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A thorough investigation into the effects of crustacean eyestalk ablation across different
genders is crucial for optimizing aquaculture practices. This research was conducted from
June to September 2023, with two separate experiments to assess how eyestalk removal
and the gender of mud crabs (Scylla paramamosain) affected the performance of raising
double-skinned crabs using intermolt and mature crabs. Both experiments utilized a
completely randomized design with three replications in rectangular tanks (a bottom
area of 0.3 m2). Crabs were divided into four eyestalk ablation groups (no ablation, right
ablation, left ablation, and bilateral ablation) in experiment 1, while experiment 2
focused on right eyestalk ablation crabs and categorized them into three gender groups
(males, females, and mixed-sex). The animals were stocked at a density of 20 individuals
m~2 and were fed trash fish at a rate of 5% of their wet body weight throughout the
experiments. The results showed that eyestalk ablation did not significantly affect overall
yields. However, it improved the specific growth rate (SGR), the time needed to form
double-skinned crabs (duration), and the feed conversion ratio (FCR). The right ablation
group showed the most notable improvements. The bilateral ablation group showed
improvements in FCR but had the fewest benefits in SGR, duration, and survival rate
(SR). Additionally, gender factors had a minor effect on duration, with the shortest time
recorded for the female group. Both male and mixed-sex groups showed improvements in
FCR but experienced a decline in SR, with a significant reduction in the male group.
Based on these findings, it is recommended that right eyestalk ablation in intermolt and
mature female mud crabs is the most effective strategy for producing double-skinned
crabs under the conditions studied.

INTRODUCTION Commercial mud crab products are quite variable. One
of the most valuable products is soft-shell crabs—individu-
als harvested within a few hours of molting with soft new
shells. These crabs are popular among consumers as con-
venient food. They can be eaten whole without needing to
remove the shell and can also be returned into various de-
licious dishes. However, there are challenges in the produc-
tion of soft-shell mud crabs. Since mud crabs are aggres-
crab species plays a key role in commercial farming and sive predators, they must be kept in individual cages during

. . A . . . . . 14 . . . .
contributes significantly to farmers’ income in the Mekong ~ farming to prevent cannibalism.™* Additionally, molting in
Delta. Vietnam.12:13 most crustaceans is accompanied by a fasting period,!®

, )

making molting an energy-intensive process that requires a

Mud crabs (Scylla spp.) have high economic potential and
are widely farmed in the Asia-Pacific region! because their
meat contains abundant nutrients and delicate flavor.2-9
Production of mud crabs ranks third in global seafood total,
after shrimp and lobster.10 Among mud crab species, S.
paramamosain possesses rapid growth and large size.!! This
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significant amount of nutrition and minerals; if these needs
are not met, death can occur.!® Molt death syndrome has
hindered the growth of the crab-farming industry, includ-
ing soft-shell crabs.1?

Another unique offering from mud crabs, double-
shelled/double-skinned crabs, has been produced and mar-
keted in upscale restaurants in Vietnam and several other
countries, including China, the United States, and various
European nations. The term “double-skinned crabs” refers
to crabs just before the molting, with a new soft shell form-
ing beneath the old one, giving them the appearance of
having two layers of skin.18 While the nutritional profile of
double-skinned crabs has yet to be extensively studied, it is
well-established that they reach their peak texture and nu-
trition during this phase. This is because, before molting,
crabs store significant amounts of energy and nutrients to
fuel the molting process and rapid post-molt growth.11,19
20 As a result, double-skinned crabs have firm, plump bod-
ies with rich, meaty flesh and minimal water content. More-
over, combining a hard outer shell and soft inner skin in-
tensifies their distinctive flavor profile. In Vietnam, while
the common mud crab price ranges from 200,000 to 250,000
VND for a kilogram, double-skinned crabs can be priced as
high as 700,000 to 800,000 Vietnamese Dong for one.

The eyestalk ablation of unilateral or bilateral in crus-
taceans is commonly used to enhance growth, ovarian de-
velopment, and spawning because the eyestalk contains
a crucial neuroendocrine center responsible for producing
and releasing molt and gonad-inhibiting hormones,2! in
which eyespots are essential photoreceptors and play a sig-
nificant role in various biological processes, including re-
production, growth, and development.22 However, the im-
pacts of unilateral or bilateral eyestalk ablation on
physiological responses, growth, and reproductive perfor-
mance may differ meaningfully depending on the crus-
tacean species, phases in the life cycle, and the specific pro-
cedure conditions (laboratory conditions) of the practice.23:
24 Therefore, further research is essential to find the best
approach for each production situation.

In another aspect, sexual dimorphism is widely observed
in the animal kingdom, including among crustaceans.25-27
The pronounced sexual differences in morphology and
physiology are referred to as secondary sexual traits,2228
which enable each sex to adapt more effectively to their
specific life conditions.2%30 The mud crab displays signifi-
cant sexual dimorphism in body size, growth rate, and ab-
dominal morphology.31:32 In wild mud crabs, males grow
faster than females in weight, with the growth rate of males
being 0.93/year, while the growth rate of females was 0.69/
year.52

Currently, the production of double-skinned crabs in the
market is limited because of their burrowing behavior dur-
ing molting, making them scarce to encounter in the wild.33
Additionally, available research on cultivation techniques
for these crabs is rare. As interest in double-skinned mud
crab products continues to grow, their commercial produc-
tion can only become viable with the development of effec-
tive cultivation techniques. Based on previous findings, this
study aims to evaluate the effectiveness of culturing inter-
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molt and mature mud crabs (S. paramamosain) during the
stage when they develop double-skinned crabs under four
different eyestalk ablation conditions (non-ablation, right
ablation, left ablation, and bilateral ablation). Additionally,
the study explores the effects of three gender conditions
across three groups (males, females, and mixed-sex). This
approach can help improve farming techniques, enhance
yields, and expand the market for these mud crabs.

MATERIALS AND METHODS

EXPERIMENTAL MATERIALS

Intermolt and mature mud crabs, with an average weight
range of 15.4-15.8 g, were collected from a local extensive
mud crab farm. The crabs were then transported to the
aquaculture experimental hatchery at the Community Col-
lege of Ca-Mau Province in South Vietnam, using Styro-
foam coolers containing water with a salinity of 25%. and
constant aeration to maintain a dissolved oxygen concen-
tration of 5-6 mg L™ . Upon arrival, the crabs were accli-
mated to the experimental conditions for one week in 1 m?®
composite tanks with aeration. During the acclimation pe-
riod, they were fed trash fish (the same feed used in both
experiments) once a day. Uneaten feed and feces were re-
moved daily at 9:00 PM to maintain water quality.

In Experiment 1, unilateral or bilateral eyestalk ablation
was performed on acclimated, healthy crabs. The crabs were
first cleaned with running tap water, dried, and then
swabbed with 70% alcohol. Using sterilized surgical scis-
sors, the eyestalks were carefully ablated at the base. The
wounds were promptly cauterized with a blunt, red-hot
needle to prevent bleeding.3* Following the ablation, the
crabs were divided into four groups (none ablation, right
ablation, left ablation, and bilateral ablation) and placed
into the aquarium, where the water was continuously aer-
ated.

For experiment 2, the healthy, acclimated, and right eye-
stalk-ablated crabs were sorted into three gender groups of
males, females, and mixed-sex (both males and females).
The gender determination of the crabs was performed by
observation of their abdominal flap shape. The male crabs
had narrower and triangular abdominal flaps (V-shape);
meanwhile, the abdominal flaps of the female crabs were
wider, globular (U-shape), and darkened in color3® (Figure
1). The crabs after eyestalk ablation were nurtured to have
health stability for one week before the experimental pe-
riod.

The water with 25%o salinity used in the experiments
was prepared from two water sources: brine water (80%o)
and tap-fresh water (0%o). The mixed water was filtered via
an activated carbon block filter core with a 1 pym diame-
ter (H-F2510AC Model, AMI Brand, made in the USA); after
that, it flowed through a UV-C lamp system before entering
the containment tanks to remove heavy metals using EDTA
(10 mg L71). The water after treatment was maintained at
an alkalinity level of 100-120 mg CaCOs L1 using NaHCOs
before entering the culture tanks.
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Figure 1. Different sexes of crab. Photos taken from
the present study.

a) Male crab with a V-shaped carapace, (b) female crab with a U-shaped carapace.

In both experiments, the 1 m® round composite tanks
were used as water treatment tanks, and the rectangular
plastic tanks (with a bottom area of 0.3 m?) were used as
culture tanks.

EXPERIMENTAL DESIGN

This study was conducted from June to September 2023 at
the Aquaculture Experimental Hatchery of the Community
College of Ca Mau Province in South Vietnam. It consisted
of two independent indoor experiments, each with a com-
pletely randomized design and three replications. The ob-
jective was to evaluate the effectiveness of culturing in-
termolt and mature mud crabs (S. paramamosain) during
the formation of double-skinned crabs in four eyestalk ab-
lation conditions (non-ablation, right ablation, left abla-
tion, and bilateral ablation), along with three gender con-
ditions for the right-eyestalk-ablated crabs (males, females,
and mixed-sex). The experimental details are as follows:

EXPERIMENT 1: COMPARING THE GROWTH AND
SURVIVAL RATES OF MUD CRABS CULTURED UNDER
VARIOUS EYESTALK ABLATION CONDITIONS

This experiment was conducted from June to July 2023 in
12 culture tanks. The water salinity in the tanks was main-
tained at 25%.. The culture tanks were connected to a re-
circulating biological filter system, which provided a daily
water-recirculating flow rate of 500%. Four groups of eye-
stalk-ablated mud crabs (none ablation, right ablation, left
ablation, and bilateral ablation) were randomly stocked
into the tanks at a density of 20 ind. m~2 (6 ind. tank™1).
Prior to stocking, individuals were tagged with a serial
number on their claws for identification during monitoring.
Throughout the culturing period, the crabs were fed daily
fresh trash fish at 19:00. The feeding regime was equal to
5% of the crab’s body weight and adjusted based on their
bait status. The culture tanks were continuously lightly aer-
ated, with no water changes during the experimental pe-
riod. Waste material was siphoned daily from the tanks at
21:00 while the aeration system was turned off to allow
sediment to settle at the bottom of the tanks.

EXPERIMENT 2: COMPARING THE GROWTH AND
SURVIVAL RATES OF MUD CRABS CULTURED UNDER
VARIOUS GENDER CONDITIONS

In this experiment, three gender groups of right-eyestalk-
ablated mud crabs (males, females, and mixed-sex) were
randomly assigned to nine culture tanks to monitor their
growth and survival rates. The experimental conditions, as
well as the care and management practices, were consistent
with those used in Experiment 1. The experiment ran from
August to September 2023.

DATA COLLECTION AND CALCULATION

The water quality parameters in the culture tanks were
monitored just before and during the culture period. Tem-
perature (using a DYS-DMT meter, DMT-20 Model, DYS
Band, made in Korea) and pH (using a pH tester, HI98103
Model, HANNA) were measured twice daily at 7:00 and
14:00 using a DYS-DMT meter (DMT-20 Model, DYS Band,
made in Korea). In addition, total ammonia nitrogen (TAN)
and nitrite (N-NO,") concentrations were tested every
three days at 7:00 AM using test kits (GH test kit-Germany
Model, Sera Band, made in Germany).

Duration was monitored daily through visual observa-
tion using an LED light. The duration was recorded from
when the mud crabs were stocked in the culturing tanks
until a dark red outline appeared along the edges of their
swimming legs and cracks formed on the sides of their cara-
paces (Figure 2).

The survival rate was assessed at the end of each exper-
iment. Additionally, the wet weights of the crabs were de-
termined both at the beginning and the end of the experi-
ments using an electronic balance with an accuracy of 0.01
mg after blotting the crabs on filter paper. Furthermore,
weight gain (WG), daily weight gain (DWG), SGR, SR, FCR,
and yield were calculated using the following equations:

* WG(g) = final weight — initial weight

« DWG (g day!) = final weight - initial weight/duration

e SGR (% day’!) = [(Ln final weight) - (Ln initial

weight)] /duration x 100

« FCR = consumed feed (g)/weight gain (g)

e SR (%) = (final crab number/initial crab number) x 100

e Yield (kg m~2) = crab biomass/culture area

DATA ANALYSIS

The data in this study were analyzed using a one-way
analysis of variance (ANOVA). Mean differences were de-
termined with Duncan’s test at a significance level of p <
0.05. Homogeneity of variance was assessed using Levine’s
test, and percentage data were arcsine-transformed before
analysis. Statistical analysis was performed using SPSS
software for Windows, version 20.0.

Israeli Journal of Aquaculture - Bamidgeh 41


https://ija.scholasticahq.com/article/130056-evaluating-the-culturing-performance-of-two-skinned-mud-crabs-_scylla-paramamosain_-using-intermolt-and-mature-crabs-in-various-eyestalk-ablation-an/attachment/268413.png

Evaluating the culturing performance of two-skinned mud crabs (Scylla paramamosain) using intermolt and...

Figure 2. Signs to determine double-skinned crab status. Photos taken from the present study.

a) dark red outline appeared along the edges of the swimming legs.
b) cracks formed on the side of the carapace.

Table 1. Water quality parameters during experiment periods.

Temperature (°C) pH NO,~ TAN

Groups 2, 21

7:00 14:00 7:00 14:00 (mgl™) (mglL™)

None ablation 29.1+0.2 30.1+0.2 7.8+0.1 7.8+0.1 0.001+0.000 0.01+0.00
Right ablation 29.1+0.2 30.1£0.2 8.0£0.0 8.0£0.1 0.001:+0.000 0.01+0.00
Left ablation 29.1+0.2 30.1+0.2 8.0+0.0 8.0+0.0 0.00+0.0000 0.01+0.00
Bilateral ablation 29.10.2 30.1+0.2 8.0£0.0 8.0+0.0 0.001+0.000 0.01+0.00
Males 27.8+0.1 29.4+1.1 7.9£0.2 7.9+0.2 0.001:+0.000 0.26+0.05
Females 27.8+0.1 29.3+1.2 7.7+0.2 7.7+0.2 0.00+0.0000 0.31+0.09
mixed-sex 27.70.6 29.6+1.2 7.8+0.2 7.8+0.2 0.001+0.000 0.29+0.08

Values are presented as mean=SD.

RESULTS

WATER QUALITY PARAMETERS

Throughout the culturing periods, the water quality para-
meters in both experiments showed minor differences and
remained stable. Temperatures fluctuated between 27.7 and
29.1°C in the morning and 29.3 and 30.1°C in the after-
noon for both experiments. The diurnal pH variations were
also light, ranging from 7.7 to 8.0 in the morning and after-
noon. Additionally, the nitrite (N-NO, ") and TAN (N-NH,")
concentrations were 0.001 mg L™! and 0.01 mg L1, respec-
tively, in experiment 1, while in experiment 2, they were
0.001 mg L1 and 0.26-0.31 mg L1, respectively (Table 1).

CULTURING PERFORMANCE UNDER VARIOUS EYESTALK
ABLATION CONDITIONS

GROWTH PERFORMANCE

Eyestalk ablation had no significant impact on the final
mean weight, WG, DWG, or yield of the experimental crabs
(p > 0.05). However, SGR was highest in the group with
right ablation (0.65% day™!), followed by those with left ab-
lation (0.58% day™!), bilateral ablation (0.54% day~1), and
non-ablation (0.48% day~!). Notably, the SGR in the right

ablation group was significantly greater than that of the
non-ablation group (p < 0.05). The findings indicated the
positive effect of eyestalk ablation on the SGR of mud crabs,
and right eyestalk ablation made the strongest enhance-
ment in growth rates (Table 2).

Durations for the right and left ablation groups were 32.5
days and 33.4 days, respectively, with no significant differ-
ence (p > 0.05); however, both durations were significantly
shorter than those in the bilateral ablation group (35.6
days) and the no-ablation group (39.6 days) (p < 0.05). Ad-
ditionally, duration in the bilateral ablation group was sig-
nificantly shorter than in the no-ablation group (p < 0.05)
(Table 2).

SURVIVAL RATE AND FEED CONVERSION RATIO (FCR)

SR ranged from 72.2% to 94.4%, with the highest values
observed in the non-ablation and right ablation groups
(94.4%), followed by the left ablation group (88.9%), and
the lowest in the bilateral ablation group (72.2%). Addition-
ally, a significant decrease in SR was observed in the bilat-
eral ablation group compared to the non-ablation and right
ablation groups (p < 0.05) (Figure 3).

There were slight improvements in FCR for groups of
unilateral ablations (left or right), while a significant im-
provement was observed in crabs with bilateral ablation (p
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Table 2. The final mean weight, weight gain, daily weight gain (DWG), specific growth rate (SGR), yield, and the
time required to form double-skinned crabs (duration) of S. paramamosain cultured under various eyestalk

ablation conditions.

Parameters
None ablation Right ablation Left blation Bilateral ablation
Initial mean weight (g) 163+£13.92 156+11.82 163+14.12 164+12.72
Final mean weight (g) 198+19.42 191+14.42 198+13.72 198+16.82
Weight gain (g) 34.2+9.82 36.3+9.22 34.8+10.32 35.5+10.22
DWG (gday™1) 0.86+0.242 1.12+0.292 1.04+0.302 0.98+0.292
SGR (% day™1) 0.48+0.122 0.65+0.16° 0.58+0.172b 0.54+0.152b
Yield (kg m~2) 3.74+0.382 3.72+0.252 3.52+0.492 2.85+0.582
Duration (days) 39.6+2.7¢ 32.5+3.32 33.4+2.72 35.6+1.3P

Values are presented as mean*SD. Values with different superscript letters (a, b) in the same rows show a significant difference (p < 0.05).
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Figure 3. Survival rate (SR) of S. paramamosain
cultured under various eyestalk ablation conditions

Values are presented as mean#SD. The bars with different letters (a, b) show a signifi-
cant difference (p < 0.05)
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Figure 4. Feed conversion ratio (FCR) of S.
paramamosain cultured under various eyestalk
ablation conditions.

Values are presented as mean+SD. The bars with different letters (a, b) show a signifi-
cant difference (p < 0.05)

< 0.05). In comparison, the FCR values rose with the fol-
lowing trends: bilateral ablation (0.87), left ablation (0.92),
right ablation (0.94), and none ablation (1.15) (Figure 4).

CULTURING PERFORMANCE UNDER VARIOUS GENDER
CONDITIONS

GROWTH PERFORMANCE

Gender conditions did not have a significant impact on
growth performance, yield, or duration (p > 0.05), with val-
ues varying within the following ranges: final mean weight
(178.1-181.2 g), WG (19.7-21.3 g), DWG (0.53-0.57 g
day™1), SGR (0.32-0.33% day 1), yield (2.58-3.42 kg m™2),
and duration (36.9-40.5 days). However, the duration in
the male group was slightly longer than in the female and
mixed-sex groups (Table 3).

SURVIVAL RATE (SR) AND FEED CONVERSION RATIO
(FCR)

SR was observed in the female group (94.4%), followed by
the mixed-sex group (77.8%), while the lowest SR was found
in the male group (66.7%). The SR in the female group
(94.4%) was very high, and ANOVA analysis indicated a sig-
nificant reduction in survival rates for the male group com-
pared to the female group (p < 0.05) (Figure 5).

FCR increased in the order of female, mixed-sex, and
male groups, with respective values of 1.15+0.10, 0.87%0.05,
and 0.76%0.11. In addition, a significant difference in FCR
was observed between the two groups of males and females

(p < 0.05) (Figure 6).
DISCUSSION

WATER QUALITY PARAMETERS

The water quality parameters remained stable throughout
the experimental period and were within the optimal range
for mud crabs. These included temperature (27.7 to 30.1
°C), pH (7.7-8.0), nitrite (stable at 0.001 mg L™!), and TAN
(0.01-0.31 mg L1 (Table 1). Previous studies have recom-
mended suitable water quality conditions for culturing mud
crabs during both their larval and adult stages, such as a
temperature of 28-30 °C,3¢ a pH of 7.5-8.5,37 TAN levels
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Table 3. The final mean weight, weight gain, daily weight gain (DWG), specific growth rate (SGR), yield, and the
time required to form double-skinned crabs (duration) of S. paramamosain cultured under various gender

conditions.
Parameters Groups
Males females mixed-sex
Initial mean weight (g) 157.6+£3.342 162.1+3.272 162.1+£3.27°
Final mean weight (g) 178.1+7.752 181.2+3.912 181.2+3.912
Weight gain (g) 21.3+3.942 19.7+2.302 19.7+2.302
DWG (gday™1) 0.53+0.07° 0.57+0.062 0.57+0.062
SGR (% day™1) 0.32+0.042 0.33+0.042 0.33+0.042
Yield (kg m~2) 2.58+0.422 3.42+0.302 3.42+0.302
Duration (days) 40.5+1.93b 36.9+1.40% 36.9+1.40%

Values are presented as mean*SD. Values with different superscript letters (a, b) in the same rows show a significant difference (p < 0.05).
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Figure 5. Survival rate (SR) of S. paramamosain
cultured under various gender conditions.

Values are presented as mean=SD. The bars with different letters (a, b) show a signifi-
cant difference (p < 0.05)
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paramamosain cultured under various gender
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Values are presented as mean#SD. The bars with different letters (a, b) show a signifi-
cant difference (p < 0.05)

below 3 mg L71,38 and NO2- concentrations under 10 mg
138

CULTURING PERFORMANCE UNDER VARIOUS EYESTALK
ABLATION CONDITIONS

Eyestalk ablation in crustaceans offers several benefits,
making it common in aquaculture, particularly in regulat-
ing molting and promoting growth.3° The procedure targets
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removing the X organ-sinus gland, which secretes the molt-
ing-inhibiting hormone (MIH) or growth-inhibiting hor-
mone (GIH).4041 This leads to earlier or more frequent
molting, resulting in faster growth and earlier harvesting of
farmed crustaceans.4? Eyestalk ablation has been success-
fully applied across various crustacean species, including
several types of crabs.41,43:44

The current study assessed the culturing performance of
double-skinned crabs (just before molting) using intermolt
and mature S. paramamosain under different eyestalk ab-
lation conditions. It was found that the eyestalk ablation
groups (unilateral or bilateral) showed improved SGR and
shorter durations compared to the none ablation group.
The improvements in SGR and duration were ranked in the
following order: right ablation, left ablation, bilateral ab-
lation, and none ablation. Notably, the right eyestalk ab-
lation group exhibited a significantly higher SGR than the
none ablation group, and the duration in both the right and
left ablation groups was significantly shorter than in the bi-
lateral ablation and none ablation groups (Table 2). Ad-
ditionally, the eyestalk ablation conditions negatively af-
fected survival rates, with a decrease in survival observed
in all ablation groups (both unilateral and bilateral), partic-
ularly a significant reduction in the bilateral ablation group
(Figure 3).

Similar results have been observed in other de-
capods.4>47 Shrimp species like Penaeus californiensis*>
and Metapenaeus monoceros*® documented faster molting
cycles and improved growth after unilateral or bilateral eye-
stalk ablation. However, bilateral ablation resulted in re-
duced molting and growth performance compared to uni-
lateral ablation. For example, M. monoceros with unilateral
ablation had two to three times higher production rates
than intact animals, whereas those with bilateral ablation
showed a negative production rate.48 In addition, crabs
Chasmagnathus granulatus and shrimp Penaeus vannamei
showed that right eyestalk ablation led to greater molting
efficiency than left eyestalk ablation.*?

Crustaceans experience tissue damage during eyestalk
ablation, leading to the stress.50 Further, eyestalk ablation
limits key hormones essential for normal physiology, caus-
ing a change in some biological functions and negatively

44


https://ija.scholasticahq.com/article/130056-evaluating-the-culturing-performance-of-two-skinned-mud-crabs-_scylla-paramamosain_-using-intermolt-and-mature-crabs-in-various-eyestalk-ablation-an/attachment/268418.png
https://ija.scholasticahq.com/article/130056-evaluating-the-culturing-performance-of-two-skinned-mud-crabs-_scylla-paramamosain_-using-intermolt-and-mature-crabs-in-various-eyestalk-ablation-an/attachment/268419.png

Evaluating the culturing performance of two-skinned mud crabs (Scylla paramamosain) using intermolt and...

affecting the animal’s well-being.51-54 In particular, bilat-
eral eyestalk ablation can impair vision and feeding rates,
hindering growth and development, and reducing survival
capacity. Shrimp Metapenaeus dobsoni with bilaterally ab-
lated eyestalks showed higher mortality compared to those
with unilateral or no ablation.3? These findings may help
explain why the molting, growth, and survival rates of crabs
with bilateral eyestalk ablation were lower than those of
crabs with unilateral ablation in the current study.

Ocular independence existed in the animal kingdom,
such as teleost fish,55-57 reptiles,56 and crustaceans.>859
The degree of independence between an animal’s eyes can
vary depending on the species and the specific task. Right
eyestalk ablation may have more pronounced effects on
molting and growth than left eyestalk ablation. This may
be due to the asymmetrical hormonal regulation between
the eyes, with the right eye playing a more significant role
in controlling MIH and other growth-related hormones.®0
The current study did not explore the mechanisms behind
the differing effects of left and right eyestalk ablation on
growth and molting in S. paramamosain. Nevertheless, our
findings align with previous studies, showing that right-
eyestalk ablation has a more pronounced effect on growth
and molting during the period they are cultured into dou-
ble-skinned crabs.

Freshwater prawns (Macrobrachium lanchesteri) showed
that their unilateral or bilateral eyestalk ablation notably
increased the amount of food energy converted into the
tissue.®! The growth of bilaterally eyestalk-ablated prawns
was significantly higher than that of unilaterally eyestalk-
ablated prawns found in prawns Homarus americanus®? and
Macrobrachium lanchesteri.®! An improvement in feed con-
version efficiency (FCE) in bilaterally ablated shrimp (M.
dobsoni) compared to those with unilateral or non-abla-
tion.3? This information supported our findings, which
showed only a slight improvement in FCR for crabs with
unilateral eyestalk ablation (either left or right), while a
significant improvement was observed in crabs with bilat-
eral ablation (Figure 4).

CULTURING PERFORMANCE UNDER VARIOUS GENDER
CONDITIONS

The data from Table 3 indicate that growth performance,
yield, and duration were not significantly influenced by
gender. However, the duration for males tended to be
longer than that for the mixed-sex and female groups, in
that order. Additionally, the highest SR was observed in fe-
males, but it showed a significant reduction in males (Fig-
ure 5). In contrast, FCR improved the most in males and the
least in females (Figure 6).

Studies have shown that eyestalk-ablated females gen-
erally exhibit higher survival rates than males.#>:03 For ex-
ample, ablated females in P. vannamei had a survival rate of
51.7%, compared to 39.8% for males.®3 This may be due to
females allocating more energy to growth instead of repro-
duction®> or hormonal imbalances.48 In P. notialis, males
showed greater physiological effects from ablation, includ-
ing increased metabolic rate.® Other studies also show
that females may respond differently to eyestalk ablation

in terms of physiological factors like glucose, triglycerides,
and protein concentrations.45 Our study mirrors these find-
ings, with females exhibiting shorter durations and higher
survival rates than males.

While the effects of eyestalk ablation vary by species and
physiological state,6567 energy demands associated with
ablation differ by sex.44%% In P. notialis, females showed
greater energy conversion efficiency post-ablation com-
pared to males.%* Conversely, in Callinectes arcuatus, fe-
males exhibited higher activity levels after ablation, leading
to greater food consumption and a higher FCR than
males,#4 consistent with our findings where FCR was higher
in female groups.

CONCLUSIONS

The present study demonstrated that while eyestalk abla-
tion did not significantly affect overall yields, it resulted in
improvements in SGR, duration, and FCR, with the most
notable gains observed in the right ablation group; mmean-
while, the bilateral ablation group showed an improvement
in FCR but achieved the least benefits in terms of SGR,
duration, and SR. Besides, gender factors had a minor in-
fluence on duration, with females exhibiting the shortest
time. Both male and mixed-sex groups showed improve-
ments in FCR but experienced a decline in SR, with a sig-
nificant decrease in the male group. Based on these find-
ings, right eyestalk ablation in intermolt and mature female
mud crabs (S. paramamosain) is recommended as the most
effective strategy for producing double-skinned crabs under
the conditions studied. Further research on different feed
types and feeding frequencies could further improve the ef-
ficiency of double-skinned crab production.

ACKNOWLEDGMENTS

The authors would like to thank Ca Mau Community Col-
lege for providing facilities and laboratories for this study.

AUTHORS’ CONTRIBUTION

Conceptualization: Le H. Vu (Equal), Ting C. Huang (Equal),
Tien H. Ly (Equal). Writing - original draft: Le H. Vu
(Equal), Nguyen V. Bac (Equal), Doan X. Diep (Equal). In-
vestigation: Le H. Vu (Equal), Nguyen V. Bac (Equal), Chau
T. Da (Equal). Writing - review & editing: Ting C. Huang
(Equal), Doan X. Diep (Equal). Supervision: Ting C. Huang
(Equal), Doan X. Diep (Equal). Methodology: Nguyen V. Bac
(Equal), Tien H. Ly (Equal), Chau T. Da (Equal). Formal
Analysis: Tien H. Ly (Equal), Chau T. Da (Equal).

COMPETING OF INTEREST — COPE

No competing interests were disclosed

Israeli Journal of Aquaculture - Bamidgeh 45



Evaluating the culturing performance of two-skinned mud crabs (Scylla paramamosain) using intermolt and...

ETHICAL CONDUCT APPROVAL — IACUC

The animal experiments complied with relevant national
and international guidelines. Only the mud crabs under-
went eyestalk ablation and were photographed during the
experiment, ensuring no harm was caused. After the exper-
iments, the crabs were returned to the commercial storage
tanks.

INFORMED CONSENT STATEMENT

All authors and institutions have confirmed this manuscript
for publication.

DATA AVAILABILITY STATEMENT

All are available on reasonable request.

Submitted: December 25, 2024 CST. Accepted: February 12,
2025 CST. Published: May 01, 2025 CST.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-

mons.org/licenses/by/4.0/legalcode for more information.

Israeli Journal of Aquaculture - Bamidgeh

46



Evaluating the culturing performance of two-skinned mud crabs (Scylla paramamosain) using intermolt and...

REFERENCES

1. Ayaz KSM, Vadher KH. Evaluation of the
nutritional quality of selected dietary ingredients for
mud crab Scylla serrata of Suarashtra region in
Gujarat, India. Journal of Applied and Natural Science.
2020;12(3):288-291. doi:10.31018/jans.v12i3.2243

2. Premarathna AD, Rajapakse RPV], Pathirana E,
Senaratne VP, Karunarathna SC, Jayasooriya AP.
Nutritional analysis of some selected fish and crab
meats and fatty acid analysis of oil extracted from
Portunus pelagicus. International Journal of Scientific &
Technology Research. 2015;4(7):197-201.

3. Venugopal V, Gopakumar K. Shellfish: Nutritive
value, health benefits, and consumer safety.
Comprehensive Reviews in Food Science and Food
Safety. 2017;16(6):1219-1242. doi:10.1111/
1541-4337.12312

4. Balzano M, Pacetti D, Lucci P, Fiorini D, Frega NG.
Bioactive fatty acids in mantis shrimp, crab and
caramote prawn: Their content and distribution
among the main lipid classes. Journal of Food
Composition and Analysis. 2017;59:88-94.
doi:10.1016/j.jfca.2017.01.013

5. Wang Q, Wu X, Long X, Zhu W, Ma T, Cheng Y.
Nutritional quality of different grades of adult male
Chinese mitten crab, Eriocheir sinensis. Journal of
Food Science & Technology. 2018;55(3):944-955.
doi:10.1007/s13197-017-3002-0

6. Mandume CMC, Bandarra NM, Raimundo J, et al.
Chemical composition, nutritional value, and safety
of cooked female Chaceon maritae from Namibe
(Angola). Foods. 2019;8(7):227. doi:10.3390/
foods8070227

7. Kang HK, Lee HH, Seo CH, Park Y. Antimicrobial
and immunomodulatory properties and applications
of marine-derived proteins and peptides. Marine
Drugs. 2019;17(6):350. doi:10.3390/md17060350

8. Yusof WRW, Ahmad NM, Zailani MA, Shahabuddin
MM, Sing NN, Husaini AAS. Nutritional composition,
antioxidants and antimicrobial activities in muscle
tissues of mud crab, Scylla paramamosain. Research
Journal of Biotechnology. 2020;15(4):86-92.

9. Hamdi M, Nasri R, Dridi N, Li S, Nasri M.
Development of novel highselective extraction
approach of carotenoproteins from blue crab
(Portunus segnis) shells, contribution to the
qualitative analysis of bioactive compounds by HR-
ESIMS. Food Chemistry. 2020;302:125334.
doi:10.1016/j.foodchem.2019.125334

10. Asmat-Ullah M, Rozaimi R, Fazhan H, Shu-Chien
AC, Wang Y, Waiho K. Eyestalk ablation to increase
ovarian maturation in mud crabs. Journal of
Visualized Experiments. 2023;31(193). doi:10.3791/
65039

11. Hai TN. Principles and Technology of Mud Crab
Culture. Agriculture Publishing House; 2017:150.

12. Hungria DB, dos Santos Tavares CP, Pereira LA,
Silva UAT, Ostrensky A. Global status of production
and commercialization of soft-shell crabs.
Aquaculture International. 2017;25:2213-2226.
doi:10.1007/s10499-017-0183-5

13. Hai TN, Vinh PQ, Viet LQ. Technical and financial
aspects of mud crab hatcheries in the Mekong Delta.
Can Tho University Journal of Sciences.
2018;54(1):169-175. doi:10.22144/ctu.jsi.2018.022

14. Waiho K, Ikhwanuddin M, Baylon ], et al. Moult
induction methods in soft-shell crab production.
Aquaculture Research. 2021;52(9):4026-4042.
doi:10.1111/are.15274

15. Sanchez-Paz A, Garcia-Carreno F, Hernandez-
Loépez ], Muhlia-Almazan A, Yepiz-Plascencia G.
Effect of short-term starvation on hepatopancreas
and plasma energy reserves of the Pacific white
shrimp (Litopenaeus vannamei). Journal of
Experimental Marine Biology and Ecology.
2007;340(2):184-193. doi:10.1016/
j.jembe.2006.09.006

16. Niu J, Lin HZ, Jiang SG, et al. Effect of seven
carbohydrate sources on juvenile Penaeus monodon
growth performance, nutrient utilization efficiency
and hepatopancreas enzyme activities of
6-phosphogluconate dehydrogenase, hexokinase and
amylase. Animal Feed Science and Technology.
2012;174(1-2):86-95. doi:10.1016/
j.anifeedsci.2012.03.003

17. Li WF, Li S, Liu ], et al. Vital carbohydrate and
lipid metabolites in serum involved in energy
metabolism during pubertal molt of mud crab (Scylla
paramamosain). Metabolites. 2021;11(10):651.
doi:10.3390/metabo11100651

18. Yamasaki A, Kuwahara A. The terminal molt of
male snow crab in the Japan Sea. Nippon Suisan
Gakkaishi. 1991;57(10):1839-1844. do0i:10.2331/
suisan.57.1839

Israeli Journal of Aquaculture - Bamidgeh

47


https://doi.org/10.31018/jans.v12i3.2243
https://doi.org/10.1111/1541-4337.12312
https://doi.org/10.1111/1541-4337.12312
https://doi.org/10.1016/j.jfca.2017.01.013
https://doi.org/10.1007/s13197-017-3002-0
https://doi.org/10.3390/foods8070227
https://doi.org/10.3390/foods8070227
https://doi.org/10.3390/md17060350
https://doi.org/10.1016/j.foodchem.2019.125334
https://doi.org/10.3791/65039
https://doi.org/10.3791/65039
https://doi.org/10.1007/s10499-017-0183-5
https://doi.org/10.22144/ctu.jsi.2018.022
https://doi.org/10.1111/are.15274
https://doi.org/10.1016/j.jembe.2006.09.006
https://doi.org/10.1016/j.jembe.2006.09.006
https://doi.org/10.1016/j.anifeedsci.2012.03.003
https://doi.org/10.1016/j.anifeedsci.2012.03.003
https://doi.org/10.3390/metabo11100651
https://doi.org/10.2331/suisan.57.1839
https://doi.org/10.2331/suisan.57.1839

Evaluating the culturing performance of two-skinned mud crabs (Scylla paramamosain) using intermolt and...

19. Juneta-Nor S, Seman A, Noordin NM, Ma H, Azra
MN, Ikhwanuddin M. Molt cycle related changes on
the feed intake and biochemical composition of Giant
freshwater prawn, Macrobrachium rosenbergii.
Aquaculture Reports. 2020;18(1):100444. doi:10.1016/
j.aqrep.2020.100444

20. Alhoshy M, Shehata Al, Habib Y], Abdel-Latif
HMR, Wang Y, Zhang Z. Nutrigenomics in
crustaceans: Current status and future prospects. Fish
and Shellfish Immunology. 2022;129:1-12.
doi:10.1016/].fsi.2022.08.056

21. Amankwah BK, Wang C, Zhou T, et al. Eyestalk
ablation, a prerequisite for crustacean reproduction:
A review. Israeli Journal of Aquaculture - Bamidgeh.
2019;71:14. do0i:10.46989/001¢.20990

22. Farhadi A, Cui W, Zheng H, et al. The regulatory
mechanism of sexual development in decapod
crustaceans. Frontiers in Marine Science.
2021;8:679687. doi:10.3389/fmars.2021.679687

23. Uawisetwathana U, Leelatanawit R, Klanchui A,
Prommoon ], Klinbunga S, Karoonuthaisiri N.
Insights into eyestalk ablation mechanism to induce
ovarian maturation in the black tiger shrimp. PLoS
ONE. 2011;6(9):€24427. doi:10.1371/
journal.pone.0024427

24. Nur I, Iyen H, Yusnaini Y. The effect of eyestalk
ablation on several immunologic variables in
Litopenaeus vannamei. Journal of Aquaculture and Fish
Health. 2021;10(1):34-45. doi:10.20473/

jath.v10i1.18926

25. Yang X, Ikhwanuddin M, Li X, et al. Comparative
transcriptome analysis provides insights into
differentially expressed genes and long non-coding
RNAs between ovary and testis of the mud crab
(Scylla paramamosain). Marine biotechnology.
2018;20:20-34. doi:10.1007/s10126-017-9784-2

26. Waiho K, Fazhan H, Zhang Y, et al. Gonadal
microRNA expression profiles and their potential role
in sex differentiation and gonadal maturation of mud
crab Scylla paramamosain. Marine Biotechnology.
2019;21(3):320-334. doi:10.1007/s10126-019-09882-1

27. Waiho K, Shi X, Fazhan H, et al. High-density
genetic linkage maps provide novel insights into ZW/
ZZ sex determination system and growth
performance in mud crab (Scylla paramamosain).
Frontiers in Genetics. 2019;10:1-16. doi:10.3389/

fgene.2019.00298

28. Farhadi A, Fang S, Zhang Y, et al. The significant
sex-biased expression pattern of Sp-Wnt4 provides
novel insights into the ovarian development of mud
crab (Scylla Paramamosain). International Journal of
Biological Macromolecules. 2021;183:490-501.
doi:10.1016/j.ijbiomac.2021.04.186

Israeli Journal of Aquaculture - Bamidgeh

29. Bear A, Monteiro A. Both cell-autonomous
mechanisms and hormones contribute to sexual
development in vertebrates and insects. Bioessays.
2013;35(8):725-732. doi:10.1002/bies.201300009

30. Bear A, Monteiro A. Molecular mechanisms of
secondary sexual trait development in insects.
Current Opinion in Insect Science. 2016;17:40-48.
doi:10.1016/j.c0is.2016.06.003

31. Wu Q, Waiho K, Huang Z, et al. Growth
performance and biochemical composition dynamics
of ovary, hepatopancreas and muscle tissues at
different ovarian maturation stages of female mud
crab, Scylla paramamosain. Aquaculture.
2020;515:734560. doi:10.1016/
j.aquaculture.2019.734560

32. Yudiati E, Fauziah AT, Irwani I, Setyawan A,
Insafitri I. Growth analysis, mortality and
exploitation level of mud crab Scylla serrata, Forskal
1775, (Malacostraca : Portunidae) in Mangkang Wetan
waters, Semarang, Central Java, Indonesia. Jurnal
Kelautan Tropis. 2020;23(1):136-144. doi:10.14710/

jkt.v23i1.7149

33. Hamasaki K, Hatta S, Ishikawa T, Yamashita S,
Dan S, Kitada S. Emigration behaviour and moulting
during the sea-to-land transition of terrestrial hermit
crabs under laboratory conditions. Invertebrate
Biology. 2015;134(4):318-331. doi:10.1111/ivb.12107

34. Padmanabhan LN, Raghavan SDA. Impact of
unilateral eyestalk ablation on major biochemical
parameters of muscle of the freshwater crab
Travancoriana schirnerae Bott, 1969 (Decapoda:
Gecarcinucidae). Brazilian Journal of Biological
Sciences. 2016;3(6):341-350. doi:10.21472/

bjbs.030610

35. Paul P, Islam MS, Khatun S, Bir ], Ghosh A.
Reproductive biology of mud crabs (Scylla olivacea)
collected from Paikgachha, Khulna, Bangladesh.
Journal of Advanced Veterinary and Animal Research.
2021;8(1):44-50. doi:10.5455/javar.2021.h483

36. Omn KK. Current practices in juvenile mud crab
rearing. AQUA Culture Asia Pacific Magazine.
2013;9(4):44-46.

37. Ly TH, Vu LH, Diep DX. Effects of different feeds
and stocking densities on growth and survival rates
of mud crab (Scylla paramamosain) at the stage from
megalopa to crablet-1. Israeli Journal of Aquaculture -
Bamidgeh. 2024;76(1):10-21. doi:10.46989/
001¢.91128

48


https://doi.org/10.1016/j.aqrep.2020.100444
https://doi.org/10.1016/j.aqrep.2020.100444
https://doi.org/10.1016/j.fsi.2022.08.056
https://doi.org/10.46989/001c.20990
https://doi.org/10.3389/fmars.2021.679687
https://doi.org/10.1371/journal.pone.0024427
https://doi.org/10.1371/journal.pone.0024427
https://doi.org/10.20473/jafh.v10i1.18926
https://doi.org/10.20473/jafh.v10i1.18926
https://doi.org/10.1007/s10126-017-9784-2
https://doi.org/10.1007/s10126-019-09882-1
https://doi.org/10.3389/fgene.2019.00298
https://doi.org/10.3389/fgene.2019.00298
https://doi.org/10.1016/j.ijbiomac.2021.04.186
https://doi.org/10.1002/bies.201300009
https://doi.org/10.1016/j.cois.2016.06.003
https://doi.org/10.1016/j.aquaculture.2019.734560
https://doi.org/10.1016/j.aquaculture.2019.734560
https://doi.org/10.14710/jkt.v23i1.7149
https://doi.org/10.14710/jkt.v23i1.7149
https://doi.org/10.1111/ivb.12107
https://doi.org/10.21472/bjbs.030610
https://doi.org/10.21472/bjbs.030610
https://doi.org/10.5455/javar.2021.h483
https://doi.org/10.46989/001c.91128
https://doi.org/10.46989/001c.91128

Evaluating the culturing performance of two-skinned mud crabs (Scylla paramamosain) using intermolt and...

38. Ganesh K, Raj YCTS, Perumal S, Srinivasan P,
Sethuramalingam A. Breeding, larval rearing and
farming of mangrove crab, Scylla serrata (Forskal,
1775). In: Perumal S, T AR, Pachiappan P, eds.
Advances in Marine and Brackishwater Aquaculture.
Springer; 2015. doi:10.1007/978-81-322-2271-2_14

39. Patowary SH. Effects of Eyestalk Ablation on the
Molting, Growth and Survival of Kadal Shrimp. Thesis.
Thesis submitted in the partial fulfillment of the
requirements for the degree of Master of Science in
Fish Biology and Biotechnology Department of Fish
Biology and Biotechnology Faculty of Fisheries
Chattogram Veterinary and Animal Sciences
University Khulshi, Chattogram-4225, Bangladesh;
2023.

40. Wen W, Yang Q, Ma Z, et al. Comparison of
ovarian maturation and spawning after unilateral
eyestalk ablation of wild-caught and pond-reared
Penaeus monodon. Spanish Journal of Agricultural
Research. 2015;13:e0402-e0407. doi:10.5424/sjar/
2015133-7860

41. Ganesh C, Urkude AR, Kharabe VV. Eye Stalk
Ablation. Vigyan Varta. 2024;5(9):284-290.

42. Lemos D, Weissman D. Moulting in the grow-out
of farmed shrimp: A review. Reviews in aquaculture.
2021;13(1):5-17. doi:10.1111/raq.12461

43. Diggles BK. Review of some scientific issues
related to crustacean welfare. ICES Journal of Marine
Science. 2019;76(1):66-81. doi:10.1093/icesjms/fsy058

44, Vargas-Téllez I, Escamilla-Montes R, Arzola-
Gonzalez JF, et al. Impact of unilateral eyestalk
ablation on Callinectes arcuatus (Ordway, 1863) under
laboratory conditions: Behavioral evaluation. Latin
American Journal of Aquatic Research.
2021;49(4):576-594. doi:10.3856/
vol49-issue4-fulltext-2676

45. Sainz-Hernandez JC, Racotta IS, Dumas S,
Hernandez-Lépez J. Effect of unilateral and bilateral
eyestalk ablation in Litopenaeus vannamei male and
female on several metabolic and immunologic
variables. Aquaculture. 2008;283(1-4):188-193.
doi:10.1016/j.aquaculture.2008.07.002

46. Asusena AC]J, Carlos SHJ, Arturo FCJ, Genaro DP.
The effects of eyestalk ablation on the reproductive
and immune function of female Macrobrachium
americanum. Journal of Aquaculture Research &
Development. 2012;3(8):1-7. doi:10.4172/
2155-9546.1000156

Israeli Journal of Aquaculture - Bamidgeh

47. Rahman MR, Asaduzzaman M, Zahangir MM, et
al. Evaluation of limb autotomy as a promising
strategy to improve production performances of mud
crab (Scylla olivacea) in the soft-shell farming system.
Aquaculture Research. 2020;51(6):2555-2572.
doi:10.1111/are.14598

48. Venkitraman PR, Jayalakshmy KV,
Balasubramanian T. Effect of eyestalk ablation on
moulting and growth in the penaeid shrimp
Metapenaeus monoceros (Fabricius, 1798). Indian
Journal of Fisheries. 2010;57(2):25-32.

49. Lee SG, Mykles DL. Proteomics and signal
transduction in the crustacean molting gland.
Integrative and Comparative Biology.
2006;46(6):965-977. doi:10.1093/icb/icl047

50. Marchand S. The physiology of pain mechanisms:
From the periphery to the brain. Rheumatic Disease
Clinics of North America. 2008;34(2):285-309.
doi:10.1016/j.rdc.2008.04.003

51. Webster SG. Endocrinology of molting. In: Chang
ES, Thiel M, eds. The Natural History of Crustacea:
Physiology. Oxford University Press; 2015:1-35.

52. Chung JS, Christie A, Flynn E. Molecular cloning
of crustacean hyperglycemic hormone (CHH) family
members (CHH, molt-inhibiting hormone and
mandibular organ-inhibiting hormone) and their
expression levels in the Jonah crab, Cancer borealis.
General and Comparative Endocrinology.
2020;295:113522. doi:10.1016/j.ygcen.2020.113522

53. Sittikankaew K, Pootakham W, Sonthirod C, et al.
Transcriptome analyses reveal the synergistic effects
of feeding and eyestalk ablation on ovarian
maturation in black tiger shrimp. Scientific reports.
2020;10:3239. doi:10.1038/541598-020-60192-2

54. Huang YY, Wang GD, Liu JS, et al. Analysis of
transcriptome difference between rapid-growing and
slow-growing in Penaeus vannamei. Gene.
2021;787:145642. doi:10.1016/j.gene.2021.145642

55. Land MF. Visual optics: the sandlance eye breaks
all the rules. Current Biology. 1999;9(8):286-288.
doi:10.1016/50960-9822(99)80180-8

56. Pettigrew JD, Collin SP, Ott M. Convergence of
specialised behaviour, eye movements and visual
optics in the sandlance (Teleostei) and the chameleon
(Reptilia). Current Biology. 1999;9(8):421-424.
doi:10.1016/S0960-9822(99)80189-4

57. Fritsches KA, Marshall NJ. Independent and
conjugate eye movements during photokinesis in
teleost fish. Journal of Experimental Biology.
2002;205(9):1241-1252. doi:10.1242/jeb.205.9.1241

49


https://doi.org/10.1007/978-81-322-2271-2_14
https://doi.org/10.5424/sjar/2015133-7860
https://doi.org/10.5424/sjar/2015133-7860
https://doi.org/10.1111/raq.12461
https://doi.org/10.1093/icesjms/fsy058
https://doi.org/10.3856/vol49-issue4-fulltext-2676
https://doi.org/10.3856/vol49-issue4-fulltext-2676
https://doi.org/10.1016/j.aquaculture.2008.07.002
https://doi.org/10.4172/2155-9546.1000156
https://doi.org/10.4172/2155-9546.1000156
https://doi.org/10.1111/are.14598
https://doi.org/10.1093/icb/icl047
https://doi.org/10.1016/j.rdc.2008.04.003
https://doi.org/10.1016/j.ygcen.2020.113522
https://doi.org/10.1038/s41598-020-60192-2
https://doi.org/10.1016/j.gene.2021.145642
https://doi.org/10.1016/S0960-9822(99)80180-8
https://doi.org/10.1016/S0960-9822(99)80189-4
https://doi.org/10.1242/jeb.205.9.1241

Evaluating the culturing performance of two-skinned mud crabs (Scylla paramamosain) using intermolt and...

58. Land MF, Marshall NJ, Brownless D, Cronin TW.
The eye-movements of the mantis shrimp
Odontodactylus scyllarus (Crustacea: Stomatopoda).
Journal of Comparative Physiology A.
1990;167(2):155-166. doi:10.1007/bf00188107

59. Cronin TW, Marshall NJ. Parallel processing and
image analysis in the eyes of mantis shrimps.
Biological Bulletin. 2001;(2):177-183. doi:10.2307/
1543312

60. Chu KH, Chow WK. Effects of unilateral versus
bilateral eye-stalk ablation on moulting and growth
of the shrimp, Penaeus chinensis (Osbeck, 1765)
(Decapoda, Penaeidea). Crustaceana.
1992;62(3):225-233. doi:10.1163/156854092X00127

61. Ponnuchamy R, Reddy SR, Katre S. Effects of
eyestalk ablation on growth and food conversion
efficiency of the freshwater prawn Macrobrachium

lanchesteri (de Man). Hydrobilogia. 1981;77(1):77-80.

doi:10.1007/BF00006391

62. Mauviot JC, Castell JD. Moult and growth
enhancing effects of bilateral eyestalk ablation on
juvenile and adult American lobster (Homarus

americanus). Journal of the Fisheries Board of Canada.

1976;33(9):1922-1929. doi:10.1139/f76-245

63. Chamberlain GW, Lawrence AL. Effect of light
intensity and male eyestalk ablation on reproduction
of Penaeus stylirostris and Penaeus vannamei. Journal
of the World Mariculture Society. 1981;12(2):357-372.
doi:10.1111/j.1749-7345.1981.tb00308.x

64. Rosas C, Fernandez I, Brito R, Diaz-Iglesia E. The
effect of eyestalk ablation on the energy balance of
the pink shrimp, Penaeus notialis. Comparative
Biochemistry and Physiology Part A: Physiology.
1993;104(1):183-187. doi:10.1016/
0300-9629(93)90027-2

65. Aguinaga-Cruz CJA, Sainz-Herndndez JC,
FierroCoronado JA, Diarte-Plata G. The effects of
eyestalk ablation on the reproductive and immune
function of female Macrobrachium americanum.
Journal of Aquaculture Research & Development.
2012;3(8):1000156. doi:10.4172/2155-9546.1000156

66. Diarte-Plata G, Sainz-Hernandez JC, Aguinaga-
Cruz JA, Fierro-Coronado JA, Polanco-Torres A,
Puente-Palazuelos C. Eyestalk ablation procedures to
minimize pain in the freshwater prawn
Macrobrachium americanum. Applied Animal
Behaviour Science. 2012;140(3-4):172-178.
doi:10.1016/j.applanim.2012.06.002

67. Shinozaki-Mendes A, Manghi RF, Lessa R.
Comparative study of the molting cycle of wild and
reared swimming crabs Callinectes danae (Crustacea:
Portunidae). Journal of Applied Ichthyology.
2013;30(3):502-506. doi:10.1111/jai.12236

Israeli Journal of Aquaculture - Bamidgeh

50


https://doi.org/10.1007/bf00188107
https://doi.org/10.2307/1543312
https://doi.org/10.2307/1543312
https://doi.org/10.1163/156854092X00127
https://doi.org/10.1007/BF00006391
https://doi.org/10.1139/f76-245
https://doi.org/10.1111/j.1749-7345.1981.tb00308.x
https://doi.org/10.1016/0300-9629(93)90027-2
https://doi.org/10.1016/0300-9629(93)90027-2
https://doi.org/10.4172/2155-9546.1000156
https://doi.org/10.1016/j.applanim.2012.06.002
https://doi.org/10.1111/jai.12236

	Evaluating the culturing performance of two-skinned mud crabs (Scylla paramamosain) using intermolt and mature crabs in various eyestalk ablation and gender conditions
	Introduction
	Materials and Methods
	Experimental materials
	Experimental design
	Experiment 1: Comparing the growth and survival rates of mud crabs cultured under various eyestalk ablation conditions
	Experiment 2: Comparing the growth and survival rates of mud crabs cultured under various gender conditions

	Data collection and calculation
	Data analysis

	Results
	Water quality parameters
	Culturing performance under various eyestalk ablation conditions
	Growth performance
	Survival rate and feed conversion ratio (FCR)

	Culturing performance under various gender conditions
	Growth performance
	Survival rate (SR) and feed conversion ratio (FCR)


	Discussion
	Water quality parameters
	Culturing performance under various eyestalk ablation conditions
	Culturing performance under various gender conditions

	Conclusions
	Acknowledgments
	Authors’ Contribution
	Competing of Interest – COPE
	Ethical Conduct Approval – IACUC
	Informed Consent Statement
	Data Availability Statement

	References


