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Abstract: Ornamental fishes are the most popular pets in present day world. Among these ornamental fishes, gold fish (Carrasius auratus (Linnaeus, 1758)) is the most admired ornamental
fish through out the world and also in India.
Most of the fish farmers associated with ornamental fish trade in India are engaged in captive culture of gold fishes. Supply of suitable food during culture period is the most vital factor to
achieve good growth and survival of gold fish, but proper knowledge regarding the most preferable food of gold fish is lacking. On the other hand, age-specific food preference in some fishes
has been reported earlier. So, in the present study gold fish was selected to determine its food
preference and experiment was also conducted to discern any age-specific food preference of
gold fish. Previous works have considered gold fish as consumer of mosquito larvae but its potential as mosquito biocontrol agent has not been studied so far. So, the potential of gold fish as
mosquito biocontrol agent was also studied.
From the experiment, it has been observed that gold fish has significantly higher preference for
live food than artificial food, more preferably for chironomid larvae. Gold fish has significantly
higher mosquito larvae consumption rate than same aged guppy and Aplocheilus sp. under same
hydrological parameter was also observed.
So, from this study it can be concluded that supply of live food more preferably the chironomid
larvae could be beneficial to get good growth and survival of gold fish in captive culture. As from
this study it has also been observed that gold fish has significantly higher mosquito larvae consumption rate than popular larvivorous fishes, so in near future gold fish can not only be used as
ornamental fish but also as an efficient mosquito biocontrol agent.
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Introduction
Ornamental fishes are attractive and colorful species of fishes with peaceful nature
(Jayasankar, 1998; Mukherjee et.al. 2000;
Singh and Ahmed, 2005) and they are the
most popular pets in present day world (Singh,
2005). Ornamental fish keeping is emerging as
one of the most popular hobbies across the
world next to photography (Nayar, 1996; Kurup, 2003; Das et.al. 2005; Singh and Ahmed,
2005). Among these fishes, gold fish (Caras-

sius auratus, Linnaeus) is the most popular
one throughout the world and also in India.
Food is the most important and vital factor
for the growth and survival of the living beings on the face of the earth (Islam, 2004) and
feeding is the dominant activity of the entire
life cycle of fish (Royce, 1972). The success
on good scientific planning and management
of fish species largely depends on the knowledge of their biological aspects, in which food
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and feeding habits include a valuable portion
(Joadder, 2006). Proper knowledge about food
preference, especially the first food of fish
larvae is vital for achieving good survival
rates during fish culture (Ghosh et.al. 2003).
In general, literature on the food habits of
fishes is scanty (Mitra et.al. 2006) and thus
scientific information regarding food preference of gold fish is also lacking.
The use of larvivorous fishes is the oldest
and presently the most popular biological
method for eliminating or reducing mosquito
larvae population (Hess & Tarzwell, 1942;
Krumholtz, 1948; Hoy et al., 1971,1972;
Hurlbert et al., 1972; Chapman, 1974; Tabibzadeh et al., 1977; W.H.O., 1980, 1982; Nasir,
1979a, b; Walter & Legner, 1980; Wurtsbaugh
et. al., 1980; Zaman, 1980; Pant et. al., 1981;
Ahmed & Isfaq, 1982; Haas, 1984; Haas &
Pal, 1984; El Safi et al., 1985; Gratz and Pal,
1988; Blaustein, 1989, 1992; Castleberry &
Cech, 1990; Fletcher et al.,1993; Homski et
al., 1994; Morgan and Buttemer, 1996; Frenkel and Goren, 1997, 2000; Raghavendra and
Subbarao, 2002; Mohamed, 2003; Ghosh et.al.
2005; Yildirim and Karacuha,2007) and more
than 253 fish species have been considered for
mosquito biocontrol (Gerberich and Laird,
1985). Among these larvivorous fishes, mosquito fish (Gambusia sp.) and guppy (Poecilia
sp.) are most popular throughout the world
and even for more than 100 years mosquito
fish has been used as a mosquito biocontrol
agent throughout the world (Walton, 2007). In
India, mosquito fish and guppy have been
successfully utilized as the mosquito biocontrol agent for a long time (Menon and Rajagopalan, 1978; Rao et. al. 1982; Das and
Prasad, 1991; Haq et. al. 1991; Gupta et. al.
1992; Prasad et.al. 1993; Dua and Sharma,
1994; Hati and Saha; 1994; Sharma, 1994;
Rajnikant et.al. 1996; Chatterjee and Chandra,
1997; Singaravelu et.al.1997) and to some extent Aplocheilus sp. has also been used for this
purpose (John, 1940; Job, 1941, Kumar et.al.
1998). Earlier works (Chatterjee et.al. 1997;

Chandra et.al. 2008) have considered gold fish
as a good consumer of mosquito larvae.
Information regarding age specific food
preference of gold fish on different food items
and the potential of gold fish as mosquito biocontrol agent is deficient.
Therefore the first part of our work destined to study about the age specific food
preference of gold fish between live and artificial food. This study will not only provide the
information about food preference of gold fish
but will also suggest which food item will be
beneficial for gold fish culture in captivity.
The second part of our work designed to know
the potential of gold fish as an effective mosquito biocontrol agent comparative to the
common larvivorous fishes utilized so far in
India.

Materials and Methods
Collection and Acclimatization of Fish
Goldfish of three different age groups [2
months (29-36 mm); 3 months (41-46 mm)
and 4 months (58-62 mm) old] were collected
from Joynagar Fish Farm and then were taken
to the laboratory using oxygen packs. Three
age groups were kept separately in 5 L glass
tanks at a density of 6 fish/tank with proper
aeration, similar photoperiod (14 L: 10 D) and
temperature (27 ± 2º C). They were then acclimatized to laboratory condition for one
week and were supplied with commercial
feed.
As earlier works (Arthington and Lloyd
1989; Meffe and Snelson 1989; Rupp 1996;
Gratz et al. 1996; Morgan and Buttemer,
1996) have revealed the negative impacts of
mosquito fish on non-target organisms and
natural ecosystems, so mosquito fish was not
considered rather guppy and Aplocheilus sp.
were selected to compare the mosquito biocontrol efficiency of gold fish in our experiment. For this purpose Guppy (29-33 mm) and
Aplocheilus sp. (32-35 mm) of 4 months old
were taken from our lab-reared batch and they
were also kept in separate 5 L: glass tanks at a
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density of 6 fish/ tank with the same laboratory condition as provided to the gold fishes.

This experiment was conducted in three
parts.
The first part of the experiment was designed to know the age specific preference of
gold fish for individual food item when foods
were supplied separately. For this experiment,
individual gold fishes of each of the three different age groups were kept separately in 5 L
glass tanks at the density of one fish /tank.
The fishes were held in the tanks for 24 hours
prior to the commencement of the experiment
and were kept without food to standardize
hunger level. Each of these fishes was then
provided daily with 300 mosquito larvae for
the first seven days, with 300 chironomid larvae for next seven days and with 300 Tokyu
granules for the last seven days. For each day,
after one hour of supply of the food item, the
remaining amount of each food item was
counted. This experiment was conducted in
three replicates for each set up. Figure 1 summarizes the result. Results have been represented as mean ± SD.

Collection of the Foods
The larvae of Culex sp. were collected from
sewage drain near the University campus and
then to collect the stage IV instar (5.2-6.3
mm), the heterogeneous larval population was
repeatedly sieved with tap water. They were
then kept in enamel trays and supplied with
proper amount of food ad libitum. By dredging the bottom mud from the same sewage
drain the chironomid larvae (Chironomous
sp.) were collected and then the collected larvae were kept in enamel trays. Chironomid
larvae of stage IV instar (10-12 mm) were collected from the lot. Standard artificial food
(Tokyu, granulated form, diameter 1.3 ± 0.37
mm) was brought from the local aquarium
shop for feeding experiment.
Experimental Setup
Experiment I: Age specific food preference
of gold fish between live and artificial food.

Figure 1: Food consumption rate of three different age groups of gold fish for three different food items when supplied separately.
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Figure 2: Food preference between Chironomid larvae and Mosquito larvae among three
different age groups of gold fish when food items were supplied together at the same time.
The second part of the experiment was designed to know the age specific preference of
gold fish between the two live food items
(mosquito larvae and chironomid larvae) when
the two food items were supplied together. For
this experiment, individual gold fishes of each
of the three different age groups were kept
separately in 5 L glass tanks at the density of
one fish /tank. The fishes were held in the
tanks for 24 hours prior to the commencement
of the experiment and were kept without food
to standardize hunger level Each of these
fishes were then supplied with equal amount
(300 in number each) of mosquito larvae and
chironomid larvae together at the same time.
After 1 hour, the remaining amount of each
food item was counted. This experiment was
conducted in three replicates for one week.
Figure 2 summarizes the result. Results have
been represented as mean ± SD.
The third part of the experiment was designed
to know the age specific preference of gold

fish between the most preferred live food (as
observed in the second part of the experiment)
and artificial food. For this experiment, individual gold fishes of each of the three different age groups were kept separately in 5 L
glass tanks at the density of one fish /tank.
The fishes were held in the tanks for 24 hours
prior to the commencement of the experiment
and were kept without food to standardize
hunger level. Each of these fishes was supplied with equal amount (300 in number each)
of chironomid larvae and Tokyu granules together at the same time. After 1 hour, the remaining amount of each food item was
counted. This experiment was conducted in
three replicates for one week. Figure 3 summarizes the result. Results have been represented as mean ± SD.
Experiment II: Comparative study on mosquito larvae consumption rate between gold
fish and two other larvivorous fishes.
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Figure 3: Food preference between Chironomid larvae and Artificial food among three different age groups of gold fish when food items were supplied together at the same time.
Gold fishes of 4 months old and 4 months old
lab reared wild guppy and Aplocheilus sp.
were kept separately in 5 L glass tanks at the
density of one fish /tank. The fishes were held
in the tanks for 24 hours prior to the commencement of the experiment and were kept
without food to standardize hunger level. Each
of these fishes was then provided with 300
mosquito larvae at the same time. After 1
hour, the remaining amount of unconsumed
mosquito larvae was counted. This experiment
was conducted in three replicates for one
week. Table 1 and Figure 4 summarize the
result. Results have been represented as mean
± SD.

peated over days was also followed to describe in detail about the age of gold fish vs
means of food item consumed if found significant. Such comparison was made using LSD
test at 1% level of significance.
For the second experiment, day wise and
indifferent of days the mean consumptions
along with standard error of means were calculated. One-way ANOVA for each day of
study and pooled ANOVA repeated over days
for mean comparison were followed with post
hoc test viz. Duncan’s test at 5% level of significance.

Results and Discussion
The first experiment was conducted to
know about the age specific food preference
of gold fish between live and artificial food.

Statistical Analysis
For the first experiment, two-way ANOVA
was followed for two source of variance viz.
age of gold fish and food types for each day of
observation. Pooled ANOVA technique re-
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Figure 4: Mean consumption rate of mosquito larvae in one hour by same aged gold fish,
guppy and Aplocheilus sp.

Name of
the Fish
Gold Fish

Guppy

Aplocheilus
sp.

Daily Consumption Rate (mean ± SD)
Day 2
Day 3
Day 4
Day 5
Day 6

Day 1
197 ± 5.29

51 ± 2.64

a

b

35 ± 2.64

c

203 ± 5.29

a

201 ± 3.00

a

210 ± 7.21

a

198 ± 2.64

a

201 ± 2.64

Day 7
a

196 ± 1.73

45 ± 2.64

b

48 ± 3.00

b

52 ± 2.64

b

42 ± 2.00

b

45 ± 4.58

b

43 ± 3.00

b

29 ± 4.00

c

33 ± 4.00

c

27 ± 4.58

c

30 ± 2.64

c

32 ± 4.36

c

33 ± 4.58

c

a

Table 1: The mean daily consumption rate of mosquito larvae by three different fishes.
Values (mean ± SD) with different subscripts in the same row are significantly different at
the 5% level.
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In the first part of the experiment, when the
three types of food items were supplied separately to three different age groups of gold
fish, 2 months and 3 months old gold fish always showed significantly (P < 0.01) higher
preference for chironomid larvae and mosquito larvae than artificial food. On the other
hand, although 4 months old gold fish showed
significantly (P < 0.01) higher preference for
mosquito larvae than chironomid larvae but
overall it’s preference for live food was significantly (P < 0.01) higher than artificial
food. (Figure 1).
In the second part of the experiment, when
chironomid larvae and mosquito larvae were
supplied together to the three different age
groups, all the three age groups showed significantly (P < 0.01) higher preference for chironomid larvae than mosquito larvae (Figure
2).
In the third part of the experiment, when
chironomid larvae and artificial food were
supplied together to the three different age
groups, all the three age groups showed significantly (P < 0.01) higher preference towards chironomid larvae than artificial food
(Figure 3).
So from the first experiment it is comprehensible that all the three age groups of gold
fish have significantly higher preference for
live food than that of the artificial food.
Hence, during captive culture, the supply of
live food will be more beneficial than the artificial food to get better growth and survival of
the gold fish. Among the two live food supplied in the experiment, chironomid larvae
was consumed with significantly higher preference than mosquito larvae by both the 2
months and 3 months old gold fish The 4
months old gold fish also has shown significantly higher preference for chironomid larvae
when supplied along with mosquito larvae.
So, all the three age groups have shown high
preference for chironomid larvae. Nibbling
behaviour is very common for gold fish and
they mainly prefer to take food from benthic
environment. Meanwhile, chironomid larvae

are benthic in nature, (Real et.al. 2000; Bat
and Akbulut, 2001; Titmus and Badcock,
2006; Őzkan, 2006) whether mosquito larvae
are surface breather, most of the times stay at
water surface and have fast wriggling behaviour than chironomid larvae. Thus it is easier
for gold fish to prey on chironomid larvae
than mosquito larvae. On the other hand, Őzkan (2006) has reported that chironomid larvae contain good amount of protein and are
easily and quickly digestible. So, supply of
chironomid larvae will be more beneficial
than mosquito larvae during the captive culture of gold fish.
Result of the second experiment (Table 1;
Figure IV) has revealed that indifferent of day
and even for each day, gold fish has significantly (P< 0.05) higher consumption rate for
mosquito larvae than the same aged guppy and
Aplocheilus sp. under same hydrological parameters [Temperature 27 ± 2 ºC; pH 7.3; DO
4.42 ±1.37 mg/L]. Previous works (Job,
1941a, Menon and Rajagopalan, 1978, Elias
et.al. 1995, Chatterjee and Chandra, 1997)
have revealed that the consumption rate of
mosquito larvae for adult guppy is in between
32-53.1 larvae/ day and for Aplocheilus sp. is
about 136 larvae/day. So, the present work is
illustrating the suitability of gold fish as a
mosquito biocontrol agent comparative to the
two popular mosquito biocontrol agents of
India.
Meanwhile biological control of mosquito
by larvivorous fishes has proven to be successful in stable water bodies, usually in good
water quality condition (Nasir, 1979a, 1979b;
Ahmed & Isfaq, 1982), however the problem
of mosquito nuisance is mainly associated
with polluted water with almost anoxic condition and with toxic metabolites (Mortenson,
1982; Schaefer et al., 1985; Carlson et al.,
1986; Houston et al., 1989). The three major
criteria for a fish to be used as mosquito biocontrol agent are – first of all it should be with
high predation efficiency of mosquito larvae,
secondly, should be resistance to anoxic condition including high tolerance to insecticides
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and last but not the least it should have high
reproductive potential (Pant et.al. 1981). Gold
fish is extremely tolerant to environmental
stress (Abramenko et.al. 1997), including high
levels of turbidity and fluctuations in pH and
temperature (Spotila et.al. 1979; Balon, 2004).
Moreover, the species is highly tolerant to water pollution (Abramenko et.al.1997) and can
cope up with low levels of dissolved oxygen,
even for prolonged periods (several months at
2 °C) of total anoxia (Walker and Johansen,
1977; Van den Thillart, 1983). It has high tolerance to heavy metals or organochlorine insecticides (Szczerbowski and Szczerbowski,
2002). On the other hand, gold fish have high
fecundity (Kuznetsov, 2004). Thus, earlier observations suggesting the suitability of gold
fish to be used as mosquito biocontrol agent
even in polluted water bodies. Most of the
common larvivorous fishes are not with attractive appearance; so people are less interested
to keep these fishes in their home ornamental
pools or waterlogged places to control mosquito population, but as gold fish has a high
preference as an ornamental fish, in near future it can be popularize as an efficient mosquito biocontrol agent throughout the world.
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