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Abstract

The study was undertaken to determine the interactive effect of water temperature and salinity on yolk absorption rate, growth and sutvival of C.
gariepinus larvae. Fertilized eggs, from broodstock reared for commercial seed production were incubated in 1000ml glass flasks and received one of the
nine temperature (25, 28, and 31°C) and salinity (0, 3 and 6ppt) combinations in triplicates. The experiment was kept viable until all the yolk was fully
disorbed. Data collected included yolk absorption rate and period, average rate of growth in length and larval survival of C. gariepinus, while water
temperature was monitored periodically. The results showed that: Both temperature and salinity and their interaction had a significant effect on yolk
absorption rate and period, average rate of growth in length and larval survival of C. garigpinus. A temperature and salinity combination of 28-31°C and
Oppt was found to be suitable for nursing C. garigpinus larvae. This is evidenced by having the least yolk absorption rate and period, highest rate of
growth in length and highest survival of C. gariepinus larvae. Hence this temperature-salinity combination is recommended for the improvement of

catfish seed production which is a major problem in catfish industry.
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Introduction

In Africa, full aquaculture potential of African catfish, Clarias

gariepinus, has not yet been realized despite its possession of
many qualities that make it suitable for commercial
production. To a large extent, the main constraint facing its
commercial culture in the continent has been the lack of
adequate and reliable supply of quality fingerlings for stocking
purposes (Rasowo et al., 2007). This has been attributed to its
characteristic gonadal seasonal cycle i.e. gravid females may
be found in freshwater from October (spring) until water
temperatures drop in March/ April (autumn) (Britz, 1991). It
does not show any parental care, its inability to spawn
naturally in captivity (Rasowo et al., 2007) and the low
survival of its hatchlings in earthen ponds (De Graaf and
Janssen, 1996). Considering that this species cannot naturally
spawn in captivity, the current production is mainly based on
induced breeding techniques and for this reason induced
breeding techniques have been perfected, adequately
described and are routinely practiced in many hatcheries
(Hogendoorn, 1979; Hogendoorn and Vismans, 1980).
However the shortage of seed for stocking ponds continues
to persist in Africa (Rasowo et al., 2007). It is apparent that
management protocols covering egg production, egg
hatching, and particularly production techniques that
enhance fry and fingerling survival need to be further studied
and refined to ensure a sufficient supply of quality catfish
seed.

Temperature and salinity are the two most important
environmental factors affecting fish hatchery production
(Aktas, 2004). Such abiotic factors influence fish eggs and
larval physiology and they have a direct effect on growth and
survival of fish (Holliday, 1969). However, information on
effect of water temperature, salinity, and their combination is
available only from fingerling to adult stages but not available
on the yolk-sac larvae stage. Therefore this study aimed at
unveiling how such factors affect growth, yolk absorption
and survival of yolk-sac, a precursor of the subsequent stages
necessaty to address the current shortage of catfish
fingerlings.

Methods and Materials
Study site

The study was carried out at the National Aquaculture
Center at Domasi, Zomba District, in Malawi. The timing was
between September and December 2008, which is the natural
breeding season of C. gariepinus.

Brood-stock management and hormonal treatment

The mature females and males of C. gariepinus broodfish were
selected from a stock maintained for commercial breeding
program at the National Aquaculture Center at Domasi
(Malawi), with individual weights ranging between 500 and
700g. All broodfish were selected wusing external
morphological characteristics; female broodfish which were
selected had soft and distended abdomen from which
matured eggs, based on their greenish coloration and singular
occurrence, were stripped by gentle application of pressure in
accordance to Janssen (1987). Male brood fish were selected
if they possessed elongated and reddish pointed urino-genital
papillac. Fifteen females and 10 males were selected. Males
and females were kept separately in concrete tanks measuring
10 x 8 x 1.2 m. The broodstock were acclimatized in their
new environment (concrete tanks) for 7 days at mean
temperature of 28 * 2°C and normal photoperiodic regimes
with water pH around 7.1£0.1 The broodfish were fed on
formulated pellets (35% crude protein) twice per day (7 am
and 5 pm) at 5% of total fish biomass.

Prior to hormone injection, a total of four female and four
male broodfish were randomly seined out from the tanks and
kept singly in aerated 50L aquaria, with 25 litres of aerated
water for 12 h. The randomly-selected females were
measured in terms of weights and total lengths (TL) of 580,
660, 650 and 500g, and 47.5, 50.0, 49.5 and 58.0 cm,
respectively, and males had weights and total lengths of 600,
650, 680 and 700g and 46.5, 40.0, 48.5 and 65.0 cm,
respectively.

Broodfish were injected with ovaprim©, a synthetic
analogue of gonadotropin releasing agent (Syndel
Laboratories, Canada), between 6 and 7 pm. Ovaprim was
administered in liquid form at 0.5 ml/kg body weight of
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female fish. Each male was injected with half of the dose of
the female in accordance to Legendre, 1986; Haniffa and
Sridhar, 2002. The injected fish were returned and kept
separately into their respective 50L aquaria for 12h, and
water temperature was maintained at 28°C using
thermostatically controlled water heaters.

Fertilization and preparation of test solutions

Ovulated females were stripped the following morning after

injection at room temperature (25°C) to collect eggs. The
ovulated eggs oozed out by slight thumb pressure onto the
plastic bowl. The fish were stripped until traces of blood
were observed which signified that the ovaries were empty.
For male gametes, mature males were sacrificed (killed) and
sperm sacs were collected, then incisions were made on the
sperm sacs following Viveiros (2002). Milt was squeezed and
spread over the eggs then mixed thoroughly with a soft clean
feather. To this, 0.6% saline solution was added and further
agitated for few seconds. Spermatozoa from one mature
male were used to fertilize eggs stripped from three females
while keeping the eggs from different females separately.
The process from stripping to fertilization took about three
minutes to accomplish. Three concentrations of the
common salt, NaCl, (0, 3, and 6 g/l) were prepared by
dissolving these three amounts of salt in a liter of natural
freshwater used by National Aquaculture Center for
breeding catfish, in order to obtain the required salinities, for
all the tests on salinity tolerance of fertilized eggs and Yolk-
sac larva. The mixture was tested with a salinometer, to
confirm the salinities of the test solutions.

Egg incubation, Yolk absorption rate and period,
rate of growth and survival

At incubation, a 3x3 factorial design was used where three
temperatures levels (25, 28, and 31°C) and three salinity
levels (0, 3 and 6ppt) levels each with three replicates were
set. Immediately after fertilization, eggs were transferred
into 1000ml-capacity beakers (100 eggs per each beaker),
beakers were filled to 800ml mark with the test media.
Aerators were placed in each water bath and in each beaker
to ensure temperature homogeneity and oxygen supply
respectively. At the end of hatching, the hatched larvae were
left in the salinities and temperatures of incubation. Yolk
absorption rate was determined by measuring the size
(length and height) of the yolk sac of 27 larvae, 9 from each
replicate using an ocular micrometer mounted on a light
microscope daily until the yolks were fully absorbed in
accordance to (Molokwu and Okpokwasili, 2002). The
average rate of daily yolk absorption were then determined
using the formula by Borode and Akin—James (2005):

Y (nI-nF)it

Where:
nl = initial yolk size per
day, nF = final yolk size per
day, t = rearing period
The yolk-sac period began from the end of the hatching
period until when 50% of the larvae fully absorbed
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their Yolk-sac. This was determined by visual observation
and the time taken was recorded. Mortality was determined

by counting and by recording on a daily basis the number of
dead larvae until the Yolks were fully absorbed. Percentage
survival was determined by the following formula according
to Radonic et al. (2007)

(%) Survival = Number of live larvae at the end of Yolk absorption x 100

Number of live larvae after hatching

The rate of growth (GR) was determined by measuring the
length of 27 larvae, 9 from each replicate using an ocular
micrometer mounted on a light microscope. The average rate
of growth in length in relation to the various salt and
temperature was calculated using the formula by Borode and
Akin-James (2005):

D (Lf-Liyt

Where:

Lf = final daily length of larvae, Li
= initial daily length of larvae t =
rearing period.

Other water quality parameters

The following Water parameters were monitored on a daily
basis. Temperature was measured using a mercury in glass
thermometer, pH were read using a pH meter model 191 CP-
20 digital, Dissolved Oxygen (DO) level were maintained
with RESUN LP- 100 low noise air pump while values were
measured using the oxygen meter YS1 model 51B. Salinity
values were monitored using portable refractometer
salinometer.

Data analysis

Two-way analysis of variance after normality tests for
ANOVA was used to analyse the data. When treatment
means were found to be significant (P<0.05), multiple
comparisons among means were done using Scheffe’s test.
Both ANOVA and Scheffe’s tests were done using SAS.

Results

Effect of temperature on Yolk-sac larvae

The average rate of Yolk absorption per day increased with
increasing temperature at all the three incubation salinities.
However there was no significant differences (P<0.05) at 0
and Oppt but there were significant differences (P<0.05), at
3ppt. The Yolk absorption period decreased with increasing
temperature at Oppt but it increased with increasing
temperature at 6ppt and significant differences (P<0.05) were
observed. On the other hand, the lowest Yolk absorption
period was observed at 3ppt when temperature was at 28°C.
However, there was no significant differences (P<0.05) at all
the three incubation temperatures. The average rate of
growth in length per day increased with increasing
temperature but there were no significant differences
(P<0.05) at Oppt and 3ppt. Highest average rate of growth in
length per day was at 6ppt and 31°C. The values were not
significantly different (P<0.05) from that which were
obtained at 28°C but significantly different (P<0.05) from
that which was obtained at 25°C. In freshwater the survival
percentage increased with increasing temperature and there
were no significant differences (P<<0.05) while in salty water,
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it decreased with increasing temperature and significant
differences were observed (Table 1).

Table 1: The effect of temperature and salinity on average rate of

Yolk absorption, Yolk absorption period, rate of growth and

survival rate

(mean £SE., n=9) of Clarias gariepinus latrvae

Salinit [ Tem | Average Yolk Average Survival
y perat | rate of yolk absorption rate of (%)
(PpY) ;fg) absorption period (h) growth
per Day in length
(mm3) per day
(mm)
0.00 25 0.997+0.110* 74.00+1.46° 0.894+0.0994* | 90.67+1.15%
28 1.013+0.112a |[62.00+1.76° |0.675+0.0750° | 79.67+1.52°
31 1.050+0.116a |[48.00+1.56° |0.668+0.0742° |54.67+4.16°
3.00 25 0.523+0.068a | 80.00+3.46a |0.959+0.1065* | 92.00+2.00*
28 0.600+0.066b | 74.00+2.46a |[0.779+0.0866° | 74.00+8.71°
31 0.757+0.041c | 76.00+3.06a | 0.729+0.0809" | 34.00+4.00°
6.00 25 0.305+0.033a | 88.00+2.06b |1.011+0.1123* | 93.00+1.00*
28 0.360+0.040a | 92.00+3.46a | 0.850+0.0945" | 32.00+6.93"
b
31 0.373+0.084a | 96.00+0.56a |0.796+0.0884° |08.67+1.15°
b

Means with the same superscript are not
significantly different within columns (P>0.05)

Effect of salinity on Yolk sac-larvae

Means with the same superscript are not
significantly different within columns (P>0.05)

Interactive effect of temperature and salinity on
yolksac larvae

The highest average rate of yolk absorption per day was
obtained at temperature-salinity combinations of 31°C and
Oppt, this was not significantly different (P<0.05) from those
obtained at 28°C and Oppt and 25°C and Oppt, while the
least mean average rate of yolk absorption per day was
recorded at temperature-salinity combination of 25°C and
6ppt. The least yolk absorption period was obtained at
temperature-salinity combination of 31°C and Oppt, and the
highest yolk absorption period was recorded at
temperaturesalinity combination of 31°C and G6ppt. The
highest average rate of growth in length per day was
obtained at temperatutre-salinity combinations of 31°C and
Oppt, however, this was not significantly different (P>0.05)
from those which were recorded at 28°C and Oppt and 25°C
and Oppt. The highest survival rate was recorded at
temperaturesalinity combination of 31°C and Oppt, however
this was not significantly different (P>0.05) from those
which was recorded at 28°C and Oppt, and 25°C and Oppt,
while the least survival rate of 8.67 was recorded at
temperaturesalinity combination of 31°C and 6ppt.

Table 3: The interactive effect of temperature and salinity on
average rate of yolk absorption, yolk absorption period, rate of

growth and survival rate (mean*SE., n=9) of Clarias gariepinus

The average rate of Yolk absorption per day was
significantly (P<0.05) highest in freshwater and it decreased
progressively with increasing salinity at all the three
incubation temperatures. Yolk absorption period was
significantly (P<0.05) least in freshwater and it increased
progressively with increasing salinity. The average rate of
growth in length per day was significantly (P<0.05) highest
in freshwater and increased with increasing salinity. Survival
percentage was also significantly (P<0.05) highest in
freshwater at all the three incubation temperatures and
decreased with increasing salinity (Table 2).

Table 2: The effect of salinity on average rate of yolk absorption,
yolk absorption period, rate of growth and survival rate (mean*SE

n=9) of Clarias gariepinus larvae at a various temperatures.

Te Salini | Average Yolk Average Survival

mpe |ty rate of absorption rate of (%)

vy et | yolk period () | growth in |

. absorption ength (mm)

Q9 per Day

(mm3)

25 0.00 0.997+0.110* | 74.00+1.46° [0.894+0.0994a |90.67+1.15%
3.00 0.523+0.068° | 62.00+1.76" | 0.675+0.0750° 79.67+1.52°
6.00 0.305+0.033° | 48.00+1.56° | 0.668+0.0742° 54.67+4.16°

28 0.00 1.013+0.112* 80.00+3.46° 0.959+0.1065% 92.00+2.002
3.00 0.600+0.066° 74.00+2.462 0.779+0.0866* 74.00+£8.71°
6.00 0.373+0.041° 76.00+3.06% | 0.729+0.0809° 34.00+4.00°

31 0.00 1.050+0.116* 88.00+2.06° 1.011+0.11232 93.00+1.00#
3.00 0.757+0.084° 92.00+3.46% | 0.850+0.0945° 32.0046.93°
6.00 0.360+0.040° 96.00+0.56% | 0.796+0.0884% | 08.67+1.15°

larvae.
Tempe | Salini | Average Yolk Average Survival (%)
ratures | ty rate of absorption rate of
(°C) (Ppt) | yolk period (h) growth in |
absorption ength (mm)
per Day
(mm3)
25 0.00 0.997+0.110* 74.00+1.46° 0.894+0.0994* | 90.67+1.152
3.00 0.523+0.068° 80.00£3.46° 0.675+0.0750° | 79.67+1.52°
6.00 0.305+0.033° | 88.00+2.06" | 0.668+0.0742° |54.67+4.16°
3.00 0.00 1.013+0.1122 62.00+1.76° 0.959+0.1065% | 92.00+2.00*
3.00 0.600+0.066° 74.00+2.46° 0.779+0.0866° | 74.00+8.71°
6.00 0.360+0.040°" | 92.00+3.46® | 0.729+0.0809° | 34.00+4.00°
6.00 0.00 1.050+0.116* 48.00+1.56" 1.011+0.1123* | 93.00+1.00°
3.00 0.757+0.084° 76.00£3.06° 0.796+0.0884" | 32.00+6.93 °
6.00 0.373+£0.041° 96.00+0.562 0.850+0.0945" | 08.67+1.15°

Means with the same superscript are not
significantly different within columns (P>0.05)

Discussion

Water Temperature affected the average rate of yolk
absorption per day and yolk absorption period the average
rate of yolk absorption per day increased with increasing
temperature while the yolk absorption period decreases with
increasing temperature. A similar trend was reported by
Haylor and Mollor (1995) who incubated C. gariepinus eggs in
freshwater and reported the yolk absorption period of 74.40-
90.24h at temperature range of 24-26°C, 63.06h at 28°C and
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48.96-55.20h at 30-32°C. Increased metabolism at higher
temperature could have been responsible for the direct
relationship between the average rate of yolk absorption per
day and temperature and the inverse relationship between
temperature and yolk absorption period (Nwosu and
Hertzlohner, 2000).

At 3 and 6ppt, the yolk absorption period decreased with
increasing temperature while the least average rates of yolk
absorption per day was obtained at 28°C. However, this was
not significantly different from those obtained at 25°C and
31°C (Table 2). The inverse relationship between yolk
absorption period and temperature could be due to the high
metabolic rates at high temperature as reported by Nwosu
and Hertzlohner, (2000). While the results obtained for the
average rate of yolk absorption per day suggests that salinity
modifies the effect of temperature on yolk absorption per
day.

Water temperature affected the average rate of growth in
length per day and survival of yolk sac larvae at a given salinity
in that, at all the three incubation salinities (0-6ppt), the
average rate of growth in length per day increased with
increasing temperature. These results are in line with those
reported by Britz and Hecht (1986) who observed better
growth of C.gariepinus larvae with increasing temperature.
Similar results were also reported by Haylor and Mollor
(1995) that number of day-degrees decrease with increasing
temperature until hatching, first feeding and yolk sac
absorption in C.gariepinus. In the current study, at Oppt, the
survival of yolk sac larvae increased with increasing
temperature. These results are in contrast with those by
Nwosu and Hertzlohner (2000), who reported that survival
of larvae of Heterobranchus longifilis reduced with increasing
temperature. When they reared their larvae in fresh water;
they obtained the highest survival of 67% at 25°C, 50% at
27°C, 33% at 29°C, and 13% at 32°C. However the results
are in line with those by Fashina-Bombata and Busari (2003),
who reported the highest survival of 93.7% when they reared
H. longifilis at 27£0.5°C in fresh water. At 3 and 6ppt the
survival of Cgariepinns yolk sac larvae decreased with
increasing temperature, however the decrease was more
pronounced at high temperature. These results are in line
with those reported by Borode et al. (2002) who reported no
significant difference when they reared C.gariepinus yolk sac
larvae at temperatures of 26-27°C in salinities of 0, 2, 4, and
Oppt, however they did not show the exact figures for their
results. Bioenergetic studies indicate a strong positive
relationship between temperature and metabolism in fish
(Wotton, 1995). Wotton, further noted that increased
metabolic rate increases the levels of food intake in order to
maintain growth and survival rates. In the current study, the
observations show a positive relationship between the
average rate of growth in length per day and survival of yolk
sac larvae with temperature. This relationship could have
been due to the increased metabolic rate which increased yolk
utilization hence maintaining high growth and survival rates
of Cl.gariepinus yolk sac larvae. The finding of this study
therefore indicates that the survival of Cl.gariepinus yolk
saclarvae increased with increasing temperature in freshwater.

Salinity affected average rates of yolk absorption per day and
yolk absorption period at a given salinity in that, at all the
three incubation temperatures (25-31°C). The average rate of
yolk absorption per day decreased with increasing salinity,
while the Yolk absorption period increased with increasing

salinity from 0-6ppt. Similar results were reported by Borode
and Akin-James (2005), who reported that the yolk
absorption decreases progressively with increased salt
concentration for the crosses of C.gariepinus x H. longifilis.
They found out that yolk absorption rate was highest in the
control, but it decreased with increased salinity. High rate of
yolk absorption means small yolk size and low rate of yolk
absorption means large yolk size. These results are in
agreement with those reported by Borode et al. (2002), who
reported that yolk size was highest at higher salt
concentrations than at lower salt concentration. They
recorded the yolk size of 0.3mm3 at Oppt, 0.4mm3 at 2ppt,
0.3mm3 at 4ppt and 0.7mm3 at 6ppt. Rice (1990) explained
that this inverse relationship could have been due to the
decrease in metabolic rate at high salinities, He further
reported that, factors which reduce metabolic rate like high
salinity may be accompanied by a decrease in yolk
consumption. Therefore in the present study, the inverse
relationship between average rates of yolk absorption per day
and yolk absorption period and salinity might have been due
to the decreased metabolism at high salinities.

Salinity affected the rate of growth in length per day and
larval survival in that, at all the three nursing
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temperatures ranging from 25 to 31°C, the average rate of
growth in length per day and larval survival decreased with
increasing salinity. These results are in line with those
reported by Borode and Akin-James (2005) who reported
that mean body lengths and survival of the larvae of a hybrid
C. gariepinus (f) x H. longifilis (m) decreased with increasing
salt concentration. They further explained that this was as
result of the predominance of C. gariepinus (f) over H.
longifilis (m). C. gariepinus is a freshwater stenohaline fish
known for increasing maintenance requirements at higher
salinities and consequent weight loss which resulted into
reduced growth and survival (Borode and Akin-James, 2005).
These results are also in agreement with those reported by
Britz and Hecht (1986) who reported decreasing growth rate
with increasing salinity for C. gariepinus larvae. Furthermore
the results obtained in this study agree with those reported by
Fashina-Bombata and Busari (2003), who reported the
highest survival of 93.75% at Oppt when they reared yolk sac
larvae of H. longifilis at 27+0.5°C in water at different
salinities. They further reported that, the yolk sac-larvae
which were hatched in water at high salinities and transferred
in water at lower salinities highest survival of 93.75% at Oppt.
The finding of the current indicated a negative relationship
between the average rate of growth in length per day and
survival of yolk sac larvae with salinity. This could have been
due to the characteristic nature of C. gariepinus as a freshwater
stenohaline fish which increases maintenance requirements at
higher salinities resulting into weight loss, reduced growth
and survival (Borode and Akin-James, 2005).

The interactions of both temperature and salinity on average
rate of yolk absorption per day and yolk absorption period
revealed that, the highest average rate of yolk absorption per
day and the least yolk absorption period were obtained at the
highest incubation temperature (31°C) in freshwater. These
results are in line with those reported by Borode et al, (2002),
who nursed C. gariepinus larvae at different water salinities and
reported that rate of yolk absorption was delayed in saline

water than in fresh water. They found out that the rate of yolk
MAJANDS VOL 1 (1): 31- 35 December 2015
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absorption was significantly faster in the control and 2ppt salt
treatments, but slower in 4, 6, and 8ppt. This could have been
as a result of the decrease in metabolic rate at high salinities
(Rice, 1990) and the high metabolic rates at high temperature
(Nwosu and Hertzlohner, 2000).

In a conclusion, this study showed that both temperature and
salinity and their combinations had a significant effect on yolk
absorption period, average rate of yolk absorption per day,
average rate of growth in length and larval survival of C.
gariepinus. The temperature and salinity combination of 31°C
and Oppt is better for the nursing of C. gariepinus as evidenced
by having least yolk absorption period, high average rate of
development in length and high survival of C. gariepinus
larvae, therefore it is recommended that C. gariepinus larvae
should be nursed at a temperaturesalinity combination of

31°C and Oppt.
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