and water quality for the effective cultivation of large-sized redclaw crayfish seedlings.

IJI\ Cheng S, Han Y li, Chi M li, et al. Bait composition, feeding frequency, stocking density,
o
—_— Israeli Journal of Aquaculture - Bamidgeh. 2025;77(4):118-129. doi:10.46989/001¢.145996

Original Research Articles

Bait composition, feeding frequency, stocking density, and water
quality for the effective cultivation of large-sized redclaw crayfish

seedlings

Shun Cheng'®1, Ying-li Han*t, Mei-li Chi', Jian-bo Zheng', Shi-li Liu', Chao Zhu', Xiao-ying Hang', Miao Peng', Fei Li'®,
Wen-ping Jiang'

1 Zhejiang Institute of Freshwater Fisheries, Agriculture Ministry Key Laboratory of Healthy Freshwater Aquaculture, Key Laboratory of Freshwater
Aquatic Animal Genetic and Breeding of Zhejiang province, Huzhou, Zhejiang 313001, China, 2 School of Marine Sciences, Ningbo University, Ningbo,
Zhejiang 315211, China.

Keywords: juvenile, bait composition and feeding frequency, density, seedling cultivation, Cherax quadricarinatus

https://doi.org/10.46989/001¢.145996

Israeli Journal of Aquaculture - Bamidgeh
Vol. 77, Issue 4, 2025

To achieve better large-sized seedling cultivation, the effects of bait composition, feeding
frequency, stocking density, and water quality on effective cultivation were examined.
For experiment 1, newly hatched juveniles were cultivated for nine days in a cement pool
greenhouse and screened for suitable bait composition and feeding frequency. Groups 1,
2, and 3 were fed once, twice, and thrice a day for formulated feed, group 4, 5, and 6 were
fed once, twice, and thrice a day for 80% formulated feed+10% Spirulina powder+10%
Antarctic krill oil. Survival and growth rates of juveniles were examined. For experiment
2, temporarily reared juveniles were selected as seedlings in a pond greenhouse. The
survival rate of juveniles at different densities after two months was calculated, and the
changes in plankton and water quality were analyzed. Experiment 1 revealed that the
survival rates, final weights and total lengths of Groups 6 and 5 (fed twice and thrice a
day for formulated feed adding Spirulina powder and Antarctic krill oil) were significantly
higher than those of Groups 1 and 2 (fed once and twice a day for formulated feed).
Experiment 2 showed that the survival rate of Zones 1-1 and 1-2 (Density = 20000 tails/
acre), 2-1 and 2-2 (15000 tails/acre), and 3-1 and 3-2 (10000 tails/acre) was 48.43
2.23%, 53.26 = 3.14%, and 58.86 * 3.48%, respectively. The survival rate in the 10000 tail/
acre group was significantly higher than that in the 20000 tail/acre group. During
seedling cultivation in a pond greenhouse, the ammonia nitrogen and nitrite reached a
maximum of 1.6 and 0.317 mg/L, the pH fluctuated between 7.08 and 9.91. The plankton
population was relatively abundant, and Cyanobacteria grew in large numbers. In short,
80% feed+10% Spirulina powder+10% Antarctic krill oil was fed thrice or twice a day as
bait composition and feeding frequency helped improve the survival and growth rates of
juveniles. Density of 10000 tail/acre in pond greenhouse improved the survival rate of
juveniles. In addition, regular testing is required to ensure the suitability of the
environment and improve the effectiveness of seedling cultivation in pond greenhouses.

1. INTRODUCTION niles must be cultivated in cement pool greenhouses and
pond greenhouses until they reach a certain size before be-

Redclaw crayfish (Cherax quadricarinatus), an economically N8 Placed in outer ponds for aquaculture. However, during
important freshwater crayfish, has considerable market po- ~ the cultivation process, a significant number of juveniles
tential, and its aquacultural development in China has re- are lost due to their aggressive behavior and tendency to-
cently been growing rapidly. 12 ward cannibalism, particularly during the vulnerable molt-

After hatching, the shrimp become juveniles, which are N8 stage. Besides, a major challenge restricting the in-
small, have weak adaptability to the external environment, dustrial development of redclaw crayfish is the insufficient

and cannot resist or avoid enemies. Generally, these juve- SUPPIY of seedlings, especially large seedlings. Farmers pre-
fer breeding large seedlings as they have lower breeding
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difficulty and more stable production, which improves en-
thusiasm and promotes breeding. Therefore, large-sized
seedlings garner high market demand. One of the key chal-
lenges in further increasing the mass supply capacity of
large-sized redclaw crayfish seedlings is to improve their
survival and growth rates by selecting important parame-
ters such as bait composition, feeding frequency, and juve-
nile density based on the habits of the seedlings.

An adequate feed supply and excellent nutritional condi-
tions are important factors in promoting juvenile growth.2
Extensive studies have demonstrated that bait composition
and feeding frequency significantly affect the survival and
growth of juvenile crayfish. Xu et al.3 compared the feeding
rates and feeding effects of plant- and animal-based feeds
on Procambarus clarkii juveniles. Dan et al.# studied the re-
lationship between food composition and habitat, as well
as changes in the feeding activities of P. clarkii in different
habitats. The purpose of the aforementioned studies was
to ensure a limited food supply, improve the survival rate
of crayfish, and promote their growth. However, there are
still some research gaps. First of all, there has been rel-
atively little research on redclaw crayfish juveniles, and
secondly, no studies have been conducted on feeding ad-
ditives for juveniles during temporary cultivation in a ce-
ment pool greenhouse. Adequate nutrients guarantee the
survival rate of juveniles, and the intake and accumulation
of nutrients in feed or feed additives for juvenile crayfish
is of great significance.5 Although formulated feed has the
advantages of comprehensive nutrition, consistent quality,
convenient feeding, and easy storage and transportation,
its effectiveness may be mediocre because of insufficient
supplementation of important trace elements during spe-
cific stages when crayfish require rapid nutrient supple-
mentation. Moreover, additives like Antarctic krill oil and
Spirulina powder might help with the growth and survival
of juveniles. Because Antarctic krill oil contains phospho-
lipids, EPA, DHA, vitamins, and trace elements that are
rich in nutrients and protect the liver. They enhance nu-
trition, improve immunity, and reduce stress-induced dam-
age.6 Spirulina powder has high protein and low-fat con-
tent and is rich in vitamins, minerals, and amino acids.
Therefore, in this study, we added Antarctic krill oil and
Spirulina powder to compound feed to provide comprehen-
sive nutrition, stable quality, convenient feeding, easy stor-
age and transportation, and to be conducive to epidemic
prevention.

In addition, owing to the tropical nature of redclaw cray-
fish, common problems, such as short breeding cycles,
small cultivation specifications, and low seedling survival
rates in non-tropical areas, hinder its industrial develop-
ment. Therefore, it was necessary to breed temporarily
reared juveniles in a pond greenhouse to cultivate large-
sized redclaw crayfish seedlings. Cheng et al.27 explored
the establishment of a suitable pond aquaculture model for
redclaw crayfish based on its biological characteristics and
differences in climate and consumption demands in north-
ern Zhejiang. The model was called the small-shed stan-
dard coarse pond aquaculture model, and through demon-
stration, industrial development and promotion of redclaw
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crayfish could be achieved. In addition, Cheng et al.8 evalu-
ated the effects of three different redclaw crayfish juvenile
cultivation modes, namely cement pool greenhouse, circu-
lating water tank, and net cage in pond greenhouse culti-
vation modes, and explored the effects of concealment and
density on the survival and growth of juveniles under dif-
ferent modes. Their results showed that large-scale juve-
nile cultivation using net cages in pond greenhouses is ad-
vantageous. Breeding and large-sized seedling cultivation
have also been applied to species such as P. clarkii, Mac-
robrachium rosenbergii, and Litopenaeus vannamei.®11 Al-
though these studies laid the technical foundation for this
experiment, however, there are still some research gaps,
first of all, there have been no studies on large-sized red-
claw seedling cultivation in pond greenhouses, and sec-
ondly, owing to the characteristics of cannibalism and weak
adaptability of juveniles, it is necessary to apply the two-
step relay mode of indoor cement pool greenhouses and
outdoor pond greenhouses for cultivating large seedlings,
however, so far, there have been no relevant research re-
ports. A hypothesis is that the two-step relay mode can
fully utilize the advantages of concentrated feeding, conve-
nient management, easy environmental control of juveniles
in indoor cement pools, large and stable water quality, high
amounts of plankton, abundant natural feed, and complex
hidden environments in outdoor pond greenhouses, effec-
tively improving the survival and growth rates of juveniles.
Therefore, this study will apply the two-step relay mode.
Besides, density is one of the critical factors during pond
greenhouse cultivation. Chen et al.12 found that density
not only affected the growth and development of shrimp
but also had a significant impact on the survival of shrimp.
Zhang!3 discovered a correlation between shrimp seedling
density and growth rate during greenhouse cultivation.

In conclusion, two experiments were conducted in this
study: screening for suitable bait composition and feeding
frequency of newly hatched juveniles in a cement pool
greenhouse, and screening for densities and analysis of the
breeding status of juveniles in a pond greenhouse. Research
on important parameters (bait composition, feeding fre-
quency, density) for large-sized redclaw crayfish seedling
cultivation aims to achieve better large-sized seedling cul-
tivation.

2. MATERIALS AND METHODS

2.1. EXPERIMENT 1: STUDY OF BAIT COMPOSITION
AND FEEDING FREQUENCY OF NEWLY HATCHED
JUVENILES IN A CEMENT POOL GREENHOUSE

Experimental juveniles were obtained from the Zhejiang
Freshwater Fisheries Research Institute, and juveniles with
similar specifications were selected (average weight, 0.025
g; average total length, 9.097 mm). The compound feed was
purchased from Zhejiang Haida Feed Co., Ltd (China). Feed
parameters were as follows: crude protein > 42%, crude
fiber < 5%, crude ash < 18%, crude fat > 3%, total phospho-
rus > 1%, lysine > 2%, moisture < 12%. The raw materials
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used included fish meal, soybean meal, yeast powder, vita-
mins, and minerals.

Six experimental groups were set up (raw materials con-
sist of the following weight percentages of components):
Group 1: 100% formulated feed (fed once a day), Group 2:
100% formulated feed (twice a day), Group 3: 100% formu-
lated feed (thrice a day), Group 4: 80% feed+10% Spirulina
powder+10% Antarctic krill oil (once a day), Group 5: 80%
feed+10% Spirulina powder+10% Antarctic krill oil (twice
a day), and Group 6: 80% feed+10% Spirulina powder+10%
Antarctic krill oil (thrice a day), with three replicates in
each experimental group (three tanks in each group).

The juveniles were placed into separate water tanks
(with a bottom area of 0.4 m?) for breeding and feeding,
with a density of 1500 juveniles/m2 (600 juveniles/tank).
Water was siphoned and changed daily, with a feeding
amount of approximately 6% of the juveniles’ total weight.
The feeding amount and environmental conditions for each
group were the same, and other management and actual
production were consistent. After nine days of rearing, the
average weight and total length of each group (30 juveniles/
group) were measured, and the survival rate, weight gain
rate, and total length gain rate were calculated. Weight gain
rate (%) = (final body weight - initial body weight)/initial
body weight x 100. Total length gain rate (%) = (final total
length - initial total length)/initial total length x 100.

2.2. EXPERIMENT 2: STUDY OF LARGE SEEDLING
CULTIVATION IN POND GREENHOUSE

2.2.1. EFFECTS OF DIFFERENT DENSITIES ON THE
CULTIVATION EFFECT OF JUVENILES

The experiments were conducted at the Zhejiang Institute
of Freshwater Fisheries in Huzhou, China. Juvenile redclaw
crayfish were obtained from the Zhejiang Institute of Fresh-
water Fisheries. The juveniles with similar specifications
(average weight, 0.0375 g; average total length,
13.492%+0.738 mm) and healthy physical condition were
procured. A shed was built around a 5-acre pond to facil-
itate centralized feeding to achieve rapid cultivation. The
shed used in the experiment was 75 m long, 52 m wide, 4
m tall, and 3900 m? in volume. The pond in the shed used
in the experiment was 68 m long, 47 m wide, 2.2 m deep
(water storage capacity, 1.5 m), and had a volume of 3196
m? (4.8 acres) (Fig. 1). In addition, specially designed con-
cealed objects, bottom aerators, thermometers, and feed-
ing platforms were placed in the shed, and water plants,
such as Hydrilla verticillata, were planted. A water inlet and
a drainage device were set up to cool the circulating wa-
ter and increase the volume of dissolved oxygen when the
temperature of the shed became too high. The pond inside
the shed was divided into four areas using grid trails that
were set up between the districts. Zones 1, 2, and 3 were
evenly divided into two parts to study different seedling
densities. Four trials were conducted using the grid. Nets
were placed at the bottom of each pool in each area to fa-
cilitate collection. The study started on April 22, 2024 and
the seedlings were released in Zones 1, 2, and 3 (area, 1.2
acres each). To examine different rearing densities, 54000
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seedlings were placed. There were two grids in each zone.
Zone 1 had 12000 tails per grid (density, 20000 tails/acre).
Zone 2 had 9000 tails per grid (density, 15000 tails/acre),
and Zone 3 had 6000 tails per grid (density, 10000 tails/
acre).

2.2.2. WATER QUALITY TESTING AND OBSERVATION OF
PLANKTON DURING SEEDLINGS CULTIVATION

Water samples were regularly collected during seedling cul-
tivation. The fixed water quality sampling points were set
up in the pond. The multi-parameter portable water quality
analyzer (American made, model number HACH HQ/40d)
was used to detect water quality indicators, such as water
temperature, ammonia nitrogen, nitrite, and pH from 08:00
am. Water samples were also collected to detect plankton.
A No. 25 plankton net was dragged in an “o” shape for
3-5 min at a depth of 0.15 m at the sampling point, at
a speed of 20-30 cm/s. The samples collected were stored
in a 100-mL specimen bottle and immediately added to 3
mL of formalin. The phytoplankton were observed, pho-
tographed, and identified under a microscope. This Atlas
was used for species identification.!415 A No. 13 plankton
net waws dragged in an “~” shape at a depth of 0.5-1 m
at the sampling point for 3-5 min at a speed of 20-30
cm/s. The collected sample were stored in a 100-mL spec-
imen bottle and 3 mL of 10% formalin fixative was added.
The samples were observed and photographed under a mi-
croscope to identify the plankton. The Atlas was used for
species identification.!5:16

2.3. STATISTICAL ANALYSIS

Data are presented as mean * standard deviation (SD) and
utilized to assess the normality distribution and uniformity.
After arcsine transformation, the data obtained for each ex-
periment were analyzed by analysis of variance (ANOVA)
using the SPSS software (version 17.0; IBM, Armonk, NY,
USA) to determine group differences. Tukey’s multiple
comparison post hoc test was performed when significant
differences were detected. Statistical significance was set at
P < 0.05 for all analyses.

3. RESULTS

3.1. EXPERIMENT 1: EFFECT OF DIFFERENT BAIT
COMPOSITIONS AND FEEDING FREQUENCIES ON THE
SURVIVAL AND GROWTH RATES OF JUVENILES

Survival rates were significantly higher in Groups 5 and 6
than in Groups 1 and 2 (P<0.05). The survival rates were in
the order 6 >5 >3 >4 >2 >1 (Table 1).

The results showed that Groups 6 and 5 had a higher
weight gain rate and total length gain rate, whereas Group
1 had the slowest growth rate. The final weight and total
length of Groups 6 and 5 were significantly higher than
those of Groups 1 and 2 (P < 0.05). The weight growth rates
of Groups 6 and 5 were significantly higher than those of
the other four groups (P < 0.05), the weight growth rate of
Group 1 were significantly lower than other five groups (P
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Figure 1. Simplified sectional view of a pond greenhouse

Table 1. Survival and growth rates of juveniles of different groups

Group Initial :eight, Initial tt:ﬁ;l length, Final weight, g Final to;z;:]length, Survixﬁ/il rate, Wiggtf(;f(iain Totalrl:trfi gain
1 0.025+0.0002 9.097+0.8972 0.031+0.0042 12.414+2.1472 36.44+5.362 22.67+14.052 36.46+23.602
2 0.025+0.0002 9.097+0.8972 0.034+0.0022 13.167+2.0592 37.83£5.642 37.33+8.332P 44.74+23.993b
3 0.025+0.0002 9.097+0.8972 0.036+0.0032P 13.467+2.0472 38.67+6.892P 45.33+12.22b 48.03+22.502P
4 0.025+0.0002 9.097+0.8972 0.036+0.0022P 13.267+1.8742 38.33+3.722b 44,00£6.93P 45.84+20.602P
5 0.025+0.0002 9.097+0.8972 0.043+0.004P 14.167+1.599P 42.67+2.33P 72.00+17.44¢ 55.73+17.58P
6 0.025+0.0002 9.097+0.8972 0.044+0.005P 14.467+2.030P 43.83+0.44P 76.00+18.33¢ 59.03+22.31b

All data are presented as the mean # SD. Different superscript letters indicate significant differences (P < 0.05).

< 0.05). The total length gain rates of Groups 6 and 5 were
significantly higher than the Group 1 (P < 0.05). The weight
growth rates were in the order 6 >5 >3 >4 >2 >1. The total
length gain rates were in the order 6 >5 >3 >4 >2 >1 (Table

Table 2. Anesthesia time, resuscitation time, and
resuscitation rate after eugenol anesthesia of Cherax
quadricariratus.

D.

3.2. EXPERIMENT 2: EFFECT OF DIFFERENT DENSITIES
ON THE CULTIVATION EFFECT OF JUVENILES

The results showed that the survival rates of Zones 1, 2,
and 3 were 48.43%2.23%, 53.26%3.14%, and 58.86%3.48%,
respectively. The survival rates of Zone 3 individuals were
significantly higher than those of the Zone 1 individuals (P
< 0.05) (Table 2).
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Zone Density, juveniles/m2 Survival rate, %
1 20000.00+0.002 48.43+£2.232
2 15000.00+0.002 53.26+3.143b
3 10000.00+0.002 58.86+3.45P

All data are presented as the mean * SD. Different superscript letters indicate significant
differences (P < 0.05).

2. ANALYSIS OF WATER QUALITY AND
OBSERVATION OF PLANKTON DURING
SEEDLINGS CULTIVATION

2.1. ANALYSIS OF WATER QUALITY
2.1.1. WATER TEMPERATURE
The test results showed that due to the presence of the

greenhouse, the water temperature remained above 24 °C,
but after May, the water temperature increased signifi-
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Figure 2. Process of cultivating large-sized seedlings cultivation in pond greenhouse

1. Seedling release, 2. large-seedling fishing, 3. sample making and sealing, 4. concealed objects, 5. initial seedlings, 6. seedlings during the breeding period, 7. seedlings collection

using the bottom net, and 8. breeding after cultivating large seedlings.
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Figure 3. Testing of water temperature during seedling cultivation

cantly, reaching above 32 °C. At such a time, it was nec-
essary to ventilate and change the water in a timely man-
ner. Mid-May, the film was removed in a timely manner
to prevent high water temperatures from affecting seedling

growth (Figure 3).
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2.1.2. AMMONIA—NITROGEN TESTING

The test results showed that during seedling cultivation,
ammonia nitrogen was prone to change by up to 1.6 mg/
L. Therefore, regular ammonia—nitrogen testing was nec-
essary. When ammonia—nitrogen was too high, measures
such as water replacement, bottom treatment, and spraying
of biological agents were taken in a timely manner (Figure
4).
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Figure 5. Testing of nitrite during seedlings cultivation

2.1.3. NITRITE TESTING

The test results showed that during seedling cultivation, ni-
trite fluctuated frequently. However, compared with ammo-
nia—nitrogen, the fluctuation was slightly smaller, reaching
a maximum of 0.317 mg/L in the early stage of standard
seedlings. Regular nitrite testing was therefore necessary,
particularly during the early stages of aquaculture. When
high nitrite levels were detected, measures, such as water
replacement, bottom modification, and spraying of biologi-
cal agents, were performed in a timely manner (Figure 5).
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2.1.4. PH TESTING

The test results showed that during seedling cultivation,
the pH often fluctuated within the range of 7-9, which
might be related to pond disinfection, algal aging, and
weather changes. The lowest was 7.08 and the highest was
9.91. Therefore, regular pH testing was necessary. If the
pH was too high or too low, measures, such as changing
the water, sprinkling quicklime, bottom modification, and
sprinkling of biological agents, were taken in a timely man-

ner (Figure 6).

123


https://ija.scholasticahq.com/article/145996-bait-composition-feeding-frequency-stocking-density-and-water-quality-for-the-effective-cultivation-of-large-sized-redclaw-crayfish-seedlings/attachment/306465.png
https://ija.scholasticahq.com/article/145996-bait-composition-feeding-frequency-stocking-density-and-water-quality-for-the-effective-cultivation-of-large-sized-redclaw-crayfish-seedlings/attachment/306466.png

Bait composition, feeding frequency, stocking density, and water quality for the effective cultivation of larg...

w
w [=)]

]

3 & 0y N 1 \). e
O 0 !
L pe

A 4
v D O W0 ~ S Y
e g ¢ g P

-3
bxb\b\b\’%%‘)%%%%%

Ay A2 DA S DG D

O i K97, a5\ 3
Q Q S \- \- \ \- \ /<)¢ <3¢ Fisy bQ o G Q‘\

Date

Figure 6. Testing of pH during seedlings cultivation
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Figure 7. Main zooplankton observed during seedlings cultivation

1. Daphnia, 2. Arcella vulgaris, 3. Calanoida, 4. Caryopoda, 5. Harpacticoida, 6. Ciliata, 7. Centropyxis ecornis, 8. Brachionus calyciflorus Pallas, 9. Eggs of Cladocera, 10. Hatching of

Cladoceran eggs, 11. Cladoceran larvae, 12. Eggs of Copepods.

2.2. OBSERVATION OF PLANKTON DURING SEEDLING
CULTIVATION

2.2.1. OBSERVATION OF ZOOPLANKTON

The results showed that the main zooplankton were Daph-
nia and copepods, such as Calanoida, Harpacticoida, and
Cyclopoida. During seedling cultivation, the species and
quantity of zooplankton were abundant, providing suffi-
cient natural bait for the seedlings (Figure 7).

2.2.2. OBSERVATION OF PHYTOPLANKTON

The results showed that the main phytoplankton were
Chlorophyceae, Bacillariophyceae, and Cyanophyceae. The
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Microcystis genus of Cyanophyceae is a common type of
blue-green algal bloom; therefore, the species and quantity
of phytoplankton were relatively abundant during seedling
cultivation. However, caution was taken against outbreaks
of blue-green algal blooms (Figure 8).

4. DISCUSSION

4.1. EFFECT OF DIFFERENT BAIT COMPOSITIONS AND
FEEDING FREQUENCIES OF NEWLY HATCHED JUVENILES
IN A CEMENT POOL GREENHOUSE

Studies have shown that adding 10% Spirulina powder to
the feed for Huso huso significantly increased its weight
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Figure 8. Main phytoplankton observed during seedlings cultivation

1. Ankistrodesmus, 2. Schroederia, 3. Chlorella, 4. Cladophora, 5. Navicula, 6. Oscillatoria, 7. Microcystis, 8. Pediastrum.

gain, specific growth rate, and feed coefficient.!” Another
study showed that adding 5% Spirulina powder to the diet
could significantly increase the weight gain and specific
growth rate of Puntius aurotaeniatus, with 26% and 75% in-
creases in weight gain and growth rate, respectively, com-
pared to the control group.!® Zhou!? reported that adding
Spirulina powder to aquatic animal feed resulted in a sig-
nificant increase in body weight compared to the control
group, as Spirulina powder is easily ingested and digested
by aquatic animals. Luo et al.20 fed Penaeus orientalis with
Spirulina powder, demonstrating its advantages in promot-
ing development, enhancing disease resistance, and in-
creasing seedling emergence per unit of water, whereas
Gong et al.2! believed that the suitable bait for Myxocypri-
nus asiaticus was mainly composed of compound feed and
fresh feed, supplemented with a small amount of Spirulina
powder to promote its growth. It has been speculated that
the active ingredients in Spirulina could enhance the im-
munity of aquatic animals.22 Gong et al.22 suggested that
replacing fish meal with a large amount of Spirulina powder
may inhibit animal growth and feed utilization. This might
be because complete feed replacement results in the loss of
special functional substances in fish meal, which requires
more in-depth research and exploration through experi-
mentation. This study reached similar conclusions. In this
study, the survival rates of Groups 6 and 5 were signifi-
cantly higher than those of Groups 1 and 2, and the final
body weights and total lengths of Groups 6 and 5 were sig-
nificantly higher than those of Groups 1 and 2. This indi-
cates that the addition of Spirulina powder and Antarctic
krill oil might help improve the survival and growth rates
of juveniles, and the effects of feeding twice or thrice a day
were significantly better than those of feeding once a day.
After the emergence of redclaw crayfish, the newly
hatched juveniles grew rapidly and molted frequently. Since
the majority of the juveniles’ nutritional requirements are
met through formulated feed, any deficiency in the feed can
not only hinder their growth but also increase the likeli-
hood of cannibalistic behavior.23 It is speculated that in-
door cement pond environments may pose certain disad-
vantages compared to outdoor pond aquaculture. These
include smaller water volumes, higher stocking densities,
more rapid fluctuations in water quality, limited availability
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of natural plankton, and restricted space for feeding and
movement. Juveniles were prone to two problems, the first
of which was stress or weakened immunity. Adding addi-
tives to the bait is a good method to address this issue.

Another issue is the lack of natural bait and limited feed-
ing and activity ranges in indoor cement pools. Feeding
once a day significantly affected the survival and growth
rates. Li et al.2% studied the effects of different feeding
modes on the survival rates of juvenile M. nipponense. The
results showed that the survival rate of juveniles increased
with increasing feeding frequency. Chen et al.12 studied ju-
venile M. rosenbergii and found that increasing the num-
ber of feedings improved the survival, growth, and devel-
opment rates of the larvae. Therefore, feeding two or more
times daily is recommended.

4.2. IMPORTANT PARAMETERS DURING SEEDLING
CULTIVATION IN POND GREENHOUSE

Algae, bacteria, fungi, and planktonic animals constituted
the “microecology” system of pond greenhouse, which had
characteristics such as heterogeneity and vulnerability.
Heterogeneity refers to the evolution of microecosystems
in different ponds. This heterogeneity was also observed
during the algal phase. This can also be determined by
testing the water quality indicators. Vulnerability refers to
the visible and invisible changes that occur in the “mi-
croecological” system after disinfection or drastic weather
changes. These changes are usually harmful and require ad-
ditional vigilance.25.26 In short, the “microecological” sys-
tem is always in a state of dynamic change and demands
special attention to the dynamic changes and interactions
of the physicochemical factors of water temperature, am-
monia nitrogen, nitrite, and pH, and the interactions be-
tween these factors and phytoplankton. Similar findings
were also made in this study; the water quality during the
seedling cultivation period was variable, and the types and
quantities of planktonic organisms were abundant. There-
fore, regular testing was required to ensure a suitable envi-
ronment and improve the effectiveness of seedling cultiva-
tion.

Throughout the aquaculture cycle, the physicochemical
factors of the pond not only change over time, but also
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interact with each other.!! Studies have shown that the
suitable growth water temperature for redclaw crayfish is
24-30 °C. When the water temperature is above 30 °C, it is
not conducive to the growth and survival of crayfish juve-
niles.2728 In this study, the primary factor influencing wa-
ter temperature in the pond greenhouse was the weather.
The initial stage of aquaculture was in early April, when the
average daily outdoor temperature was approximately 15 °C
only, and the weather was cloudy and rainy with little sun-
light. The temperature inside the pond greenhouse slowly
rose, and the water temperature remained around 25 °C.
After mid-to-late April, the outdoor temperature signifi-
cantly increased, with the water temperature rising above
30 °C. At such times, the greenhouse film was removed in
a timely manner to prevent excessive water temperature.
pH directly affects shrimp growth, and its dynamic changes
can reflect changes in the ecological environment of aqua-
culture water bodies. The suitable pH range for shrimp
aquaculture pond water is 7.7-8.8, with the best being ap-
proximately 8.2.11 In this study, the pH of the pond water
fluctuated between 7.08 and 9.91, and constantly changed.
Although the pH was mostly within the appropriate range,
there were instances when the pH was high. Studies have
shown that a pH above 9.4 is not conducive to the growth
of redclaw crayfish juveniles.2%30 Therefore, measures were
taken to lower the pH when it was too high. Ammonia ni-
trogen and nitrite are the main indicators of pollution in
water bodies and have toxic effects on crayfish. In this ex-
periment, with an increase in aquaculture time, the con-
centrations of ammonia nitrogen and nitrite in the pond
suddenly increased, which might have been due to the de-
composition of protein in the large collective amount of
residual feed, excrement, and dead phytoplankton, as well
as the rapid increase in ammonia nitrogen and nitrite in
the water under high water temperatures and prolonged
rainy weather with reduced dissolved oxygen (Yang and
Qiu, 2010; Zhang et al.31). However, an increase in water
temperature can lead to the revival and reproduction of
various dormant bacteria at the bottom of the pond, such as
nitrifying bacteria that convert ammonia nitrogen into ni-
trite and those that convert nitrite into nitrate. Nitrite-pro-
ducing nitrifying bacteria have a stronger ability to adapt
to the environment than nitrate-producing nitrifying bac-
teria, and their reproduction rate is much faster than that
of nitrate-producing nitrifying bacteria, which would accu-
mulate and increase nitrite.10 Jiang et al.32 investigated the
acute toxicity of ammonia nitrogen in redclaw crayfish ju-
veniles and reported that the 96-h safe concentration of
ammonia nitrogen was 1.8 mg/L. Wei et al.33 studied red-
claw crayfish juveniles and found that the 96-h safe con-
centration of nitrite was 1.14 mg/L. In this experiment, am-
monia nitrogen was prone to change up to 1.6 mg/L, and
nitrite reached a maximum of 0.317 mg/L. Among them,
the highest concentration of ammonia nitrogen was close
to the safe concentration for juveniles; therefore, it was
recommended that the water be changed or adjusted in a
timely manner when the concentrations of ammonia nitro-
gen and nitrite were high.
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In addition, physical and chemical factors can interact
with phytoplankton, among which water temperature is an
important factor affecting the community structure of phy-
toplankton in water. Chen et al.3* found that the optimal
growth temperatures for Microcystis aeruginosa and Oscilla-
toria princeps were 25 and 30 °C, respectively. Water tem-
perature also plays an important role in planktonic algal
growth. Different planktonic algae may have different opti-
mal growth temperatures, among which the optimal growth
temperature for cyanobacteria is generally 28-30 °C.1! In
this study, the phytoplankton mainly belonged to Chloro-
phyta, Bacillariophyceae, and Cyanobacteria. The types and
quantities of phytoplankton were relatively abundant, but
with the increase in water temperature, planktonic algae,
especially those that prefer fertilizers or are resistant to
pollution, such as Cyanobacteria, grew in large numbers
and required particular care to prevent algal blooms. In ad-
dition, studies have shown that the trend of changes in am-
monia nitrogen concentration is correlated with the trend
of changes in phytoplankton abundance, as phytoplankton
preferentially absorb ammonia nitrogen over nitrate and
nitrate nitrogen.3> During seedling cultivation in a pond
greenhouse, algal outbreaks should be detected based on
changes in ammonia nitrogen levels. In short, as the water
temperature and the amount of bait and feces increase, the
water body gradually becomes eutrophic, leading to the risk
of cyanobacteria outbreaks and water quality deterioration
in the pond. At such times, to ensure the normal growth of
juveniles in this study, the frequency and amount of water
change were increased. In addition to introducing microbial
agents, such as EM bacteria and Bacillus subtilis to absorb
and decompose excess nutrients in water, it is also possible
to construct a stable and excellent phytoplankton commu-
nity structure during the mid-stage of aquaculture by in-
troducing and supplementing excellent algae, which could
inhibit the reproduction of harmful phytoplankton, such as
Cyanobacteria.3¢ Furthermore, it was necessary to closely
monitor the changes in dissolved oxygen, pH, ammonia ni-
trogen, and nitrite nitrogen to create a favorable water en-
vironment for juvenile growth.

4.3. SIGNIFICANCE OF CULTIVATING SEEDLINGS IN
POND GREENHOUSE

Li et al.37 and Shen et al.38 studied the effects of density
on juvenile redclaw crayfish. They showed that excessive
stocking density could lead to competition for food and liv-
ing space among juveniles, thereby affecting their growth
and survival rates, which is consistent with the results of
this study. In addition, there have been cases of improved
aquaculture efficiency through cultivation in pond green-
house in Procambarus clarkii, Macrobrachium rosenbergii,
and Litopenaeus vannamei. Yang et al.3? improved the sur-
vival rate and yield of M. rosenbergii using greenhouse cul-
tivation, thereby achieving significant economic benefits.
Bao et al.40 conducted an experiment on the cultivation of
M. rosenbergii seedlings in a pond greenhouse, fully uti-
lizing the insulation effect of a plastic film to generate a
greenhouse effect for off-season cultivation. The cultiva-
tion period and yield were longer than those in ordinary
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ponds. Chen et al.#! used greenhouses to achieve the high-
quality, large-scale cultivation of P. clarkii during early
spring and summer off-peak production. Zhang!3 found
that the yield and survival rate of L. vannamei seedlings
in a pond greenhouse are relatively high, with large spec-
ifications and considerable economic benefits. Similar to
previous studies, this study found that the survival rate of
seedlings in greenhouses was relatively high, and appropri-
ately reducing the density could further improve the sur-
vival rate of seedlings during cultivation in a pond green-
house.

In the present experiment, we also made full use of the
greenhouse to achieve high benefits and explored a method
suitable for rearing two batches of redclaw crayfish in non-
tropical areas in one year, covering the pond with a green-
house film, releasing the seedlings in early April, selling the
large seedlings until early June, laying a bottom net to cap-
ture them in one go, rearing the second batch of seedlings
in June after removing the greenhouse film, and harvest-
ing them in October (to extend the breeding period, the
greenhouse film can be re-covered and the seedlings can be
sold until the end of November), which could significantly
improve the survival rate and economic benefits of aqua-
culture. At the same time, with adding a greenhouse film
that meets the requirements, a bottom net (which could be
captured at once), specially designed concealed materials
(to improve the survival rate of seedlings), early release of
seedlings, timely sale of large-sized seedlings, timely re-
lease of seedlings for the second time, and extension of
the sales time of crayfish could be demonstrated and pro-
moted nationwide, expanding the breeding areas, methods,
cycles, scale, and benefits of redclaw crayfish production.
Secondary sales would double breeding benefits, accelerate
industrial development, and have broad prospects.

5. CONCLUSION

Because of the characteristics of cannibalism and weak
adaptability of juvenile redclaw crayfish, we chose a two-
step relay mode (cement pool greenhouse and pond green-
house modes) in this study. Suitable bait composition (80%
feed+10% Spirulina powder+10% Antarctic krill oil) and
feeding frequency (fed three or two times a day) were
screened in a cement pool greenhouse, and helped improve
the survival and growth rates of juveniles. In addition, dur-
ing seedling cultivation in the pond greenhouse, the sur-
vival rate of the 10000 tail/acre group (58.86 * 3.48%) was
significantly higher than that of the 20000 tail/acre group
(48.43 + 2.23%). Water temperature, ammonia nitrogen, ni-
trite, and pH varied, and plankton populations were rela-
tively abundant. The ammonia nitrogen and nitrite reached
a maximum of 1.6 and 0.317 mg/L, and the pH fluctuated
between 7.08 and 9.91. In practical applications, it is rec-
ommended to add an appropriate amount of Spirulina pow-
der and Antarctic krill oil to the compound feed and feed

juveniles two or more times a day. In addition, the density
of juveniles in a pond greenhouse is recommended to 10000
tail/acre, and regular testing of physicochemical factors is
needed to ensure the suitability of the environment and
improve the effectiveness of seedling cultivation in pond
greenhouses.
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