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Abstract. Yellowfin tuna, Thunnus albacares, is a cosmopolitan fish species inhabiting tropical and subtropical
waters in the Atlantic, Pacific, and Indian Oceans. The study aimed to enhance the survival and development of
T. albacares larvae under Indonesia tropical temperature conditions. Six concrete tanks, each with dimensions
of 3 m x 2 m x 1 m (total capacity of 6 m3), were filled with 5 m3 of seawater and 100,000 eggs per pack
(equivalent to 20 eggs L?!). The experimental treatments involved subjecting the rearing tanks to varied
temperatures. There were two treatments labeled A and B, with three replicates for each treatment. Treatment
A was conducted at room temperature of 29+0.5°C, while treatment B was conducted at a temperature of
30+£0.5°C. The ACT-1 program was used to capture larval pictures. T-tests were employed to examine the
outcomes. Based on the research results obtained after the experiment, the larvae treated with treatment A
exhibited a survival rate of 0.83+0.01%. By comparison, treatment B exhibited a mean value of 0.58+0.02%.
The outcome was not statistically significant, as indicated by a P-value of 0.08 (P>0.05). Total length under the
treatments A and B was of 28.43+3.16 mm and 23.25+1.97 mm, respectively. The difference between the two
treatments was statistically significant at a level of 0.0004 (P<0.05). The growth rate and survival of yellowfin
tuna larvae are greatly influenced by stable temperatures.
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Introduction. The implementation of a ban on tuna exploitation and the imposition of
restrictions on catch areas (Ruiz-Jarabo et al 2022; Satrioajie et al 2018; Tidd et al 2018)
have led to a significant increase in the demand for farmed tuna in both domestic and export
markets (Hidayati et al 2018; Kantun et al 2014). Various nations, such as Japan and Panama
(Jeli¢ Mrceli¢ et al 2023), have undertaken endeavors to establish tuna aquaculture. Certain
tuna species exhibit low larval survival rates, resulting in a limited number of individuals
reaching the juvenile stage (Aung et al 2020; Ruiz-Jarabo et al 2022). Locating juvenile tuna
for cultivation in floating net cages is challenging (Matsumoto et al 2011; Okada et al 2021).
The larval phase of certain marine species, such as tuna, is crucial and often experiences
elevated death rates, as indicated by studies conducted by Gunawan et al (2018), Russo et
al (2022), Hall et al (2019), Downie et al (2020), and Arevalo et al (2023).

Larval mortality in tuna fish occurs during the later stages of larval development,
specifically when the larvae are more than ten days old and about to undergo metamorphosis
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into juveniles. This issue has been observed in various countries with tuna fish hatcheries, as
documented by Tridjoko et al (2022), Gunawan et al (2018), Blanco et al (2017), Kjgrsvik et
al (2007), and Nakagawa et al (2011). The mortality at this early stage is linked to the water
quality or surface tension. The suboptimal growth and survival rate of tuna larvae are
influenced by factors such as their limited predatory skills (Shiroza et al 2021), their
propensity to sink with age, their capacity to locate fish larvae as a food source, and various
environmental factors, all of which collectively contribute to their diminished growth and
survival rate (Partridge 2013). Reglero et al (2014) found that providing bluefin tuna larvae
with fish larvae as food can increase their longevity and speed up their growth. Moreover, as
stated by Reglero et al (2014), tuna larvae undergo a transition from being planktivorous to
being piscivorous throughout their larval stage. This means that they rely on fish larvae as
their primary source of food to sustain their existence and promote growth.

Three main elements can be categorized as primary restrictions leading to higher death
rates in the rearing of tuna larvae. Initially, a significant number of them perish within the
initial ten-day period due to factors such as spoiled eggs, insufficient nourishment, and
fluctuations in temperature, light, and water quality parameters including flow, oxygen levels,
ammonia, nitrite content, and osmotic pressure from the surrounding water (Okada et al
2014). In a study conducted by Miyashita et al (2001), it was shown that the growth rate of
tuna larvae is influenced by the size of their meal. Based on their research, the larvae undergo
a moderate level of growth in the first ten days. Nevertheless, a larger feed quantity is
positively associated with a future accelerated growth rate. This stage is usually referred to
as the "large prey-fast growth" phase. The second element emerges around 20 days after
birth due to increased levels of cannibalism among the larvae (Reglero et al 2014). Another
factor to consider is the attainment of the juvenile period with a near-perfect swimming
proficiency. Nevertheless, young deaths often occur due to impacts with walls or by leaping
out of the tanks in which they are being reared (Kadota et al 2016).

Temperature fluctuations often occur when producing yellowfin tuna (Thunnus
albacares) larvae in the hatchery, particularly during diurnal and nocturnal cycles.
Temperature fluctuations commonly arise during the early phases of larval development,
when there is no water exchange, and during the beginning of water changes, when the
proportion is still less than 20%. Once the juvenile stage is completed, when water changes
surpass 100%, temperature variations tend to stabilize. To tackle the problem of larval
mortality during the initial stages caused by temperature and its variations, it is imperative
to research the optimal temperature for the survival of yellowfin tuna larvae. To achieve this
objective, it is beneficial to integrate an automated thermostat into the tanks utilized for larval
rearing. Consequently, it is anticipated that the temperature in the larval tanks will remain
rather constant. This study investigated the impact of temperature changes on the viability
of T. albacares larvae in experimental conditions.

Material and Methods

Location of the research. The larval rearing research was carried out at the Center for
Marine Aquaculture Research and Fisheries Extension (BBRBLPP) in Gondol, Bali, from March
to October 2019.

Preparation of rearing tanks. The larval rearing process involved theuseof 3mx2mx 1
m concrete tanks, each with a volume of 6 m3. There was a total of six tanks, each filled with
5 m3 of saltwater (33-34 ppt) and containing 100,000 eggs, resulting in a concentration of 20
eggs L. Each tank was equipped with an oxygen installation (aeration) to maintain a stable
oxygen concentration in the water used for larval development, as with well as a mechanism
for changing the water. Treatment A room temperature (28+0.5°C) and Treatment B involved
the installation of a heater with an automated thermostat, which was set to a temperature of
30+0.5°C. Each treatment were conducted with 3 replicates. Floating cage net yielded fecund
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yellowfin tuna eggs that were subsequently moved to six concrete tanks with dimensions of
3x2x1 m3.

Larva rearing. The treatments for the effects of temperature on the rearing of yellowfin tuna
larvae used two treatments: The room temperature is maintained at 30+0.5°C. Before being
placed in the rearing tanks, the eggs of T. albacares were examined under a microscope to
determine the fertilization rate. The floating cage net successfully yielded fertile T. albacares
eggs through the natural spawning of the raised broodstocks. Eggs were stocked in six
concrete tanks (volume 6 m3) equipped with an aeration system and a water change system.
The cleaned larval tanks were then filled with seawater that had passed through a sandy filter
and a 5 m? filter bag. Subsequently, the fertile eggs were moved to the tanks specifically
designed for larval rearing and were placed at a density of 100,000 eggs per tray, equivalent
to 20 eggs L. Larval rearing was carried out for 26 days until they reached juvenile size. The
treatments tested were at different temperatures in the rearing tanks. The feeding
management of yellowfin tuna larvae rearing is shown in Table 1.

Table 1
Feeding behavior in Thunnus albacares larval rearing

Days after hatching
2 4 6 8 10 12 14 16 18 20 22 24 26

Live feed

Nannochloropis sp.
Rotifers |

Copepod nauplii

Grouper larvae

Milkfish larvae

Milkfish juvenile
The phytoplankton Nannochloropsis oculata is added to the rearing tanks when the larvae are
two days to 17 days old. The phytoplankton serves as food for the rotifers and as well as a
natural shading method in the larval-rearing water. Rotifers (Brachionus rotindiformis) was
the first food in the afternoon when the larvae were two days old (H-2) at an initial density
of 10 ind mL*. Rotifers were fed twice daily, in the morning and evening, depending on the
feed remaining in the rearing tank. As the larvae grow, the amount of rotifers fed increases.
Yellowfin tuna larvae were fed with newly hatched grouper larvae (Plectropomus leopardus)
at the age of nine days (H-9). On the twelfth day (H-12), the yellowfin tuna larvae were fed
with newly hatched milkfish larvae as live food. The size of newly hatched milkfish larvae was
larger than newly hatched grouper larvae. Newly hatched milkfish larvae will open their
mouths at the age of 12 days (H-12) to 17 days (H-17). All treatments received the same
feeding model for both grouper larvae and newly hatched milkfish larvae.

Additionally, starting at day 18 (D-18), yellowfin tuna larvae were nourished with
milkfish juveniles until they reached 26 days of age and grew to a size of 2.5-3 cm, at which
point they were considered juveniles and ready for harvesting. We adjusted the feeding of
larvae and juveniles to the density of tuna larvae in the rearing tanks.

Water quality. For larval rearing, the water is filtered using a sandy filter to ensure that the
tanks always have the best possible quality. This technique aims to eliminate small particles
found in seawater and eradicate sources of disease in seawater. The maintenance of water
quality follows the criteria specified in Figure 2, starting from the larval rearing stage until the
juvenile size is attained. Before administering fish oil and cleaning the tank bottom, we
reviewed the literature to determine which water management methods were best for raising
yellowfin tuna larvae (Dharma et al 2023; Honryo et al 2014; Stuart et al 2016; Vdastein et
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al 2018). Fish oil to the top of the water in the raising tank was applied twice daily from the
time the larvae emerged until they were four days old. The fat or mucus the hatching larvae
release from the aeration system must be diverted and collected in a glass container. The
purpose of providing fish oil is to reduce the death rate of larvae on the water's surface due
to surface tension. Water alterations began at a rate of 5% when the larvae reached the age
of 5 days (D-5) and increased to juvenile. Cleaning the tanks’ bottom using pipetting began
at 17 days (D-17) when the larvae had reached this stage. Tuna larvae between D-8 and D-
15 typically prefer staying toward the bottom of the water. During this stage of development,
when cleaning the bathtub, the larvae will be inadvertently drawn into the cleaning process.
The observed water quality data comprised temperature, oxygen levels, pH, ammonia
concentration, and nitrite measurements (Table 2).

Table 2
Water management, tank bottom cleaning and fish oil feeding in Thunnus albacares larvae
rearing
Days after hatching
Treatments 2 4 6 8 10 12 14 16 18 20 22 24 26
Fish oil
Water change (%) 5 10 20 50 100

Tank bottom cleaning ——

Larval development. The parameters observed in the study were larval growth, larval ability
in terms of feed predation (stomach content), morphological development, and survival.
Traces were taken from larvae aged D-1, D-4, D-7, and D-10 to determine how many lived.
Sampling of larvae at D-1 was done to determine the level of hatchability of eggs. Sampling
was carried out in the morning because the larvae were not yet active. Meanwhile, sampling
at D-4, D-7, and D-10 occurred at 9:00 p.m., when the larvae began to move less actively
taking pictures of larvae with the ACT-1 program. The diameter, oil globule, and larval growth
(total and standard length) of yellowfin tuna eggs were determined using the WinRoof V-5.0
program after photographing them with the ACT-1 program. Another parameter calculated at
the end of the study was the survival rate (SR).

Data analysis. The obtained growth data were analyzed using regression to determine the
relationship between growth rates (total and standard length) and larval age. At the end of
the study, the overall juvenile survival and growth rate were calculated using a t-test.

Results and Discussion

Diameter and hatching rate of eggs. In this study, the average egg diameter of T.
albacares and the oil globules diameter used in experiments were as follows: 894+16 pm and
216x5 pm, respectively, in Experiment I, 959+18 um and oil globules of 224+5 um,
respectively, in Experiment II, and 935+13 uym and 224+5 pm, respectively, in Experiment
III. When compared to yellowfin tuna raised in the hatchery of the Inter-American Tropical
Tuna Commission's Achotines Laboratory in Panama, the egg diameter and oil globule sizes
in this study were slightly smaller, with egg diameter ranging from 0.85-1.13 mm and oil
globule diameter 0.22 mm (Buentello et al 2011).

Wexler et al (2003) and Hutapea (2007) found that T. albacares eggs have a uniform
diameter of 1 mm, while bluefin tuna eggs have an average diameter of 989 um and 970 ym,
respectively. Based on these findings, the diameter of eggs from T. albacares spawning in
Indonesia is slightly smaller than previously reported (Buentello et al 2011; Hutapea 2007).
The age of the broodstock and environmental conditions, particularly the water temperature,
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which was greater than in Japan and Panama, may cause this discrepancy. The study found
that tuna eggs had a hatching rate of 63.96+5.86% in Experiment I (78.57+1.78% in
Experiment II, and 72.36+5.21% in Experiment III, as shown in Figure 1.

Figure 1. Thunnus albacares eggs (A), Measurement of egg diameter and oil globule with
Win Roof program (B).

Larval development. The three experiments in this study revealed that yellowfin tuna larvae
grew slowly at first but quickly after D-13. The yellowfin tuna larvae could consume newly
hatched “sunu” grouper and milkfish larvae larger than the previous feed (rotifer and copepod
nauplii). Figure 2 shows the overall length increase of yellowfin tuna larvae (both total and
standard length).
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Figure 2. Thunnus albacares larvae growth in experiments I (A), II (B), and III (C) Total
length and standard length.
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One day-old T. albacares larvae (D-1) in Experiment I showed that treatment A had a total
body length of 3.60+£0.05 mm and a standard length of 3.49+0.05 mm, and treatment B had
a total length of 3.53+0.15 mm and a standard length of 3.41+£0.13 mm. In Experiment II,
treatment A had a total body length of 3.69+0.08 mm and a standard length of 3.54+0.07
mm, and treatment B had a total length of 3.67+0.10 mm and a standard length of 3.51+0.09
mm. In Experiment III, treatment A had a total body length of 3.67+0.10 mm and a standard
length of 3.54+0.10 mm, and treatment B had a total length of 3.61+0.12 mm and a standard
length of 3.47+0.11 mm. The T. albacares larvae measured 3.34+0.08 mm in total length
and 3.16+0.07 mm in all during D-1 in this study, which is larger than the D1 larvae measured
3.24+0.11 mm in total length and 3.14+0.11 mm in all during (Aoki et al 2020) and
3.38%£0.07 mm in total length and 3.26+0.07 mm in all during (Kwan et al 2019). This
condition is due to the larger egg diameter used in this study compared to previous years
(Aoki et al 2020; Hutapea 2007; Hutapea et al 2020; Kaji et al 1999; Kwan et al 2019;
Tamura & Takagi 2009).

According to the observations of larval growth (total length and standard length) in both
treatments of the three experiments, larval growth in treatment B is more significant than in
treatment A (room temperature). This condition is due to treatment B's higher maintenance
water temperature than in the other treatment. Higher temperatures increase the predation
of fish larvae on the feed given. The higher content of larval stomach contents in treatment
B also evidences this condition. While alive, the T. albacares larvae actively pursued the
natural prey feed (rotifer and copepod nauplii). Similarly, when T. albacares larvae were given
live food in the form of grouper and milkfish larvae, they would actively pursue prey. After D-
16, both treatments showed a significant increase in growth because the larvae had begun to
develop into juveniles.

Larval growth in Experiment I, from D-1 to harvest (D-26), was not statistically
significantly different. This was because the water temperatures in treatments A and B were
not significantly different (<1°C), which caused insignificant differences in the larval predation
on food among the two treatments. In Experiment II, the larvae in treatment B on D16
dropped, so the larval growth data in treatment B only reached D15. When egg stocking was
conducted in Experiment II, the water temperature in the rearing tanks was 27.5°C. In D-1
age larvae, the temperature was 30°C in treatment B. As a result of the difference in water
temperature in the rearing tanks with a high-temperature difference (2.5°C), D-2 larvae in
treatment B suffered high mortality. In Experiment III, when the eggs were laid, the water
temperature in the rearing tanks was 27.5°C. Based on experience from research in
Experiment II, for treatment B to reach a temperature of 30°C, the water temperature was
gradually increased by 0.5°C on the thermostat. With this method, no larval deaths occurred
due to high-temperature differences. In Experiment III, larval growth in treatment B was
better than larval growth in treatment A. Statistical analysis also showed a significant
difference between the two treatments, with a P=0.0004 (P<0.05).

The larval body length growth at D-16 increased due to the larvae consuming milkfish
larvae. Observations of tuna larvae's stomach contents at D-12 revealed the presence of food
in the form of newly hatched larvae in most T. albacares larvae across all treatments. The
results of this study showed that the growth of T. albacares larvae at D-20 reared in these
two treatments was higher compared to the study conducted by Kobayashi et al (2015) on
the same species and the same age in Panama, which had a total body length of 10.40+0.70
mm and a standard length of 9.30£0.60 mm (Table 3). T. albacares larvae in both treatments
had a total body length of approximately 17 mm, comparable to Atlantic bluefin tuna larvae
at D-20 (Yufera et al 2014).
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Table 3

Summary of growth pattern of Thunnus albacares larvae during the study

Experiment I y Treatments =
Number of eggs (egg) 100,000 100,000
Egg diameter (um) 894+17 894+16
Oil globule diameter (um) 216*16 216+14
HR (%) 63.96+5.66 63.95+4.16
Total larva length D-1 (mm) 3.67£0.16 3.68+0.06
Standard larva length D-1 (mm) 3.53+0.25 3.54+0.05
Juvenile length at D-26 (mm) 28.81+2.60° 24.19+1.40°
SR (%) 0.79+0.06° 0.68+0.05°
Experiment II
Number of eggs (egg) 100,000 100,000
Egg diameter (pm) 952+1.70 953+1.08
Oil globule diameter (um) 224+0.50 224+0. 51
HR (%) 78.57+£1.78 78.55+1.12
Total larva length D-1 (mm) 3.50+0.15 3.45+0.25
Standard larva length D-1 (mm) 3.38+0.14 3.29+0.24
Juvenile length at D-26 (mm) 27.31+£2.59° 23.62+1.69°2
SR (%) 0.83+£0.01° 0.58+0.02°
Experiment III
Number of eggs (egqg) 100,000 100,000
Egg diameter (um) 93512 93513
Oil globule diameter (pm) 225+51 224+65
HR (%) 73.16+5.21 72.36+5.21
Total larva length D-1 (mm) 3.86+£0.12 3.66+£0.09
Standard larva length D-1 (mm) 3.54%£0.15 3.54+0.19
Juvenile length at D-26 (mm) 29.17+4.30° 21.94+2.812
SR (%) 0.82+0.02° 0.34+0.09°

Survival rate. The juvenile T. albacares fish will be transferred to the nursery tanks. The
average juvenile survival rate was very low in each Experiment, with treatment A in
Experiment I being 0.79+0.06%, treatment B being 0.68+0.05%, treatment A in Experiment
IT being 0.83+0.01%, and treatment B being 0.58+0.02%, and treatment A in Experiment
ITIT being 0.82+0.02% and treatment B being 0.34+0.09%, as shown in Figure 3. The result
showed that the average total length of tuna juvenile after 26 days after hatching at room
temperature (29+0.5°C) was 28.43+3.16 mm, significantly different (p<0.05) from juvenile
reared at a temperature of 30°C (23.25+1.97 mm). Survival rate at room temperature was
0.81+0.03%, significantly different (p<0.05) from juveniles reared at a temperature of 30°C
with 0.53+£0.05. Room temperature was better for rearing of juvenile tuna. The low survival
rate is thought to be due to cannibalism and wall hitting of the rearing tank when the larvae
approach the change to juveniles until they become juveniles. T. albacares larval cannibalism
is a result of the nature of T. albacares larvae, which change from planktivorous to piscivorous
in the larval stage when fish larvae are required as food to maintain life and growth.
Cannibalization of larvae and juveniles occurs due to size variation. Larger larvae or juveniles
will eat smaller larvae. However, larvae that are relatively the same size are only bitten but
cannot be swallowed. Mortality from hitting the wall after becoming a juvenile occurs when
chasing the live milkfish fry given as food. The milkfish fry in the tuna larvae rearing tanks
tend to swim at the edge of the tanks. However, among the treatments, juveniles produced
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by treatment A had a better survival rate than those produced by treatment B, although
statistical analysis revealed no significance.
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Figure 3. Thunnus albacares larvae survival rate in experiments A and B with 3 replications.

Gut content. Rotifers and nauplii copepods are used as initial feed from yellowfin tuna larvae.
This method’s efficiency is revealed when the larvae are examined for their digestive tract.
The contents of the larval gastrointestinal tract D-3 was examined. In the digestive tract of
T. albacares larvae, rotifers, and copepods, naupli multiply with age. As copepod feed
consumption increases and some tuna larvae begin to become piscivorous or prey on newly
hatched tuna larvae given to H-9, according to Gunawan et al (2020) and Gunawan & Hutapea
(2020), the number of rotifers in the larval digestive tract begins to decline after H-11 (Figure
4,5, and 6). However, in the third study, larval predation on natural food was quite effective.
As T. albacares larvae age, the number of rotifers and nauplii copepods in their digestive tract
also increases. The gut content of the larvae, after dissecting and examining under a
microscope, is shown in Figure 7.
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Figure 4. Amount rotifers and copepod naupli in the guts of Thunnus albacares larvae in
Experiment 1.
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Figure 6. Amount rotifers and copepod nauplii in the guts of Thunnus albacares larvae in
Experiment III (Observation times vary).

Figure 7. Gut contents of larvae Thunnus albacares during the study.

Water quality. Initially, the highest water temperature occured at noon because when the
larvae were 2-4 days old there was no water change. When the larvae were D-5 days old,
water changes started at a rate of 5%. As the larvae got older, the water temperature stayed
the same, and the rate of water changes went up. The temperature range in the larval rearing
medium is still within normal limits for the life of marine fish larvae in general, including T.
albacares larvae. Measurements of dissolved oxygen (DO) levels in the water used to rear
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larvae yellowfin tuna revealed that they tended to be reasonably constant throughout
treatments, ranging from 5.00 to 8.00 mg L, with saturation values between 78 and 103%.
DO values in this study are still within the limits of quality standards for the growth of T.
albacares larvae. The DO limit established by the quality standard of seawater for marine
biota (aquaculture) is >5 mg L' (Bergamasco et al 2021; Wexler et al 2011). The high DO
value in the rearing tanks of both treatments is due to the addition of aeration in the tanks
and the water circulation system during the larval rearing period.

The limits of ammonia in the larval rearing media of the two treatments ranged from
0.60-2.60 mg L' and was not very different. This ammonia content could be reduced after
an increase in water changes. The ammonia level in the larval rearing water exceeds the
normal limit established by the seawater ammonia quality standard for marine biota
(aquaculture) of 0.3 mg L. The main source of ammonia in the larval rearing water is thought
to be uneaten feed, larval feces, and fertilizer residues contained in the Nannochloropsis
culture, which are fed into the larval tanks daily. The nitrite concentration in the rearing tanks
of yellowfin tuna larvae during this study tended to increase steadily from 0.04 mg L}, at the
beginning of the study, to values above 0.5 mg L. It is likely that with the addition of natural
food and the provision of fish larvae and milkfish juveniles as feed for tuna larvae and
juveniles, all these organisms contribute to the production of ammonia, which is further
nitrified by bacteria. During the study, the pH range in the media used to raise the larvae
dropped from 8.2 at the start to below 8 by the end (Figure 8). However, the pH became
more stable with the temperature increase.

8.2

8.15

% 81
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8 ——B
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79
7.85
5 10 15 20
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Figure 8. Relationship between pH and age of Thunnus albacares larvae.

During the study, a good water quality management was practiced, and the marine water
conditions were generally stable. Thus, there was never an excessively high bacterial bloom.
The total was between 5.5-24.0x103 CFU mL™. The total bacteria in the larval rearing water
is still within the normal range, where total bacteria in waters range from 103 to 106 CFU mL™.

Conclusions. The growth of T. albacares larvae is influenced by temperature; the optimal
temperature for larval growth is obtained in treatment A (29+0.5°C). The survival rates of T.
albacares were 0.81+£0.03% in treatment A and 0.53+0.05% in treatment B. Cannibalism
and collision of T. albacares larvae with the wall were the causes of high mortality or very low
survival (<1%).
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