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Habitat space is crucial for animals.Tis experiment explored the efect of four diferent farming acreages (0.5m2, 1m2, 10m2, and
100m2) on survival rate, growth performance, and muscle nutrition composition of swimming crabs (Portunus trituberculatus) at
the farming density of 2 ind/m2.Te results showed that the survival rate of the crabs that live in the 10m2 group and live in 0.5m2

alone had the highest survival rate of 20.50% and 20%, better than the 1m2 group and the 100m2 group with the lowest of 12.00%
and 13% (P< 0.05). Tere was no signifcant diference between fnal body weight and fnal carapace width among the 4 groups
(P > 0.05). Te crude lipid content was the highest in 1m2, which was signifcantly higher than in 0.5m2 (P < 0.05). Te crude
protein content in the 1m2 and 10m2 groups was signifcantly higher than that in the 0.5m2 and 100m2 groups (P < 0.05). Te
results of the three conventional nutrients showed that there was no positive correlation between the muscle conventional
nutrients and the farming area.Te polyunsaturated fatty acid part of the 100m2 and 10m2 group was signifcantly diferent from
the 1m2 and 0.5m2 groups (P < 0.05).Te results show that farming crab alone is not better than together, and a small aquaculture
acreage helps to improve the muscle nutrition composition of the swimming crabs, while a large aquaculture acreage is more
conducive to balance the development of nutrition. Overall, 10m2 of habitat space was more economically feasible in practice.

1. Introduction

Te swimming crab (Portunus trituberculatus) taxonomi-
cally belongs to Crustacea, Decapoda, Portunidae, and
Portunus, which is widely distributed on the East Asian
coasts. It is popular among consumers in China because of
its fast growth rate, tasty meat, and high nutritional value. It
is also an important farmed economic crab in China, which
has been widely farmed from the north to the south of
China coast ponds [1], with a farmed production of 113,810
tons in 2019 [2]. At present, the primary farm model of the
crab is pond farm, and the advantages of using purse seine
to farm crabs include improving the efciency of crab
harvesting, reducing the manual labor intensity, and

preventing aquatic enemies from preying on crabs and
increasing production [3]. It can also easily feed and reduce
the risk of deterioration of pond water quality due to
overfeeding [4]. In addition, the farm mode can efectively
reduce the occurrence of diseases during the farming
process [5, 6]. Te survival rate can reach 11.30% [7]. Crabs
have a fghting phenomenon, this is a large efect leading to
the rise in mortality rates, and the habitat space of the purse
seine plays a crucial role in the farm [8]. Small habitat space
can stress the swimming crabs and reduce their feeding rate
[9]; these stresses can be confrmed from the protective
enzyme classes [10]; moreover, stressed swimming crabs
will provide more energy to resist the physiological efects
of stress [11].
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Several studies have demonstrated that diferent sizes of
experimental enclosures have impacts on the behavior of
aquatic animals [12, 13]. For example, it has been found that
diferent container sizes can infuence the growth perfor-
mance of fsh. Restricting fsh in a tank that was too small
can negatively afect their normal growth [14–16]. Te
minimum scale ought to be higher than 0.3m3; otherwise, it
can negatively afect the growth rate of Dicentrarchus labrax
[17]. Similarly, many research studies have been conducted
using the pond farm techniques for swimming crabs, in-
cluding stocking density [18], monosex and mixed-sex
culture modes [19–21], disease control [22], and water
conditions [23]. We also found that the space size afected
the growth performance of swimming crabs in a single crab
basket culture system, and the rearing space for the crab
should be set at two time-length spaces [9]. However, this
single crab basket culture system is not suitable for large-
scale farming of swimming crabs in ponds. Nowadays,
aquatic farmers often select the farming area based on their
personal experience, and it may cause problems such as
inconsistency and arbitrariness, which leads to the instability
of the farming output of crabs.

It is worth noting that little study has focused on the
efect of habitat space, diferent farming acreages on
swimming pond farms. Tis study combines practical ex-
perience, aiming to explore the impact of diferent aqua-
culture acreages on the livability, growth performance, and
nutritional composition of swimming crabs and de-
termining the feasible purse seine area in a pond. Tis study
will provide a reliable reference range of purse seine area for
farmers and enhance the farming efciency of swimming
crabs in aquaculture applications.

2. Materials and Methods

2.1. ExperimentalAnimals andSampling. In this experiment,
healthy juvenile swimming crabs were selected from
Guangyuan Crab Seedling Rearing Nursery, Jiangsu Prov-
ince. Te initial data of the swimming crab for the farming
test are shown below. Full carapace width is 6.80± 0.41 cm,
carapace length is 3.31± 0.29 cm, and body weight is
18.82± 3.23 g. Te materials for the test mesh include mesh,
rope, steel ring, and large bottom drop. Make four kinds of
cylindrical nets with bottom area of 0.5m2, 1m2, 10m2, and
100m2.Te purse seine is 40 cm above the water surface, and
the bottom of the seine was inserted into the sludge for 10 cm
above the water surface of the pond to ensure the reliability
of the seine. Among them, there were ffty 0.5m2 groups
(1m× 0.5m, length× height), ffty 1m2 groups(1m× 1m),
ten 10m2 groups (4m× 2.5m), and one 100m2

(10m× 10m) for farming. Te feed in the farming experi-
ment is a small-sized clam, Potamocorbula laevis.

2.2. Experimental Design and Daily Management. Tis ex-
periment were divided into four area test groups (0.5m2,
1m2, 10m2, and 100m2), and there were 50 groups of 0.5m2,
50 groups of 1m2, 10 groups of 10m2, and 1 group of 100m2.
Te culture density of each seine was 2 ind/m2, and it means
that put 1 crab in each 0.5m2 group, put 2 crabs in each 1m2

group, put 20 crabs in each 10m2 group, and put 200 crabs in
100m2 group. Te specifcations of the swimming crabs
selected in the four test groups were uniform.

Te experiment lasted for 105 days. It started on July 9
and ended on October 20. Te swimming crabs were fed
daily at 6 p.m. with fresh bivalve. Te deceased individuals
were salvaged and recorded daily, and the amount of bait
would be timely adjusted to ensure sufcient food for
swimming crabs (the daily feeding limited was 6–8% of the
crab’s body weight). Troughout the farming experiment,
the average water quality parameters in the pond were as
follows: dissolved oxygen >4mg/L, salinity 20–30, total
ammonia nitrogen <0.015mg/L, and pH 7.0–9.0. We en-
sured adequate dissolved oxygen by turning on aerators for
the duration of high temperatures and used sediment
conditioners (persulfdes) to improve the quality of water
and sediment in ponds. In the middle and late stages of
farming, drugs with improved substrate and water quality
should be regularly used. Te application frequency is every
ten days on the sunny morning. Te dosage was used
according to the drug instructions. Te drugs used include
potassium persulfate, base change preparation, yeast, and
organic acids.

2.3. Data and Sample Collection. Growth data were collected
on the 9th July, 20th August, 20th September, and 20th
October. Te time interval between the initial data mea-
surement and the second data measurement was added to
reduce the efect of the previous measurement operation on
the survival of the swimming crabs. For each data mea-
surement, 10 crabs were raomly sampled from each group to
measure the growth indicators at night to minimize adverse
efects.

We used electronic scales to measure the body weight
(BW) of swimming crabs (accurate to 0.01 g) and digital
calipers to measure the carapace width (CW) of swimming
crabs (accurate to 0.01mm). Te data were used for cal-
culating the weight growth rate (Rw), the carapace gain rate
(Rc), the weight-specifc growth rate (SRw), and the
carapace-specifc growth rate (SRc).
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Te calculation formula for each growth parameter is as
follows:

Survival rate(%) � 100%
NX

N0
,
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where N0 is the initial number of swimming crabs in each
purse seine area, and NX is the number of crabs alive in each
group in the end (20th October 2019).Wa andWa− 1 are the
mean body weight of swimming crabs at a month and
a− 1month (unit: g), respectively. Ca and Ca− 1 are the mean
carapace width of swimming crabs at a month and
a− 1month (unit: cm), respectively. Te D represents each
sampling interval time (unit: day).

After the experiment, six crabs were randomly collected
from each group, with a total of 24 crabs being used for
muscle sample collection. After binding the swimming crabs
back to the laboratory, when sampling, cut from the back
end of the crab and separate the shell from the crab body
with disinfected anatomical scissors. Collect muscular tissue
from the connection between the swimming foot and the
body. Wrap the muscle tissue with the tin foil, put it in the
self-sealing bag and mark it, and put it in the −80°C re-
frigerator for future use.

2.4. Biochemical Analysis. Te determination of proximate
composition in muscle of the samples was followed with the
procedures of Association of Ofcial Analytical Chemists
procedures [24]. Moisture content was determined by
drying the muscle samples to a constant weight in an oven at
105°C, and the ash content was obtained by placing the
samples in a mufe furnace set at 550°C and running it for
8 hours. Te crude protein content of the samples was de-
termined by the Kjeldahl method and acid digestion with
FOSS Kjeltec TM8400. Using petroleum ether as a solvent,
the crude lipid was extracted by Randall’s modifed method
in FOSS, Soxtec, and fat analyzer.

Te amino acid content of the crabs was analyzed fol-
lowing the methods described by Blackburn [25]. Te de-
termination of methionine (Met) and cysteine (Cys) was
determined according to the method of oxidation with
performic acid : hydrolysis (1 : 9) solution [26]. Te amino
acid analyzer (Hitachi, Ltd., Tokyo, Japan) detected 17
amino acids in each sample, respectively. Te fatty acid
extraction method followed the methods of Folch et al. [27],
and chloroform-methanol (2 :1 v/v) was used to extract total

lipids in the muscle of crabs. After that, the percentage of
each fatty acid in the total fatty acid was determined by the
area normalization method. Total lipids were esterifed with
boron trifuoride methanol solution, and fatty acid methyl
esters were extracted by isooctane [28], and fatty acids were
determined using a gas chromatograph (GCEM-
QP2010 SE).

2.5. Statistical Analysis. SPSS 23.0 software (Kaysville, UT,
USA) was used for data analysis and comparison.Te factor
analysis of variance (ANOVA) was used to analyze dif-
ferences in survival. Homogeneity of variance was tested of
Levene’s. ANOVA was used to analyze the experimental
results, and Duncan’s method was used for multiple
comparisons. Te level of signifcance was regarded as
P < 0.05 for all statistical tests. All data are presented as
mean± standard error (mean ± SEM).

3. Results

3.1. Crab Survival Rate. Te survival of the crab in the 10m2

group was the highest among the four various cultivation
acreages, and the 1m2 crabs was the lowest. Te survival of
crabs in the 0.5m2 and 100m2 was 20.00% and 13.00%,
respectively. In the 0.5m2 group, crabs live alone, and it is
diferent from other groups with crabs living together. So, we
compare the other three groups separately. After comparing
the survival of the diferent groups by the Chi-square test,
there was a statistically signifcant diference between 10m2

group with 1m2 group (P< 0.05) and diferent between
10m2 with 100m2 (P< 0.05) (Table 1).

3.2. Growth Performance. Te BW and CW of swimming
crabs under diferent groups were measured in three culture
stages for Rw, Rc, SRw, and SRc calculation. Among the four
groups, the crabs in the 1m2 and the 10m2 showed better
performance in Rw, SRw, Rc, and SRc than the other two
groups, but there was no signifcant diference in FW, FCW,
Rw, SRw, Rc, and SRc among all groups in the whole culture
period (P > 0.05) (Table 2).

Te BW and CW of the four groups increased with the
extension of farming time. In the BW and CW of the 100m2

crabs were the highest among the four experiment areas in
the early and middle stages of culture (the third sampling).
Te BW and CW of the 100m2 crabs became the lowest, and
the 1m2 crabs had the prime growth performance in the later
stage (the fourth sampling); however, the diference was not
signifcant (P> 0.05) (Figure 1).

In the early stage of culture (the second sampling), the
BW and CW of the four grouped crabs increased rapidly, of
which the order was 100m2> 10m2> 1m2> 0.5m2, while in
the middle stage of culture, the SRw of the 0.5m2 crabs was
signifcantly exceed than it of the 10m2 crabs (P< 0.05)
(Figure 2) and 100m2 group. In the later stage of the culture
(P< 0.05), the ANOVA analysis showed that the SRw of the
1m2 crabs and the 10m2 crabs were exceed than the SRw of
the 100m2 crabs.
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In the meanwhile, the result also showed no signifcant
diference in the SRc among four diferent aquaculture
acreages (P> 0.05) (Figure 3).

3.3. Proximate Composition in the Muscle of
P. trituberculatus. Te nutritional composition analysis of
swimming crab demonstrated that the crude protein content
of the 0.5m2 group and 100m2 group were signifcantly
lower than that of the 1m2 group and 10m2 group
(P < 0.05). Te swimming crabs in the 1m2 group had the
signifcantly higher ash content than that of the 0.5m2 group
(P < 0.05). Compared with the crabs in 10m2 and 100m2,
the crabs in 0.5m2 and 1m2 had lower ash content in the
muscle (P < 0.05) (Table 3).

3.4. Amino Acid Profle in the Muscle of Four Groups. Te
amino acid composition in themuscle of swimming crab under
four diferent various cultivation acreages is determined with
the results demonstrated in Table 4. Fifteen species of amino
acids were detected, including eight kinds of essential amino
acids (EAA) and seven kinds of nonessential amino acids
(NEAA). As shown in the table, the proline content of the
100m2 crabs was signifcantly lower than that of the 0.5m2

crabs (P < 0.05). Similar amino acid compositions were ob-
served among the four culture areas. Tere was no signifcant
diference observed in the EAA, NEAA, and TAA among the
crabs under four diferent various cultivation acreages. How-
ever, compared with the crabs in the 100m2 group, the crabs in
the 1m2 group had a higher EAA/NEAA ratio and EAA/TAA
ratio in the muscle (P < 0.05) (Table 4).

3.5. Fatty Acid Profle in the Muscle of P. trituberculatus.
Figure 4 presents the composition and proportion of fatty
acids detected in the muscle of crabs under various culti-
vation acreages.

Regarding the monounsaturated fatty acid (MUFA), the
content of C16 :1 n− 7 in the 0.5m2 group crabs and the 1m2

crabs was signifcantly lower than that in the 10m2 and 100m2

crabs (P< 0.05). As for the polyunsaturated fatty acid
(ΣPUFA), the content of C18 : 2 n− 6 in the 1m2 crabs was
signifcantly higher than that of crabs in the other three groups
(P< 0.05) (Table 5). Te content of C20 : 5 n− 3(EPA) in the
100m2 crabs was signifcantly higher than that in the 0.5m2

crabs and 1m2 crabs (P< 0.05). No signifcant diference
between the other fatty acids (P> 0.05).

4. Discussion

4.1. Efect of Diferent Habitat Space on Surviving. Te crabs
in the 0.5m2 group and in 10m2 have a better livability.
From the experimental results, the discussions will have
two aspects. First, there are no signifcant diferences be-
tween crabs living alone or together. Crabs live alone in
a 0.5m2 group and live in other groups, there are at least
two crabs living together. It is a signifcant factor in death,
because swimming crabs have a fghting phenomenon [8].
However, even though the livability of the 0.5m2 group was
20%, and the rate was higher than the 1m2 group by 12%
and 100m2 group by 13%. Tere was no signifcant dif-
ference among them. From the data analysis, this may be
because the number of samples is too small, and the sur-
viving rate of crabs was too low. Furthermore, swimming
crabs can sense multiple chemical signals, and the pher-
omones released by swimming crabs can spread with the
fowing of water, which might result in disturbing behavior
in crabs [29, 30]. Under the stimulation of pheromone, the
anxiety of the crabs will increase, and it would prompt
crabs to search for a movable exit, which may cause damage
to the crab and even death. Te small range of activities
could be an essential reason for the low survival rate of the
0.5m2 and 1m2 crabs.

Table 1: Survival of P. trituberculatus in the four habitat space.

Parameter
Diferent habitat space

0.5m2 1 m2 10m2 100m2

Survival (%) 20.00± 0.21ab 12.00± 0.15b 20.50± 0.34a 13.00± 0.27b

Note. Values in the same row with same lowercase letters are not signifcant at P > 0.05.

Table 2: Changes of body weight and carapace width of crabs in diferent habitat space.

Parameter
Diferent habitat space

0.5m2 1m2 10m2 100m2

IBW (g) 19.25± 0.88 19.71± 0.92 19.07± 0.96 18.70± 0.76
FBW (g) 199.40± 16.51 218.75± 23.31 201.21± 8.77 189.25± 9.3
Rw (%) 935.85± 81.37 1009.83± 118.27 955.11± 44.74 912.03± 49.74
SRw (%/d) 2.24± 0.08 2.29± 0.10 2.28± 0.04 2.24± 0.05
ICW (cm) 5.73± 0.11 5.76± 0.12 5.72± 0.10 5.67± 0.08
FCW (cm) 11.91± 0.38 12.27± 0.45 12.02± 0.18 11.79± 0.22
Rc (%) 107.77± 6.27 112.93± 7.85 110.09± 3.07 107.85± 3.83
SRc (%/d) 0.71± 0.03 0.73± 0.03 0.72± 0.01 0.71± 0.02
No superscripts values in the same row represents that there was no signifcant diference (P> 0.05). aIBWmeans initial body weight; bFBWmeans fnal body
weight; cRw means weight gain rate; dSRw means weight-specifc growth rate; eICW means initial carapace width; fFCW means fnal carapace width; gRc
means carapace width gain rate; hSRc means carapace width-specifc growth rate.
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Second, if we discuss the crabs that live in a group of at
least two, there are signifcant diferences between the 1m2

group and 10m2 group. In narrow, “unstable” environ-
ments, crabs have a longer duration of fghting behavior,
leading to increased mortality rates [31]. Te survival rate
between the 10m2 group and 100m2 group is also signif-
cantly diferent. Considering the aggressive nature of
swimming crabs, cannibalism occurring during competi-
tion, molting, and mating, and the stocking density of the
swimming crabs was 2/m2, Tere are 20 crabs in each 10m2

group, and there are 200 crabs in each 10m2 group.Tink of
the factor of the fghting phenomenon, the crabs live in
100m2 are more likely to cause fghts because of competition
for the food and social order system [32].Te 100m2 was the
largest, and it cultured the most swimming crabs. Te
swimming crabs cultivated in the 100m2 group had a larger
range of activity and forage. Intriguingly, the fghting be-
havior between individuals due to food or spouse compe-
tition was also higher than in other groups, whichmay be the
main reason for the high mortality rate [33].
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Figure 1: Changes of carapace width (a) and body weight (b) of P. trituberculatus in diferent habitat space.
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Figure 2: Changes of the gain rate of carapace width (a) and weight (b) of P. trituberculatus under diferent habitat space. Note: values
within the same group with diferent letters mean signifcant diference (P < 0.05).
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Figure 3: Changes of the specifc growth rate of body weight (a) and carapace width (b) of P. trituberculatus under diferent habitat space.

Table 3: Proximate composition of muscle of P. trituberculatus (dry matter; n� 3).

Parameter
Diferent habitat space

0.5m2 1m2 10m2 100m2

Moisture (%) 79.79± 0.84 78.73± 2.35 78.58± 2.17 79.42± 1.07
Crude protein (%) 16.77± 0.31b 17.93± 0.11a 17.85± 0.25a 17.11± 0.19b
Crude lipid (%) 0.40± 0.01b 0.48± 0.04a 0.41± 0.01ab 0.44± 0.01ab
Crude ash (%) 1.93± 0.02a 1.96± 0.02a 1.88± 0.01b 1.89± 0.03b

Note: values within the same row with diferent letters mean signifcant diference (P < 0.05).

Table 4: Amino acid compositions (%) of P. trituberculatus (dry matter; n� 3).

Amino acid
Diferent habitat space

0.5m2 1m2 10m2 100m2

Aspartic acid# 5.97± 0.26 5.18± 0.58 5.63± 0.16 5.17± 0.31
Treonine∗ 2.65± 0.12 2.36± 0.23 2.59± 0.05 2.39± 0.16
Serine 2.32± 0.10 2.13± 0.20 2.29± 0.05 2.10± 0.13
Glutamic acid# 8.68± 0.34 7.35± 0.84 8.02± 0.19 7.37± 0.45
Glycine# 4.71± 0.19 3.93± 0.38 4.28± 0.06 3.91± 0.26
Alanine# 3.98± 0.17 3.44± 0.33 3.74± 0.08 3.53± 0.25
Cysteine∗ 3.59± 0.20 3.32± 0.30 3.49± 0.06 3.22± 0.25
Valine∗ 3.02± 0.15 2.73± 0.28 2.99± 0.06 2.70± 0.19
Methionine∗ 3.49± 0.21 2.99± 0.31 3.28± 0.06 2.99± 0.26
Isoleucine∗ 2.81± 0.13 2.43± 0.28 2.69± 0.05 2.45± 0.17
Leucine∗ 5.05± 0.21 4.48± 0.47 4.88± 0.05 4.38± 0.31
Phenylalanine∗# 0.42± 0.02 0.37± 0.06 0.43± 0.11 0.24± 0.04
Lysine∗ 5.01± 0.23 4.43± 0.43 4.80± 0.10 4.34± 0.30
Arginine 6.13± 0.28 5.82± 0.60 6.22± 0.18 5.55± 0.35
Proline 4.18± 0.15a 3.44± 0.30ab 4.04± 0.09ab 3.20± 0.22b
EAA 26.04± 1.22 25.62± 2.65 25.15± 0.37 22.71± 1.66
NEAA 35.96± 1.83 31.31± 3.94 34.23± 0.82 30.82± 2.41
TAA 64.23± 3.35 56.20± 7.03 61.66± 1.39 55.87± 4.80
DAA 23.75± 0.95 20.29± 2.18 22.11± 0.48 20.22± 1.30
EAAs/NEAAs 0.72± 0.01b 0.82± 0.00a 0.74± 0.01b 0.74± 0.01b
EAAs/TAAs 0.41± 0.00b 0.46± 0.00a 0.41± 0.00b 0.41± 0.00b

Note: ∗Essential amino acids; #Umami amino acids; EAAs means total essential amino acids; NEAAs means total nonessential amino acids; TAAmeans total
amino acids; DAAs means total delicious amino acids.
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4.2. Efect of Diferent Habitat Spaces on Growth. Previous
studies have shown that the farming scale can afect the
behavior and growth performance of aquatic animals
[9, 16, 17]. To date, studies have reported that the order of
growth rate of the four various cultivation acreages in the
early stage was 100m2> 10m2> 1m2> 0.5m2. It was
speculated that a larger living spaces can help swimming
crabs adapt to the environment more quickly. In this re-
search, crabs in all groups demonstrated the highest SRw
and SRc in the early stage, which was consistent with the

earlier fndings of Che et al. [34]. Te reason for this result is
that the growth rate of swimming crabs was afected by the
growth stage and water temperature. Te growth of
swimming crabs requires periodic molting, and water
temperature is one of the important factors afecting the
molting cycle of crustaceans. In addition to this, several
studies have explored that higher temperatures in August led
to an increase in the frequency of molting of swimming
crabs. As a result, the CW and BW achieved a high growth
rate [35, 36]. In this experiment, the average water
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Figure 4: Fatty acid compositions (%) of P. trituberculatus under diferent habitat space.

Table 5: Fatty acid compositions (%) of P. trituberculatus (dry matter; n� 3).

Fatty acid
Diferent habitat space

0.5m2 1m2 10m2 100m2

C14 : 0 2.90± 0.37 2.20± 0.26 3.43± 0.85 2.68± 0.73
C16 : 0 41.8± 0.69 44.15± 0.87 42.52± 0.66 40.33± 2.1
C16 :1 n− 7 4.47± 0.26b 3.24± 0.17b 5.56± 0.65a 6.33± 0.65a
C18 :1 n− 9 14.56± 1.93 16.59± 2.13 13.91± 0.91 10.57± 0.28
C18 : 2 n− 6 1.22± 0.12b 1.74± 0.16a 0.92± 0.05b 1.13± 0.16b
C18 : 3 n− 3 0.49± 0.02 0.46± 0.06 0.53± 0.03 0.61± 0.05
C20 :1 n− 9 0.08± 0.04 0.19± 0.10 0.22± 0.14 0.08± 0.08
C20 : 2 n− 6 0.19± 0.12 0.28± 0.09 0.39± 0.08 0.52± 0.21
C20 : 4 n− 6 3.29± 0.32 2.81± 0.18 3.35± 0.21 3.84± 0.76
C20 : 5 n− 3 (EPA) 17.73± 0.68b 16.03± 0.83b 18.07± 1.41ab 21.68± 1.1a
C22 : 6 n− 3 (DHA) 13.27± 0.95 12.32± 0.29 11.11± 0.47 12.21± 0.35
ΣSFA 44.7± 0.34 46.36± 0.87 45.95± 0.27 43.01± 2.20
ΣMUFA 19.11± 2.05 20.02± 2.07 19.7± 1.62 16.99± 0.43
ΣPUFA 35.56± 1.45 33.62± 1.56 34.35± 1.71 40.00± 2.50
Note: ΣSFA means total saturated fatty acid; ΣMUFA means total monounsaturated fatty acid; ΣPUFA means total polyunsaturated fatty acid.
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temperature in the early stage of farming was the highest in
the whole process, which confrmed that statement. In the
middle and later stages, the growth performance of the
0.5m2 crabs and 1m2 crabs was better than that of the other
groups (10m2 and 100m2). Te reason for the phenomenon
may be the swimming crabs in the 0.5m2 and 1m2 showed
compensatory growth after a period of adaptation [37]. A
similar conclusion was reached by Cai, who compared the
growth characteristics of Litopenaeus vannamei in diferent
of high-level intensive culture ponds [38].

4.3. Efects of Various Cultivation Acreages on Nutrition.
Many factors afecting the nutritional quality of aquatic
animals include season, growth, environment, bait, feed, and
farming variety [39–42]. In this study, the nutritional dif-
ferences of muscles of swimming crabs in various cultivation
acreages were compared. Te results demonstrated that
there were signifcant diferences in the crude protein
content, crude lipid content, and ash content in the muscles
of the swimming crabs cultured under the four groups. It is
worth noting that the content of proximate composition in
the muscles of swimming crabs did not show a specifc trend
as the farming area increased or decreased. It is speculated
that there were diferences in the size of individual crabs
randomly selected from each group, and prior research
showed that the proximate composition of muscle could be
infuenced by diferent sizes, even aquatic animals in the
same farming conditions [43–45].

Te amino acid and fatty acid composition in themuscle of
swimming crabs from various cultivation acreages demon-
strated no signifcant diferences among the EAA, NEAA,
TAA, DAA, ΣSFA, ΣMUFA, and ΣPUFA contents. Only a few
amino acid indicators (EAAs/NEAAs ratio and EAAs/TAAs
ratio) and fatty acid indicators (C16 :1 n− 7, C18 : 2 n− 6, EPA)
were signifcantly diferent in the muscle of the crabs among
the four areas. Our research showed that EAAs/TAAs ratios in
the muscle of crabs cultured from the four groups were all
above 40%, and the EAAs/NEAAs ratios were all above 60%,
which was higher than the ideal protein content proposed by
FAO/WHO. It means that crabs cultured in the four various
cultivations acreages were the source of high-quality protein.
Te results of recent studies are also clear and consistent, and
under the same or similar condition of the farming environ-
ment, there was no signifcant diference in the total content of
conventional nutrients, free amino acids, and fatty acids in the
muscle of the crabs, and signifcant diferences were only found
on a few indicators [42].

Previous studies showed that there were few diferences
on the nutritional quality indicators (MUFA and PUFA)
between Eriocheir sinensis cultured in the sea with purse
sines and raised in ponds [46]. Te total content of EPA and
DHA in the muscle of swimming crabs in each group
accounted for more than two-thirds of PUFA. Te order of
fatty acid content in the muscle of experimental crabs was
ΣSFA>ΣPUFA>ΣMUFA. However, this fnding was in-
compatible with the previous study, of which the result
turned to be ΣPUFA>ΣSFA>ΣMUFA [47]. Previous
studies have shown that the diference in the fatty acid and

amino acid content in the muscle of swimming crabs may be
caused by various factors such as diferent food nutrition,
production environment, water temperature, and growth
stage [48, 49]. Te fatty acid content of the swimming crabs
in this experiment was diferent from Xu’s previous study,
and the main reason may be the variety of bait fed in this
experiment was too simple.

5. Conclusions

In this experiment, we proved that P. trituberculatus difers
in livability, growth performance, and nutritional compo-
sition under various cultivation acreages. All swimming
crabs in the experiment were sources of high-quality protein.
Te crabs in 1m2 performed better in crude protein. Te
diference in the survival of 0.5m2 and 10m2 was small. It
may tell us that the factor of crab fghting had a signifcant
impact. But, it should be noted that the custom cost of
a single 0.5m2 purse seine was close to that of 10m2, and
10m2 was more convenient for daily maintenance and
management in actual aquaculture production. After careful
consideration of economic benefts, labor consumption,
management, convenience, and daily maintenance, we be-
lieve that 10m2 is the appropriate purse seine area for
cultivating swimming crab in ponds. It may open up a new
farming model to increase the production of the swimming
crab and obtain higher benefts for the marine fshery.
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[14] E. Büke, O. Özden, and T. Arslan, “Efects of diferent tank
types on growth and survival of European sea bass (Dicen-
trarchus labrax, L. 1758),” Te Anatomical Record, vol. 121,
pp. 503–511, 2005.

[15] K. Magellan, A. Johnson, L. Williamson, M. Richardson,
W. Watt, and H. Kaiser, “Alteration of tank dimensions re-
duces male aggression in the swordtail: tank dimensions and
aggression,” Journal of Applied Ichthyology, vol. 28, no. 1,
pp. 91–94, 2012.

[16] G. Polverino, T. Ruberto, G. Staaks, and T.Mehner, “Tank size
alters mean behaviours and individual rank orders in per-
sonality traits of fsh depending on their life stage,” Animal
Behaviour, vol. 115, pp. 127–135, 2016.

[17] Z. Ma, H. X. Li, Y. Hu, J. Z. Fan, and Y. Liu, “Growth per-
formance, physiological, and feeding behavior efect of
Dicentrarchus labrax under diferent culture scales,” Aqua-
culture, vol. 534, Article ID 736291, 2021.

[18] J. He, F. P. Yu, W. J. Xu et al., “Efects of stocking density on
growth, survival and proftability of Portunus trituberculatus
reared in commercial earth pond,” Journal of Zhejiang Ocean
University, vol. 35, pp. 451–457, 2016.

[19] G. P. Pan, W. J. Hou, X. G. Wu et al., “Efects of water
temperature and single crab basket culture on ovarian de-
velopment and tissue proximate composition of female
Portunus trituberculatus,” Marine Fisheries, vol. 37, pp. 550–
556, 2015.

[20] C. B. Zheng, S. D. Wang, and H. T. Wang, “Pond ecological
polyculture experiment of Portunus trituberculatus.
“Huangxuan No.1,” Journal of Aquaculture, vol. 36, pp. 9–11,
2015.

[21] H. B. Duan, S. Mao, Q. Xia et al., “Comparisons of growth
performance, gonadal development and nutritional compo-
sition among monosex and mixed-sex culture modes in the
swimming crab (Portunus trituberculatus),” Aquaculture
Research, vol. 52, no. 7, pp. 3403–3414, 2021.

[22] B. L. Yan, L. G. Liang, and X. J. Zhang, “Research progress on
main diseases of Portunus trituberculatus,” Fisheries Science
and Technology Information, vol. 37, pp. 29–33, 2010.

[23] Y. L. Lu, Efects of salinity on physiological and ecological
characteristics of swimming crab Portunus trituberculatus,
China Ocean University, Qingdao, China, 2012.

[24] Aoac, Ofcial Methods of Analysis of the Association of Ofcial
Analytical Chemists, Association of Ofcial Analytical
Chemists, Arlington, VA, USA, 16th edition, 1995.

[25] C. Birr, V. S. Blackburn, and M. Dekker, “Amino acids de-
termination — methods and techniques,” Angewandte
Chemie, vol. 82, no. 7, p. 298, 1970.

[26] M. Spindler, R. Stadler, and H. Tanner, “Amino acid analysis
of feedstufs: determination of methionine and cystine after
oxidation with performic acid and hydrolysis,” Journal of
Agricultural and Food Chemistry, vol. 32, no. 6, pp. 1366–1371,
1984.

[27] J. Folch, M. Lees, and G. S. Stanley, “A simple method for the
isolation and purifcation of total lipides from animal tissues.
J,” Journal of Biological Chemistry, vol. 226, no. 1, pp. 497–509,
1957.

[28] X. Wu, Y. Cheng, L. Sui, C. Zeng, P. C. Southgate, and
X. Yang, “Efect of dietary supplementation of phospholipids
and highly unsaturated fatty acids on reproductive perfor-
mance and ofspring quality of Chinese mitten crab, Eriocheir
sinensis (H. Milne-Edwards), female broodstock,” Aquacul-
ture, vol. 273, no. 4, pp. 602–613, 2007.

[29] W. E. Carr and C. D. Derby, “Chemically stimulated feeding
behavior in marine animals,” Journal of Chemical Ecology,
vol. 12, no. 5, pp. 989–1011, 1986.

[30] D. A. Bergman, C. N. Redman, K. C. Fero, J. L. Simon, and
P. A. Moore, “Teimpacts of fow on chemical communica-
tion strategies and fght dynamics of crayfsh,” Marine and

Aquaculture Research 9



Freshwater Behaviour and Physiology, vol. 39, no. 4,
pp. 245–258, 2006.

[31] T. Ahvenharju and K. Ruohonen, “Agonistic behaviour of
signal crayfsh (Pacifastacus leniusculus Dana) in diferent
social environments: efect of size heterogeneity on growth
and food intake,” Aquaculture, vol. 271, no. 1-4, pp. 307–318,
2007.

[32] Y. Li and X. Sun, “Te competitive behavior of aquatic ani-
mals,” Zoological Studies, vol. 34, no. 03, pp. 214–220, 2013.

[33] J. He, W. J. Xu, K. K. Zheng et al., “Comparison of growth
performance and activities of digestive and immune enzyme
in swimming crab Portunus tritubercultus under group
rearing and single rearing conditions,” Fisheries Science,
vol. 36, pp. 585–590, 2017.

[34] J. Che, M. M. Liu, W. J. Hou et al., “Growth and gonadal
development of pond-reared male swimming crab Portunus
tritubercultus,” Chinese Journal of Zoology, vol. 54, pp. 347–
361, 2019.

[35] T. L. Gao, Y. F. Wang, X. N. Bao, Z. M. Ren, C. K. Mu, and
C. L. Wang, “Study on the characteristics of molting and
growth of Portunus trituberculatus cultured in single indi-
vidual basket,” Journal of Biology, vol. 33, pp. 41–46, 2016.

[36] O. W. Shi, R. H. Li, C. K. Mu, W. W. Song, C. J. Liu, and
C. L. Wang, “Optimal conditions for Portunus trituberculatus
“KE-YONG NO.1” molting,” Oceanologia et Limnologia
Sinica, vol. 46, pp. 870–878, 2015.

[37] P. A. Devi, P. Padmavathy, A. Srinivasan, and P. Jawahar,
“Environmental impact of cage culture on poondi reservoir,
Tamil nadu,” Current World Environment, vol. 10, no. 3,
pp. 1048–1054, 2015.

[38] B. Q. Cai, “Comparison of Litopenaeus Vannamei growth
characteristics in diferent area high-level intensive culture
ponds,” Fishery Modernization, vol. 38, pp. 41–45, 2011.

[39] L. L. Song, J. C. Gao, N. L. Shao et al., “Efects of overwintering
cultivation on nutritional quality and favor of female Erio-
cheir sinensis,” Journal of Shanghai Ocean University, vol. 30,
pp. 800–811, 2021.

[40] L. L. Zhai, X. C. Wang, X. G. Wu, and D. C. Gu, “Progress on
major infuences on nutritional quality of crabs,” Te Food
Industry, vol. 38, pp. 217–221, 2017.

[41] H. B. Lyu, Infuences of Environmental Factors and Dietary Fat
Content on Growth, Nutrient Composition and Fillet Quality of
Nile tilapia (Oreochromis niloticus), East China Normal
University, Shanghai, China, 2020.

[42] S. H. Wang, Germplasm resource excavation, culture perfor-
mance, and nutritional evaluation of mitten crabs in china,
Shanghai Ocean University, PhD, 2020.

[43] Y. Teng, X. H. Guo, D. S. Fan, and L. C. Wang, “Te com-
parison of biochemical compositions and nutritional value of
fatfsh,” Progress in Fishery Sciences, vol. 31, no. 04,
pp. 120–125, 2010.

[44] W. R. Xu, J. K. Shentu, J. B. Jiang, F. Y. Huang, and Z. L. Yao,
“Comparison of nutritional quality in muscle of Oujiang
colour carp (Cypinus carpio var.color) of 3 diferent sizes,”
Journal of Ningbo University, vol. 25, no. 01, pp. 13–19, 2012.

[45] Q. C. Zhou, Z. X. Zhao, J. G. Li, X. B. Zhang, and F. Zhao,
“Comparison of body characteristics and muscle nutritional
components between diferent specifcations of Gymnocypris
przewalskii,” Journal of Anhui Agricultural Sciences, vol. 49,
no. 17, pp. 100-101, 2021.

[46] C. J. Tang, N. Fu, X. C. Wang, N. P. Tao, and Y. Liu,
“Comparison of fatty acid composition in Eriocheir sinensis
cultured by purse net and pond,” Freshwater Fisheries, vol. 44,
pp. 84–89, 2014.

[47] S. L. Xu, W. Zhang, X. J. Yan, and H. M. Lye, “Analysis and
comparison of nutritional quality between wild and cultured
Portunus trituberculatus,” Chinese Journal of Animal Nutri-
tion, vol. 21, pp. 695–702, 2009.

[48] T. Hayashi, A. Asakawa, K. Yamaguchi, and S. Konosu,
“Studies on favor components in boiled crabs-iii sugars,
organic acids, and minerals in the extracts,” Nippon Sui-
sanGakkaishi, vol. 45, no. 10, pp. 1325–1329, 1979.

[49] Y. N. Guo, Y. Hu, G. Han et al., “Comparative analysis on
nutritional components in muscle of cultured Portunus tri-
tuberculatus from diferent areas,” Food and Nutrition in
China, vol. 26, no. 12, pp. 45–50, 2020.

10 Aquaculture Research




