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Mangrove crab aquaculture is expanding in response to the 

growing global demand, however, production in the 

Philippines remains limited due to low survival rates, 

which are attributed to suboptimal water quality, 

insufficient nutrition, and disease outbreaks. This study 

assessed the overall performance of Scylla serrata from 

zoea to crab instar in various culture media: Biofloc water 

(BW), green water (GW), and clear water (CW). Survival 

from zoea 5 to crab instar was highest in GW; however, no 

significant differences were observed among treatments 

(p>0.05). Microbial analysis showed significantly higher 

total heterotrophic bacteria and presumptive Vibrio counts, 

but significantly lower luminous bacteria, in BW 

compared with GW and CW (p<0.05). Crabs reared in BW 

exhibited significantly higher survival after 12 hours of 

simulated transport and greater tolerance to abrupt low 

salinity exposure after 12 and 24 hours (p<0.05). Although 

survival after 24 hours of transport did not differ 

significantly among treatments, BW consistently 

maintained the highest mean survival. Overall, BW 

emerges as a promising alternative culture medium to 

traditional hatchery protocols, particularly during early 

larval stages (zoea 1–5). This study provides the first 

empirical evidence supporting the use of biofloc 

technology in mangrove crab larval hatchery systems, with 

the potential to enhance both resilience and sustainability. 
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Introduction 

Mangrove crabs of the genus Scylla are 

economically important crustaceans that 

inhabit mangrove ecosystems in the warm 

temperate and tropical regions of the 

Pacific and Indian Oceans (Alberts-

Hubatsch et al., 2016; Bir et al., 2020; 

Lebata-Ramos et al., 2024). Within this 

genus, Scylla serrata, commonly known as 

the giant mangrove crab, is the preferred 

candidate for aquaculture in the Philippines 

owing to its larger body size and more rapid 

growth rate (Quinitio et al., 2011), as well 

as its greater economic value and 

widespread adoption among farmers 

(Nolial, 2024). In 2022, mangrove crab 

production in the Philippines reached 

16,387 metric tons, ranking it as the sixth 

top aquaculture commodity in the country 

(Bureau of Fisheries and Aquatic 

Resources (BFAR, 2023). Traditionally, 

the supply of crab seed for aquaculture has 

relied heavily on wild populations; 

however, overexploitation and degradation 

have driven a shift toward the development 

of sustainable hatchery-based production 

systems (Waiho et al., 2018; Paran et al., 

2022). Several countries have successfully 

completed the full life cycle of mangrove 

crabs under captive conditions to meet 

increasing global demand while reducing 

threats to wild populations (Quinitio and 

Parado-Estepa, 2017; Waiho et al., 2018). 

In the Philippines, hatchery technology for 

S. serrata has been established and adopted 

at a commercial scale, primarily based on 

standardized protocols refined over the past 

two decades (Quinitio et al., 2018; Lebata-

Ramos et al., 2024). Mangrove crab larvae 

are typically reared in hatcheries using 

either clear water or a microalgae-enriched 

“green water” systems with periodic 

manual water exchange (Quinitio et al., 

2018; Waiho et al., 2018). Despite 

technological advancements, larval rearing 

of S. serrata remains constrained by 

inconsistent survival, high levels of 

cannibalism, and difficulties in maintaining 

optimal water quality (Ganesh et al., 2015; 

Kasan et al., 2021). These limitations 

continue to impede large-scale production 

and highlight the need for more efficient, 

stable and environmentally sustainable 

rearing methods. Biofloc technology (BFT) 

has emerged as a promising approach for 

improving water quality and productivity in 

intensive aquaculture systems. In 

crustaceans such as the Pacific white 

shrimp (Penaeus vannamei) and mangrove 

crabs (Scylla paramamosain), BFT has 

been shown to stabilize pH, reduce toxic 

nitrogen compounds, and maintain 

adequate dissolved oxygen (Ong et al., 

2019; Kasan et al., 2021). BFT is a 

microbial-based aquaculture system in 

which aggregates of bacteria, algae, 

protozoa, and organic matter are cultivated 

to improve water quality while providing 

additional nutritional benefits to the 

cultured species (Emerenciano et al., 2025; 

Yadav et al., 2025). This eco-friendly 

system, characterized by limited or zero 

water exchange, recycles nutrients such as 

ammonia into microbial biomass, thereby 

reducing the need for frequent water 

changes (Bossier and Ekasari, 2017; Zafar 

and Rana, 2022; Yadav et al., 2025). 

Consequently, biofloc biomass serves as a 

continuous source of microbial protein and 

fatty acids that can support growth and 

survival while enhancing resistance to 

stress and pathogens (Khanjani and 
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Sharifinia, 2020; Yadav et al., 2025). As 

such, BFT offers a sustainable approach to 

mangrove crab larval rearing, with the 

potential to mitigate persistent challenges 

such as high mortality and cannibalism, 

while improving production efficiency 

(Ong et al., 2019; Kasan et al., 2021; Zafar 

and Rana, 2022). Despite the recognized 

benefits of biofloc technology in crustacean 

aquaculture, its application to the larval 

rearing of S. serrata remains limited, and 

comprehensive evaluation of its effects on 

hatchery performance is lacking (Ong et al., 

2019; Kasan et al., 2021). 

Therefore, the present study aimed to 

evaluate the effects of biofloc water on the 

survival and growth performance of S. 

serrata larvae and to assess its impact on 

water quality and microbial composition in 

comparison with conventional green water 

and clear water systems. By examining 

BFT as a sustainable and environmentally 

friendly alternative for hatchery operations, 

this study addresses a critical gap in current 

rearing practices and provides regionally 

relevant solutions for improving larval 

survival and quality, thereby supporting 

food security and strengthening export 

markets for mangrove crab aquaculture in 

Southeast Asia. 

 

Materials and methods  

Animal ethics 

This study was performed in compliance 

with all the principles of the Philippine 

National Standard: Code of Good 

Aquaculture Practices (PNS/BAFS 

134:2014) and the SEAFDEC/AQD 

institutional guidelines for the care and use 

of experimental animal. 

 

Experimental set up and inoculum 

preparation 

This study was carried out at the mangrove 

crab hatchery of the Southeast Asian 

Fisheries Development Center, 

Aquaculture Department 

(SEAFDEC/AQD). Three different culture 

systems were tested in triplicates using 

twelve 1-ton fiberglass tanks: green water 

(GW), biofloc water (BW), and clear water 

(CW). Before the experiment, biofloc 

inoculum was prepared using a suspended-

growth “green water” biofloc system (El-

Sayed, 2021) using red tilapia 

(Oreochromis spp.). The red tilapia was 

utilized in the development of the microbial 

community consisting of algae and 

bacteria, with molasses added as a 

carbohydrate source to stimulate the growth 

of heterotrophic bacteria. Vigorous aeration 

was applied to maintain the suspension of 

the microbial community and enhance the 

phytoplankton productivity. Once the 

biofloc inoculum reached 2 mL/L 

sedimentable solids (Kasan et al., 2021), it 

was transferred to the biofloc treatment 

tanks. Green water treatment followed the 

addition of Nannochlorum sp. (105 

cells/mL) into the larval tanks (Quinitio et 

al., 2018), which is the standard hatchery 

protocol at SEAFDEC/AQD. Clear water is 

a closed-water system that used 

dechlorinated seawater. 

 

Experimental animals and growth 

performance 

The standard hatchery protocol for S. 

serrata seed production (Quinitio et al., 

2018) was followed with slight 

modification. Hatchery-produced zoea 1 

(Z1) was randomly collected and stocked at 
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100 zoea/liter per tank. The larval stage 

index (LSI) (n=10 per treatment) was 

monitored prior to thinning out, and was 

calculated as (Nguyen et al., 2021):  

 

𝐿𝑎𝑟𝑣𝑎𝑙 𝑠𝑡𝑎𝑔𝑒 𝑖𝑛𝑑𝑒𝑥 (𝐿𝑆𝐼) =
(𝑁1 𝑥 𝑛1) + (𝑁2 𝑥 𝑛2) + (𝑁𝑖 𝑥 𝑛𝑖)

(𝑛1 + 𝑛2 + 𝑛𝑖)
  

Where, N1, N2, Ni is the larval stage; while, n1, n2, ni is the number of larvae at each stage 

 

The survival rate was measured once ~90% 

of the population reached zoea 5 (Z5) stage 

by visual examination and confirmed 

through LSI. After which, thinning was 

done once the larvae are entering the 

megalopa (M) stage (Syafaat et al., 2019) 

by stocking 4,000 individuals/L per 

treatment and further reared until crab 

instar (C3) in the same 1-ton tank. Growth 

and survival of crab instar (C3) (n=30 per 

treatment) were recorded upon the 

termination of the experiment, when ~90% 

of the population was in crab instar stage 

checked visually. Because of the small size 

of the crablets, 30 samples were weighed by 

pooling in groups of 10 individuals using a 

digital weighing balance (Ohaus, USA), at 

a precision of 0.01 g. The carapace length 

was measured using a ruler scale with 0.01 

cm precision. The survival rate was 

calculated following the formula of Kasan 

et al (2021):  

 

 

𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙 (%) =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑎𝑙𝑖𝑣𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑒𝑛𝑑 𝑜𝑓 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑎𝑙𝑖𝑣𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑
 𝑥 100 

 

Feeding and water management  

Mangrove crab larvae in all treatments were 

fed with rotifers (15 ind/ml from Z1 to Z5) 

and newly hatched Artemia (0.5-1.0 ind/ml) 

from Z2 to megalopa, and 3–5-day old 

Artemia from Z4 to M. Additionally, a 

shrimp-formulated diet was incorporated 

into the feeding starting from Z2 stage. The 

GW treatment utilized the Nannochlorum 

sp. (105 cells/ml) replaced every four days 

during the water change (Quinitio et al., 

2018). The CW treatment used 

dechlorinated seawater, replaced every four 

days during water change. For the BW 

treatment, 10 L of filtered mature biofloc 

water was added once to each tank and 

mixed with dechlorinated seawater. 

Molasses was added as a carbon source 

when the TAN levels, measured using API 

test kit® are higher than 1 ppm. The floc 

was measured using an Imhoff cone 

(Hargreaves, 2013) every 4 days to 

coincide with the water change of the other 

treatments, but water will only be added to 

BW tanks when sedimentable solids exceed 

8 mL/L. Water parameters such as 

dissolved oxygen, pH, temperature, and 

salinity, was monitored daily every 0900h 

using a multi-parameter meter (YSI, USA), 

while total ammonia nitrogen (TAN), 

nitrite (NO2-N), nitrate (NO3-N) was 

monitored every four days before water 

change in GW and CW tanks, and every day 

for BW tanks using the API Master Test 

Kit®. To supplement the data, water 

samples collected in the mid-layer of each 
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treatment were analyzed weekly for TAN, 

NO2-N and NO3-N, Phosphate (PO4-P) and 

alkalinity using a spectrophotometer 

following the standard procedures 

(American Public Health Association 

(APHA, 2017). Photoperiod followed the 

natural light with indoor conditions.  

 

Microbial community monitoring  

Microbial monitoring of total plate count 

(TPC), luminous bacterial count (LBC) and 

presumptive Vibrio count (PVC) in the tank 

water was done weekly until termination. 

Water samples were collected from the 

surface of each tank at 0900 h using sterile 

containers and immediately sent to Fish 

Health Section for analysis. Bacterial 

enumeration was done by plating tenfold 

serial dilutions using standard saline 

solution (NSS) in a separate nutrient agar 

(Pronadisa, Condalab) with 1.5% NaCl 

(RCI Labscan Ltd.) for TPC and LBC, and 

thiosulfate bile sucrose (TCBS) agar 

(Pronadisa, CondaLab) for PVC. Colonies 

on THC, LBC and PVC plates within the 

range of 30 – 300 were counted following 

incubation at 28°C for 24 h. Results were 

expressed as colony-forming units per 

milliliter (CFU/mL). 

 

Stress response of crab larvae 

At the termination of the experiment, larval 

quality was evaluated through transport 

stress and abrupt low salinity stress test 

(Palacios and Racotta, 2007). Ten crab 

instars per treatment group were stocked in 

triplicate 500-mL round plastic containers 

with 300 mL dechlorinated freshwater, with 

gentle aeration provided by a single air 

stone per container. After 24 and 48 h of 

exposure, crab instars that do not respond to 

mechanical stimuli or when no movement 

was observed when touched were 

considered dead (Emerenciano et al., 

2011). For the transport stress test, C3 

(ABW=0.03 g±0.02) from the different 

treatment groups (3 replicates each) were 

harvested and packed following the 

methods of Quinitio et al. (2018). Crablets 

were individually counted in basins prior to 

packing (100 instars/bag) in oxygenated 

double plastic bags (34 x 25 cm) with 1 L 

of water and straw shelters as substrate, and 

placed inside the styrofoam boxes provided 

with ice wrapped in paper. The styrofoam 

boxes were then placed in a mechanical 

shaker at 75 oscillations per minute 

(Mitamura Riken Kogyo, Inc.) to simulate 

movement during transport. Three 

replicates of each treatment were used to 

determine the survival rates after 12 and 24 

h of simulated transport. The crab instars 

were considered dead once its color 

changed from transparent to opaque white 

or has no response when gentle pressure is 

applied.  

 

Statistical analysis  

Statistical analysis was conducted using 

SPSS version 23 (Statistical Tool package). 

The assumptions of normality and 

homogeneity of the variances were tested 

using Shapiro-Wilk and Levene’s test, 

respectively. One-way analysis of variance 

(ANOVA) was used to determine 

significant differences among treatments, 

followed by Tukey’s HSD test for post hoc 

comparison of mean between groups. All 

the data were expressed in the text, figures 

and tables as mean±standard error. 

Statistical significance was detected at 

p<0.05 with a 95% confidence interval. 
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Results  

Water quality parameters and microbial 

community  

The mean values of the dissolved oxygen, 

temperature, pH, salinity, NO3-N, NO2-N 

and alkalinity recorded no significant 

changes (p>0.05) among the treatments 

(Table 1). However, TAN was observed to 

be significantly higher in GW (p=0.015) 

than in CW and BW tanks, while PO4-P was 

significantly lower in CW tanks (p=0.044). 

Significantly higher mean total 

heterotrophic bacterial counts (p=0.010) 

and mean presumptive Vibrio counts 

(p=0.036), and significantly lower presence 

of luminous bacteria (p=0.009) were 

observed in BW tanks (Table 2).  

 

 

Table 1: Water parameters (mean ± SE) in different culture medium during the larval rearing experiment 

of mangrove crab. CW: Clear water, GW: Green water, and BW: Biofloc water. 

Water Parameters CW GW BW 

Dissolved oxygen (mg/L) 4.65±0.05 4.68±0.36 4.67±0.07 

pH 8.11±0.04 8.12±0.05 8.11±0.05 

Temperature (°C) 29.38±0.09 29.31±0.09 29.44±0.09 

Salinity (ppt) 32±0.07 32±0.08 32±0.09 

TAN (mg/L) 0.70±0.2b 1.11±0.6a 0.62±0.1b 

Nitrate-Nitrogen (mg/L) 0.21±0.1 0.14±0.1 0.10±0.1 

Nitrite-Nitrogen (mg/L) 0.31±0.2 0.44±0.1 0.32±0.2 

Phosphate (mg/L) 0.15±0.1b 0.23±0.1a 0.24±0.1a 

Total Alkalinity (mg/L) 169.55±31.8 177.30±24.4 175.84±31.4 

Notes. Values are means (± SE) of three replicates. Mean values in the same row with different superscript letters 

are significantly different (p < 0.05) as determined by Tukey’s HSD test.  

 

Table 2: Microbiological results (mean ± SE) of the larval rearing experiment in different culture medium. 

CW: Clear water, GW: Green water, BW: Biofloc water, THB: Total heterotrophic bacteria, LBC: 

Luminous bacterial count, and PVC: Presumptive Vibrio count. 

Parameters CW GW BW 

THB (104 CFU/mL) 2.15±1.62b 3.16±4.89b 10.2±5.36a 

LBC (101 CFU/mL) 196.3±1.30b 15.0±19b 0.17a 

PVC (104 CFU/mL) 1.55±1.63b 0.78±9.54b 7.27±4.20a 

Notes. Values are means (± SE) of three replicates. Mean values in the same row with different superscript letters 

are significantly different (p<0.05) as determined by Tukey’s HSD test.  

 

Growth performance and survival rate 

The growth performance of mangrove crab 

reared in different culture medium from the 

Z1 to C3 stages demonstrated consistent 

development with LSI values that are 

relatively equal among treatments (Table 

3). During the Z1 to Z5 stage, all treatments 

reached Z5 after 13 days of culture (DOC), 

while C3 was attained after DOC14 from 

Z5. The average carapace width (ACW) 

and average body weight (ABW) of C3 was 

not significantly different among 

treatments (p>0.05). The larval survival 

from Z1 to Z5 were slightly higher in BW 

tanks compared to GW and CW (Fig.1a), 

but the differences were not statistically 

significant (p>0.05). In the Z5 to C3 stage, 

survival rates decreased across all 

treatments, with GW showing a higher 

survival than CW and BW (Fig. 1b), though 

no significant differences were observed 

(p>0.05). 
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Table 3: Growth parameters of mangrove crab from Z1 to C1 reared in different culture medium. CW: 

Clear water, GW: Green water, BW: Biofloc water, DOC: Days of culture, LSI: Larval stage index, 

SD: Stocking density, ACW: Average carapace width, and ABW: Average body weight. 

Treatment 

Stocking 

Density 

Z1 to Z5 

DOC 

Z1 to Z5 

LSI 

DOC13 

SD 

 Z5 to 

C3 

DOC 

Z5 to 

C3 

ACW (cm) ABW (g) 

CW 100,000 13 5 4,000 11 2.2±1.33 a 0.028±0.014a 

GW 100,000 13 5 4,000 11 2.4±1.28 a 0.033±0.016a 

BW 100,000 13 5 4,000 11 2.2±1.17 a 0.032±0.019a 

Notes. Values are means (± SE) of three replicates. Mean values in the same column with different superscript 

letters are significantly different (p<0.05) as determined by Tukey’s HSD test.  

 

 
Figure 1: Mean survival (%) of mangrove crab larvae reared in different culture medium from: A) Z1 to 

Z5 and B) Z5 to C3. Means with the same superscripts indicate no statistically significant 

differences (p>0.05). CW: Clear water, GW: Green water, and BW: Biofloc water. 
 

Transport and salinity stress test 

The mean survival (%) of crab instars 

reared in different culture medium after 

simulated transport at 12 and 24 hours is 

presented in Figure 2. After 12 hours of 

transport, the survival rate was significantly 

higher in BW (p=0.022) compared to CW 

and GW treatments (Fig. 1a). After 24 

hours, survival rates declined across all 

treatments, with no significant differences 

among CW, GW, and BW (p>0.05). For the 

salinity stress, survival was significantly 

higher in BW and GW tanks than in CW 

after 24 hours abrupt salinity change 

(p=0.048) (Fig. 2b). 
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Figure 2: Mean survival (%) of crab instars reared in different culture medium after: A) simulated 

transport and B) low salinity stress test for 12 and 24 hours. Means with different superscripts 

indicate statistically significant differences (p<0.05). CW: Clear water, GW: Green water, and 

BW: Biofloc water. 
 

Discussion 

A major challenge in aquaculture is 

ensuring proper care for farmed organisms 

during the early developmental stages, 

when they are highly sensitive to 

environmental fluctuations (El-Sayed et al., 

2024). This study demonstrates the 

influence of biofloc water on the hatchery 

performance of S. serrata, focusing on 

water quality, growth, survival, and stress 

tolerance. The water quality parameters 

(DO, pH, temperature, and salinity) in all 

treatments remained within the ranges 

reported as suitable for larval rearing of S. 

serrata under hatchery conditions (Ganesh 

et al., 2015; Quinitio et al., 2018), as well 

as for related Scylla species (Herlinah et al., 

2021; Pati et al., 2023). Notably, TAN was 

significantly higher in GW, likely reflecting 

phytoplankton-driven nitrogen dynamics in 

the green water systems and ammonia 

release during algal biomass decomposition 

(El-Sayed, 2021). In contrast, BW 

maintained lower TAN levels through 

heterotrophic microbial assimilation, 

efficiently converting nitrogenous wastes 

into bacterial biomass (Bossier and Ekasari, 

2017; Zafar and Rana, 2022). The addition 

of a carbon source, such as molasses, has 

been shown to enhance this process and 
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significantly lower TAN and nitrite 

concentrations while improving the overall 

water quality and larval survival (Rajkumar 

et al., 2016; Khanjani et al., 2020; El-

Sayed, 2021). Moreover, Quinitio and 

Parado-Estepa (2000) reported that S. 

serrata larvae can occasionally tolerate 

TAN levels of up to about 4 ppm under 

hatchery conditions, which is consistent 

with the survival observed in GW tanks 

despite elevated TAN concentrations. 

Similar nitrogen dynamics under biofloc 

conditions have been reported for mud crab 

larvae by Kasan et al. (2021). Meanwhile, 

PO4-P was lowest in CW due to minimal 

microbial activity, algal biomass, and 

reduced organic matter accumulation, 

whereas BW exhibited higher PO4-P levels, 

characteristic of zero-water-exchange 

systems where nutrients are retained and 

recycled (Bossier and Ekasari, 2017; 

Kumar et al., 2021). Microbial analysis 

showed that BW supported significantly 

higher THB (10.2 × 10⁴ CFU/mL) and PVC 

(7.27 × 10⁴ CFU/mL) than CW and GW, 

consistent with Cadiz et al. (2016) who 

observed higher Vibrio counts in BFT tanks 

(10²–10⁵ CFU/mL) compared to tilapia 

green water tanks (10²–10⁴ CFU/mL) for P. 

vannamei. The high THB community in 

BW tanks is likely due to the addition of 

carbon sources, which increases organic 

matter availability and promotes 

heterotrophic bacterial growth (Deng et al., 

2018; Panigrahi et al., 2020; Kumar et al., 

2021). Importantly, the luminous bacterial 

count was significantly lower in BW (1.67 

x 100 CFU/mL), emphasizing the ability of 

the biofloc system to suppress harmful 

microbial populations. Biofloc systems are 

known to improve water quality and foster 

beneficial microbial communities that 

enhance immunity and suppress pathogens, 

thereby improving larval health and 

survival in cultured crustaceans (Ahmad et 

al., 2017; El-Sayed, 2021; Kasan et al., 

2021). The dominance of the microbial 

community in BW tanks minimized 

pathogenic bacteria by acting as natural 

bioremediation candidates in the biofloc 

system. This microbial community also 

contributes to maintaining water quality 

and recycling nitrogenous wastes into 

microbial biomass that can serve as a 

supplementary food source in the rearing 

system (Panigrahi et al., 2020; Kumar et 

al., 2021). Similar microbial dynamics have 

been reported in biofloc-based larval 

rearing of mangrove crabs, where 

heterotrophic communities improved water 

stability and larval performance (Kasan et 

al., 2021). Growth metrics (ACW and 

ABW) were similar among treatments, 

indicating that the different rearing media 

supported comparable larval growth. 

However, survival from Z1 to Z5 was 

highest in BW tanks, whereas GW 

outperformed CW and BW during the Z5–

C3 stages. The early-stage advantage in 

BW may be related to stable water quality 

and beneficial microbial communities, 

while the improved performance in GW at 

later stages likely reflects the nutritional 

contributions of live microalgae and 

associated plankton in green water systems 

(Bossier and Ekasari, 2017; Panigrahi et al., 

2018; Basford et al., 2021). The decline in 

BW survival beyond Z5 may be linked with 

floc volumes exceeding the 2 mL/L 

threshold recommended by Kasan et al. 

(2021), as excessive settleable solids can 

impair swimming, feeding, and oxygen 
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exchange. In zero-exchange systems, 

unconsumed feed and wastes accumulating 

on the tank bottom may further obstruct 

larval movement and contribute to 

increased mortality (Abakari et al., 2021). 

Additionally, the rapid rise in ammonia 

from waste breakdown and larval excretion 

required further molasses addition, which 

stimulated bacterial growth and biofloc 

formation, thereby increasing settleable 

solids (Xu et al., 2016; El-Sayed, 2021). 

Maintaining lower settleable solids 

provides more favorable conditions for 

larval swimming, development, and 

survival (Kasan et al., 2021). Although 

biofloc improves water quality and 

provides nutritional benefits, excessive floc 

can interfere with molting and oxygen 

uptake, particularly in burrowing crab 

instars, potentially causing gill clogging, 

hypoxia, and subsequent mortality 

(Emerenciano et al., 2013a; Schveitzer et 

al., 2013; Ray et al., 2017; El-Sayed, 2021).  

After the hatchery phase, salinity and 

transport stress tests were conducted to 

evaluate larval quality following standard 

procedures used in crustacean hatcheries 

(Quinitio and Parado-Estepa, 2000; 

Estante-Superio et al., 2023). These tests 

are particularly relevant for mangrove crab 

larvae, which experience abrupt salinity 

changes and handling stress during 

transport and stocking. Rapid salinity shifts 

impose osmotic stress that may exceed the 

limited regulatory capacity of early larval 

stages (Thabet et al., 2017), while transport 

stress can disrupt physiological and 

immune balance in decapod crustaceans 

(Shi et al., 2023). 

Previous studies have shown that mud 

crab larvae are highly sensitive to abrupt 

salinity reductions, especially during the 

zoeal stages, when survival and successful 

metamorphosis may be compromised (Bac 

and Tien, 2016; Misbah et al., 2017). 

Although mangrove crabs are euryhaline, 

maintaining osmotic balance under low 

salinity requires substantial physiological 

adjustments, and tolerance varies among 

life stages (Xu et al., 2023). To date, reports 

on the stress tolerance of crab instars reared 

in biofloc-based systems are lacking, 

indicating that the improved tolerance 

observed in BW-reared larvae represents 

new evidence under hatchery conditions. 

Crabs reared in BW exhibited significantly 

higher survival after 12 hours of simulated 

transport and greater tolerance to abrupt 

low salinity after both 12 and 24 hours. 

These results suggest that the beneficial 

microbial and algal communities present in 

biofloc systems contribute to the 

physiological resilience of the larvae 

(Emerenciano et al., 2013b; Bossier and 

Ekasari, 2017), thereby improving their 

stress tolerance. Similar findings have been 

reported for other aquatic species, including 

Cyprinus carpio (Adineh et al., 2019), 

Macrobrachium rosenbergii (Miao et al., 

2020), and P. vannamei (Esparza-Leal et 

al., 2020), where biofloc systems enhanced 

tolerance to environmental stressors. 

Comparable responses have also been 

observed in shrimp, although species-

specific differences may occur in 

brachyuran larvae. Overall, the improved 

survival and stress tolerance of BW-reared 

larvae indicate that biofloc systems may 

provide a more stable rearing environment 

than conventional clear water or green 

water systems for S. serrata hatcheries. 
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Conclusion 

This study highlights the first trial of 

biofloc use in larval rearing of S. serrata 

and its potential to improve hatchery 

efficiency. Although biofloc technology 

has been widely applied in shrimp 

hatcheries, its use in mangrove crab 

larviculture remains limited (El-Sayed, 

2021; Kasan et al., 2021). The present 

findings indicate that biofloc water can help 

maintain water quality, improve survival 

and enhance the stress resistance of crab 

zoea. Given the increasing demand for 

mangrove crab seedstock in the Philippines 

and across Southeast Asia, integrating 

biofloc water into hatchery protocols could 

enhance production efficiency, improve 

seed quality for grow-out farms, and 

contribute to the sustainability of the 

regional aquaculture industry. However, 

further research is needed to optimize 

biofloc use beyond the megalopa stage, 

particularly focusing on sludge 

management, crab instar behavior, and the 

cost-effectiveness of the biofloc systems. 

Moreover, a deeper understanding of the 

physiological mechanisms underlying the 

improved resilience of BW-reared crabs, 

particularly the role of gut microbiota, 

immune function, and metabolic responses, 

remains unexplored.  
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