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Abstract

[ Objectives | To study the utilization efficiency of different diets for juvenile Scylla paramamosain. [ Methods] Low-value fish,

shrimp, clam and clamworm were fed to overwintering young mud crabs, and the performance of the feed was evaluated by growth, feed utiliza-

tion and energy allocation. [ Results] Shrimp-fed mud crabs showed the best growth performance, while fish-fed mud crabs showed the worst

growth performance and converted the least protein and energy for growth. Shrimp-fed mud crabs molted more frequently, and the dry matter

mass and energy of Exuviation were significantly higher than those of fish-fed mud crabs. The shrimp-fed crabs also had significantly higher

food intake than those fish-fed crabs. The order of feed conversion efficiency (FCE) of fish-fed mud crabs was Polychaete > clam > shrimp >
fish, while the order of FCE calculated with FCE-P and FCE-E was Polychaete > clam > shrimp > fish. Fish-fed mud crabs had the least energy

intake and the least energy for growth, molting, excretion, metabolism, and feces. Among the four treatments, the mud crabs fed on Polychaete

had the largest proportion of energy used for growth, while the mud crabs fed on fish had the largest proportion of energy used for molting. The

proportion of energy consumed by mud crabs fed on Polychaete was the smallest, which may be the main reason for the higher FCE-P and
FCE-E of mud crabs fed on Polychaete. [ Conclusions] The results of this experiment showed that the utilization of low-value fish by mud

crabs was the worst, suggesting that fish should not be used as control or reference food when studying the formula feed of mud crabs.
Key words Mud crab (Scylla paramamosain) , Natural feed, Growth, Feed conversion efficiency (FCE), Energy allocation

1 Introduction

Seylla serrata, Scylla tranquebarica, Scylla paramamosain
and Scylla olivacea are the four most valuable mud crabs in the
world. In their distribution areas, they are highly valued by fish-
ing and aquaculture production''’. S. paramamosain is the main
mud crab distributed in the southeast coast of China, and it is also
the most important cultured mud crab in China, and its cultured
output accounts for more than 90% of the cultured output of mud
crab in China®'. S. paramamosain is also important predator in
estuaries and mangrove areas. The diet of wild mud crabs is main-
ly composed of marine debris, bivalves, crustaceans, fish, esc. ,
and the importance of different food varies greatly in different

[1,3]

places' "*. In aquaculture production, mud crabs are often fed

with low-value fish leftovers ( fish head, fish skin, broken fish,
fish viscera, squid head, etc. ), snails, bivalves, slaughter lefto-

vers, shrimp head, shrimp feed, and so on' %,
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The southeast coast of China extensively carries out S. para-
mamosain cultivation, and crab seedlings can be provided all year
round in the south of China. In Guangxi at the southern tip of
China, the breeding of S. paramamosain can continue until win-
ter, and then the crab seedlings are put into ponds for overwinte-
ring. Because of the warm winter along the coast of Guangxi, the
water temperature in ponds is generally maintained above 10 °C,
but it may be reduced to the lowest 5 °C in case of cold wave.
Overwintering mud crabs usually grow slowly and are uneven in
size. Low-value fish, shrimp, bivalve and snails are usually used as
diet for overwintering young crabs, but there is little research on the
utilization of these fdiets by mud crabs, which may lead to slow
growth of mud crabs and waste of diets, and consequently leading to
the deterioration of pond environment. Therefore, it is necessary to
investigate the growth, food utilization and energy allocation of over-
wintering mud crabs after feeding on different diets.

The parameters of energy metabolism are the basic parameters
to evaluate the utilization of feeds for cultured crabs. Many experi-
mental studies on bioenergetics have been carried out on Portunus

[7-10]

trituberculatus the most important maricultural crab in

11-15]

China, and Eriocheir sinensis" , the most important freshwater

cultured crab. The energy budget model of mud crab larvae has al-
qrie-18] 117 gudied the re-

so been establishe and Liu et a

’
sponse of energy metabolism of S. paramamosain crab larvae to
temperature fluctuations. However, only Nguyen et al. > estab-

lished the energy allocation model of juvenile S. serrata in the



Shengping ZHONG et al. Growth and Diet Utilization Efficiencies of Overwinter Juvenile Mud Crabs Fed with Different Diets 37

study on the effect of different fish meal and soybean protein ratios
on the energy allocation of mud crabs. The energy budget of ju-
venile mud crab has rarely been reported, which may be due to
the long molting cycle of mud crab and the easy fragmentation of
feces, resulting in difficulties in collecting enough feces and molt-
ing samples, so it is necessary to have a longer period of experi-
ments to establish the energy budget model of juvenile mud crabs.

In order to establish the energy budget model of the overwin-
tering mud crab, S. paramamosain, and evaluate the utilization of
different diets during the overwintering period, four different diets
were used to feed the overwintering mud crab for 90 d, and the re-
sults will provide a reference for the selection of high-quality diets
and the improvement of the breeding technology of overwintering

mud crabs.

2 Materials and methods
2.1 Experimental facilities Sixty 50 ¢m x40 ¢cm x40 c¢m
plastic boxes were used as culture containers in the experiment.
Before use, the plastic boxes were soaked in potassium permanga-
nate for 6 h, then rinsed, and then 20 cm sand filtration seawater
was added. An air stone was placed in each culture box, and air
was continuously filled to maintain the dissolved oxygen content
not less than 5.0 mg/L.

2.2 Seawater for experiment The seawater used in the exper-
iment was filtered by three grades of sand and then disinfected by
ultraviolet irradiation. The seawater salinity ranges from 26 to 30,
the pH ranges from 7.9 to 8.3, and the dissolved oxygen content
is not less than 5.0 mg/L.

2.3 Source and cultivation of juvenile crabs Juvenile crabs
were bred from the 5" stage of juvenile crabs provided by Guangxi
Institute of Oceanography Co. Ltd. through standard rough cul-
ture. Two hundred round plastic buckets (with a volume of about
2 L) were used, 2 cm thick sand was laid at the bottom of the
bucket, and then 1 L of water was added, and one juvenile crab of
stage 5 was put into each bucket. The juvenile crabs were fed with
sufficient prawn formula feed once a day, and the juvenile crabs
with a body mass of about 1.5 g were cultured for 30 d, and
healthy individuals were selected as experimental materials.

2. 4 Diet preparation In recent years, low-value fish,
shrimp, clam and Polychaete with large local production have been
used as the main diet for mud crab farming. Callionymus richard-
soni, Penaeus latisulcatus, Ruditapes philippinarum, Polychaete
(Perinereis aibuhitensis) was used as the representative diet. Be-
fore the experiment, R. philippinarum and Polychaete were tempo-
rarily cultured in sand filtered seawater for 24 h, and then C. ri-
chardsoni was treated to remove fish heads, bones, scales and vis-
cera, and shells were removed R. philippinarum. The shells and
heads of the prawns of P. latisulcatus were removed. For Poly-
chaete, took out and drained until no more water drips. And then
subpackaged each diet into a sealed bag according to that daily
feed requirement, and stored in a refrigerator at the temperature of
—-20 °C. Before feeding, that diet which was fed on the same day

was taken out from a refrigerator, and after the diet was thaw, the
diet was cut into a proper size with scissors according to the re-
quire feeding amount and is fed after being weighed.

2.5 Experimental design Sixty culture boxes were randomly
(by drawing lots) assigned to four diet treatments, with 15 repli-
cates of each diet. After fasting for 24 h, 60 healthy and uniform
individuals were selected from 200 juvenile crabs. After weighing
and recording, one juvenile crab was put into each culture box for
culture. During the experiment, the experiment of diet dissolution
was designed. Six portions of each prepared diet were weighed di-
rectly (about 100 g each) and dried in an oven at 60 °C to con-
stant weight. Then another 6 portions of diet were weighed and
soaked in a sorting box with seawater for 22 h, then collected,
soaked in distilled water for 15 min, washed three times with dis-
tilled water, dried in an oven at 60 “C to constant weight, and
then stored in a dryer.

2.6 Mud crab farming The mud crabs are fed once a day at
16:00 in the afternoon, and the diets were thawed in advance and
weighed before feeding. Changed 100% of the water 2 h before
feeding every day. The body mass of mud crab was weighed once
every 30 d.

2.7 Sample collection After each diet was prepared, 6 sam-
ples (about 100 g for each sample) were randomly selected, dried
in an oven at 60 °C to constant weight, and then stored in a dryer.
The residual bait in each culture box was collected 2 h before
feeding every day, washed with purified water, drained and put
into sealed bags, and stored in a refrigerator at =20 °C. The re-
sidual diet samples were taken out every 30 d, dried in an oven at
60 °C to constant weight, and then stored in a dryer. Before chan-
ging the water every day, siphoned the feces of each breeding box
onto a 80-mesh sieve, transferred the filtered feces to a beaker,
and then stored them in a refrigerator at —20 “C. After the exper-
iment, all fecal samples were taken out and dried to constant
weight in an oven at 60 °C, and then stored in a dryer. At 8:00
am and 18:00 pm every day, checked the molting condition of
each culture box. Once the molting was found, immediately took
out the molted shell, washed it with purified water, sealed in a
sealed bag for each culture box, made a record and stored in a re-
frigerator at —20 °C. After the experiment, all the molting sam-
ples were taken out, counted and weighed, dried in an oven at
60 °C to constant weight, and then stored in a dryer.

Six samples were randomly collected from the remaining
crude young mud crabs after the experimental objects were select-
ed, each sample consisted of 15 juvenile mud crabs. After count-
ing and weighing, they were stored in a refrigerator at —20 °C,
then taken out and dried in an oven at 60 “C to constant weight,
and then stored in a dryer. After the experiment, after 24 h of
fasting, each mud crab was taken as a sample, weighed and put
into a sealed bag, and stored in a refrigerator at —20 °C, then
taken out and dried in an oven at 60 “C to constant weight, and
then put into a dryer for storage.

2.8 Sample processing After the culture experiment, all the
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samples were dried to constant weight, and then the samples were
crushed by a small electric crusher, and then sieved by a 80-mesh
sieve, and stored in a dryer as samples to be tested.

2.9 Sample analysis
determined by the Micro-Kjeldahl method and converted to the

The nitrogen content of the sample was

crude protein content of the sample by multiplying the nitrogen
content by 6.25. The energy content of the samples was deter-
mined by PARR 6400 Bomb Calorimeter ( PARR Instruments,
USA), and the acid insoluble ash ( ATA) content of the feed and
feces was determined by the method of the literature™’. Each
sample was measured for 3 times, and the average value was taken
as the measured value.
2.10 Data calculation The formulas for calculating the mass
growth rate (MGR, % ) , the specific growth rate (SGR, % ) and
the food conversion efficiency ( FCE, % ) of the mud crabs were
as follows:

MGR=100x%x (M, -M,)/M,

SGR =100 xIn (M,/M,)/(t, —t,)

FCE =100 x (M, -M,)/I
where ¢, and ¢, represent different experimental time points, M,
and M, represent the body mass of mud crabs at the corresponding
time points, and [ represents the food intake during the period
from ¢, to t,. In this experiment, MGR, SGR and FCE expressed
by dry matter, protein and energy were calculated according to the
crude protein content and energy content of the samples, which
were expressed as MGR-D, MGR-P, MGR-E, SGR-D, SGR-P,
SGR-E, FCE-D, FCE-P and FCE-E, respectively. The relevant
parameters in the energy budget formula were calculated according
to the method of the literature >’ .

IE =1d x GEd
GRE = FCe - ICe
FE =Fd x GEf
EE =Ed x GEe

UE +ZE = (UN + ZN) x24. 83

ME =1IE - GRE - FE - EE - (UE + ZE)
where IE, GRE, FE, EE, UE + ZE and ME denote ingestion en-
ergy, growth energy, fecal energy, molting energy, excretion en-
ergy and metabolic energy, respectively. Id, Fd, Ed, GEd, GEf
and GEe represent the amount of dry matter ingested, the amount
of dry matter in feces, the amount of dry matter in molting, the
energy content of food, the energy content of feces, and the energy
content of molting, respectively. FCe and ICe represent the energy
of the mud crabs at the end of the experiment and the energy of the
mud crabs at the beginning of the experiment. UN + ZN represents
the nitrogen excreted through urine and gills, while UE + ZE re-
presents the energy loss of nitrogen excretion. The energy loss of
1 g nitrogen excretion was calculated according to the parameter
24. 83 KJ given by Elliott**'. The calculation method of UN + ZN
was based on the literature"®’ and"™’ .

UN+ZN=1I,-Gy-F,-E,
where IN, GN, and EN separately denote ingestion nitrogen,

growth nitrogen, excretion nitrogen and molting nitrogen. The cal-

culation method of FN and FE was as follows:

F,=1,x (100 -DR,)/100

F,=1,%x(100 - DR,) /100
where DR, and DR, represent the apparent digestibility of nitrogen
and energy of mud crabs to diets, and they can be determined by
acid-insoluble ash method"’ .

DR, =100 x [1 = (N,,,./N,,) x (AIA

DR, =100 x [ 1 - (GE,,./GE

eces

din’ A ) ]
) x (AIA,,/AIA,,,) ]

diet diet

where N, and N, represent the nitrogen content of the feces and
diet, GE,,, and GE,, represent the energy content of the feces and

diet, and AIA,,,6 and AIA
tent of the diet and feces.
2.11 Statistical analysis

diot Jeees Tepresent the acid-insoluble ash con-

The statistical analysis of the data
was completed by SPSS 11. 5 statistical analysis software. The
body mass, molting related indicators, energy consumption, ener-
gy for growth, energy for molting, energy for feces, and metabolic
energy of mud crabs fed with different diets were compared by one-
way ANOVA , and the differences among treatments were analyzed
by Duncan’s multiple comparisons. For the percentage data of
body mass growth rate, specific growth rate, feed conversion effi-
ciency, and the distribution ratio of feeding energy in growth,

molting, feces, excretion, and metabolism expressed in percent-

age, arcsine (sin vx ) transformation was performed before vari-
ance analysis. When the data were in line with normal distribution
and the variance of each group was the same, one-way analysis of
variance was used, and P <0.05 was taken as the standard of sig-
nificant difference. Kruskal — Wallis test was carried out for non-
parametric statistical analysis if the variance of the data was not
homogeneous, and P <0.05 was used as the criterion for signifi-

cant difference.

3 Results and analysis
3.1 Water temperature and salinity
conducted from October 2019 to April 2020, with water tempera-

The experiment was

ture ranging from 13.8 °C to 28.1 °C and salinity ranging from
25.51029.0 (Fig. 1).
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Fig.1 Water temperature and salinity

3.2 Growth of juvenile mud crabs The changes in body
mass of mud crabs fed with different diets were shown in Table 1.
At the end of the experiment, the body mass of the mud crabs fed
with fish was significantly smaller than that of the mud crabs fed
with the other three diets, and was also smaller than that of the oth-
er mud crabs during the whole experiment. The growth performance



Shengping ZHONG et al. Growth and Diet Utilization Efficiencies of Overwinter Juvenile Mud Crabs Fed with Different Diets 39

of the mud crabs fed with shrimp was the best. During the 61 —90 d
of the experiment, the body mass of the mud crabs fed with clam
decreased. When the body mass of mud crabs was converted into
dry matter, protein and energy, the value of mud crabs fed with fish
was much lower than that of mud crabs fed with shrimp, clam and
polychaete at the end of the experiment ( Table 2).

Table 1 Changes in body mass (g) of crabs fed with different diets

specific growth rate (SGR) of mud crabs fed with different diets
showed similar trends with body mass (Table 3 and Table 4).
During the period of 61 —90 d, the MGR and SGR of mud crabs
fed with clam decreased to below 0. MGR and SGR of mud crabs
fed with shrimp were the highest, and MGR and SGR of mud crabs
fed with fish were the lowest. When MGR and SGR were converted
into dry matter, protein and energy, the order of MGR and SGR of
mud crabs fed with different diets was consistent with that ex-

Diet 0d 30d 60 d 90 d
- pressed by body mass.

Fish 1.40 £0.10* 2.88 £0.22* 3.71 £0.26" 3.95 +0.23"

Shrimp 1.43 +0.08* 4.37+0.51> 6.75+0.89" 7.85 +0.96" Table 2 Wet matter, dry matter, protein and energy content of individ-

Clam 1.54£0.09° 4.30 £0.46" 6.47 +0.44" 6.19 20.44" ual crab at the end of experiment

Polychaete 1.44 £0.09* 4.09 +0.45"> 5.88 £0.35" 6.10+0.25" Diet Wet mass//g  Dry mass//g Protein // g Energy //KJ

NOTE Values without same letter in the same cluster were significantly differ- Fish 3.95+0.23* 0.85+0.07* 0.30+0.02* 7.13 £0.56"
ent from each other (P <0.05). The error bars mean SE (n =14). Shrimp 7.87+£0.96" 2.53+£0.34" 0.89+0.12¢ 24.14 +3.12"
The same in Table 2. Clam 6.19£0.44" 1.84+0.18" 0.59£0.07" 19.00 +2.05

Polychaete  6.10 £0.25" 1.94 £0.09" 0.72 +0.03"™ 22.06 +1.03"

The differences in the body mass growth rate (MGR) and

Table 3 Body mass gain rate of wet mass of mud crabs fed with different diets in different periods ( MGR, % )

Diet Fish Shrimp Clam Polychaete
MGR1-30 116.68 =10.80° 209.94 +23.84" 184.39 +18.42" 191.49 £20.71"
MGR31-60 31.49 +8.23° 62.28 +13.40" 62.88 +11.36" 56.72 +12.28"
MGR61-90 9.67 £6.37% 20.52 +10.04" -4.39 + —1.06° 7.32 £6.14%
MGR1-90 194.49 +19.93° 458.79 £64.73¢ 311.06 +28.87% 337.56 £20.78"
MGRd1-90 200. 83 £22.24° 773.17 £108. 68¢ 498.85 £62.97" 578.27 £38.25™
MGRp1-90 246.63 £26.32° 889.72 +126.85¢ 534.68 +83.26" 715.54 £47.19"
MGRel-90 160.43 +20.63* 752.87 £103.70" 538.27 +73.70" 689.11 +43.72>

NOTE The body mass gain rate ( MGR, % ) of mud crabs fed with different diets (MGR-W, MGR-D, MGR-P, MGR-E mean MGR was calculated in terms of
wet mass, dry mass, protein, and energy respectively). Values without same letter in the same column were significantly different from each other (P <

0.05). The error bars mean SE (n =14). The same below.

Table 4 Specific growth rates of mud crabs at different experimental

Table 5 Molting of mud crabs fed with different diets

stages (SGR, % ) Diet Molting fre i Dry matter of Energy of

Diet Fish Shrimp Clam Polychaete g trequency exuviations/g  exuviations //KJ
SGR1-30  2.40+0.21* 3.53+0.27" 3.27+0.32> 3.34£0.33" Fish 1.85£0.10° 0.37 £0.04* 1.09 £0.12*
SGR31-60  0.84£0.20' 1.46+0.30" 1.51+0.25" 1.35x0.28" Shrimp 2.38£0.147 0.94 £0.13¢ 2.2820.30"
SCR6190  0.25+0.18" 0.50£0.25" ~0.1540.04* 0.1 £0.16*  Clam 2.07£0.07% 0.65£0.07" 168 £0.17
SGRI90  1.16+0.09° 1.83+0.12" 1.54+0.06" 1.63+0.05" Polychacte 2.070.07% 0.61 +0.02 1.38 £0.05°
SGRAI-90  1.1940.08"  2.29+0.15¢  1.92+0.11"  2.11+0.06" 3.4 Food intake of mud crabs The crabs fed with shrimp had
SGRp1-90  1.34£0.08" 2.43+0.15c 1.94x0.14" 2.31+0.06™ the largest food intake, followed by the crabs fed with Polychaete,
SGRel 90 1.02 £0.09* 2.28 +0.14> 1.97£0.12"> 2.27 £0.06" and the crabs fed with fish had the smallest food intake. The order

NOTE The specific growth rate (SGR, % ) of mud crabs fed with different
diets (SGR-W, SGR-D, SGR-P, SGR-E mean SGR was calculated
in terms of wet mass, dry mass, protein, and energy, respectively).

3.3 Effects of different diets on molting The average molting

frequency of mud crabs fed with shrimp was significantly higher

than that of mud crabs fed with fish, but the average molting fre-
quency of mud crabs fed with fish was not significantly lower than
that of mud crabs fed with clam and polychaete. The amount of dry
matter and energy of mud crabs fed with shrimp was significantly
more than that of mud crabs fed with fish, while the amount of dry
matter and energy of mud crabs fed with polychaete was only

slightly higher than that of mud crabs fed with fish.

was the same at different experimental stages, and the order of food
intake did not change after converting food intake into dry matter,
protein and energy.

Table 6 Food intake of mud crabs at different experimental stages
Diet Fish Shrimp Clam Polychaete
FI1-30 3.65+0.33" 12.98 +1.19° 8.88 +0.51"  8.42 +0.66"
FI31-60 1.86 £0.30°  7.47 £0.95° 6.48 £0.72"  4.63 £0.55"
FI61-90 0.48 £0.06* 5.75+1.10° 2.12£0.56" 2.19 +0.33"
FI1-90 5.99 £0.52° 26.19+2.72° 17.48 +1.51" 15.24 +0.68"
FId 1.14£0.10*°  4.78+0.49° 3.38£0.29"  3.21+0.14"
FIp 0.79£0.07*  3.33£0.35° 2.08+0.18" 2.08 +0.09"
Fle 21.63 +1.89" 88.60+9.16° 66.53 +5.71" 61.24 £2.72"
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3.5 Feed conversion efficiency FExcept at the stage of 31 —60 d,
the highest feed conversion efficiency (FCE) of fresh weight was
obtained by feeding mud crabs with fish, and the greatest differ-
ence of FCE occurred at the stage of 61 —90 d among mud crabs
fed with different diets. When converted into dry matter, protein
and energy, the dry matter conversion efficiency (FCE-D) of crab
fed polychaete was slightly higher than that of other diets. The or-
der of protein conversion efficiency (FCE-P) and energy conver-

sion efficiency (FCE-E) was polychaete > clam > shrimp > fish.

Table 7 Feed conversion efficiency of mud crab to different diets at dif-
ferent experimental stages

Diet Fish Shrimp Clam Polychaete
FCE1-30  40.45 +4.83" 21.35 +8.24" 30.40 +7.26™ 29.37 +7.80%
FCE31-60 36.51 +2.10° 30.89 +6.39* 39.08 +10.12* 36.83 +5.81°
FCE61-90 24.48 +3.87" 8.39 £7.39® -7.36+ —5.39* 4.30 +1.35a"
FCE1-90  46.36 £2.65" 24.13 +6.56* 27.18 +7.39" 30.80 =5.23°
FCEd 49.86 £3.85% 45.44 +3.71° 44.75£3.00° 51.95+2.18"
FCEp 21.45 +1.70° 23.21 £2.08" 26.77 £1.88" 29.68 +1.31"
FCEe 20.04 +1.61° 23.64 £2.15° 23.70 +1.84* 31.69+1.37"

3.6 Moisture, crude protein and energy content of mud
crabs Compared with crabs fed with shrimp, clam and poly-
chaete, crabs fed with fish had the highest moisture and the low-
est protein and energy content at the end of the experiment, in-

dicating that crabs fed with fish had less protein and energy

Table 9 Energy budget of mud crabs

stored in their bodies.

Table 8 Contents of body water, crude protein and energy of mud crabs
fed with different diets

Diet Fish Shrimp Clam

Moisture /% 78.41 £1.36" 67.80 £2.52" 70.35 +2.04 67.93 £1.22°

Protein//%  7.71 £0.49* 11.28 +0.89" 9.69 +0.98** 11.95 x0.48"

Energy//K)/g 1.82+0.12* 3.10+0.28" 3.07+0.25" 3.64+0.14"

Polychaete

3.7 Energy budget of mud crabs and its distribution ratio Dur-
ing the whole experimental period, the energy intake for growth,
molting, excretion, metabolism and feces of mud crabs fed with
fish was the lowest, and the corresponding indicators of mud
crabs fed with shrimp were the highest, while the corresponding
indicators of mud crabs fed with clam and polychaete were be-
tween them, and there was no significant difference between
them. The distribution of feeding energy among different activi-
ties is shown in Table 9. The proportion of energy used for
growth ranged from 20.04% to 30.69% , and the proportion of
energy used for growth of mud crabs fed with polychaete was sig-
nificantly higher than that of other diets. The proportion of ener-
gy loss in exuviation of mud crabs fed with fish was significantly
higher than that of the other three diets. The energy of metabo-
lism in mud crabs fed with polychaete was significantly lower
than that of the other three diets.

Item Diet Ingestion Growth Exuviation Feces Excretion Metabolism

Energy budget //KJ Fish 21.63 =1.89° 4.32 £0.50° 1.09 +0. 12° 1.93 +0.17° 1.22 £0.11% 13.07 £1.21°
Shrimp 88.60 +9.16c  21.27 +3.09" 2.28 £0.30¢ 12.44 +1.27¢ 4.71 0. 45¢ 47.91 +4.98°
Clam 66.53 +5.71>  15.91 +2.03" 1.68 +0.17" 6.62 £0.71" 3.00 £0.27" 39.32 +3.21%
Polychaete 61.24+2.72"  19.18 +0.93" 1.38 +0.05" 8.69 £0.45" 2.66 +0. 16" 29.34 +1.86"

Energy allocation // % Fish 100 20.04 +1.61° 5.37 +0.64" 8.99 +0.22° 5.63 +0. 16" 59.98 +1.74"
Shrimp 100 23.64 2. 15° 2.66 +0.27* 13.87 £0.38" 5.41 +0.19" 54.43 +2.02"
Clam 100 23.70 +1.84° 2.56 +0. 13" 9.83 +0.45" 4.51 +0. 15 59.40 +1.40"
Polychaete 100 31.69 +1.37" 2.30 +0. 12° 14.13 £0.21° 4.33 +0.11° 47.55 £1.31°

4 Discussion
4.1 Effects of different diets on the growth of overwintering

mud crabs A variety of different diets are used in the production

[2,4-6]

of mud crabs . In the mud crab culture ponds near the man-

grove area, low-value fish and bivalve are used as the main
food®', while for young mud crabs, live brine shrimp, minced
fresh shrimp or tilapia can be used as better diets’™ , leading to
significant differences in growth performance in different studies.
The growth of S. paramamosain fed with razor clam (Sinonovacula
constricta) was significantly faster than that of silver carp ( Hypo-

[2-2] " Mud crabs fed with formula feed
(28 -30]

phthalmichthys molitrix )
also grew faster than those fed with low-value fis . In studies
of other crabs, the growth rate of Portunus trituberculatus fed with
Ruditapes philippinarum was significantly faster than that of the
crabs fed with a goby ( Acanthogobius flavimanu )™ | and the
growth rate of Eriocheir sinensis fed with formula feed was also fas-

ter than that of the crabs fed with fresh trash fish">*’. In this ex-

periment , the mud crabs fed with fish showed the worst growth per-
formance. These results indicate that low-value fish is not a good
diet for mud crabs, and similar results are found in prawns'™ .
Therefore, low-value fish should not be used as the main bait for
mud crab culture.

The dietary protein and lipid requirements of cultured crabs
ranged from 35% —50% and 5% —10% , respectively”™’. In the
study of nutritional requirements and feed of mud crabs, it is found
that mud crabs have high protein and lipid requirements, and
properly increasing the lipid content of feed can promote the growth
of mud crabs””’. In a series of studies on the nutritional require-
ments of juvenile S. paramamosain, it was found that the optimum
protein content in the diet was 49.03% ' | and the optimum lipid
content was 8.14% "', Another study considered that the suitable
lipid content of S. paramamosain diet was 8.52% —11.63% (the
best was 9. 5% ), which could promote the good growth of mud

[37]

crabs For S. paramamosain, increasing the lipid content
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above 10% does not further promote growth”’. Natural diets usu-
ally have a high protein content ( generally more than 60% ), but
fish meat generally has a low lipid content (usually less than
3%) [28-29,34]

tritional requirements of S. paramamosain may be a major disad-

Clearly, the lower lipid content relative to the nu-

vantage of low value fish. In this experiment, in addition to poly-
chaete containing more lipid (8.71 —12.49% ) ™***!  the lipid
content of shrimp and clam was also lower (less than 5% ) S but
the growth of mud crabs fed with shrimp and clam was also better
than that of mud crabs fed with fish and polychaete. The higher
optimal lipid content in the formula feed may be due to the fact
that the protein in the formula feed is lower than that in the natural

2,36,41 . .
! in which case

animal diet, generally not more than 55% '
the increase in lipid content may have a protein-saving effect.
Natural diets such as low-value fish, clams and shrimps are
usually used as comparative baits when evaluating the formula feed
of crabs. The results of these studies show that low-value fish is
not a good natural diet, and other studies have found that clams,
(1.28-2.34)  Tpere

fore, the breeding effect of some formula feeds is better than that of

shrimps and polychaetes are better natural diets

low-value fish, but it is not enough to prove that these formula
feeds are good formula feeds. Thus, a better reference natural diet
should be used in the evaluation of formula feeds. Fenneropenaeus
chinensis will show differences in molting related indicators when
ingesting different diets. Huang et al. "' believed that natural di-
ets such as shrimp, clam and polychaete are rich in sterols, which
can promote the synthesis of ecdysone. Therefore, the molting fre-
quency of F. chinensis fed with natural diet was higher than that of
shrimp fed with formulated diet. Similar to F. chinensis, the molt-
ing frequency of S. paramamosain fed with shrimp, clam and
worm was also higher than that of mud crabs fed with fish.

4.2 Utilization of different diets by mud crab The diets of
wild mud crabs mainly include marine debris, bivalves, crustace-
ans, fish, etc. The importance of different diets is related to the
location”’. In this experiment, under the condition of no food se-
lection and sufficient supply of each food, the intake of mud crabs
fed with fish was significantly less, while the intake of shrimp was

1 and Portunus

the largest. However, in the study of F. chinensis
trituberculatus’” | the feeding rate of the treatment fed with low-
value fish was higher, and the difference in feeding of different
shrimps and crabs on natural food may reflect the difference in food
preference among species. In the pond culture of green crabs, low-
value fish are scattered into the pond without corresponding feeding
inspection, which may lead to excessive diet and deterioration of
pond water quality.

Compared with prawns, mud crabs eat food by holding the
diet'"! with their feet, which leads to a lot of debris and waste of
feed. This may lead to the difficulty of collecting residual food in
the experiment, so there are few studies on the food utilization effi-
ciency of mud crab. The feed conversion factor of juvenile S. ser-
rata ranges from 1.2 to 2. 1" but the feed conversion factor is
not a parameter suitable for expressing the utilization efficiency of
ingested feed for S. serrata, but an index for evaluating feed input
and output of S. serrata, and the feed conversion efficiency is more
suitable for evaluating the utilization efficiency of different feeds.

Different diets cause significant changes in feed conversion effi-

. . 11-12,31,34 -35
ciency of shrimps and crabs’ n

In this experiment, the
S. paramamosain fed fish obtained the best feed conversion effi-
ciency in terms of fresh matter, which is different from the P. tri-
tuberculatus fed fish which obtained the worst feed conversion effi-
ciency™. In Eriocheir sinensis, better feed conversion efficiency
can be obtained by feeding with fish than with formula feed .
When the feed conversion efficiency was converted into dry
matter, protein and energy, the order was obviously different from
that calculated by fresh matter mass, which was obviously different
from the research  results other

previous of prawns and

1-12, 31, 33, 35
crabs' !

. Body composition data showed that S. para-
mamosain fed to fish had a high moisture content and a low dry
matter, protein, and energy content, resulting in the lowest feed
conversion efficiency when converted to dry matter, protein, and
energy, although the mud crab fed to fish had the highest feed con-
version efficiency in terms of fresh matter. These results indicate
that fish as food can maintain the survival of mud crabs, but it
can’t support the growth and nutrient accumulation of mud crabs.

4.3 Energy allocation Bioenergetics research plays an impor-
tant role in aquaculture:”: , but the energy budget of mud crab and
its distribution among different physiological activities are still
rare. Previous studies have established the energy budget model of

[16,18]

S. paramamosain larvae and studied the effects of tempera-

ture on oxygen consumption rate and ammonia excretion rate of

]

(43 . .
S. serrata zoea larvae ™. Bioenergetics research on some crusta-

ceans with important economic value, such as F. chinensis,
E. sinensis and P. trituberculatus, shows that different diets can
XN

. The re-

sults of this study show that when the S. paramamosain was fed

change the distribution mode of ingestion energy

with fish, the ingestion energy was the least, and the energy allo-
cated to growth, Exuviation, feces, excretion and metabolism was
also the least, while when the P. irituberculatus was fed with fish,
the ingestion energy was the largest, and more energy was alloca-
ted to exuviation and metabolism™''. Different diets can also
change the proportion of energy allocated to crabs in different ac-
tivities' "' " *"". When crabs were fed with fish, 25.00% of the
energy was used for growth, while only 8. 53% of the energy is
used for growth when crabs are fed with formula feed ™ ; the pro-
portion of energy devoted to growth is significantly lower when
P. trituberculatus was fed with fish than when feeding with shrimp

"), In this experiment, the proportion of growth energy

and clams"
of S. paramamosain fed with fish was lower than that fed with
shrimp, clam and polychaete, while the proportion of exuviation
energy loss was higher than that fed with other diets.

The results of bioenergetics in this experiment indicated that
low value fish was not a good diet for S. paramamosain, which
would lead to low diet consumption of mud crab and a high propor-
tion of energy loss during molting and metabolism. Feed quality
has a significant impact on the long-term energy accumulation of
Callinectes .s'upidws‘m] , so the proportion of energy used for growth
of mud crabs feeding on fish is smaller, and the feed conversion ef-
ficiency is also lower. In this study, polychaete was found to be a
very good diet. Although the intake of polychaete was only moder-
ate among the four diets, the proportion of energy lost in metabo-
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lism was small, so there was more energy to support the growth
performance of mud crabs.

Digestive enzyme gene analysis of crabs showed that herbivo-
rous crabs enhanced their ability to digest carbohydrates, while
carnivorous crabs acquired a stronger ability to digest protein and
lipid™*”.

P. trituberculatus and E. sinensis support this conclusion. In the

Previous studies have shown that S. paramamosain,

juvenile stage of S. paramamosain, the activity of protease in-
creased with the increase of the protein content of the compound
diet"™’
when the lipid content of the compound diet was 8. 14% "', The
protease and lipase activities of S. paramamosain fed with low-val-

, and the activity of protease and lipase reached the peak

ue fish and S. constricta were significantly higher than those fed

] In this experiment, the ratio of energy lost

with formula feed
by feces to ingested energy by S. paramamosain ranged from
8.99% to 14.13% , which indicated that the digestion and absorp-
tion rates of the four natural foods were relatively high. Fecal ener-
gy loss of P. trituberculatus ranged from 3.26% to 4.73% when
feeding on fish, shrimp and clam™"' | which means higher digesti-
bility. The apparent digestibility of E. sinensis was also higher
when fed fish than when fed formula feed, and the proportion of
energy lost in feces was significantly lower'"”’. These results indi-
cate that the cultured crabs such as S. paramamosain, P. trituber-
culatus and E. sinensis are typical carnivores, and therefore, the

diets suitable for crab culture should be high in protein and lipid.

5 Conclusions

Through establishing the energy allocation model of four kinds
of food taken by juvenile S. paramamosain, we analyzed the
effects of different food on the growth, molting, feeding, conver-
sion efficiency and bioenergetics indexes of juvenile S. paramamo-
sain. It was found that less consumption of low-value fish by mud
crabs may lead to more food wastage, and mud crabs had lower
conversion efficiency of dry matter, protein and energy after consu-
ming low-value fish, while shrimp, clam and polychaete had high-
er consumption and better performance in growth and energy indi-
cators. Low-value fish can not support the growth and nutrient stor-
age of S. paramamosain, so it should not be used as the main food
of mud crab culture. Low-value fish should not be used as refer-
ence feed in the research and development of formula feed for mud
crabs.
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