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ABSTRACT

Koi fish is one of the most sought-after and cultivated ornamental fish because it is an
expensive group of ornamental fish that is excellent in the international market. The larval
period is the most critical phase in fish farming because in this phase the body's resistance is
still not good and it is still vulnerable to changes in environmental conditions. The purpose of
this study was to determine the effect of the response of different types of feed on the
survival rate and growth of koi fish larvae. This research was conducted using the
experimental method and completely randomized design (CRD) with 3 treatments and 3
replications. The feed used is Daphnia sp., Tubifex sp. and commercial feed. The research
parameters included survival rate, relative weight growth, relative length growth, mouth
opening size and water quality. The results showed that the response of different types of
feed had a significant effect on survival, relative weight growth and relative length growth.
The best results were obtained for treatment A (feed daphnia sp., tubifex sp. and commercial
feed) with a survival rate of 79.333%, relative weight growth with a value of 1.413.725% and
relative length growth with a value of 412.282%. The water quality parameters during the
study were optimal and still within reasonable limits for the maintenance of koi fish larvae.
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Indonesia has good natural resources to support the development of fish farming,
including ornamental fish. Koi fish is one of the ornamental fish that is much sought after and
cultivated in Indonesia (Hendriana et al., 2021). Koi belongs to the family Cyprinidae and the
order Cypriniformes, which is a mutation of the ornamental carp (Cyprinus carpio), which is
native to Asia, especially China and Japan. Koi fish is one of the expensive groups of
ornamental fish which is a prima donna in international market (Kusrini et al., 2015).

Constraints in the Koi Fish farming business are the low survival rate and the relatively
slow growth of fish. The growth of koi fish is very dependent on several factors, namely the
type of fish, genetic traits, ability to utilize food, disease resistance and is supported by
environmental factors such as water quality, feed and space for movement or stocking
density (Emaliana et al., 2016).

The larval period is the most critical phase in fish farming because in this phase the
body's resistance is still not good and it is still vulnerable to changes in environmental
conditions. According to Pramono & Marnani (2009), the development of larvae from the
endogenous feeding phase (energy source from egg yolk reserves) to the exogenous
feeding phase (external energy sources) is a very vulnerable phase in the death of fish
larvae. Therefore, the success of larval rearing is very dependent on the availability of
suitable feed, which can be digested easily and meets the nutritional needs of the larvae
(Pangkey et al., 2019).

According to Muslim et al., (2019), in the larval phase, fish are not able to adapt
properly to the environment, causing a high mortality rate, because in this phase, fish have
difficulty getting food that fits their mouth openings. Larvae, especially at the start of the
feeding period, are highly dependent on natural food. According to Pangkey et al., (2019),
the survival rate of larvae is higher when given natural feed compared to artificial feed.
Daphnia sp. is a type of natural feed that is easy to cultivate and inexpensive so it can
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reduce feed production costs to meet the needs of koi fish seeds. Another type of natural
feed that can be used besides Daphnia sp. is the silkworm (Tubifex sp.). Silkkworms have
strong ability and resistance in low oxygen environments and have high nutrient content, so
they can be used as an alternative feed to commercial feed which is much more expensive
(Syahputra et al., 2019).

The results of Buwono et al., (2019) research stated that daphnia sp. to koi fish larvae
as many as 20-35 individuals/head, are able to produce a percentage survival rate of 50.67%
compared to other natural feeds Chlorella sp. (33.33%) and artemia (42.67%). Pratama
(2021) in his research stated that giving Tubifex sp. to fish larvae, was able to produce an
increase in growth of 13.78% compared to larvae that were only given pellets of 12.31%.

Based on the description above, it is necessary to conduct research on the response of
different types of feed, so it is hoped that by giving natural food in the form of Daphnia sp.
and Tubifex sp. in the larval stage, it is able to support the survival rate and growth of koi fish
so that the best treatment method is known after absorption of egg yolk in koi fish larvae.

METHODS OF RESEARCH

This research was conducted from June to August 2022 at the Wet Laboratory of the
Faculty of Fisheries and Marine Affairs, Lambung Mangkurat University, Banjarbaru, South
Kalimantan Province. The tools used in this study were aquariums, blowers, digital rulers,
digital scales, pH meters, DO meters, thermometers and ammonia test kits while the
materials used were Koi fish larvae, Daphnia sp., Tubifex sp. and pellets.

This research was conducted using the experimental method and completely
randomized design (CRD) with 3 treatments and 4 replications resulting in 12 experimental
units. The treatment given can be seen in Table 1.

Table 1 — The treatment used

Feeding (Days)

Treatments 5-12 13-15 16-23 24-26 27-34
A D D+T T T+P P
B D D+T T P P
c D P P P P

Description: D = Daphnia sp., T = Tubifex sp., P = pellet.

The maintenance media in this study used 12 aquariums which had a size of 30x25x35
cm with a water level of 15 cm and were given aeration. Stocking begins when the larvae are
5 days old. The number of fish larvae tested was 50 fish/aquarium of 12 aquariums with a
volume of 10 liters of water.

Daphnia sp. culture was carried out in a cement pool with a size of 2x1 m and a water
depth of 20 cm. Culturing using manure and additional dry coconut leaves with an initial
starter density of 100 ind/L for 7 days. Tubifex sp. obtained by buying at the cultivator.

Daphnia sp. was given as many as 100 individuals/larvae, Tubifex sp. given as much
as 10% of the weight of the larvae and for commercial feed in the form of MS Prima Feed
500 given in satiation. Feeding is done 2 times a day in the morning and evening. Sampling
is done every 7 days. In this study, sampling was carried out 5 times. Sampling was carried
out to measure the length and weight as well as the number of larvae at the end of the study.
The test parameters applied in this study include:

Survival rate calculations use the formula (Effendi, 2002), which is as follows:

SR =X x 100%
No

Where: SR = survival rate; Nt = Number of fish larvae at the end of rearing; No = Number of
initial fish larvae rearing.

The relative length growth rate is the percentage increase in length growth over a time
interval, formulated as follows (Effendi, 2002):
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_Lt-Lo
Lo

Lr X 100%

Where: L = Total length; Lt = The length of the larvae at the end of the study (cm); Lo = The
length of the initial larvae of the study (cm).

Relative weight growth rate is the percentage increase in weight growth in each time
interval, formulated as follows (Effendi, 2002):

_ Wt-Wo
Wo

Wr X 100%

Description: Wr = Relative weight (%); Wt = Larval weight at the end of the study (g);
Wo = The weight of the initial larvae of the study (g).

The mouth opening calculation method according to Shirota 1970 in (Fahmi et al.,
2021), is as follows:

D = V2AB

Where: D = Mouth opening size (mm); AB = Upper jaw length (mm).

The data obtained regarding the parameters above were analyzed statistically using
the ANOVA test at the 95% confidence level.

Water quality analysis was carried out as supporting parameters which included water
quality parameters such as temperature, DO, pH and ammonia. For water quality
measurements carried out at the beginning and end of the study.

The normality test was performed using the Liliefors method; this test is useful to test
the normality of the data from the research results. In addition, the uniformity test used the
Barlett method. If the data are declared as anomalous and homogeneous, the data should be
transformed before further analysis is performed. Once the above conditions are met, the
variance analysis can be performed. According to Hanafiah (2005), if the data need further
testing, further testing depends on the diversity coefficient (DC) and a simple regression test.

RESULTS AND DISCUSSION

Based on the results of the study, data on survival rate, relative length growth, relative
weight growth and mouth opening size were obtained in Table 1. The ANOVA results
showed that the response to different types of feed was significantly different from the
dependent variable, which means that the response to different types of feed had a
significant effect on the research parameters.

Table 1 — Results of Observation of Survival Rate (SR), Growth in Length and Relative Weight and
Mouth Opening Size of Koi Fish Larvae

Treatments Survival Rate (%) Relative Weight Growth (%) Relative Length Growth (%)
A 79.333+8.083° 1,413.725+233.123% 412.282+2.295%

B 65.333+12.858%" 1,120.392+103.110% 342.333+21.572°

C 53.333+3.055" 877.255+31.067° 229.164+11.403°

The results showed that the survival rate was significantly different between treatments
A and C, while between A and B and between B and C were not significantly different.
Relative weight growth showed a significant difference between treatments A and C, while
between A and B and between B and C were not significantly different. The relative length
growth shows a very significant difference between treatments. For more details, the
research results can also be seen in Figure 1.
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Figure 1 — Research Results, a) Survival rate, b) Relative weight growth and c) Relative length growth

The highest survival rate was in treatment A which was 79.333%, followed by treatment
B which was 65.333% and treatment C with a value of 53.333%. The results of the ANOVA
test using the 5% level showed that the calculated F value > F table was 5% (6,350 > 5.14),
which means that the response to different types of feed had a significant effect on the
survival rate of koi fish larvae.

Treatment A resulted in the highest survival among the other treatments. This shows
that changes in the type of feed in this treatment are more in line with the development of the
digestive system of the larvae and the size of the mouth opening in the koi fish larvae.
Treatment A uses a transition of feed from Daphnia sp to Tubifex sp on days 13-15, on days
24-26 giving Tubifex sp to pellets thought to be more in line with the development of the
digestive system & the size of the larval mouth opening. According to Buwono et al., (2019)
daphnia-type natural food has a size that matches the mouth opening of the larvae. Saputra
(2021) stated that Tubifex sp worms are the raw food most preferred by freshwater fish and
are very good for the growth of freshwater fish because of their high protein content.

The lowest survival rate was obtained in treatment C with a value of 53.333%. This is
presumably because the change in the type of feed in this treatment is not in accordance
with the development of the digestive system of fish larvae, because in this treatment they
are only given natural food in the form of Daphnia sp until the 12th day, then given artificial
feed until the end of rearing. In this treatment, the natural feeding time was thought to be too
short so there were many deaths due to the larvae not being able to adapt well to their new
feed (artificial feed).

The food attractiveness factor is thought to play a crucial role in the survival rate of fish.
Alem et al., (2016) stated that the success rate of survival is determined by stimuli when food
has nutritional requirements and also has physical aspects. Muchlisin (1997) stated that
natural food that is actively moving has a better appeal in stimulating fish larvae to prey on it.

The highest relative weight growth value was in treatment A which was 1,413.725%,
followed by treatment B which was 1.120.392% and treatment C with a value of 877.255%.
The results of the ANOVA test with a level of 5% showed that the calculated F value > F
table was 5% (9,849 > 5.14), which means that the response to different types of feed had a
significant effect on the growth of the relative weight of koi fish larvae.
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The highest relative weight growth value was found in Treatment A, where this was
thought to occur because the nutrition of the feed given and the transition time for the koi fish
larvae were right. This is reinforced by the statement of Batu (1982) which states that the
growth in weight of fish is not the same between natural feed and artificial feed, due to the
unequal nutritional content, where natural feed has better nutritional content.

The natural feeds given to treatment A were Daphnia sp and Tubifex sp. Jangkaru
(1999) states that silkworms and water fleas are easily digested by fish because they do not
have a skeleton. The texture of the food affects the ease with which the fish digest the food
given. Therefore, this is crucial because fish are animals that do not chew food (Mudjiman,
2004).

The lowest relative weight growth value was found in treatment C which was only given
Daphnia sp feed and commercial pellets. This is presumably due to the lack of nutrient
content of the feed given and the incompatibility of the feed given with the physiological
development of the larvae. This was reinforced by the statement of Suci et al., (2018) which
stated that the low growth of the fish fry obtained was allegedly due to the nutritional content
in the fish feed given which was unable to meet the energy requirements for the fish to grow.

The highest relative length growth value was in treatment A which was 412.282%,
followed by treatment B which was 342.333% and treatment C which was 229.164%. The
results of the ANOVA test with levels of 5% and 1% show the F count > F table 5% (127,938
> 5.14) and F table 1% (127,938 > 10.92). These results indicate that the response to
different types of feed has a very significant effect on the relative length growth of koi fish
larvae.

The highest relative length growth value was found in treatment A, where this is
presumably because the larvae in their growth phase require the type of feed that is
appropriate to their age, mouth opening and transition time for feeding. This is reinforced by
the opinion of Tampubolon et al., (2016) which states that in the larval phase, fish larvae
need easily digestible and highly nutritious food because the digestive tract and body organs
are still not well developed. Age also affects the growth and development of fish larvae. The
larval phase can be said to be a critical phase where in this phase the digestive system is still
not fully formed so the feed given must be adjusted. According to Heltonika (2012), for each
type of fish the level of ability to digest food increases according to the increase in age and
size of the fish and the opening of the fish's mouth.

The lowest relative length growth value was found in treatment C. This low value is
thought to have occurred because the larvae were still unable to adapt well to artificial feed,
as a result, the larvae were less responsive to the feed given. This is supported by the
statement of Halver & Tiews (1979), changing feed and feeding time that is not appropriate
can cause slow growth of larvae, because the larvae need time to adapt to the new feed.

The size of the mouth opening of koi fish larvae can be measured when they enter the
age of five days using a microscope, where the mouth of the larva is formed and can be
opened to measure its length. Measurement of the mouth opening at the age of 5 days of
larvae obtained a value of 0.8 mm so that the size of the mouth opening before the age of 5
days was considered <1 mm.

The natural feeding of koi fish larvae in this study was initiated using Daphnia sp at the
age of 5 days for all treatments. According to Meilisa & Yulisman (2015), daphnia sp is a
zooplankton that has a relatively small body size ranging from 0.3-1 mm, thus this feeding is
in accordance with the size of the larva's mouth opening. In the initial phase, the larvae do
not have perfect organs, as a result, at the beginning of life there is more development than
growth.

The results of measuring the mouth opening of koi fish larvae on the first day obtained
a value of 0.2 mm. The mouth opening of the larvae on the 7th day was 0.96 mm, on the
14th day was 1.18 mm, on the 21st day was 1.56 mm, on the 28th day was 1.73 mm and on
the 34th day the value was 1.98 mm. The results of measuring the mouth opening of koi fish
larvae based on the method Shirota (1970) during the study can be seen in Figure 2 below.

Water quality is one of the supporting factors in the survival rate and growth of fish
kept. Water quality measurements carried out during the study included temperature, pH,
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DO, and NH3. The results of observations of water quality during the study period can be
seen in Table 2.

Mouth Opening Size
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5 I
4 1,56

3
1,18
2
0,96

1 7 14 21 34

Milimeter (mm)

Larva Age

Figure 2 — Mouth Openings of Koi Fish Larvae

Table 2 — Results of Water Quality Measurements

Parameters
Treatments Temperature (°C) DO (mg/L) pH NHs (mg/L)
Beginning End Beginning End Beginning End Beginning End
A 29.6 25.3 4.34 5.3 7.66 6.32 0.02 0.1
B 29.6 25.3 4.34 5.03 7.66 6.09 0.02 0.1
C 29.6 254 4.34 6.24 7.66 6.35 0.02 0.1

Water quality measurements carried out were temperature, DO, pH and NH3.
Measurement of water quality was carried out twice during the study, namely at the
beginning and end of the study. Measurements at the beginning of the study were carried out
to determine the water conditions used so that it could be decided whether the water
conditions were good or not. Measurements at the end of the study were carried out to
determine the state of the waters after being given treatment with the aim of knowing the
effect of giving treatment on water and fish quality.

The water temperature in this study ranged from 25.4-29.6°C in all treatments. The
range of temperature values above explains that the water temperature during the study was
still in optimal conditions for the life of koi fish larvae. Based on SNI 77334 the temperature
range can be stated as good for supporting the growth of koi fish which are kept in the range
of 20-28°C. DO measurements during the rearing period indicated that it was still in the
optimum range for koi fish, namely 4.34-6.24 mg/L. Based on SNI 77334, the dissolved
oxygen content for keeping koi fish is at least 5.

The pH of the water during the study was at a value of 6.09-7.66 in all treatments. The
measurement results show that the degree of acidity in the study site is still in the good range
for optimal koi fish growth. Based on SNI 77334 the optimal pH range for keeping koi fish is
between 6.5-8. Ammonia (NHs) levels in koi larvae maintenance were at a value of 0.02-0.1
mg/L in each study treatment. Gunawan (2016) stated that the NH3 level that is considered
safe enough for keeping koi larvae is below 0.1 mg/L.

CONCLUSION

The results showed that the response to different types of feed had an effect on the
survival rate and growth of koi fish larvae. Treatment A gave the best value among the other
treatments with a survival rate of 79.333%, relative weight growth of 1.414.725% and relative
length growth of 412.282%. Water quality parameters during the study were still at optimal
limits for the maintenance of koi fish larvae so that they could support their survival rate and
growth.
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