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Optimization of safe transport conditions for hatchery-reared golden rabbitfish (Siganus
guttatus) juveniles: Effects of loading density and transport duration on survival and

water quality
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Abstract: The golden rabbitfish (Siganus guttatus) is increasingly recognized as a promising
aquaculture species in the Indo-Pacific region due to its rapid growth, tolerance to salinity
fluctuations, high market demand, and consumer preference. However, one critical bottleneck in its
culture is the safe and efficient transport of juveniles from hatcheries to grow-out facilities. Grow-
out farms are often located far from hatcheries, making the transport of rabbitfish juveniles to grow-
out rearing facilities a critical process. Establishing optimal transport conditions of this species for
grow-out culture is essential to minimize stress and enhance survival. This study evaluated the effects
of three loading densities (300, 400, and 500 fish-bag’l, corresponding to 13.53, 18.06, and 22.59
g-L!) and two transport durations (10 and 15 h) on the survival and water quality of S. guttatus
juveniles. Both loading density and travel duration significantly influenced the survival and water
quality of rabbitfish juveniles. Dissolved oxygen (DO), pH, and total ammonia nitrogen (TAN) were
critical factors that significantly affected survival, with positive correlations for DO and pH and a
negative correlation for TAN. The optimal loading densities identified were 400 fish-bag™ for 10-h
and 300 fish-bag™! for 15-h transport, respectively. These results provide valuable insights for
optimizing transport protocols to reduce stress and unnecessary mortalities of S. guttatus juveniles
during transfer from nursery facilities to grow-out production sites.
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Introduction

The golden rabbitfish (Siganus guttatus) is a
important euryhaline fish species
widely distributed across the Indo-Pacific region
(Duray, 1998; Ayson et al., 2014; Simora et al., 2015).
This species inhabits diverse habitats, including
estuarine waters, coastal and mangrove areas,
seagrasses, and inshore coral reefs (Hara et al., 1986;
Ayson et al., 2014; Caballero et al., 2022). Unlike
other diurnal rabbitfish, S. guttatus is documented to
be nocturnal (Ayson et al., 2014; Caballero et al.,
2022). In recent years, the promising aquaculture
potential of S. gurtatus has elicited special interest
among fish culturists due to its relatively large size,
faster growth rate, hardiness, ability to withstand
overcrowding, and wide range of tolerance to salinity
fluctuations (Hara et al., 1986; Ayson et al., 2014;
Caballero et al., 2022). In addition, this low-trophic-
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level, euryhaline teleost is renowned for its low
dietary protein requirement (35%), exceptional meat
quality and nutritional value, and high market value
and consumer preference (Parazo, 1990; Quinitio and
Castor-Sa-an, 2008; Li et al.,, 2021). Like other
rabbitfish, S. guttatus is a suitable mariculture species
due to its herbivorous-to-omnivorous feeding habits,
which allow it to be fed filamentous algae and
artificially formulated diets (Andam et al., 2016;
Caballero et al., 2022). This highly esteemed food fish
can be reared alone at high densities (Andam et al.,
2016; Syah et al., 2020) or in polyculture with milkfish
in cages, owing to its efficiency in controlling algal
growth from net surfaces through grazing (Andam et
al., 2016; Caballero et al., 2022). For this reason,
polyculture of rabbitfish with milkfish is moving
towards a sustainable culture of this species (Andam
et al., 2016). Moreover, this species 1s well accepted
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by consumers and fetches a relatively higher market
price than milkfish or tilapia, resulting in increased
profit margins (Ayson et al., 2014; Andam et al.,
2016). Thus, due to its desirable attributes, S. guttatus
is a good alternative species to milkfish for grow-out
culture (Ayson et al., 2014; Caballero et al., 2022).

Science-based nursery technology of S. guttatus
has already been established in brackishwater ponds
(Andam et al., 2016; Caballero et al., 2022). However,
the nursery production of S. guttatus juveniles has
remained an integral component of grow-out
operations. Hatchery and nursery operations for this
species are still conducted in land-based facilities,
even when grow-out culture is carried out in pond- or
sea-based conditions. In most cases, land-based
hatcheries or nurseries are situated several miles from
the grow-out culture sites (cages, ponds, net pens, etc.)
for several famed fish species. As a result, fish post-
larvae or juveniles often need to be transported from
hatcheries to grow-out farms over long distances, a
process that can take several hours to several days
(Singh et al., 2004; Stieglitz et al., 2012; Failaman et
al., 2022; Li et al., 2023). In such segmented and
multifaceted operations, packing and
transporting fish fry from the collecting grounds or
hatcheries to the farm site is a crucial activity in any
fish operation (Ayson et al., 1990; Stieglitz et al.,
2012; Failaman et al., 2022).

Routine fish culture operations usually involve
handling and transporting fish as the final stage in the
production cycle (Harmon, 2009). Transporting live
fish constitutes a significant portion of the total
operational costs incurred by aquaculture enterprises
(Lim et al., 2003; Cupp et al., 2017). As a result, large
quantities of fish must be transported as efficiently as
possible with minimal loss via land, sea, and air freight
(Harmon, 2009). However, road transport can be
stressful for live fish, as they are confined to limited
space and subjected to successive transport-related
stressors, including pre-transport fasting and handling,
vehicle  loading, transport,  and
post-transport unloading (Harmon, 2009; King, 2009;
Sampaio and Freire, 2016). Fish welfare during live
transport is influenced by several factors, including

culture
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dissolved oxygen levels, loading density, water
quality, and transport duration (Harmon, 2009).

Depending on the species, size, and transport
distance/duration, various methods are used to
transport young fish. Rabbitfish juveniles are
commonly packed in oxygenated plastic bags for
transport from land-based hatcheries and nurseries to
sea-based grow-out cages. Transporting rabbitfish
juveniles from land-based nurseries to grow-out sites
is typically employed when the fish reach 45-50 days
post-hatching (DPH) at about 2 cm (Ayson et al.,
1990, 2014). Transport loading density is a crucial
factor to consider when transporting juveniles from
the hatchery to any grow-out site (Failaman et al.,
2022; Aya et al., 2024; Yang et al., 2024), which is
associated with the quantity of nitrogenous waste
generated during extended transport (Lim et al., 2003).
Increasing loading density can induce considerable
physiological stress and disrupt metabolic processes in
fish due to deteriorating water quality, which, over
time, may result in mortality, particularly during long-
hour transport (= 8 h) (Stieglitz et al., 2012; Failaman
et al., 2022; Li et al., 2023). Conversely, decreasing
loading density increases survival rates and
significantly raises fuel and freight costs, making
transport one of the most expensive parts of the
production process. The success of intensive
aquaculture operations largely depends on developing
strategies to minimize production losses during
transport and maximize fish survival in confined
spaces (Garcia and Toledo, 1988; Lim et al., 2003;
Harmon, 2009; Cupp et al., 2017). Hence, there is a
need to establish optimal transport protocols to sustain
S. guttatus in sea-based grow-out cage culture.

At present, the transportation of good-quality
seedstock has become increasingly more important,
driven by the gradual expansion of aquaculture.
Although transport protocols at various loading
densities have already been reported for several
species (Stieglitz et al., 2012; Nazari et al., 2015; Cupp
et al., 2017; Failaman et al., 2022; Aya et al., 2024),
there is limited scientific documentation on the effects
of loading densities and prolonged travel duration on
the survival and water quality of S. guttatus juveniles.
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Figure 1. Geographical location and transport route of the Siganus guttatus juveniles. (a) Siganid hatchery of MSU at Naawan, located in Naawan,
Misamis Oriental, Philippines, marked by a triangle. (b) Transport route from MSU at Naawan, Misamis Oriental, represented by blue lines.

The only most available transport protocols for S.
guttatus juveniles are based on conservative loading
density of 100 fish+L"! for 8-h transport, 300 fish-L"!
for 1-2 h, and 200 fish-L"! for 4 h, respectively (Ayson
et al., 1990, 2014). Given the increasing demand for
rabbitfish juveniles for grow-out culture, it is essential
to determine the optimal loading density to ensure
efficient transport while maximizing fish survival.
Optimizing juvenile transport density over extended
periods (=8 h) to ensure an efficient and sustainable
seedstock supply is crucial to the success of mass
production of rabbitfish in grow-out systems. So far,
no published information has been reported on the
effects of high loading density and extended transport
duration for S. guttatus juveniles. Hence, this study
was conducted to establish optimal transport
conditions for S. guttatus juveniles from hatchery to
grow-out production facilities, to minimize stress and
ensure optimal fish survival during prolonged closed-
system transport in polyethylene bags filled with
oxygen.

Materials and Methods

Experimental animal and maintenance: The
hatchery-reared S. guttatus juveniles (0.18%+0.04 g
body weight and 2.28+0.16 cm total length) were
obtained from the Siganid Hatchery of Mindanao
State University at Naawan (MSU at Naawan)-
Hatchery Operation and Services Section, in Naawan,
Misamis Oriental, Philippines (Fig. 1). Before the
simulated transport experiment, nursery rearing of
S. guttatus was done from 24 DPH to 50 DPH. The
fish were stocked at 0.5 fish+-L™!' and maintained at 32-
35 ppt salinity throughout the nursery rearing period.
The fish were provided with continuous aeration to
keep dissolved oxygen (DO) levels above 5 ppm. The
microalgae (Chlorella sp.) were added to and
maintained in the tank at 2-3 x 10° cells-ml™! from 24
to 37 DPH. The rabbitfish were fed with Brachionus
plicatilis at 5-10 individual-ml"! from 24 DPH to 37
DPH. The fish were also fed with newly hatched
Artemia nauplii (0.2-0.4 individual-ml™!) thrice a day
starting at 24 DPH onwards. Weaning of rabbitfish
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Table 1. Proximate composition of artificial diets (% dry matter).

Proximate analysis (% dry matter) Shrimp feeds (P. monodon)! Fry mash?
Crude protein 50 40
Crude lipid 8 7
Crude fiber 3 5
Crude ash 9 12
NFE3 30 36
Gross energy (KJ-g'))* 20.14 18.38

I BNH Aquaculture Corporation. 2 Tateh Malaga Feeds, Santeh Feeds Corporation, Philippines. 3 Nitrogen-free extract, computed
by difference. + Computed using gross calorific values of 17, 24, and 38 KJ-g"! for carbohydrate, protein, and lipid, respectively
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(Jobling, 1993).

Table 2. Summary of conditions used in the simulated transport trial of hatchery-reared golden rabbitfish Siganus guttatus juveniles.

Treatment 1

Treatment 2

Treatment 3

Number of fish-bag™! 300 400 500
Density (g-L™1) 13.53 18.06 22.59
Transport duration (h) 10, 15 10, 15 10, 15
Temperature (°C) 22-23 22-23 22-23
Number of replicates (n) 3 3 3

post-larvae from Artemia to an artificial diet was
completed once the fish had fully metamorphosed into
the juvenile stage. The artificial diet (feed for
P. monodon) was provided to the fish at 1-2 g.m”
3-daly'l, three times daily, from 24 DPH onwards. In
addition, fry mash was provided to the fish from 45
DPH onwards, three times daily (Table 1). To
maintain water quality and prevent protozoan
infestation in the nursery tank, water management
involved draining and siphoning at least 50% of the
tank volume, followed by a morning flow-through.
The water quality parameters were regularly
monitored and maintained within an optimal range
conducive to the growth and survival of the rabbitfish
(salinity:32-35 ppt, temperature 27-30°C, DO:>5 ppm,
pH:7.5-8).

Fish handling, packing, and simulated transport
protocol: The rabbitfish juveniles were starved for at
least 24 h before packing for the simulated transport
experiment to empty their gut and reduce the
metabolic waste in the transport bags. Before
transport, the fish were harvested from the nursery
tank using a fine-meshed seine, acclimated in the 500-
L-capacity fiberglass tank at 22-23°C, and transferred
into the 12-L-capacity pail, partially filled with the
same tank water. Three loading densities (300, 400,
and 500 fish-bag™! corresponding to 13.53, 18.06, and
22.59 g-L!, respectively) were tested for transport

duration of 10 and 15 h (Table 2), given the growing
demand for rabbitfish juveniles among fish growers
throughout the Philippines. The fish were scooped and
packed into closed, double-lined polyethylene bags
254 cm W x 55.88 cm L) with 4 L of cooled,
preconditioned seawater (22-23°C; 34-35 ppt). Each
replicate transport bag was inflated with medical-
grade oxygen until the air space had the same volume
as the transport water (1:1; water-to-gas ratio) and
sealed tightly with rubber bands. Three replicate
oxygenated transport bags containing the rabbitfish
juveniles were randomly assigned in the Styrofoam
box (dimensions: 55.88 cm L x 38.1 cm Wx 43.18 cm
H) per transport loading density treatment (Fig. 2).
The rabbitfish juveniles were transported late in the
afternoon (1633 h) using a multi-cab from MSU-
Naawan to Opol, Misamis Oriental, and Vice Versa,
then to Iligan City to MSU-Naawan in Naawan,
Misamis Oriental, Philippines (Fig. 1). The designated
path, spanning roughly 155 km, was repeatedly
covered throughout the transport period. Scheduled
stops were incorporated to facilitate short breaks of
15-30 min. These pauses were systematically included
in the transport protocol to maintain consistency and
ensure the reliability of the experimental conditions.
The fish were transported for up to 15 h, as this is the
estimated travel time from MSU Naawan, Misamis
Oriental, to Pangasinan in the Northern Philippines,
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where rabbitfish culture is widely practiced. Transport
duration began when the transport bags containing the
experimental animals were completely sealed and
stored in the Styrofoam box, and ended after 15 h, the
prescribed maximum duration of the study.

Water  quality parameters: The  initial
concentrations of the water quality parameters in the
transport water were determined before adding the
experimental fish to the transport bags. After transport
for each time and loading density per triplicate, the
same parameters were measured. Once each bag was
opened, dead fish were removed, and then the live
ones were conditioned in 1-m? tanks. DO and pH
levels were measured using the Winkler method

T. \'/
Figure 2. The experimental animals were acclimated in the 500-L capacity circular fiberglass tank with a water temperature of 22-23°C (a, b), then
transferred into the 12-L capacity pail before packing in the double-lined polyethylene transport bag filled with 4-L of pre-cooled seawater (c, d).

The rabbitfish juveniles were packed in transport bags at various loading densities, inflated with oxygen, sealed tightly with rubber bands, and then
stored in a Styrofoam box for thermal insulation (e, f).

(Grasshoff, 1981) and a digital pH meter, respectively.
In addition, total ammonia nitrogen (TAN) was
determined following the standard method for the
examination of water and wastewater (APHA, 1998).
Survival rate determination: The survival rates of
S. guttatus juveniles after each simulated transport
duration at different loading densities were monitored
to assess the animals' responses within their respective
transport bags. At the end of the experiment, the
influence of different transport loading densities and
durations on survival was quantified based on the
formula of Wang et al. (2020) as follows: survival (%)
= (final number of rabbitfish juveniles survived /
initial number of rabbitfish juveniles) x 100.
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Table 3. Factorial analysis on the survival and water quality parameters of rabbitfish juveniles confined in closed transport bags at different loading
densities (LD) and transport durations (TD). Values (means *+ SE) annotated with different superscripts within the same column are significantly

different (P<0.05).

Treatment Survival (%) DO (ppm) pH TAN (ppm)
LD (fish-bag™)
300 99.61+0.172 5.53+0.20? 6.87+0.07? 1.60+0.592
400 83.38+10.96P 5.47+0.14% 6.64+0.25% 1.61+0.582
500 36.97+24.70¢ 3.70+1.46¢ 5.95+0.61¢ 1.72+0.68P
TD (h)
10 85.26+£2.052 5.50+0.172 6.79+0.122 1.03+0.012
15 61.38+2.05P 4.30+1.03P 6.17+£0.44" 2.26+0.07°
LD effect (P value) 0.000 0.000 0.000 0.000
TD effect (P value) 0.000 0.000 0.000 0.000
LD x TD (P value) 0.000 0.000 0.000 0.002
Acceptable level >5.0! 6.5-9.0! <1.0?

"Water quality requirement for the propagation and growth of fish and other aquatic resources (DENR-DAO, 2016); Boyd (1990);

El-Sayed (2006). 2Caballero et al. (2022).

Table 4. Comparison of the mean survival and water quality parameters of rabbitfish juveniles confined in closed transport bags at different loading
densities and transport durations. Values (means *+ SE) annotated with different superscripts within the same column are significantly different

(P<0.05).
Duration (h) Density (fish-bag!)  Survival (%) DO (ppm) pH TAN (ppm)
10 300 99.78+0.112 5.72+0.032 6.94+0.03 2 1.014+0.004 2
400 94.33+1.74* 5.61+0.052 6.88+0.032 1.030+0.0032P
500 61.67+2.73P 5.16+0.05" 6.56+0.05° 1.041+0.006P
P-value 0.00001 0.0002 0.001 0.018
15 300 99.44+0.222 5.33+0.03 2 6.80+0.042 2.192+0.007 2
400 72.42+7.86" 3.39+0.04 " 6.39+0.04 2.19440.005 2
500 12.27+1.90¢ 2.24+0.04¢ 5.3340.04¢ 2.405+0.057"
P-value 0.00003 0.0000 0.0000 0.006
Acceptable level >5.0! 6.5-9.01 <1.0?

'Water quality requirement for the propagation and growth of fish and other aquatic resources (DENR-DAO, 2016); Boyd (1990);

El-Sayed (2006). 2Caballero et al. (2022).

Statistical analysis: All data were first tested for
normality (Shapiro-Wilk test) and homogeneity of
variance (Levene’s test) before analysis. The effects of
loading density and transport duration on the survival
and water quality parameters of rabbitfish juveniles
confined in closed transport bags were analyzed using
two-way analysis of variance (ANOVA). When
significant interactions were detected, mean values
were further examined using one-way ANOVA,
followed by Tukey’s HSD post hoc test, to determine
differences among treatments (P<0.05). Pearson
correlation analysis was also conducted to assess the
relationships between post-transport water-quality
parameters and survival rates. ANOVA and Tukey’s
HSD tests were performed using IBM SPSS Statistics
Version 20 for Windows, while correlation analysis
was carried out with PAST Version 5.2.1. All values

were presented as means * standard error (SE).

Results

Survival of S. guttatus juveniles across loading
densities and travel durations: In this study, the
survival rate of S. guttatus juveniles was significantly
influenced by both the loading density and duration of
transport. In addition, the interaction between the
loading density and duration of transport significantly
influenced the survival of S. guttatus juveniles (Table
3). Generally, the survival of S. guttatus juveniles
significantly decreased with increasing transport
loading density and travel duration (Tables 3-4).
Siganus guttatus juveniles confined at 300 fish.bag!
significantly obtained the highest survival (99%) after
10 to 15 h of simulated transport. However, the
survival of rabbitfish juveniles packed from a
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transport density of 300 fish.bag! was not
significantly different from that of the fish confined in
400 fish.bag™! after 10 h simulated transport duration
(P>0.05; Table 4). The lowest survival was
significantly exhibited by rabbitfish juveniles at 500
fishobag'1 after 10 to 15 h of confinement (P<0.05).
Increasing the number of fish per transport bag from
400 to 500 fish-bag™! led to a significant decrease in
survival rates, which dropped from 61.67 to 12.27%
after 10 to 15 h of confinement in the transport bags
(Table 4).

Water quality conditions across loading densities
and travel durations: At the end of the experiment,
the results showed that the various loading densities
(P=0.000) and transport durations (P=0.000)
significantly influenced the water quality (DO, pH,
and TAN) of rabbitfish juveniles (Table 3). In
addition, the interactive effects of both loading density
and transport duration were significantly observed on
the water quality of rabbitfish juveniles (P=0.000;
Table 3). The water quality parameters across
different loading densities and transport durations are
presented in Tables 3 and 4. The transport loading
densities had a significant influence on DO, pH, and
TAN across treatment groups. As loading density
increases, DO and pH levels decline, whereas TAN
tends to increase with longer travel durations. The
influence of transport loading densities on DO was
significant after the 10-h transport test. 10 h after
packing, a significant decline in DO concentration
relative to the initial value was observed in all
treatments. Transport densities of 500 fish.bag™!
exhibited significantly lower DO levels than those
with a density of 300 and 400 fish-bag™!. Meanwhile,
DO concentrations in treatments with transport
densities of 300 and 400 fish-bag™ remained similar
throughout this period. However, DO levels were
significantly decreased after 15 h of simulated
transport (P<0.05).

Similarly, a significant decline in water pH levels
across all transport densities was observed after 10 h
of confinement. The treatment with a transport density
of 300 fish.bag™ recorded the highest pH value of
6.9410.03, while the lowest pH of 6.56+0.05 was

noted at a density of 500 fish.bag™. The pH reduction
became more gradual for transport densities of 300,
400, and 500 fish-bag™ up to the 15th hour. At this
point, the transport density of 300 fish.bag™
significantly exhibited the highest pH of 6.80+0.04,
whereas the 500 fish.bag™ density had the lowest pH
of 5.33+0.04. Conversely, TAN concentration
increased with loading densities and travel durations
(Table 4). At the 10th hour of confinement, TAN in
500 fish.bag™! was significantly higher than that of 500
fish.bag™!. However, TAN in treatments at 400 and
500 fish.bag™ did not differ significantly during this
period. TAN concentrations showed a similar trend
across all treatment groups up to the 15th hour of
transport.

The relationship between transport water quality
parameters (DO, pH, and TAN) and survival rates of
S. guttatus juveniles at various loading densities over
10 h and 15-h durations is presented in Figure 3. A
strong negative correlation was observed between
survival rates and loading density (r = -0.82), whereas
survival rates showed a significant, moderate negative
correlation with TAN (r = -0.47). These findings
suggest that increased loading density and elevated
TAN levels tend to reduce survival rates. Furthermore,
survival rates exhibited a significant, strong positive
correlation with DO (r = 0.86) and pH (r = 0.95),
indicating that higher DO levels and stable pH
conditions may enhance survival during extended
transport. Additionally, TAN exhibited a very strong
positive correlation with transport duration (r = 0.99),
while it showed negative correlations with both DO (r
=-0.77) and pH (r = -0.65). These results suggest that
prolonged transport time, along with associated
fluctuations in TAN, DO, and pH, can negatively
affect survival. Therefore, these factors must be
carefully regulated to improve survival outcomes.
These correlations are statistically significant
(P<0.05), underscoring the importance of managing
water quality parameters and loading density during
extended transport periods to maximize the survival of
S. guttatus juveniles. Identifying optimal transport
conditions can enhance the reliability of juvenile
transport in aquaculture operations, ultimately



Int. J. Aquat. Biol. (2026) 14(3): 74-87 81

5 ¢

LD 0.00

D

DO

pH

TAN

Sur

Figure 3. Pearson correlation matrix between water quality parameters and survival of Siganus guttatus juveniles at various loading densities and
travel durations. Darker circles indicate stronger correlations (i.e., the color intensity ranging from —1 to 1), with red representing positive
correlations and blue signifying negative correlations. Boxed values signify a significant correlation (P<0.05). Legend: LD: Loading Density, TD:
Travel Duration, DO: Dissolved Oxygen, pH, TAN: Total Ammonia Nitrogen, Sur: Survival Rate.

contributing to more efficient and sustainable
management practices for this species.

Discussions

The survival of S. guttatus juveniles at various loading
densities in closed transport bags has not been
previously documented for a long-distance transport
duration (15 h). The results of the present study
indicated that transport loading density significantly
affects the survival of rabbitfish juveniles, regardless
of transport duration, with the sharpest decline
occurring at the maximum tested density of 500
fish-bag™!. The effect became more pronounced with
increasing transport duration, as reflected by a drop in
survival rates from 61.67+£2.73 (10 h) to 12.27£1.90
(15 h). These results underscore the species’
sensitivity to crowding stress, suggesting the
importance of considering loading density when
transporting rabbitfish juveniles for extended periods.
Generally, increasing loading densities and transport
duration have resulted in a significant reduction in

survival in the rabbitfish juveniles. A similar finding
was reported by Ayson et al. (1990), who documented
that increasing the loading density from 100 to 200
fish.L'! reduced fish survival after 4 and 8 h of
transport. Confinement of S. guttatus juveniles in
transport bags for 10 h at a density of 300 fish.bag!
resulted in significantly higher survival (99.78%0.11)
compared to those fish packed in 500 fish-bag!
(61.67£2.73). The optimal loading density for high
survival after 10 h of simulated transport is 400
fish.bag™!* corresponding to 18.06 g.L'!. However,
rabbitfish juveniles confined to 400 fish-bag™! showed
a similar survival trend to those packed at 300
fish-bag™!. These results suggest that rabbitfish
juveniles can be transported up to 400 fish.bag™ for
10-h travel duration from the usual recommendation
of a packing density of 100 fish.L"! for 8-h transport,
300 fish.L! for 1-2 h at 28°C and 32 ppt transport
water; and 200 fish.LL"! for 4-h transport at 20°C and
20 ppt in a 2.1 cm total length of S. guttatus (47 days
old) (Ayson et al., 1990; Ayson et al., 2014).
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Similarly, confinement of S. guttatus juveniles in
transport bags for 15 h at a density of 300 fish-bag!
resulted in significantly higher survival (99.44+0.22)
compared to those fish packed in 400 and 500 fish.bag"
1 (72.4247.86 and 12.27+1.90, respectively). The
optimum loading density that yields high survival
after 15 h of simulated transport is 300 fish.bag™!
corresponding to 13.53 g.L"!. For juvenile Cobia, the
optimal transport density during a 24-h live transport
is 10-20 gL' (Stieglitz et al., 2012). Similarly, an
optimal density of 60 g.L"! was identified for dusky
grouper Epinephelus marginatus in an 8-h simulated
transport (Pereira-Cardona et al., 2017). In addition,
39.09 gL' was found to be the optimum transport
density for juvenile silver therapon Leiopotherapon
plumbeus up to 12-h simulated transport (Aya et al.,
2024). Collectively, these findings suggest that the
optimal transport densities may vary across fish
species depending on factors such as travel duration.
While information on the transport of rabbitfish
juveniles remains limited, the current study indicates
that the optimal transport biomass is notably higher
than that reported for S. guttatus juveniles transported
over 1-4 h.

Transporting post-larvae  or juveniles from
hatcheries to grow-out farms is a critical stage in
aquaculture. While high stocking densities during
transport can lower production costs, excessively high
densities deteriorate water quality and compromise the
physiological and biochemical functions of the fish
(Liu et al., 2022; Yang et al., 2024). Consequently,
stocking density is a key factor influencing both fish
physiology and water quality, with parameters such as
temperature, DO, pH, and ammonia identified as
essential indicators that require close monitoring (Luz
and Favero, 2024). In closed transport systems, water
quality can be a significant stressor, potentially
limiting fish health and survival (Ross and Ross, 1999;
Emata, 2000). The availability of DO, along with the
accumulation of ammonia and carbon dioxide (CO,),
has been recognized as the primary limiting factor
(Erikson et al., 1997; Grgttum et al., 1997; Gomes et
al., 1999). The decline in survival rates at higher
densities and prolonged transport duration is likely

due to accumulated physiological stress and
physicochemical stressors, characterized by increased
oxygen consumption and rapid buildup of toxic
metabolic byproducts, such as ammonia and CO,
(leading to pH reduction) (Liu et al., 2022; Yang et al.,
2024). These variations in water quality affect fish
physiological responses during transport, leading to
heightened stress and increased mortality (Lim et al.,
2003).

The findings of this study indicate that, among the
water parameters quantified, DO levels were the
primary driver of mortality, limiting transport density
and duration. The survival of S. guttatus juveniles was
significantly affected by low DO concentrations in
transport bags, resulting from high loading densities
and extended travel durations. As loading density and
travel time increased, survival rates declined. This
decrease in survival was accompanied by a
corresponding drop in DO levels within the transport
bags. DO levels after 10 h of transport decreased
significantly relative to the initial level and were
further reduced after 15 h of simulated transport,
suggesting that the observed changes in DO levels
were regressive. However, a downward trend in DO
values after 15 h of transport can be due to increased
fish respiration (Lim et al., 2003; Manliclic et al.,
2018). These findings indicate that in a closed system,
DO levels progressively decline, while metabolic by-
products continuously build up throughout the
transport period. An oxygen deficiency may have
occurred in the transport bags, with DO concentrations
ranging from 2.24 to 3.39 ppm. Under crowded
conditions, fish exhibit increased physical activity,
which causes rapid DO consumption and further limits
DO availability in the transport bags (Lim et al., 2003;
Manliclic et al., 2018). Siganus guttatus shows signs
of distress, such as restlessness and gasping at the
water surface, when DO levels drop to 2.24 ppm,
indicating severe oxygen depletion (Carumbana and
Luchavez, 1979). Prolonged exposure to such
conditions often proves fatal. When transported at
high loading densities, fish experience mechanical
abrasion from frequent contact with one another,
which is a significant source of stress (Ross and Ross,
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1999). Additionally, frequent collisions among fish in
overcrowded environments may lead to physical
injuries, further contributing to high mortality rates.
DO levels below 3 ppm induce stress in most aquatic
organisms, while concentrations <2 ppm are
insufficient to sustain fish life. For optimal growth and
activity, DO levels should be within the 5-6 ppm
range. In the case of S. guttatus at transport densities
of 300 and 400 fish-bag™!, DO concentrations ranged
from 5.61 to 5.72 ppm, exceeding the minimum
threshold of 5 ppm required for the conducive growth
and propagation of aquatic animals (Boyd, 1990; El-
Sayed, 2006; DENR-DAO, 2016; Caballero et al.,
2022).

Similarly, a significant decrease in water pH was
observed during the longest transport durations at
higher loading densities, leading to increased seawater
acidity. The significant decline in water pH observed
following 10 h of simulated transport in fish confined
at higher loading densities can be attributed to the
elevated CO, concentration from fish respiration,
which is recognized as a stressor (Purcell et al., 2006;
Parodi et al., 2014; Sutphin and Hueth, 2015;
Failaman et al., 2022). The surge in water acidity may
lead to gill dysfunction in some marine species
(Munday et al., 2009; Martyshev, 2020). However, at
10 and 15 h of transport, pH levels were significantly
higher at 300 fish-bag™! than those of fish confined at
500 fish-bag!, indicating that less CO2 was produced
in this treatment group (Failaman et al., 2022). These
findings suggest that S. guttatus, is physiologically
constrained in response to environmental variations,
especially during extended transport durations.

Metabolic ammonia can accumulate within a
closed transport container system and has been
identified as a limiting factor in the transport of high-
density biomass finfish (Nazari et al., 2015; Sutphin
and Hueth, 2015). This study showed that transporting
rabbitfish juveniles at high loading densities resulted
in higher TAN concentrations. This result suggests
that in a closed system, TAN values tend to increase,
and that this metabolic by-product accumulates
throughout the entire duration of travel. TAN
concentrations increased after 10 h of transport

relative to initial levels and further increased after 15
h, suggesting that the observed changes were
cumulative.  Generally, transport water TAN
concentrations increased with increasing loading
density and travel duration, and were higher after 15 h
of transport than at 10 h. Previous studies documented
similar trends of increasing TAN concentrations with
prolonged transport duration (Smutnd et al., 2002;
Cupp et al., 2017; Espinoza-Ramos et al., 2022; Aya
et al.,, 2024). The observed increase in TAN
concentration at various loading densities over time is
likely due to the accelerated accumulation of
metabolic by-products in the transport bag, thus
degrading the transport water quality (Randall and
Tsui, 2002; Franklin and Edward, 2019; Fang et al.,
2023; Ayaet al., 2024).

A major factor contributing to fish mortality in
transport bags is the accumulation of toxic ammonia
(Watson et al., 2010; Barbieri and Bondioli, 2015). An
increase in TAN concentrations impairs blood oxygen
transport, inducing hypoxia and fish mortality (Zhang
etal., 2014). The transport water at the highest loading
density appeared slightly more turbid compared to the
other density levels. The safe level of TAN
concentration for rabbitfish culture in ponds is set at
<1.0 ppm to ensure that fish thrive (Caballero et al.,
2022). Unionized ammonia concentrations above 1.5
ppm pose a threat to Penaeus vannamei, triggering
increased excretion, elevated blood pH, and gill
damage, ultimately hindering their ability to absorb
oxygen effectively (Rapiz et al., 2025). A previous
study found that early juveniles of L. plumbeus could
withstand TAN concentrations of up to 1 ppm (Aya et
al., 2021), exceeding the generally accepted range of
0-0.5 ppm (Boyd, 1990; El-Sayed, 2006). The TAN
concentrations obtained in the study exceeded the
recommended thresholds for rabbitfish juveniles to
thrive. Moreover, the highest TAN concentrations at
the maximum loading density coincided with the
lowest recorded pH of 5.33+0.04 in the transport
water, as documented in previous studies (Crosby et
al., 2011; Espinoza-Ramos et al., 2022). This suggests
that the drop in pH values may be attributed to the
increased excretion of nitrogenous compounds, with a
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significant portion of TAN present as NH,*, along
with CO; produced as metabolic and respiratory by-
products in fish (Randall and Wright, 1989; Watson et
al., 2010; Thorarensen and Farrell, 2011).
Consequently, an increase in waste metabolite
concentrations is likely linked to both the loading
density and the transport duration for this species (Lim
et al., 2003).

Conclusion

This study aimed to investigate how different
transport loading densities and travel durations affect
the survival and water quality during the simulated
transport of S. guttatus juveniles. This study is the first
to explore the effects of high loading densities on the
survival of juvenile rabbitfish over an extended 15-h
period under simulated transport conditions. The
survival rates of S. guttatus juveniles were
significantly influenced by both loading density and
transport duration. Key water quality parameters,
including DO, pH, and TAN, were critical factors
affecting the survival of S. guttatus juveniles. These
parameters varied with loading density and transport
duration, with lower DO and pH and higher TAN
observed at a density of 500 fish.bag™!. The optimal
loading densities were determined to be 400 fish.bag™!
(18.06 g.L'!) for 10-h and 300 fish-bag™! (13.53 g.L'!)
for 15-h transport duration. These results provide
valuable insights for efficiently transporting
S. guttatus juveniles from nursery facilities to grow-
out production sites. The findings of this study will
provide valuable information to help nursery operators
effectively transport juveniles to grow-out production
farms while ensuring high post-transport survival
rates. However, further studies are required to confirm
these results in actual fish transport conditions across
both wet and dry seasons.
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