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Fig.1 The schematic diagram and its working principle of the cooling equipment based on cooled atomization air
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Fig.2 The location and grouping of the ponds being tested
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8.23+0.16, 3 AW JG i 3% 22 5% (P>0.05); E1 Fl E2 /K
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DL K i R A S & 43 ] R (0.1340.02) il (0.04+
0.03) mg/L, E2 ZHUTARY v 2 A R 2L &% 1 40 1)
47(0.1240.00)F1(0.04+0.03) mg/L, 2 NSZEGLHITR
Hh S SR A R R0 o 349 i 2 (IR T X IR 4. (P<0.05) .
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1126.90 (E1), 1400.21 1 1119.90 (E2), 1070.40 #i
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(P<0.05), 3 #[A] Chaol F5£0TC i # 22l (P>0.05), E1
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Tab.1

Effects of the cooling equipment application based on cooled atomization air on environmental factors

in A. japonicus culture ponds during high temperature period in summer

B T

2l 5] Group

Environmental factor 9;%\ L4l igﬁ 24 AL

Experiment 1 Experiment 2 Control
JiEJ2/KIE Temperature of bottom water /°C 24.55+0.28°  24.07+0.24°  28.81+0.12°
JIE/Z7K pH pH of bottom water 8.39+0.07° 8.42+0.03° 8.23+0.16%
KA 48 Dissolved oxygen in the bottom water /(mg/L) 5.92+029°  6.09£0.45°  4.93+0.15°
JK1R % %A Ammonia nitrogen in the bottom water /(mg/L) <0.01° <0.01° 0.29+0.02*
VYR A Ammonia nitrogen in sediment /(mg/L) 0.13+0.02°  0.12+0.00° 0.61+0.30°
DU LA AR A0 Nitrite nitrogen in sediment /(mg/L) 0.04+0.03°  0.04+0.03° 0.23+0.10*
VIR ¥ 7& Chemical oxygen demand in sediment /(mg/L) 3.2840.20°  3.15+0.23° 6.07+1.50*

e AR FHERRE R B2 (P<0.05), TH.

Note: Different letters show significant difference (P<0.05). The same as below.
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Tab.2  Alpha diversity analysis of sedimental microbial community in the tested ponds

25 5] K ACE 5%k Chaol 548 Simpson F8 %X Shannon F5 %%

Group Sample ACE index Chaol index Simpson index Shannon index
SEHy 14 El-1 1224.15 1166.38 0.99 7.78
Experiment 1 E1-2 1107.23 1 085.88 0.99 7.45
E1-3 1163.90 1128.44 0.98 6.57
S-H4{H Mean 1 165.00° 1126.90° 0.99* 7.27°
SE 24 E2-1 1379.83 1124.75 0.99 7.32
Experiment 2 E2-2 1 420.59 1115.11 0.99 6.94
SEH{H Mean 1400.21* 1119.90* 0.99° 7.13
it HE 41 Cl 1126.19 1 067.00 0.82 439
Control C2 966.01 920.14 0.81 4.28
C3 1119.21 1 080.16 0.83 4.69
S-H4{H Mean 1 070.40° 1022.43" 0.82° 4.45°

E2

B 3 SC 2 AT IR DRI i Venn [
Fig.3 Venn diagram of sediment in experimental
groups and control group
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Fig.4 PCoA of sedimental microbial community in
experimental groups and control group
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E1: Experimental group in the first area; E2: Experimental
group in the second area; C: Negative control group.
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Fig.5 Cluster analysis of the tested ponds based on microbial
communities in experimental groups and control group
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Fig.6 The distance box diagram based on the Anosim
analysis in experimental groups and control group

23 IRASHRARNSHFEMERRYHEFEN
FAES T

XoF 52 56 20 FORS IR ZH ORI R AR AT R RE S5 A Y
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7240, 176 H. 325 Bk, 639 J&. 7EHAKF L 7), 5%
Krgl B1. E2 PUBRWIREAS s AL i — A D3R F AR
Y1 42 # B (Clostridiales) . #3498 # H (Rhizobiales) Fll
L ¥ B H (Bacteroidales) , #1 X} F K kK A El
(20.23% . 5.34%F1 5.02%), E2 (23.48%. 5.97%F
5.54%) X HEZH 6 F i = AR FARYCH R IA H
UFF B H FAIPE A H (Verrucomicrobiales), A%} 3 &
IR0 42.15% . 39.26%F1 10.99%. L AL
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@ Others
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Fig.7 Relative abundance of the experimental groups and
control group ponds based on Order level (>1%)
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XAV RY ERHEITELERE TIERERI]
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251 RDA 4#f JI 1 ST 56 X 3k o] 2 5 B b 5 DT
TRY B SR8 N T RDA /0T 4s - s (8 9a), 5E
BREARLL FEE— | SEIUZRR, XHRAEAKE 55 —
SR, SCEA S5X AR ARSI XML ES, RV
Wi 2 ZH GO TR B 45 A0 110 2 B A58 R T AN TR o AR FE 34
BHAFS5EGELMKETH, T (RZKE).
NH;-N-1 (JEJZKEER) . NHy-N-2 (IR A R) .
NO,-N (UUBW hEAEERER) . COD (DI L7558 1)
I TR N R A N T A B T
fr, NH;-N-1, NH;-N-2, NO-N Fil COD 5%} i #th 17T
TR R AR AT 32 B 52 IE A O, 5 S50 it O AR ) vl e AR
ARG DO F pH 5 SEg it B AR X
SIEAHDC, 55500 et PR AR X = B B A G

LX) RDA 45 R R AR 7 SEEA LR B H 1)
SRR (K Ob)HE T AT A B, SEE 2 P A L A
H: MAITHH. pAEEH . WMekEH . AR wE H M
FULAF I B & 050 A 5 3R T4 1) pH Al DO 2 1EAH
%, 5 T. NH;-1. NH;-2. NO;-N, COD Z& i
Koy X REZH A SR B R H L SRR E 895 A
5 T. NH;-1. NH;-2. NO;-N. COD M E5H 15
IEMSE, 5 pH 1 DO R FAAHX,
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bacterial community and environmental factors (b) in experimental groups and control group based on the RDA
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Tab.3 The ammonia nitrogen in the bottom water and its associated OTU screening and annotation results
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Fig.10 The variation trend of ammonia nitrogen level in the bottom water and OTU7 (a),
OTU29 (b), and OTU108 (c) relative abundance
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Effects of the Cooling Equipment Based on Cooled Atomization Air on
Environmental Physicochemical Indexes and Sedimental Microbial
Community Structure of Sea Cucumber Culture Pondsin Summer

ZHENG Tongxiao'?, LIAO Meijie*?, LI Bin®*, RONG Xiaojun>*", WANG Yingeng®”®,

WANG Jinjin2’3, YU Yongxiang2’3, ZHANG Zhengz’3 , CHANG Yusong4
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of
Sustainable and Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research
Ingtitute, Chinese Academy of Fishery Sciences, Qingdao 266071, China; 3. Laboratory for Marine Fisheries Science and Food
Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China;
4. Dongying Wande Marine Aquaculture Equipment Co., Ltd., Dongying 257500, China)

Abstract

In recent years, continuous high temperature and marine heat waves in summer have

become major limitations for the sustainable development of sea cucumber aquaculture. In 2019, our team

invented a cooling equipment based on cooled atomization air, which can reduce the water temperature of

the culture pond in summer. Previous tests showed that the survival rates of the sea cucumbers in the

equipped ponds were higher than the unequipped ponds during the high temperature. In this study, five

equipped ponds were selected as experimental groups (groups E1 and E2 were labeled according to their
geographic location) and three unequipped ponds were selected as control groups (labeled group C), then
the water quality, sedimental quality, and the sedimental microbial community structure of the eight ponds

were analyzed in order to reveal the mechanism of the higher survival rate using the cooling equipment.
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The results showed that the temperature of the bottom water of the two experimental groups was
significantly lower than that of the control group (P<0.05). The dissolved oxygen (DO) level in the
bottom water of the experimental groups was significantly higher than that of the control group (P<0.05).
Both the ammonia nitrogen concentration in the bottom water and the concentrations of nitrite nitrogen,
and chemical oxygen demand (COD) and ammonia nitrogen in pond sediments of the two experimental
groups were significantly lower than that of the control group (P<0.05). The sedimental microbial
community structure of all the ponds was also investigated, and the OTUs (optical transform units) were
numbered from 707 to 808. Alpha diversity analysis showed that the abundance and diversity of the
experimental group were higher than those of the control group. PCoA (principal coordinates analysis)
showed that the bacterial composition and community structure among the two experimental groups were
more similar, while there were significant differences between the experimental and the control groups.
The species distribution analysis on the order level showed that the similarity between the two
experimental groups is higher than that between the experimental and control groups. The relative
abundance of Rhizobiales, Lactobacillales, and Micrococcineae in the experimental groups were
significantly higher than that in the control groups. Thirteen OTUs with significant differences among
three groups were selected using LEfSe (LDA effect size) analysis. The correlation analysis between
microbial community structure and environmental factors showed that the abundance of microbial species
involved in the nitrogen cycle was significantly higher in the experimental groups than that of the control
groups. Then OTU7, OTU29 and OTU108 were screened and significant correlation was found with
ammonia nitrogen concentration in all of the tested ponds, and they are classified as Ochrobactrum,
Escherichia-Shigella and Bacillus, respectively. In the 25 predicted COG (clusters of orthologous groups
of proteins) metabolic pathways in prokaryotes, 18 metabolic pathways exhibited significant differences
(P <0.05) between the experimental groups and the control groups. All the results indicated that the use of
the equipment could significantly improve the pond water quality and sediment environment, and
positively affect the sedimental microbial community structure of the bottom water. The results of this
study would provide scientific support for the popularization and application of the equipment.

Key words Apostichopus japonicus; Culture pond; Cooling equipment based on cooled atomization
air; High-throughput sequencing; Bacterial composition analysis



