).

Nile tilapia can grow in a wide range of temperature (17-37°C), how-
ever, the best growth occurs at 29-31°C (Popma and Lovshin, 1996).
Although short-term (6—24 hours) low temperature treatment of 22°C in-
duces spawning but if held for longer periods results in complete re-ab-
sorption of ocytes (Srisakultiew and Wee, 1988). Spawning frequency
and seed output increase above 25°C (Mironova, 1978; Popma and Lov-
shin, 1996) but above 35°C the quality as well as quantity of seed
decreases (Bevis, 1994). Therefore, the lower and upper temperature
limits for reproduction of tilapia are 22 and 36°C (Brummett, 1995). The
best temperature for growth (29-31°C) might be the best for reproduction,
although no supporting data are available. It was hypothesized that use
of ice, shading and deep water system might increase seed yield during
hot weather. However, there has been no research so far to evaluate
the efficacy and the applicability of these techniques.

Low level of dissolved oxygen (DO) causes stress, which brings be-
havioral (e.g. gasping) and morphological changes in most of the fishes.
It also reduces feed intake, increases disease incidence (Schmittou,
1993) and impairs reproduction causing oocyte atresia, spawning inhibi-
tion, decreases fecundity and hatchability (Wedemeyer et al., 1990). Al-
though tilapias, utilizing atmospheric oxygen, can survive at low levels
of DO (Chervinski, 1982; Popma and Lovshin, 1996), some indications
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have been found that DO < 0.5 mg/L has negative impacts on the seed
quantity and quality (Ambali, 1990; Bevis, 1994). However, until now no
precise study has been carried out on the relation of DO levels with
reproductive activities, gametogenesis and spawning. In water re-cir-
culatory systems, DO might not drop so much. But in fertilized ponds
and outdoor tanks, low DO usually occurs in the morning and might be
one of the limiting factors for reproduction. Artificial aeration might be
helpful but its efficacy and applicability have not been studied.

Reproductive performance of tilapias is also affected by salinity, which
suppresses the aggression of dominant males (Watanabe et al., 1988).
However, high salinity (> 30 ppt) inhibits reproduction in Nile tilapia
(Watanabe, 1985; Fineman-Kalio, 1988). Reduction in fry production
starts from 10 ppt (Popma and Lovshin, 1996), probably due to osmotic
stress on eggs leading toc re-absorption. Rapidly increasing demand for
tilapia fry in coastal areas have been met mostly by salinity acclimated
seed produced from freshwater hatcheries. Establishment of hatcheries
in brackish waters could play a considerable role in tilapia culture (Suresh
and Lin, 1992). However, how and what degree of Nile tilapia seed output
could be affected by low salinity (< 10 ppt) is not known.

MATERIALS AND METHODS

A 30-day trial was conducted at a commercial tilapia hatchery (Nam Sai
Farm) located in Prachinburi Province, about 100 km east of Bangkok,
Thailand. Eight treatments viz. cooling, aeration, shading, salinity (5 and
10 ppt), water depth (1.5 and 2.1 m) and control were allocated in 24
circular cement tanks (2 m diameter) built in three blocks/replicates to
investigate their effects on reproductive performance of Nile tilapia. The
tanks were built below the ground level (sunken) and filled with water
pumped from a nearby pond.

In cooling treatment, for each of the three replicates, a cylindrical stain-
less steel tank (50 I) was placed inside a circular cement tank constructed
at the side of each broodfish tank. Each steel tank was filied with water
and a block of ice (70 cm x 50 cm). A block of ice per tank was added
twice daily (1000 and 1400 hrs). A tap was connected to the steel tank
to drain the ice water without mixing with green water. The green water
from each broodfish rearing tank was pumped-up to the cement tank in
the cooling system. The cooled green water was drained into the brood-
fish-rearing tank by gravity. Aeration (airlift system) was attained by using
air diffusers connected to an air compressor. These diffusers were placed
inside PVC pipes in the tanks so that the bottom water was lifted up and
directed to create a circular flow. For shading additional three tanks were
covered with black plastic netting material 40-50 cm above the water
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level. For the salinity treatment, NaCl was added to the tanks to make
up 5 and 10 ppt salinities. To experiment with various depths, tanks of
1.5 and 2.1 m were constructed just by using additional circular one and
two concrete rings respectively.

To hold the experimental fish blue nylon hapas of 1.4 m x 1.4 m were
suspended in all 24 outdoor cement tanks. The tanks were fertilized with
NPK (16-20-0) at 3 kg N and 1.5 kg P/ha/day at 5-day intervals. Six
females (135 + 0.6 g, SE) and four males (149 + 1.2 g) were stocked
in each hapa and fed catfish pellets (27% CP) at 1% biomass/day twice
daily. The amount of feed was adjusted at 10-day intervals based on the
batch weight. Dead fish were compensated from the remaining stock of
broodfish kept in a hapa in nearby pond in order to avoid the effects of
difference in density. The replacement fish were acclimated for about
half a day by adding the NaCl gradually before putting them into the
salinity treatment tanks. Fish mortality was expressed as percentage of
total mortality for each treatment. For the gonadosomatic index (GSl), 10
females and 10 males were randomly selected from the original popula-
tion of broodfish on the stocking day. They were weighed, killed and
gonads were squashed and weighed immediately. Faor final GSI, all the
fish were killed and their gonads weighed.

Eggs and yolk-sac fry (seed) were collected from the mouths of in-
cubating females at 5-day intervals using a pair of hand nets (Little et
al.,, 1993). Based on the developmental stages (Little et al.,1993), the
collected seed were separated into four groups. Batch weight and number
of seed were recorded immediately after collection. Stage | seed (un-
developed eggs) from each treatment were incubated in down-welling
incubators for about 8 hours to assess early viability of eggs. Five
samples (~40 eggs/sample) from each treatment at each seed harvest
were examined under microscope (10 x 4). Eggs were counted to assess
the percentage of viable eggs. The viability of stage lli seeds (well
developed unhatched embryo with red blood vessels and protruding eyes)
was assessed with naked eyes.

DO, pH and temperature were monitored daily at 0600, 1000 and
1600 hours with a DO meter (YSI Model 55), and desktop pH meter
(Hanna Instruments). Pooled water samples from each treatment were
analyzed in duplicate for NH3-N, NO2-N and alkalinity at 10-d intervals
using test kits (Aquamate 8510, 8530 and 8540, Impact Enterprises Co.
Ltd.).

Possible effect of tank position and seed harvest date were considered
as blocks and separated by using multi-factor ANOVA, then Student’s
t-test was used to compare the treatment means (Statgraphics ver. 7).
Fish mortality data (%) were log-transformed before statistical analysis.
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RESULTS

Seed output and clutches

The results (Table 1) showed that females with the water cooling treat-
ment produced the highest (P < 0.05) seed output of all treatments yield-
ing 7.5 times more seed as compared to the control. Females in the
tanks with the shadings produced 2.4 times more (P < 0.05) seed than
the control and highly variable seed outputs were obtained from the aera-
tion treatment. Seed outputs from high salinity (10 ppt) and deep-water
(2.1 m) treatments were relatively poorer than that from the control.
Females in the tanks with cooling treatment had significantly (P < 0.05)
higher number of seed/kg of spawned female as compared to the females
with control and 2.1 m deep-water treatments.

Females in the cooling tanks produced 4.5 times more (P < 0.05)
clutches as compared to the females in the control (Table 1). Coacling
treatment had more (P < 0.05) clutches as compared to the tanks with
shading, salinity (5 and 10 ppt) and water depth (1.5 and 2.1 m). Clutches
from the females with cooling had 1.8 times more (P < 0.05) seed/clutch
as compared from the females in the control tanks (Table 1). Females
in the tanks with high salinity (10 ppt) and deepest water (2.1 m) treat-
ments had significantly (P < 0.05) lower number of seed per clutch. Clutch
sizes from the females with aeration, shading, low salinity (5 ppt) and
the 1.5 m deep-water treatments were not significantly different from the

Table 1: Reproductive periormance and the survival of Nile tilapia (Oreochromis
niloticus) in hapas suspended in outdoor tanks with various environmental control
measures (Mean * SE)

Reprocuctive performance

Treatments Total seed Total No. of seed/kg Mean fish
output (no./tank) clutches/tank spawned female mortality (%
of total)

1. Control 1,360% + 462 2+ 0.6% 5,058% + 798 1.8+ 0.3

2. Cooling 10,230° + 962 9 + 0.6° 8,819° + 579 0.6 + 0.3%

3. Aeration 4,941%° + 1,753 5+ 15 6725°° + 802 12+0.7%

4. Shading 3,292° + 132 3.4 0i3° 7.331%° + 618 0.4 + 0.4°

5. Salinity (5 ppt) 1,968%° + 1,196 2+ 09%®  9,034%® + 1583 1.8 + 1.5°

6. Salinity (10 ppt) 615% + 403 1+06%® 4766% + 1252 24.4 +85°

7. Water depth 2,670 + 762 3+1.0%® 7666 +673 1.0+ 0.2%
(1.5 m)

8. Water depth 9942 + 115 1+0.3% 6,104% + 76 231+ 15°
(2.1 m)

Note: Values with same superscripts are not significantly different at 5% level.
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control and cooling treatments. Early viability of eggs collected from the
tanks with aeration was significantly higher (P < 0.05) than those from
10 ppt salinity. However, eggs from other treatments had similar early
viabilities (P > 0.05).

Fish mortality, gonado-somatic index (GSI) and seed quality

Highest (P < 0.05) mortality occurred in 10 ppt salinity treatment while
it was low in other treatments (Table 1). Mean female GSI increased
from 2.52 + 0.25 g at stocking to 3.7 + 0.25 g after 30 days but there
was no effect of treatments used. The corresponding figures for males
were 0.62 + 0.10 g and 0.90 + 0.07 g. Final GSI of male in cooling
treatment was significantly (P < 0.05) higher than that of males in 5 ppt
salinity (Table 2). At the end of the trial, when all the fish were killed to
assess the final GSI, dead eggs were observed in the gonads of females
in aeration and salinity treatments. Very small under-developed eggs
(tiny) were observed in the gonads of females in the tanks with shade,
aeration and 1.5 m water depth.

Table 2: Gonado-somatic index of Nile tilapia and early viability of their eggs reared in
hapa-in-outdoor tank system (Mean = SE)

GS! and egg characteristics

Final GSI (%) Early % female with eggs of
viability different size and color in
ovary at the end of the trial

Treatments Male Female % Large eggs Small White
eggs and

dead

eggs

1. Control 1.0 + 41 + 81+ 667+96 56+ 00t
0.16% 0.062 1.5 5.6 0.0

2. Cooling 12 + 31 + 83+ 556+242 167+ 00+
0.14° 0.152 0.4%° 9.6 0.0

3. Aeration 11+ 43+ 92+ 444 +147 222+ 114t
0,42% 0.052 0.3° 5.6 11.1

4. Shading 0.8 + 30 89+ 389+222 333+ 00t
0.10%° 0.32° 0.7% 16.7 0.0

5. Salinity (5 ppt) 0.7 + 38 + 87+ 11.1+111 111+ 561+
0.04% 0.122 2,3% 134 5.6

6. Salinity (10 ppt) 0.7 + 34 + 83+ 167 +167 56+ 56+
0.02%° 0.66% 2.42 5.6 5.6

7. Water depth 0.8 + 42 + 83+ 222+222 222+ 00t
(1.5 m) 0.05% 0592  0.6% 14.7 0.0

8. Water depth (2.1 0.8 + 36 £ 86+ 1871296 113z 0.0 £
m) 0.02%° 0.55° 0.8%° 1159 0.0

Note: Values with same superscripts are not significantly different at 5% level.
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Water quality

Tanks with cooling and shade treatmenis had significantly lower (P <
0.05) water temperatures than other treatments (Table 3, Fig. 1). Deep
tanks had significantly (P < 0.05) lower water temperatures in the after-
noon but significantly (P < 0.05) higher in the morning than in other
treatments. Early morning DO of water in the tanks with cooling had
highest (P < 0.05) among the treatments (Table 3, Fig. 2) while the tanks
with shade had the lowest DO (P < 0.05) in the late morning.

Tanks with shade, 10 ppt salt and 2.1 m depth had higher (P < 0.05)
ammonia-N than the tanks with cooling and aeration (Table 3). Deeper
(1.5 and 2.1 m) tanks had highest (P < 0.05) nitrite-N among the treat-
ments. Cooling, aeration, shade and deep water (1.5 and 2.1 m) treat-
ments had higher (P < 0.05) nitrite-N than the control. The pH ranged
from 7.6 to 9.4 throughout the experimental period. Alkalinity was higher
(P < 0.05) in 2.1 m-deep and 10 ppt salinity-tanks than in the control.
Cooling tanks had significantly lower (P < 0.05) alkalinity than in the
tanks with shade, salinity (5 and 10 ppt) and water depth (1.5 and 2.1 m).
Secchi disk visibility was higher (P < 0.05) in the deep (1.5 and 2.1 m),

Table 3: Mean temperature, dissolved oxygen (DO) and other water quality parameters
of experimental tanks reared with Nile tilapia brocdfish (Mean + SE)

Water quality parameters

Treatments Temperature DO at  Ammonia- Nitrite-N  Alkalinity Secchi

at 1530 0630 hrs N (mg/L) (mg/L) (mg disk
hrs (°C) (mg/L) CaCOg/L) visibility
(cm)

1. Control  33.0 £ 0.2° 1.5+ 0.2° 0.6 + 0.4%°® 05 + 0.3% 130 + 113 31 + 22

2. Cooling 30.0 +02% 3.1+03° 03+0.1% 07 +02° 122 + 12% 42 + 2%¢

3. Aeration 302;5 11+01% 03+0.1® 07 +0.2° 142 + 11*® 36 + 1%

4. Shading 302+ 0.1% 09+01%® 12+09° 07+02° 150+6° 66 + 4¢

5. Salinty 33.3:02° 1.7+0.3%° 05:0.3%° 06+02®® 150+7° 88+ 3°
(5 ppt)

6. Salinity 333+02° 1.0+02% 1.2+07° 04 +03® 156 + 3% 47 + 2
(10 ppt)

7. Water 326+01% 14+ 06+05® 09+0.1° 153+9° 54+ 2%

depth 0.8%
(1.5 m)

8. Water 325+ 0.1% 1.1+0.2% 1.0+0.8° 09+02° 156 +3° 84 + 1°
depth
(2.1 m)

Note: Values with same superscripts are not significantly different at 5% level.






