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Abstract. This study evaluated the effects of different carbon sources on the larval rearing of the mud
crab (Scylla paramamosain) using biofloc technology. The experiment comprised five treatments, three
replicates each with different carbon sources: (i) no carbon addition (control), (ii) granulated sugar, (iii)
rice flour, (iv) wheat flour and (v) corn starch. Experimental larvae at the Zoea 1 stage were stocked in
250-L tanks at a density of 200 ind L™1. Carbon sources were supplemented daily, starting from the Zoea
3 stage at a C:N ratio of 20. The results indicated that total ammonia nitrogen, nitrite, total bacterial
density and Vibrio counts were significantly lower in carbon-supplemented biofloc treatments when
compared to the control (p < 0.05). Conversely, larval stage index, growth in length, survival rate and
crab 1 yield were significantly higher in biofloc treatments (p < 0.05). The rice flour treatment achieved
the highest survival rate (9.89+0.17%) and Crab 1 yield (19,772+£337 ind m~3), showing significant
superiority over all other treatments (p < 0.05). Therefore, rice flour is recommended as the most suitable
carbon source for biofloc-based mud crab larval rearing.
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Introduction. Biofloc technology (BFT) is recognised as a highly effective biological
solution to enhance sustainability in modern aquaculture. Numerous studies have
demonstrated that biofloc not only improves water quality through the absorption and
conversion of toxic nitrogenous compounds but also provides a rich natural food source
containing proteins, lipids, vitamins, minerals and bioactive compounds for culture
organisms (Crab et al., 2012). Furthermore, the microbial community that develops in
biofloc systems can outcompete pathogenic bacteria, stimulate host immune responses
and enhance resistance against environmental stressors (De Schryver et al., 2008;
Avnimelech, 2012; Khanjani et al., 2023). Consequently, BFT has been widely adopted in
nursery and grow-out systems for various penaeid shrimp and other aquatic species.

Mud crab hatchery seed production continues to face major constraints, notably low
and inconsistent larval survival rates. As reported by Quinitio & Parado-Estepa (2008), mud
crab (Scylla paramamosain) larval survival from zoea to megalopa in commercial
hatcheries typically ranges between 5 and 10%. A field survey of 34 mud crab hatcheries
across the Mekong Delta, Vietnam, revealed an average crab 1 survival rate of only 4.6%
(Hai et al., 2018). This low performance is primarily attributed to unstable water quality,
elevated bacterial loads and a lack of optimised nutritional regimes. To improve efficiency
and stability in mud crab seed production, the precise synchronisation of culture systems,
environmental conditions, nutritional management and rigorous biosecurity protocols must
be maintained (Hai et al., 2017).

Given these ongoing hatchery challenges, the application of BFT represents an
innovative strategy capable of simultaneously addressing water quality and nutritional
requirements in mud crab larval culture tanks. The efficiency of a biofloc system depends
strongly on the organic carbon source utilised, as carbon input dictates heterotrophic
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bacterial proliferation, floc structure and nutritional composition (Crab et al., 2012).
Therefore, evaluating different carbon sources is essential to optimise biofloc quality,
stabilise the rearing environment and improve survival during mud crab larval
development. The present study evaluated the effects of different carbon sources on the
larval rearing of the mud crab using BFT, with the aim of identifying the optimal carbon
source for sustainable hatchery seed production.

Material and Method

Location and the period of study. The experiment was conducted from June to July,
2026 at Crustacean Hatchery of the College of Aquaculture and Fisheries, Can Tho
University.

Water preparation and broodstock management. Seawater with a salinity of 28 g L1
was treated with chlorine at a dose of 50 g m~3, followed by vigorous aeration until chlorine
residues were completely removed. Alkalinity was adjusted to 120 mg CaCOs L1 using
sodium bicarbonate (NaHCOz) according to Khanh et al. (2015), and heavy metals were
reduced using 10 g m~3 ethylenediaminetetraacetic acid. The treated seawater was filtered
through a 0.1 um micro-cartridge filter into storage tanks before being utilised for
broodstock conditioning and larval rearing.

Wild-caught gravid female mud crabs were transported in styrofoam boxes (35 cm x
50 cm x 35 cm) containing three female crabs each (weighing 400-500 g per crab);
aeration was provided during transport, and the crabs were not fed. Transportation to the
Crustacean Hatchery of the College of Aquaculture and Fisheries, Can Tho University,
Vietnam lasted 4-5 hours. Crabs were maintained in spawning tanks until hatching. Egg-
bearing crabs were reared in 120-liter plastic tanks; the water was completely changed
daily, and the crabs were fed blood cockles once a day. Upon hatching, healthy zoea 1
larvae displaying strong positive phototaxis and active swimming were selected for
stocking. Larvae were disinfected with a 200 mg L™ formalin bath for 30 seconds prior to
distribution into experimental tanks.

Carbon sources and biofloc preparation. Four carbon sources were evaluated: Bien
Hoa granulated cane sugar (55.5% carbon (C)), Tai Ky wheat flour (74.4% C), Vinh Thuan
rice flour (84.2% C), and Vinh Thuan corn starch (87.9% C). Biofloc inocula were prepared
by mixing each carbon source with warm water (60°C) at a 1:3 ratio, stirring thoroughly
and pre-fermenting for 48 hours prior to tank addition. Carbon addition rates were
calculated based on the crude protein content of artificial feeds and Artemia nauplii supplied
during each larval stage, according to the stoichiometric formula of Avnimelech (2015).

Experimental design and operation. The experiment comprised five treatments
arranged in a completely randomised design (Figure 1) with three replicates per treatment
at a target C:N ratio of 20 (Hosain et al., 2021). Daily carbon addition was initiated at the
zoea 3 stage (Tao et al., 2019) as follows: control: no carbon addition; treatment 1:
granulated cane sugar; treatment 2: rice flour; treatment 3: wheat flour; treatment 4:
corn starch.

Larvae were stocked into 250-L fibreglass tanks at an initial density of 200 ind L1.
Continuous aeration was provided to maintain biofloc particles in suspension. Water was
not exchanged at any point during the culture period. Larval behaviour and health status
were observed daily. Zoea 1 and zoea 2 larvae were fed Vinh Chau Artemia umbrellas four
times daily (00:00, 06:00, 12:00, 18:00 h) at a rate of 1-2 g m~3 application*. From zoea
3 to zoea 5, larvae received an artificial diet (Larviva PL200) four times daily (03:00, 09:00,
15:00, 21:00 h) at 1-2 g m™3 application™®* and DHA SELCO-enriched Artemia nauplii (1 g
per 1,000,000 nauplii) four times daily at 2-3 g m~3 application™*. From megalopa to crab
1, larvae were fed Larviva PL300 (2-3 g m™3) and DHA SELCO-enriched Artemia (3-4 g
m~3). Upon reaching the megalopa stage, three net sheets (30 cm x 50 cm, mesh size 1
mm) were placed in each tank as substrates to minimise cannibalism.
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Figure 1. Experimental system.

Data collection and analytical procedures. Water temperature and pH were measured
twice daily (morning and afternoon) using a digital pH/temperature meter. Dissolved
oxygen (DO) was measured every 3 days. Alkalinity, total ammonia nitrogen (TAN) and
nitrite (NO2") were analysed every 3 days using standard spectrophotometric methods
(APHA, 2005). Biofloc volume (FV, mL L™1) was measured at the zoea 5, megalopa and
crab 1 stages using Imhoff cones after 30 minutes of settling. Floc dimensions (length and
width) were measured for 10 randomly selected floc particles per tank under a microscope
equipped with a calibrated ocular micrometer.

Bacterial counts (total heterotrophic bacteria and Vibrio spp.) in water were quantified
weekly (days 7, 14 and 21) and in crab 1 tissue at harvest. Total bacterial counts were
enumerated on nutrient agar containing 1.5% NaCl (NA), while Vibrio counts were
determined on thiosulfate citrate bile salts sucrose (TCBS) agar (Huys, 2002).

Larval metamorphosis stage index (LSI) was evaluated every 3 days by inspecting
10 larvae per tank using the following formula:

LSI = 3(ni x Si) / Zni

where: Si is the stage index and ni is the number of larvae at stage Si. Larval total length
(zoea 1 to megalopa) and carapace width (crab 1) were measured for 10 individuals per
tank under a micrometer-calibrated microscope. At trial completion (day 21), overall
survival rate (%) and crab 1 yield (ind m~3) were calculated.

Statistical analysis. Data were expressed as meanzxstandard deviation. All data were
subjected to one-way analysis of variance (ANOVA) using SPSS version 22.0. Duncan’s
multiple range test was applied for the post-hoc comparison of treatment means at a
significance level of p < 0.05.

Results and Discussion

Water quality parameters. Water quality parameters remained stable across all
experimental treatments throughout the larval rearing trial (Table 1). Temperature ranged
from 29.3 to 30.7°C, pH from 8.21 to 8.26, DO from 6.79 to 6.89 mg L1, and alkalinity
from 121.2 to 122.7 mg CaCOs L1, with no significant differences among treatments (p >
0.05). These parameter ranges strictly comply with optimal requirements for mud crab
larval culture reported by Ganesh et al. (2015) (temperature 27-32°C, pH 7.5-8.5, DO >
4.0 mg L1) and Khanh et al. (2015) (alkalinity 80-120 mg CaCOs L"1). Similar
environmental stability in biofloc systems was documented by Kasan et al. (2022) for Scylla
olivacea larvae.

Concentrations of TAN and NOz2" ranged from 0.43 to 0.95 mg L™t and from 0.15 to
0.36 mg L1, respectively. The control treatment exhibited significantly higher TAN and
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NO2z" levels than all biofloc treatments (p < 0.05). Among the carbon treatments, rice flour
maintained the lowest TAN (0.43£0.05 mg L™ 1) and NO2" (0.15+£0.01 mg L™1) values.
These findings align with the results of Tao et al. (2017), who demonstrated that
carbohydrate supplementation significantly reduced TAN and NO2- concentrations in
penaeid larval rearing through heterotrophic assimilation. Using ozone during mud crab
larval rearing, Bac & Ut (2021) recorded TAN and NO2z" levels of 1.46 mg L™* and 0.22 mg
L-1, respectively. Meanwhile, in a study by Khoa (2018) using probiotics (106 CFU mL"1),
TAN values ranged from 0.16 to 0.35 mg L * and NO2z" levels from 0.07 to 0.42 mg L1.
Thus, the TAN and NO:z2" values recorded in the present study were higher than those
recorded for the probiotic-based method but lower than those for the ozone-based process.
According to Nghia et al. (2007), TAN and NO2" levels for mud crab larval culture should
not exceed 1.0 mg L™t and 2.99 mg L™, respectively. Thus, biofloc treatments successfully
maintained nitrogenous metabolites well within safe physiological thresholds.

Table 1
Water quality parameters in experimental treatments

Parameter Control Cane sugar Rice flour Wheat flour Corn starch

Temp. (°C) morning 29.4+0.062 29.4+0.04@ 29.3+0.022 29.5+0.112 29.4+0.042
Temp. (°C) afternoon 30.7+£0.092 30.7+0.02% 30.5+0.122 30.6+0.11® 30.6+0.09°2
pH morning 8.21+0.02% 8.24+0.04® 8.21+0.01® 8.26+0.03% 8.26+0.032

pH afternoon 8.26+0.012 8.24+0.012® 8.26+0.012 8.26+0.02% 8.24+0.032

DO (mg L™1) 6.79+0.072 6.81+0.06® 6.89+0.022 6.84+0.06® 6.87+0.032
Alkalinity (mg CaCOs L™1) 121.2+0.652 121.6+0.652 122.7+1.292 121.6+0.652 122.3+0.652
TAN (mg L™1) 0.95+0.07° 0.50+0.10° 0.43+0.052 0.45+0.032 0.53+0.062

NO2" (mg L™1) 0.36+0.019 0.18+0.01Pc 0.15+0.012 0.16+0.012® 0.19+0.01¢

Note: Values with different superscript letters in the same row are significantly different (p < 0.05).

Biofloc characteristics. Biofloc parameters for the control treatment were the lowest and
differed significantly from the other treatments (p < 0.05). Observations regarding biofloc
formation indicated minimal development in the control treatment due to the absence of
an added carbon source. At the zoea 5 stage, biofloc was virtually absent (volume: 0.04
mL L1). While biofloc formation was observed during the megalopa and crab 1 stages, the
levels remained very low (0.15 and 0.40 mL L%, respectively). Additionally, biofloc particles
in the control treatment exhibited the smallest length and width (Table 2). Statistically
significant differences (p < 0.05) in biofloc formation were observed among the treatments
supplemented with different carbon sources. Specifically, the rice flour treatment yielded
the highest biofloc values, followed by wheat flour and corn starch, while granulated sugar
resulted in the lowest values (Table 2).

Table 2
Biofloc volume, length and width across developmental stages

Parameter Control Cane sugar Rice flour  Wheat flour Corn starch

Volume (mL L™1) - zoea 5 0.04+0.022 0.16+0.01P 0.22+0.02¢ 0.19+0.01bc 0.18+0.01°bc
Volume (mL L™1) - megalopa 0.15+0.022 0.52+0.05° 0.58+0.02° 0.54+0.01° 0.55+0.03P
Volume (mL L™1) -crab 1 0.40+0.072 1.14+0.05P 1.37+0.13¢ 1.34+0.02b¢ 1.41+0.07¢
Length (mm) - zoea 5 0.08+0.012 0.19+0.01° 0.23+0.01¢ 0.22+0.01¢ 0.20+0.01¢
Length (mm) - megalopa 0.12+0.012 0.22+0.01° 0.25+0.01¢ 0.24+0.01¢ 0.22+0.01b
Length (mm) - crab 1 0.15+0.012 0.27+0.01P 0.31+0.019 0.29+0.01<¢ 0.28+0.01°bc
Width (mm) - zoea 5 0.04+0.012 0.12+0.01° 0.15+0.01¢ 0.14+0.01¢ 0.13+0.01b
Width (mm) - megalopa 0.05+0.012 0.14+0.01° 0.17+0.01¢ 0.16+0.01¢ 0.15+0.01b
Width (mm) - crab 1 0.09+0.012 0.23+0.01° 0.264+0.01¢ 0.25+0.01¢ 0.23+0.01°

Note: Values with different superscript letters in the same row are significantly different (p < 0.05).
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Biofloc volume, length and width increased progressively from the zoea 5 to megalopa
and crab 1 stages. The treatment supplemented with granulated sugar exhibited the lowest
biofloc volumes across the zoea 5, megalopa and crab 1 stages (0.16, 0.52 and 1.14 mL
L!, respectively), differing significantly from the other treatments (p < 0.05). No
statistically significant differences in biofloc volume were observed among the rice flour,
wheat flour and corn starch treatments (p > 0.05). Biofloc particle length increased with
the developmental stages of the crab larvae (Table 2). The rice flour treatment yielded the
greatest biofloc particle length, followed by wheat flour, corn starch and granulated sugar.
At the zoea 5 stage, the biofloc particle length in the rice flour supplement treatment was
the largest and statistically significantly different (p < 0.05) compared to the other
treatments, while in the megalopa and crab 1 stages the biofloc particle length of the rice
flour treatment did not differ significantly from that of the wheat flour treatment (p > 0.05),
it differed significantly from the corn starch and granulated sugar treatments (p < 0.05).
Regarding biofloc particle width, significant differences were observed among the
treatments across the zoea 5, megalopa and crab 1 stages (p < 0.05). Floc width was
greatest with rice flour, followed by wheat flour, corn starch and granulated sugar (Table
2).

In a study on rearing black tiger shrimp (Penaeus monodon) larvae at various
densities using BFT, Tao et al. (2019) observed that after 23 days, biofloc volume across
treatments ranged from 1.53 to 4.33 mL L!, with particle lengths of approximately 0.26-
0.44 mm and widths of 0.15-0.23 mm. Investigating the rearing of whiteleg shrimp
(Litopenaeus vannamei) larvae at different densities in a biofloc system, Tao et al. (2021)
reported that biofloc volume in the treatments increased progressively over successive
sampling events. Similarly, Hai et al. (2019) studied the rearing of giant freshwater prawn
(Macrobrachium rosenbergii) larvae in biofloc and recorded initial biofloc volumes of 0.10-
0.50 mL Lt, which rose to a range of 0.35-1.60 mL L! by the end of the experiment; the
average biofloc particle length was 0.54+0.62 mm, and the width ranged from 0.4 to 0.5
mm. According to Avnimelech (2012), biofloc particle sizes ranging from 0.1 to 5 mm are
sufficiently large for ingestion by the cultured species. Thus, the biofloc parameters
observed in this experiment are consistent with previous studies on crustacean larval
rearing.

Bacterial dynamics. Total bacterial density in the water consistently increased
throughout the mud crab larval rearing period (Table 3). Throughout the rearing process,
the control treatment exhibited significantly higher (p < 0.05) total bacterial densities in
the water (4.5-6.3x104 CFU mL!) and in the larvae (4.6x104 CFU mL!) when compared
to the biofloc treatments. Regarding the biofloc treatments, bacterial densities in the
granulated sugar (3.5x104 CFU mL?) and corn starch (4.2x104 CFU mL!) groups were
significantly higher (p < 0.05) than those in the rice flour and wheat flour groups (2.4x104
CFU mL? and 2.5x104 CFU mL!, respectively) during the first 7 days. In subsequent
sampling events (days 14 and 21), total bacterial densities in the water for the granulated
sugar, rice flour and wheat flour treatments were comparable, showing no statistically
significant differences (p > 0.05). However, bacterial density in the corn starch treatment
remained high, differing significantly from the other biofloc treatments (p < 0.05).

Table 3
Total heterotrophic bacterial density in water and crab 1 tissue

Sample/Day Control  Cane sugar Rice flour Wheat flour Corn starch
Water/Day 7 (104 CFU mL™1) 4.5+0.21¢ 3.5+0.21° 2.4+0.182 2.5+0.178 4.2+0.21¢
Water/Day 14 (104 CFU mL™1) 5.9+0.72¢ 3.7+0.26@ 3.2+0.223 3.8+0.432 5.3+0.34°
Water/Day 21 (104 CFU mL™t) 6.3+0.17° 4.3+0.232 4.2+0.212 4.7+0.30® 5.6+0.31P

Crab 1 tissue (104 CFU g™1) 4.6+0.32> 3.6+0.40% 3.3+0.31® 3.4+0.162 3.6+0.342

Note: Values with different superscript letters in the same row are significantly different (p < 0.05).
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This indicates that during the initial phase (7 days), significant differences (p < 0.05)
in total bacterial density were observed in the water among the carbon-supplemented
treatments. Notably, this was likely due to the carbohydrates in granulated sugar and corn
starch degrading more rapidly than those in rice flour and wheat flour. Consequently, faster
cellular biomass synthesis occurred in these treatments, leading to a rapid increase in
bacterial numbers. However, the carbon supply from these substrates stabilised over time,
causing the differences in bacterial density among the treatments to narrow.

An increase in bacterial counts towards the end of the experiment was also observed,
consistent with a study by Hai et al. (2019) on the rearing of giant freshwater prawn larvae
at various densities using BFT. According to Vu et al. (2025), a total bacterial density of up
to 16.38x10* CFU mL™1 did not affect mud crab larvae. However, in a study by Tao et al.
(2018) on rearing black tiger shrimp larvae using BFT with molasses supplementation at
different stages, total bacterial counts reached 12.50x104 CFU mL"* in the water and
23.88%x104 CFU g in the shrimp, yet the larvae and post-larvae still developed well.

The results of the present study indicated that Vibrio bacterial counts in the water
and in crabs (stage 1) were significantly lower than total bacterial counts; however, both
followed a similar trend of increasing towards the end of the experiment. During the initial
7-14 days, Vibrio density was highest in the control treatment, differing significantly from
the other treatments (p < 0.05), whereas no significant differences were observed among
the biofloc rearing treatments (p > 0.05). By the end of the experiment (21 days),
significant differences in Vibrio bacterial counts were observed among all treatments (p <
0.05). Overall, the rice flour treatment showed the lowest count, followed by wheat flour
and granulated sugar, while the control treatment exhibited the highest count (Table 4).
Similarly, at the crab 1 stage, the control treatment recorded the highest Vibrio count
(0.63x103 CFU mL™), differing significantly from the other treatments (p < 0.05). Among
the biofloc treatments, the rice flour treatment yielded the lowest value (0.39x103 CFU
mL1). Although this did not differ significantly from the wheat flour and granulated sugar
treatments (p > 0.05), it differed significantly from the corn starch treatment (p < 0.05).

Table 4
Vibrio spp. density in water and crab 1 tissue

Sample/Day Control Cane sugar Rice flour Wheat flour Corn starch
Water/Day 7 (103 CFU mL™1) 0.11+0.15> 0.09+0.07%® 0.08%0.06° 0.07+0.07° 0.08+0.09°
Water/Day 14 (103 CFU mL™1) 0.28+0.46°> 0.13+0.29?2 0.11+0.11° 0.13+0.07? 0.14+0.09°
Water/Day 21 (103 CFU mL™1) 0.62+0.31¢ 0.37+£0.20° 0.29+0.15% 0.35+0.302° 0.44+0.02¢

Crab 1 tissue (103 CFU g™1) 0.63+0.15° 0.44+0.20** 0.39+0.20° 0.41+£0.15° 0.48+0.25°

Note: Values with different superscript letters in the same row are significantly different (p < 0.05).

In a study on the biofloc-based rearing of Pacific white shrimp larvae, Tao et al. (2021)
reported Vibrio bacterial densities ranging from 0.77 x 103 to 1.43 x 103 CFU mL. In
experiments comparing different rearing protocols for mud crabs, Bac & Ut (2021) recorded
total bacterial and Vibrio spp. densities of 0.86 x 104 CFU mL* and 0.16 x 104 CFU mL!,
respectively, under ozone treatment - values that differed significantly (p < 0.05) from
those in the antibiotic treatment. A study on biofloc-based Pacific white shrimp rearing has
shown that larger floc volumes correlate with lower Vibrio densities, although bacterial
density consistently increased towards the end of the experiment (Tao et al. 2017). Overall,
Vibrio counts in biofloc-based mud crab larval rearing remained consistently lower than
those in the control group and in previously studied rearing protocols.

LSI. Between days 3 and 12, the larval metamorphosis process (LSI) showed no significant
differences among the treatments (p > 0.05). However, from day 15 onwards, differences
in larval metamorphosis began to emerge (p < 0.05). The treatment supplemented with
rice flour exhibited the highest LSI value (4.67+0.06), while the control treatment showed
the lowest (4.37+0.12), representing a significant difference (p < 0.05) (Table 5).

AACL Bioflux, 2026, Volume 19, Issue 5. 2100
bioflux.com.ro/aacl



Larval stage index (LSI) across sampling intervals

Table 5

Culture day Control Cane sugar Rice flour Wheat flour Corn starch
Day 3 1.83+0.062 1.87+0.067 1.83+0.15? 1.90+0.107 1.83+0.062
Day 6 2.67+0.06° 2.70+0.102 2.70+0.102 2.60+0.102 2.63+0.062
Day 9 3.53+0.06° 3.60+0.10° 3.63+0.067 3.60+0.102 3.63+0.062
Day 12 4.07+0.062 4.33+0.0672 4.30+0.107 4.33+0.212 4.27+0.062
Day 15 4.37+0.12° 4.5+0.062° 4.67+0.06° 4.57+0.123b 4.50+0.103%b
Day 18 5.53+0.06? 5.67+0.062b 5.93+0.064 5.77+0.06°c 5.83+0.06
Day 21 5.83+0.122 6.10+0.100¢ 6.33+0.06¢ 6.20+0.10b¢ 6.07+0.062°

Note: Values with different superscript letters in the same row are significantly different (p < 0.05).

Throughout the rearing process, crab larvae in treatments supplemented with rice flour
and wheat flour tended to undergo metamorphosis more rapidly and synchronously.
Metamorphosis indices at the zoea 5, megalopa (after 15-17 days of rearing) and crab 1
(after 21 days of rearing) stages were significantly higher than in the other treatments (p
< 0.05). Notably, these results reflect improvements in environmental quality (TAN and
NO2" levels; Table 1), nutrient provision from the biofloc feed source (Table 2) and reduced
bacterial density in the culture medium (Tables 3 and 4), all of which contributed to
enhanced prey capture, growth and metamorphosis in the larvae. Research by Ut et al.
(2007) noted that maintaining good rearing tank water quality and limiting the proliferation
of parasites and bacteria facilitates faster and more synchronous moulting in mud crab
larvae. Similar observations were made in experiments using ozone treatment, where crab
larvae tended to moult rapidly and synchronously because ozone improved water quality
and inhibited the growth of parasites and bacteria in the tanks (Bac & Ut, 2021). In a study
on density reduction for mud crab larvae at various stages, Hai & Viet (2017) reported that
the larval metamorphosis index after 3 days of rearing ranged from 1.60 to 1.78. In a
study on density reduction for mud crab larvae at various stages, Hai & Viet (2017)
reported that the larval metamorphosis index after 3 days of rearing ranged from 1.60 to
1.78, by day 21 of the rearing period, the average LSI across treatments ranged from 6.98
to 7.00. Thus, the results indicate that while the LSI values were higher during the initial
3-day stage (1.83-1.90), the values at the 21-day stage (5.83-6.33) were lower than those
reported in the low-density crab rearing study by Hai & Viet (2017). Overall, the use of
biofloc contributed to relatively high LSI values in the mud crab larvae.

Larval growth in length. Larval length did not differ significantly among the treatments
from the zoea 1 to zoea 3 stages (p > 0.05). From the zoea 4 stage onwards, larval length
was greatest in the treatment supplemented with rice flour and lowest in the control group,
with the difference being statistically significant (p < 0.05). At the zoea 4 stage, crab length
did not differ significantly (p > 0.05) from the wheat flour treatment but differed
significantly from the other treatments; by the crab 1 stage, the maximum carapace width
in the rice flour-supplemented treatment differed significantly (p < 0.05) from the control
but did not differ significantly (p > 0.05) from the other treatments (Table 6).

According to Quinitio et al. (2015), enhancing efficiency and stability in mud crab
seed production requires consistent rearing environmental conditions that meet the specific
nutritional needs of each developmental stage. The results of this study demonstrate that
carbon supplementation to generate biofloc during mud crab larval rearing effectively
meets these integrated requirements. Data indicate that biofloc treatments yielded better
results for environmental parameters, bacterial density and larval growth (in length) than
the control; the rice flour supplementation treatment produced the best growth. As
reported by Hai et al. (2017), mud crab larval sizes at stages zoea 1, 2, 3, 4, 5 and
megalopa were 1.65, 2.18, 2.70, 3.54, 4.50 and 4.01 mm, respectively, with a range of
2.0-3.0 mm for the crab 1 stage. Thus, the growth in length of the crab larvae in this study
is consistent with previous research findings.
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Larval total length and crab 1 carapace width (CW)

Table 6

Stage Control Cane sugar Rice flour Wheat flour Corn starch
Zoea 1 (mm) 1.32+0.012 1.32+0.012 1.31+0.012 1.32+0.012 1.31+0.012
Zoea 2 (mm) 1.87+0.012 1.88+0.012 1.88+0.022 1.88+0.012 1.88+0.012
Zoea 3 (mm) 2.45+0.01° 2.45+0.012 2.46+0.012 2.45+0.012 2.46+0.012
Zoea 4 (mm) 3.26+0.02° 3.31+0.022 3.374£0.02°> 3.31+0.03% 3.30+0.042
Zoea 5 (mm) 4.20+0.032  4.33+0.07>  4.44+0.06° 4.40+0.07° 4.39+0.01°b

Megalopa (mm) 3.99+0.042 4.16+0.02° 4.28+0.05¢  4.22+0.05°¢  4.19+0.01°b¢c
Crab 1 CW (mm) 2.92+0.052  3.02+0.113  3,15+0.05° 3.06+0.083>  3.01+0.0523b

Note: Values with different superscript letters in the same row are significantly different (p < 0.05).

Survival rate and crab 1 yield. The results for survival rate and productivity (Table 7)
indicate that the rice flour treatment achieved the best results (9.89+0.17% and
19,772+337 ind m™3, respectively), followed by wheat flour, cane sugar and corn starch,
while the treatment without carbon supplementation (control) yielded the lowest figures.
Overall, the biofloc rearing treatments demonstrated higher survival rates and productivity
compared to the control, with statistically significant differences (p < 0.05).

Table 7
Survival rate and crab 1 yield in experimental treatments

Control Cane sugar Rice flour Wheat flour Corn starch
Survival rate (%) 5.59+0.292 8.08+0.25b¢< 9.89+0.174 8.28+0.58¢ 7.24+0.47°
Crab 1 yield (ind m™3) 11,172+5752 16,168+502° 19,772+3379 16,557+1,161¢ 14,478+942b

Note: Values with different superscript letters in the same row are significantly different (p < 0.05).

Performance Index

Conclusions. The application of BFT significantly improved water quality, suppressed
Vibrio spp. accumulation and enhanced larval metamorphosis, growth, survival and
production yield in mud crab larval culture compared to the non-biofloc control. Among the
four carbon sources evaluated, rice flour demonstrated the best performance, yielding the
highest crab 1 survival rate (9.89+£0.17%) and production yield (19,772+337 ind m~3).
Therefore, pre-fermented rice flour applied at a C:N ratio of 20 from the zoea 3 stage is
highly recommended as the optimal carbon source for commercial mud crab hatchery seed
production.
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