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Tab.1 The effect of changing frequency of the substrates on the specific growth rate and survival rate
(o) %/d 0
v 2 AT (E TRl (P (e e e 3050
CFo 346.0434+2.350 8091.033+7.324" 0.047+0.002 1.221£0.146" 5.429+0.116° 90.014+3.25° H
CFy 350.192+3.421 12097.320+10.236*  0.051+0.002 1.851+0.112°  5.986+0.135°  95.231+0.265" H
CF3 349.234+1.267 10279.370£15.240° 0.049+0.008 1.567+£0.104¢ 5.708+0.241°¢ 92.102+1.244°¢ H
CF4 352.016%1.117 7641.733+13.250° 0.048+0.006 1.168+0.150" 5.317+0.170° 89.217+1.278¢ H
CFs 348.153+£0.954 42.781+2.368° 0.049£0.002 0.532+0.100°  3.974+0.131¢  1.1323+0.216° S
:H , S (P<0.05). CFy, 10 ; CFa
20 ; CF3 30 ; CFy 40 ; CFs 50

Note: H means healthy; S means diseased. Values with different superscripts are significantly different (P<0.05). CF,, means the substrates
are changed every 10 days; CF,y means the substrates are changed every 20 days; CF3, means the substrates are changed every 30 days; CF4
means the substrates are changed every 40 days; CFs, means the substrates are changed every 50 days.

2.3

CF40

COD
(1) COD
COD 40
, CFso
, 50

NH;-N NO;-N 3

3
1 COD
0.18 mg/L,
COD 40

CF40
) CFio CF3o
COD
COD
2
CF4 CFs
, CFy4 40
0.49 mg/L, CFsg

CF50 CF10 CF30
(2) NHj-N
NH} -N
30
NH} -N
50



362 23

——CF, -—a—CF,, ——CF,, ——CF,, ——CF,,
0.19
:\g 0.16
LE
2T 013t
=8
g =
Jlgg; 0.10 }
.
o 0.07
-
0.04 L . L L . !
0 10 20 30 40 50 60
H}[&]/d duration
1 (COD)
CFlo 10 5 Con 20 N CF30 30 5 CF40 40
N CF50 50

Fig. 1 Effect of changing frequency of the substrates on COD in culture tank
CF o means the substrates are changed every 10 days; CF,y means the substrates are changed every 20 days; CF3y means the substrates
are changed every 30 days; CF4 means the substrates are changed every 40 days; CFsy means the substrates are changed every 50 days.

——CF,, —a—CF,, —A—CF,, ——CF,, ——CF,,
~8
a2
on B
£%
= <
®'g
¥ g
®E
0 10 20 30 40 50 60
Wt E]/d duration
2 NH, -N
CF]O 10 N CF20 20 N CF30 30 N CF40 40
N CF50 50

Fig. 2 Effect of changing frequency of the substrates on NH,-N concentration in culture tank
CF o means the substrates are changed every 10 days; CF,y means the substrates are changed every 20 days; CF3y means the substrates
are changed every 30 days; CF4 means the substrates are changed every 40 days; CFso means the substrates are changed every 50 days.
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Fig. 3  Effect of changing frequency of the substrates on NO, -N concentration in culture tank

CF o means the substrates are changed every 10 days; CF», means the substrates are changed every 20 days; CF3) means the substrates
are changed every 30 days; CF4, means the substrates are changed every 40 days; CFso means the substrates are changed every 50 days.
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Fig. 4 Effect of changing frequency of substrates on variation of vibrio population in water
CF o means the substrates are changed every 10 days; CF,y means the substrates are changed every 20 days; CF3, means the substrates
are changed every 30 days; CF4 means the substrates are changed every 40 days; CFsy means the substrates are changed every 50 days.
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Fig. 5 Effect of changing frequency of substrates on variation of heterotrophic bacteria in water
CF o means the substrates are changed every 10 days; CF,y means the substrates are changed every 20 days; CF3y means the substrates
are changed every 30 days; CF4 means the substrates are changed every 40 days; CFs, means the substrates are changed every 50 days.
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Fig. 6 Effect of changing frequency of the substrates on number of heterotrophic bacteria on substrates

CF o means the substrates are changed every 10 days; CF,y means the substrates are changed every 20 days; CF3y means the substrates
are changed every 30 days; CF4 means the substrates are changed every 40 days; CFsy means the substrates are changed every 50 days.
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Fig. 7 Effect of changing frequency of the substrates on vibrio population on substrates
CF,o means the substrates are changed every 10 days; CF,, means the substrates are changed every 20 d; CF3p means the substrates are
changed every 30 d; CF,4 means the substrates are changed every 40 d; CFs, means the substrates are changed every 50 d.
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Fig. 8 Effect of changing frequency of the substrates on predominant bacteria on substrates
CF;o means the substrates are changed every 10 days; CF,, means the substrates are changed every 20 days; CF3y means the substrates
are changed every 30 days; CF,, means the substrates are changed every 40 days; CFso means the substrates are changed every 50 days.
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Effects of substrate change frequency on growth and variation of the
microflora structure in a seedling cultivation system of sea cucumber
Apostichopus japonicus
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Abstract: To determine the best change frequency of substrates in the sea cucumber seedling cultivation system in
summer, the relationship between the substrate change frequency and growth of sea cucumbers, and the microflora
structure on the substrate, was investigated using an experimental ecology method, a traditional bacterial culture method
and 16S rDNA sequence analysis. Five different substrate change frequency groups (10 d, 20 d, 30 d, 40 d, 50 d) were
set and termed CF,y, CF,o, CF3, CF4y and CFs,. Judged by the weight gain of the whole cultivation tank and the main
body weight, the group achieved the best growth rate, followed by the CF;, group. The CFsy group achieved the highest
death rate, which caused a decrease in the weight of the whole tank. The specific growth rate and the survival rate of the
CFy group were (5.986+0.135)%/d and (95.231+0.265)%, respectively, which were significantly higher than the other
groups (P<0.05). The concentration of ammonia nitrogen ( NH; -N), nitrite (NO;-N) and chemical oxygen demand
(COD) of the pond water increased along with the decrease in the change frequency of substrates, reaching 0.53 mg/L,
0.28 mg/L and 0.18 mg/L on the 50th day, respectively. In terms of the concentrations of heterotrophic bacteria and vi-
brios in the pond water and on the substrate, the concentrations of heterotrophic bacteria and vibrios in the pond water
did not change significantly with the change frequency of substrates; however, the concentrations of heterotrophic bac-
teria and vibrios on the substrate increased with decreasing change frequency of substrates, reaching 1.38x10° cfu/cm’
and 1.5x10* cfu/cm? on the 50th day in the CFs, group, respectively. Bacterial identification showed that the dominant
bacteria on the substrates were Vibrio alginolyticus, Vibrio natriegens, Staphylococcus equorum, Bacilllus subtilis, Ba-
cilllus thuringiensis and Vibrio parahaemolyticus, of which V. alginolyticus was the dominant bacteria. V. alginolyticus
is an etiological pathogen for A. japonicus; therefore, it might have a close relationship with the occurrence of skin ul-
cerative syndrome in the CFs, group. Harmful animals, such as Ciona intestinalis, Grantia nipponica, and Hydroides
ezoensis, compete for living space and food, causing slow growth of sea cucumbers. These animals emerged when the
substrates had not been changed for a long time. The above results indicated that the optimal substrate change was once
every 20 d in summer (July to September). Taking the production cost in consideration, it was suggested that the sub-
strate should normally be changed once between 20 d and 30 d. These results will help to optimize breeding processes
and health management for sea cucumbers.

Key words: Apostichopus japonicus; seedling technological process; substrate; change frequency; growth; micro-
flora structure; vibrio
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