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A B S T R A C T

The influence of tank background colour on the growth and survival of the purple mud crab (Scylla tranquebarica) 
megalopa and instar was elucidated to refine the mud crab seed production techniques. Both megalopa and instar 
stages were reared in five background colours: black, white, blue, green, and red, in triplicate groups for 14 days 
and 8 weeks, respectively. The megalopa metamorphosed into instars 1 and 2 (C1 and C2) at the end of the 
megalopa experiment. Growth and survival of C1 and C2 were highest in the blue tank, as indicated by total yield 
(641.5 mg), overall survival rate (67.9%), and relative contribution of C2 (64.9%). The instar metamorphosed 
into a juvenile after 8 weeks. The juvenile total yield was comparable in all treatments, with a higher trend 
observed in blue and red tanks than in other treatments. The juvenile's survival rate was significantly greater in 
the blue tank (53.3%) than in the other treatments. The juveniles reared in the black tank exhibited significantly 
darker carapaces than the others. This study provides baseline data on the rearing of purple mud crab megalopae 
to juveniles for seed production, indicating that blue tanks are suitable for nursery-phase rearing of both stages.

Introduction

The Scylla spp. known as mud crab, is a crucial fishery commodity 
across the Asia–Pacific, including Southeast Asia and Australia, with 
distribution extending to the Gulf of Aden, Arabian and Persian Gulf, 
and East Africa (Alberts-Hubatsch et al., 2016; FAO (Food and 
Agriculture Organization), 2022). Wild populations of mud crabs have 
declined sharply due to overfishing driven by high market demand 
(Thien et al., 2022). Although aquaculture has expanded to meet de
mand, it still relies heavily on wild-caught seed, further pressuring 
natural populations (FAO (Food and Agriculture Organization), 2022). 
Furthermore, nursery-phase rearing of mud crabs faces challenges, 
particularly due to inconsistent yields caused by severe cannibalism 
during the megalopa and instar stages, when well-developed chelipeds 
increase aggression and mortality (Sanudin et al., 2022; Thien et al., 
2025).

The megalopa and instar stages are small and fragile, typically 
cultured indoors in aquaculture tanks (Thien et al., 2025). Tanks are 
now available in various background colours, which can affect survival 
and growth. For example, giant mud crab (Scylla serrata) larvae showed 
higher growth and survival in black tanks, as the background colour 
enhanced the contrast and visibility of transparent live feed, thereby 
promoting feeding (Rabbani & Zeng, 2005). In adult purple mud crabs 
(S. tranquebarica), aggression was reduced in the presence of blue 
shelters (Kawamura et al., 2020). These findings indicate that crab 
colour preferences significantly influence well-being under captive 
conditions (Kawamura et al., 2020; Rabbani & Zeng, 2005).

Background colour has also been shown to affect other prawn and 
crab species across regions worldwide, including Asia and South 
America. The Amazon freshwater prawn larvae survived better in black 
tanks (Maciel & Valenti, 2014), while the whiteleg shrimp larvae had 
higher survival in green and blue tanks (Supriyono et al., 2021). 
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Swimming crab (Portunus trituberculatus) larvae survived better in red 
and yellow tanks, but juveniles fared better in white tanks (Shi et al., 
2019; Wang et al., 2019). Juvenile Chinese Mitten Crabs (Eriocheir 
sinensis) showed higher cannibalism in yellow tanks, which was reduced 
in black tanks (Zhang et al., 2024). Mud crabs respond to colour per se, 
as their compound eyes are sensitive to blue-green wavelengths, similar 
to Penaeid shrimp (Kawamura et al., 2020). Thus, black, white, blue, 
green and red are commonly tested, while colours outside this range, 
such as pink are perceived as shades of grey for shrimps and crabs 
(Kawamura et al., 2020).

Background colour also affects crustacean carapace colouration 
(Parisenti et al., 2011; Wang et al., 2019; Zhang et al., 2024). Adult 
Penaeus vannamei showed changes in degree of lightness (L*), redness 
(a*), and yellowness (b*) when reared in different tank colours, with 
notable differences between black and white tanks (Parisenti et al., 
2011). Similarly, juvenile P. trituberculatus and E. sinensis had darker 
carapaces in black tanks (Wang et al., 2019; Zhang et al., 2024). In 
Australia, bright red cooked shrimp can command prices AU$2–4/kg 
higher, or even more, than paler, lower-grade shrimp (Hasan et al., 
2022). In China, vibrant red cooked E. sinensis commands higher pri
ces than green-black, dark orange, or yellow crabs (Li et al., 2020).

Suitable background colours offer practical, low-cost benefits by 
promoting growth and survival, reducing cannibalism, and influencing 
the crustacean carapace colouration. This provides a foundation for mud 
crab aquaculture, particularly for rearing megalopa and instar stages 
during the nursery phase, thereby enhancing growth and survival to 
ensure consistent seed production. Such seed supports sustainable 
aquaculture and wild stock enhancement. Aquaculture aligns with the 
blue ocean strategy and promotes the blue economy by contributing to 
global food security through the provision of a safe and sustainable food 
source for the growing human population (Mesut, 2021; Talas et al., 
2012; Talas & Gulhan, 2014). The present study elucidated the influ
ence of tank background colour on the growth and survival of 
S. tranquebarica megalopa and instars, as well as on the colouration of 
the instar-to-juvenile carapace.

Materials and methods

Experiment specimens

The current study comprised two separate experiments on the meg
alopa and instar stages. The megalopa experiment began with 1-day-old 
megalopae, which metamorphosed into instar 1 (C1) and instar 2 (C2) 
by the end of the 14-day trial (Quinitio et al., 2018). The instar exper
iment started with C2, which developed into crab juveniles after 8 
weeks. Megalopae and C2 were obtained from different larval batches 
reared at the Crustacean Hatchery, Borneo Marine Institute, Universiti 
Malaysia Sabah, Malaysia (Sanudin et al., 2022; Thien & Yong, 2017).

Megalopa experiment

The megalopa experiment was conducted under communal rearing 
in triplicate using five painted tank background colours (Nippon, 
Japan): black (1144), white (1145), blue (1365), green (1509), and red 
(1402) (Kawamura et al., 2020). Colours were applied to the inner walls 
of 45-L culture tanks (50 × 35 × 26 cm). Tanks were dried and pre- 
soaked in a larger flow-through seawater tank before use (Kawamura 
et al., 2020).

Each tank was filled with 35 L of treated seawater. A total of 795 
megalopae were stocked into 15 tanks, with each tank containing 53 
megalopae (initial BW: 4.6 ± 0.4 mg) at a stocking density of 1.5 
megalopae/L (Thien et al., 2025). Megalopae were fed commercial 
shrimp feed (52.9% protein, 11.6% lipid; Higashimaru, Japan) at 2 g/m3 

at 08:00 and 17:00 (Quinitio et al., 2018), with adult Artemia added at 3 
ind/ml (Sanudin et al., 2022). Uneaten feed was removed by syphoning. 
Tanks had gentle aeration and 20–30% daily water exchange before 

morning feeding. About 2 cm of marine sand (154 ± 47 μm) was added 
as substrate, and black net shelters (20.0 × 7.5 cm) were provided to 
reduce cannibalism (Thien et al., 2025). Sand was replaced if it turned 
black or foul-smelling. The experiment was conducted under natural 
photoperiod, with light intensity of 60.3 ± 1.7 cd/m2 at the water sur
face, measured with a luminance meter (Konica, Japan) (Kawamura 
et al., 2020).

Water quality parameters were recorded once daily in the afternoon: 
salinity 29.0 ± 0.6 ppt, temperature 28.0 ± 0.9 ◦C, dissolved oxygen 5.3 

± 0.2 mg/L, and pH 7.8 ± 0.3. At the end of the trial, the megalopa had 
metamorphosed into instars 1 and 2 (C1 and C2), and growth and sur
vival were measured for these stages. Megalopa metamorphosed into 
crab instars in approximately 7–10 days (Genodepa et al., 2004). 
Therefore, the present experiment was conducted for 14 days to allow 
sufficient time for all megalopa to metamorphose into crab instars. Early 
crablet stages in the nursery are defined as instars for Scylla spp. 
(Quinitio et al., 2018). Body weight gain (BWG), specific growth rate 
(SGR), crab total yield, and survival rate were determined (Thien et al., 
2022). 

BWG (%) = [(Crab final body weight–Initial C2 body weight) (g)
/Initial C2 body weight (g) ]× 100 

SGR (%/day) = [(ln (Crab final body weight–initial C2 body weight)
(g) )/Duration (days) ]× 100 

Survival rate (%) = Final number of crabs survived
/initial number of ​ crabs × 100 

Total yield (mg) = Mean final body weight
× total number of crabs survived 

Relative contribution of C2 (%) = C2 survival rate
/Total survival rate of C1 and C2
×100 

Instar experiment

The instar experiment was conducted in triplicate using the same five 
tank colours as the megalopa experiment. The setup was similar to that 
of the megalopa stage, except for stocking density, feeding, substrate 
thickness, and experimental duration. A total of 450 C2 were randomly 
distributed into 15 tanks (tank capacity: 50 L, tank bottom area: 175 m2) 
at a stocking density of 170 ind/m2 (Vu et al., 2007). Each tank was 
stocked with 30 C2 instars at an initial BW of 22.4 ± 2.7 mg and a CW of 
4.8 ± 0.3 mm. Crabs were fed a commercial shrimp diet at 5% body 
mass, with no Artemia added (Quinitio et al., 2018). Marine sand (5 cm 
thickness) and net shelters were provided (Thien et al., 2022). The instar 
experiment was conducted for 8 weeks until they reached a CW of 
2.5–3.0 cm (instar 8-9), which is the common size for introduction into 
grow-out pond culture (Parado-Estepa et al., 2015). Therefore, the 
present study was conducted for 8 weeks to align with the recommended 
nursery-rearing period.

Water quality parameters were checked once daily in the afternoon. 
Salinity was maintained at 28.3 ± 0.9 ppt, temperature at 28.4 ± 0.5 ◦C, 
pH at 7.6 ± 0.5, and DO at 5.5 ± 0.2 mg/L. At the end of the experiment, 
C2 instars metamorphosed into juvenile crabs at stages C8 and C9 
(Quinitio et al., 2018). Growth and survival were measured for C8 and 
C9, including BWG, carapace width gain (CWG), SGR, total yield, and 
survival. CWG was calculated as described by Thien et al. (2022).

CWG (%) = [(Crab final carapace width – Initial C2 carapace width) 
(cm)/ Initial C2 carapace width (cm)] × 100.
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Crab juvenile carapace and culture tank colouration examination
The juvenile crab carapace colouration was examined at the end of 

the trial following the method described by Wang et al. (2019). There 
were three C9 (carapace width ranging from 3.7 to 5.0 cm) from each 
tank, for a total of nine C9 per treatment, which were anaesthetised in 
ice water, and a photograph was taken with a camera (Samsung, South 
Korea) on a white background (Wang et al., 2019). Juveniles at the same 
developmental stage were selected to avoid bias due to colour variation 
across developmental stages (Wang et al., 2019). In addition, a photo
graph was taken of the bottom of each culture tank. The juvenile cara
pace and tank colouration were measured using the L*, a*, and b* 
recommendations of the International Commission on Illumination (CIE 
(International Commission on Illumination), 1976). L* illustrates the 
degree of lightness from black to white, on a scale from 0 to 100. The 
positive a* value indicates redness, while the negative a* value indicates 
greenness. Positive b* reveals yellowness, whereas a negative b* in
dicates blueness. The L*, a*, and b* values of crab juvenile carapace and 
tank colouration were determined using Adobe Photoshop CC (Adobe, 
USA) (Afshari-Jouybari & Farahnaky, 2011). However, this analysis was 
not conducted on the C1 and C2 samples obtained in the megalopa 
experiment because the short 14-day experiment duration was insuffi
cient to reveal changes in instar carapace colouration.

Total carotenoid content (TCC) analysis
The total carotenoid content (TCC) analysis was conducted on sam

ples collected during the instar experiment (Arredondo-Figueroa et al., 
2003). A total of three juveniles per tank, for a total of nine crabs per 
treatment, were sacrificed in ice water for TCC analysis. The whole body 
of the juvenile crab was crushed and homogenised with acetone. The 
TCC samples were read at 460 nm against acetone in a UV–visible 
spectrophotometer (Thermo Fisher Scientific, USA). TCC was deter
mined with the following formula (Arredondo-Figueroa et al., 2003).

TCC (mg/kg) = (A460 × 0.164 × DF × 1000)/40 × W
A460 = Absorbance reading (460 nm), W = Sample weight (g), DF =

Dilution factor, ASTA conversion factor for colour unit (0.164) and 
weight unit (40).

Statistical analysis

All proportion data were arcsine transformed. The data were sub
jected to the Shapiro–Wilk test for normality and Levene's test for ho
mogeneity of variance, followed by one-way ANOVA and Tukey's post 
hoc test using IBM SPSS Statistics 28 (IBM, USA). The data were sig
nificant at P < 0.05. Results were presented as mean ± SD. The rela
tionship between juvenile carapace colouration and tank colour was 
analysed using linear regression, with model fit assessed by the coeffi
cient of determination (R2).

Results

Megalopa experiment

Growth performance and survival rate
At the end of the megalopa experiment, the megalopa meta

morphosed into instars 1 and 2, denoted as C1 and C2. The C1 and C2 
BWG, SGR and total yield were not significantly different among all tank 
colours (P > 0.05) (Table 1). The range of C1 BWG was 125.4 to 146.9% 
(P = 0.475), and SGR was 5.8 to 6.4%/day (P = 0.425). The range of C2 
BWG was 435.4 to 470.4% (P = 0.144), and SGR was 12.0 to 12.4%/day 
(P = 0.150). The total yield of C1 and C2 ranged from 478.0 to 641.5 mg 
(P = 0.187). The greatest total yield was observed in the blue tank 
(641.5 mg) and the lowest in the white tank (478.0 mg).

While the survival rates of C1, C2, and total C1 and C2 were not 
significantly different from each other (P > 0.05) (Table 2). The range of 
C1 survival rate was 23.6 to 30.9% (P = 0.578), while C2 was 24.8 to 
44.2% (P = 0.104). The C1 survival rate was the lowest in the blue tank 

(23.6%). Conversely, the C2 survival rate was the highest in the blue 
tank (44.2%). Additionally, the total survival rates for C1 and C2 were 
54.5–67.9% (P = 0.070). The best total survival rate was observed in the 
blue tank (67.9%), and the lowest was in the white tank (54.5%). The 
relative contribution from C2 was also highest in the blue tank (64.9%) 
and lowest in the white tank (46.0%) (P = 0.243).

Instar experiment

Growth performance and survival rate
In the instar experiment, the instar metamorphosed into a juvenile at 

the end of the trial. The BWG of the crab juveniles was significantly 
higher in the green tank (21,916.6%) and red tank (21,900.3%) than in 
the blue tank (14,480.6%); however, it was not significantly different 
from the white tank (20,593.4%) and black tank (16,800.2%) (P =
0.025) (Table 3). The CWG (499.5 to 576.5%, P = 0.102), SGR (9.0 to 
9.6%/day, P = 0.052), and total yield (46.3 to 54.3 g, P = 0.094) were 
not significantly different among all tank colours. Survival was mark
edly higher in the blue tank (53.3%) than in the other treatments (P =
0.001). On the other hand, the whole-body TCC of juvenile crabs was not 
significantly different among all tank colour treatments (P = 0.765). The 
TCC of the commercial shrimp feed was 5.9 mg/kg.

Culture tank colour and juvenile carapace colouration
Observation showed that juveniles in black tanks were the darkest, 

those in white tanks the lightest, and those in blue, green, and red tanks 
were intermediate in colouration (Fig. 1). For tank colours, Lightness 
(L*) was significantly higher in the white tank (73.3) (P = 0.001) 
(Fig. 2). Redness (a*) and yellowness (b*) were significantly higher in 
the red tank (49.9 and 30.7, respectively) (P = 0.001), while greenness 

Table 1 
Body weight gain (BWG), specific growth rate (SGR), and total yield of the C1 
and C2 at the end of the megalopa experiment.

Treatments C1 C2 Total yield 
(C1 + C2) 
(mg)BWG 

(%)
SGR 
(%/day)

BWG 
(%)

SGR 
(%/day)

Black 125.4 ±
10.8

5.8 ± 0.3 454.1 ±
8.4

12.2 ±
0.1

485.7 ± 108.5

White 129.2 ±
18.5

5.9 ± 0.4 436.8 ±
16.2

12.0 ±
0.2

478.0 ± 27.7

Blue 128.4 ±
14.0

5.9 ± 0.4 435.4 ±
19.4

12.0 ±
0.3

641.5 ± 102.9

Green 146.9 ±
17.4

6.4 ± 0.5 470.4 ±
20.8

12.4 ±
0.3

558.6 ± 71.1

Red 133.0 ±
11.3

6.0 ± 0.3 437.0 ±
20.7

12.0 ±
0.3

570.5 ± 87.0

P value 0.475 0.425 0.144 0.150 0.187

Values presented as mean ± SD (n = 3).

Table 2 
The survival rate of the C1 and C2 at the end of the megalopa experiment.

Treatments Survival rate (%) Relative contribution from 
C2 (%)

C1 C2 C1 + C2

Black 29.1 ±
6.3

30.3 ±
9.0

59.4 ±
7.3

50.6 ± 12.3

White 29.7 ±
7.6

24.8 ±
4.2

54.5 ±
3.6

46.0 ± 10.2

Blue 23.6 ±
5.5

44.2 ±
8.2

67.9 ±
3.5

64.9 ± 8.9

Green 30.9 ±
3.6

30.3 ±
8.4

61.2 ±
5.6

49.0 ± 9.1

Red 28.5 ±
4.6

37.0 ±
9.3

65.5 ±
4.8

56.0 ± 9.9

P value 0.578 0.104 0.070 0.243

Values presented as mean ± SD (n = 3).
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(− a*) was significantly higher in the green tank (− 21.5) and blueness 
(− b*) was significantly higher in the blue tank (− 29.9) (P = 0.001). The 
juvenile carapace lightness (L*) was significantly higher in the white 
tank (41.1) and significantly lower in the black tank (12.4) (P = 0.001). 
Redness (a*: 5.8) and yellowness (b*: 18.2) were significantly higher in 
the red tank (P = 0.001).

Comparing the culture tank colours with juvenile carapace colour
ation, the pattern of juvenile carapace lightness (L*) was similar to the 
lightness trend of the culture tanks. The highest redness (a*) and yel
lowness (b*) of the juvenile carapace were observed in the red tank 
treatment, corresponding to the highest redness and yellowness 
observed in the red culture tank. However, the redness and yellowness of 
the juvenile carapace in the black, white, blue, and green treatments did 
not consistently follow their respective tank colours.

Relationship between juvenile carapace colouration and tank colour
The relationship between the L*, a*, and b* for the juvenile carapace 

colouration and the culture tank colours L*, a*, and b* was presented in 
the linear regression graph (Fig. 3). The regression R2 values indicated 
that juvenile carapace colouration (L*, a*, and b*) was correlated with 
culture tank colour values at 92.03%, 38.25%, and 15.87%, 
respectively.

Table 3 
The growth performance, total yield, survival rate and total carotenoid content 
(TCC) of the crab juveniles at the end of the instar experiment.

Treatments BWG (%) CWG 
(%)

SGR 
(%/day)

Total 
yield 
(g)

Survival 
rate (%)

TCC 
(mg/ 
kg)

Black 16,800.2 
±

1752.0ab

514.4 
±

24.6a

9.2 ±
0.2a

46.3 
± 7.5a

43.3 ±
3.3b

1.4 ±
0.1a

White 20,593.4 
±

1818.0ab

576.5 
±

28.1a

9.5 ±
0.2a

46.5 
± 4.2a

33.3 ±
3.3a

1.6 ±
0.2a

Blue 14,480.6 
± 1473.2a

499.5 
±

22.9a

9.0 ±
0.2a

52.7 
± 3.2a

53.3 ±
3.3c

1.4 ±
0.1a

Green 21,916.6 
± 3934.9b

567.7 
±

29.2a

9.6 ±
0.3a

46.4 
± 1.6a

33.3 ±
3.3a

1.4 ±
0.1a

Red 21,900.3 
± 4001.0b

562.4 
±

64.4a

9.6 ±
0.3a

54.3 
± 0.6a

33.3 ±
3.3a

1.4 ±
0.3a

P value 0.025 0.102 0.052 0.094 0.001 0.765

Values presented as mean ± SD (n = 3). Different superscripted letters within the 
same column indicate significant differences among the treatments (P < 0.05).

Fig. 1. Purple mud crab juveniles' body colourations reared in different tank background colours at the end of the instar experiment. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 2. The culture tank background colour and the crab juvenile carapace colouration L*, a*, and b* values at the end of the instar experiment. Different super
scripted letters on the bars indicate significant differences for L*, a*, and b* values, respectively (P < 0.05).
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Discussion

The growth or survival of purple mud crab megalopa did not differ 
significantly among tank colours (P > 0.05). The highest total yield and 
survival rate were recorded in the blue tank. The relative contribution of 
the C2 stage to total survival was notably higher in the blue tank, sug
gesting that blue backgrounds may promote faster growth than other 
colours. To date, no studies have examined the effect of tank colour 
exclusively in the mud crab megalopa stage. However, the response of 
mud crab megalopa observed in the present study differed from that 
reported for the larval stages. A previous study showed that larvae of the 
giant mud crab (S. serrata) exhibited the highest survival and fastest 
development when reared in a black tank (Rabbani & Zeng, 2005). 
Other species, such as the freshwater prawn (M. rosenbergii), have also 
shown a similar pattern in which larvae and post-larvae exhibit stage- 
specific responses to background colours (Kawamura et al., 2020). 
Macrobrachium rosenbergii larvae displayed the highest z-score in yellow 
and the lowest in black, whereas post-larvae showed the opposite trend 
(Kawamura et al., 2020). As crustacean larvae develop, they undergo 
behavioural changes and progressive eye development across stages, 
which may ultimately enhance their visual perception at the post-larval 
stage (Kawamura et al., 2020; Sanudin et al., 2014). Therefore, crusta
cean species at different developmental stages exhibit stage-specific 
colour preferences that influence growth and survival (Kawamura 
et al., 2020; Rabbani & Zeng, 2005). The present study provides valu
able insight into the mud crab megalopa's colour preference for a blue 
background.

The survival of juvenile crabs showed a trend similar to that of the 
megalopa, with the highest survival rate observed in the blue tank, 
which was significantly higher than in the other treatments (P < 0.05). 
Consequently, both the megalopa-to-instar and instar-to-juvenile stages 
exhibited a similar survival response to the same background colour, 
namely blue. A comparable pattern has been reported in other species, 
such as M. rosenbergii, where post-larval and juvenile stages also 
preferred the same background colour, namely black, and exhibited 
better growth, antioxidant capacity, and astaxanthin deposition than 
under other colours tested (Kawamura et al., 2020; Liu et al., 2025). 
These observations suggest that post-larvae possess more advanced 
morphology and eye development than earlier larval stages, resulting in 
behavioural responses resembling those of juveniles (Sanudin et al., 
2014). This may also explain why mud crab megalopa, instars, and early 
juveniles exhibit similar benthic behaviour and occupy the same natural 

settlement habitat under comparable background conditions before 
estuarine migration (Alberts-Hubatsch et al., 2016).

To date, no studies have reported the effects of background colour on 
the growth and survival of later life stages of the mud crab, such as 
adults. Instead, colour preference of shelters has been studied in adult 
S. tranquebarica (Kawamura et al., 2020). The study reported that adult 
S. tranquebarica had significantly higher z-scores for blue shelter occu
pancy compared with black, white, green, or red shelters (Kawamura 
et al., 2020). Similarly, in other species, juvenile P. trituberculatus 
showed higher z-scores for blue shelters than for black, white, or yellow 
shelters (P < 0.05) (Zhang et al., 2022). The reason adult 
S. tranquebarica and juvenile P. trituberculatus prefer blue-coloured 
shelters is not fully understood. This preference is thought to reflect 
colour perception, as adult mud crabs may possess innate colour vision 
that enables them to distinguish and favour specific colours (Kawamura 
et al., 2020). The advantage of applying the preferred colour to shelters 
is that no aggression was observed among crabs occupying blue shelters, 
suggesting that blue helps reduce captive stress and cannibalism 
(Kawamura et al., 2020; Zhang et al., 2022). This finding highlights the 
potential of applying a blue background in adult mud crab rearing to 
achieve similar positive effects. However, further research is needed to 
verify the effects of blue tanks on adult mud crabs.

Juveniles reared in green, red, and white tanks tended to gain more 
weight than those in blue and black tanks, coinciding with lower sur
vival rates. This may be attributed to cannibalism, whereby predator 
crabs obtain additional nutrients in green, red, and white tanks, thereby 
enhancing growth. Cannibalism has been reported to increase predator 
body size under communal captive conditions (Roy et al., 2020). Simi
larly, S. tranquebarica instars that consumed conspecifics exhibited 
greater growth in communal captivity (Thien et al., 2022). A clearer 
pattern was illustrated in a previous study on juvenile P. trituberculatus 
reared communally and individually in tanks of different colours, 
including black, white, blue, green, yellow, and red (Wang et al., 2019). 
The study showed that juvenile weight gain (434.6–468.8%) was similar 
across all colour treatments when crabs were reared individually, and 
cannibalism was eliminated (Wang et al., 2019). However, under 
communal rearing, weight gain was significantly higher in red 
(1232.5%) and blue (1375.0%) tanks than in other colour treatments 
(398.9–532.5%), with cannibalism identified as the main factor 
contributing to the substantial increase in body weight (Wang et al., 
2019). Interestingly, Wang et al. (2019) found that a blue background 
provided only a limited advantage in mitigating cannibalism in juvenile 

Fig. 3. Relationship between the L*, a*, b* values of the experimental tanks (x-axis) over the L*, a*, b* values of the crab juvenile carapace colouration (y-axis) at the 
end of the instar experiment. L*: lightness, a*: redness, b*: yellowness; Regression equation of L*: y = 0.4512× + 7.7672; a*: y = 0.052× + 2.6456; b*: y = 0.0953×
+ 12.85.
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P. trituberculatus; in contrast, Zhang et al. (2022) reported that blue 
shelters reduced cannibalism in this species. These findings also suggest 
that colour preference is not only species- and stage-dependent but may 
also vary between tanks and shelters within a given species.

The study showed that tank colour significantly affected the crab 
juvenile carapace's lightness (L*) (P = 0.001), which was strongly 
correlated with tank background lightness (92.03%). Similar effects 
were reported in juvenile P. trituberculatus and E. sinensis, where L* was 
significantly higher in white tanks and significantly lower in black tanks 
(P < 0.05) (Wang et al., 2019; Zhang et al., 2024). In other crab species, 
the shore crabs (Carcinus maenas) and horned ghost crabs (Ocypode 
ceratophthalmus) carapace's lightness changed, either becoming lighter 
or darker under white or black backgrounds (Stevens et al., 2014). The 
colouration change was linked to camouflage, allowing crabs to mimic 
their surroundings and avoid predators (Stevens et al., 2013).

Camouflage in crustaceans involves changes in carapace colouration 
due to pigment dispersion in the exoskeleton or hypodermal chro
matophores (Wade et al., 2015). Chromatophores, which contain ca
rotenoids, mainly astaxanthin, expanded or contracted to reveal body 
colour (Wade et al., 2015). Astaxanthin exists as non-esterified, mono- 
ester, and di-ester forms (Tume et al., 2009). Shrimp in black tanks had 
higher levels of non-esterified astaxanthin in expanded chromatophores, 
along with elevated crustacyanin in the hypodermis; the two form car
otenoprotein complexes that determine exoskeleton colours ranging 
from purple to brown (Li et al., 2020; Tume et al., 2009; Wade et al., 
2015). In contrast, shrimp in white tanks had lower crustacyanin and 
retained more astaxanthin mono-esters in contracted chromatophores, 
resulting in whitish carapaces (Li et al., 2020; Tume et al., 2009; Wade 
et al., 2015; Wang et al., 2019; Zhang et al., 2024). This indicates that, 
despite similar total carotenoid contents among juveniles, carapace 
lightness differed as a result of tank background colour.

Previous studies reported that consumers are attracted to a certain 
degree of crustacean carapace lightness (Parisenti et al., 2011). Farmed 
P. vannamei with light grey carapaces (L*: 36.2 ± 4.17) were preferred 
over darker or lighter shrimps. Although consumer preferences for crab 
carapace lightness remain unreported, the present findings provide a 
guideline for manipulating crab appearance using different background 
colours. Tank colour is a simple, practical, and cost-effective way to 
enhance the appearance of shrimp and crab carapaces for consumer 
acceptance (Parisenti et al., 2011; Wang et al., 2019; Zhang et al., 2024). 
This study also observed a weak correlation between juvenile carapace 
redness (a*) and yellowness (b*) and tank colour, similar to findings in 
P. trituberculatus and E. sinensis (Wang et al., 2019; Zhang et al., 2024). 
Juveniles in all studies were fed commercial pellets without added ca
rotenoids, and body carotenoid content did not differ among tank col
ours (Wang et al., 2019; Zhang et al., 2024). Redness and yellowness can 
be influenced by diet; for example, juvenile P. vannamei fed astaxanthin- 
supplemented diets showed significantly higher a* and b* values after 8 
weeks compared to controls withoutastaxanthin (P < 0.05) (Zhao et al., 
2022). This suggests dietary carotenoids have a stronger effect on a* and 
b* than tank colour manipulation.

Conclusion

The present study suggests that blue tanks are suitable for rearing 
both mud crab megalopae and instars. These findings provide a basis for 
improving rearing techniques in mud crab hatcheries. Optimising the 
use of blue tanks on a larger scale is recommended to achieve consistent 
seed production and support the sustainable expansion of mud crab 
aquaculture. The findings can be generalised cautiously to similar 
hatchery conditions and potentially to the other mud crab species 
because visual perception and behavioural responses to background 
colour are potentially conserved among closely related species. How
ever, further studies are required to confirm whether the results apply to 
other life stages, species, or culture systems.

CRediT authorship contribution statement

Fui Yin Thien: Writing – review & editing, Writing – original draft, 
Methodology, Investigation, Formal analysis, Data curation. Noor
syarinah Sanudin: Writing – review & editing, Methodology, Investi
gation, Formal analysis, Data curation. Chui Fen Teoh: Methodology, 
Investigation. Katsuyuki Hamasaki: Supervision, Conceptualization. 
Joana Joy De la Cruz-Huervana: Visualization, Software, Formal 
analysis. Amal Biswas: Validation, Conceptualization. Muhua Wang: 
Validation, Conceptualization. Annita Seok Kian Yong: Supervision, 
Project administration, Conceptualization.

Ethical clearance

The present study complied with the guidelines of Universiti 
Malaysia Sabah Animal Ethics Committee (AEC006/2022).

Funding

Universiti Malaysia Sabah funded this work under the Grant 
SDK0028–2018 and DLV2402.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

References

Afshari-Jouybari, H., & Farahnaky, A. (2011). Evaluation of Photoshop software 
potential for food colorimetry. Journal of Food Engineering, 106, 170–175. https:// 
doi.org/10.1016/j.jfoodeng.2011.02.034

Alberts-Hubatsch, H., Yip Lee, S., Meynecke, J., Diele, K., Nordhaus, I., & Wolff, M. 
(2016). Life-history movement and habitat use of Scylla serrata (Decapoda, 
Portunidae) current knowledge and future challenges. Hydrobiologia, 763, 5–21. 
https://doi.org/10.1007/s10750-015-2393-z

Arredondo-Figueroa, J. L., Pedroza-Islas, R., Ponce-Palafox, J. T., & Vernon-Carter, E. J. 
(2003). Pigmentation of Pacific white shrimp (Litopenaeus vannamei, Boone 1931) 
with esterified and saponified carotenoids from red chilli (Capsicum annuum) in 
comparison to astaxanthin. Revista Mexicana de Ingenieria Quimica, 2, 101–108.

CIE (International Commission on Illumination). (1976). Colorimetry. CIE. 
FAO (Food and Agriculture Organization). (2022). The state of world fisheries and 

aquaculture towards blue transformation. Rome: FAO Fisheries Department. 
Genodepa, J., Zeng, C., & Southgate, P. C. (2004). Preliminary assessment of a 

microbound diet as an Artemia replacement for mud crab, Scylla serrata, megalopa. 
Aquaculture, 236, 497–509. https://doi.org/10.1016/j.aquaculture.2004.02.007

Hasan, M. M., Raadsma, H. W., Thomson, P. C., Wade, N. M., Jerry, D. R., & 
Khatkar, M. S. (2022). Genetic parameters of color phenotypes of black tiger shrimp 
(Penaeus monodon). Frontiers in Genetics, 13, Article 1002346. https://doi.org/ 
10.3389/fgene.2022.1002346

Kawamura, G., Yong, A. S. K., Roy, D. C., & Lim, L. S. (2020). Shelter color preference in 
the purple mud crab Scylla tranquebarica (Fabricius). Applied Animal Behavior Science, 
225, 1–6. https://doi.org/10.1016/j.applanim.2020.104966

Kawamura, G., Yong, A. S. K., Wong, J. S., Daning, T. A., & Lim, L. (2020). The giant 
freshwater prawn Macrobrachium rosenbergii alters background colour preference 
after metamorphosis from larvae to postlarvae: In association with nature of 
phototaxis. Aquaculture Research, 00, 1–7. https://doi.org/10.1111/are.14720

Li, Q., Zu, L., Cheng, Y., Wade, N. M., Liu, J., & Wu, X. (2020). Carapace color affects 
carotenoid composition and nutritional quality of the Chinese mitten crab, Eriochier 
sinensis. LWT - Food Science and Technology, 126, Article 109286. https://doi.org/ 
10.1016/j.lwt.2020.109286

Liu, J., Luo, Z., Chen, X., Lin, L., & Li, Q. (2025). Effects of tank color on body color 
change, astaxanthin content, and antioxidant capacity of the giant river prawn 
(Macrobrachium rosenbergii). Aquaculture International, 33, 24. https://doi.org/ 
10.1007/s10499-024-01744-5

Maciel, C. R., & Valenti, W. C. (2014). Effect of tank colour on larval performance of the 
Amazon River prawn Macrobrachium amazonicum. Aquaculture Research, 45, 
1041–1050. https://doi.org/10.1111/are.12048

Mesut, S. (2021). Blue economy and blue ocean strategy. Journal of Ecology and Natural 
Resources, 5(4), Article 000263. https://doi.org/10.23880/jenr-16000263

Parado-Estepa, F.D., Quinitio, E.T., & Rodriguez, E.M. (2015). Mud crab nursery rearing 
practices. In Quinitio, E.T., Parado-Estepa, F.D., Thampi Sam Raj, Y.C., & Mandal, A. 
(Eds), Proceedings of the International Seminar-Workshop on Mud Crab Aquaculture 
and Fisheries Management, 10-12 April 2013, Tamil Nadu, India (pp. 89- 92).

Parisenti, J., Beirao, L. H., Tramonte, V. L. C. G., Ourique, F., Silveira, B., & Moreira, C. C. 
(2011). Preference ranking of colour in raw and cooked shrimps. International 

F.Y. Thien et al.                                                                                                                                                                                                                                 The Egyptian Journal of Aquatic Research xxx (xxxx) xxx 

6 

https://doi.org/10.1016/j.jfoodeng.2011.02.034
https://doi.org/10.1016/j.jfoodeng.2011.02.034
https://doi.org/10.1007/s10750-015-2393-z
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0020
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0020
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0020
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0020
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0025
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0030
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0030
https://doi.org/10.1016/j.aquaculture.2004.02.007
https://doi.org/10.3389/fgene.2022.1002346
https://doi.org/10.3389/fgene.2022.1002346
https://doi.org/10.1016/j.applanim.2020.104966
https://doi.org/10.1111/are.14720
https://doi.org/10.1016/j.lwt.2020.109286
https://doi.org/10.1016/j.lwt.2020.109286
https://doi.org/10.1007/s10499-024-01744-5
https://doi.org/10.1007/s10499-024-01744-5
https://doi.org/10.1111/are.12048
https://doi.org/10.23880/jenr-16000263


Journal of Food Science and Technology, 46, 2558–2561. https://doi.org/10.1111/ 
j.1365-2621.2011.02781.x

Quinitio, E. T., Parado-Estepa, F. D., & Cruz-Huervana, J. J. (2018). Biology and hatchery 
of mangrove crabs Scylla spp. Phillipines: Southeast Asian Fisheries Development 
Center. 

Rabbani, A. G., & Zeng, C. S. (2005). Effects of tank color on larval survival and 
development of mud crab Scylla serrata (Forsskål). Aquaculture Research, 36, 
1112–1119. https://doi.org/10.1111/j.1365-2109.2005.01328.x

Roy, P., Chandan, C. S. S., Roy, N. C., & Islam, I. (2020). Feed types affect the growth, 
survival and cannibalism in early juvenile of striped snakehead (Channa striata 
Bloch.). Egyptian Journal of Aquatic Research, 46, 377–382. https://doi.org/10.1016/ 
j.ejar.2020.08.009

Sanudin, N., Daning, T. A, & Yong, A. S. K. (2014). Feeding activity and growth 
performance of shrimp post larvae Litopenaeus vannamei under light and dark 
condition. Journal of Agricultural Science, 6(11), 103-109. dx. DOI:https://doi.org/ 
10.5539/jas.v6n11p103.

Sanudin, N., Thien, F. Y., Hamasaki, K., Dan, S., Shapawi, R., Kawamura, G., & 
Yong, A. S. K. (2022). Effects of rotifer and Artemia enrichment in the first feeding 
and larval morphogenesis of purple mud crab, Scylla tranquebarica larvae. 
Aquaculture Research, 00, 1–10. https://doi.org/10.1111/are.16055

Shi, C., Wang, J., Peng, K., Mu, C., Ye, Y., & Wang, C. (2019). The effect of tank colour on 
background preference, survival and development of larval swimming crab Portunus 
trituberculatus. Aquaculture, 504, 454–461. https://doi.org/10.1016/j. 
aquaculture.2019.01.032

Stevens, M., Cheo, P. R., & Todd, P. A. (2013). Colour change and camouflage in the 
horned ghost crab Ocypode ceratophthalmus. Biological Journal of the Linnean Society, 
109, 257–270. https://doi.org/10.1111/bij.12039

Stevens, M., Lown, A. E., & Wood, L. E. (2014). Color change and camouflage in juvenile 
shore crabs Carcinus maenas. Frontiers in Ecological and Evolution, 2(14), 1–14. 
https://doi.org/10.3389/fevo.2014.00014

Supriyono, E., Rasul, Budiardi, T., Hastuti, Y. P., Adiyana, K., & Thesiana, L. (2021). 
A study on the effect of different colours of culture tanks in nursery, on the 
production performance, biochemical composition of flesh and physiological 
responses of whiteleg shrimp (Litopenaeus vannamei). Aquaculture Research, 1–8. 
https://doi.org/10.1111/are.15246

Talas, S. Z., Dundar, P. S., Gulhan, F. M., Orun, I., & Kakoolaki, S. (2012). Effects of 
propolis on some blood parameters and enzymes in carp exposed to arsenic. Iranian 
Journal of Fisheries Sciences, 11(2), 405–414.

Talas, S. Z., & Gulhan, M. F. (2014). Hemolymph cells apoptosis in imported shrimp 
Litopenaeus vannamei from Hawaii to Iran, exposed to white spot virus. Journal of 
Coastal Life Medicine, 2(7), 520–526.

Thien, F. Y., Sanudin, N., & Yong, A. S. K. (2022). Survival and growth performance of 
the purple mud crab (Scylla tranquebarica) instar fed with commercial formulated 
feed and minced fish diets. AACL Bioflux, 15(3), 1499–1506.

Thien, F. Y., & Yong, A. S. K. (2017). Effect of different maturation diets on reproductive 
performance of the broodstock of purple mangrove crab, Scylla tranquebarica. Borneo 
Journal of Marine Science and Aquaculture, 01, 44–50.

Thien, F. Y., Hamasaki, K., Shapawi, R., Kawamura, G., Cruz-Huervana, J. J., & 
Yong, A. S. K. (2022). Effect of background tank color in combination with sand 
substrate and shelters on survival and growth of Scylla tranquebarica instar. Egyptian 
Journal of Aquatic Research, 48, 241–246. https://doi.org/10.1016/j. 
ejar.2022.04.004

Thien, F. Y., Sanudin, N., Hamasaki, K., Shapawi, R., Daning Tuzan, A., Waheed, Z., & 
Yong, A. S. K. (2025). Effect of substrate-shelter and substrate-shelter orientation on 
survival and growth of the megalopa and first crab instar Scylla tranquebarica. 
Fisheries Science. https://doi.org/10.1007/s12562-025-01915-0

Tume, R. K., Sikes, A. L., Tabrett, S., & Smith, D. M. (2009). Effect of background colour 
on the distribution of astaxanthin in black tiger prawn (Penaeus monodon): Effective 
method for improvement of cooked colour. Aquaculture, 296, 129–135. https://doi. 
org/10.1016/j.aquaculture.2009.08.006

Vu, N. U., LeVay, L., Truong, T. N., & Tran, T. H. H. (2007). Development of nursery 
culture techniques for the mud crab Scylla paramamosain (Estampador). Aquaculture 
Research, 38, 1563–1568. https://doi.org/10.1111/j.1365-2109.2006.01608.x

Wade, N. M., Gabaudan, J., & Glencross, B. D. (2015). A review of carotenoid utilisation 
and function in crustacean aquaculture. Reviews in Aquaculture, 0, 1–16. https://doi. 
org/10.1111/raq.12109

Wang, J., Peng, K., Lu, H., Li, R., Song, W., Liu, L., Wang, H., Wang, C., & Shi, C. (2019). 
The effect of tank colour on growth performance, stress response and carapace 
colour of juvenile swimming crab Portunus trituberculatus. Aquaculture Research, 1–8. 
https://doi.org/10.1111/are.14224

Zhang, H., Zhu, B., Yu, L., & Wang, F. (2022). Shelter color selection of juvenile 
swimming crabs (Portunus trituberculatus). Fishes, 7, 296. https://doi.org/10.3390/ 
fishes7050296

Zhang, D., Wei, M., Wu, Y., Rahimnejad, S., Cheng, Y., Naz, S., & Wu, X. (2024). Effects 
of background color on survival, growth, and shell coloration of juvenile Chinese 
mitten crab (Eriocheir sinensis). Aquaculture Reports, 37, Article 102192. https://doi. 
org/10.1016/j.aqrep.2024.102192

Zhao, X., Wang, G., Liu, X., Guo, D., Chen, X., Liu, S., Bi, S., Lai, H., Zhu, J., Ye, D., 
Wang, H., & Li, G. (2022). Dietary supplementation of astaxanthin increased growth, 
colouration, the capacity of hypoxia and ammonia tolerance of Pacific white shrimp 
(Litopenaeus vannamei). Aquaculture Reports, 23, Article 101093. https://doi.org/ 
10.1016/j.aqrep.2022.101093

F.Y. Thien et al.                                                                                                                                                                                                                                 The Egyptian Journal of Aquatic Research xxx (xxxx) xxx 

7 

https://doi.org/10.1111/j.1365-2621.2011.02781.x
https://doi.org/10.1111/j.1365-2621.2011.02781.x
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0075
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0075
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0075
https://doi.org/10.1111/j.1365-2109.2005.01328.x
https://doi.org/10.1016/j.ejar.2020.08.009
https://doi.org/10.1016/j.ejar.2020.08.009
https://doi.org/10.5539/jas.v6n11p103
https://doi.org/10.5539/jas.v6n11p103
https://doi.org/10.1111/are.16055
https://doi.org/10.1016/j.aquaculture.2019.01.032
https://doi.org/10.1016/j.aquaculture.2019.01.032
https://doi.org/10.1111/bij.12039
https://doi.org/10.3389/fevo.2014.00014
https://doi.org/10.1111/are.15246
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0115
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0115
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0115
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0120
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0120
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0120
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0135
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0135
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0135
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0140
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0140
http://refhub.elsevier.com/S1687-4285(26)00054-3/rf0140
https://doi.org/10.1016/j.ejar.2022.04.004
https://doi.org/10.1016/j.ejar.2022.04.004
https://doi.org/10.1007/s12562-025-01915-0
https://doi.org/10.1016/j.aquaculture.2009.08.006
https://doi.org/10.1016/j.aquaculture.2009.08.006
https://doi.org/10.1111/j.1365-2109.2006.01608.x
https://doi.org/10.1111/raq.12109
https://doi.org/10.1111/raq.12109
https://doi.org/10.1111/are.14224
https://doi.org/10.3390/fishes7050296
https://doi.org/10.3390/fishes7050296
https://doi.org/10.1016/j.aqrep.2024.102192
https://doi.org/10.1016/j.aqrep.2024.102192
https://doi.org/10.1016/j.aqrep.2022.101093
https://doi.org/10.1016/j.aqrep.2022.101093

	Optimising tank colour for enhanced growth, survival, and carapace colouration for megalopa and instar purple mud crab (Scy ...
	Introduction
	Materials and methods
	Experiment specimens
	Megalopa experiment
	Instar experiment
	Crab juvenile carapace and culture tank colouration examination
	Total carotenoid content (TCC) analysis


	Statistical analysis
	Results
	Megalopa experiment
	Growth performance and survival rate

	Instar experiment
	Growth performance and survival rate
	Culture tank colour and juvenile carapace colouration
	Relationship between juvenile carapace colouration and tank colour


	Discussion
	Conclusion
	CRediT authorship contribution statement
	Ethical clearance
	Funding
	Declaration of competing interest
	References


