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Fig. 1 Survey stations of ponds for Apostichopus japonicus cultivation in the study
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B TRAELE-80 C kAR T DAL 2RI ¥ .
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(pH) . £ (Sal) I 7y HQ40D {H 5 X XUl i £ %
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iz R (NHL) R IR IR IR £ AL, iR ER(NOs)R
FHARRE R S, RS R Eh (NOL) R I 28 & Z e 4y
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1.3 IE DNARE., PCRy R SEENF
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45 CiR Kk 20 s, 65 CHEff 30 s, & 5 DEIR;,  ZWALEIA v S0 HBBOR, S R L 7 iiE
94 CASM: 20 s, 55 CiBk 20's, 72 CIEfh 30 s,  ALWRFPEL, 2 FEFFHFALY) Y=0.02, W SCH:

320 MEFF: )5 72 C4Eff 5 min, PCR %% A
JEHEATES 2 P e, 5] A Illumina $73 PCR 3RE iz SPSS 22.0 #kA4 Mo %5 4% vt I 22 8] A X

BIH. RRFEY: 05 CHUEHE 3 min 04 ‘O A Z B HE H5 B 1) 22 5 (P<0.05), it
#E20s, 55 ‘CiB A 205, 72 CHEf30s, 2t57f5  CANOCO 5.0 BAForAri e fe ) 15 45 P 5~ 2 1)
;72 CHEfH 5 min, PCR F=¥I7E 2% B BHEEIE 1) R IFER .
I, B Qubit® 4.0 FOLERAGET XK 2 BREHT
BEME A 4% S5 PCR & 147 W 7e A4 TR TRk

‘ _ . 2.1 FiFEHMTMEEN
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PP A3 2R R SR A FLASH BKPHIATOE 7 17 61 8 80 #, feib#% D 2% 717 57 )& 79
%, ZH QUME i el 28 B fp, /e B Jh% 2 6 11 57 & 78 Fh, 7el0dE F
Uparse BRI FTA RE G A RUF 9 2EAT R 28004, FLUFETITS50)8 70 M (FE 1), 7EA. B, C. D4
L 97% ) — R FSIRIEN OTUs FokF-, KM A, RE BT ] (Bacillariophyta) I FP 2R i £,
SILVA Hdfa Xt OTUs {CRFHIUE AT YRR . S0 i B 32.7% . 35.6% . 31.3%. 30.4%; 1

TRIEFE RIS Y, ZREMFE (R . 3950 Wil E F F orf, 43077 (Chlorophyta) 2 i £,
FESRAL Q)RR & B B D) T A T Sh RERY 34.2% . 30.6% (R 2). #EEI]

VLIV (Xanthophyta){XfEHIYE A H 3,
N KT A MR A R 8 1] 248 J&
HY = _z(ﬂjm(ﬂj 465 (£ 3), Hrh, 7EME A JE%E 8 1] 141 8 228
NJ AN T, 7EMIE B JLYE 8 7] 56 & 262 F, 7EMhIE C It
j-H YSE 8 1] 186 J& 324 i, 7EIlIE D JLU5E 8 1] 155
InS J& 253 Fh, 7EMLYE E LS 8 1 177 @ 311 F, 72
Dzl_i(ﬁf SO F s 8 1] 150 8 248 R, 75 6 Y

i1 DATE T TR 22, 15 30%L) F(3R2) BRithE A |
Kb, n 5 T FEAMAREG NOVIF SR § B AN, A B R TR S T A 1(FE 3).
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Tab.1 Number of species and genera by phylum for phytoplankton at different Apostichopus
japonicus cultivation pondsin summer
KRR BT TEHET] S B BT SEHIHET] HIPET] AP
iy Dinoflagellata Bacillariophyta — Chlorophyta Cryptophyta Chrysophyta Haptophyta Xanthophyta Prasinodermaphyta
sample [z i & A J& A & i & i & i J& i & A

pond genus species genus species genus species genus species genus species genus species genus species  genus  species
A 20 23 23 32 14 22 5 10 4 6 3 4 1 1 0 0
B 14 14 22 31 13 24 5 7 4 6 3 4 0 0 1 1
C 14 15 20 25 13 21 4 6 5 7 4 5 0 0 1 1
D 14 15 18 24 13 23 3 5 4 6 4 5 0 0 1 1
E 11 11 20 25 16 27 3 5 4 6 3 4 0 0 0 0
F 12 14 14 19 13 22 3 4 4 6 3 4 0 0 1 1




51 BriddE A HE T3R5 DNA SRR | k02 30 8 Mt I 07 i AL e v S5 A T 5T 63
x2 BE. UEARERSFREMBEZFFEWFHEAM S EE (%)
Tab. 2 Proportion of phytoplankton composition by species number at different Apostichopus
japonicus cultivation pondsin summer and autumn
T R %] ] S Shan| SHEN] FEHEBET] B i
season sample ponds Dinoflagellata Bacillariophyta Chlorophyta Cryptophyta Chrysophyta Haptophyta Xanthophyta Prasinodermaphyta
" A 23.5 32.7 22.4 10.2 6.1 4.1 1.0 -
summer B 16.1 35.6 27.6 8.0 6.9 4.6 - 1.1
C 18.8 31.3 26.3 7.5 8.8 6.3 - 1.3
D 19.0 30.4 29.1 6.3 7.6 6.3 - 1.3
E 13.9 31.6 342 6.3 7.6 5.1 - 1.3
F 19.4 29.2 30.6 5.6 8.3 5.6 - 1.4
Fk A 23.7 33.8 24.6 7.0 5.3 3.9 1.3 0.4
autumn B 28.2 34.0 17.6 9.2 5.3 3.8 1.5 0.4
C 22.8 38.3 19.1 9.9 4.6 3.7 1.2 0.3
D 24.1 38.7 17.0 9.1 4.7 4.7 1.2 0.4
E 23.5 34.1 24.1 8.4 4.5 3.5 1.6 0.3
F 25.0 35.9 21.4 7.3 4.4 4.4 1.2 0.4
e —FORARKEZ 1.
Note: — indicates no species in the phylum was detected.
®3 MEARRSHREBEZHEVEZNXNTHELRE
Tab. 3 Number of species and genera of main phylum for phytoplankton at different Apostichopus
japonicus cultivation pondsin autumn
Kkt HIET] TERAT] LRUET] Bl ] TEHEBET] T AP
Wi Dinoflagellata Bacillariophyta  Chlorophyta Cryptophyta Chrysophyta Haptophyta Xanthophyta Prasinodermaphyta
sample  J§  Ff0 g R R A R M R M B R & A &
pond genus species genus species genus species genus species genus species genus species genus species genus  species
A 38 54 45 77 33 56 9 16 5 12 7 9 2 3 1 1
B 46 74 53 89 25 46 13 24 7 14 7 10 4 4 1 1
C 50 74 65 124 36 62 15 32 8 15 7 12 4 4 1 1
D 42 61 56 98 28 43 11 23 7 12 7 12 3 3 1 1
E 47 73 59 106 39 75 12 26 7 14 7 11 5 5 1 1
F 45 62 52 89 27 53 10 8 5 11 7 11 3 3 1 1
LR Won, WAEMBIFF YA LS TN R, BEREITIRZ . SRR
BFEMFTEREF(P<0.05), HABIRIPRIEY)  Se I IAEMYE F, 08 90.50%; ik IARXS 42

P B DA RESE 1] o0 32, HOR O S e 1] AT H 3
1o K2, WRIFHEYMET HFET, BET]
(Cryptophyta) il % #fi # ] (Haptophyta) fi % £
Ft 2 i B 4 ¥ ] (Chrysophyta) . & ¥ []
(Prasinodermaphyta) . 2 [ ] R S $ A7 BT 6 i,
HG LR /N o 45 L0 i FE S IR 8 T A A 2 2
Btk ZEm T H 2,

22 EFFEMEXFEERMLE
221 FFEYEXNFEE BT, FUTEDEE

BT ZEARE B DL IR 2a, Y3 A R HT T TR
FER 42.18%, = FH A, Hax 5 AMibyEgts

E IS C, N 36.53%., EHERTT. 4
FTL BT SRR TAOAR T B AR, Bk, 7R
RV 45 T 2R = B LR 26, 4% b3 P g
) Rk TR AR R 2 N b .
A BAE TS B, M 87.67%, HiZith Ik
WL TAXT R, A 1.82%; FEMEIIEMIE A
D AHXTFE LR, 435N 26.42%F1 33.87%; B
B TR AR B AR F, o 27.35%; 4
e YE C ARXT R, h 18.51%.

AN 2T i 6] —qth %, VR AR P B A5 1138
AT B 5 ELAF R R 25 57 0 ol A 7R TRER
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o MIE B X PR AR X S USR] O
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FIBRA o WIE C a4 B i v,
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Fig. 2 Relative abundance of phytoplankton by phylum at different Apostichopus japonicus cultivation
ponds in summer (a) and autumn (b)
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o B R Bk 21 44 5 9 3 (Akashiwo
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Teleaulax acuta. & . BKZIHA LHFH 7 E B
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SMSB5), A (Chlamydomonas coccoides) ., 1l
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T ER B (Nannochloris sp. NIES-3880 ., Nannochloris
sp. SA-2016) . f#Ufifd & (Micromonas bravo) 11T %2 fif]
7 (Paraphysomonas sp.).
23 FEEMEEZHENME

R ST R R 2 IR s . BRI A A Y
ZREVERR R AR B, BRI T
(& 3). EZ HuE R 1.07~2.97, ¥k 2.10; I
L 0.24~0.65, *F147 0.45; D JEHIN 0.10~
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W) ZREE R 5] B AR BUAR TR, M FE
FERRROM . Ml AL C ERKEZRE. B2
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fiX, Wi AN, 2R, SN Ry 2
ST, B OBERRIbE D A B E M2 F(P<0.05)
Hh, HFT 3 J6 8.3 1 25 5 (P>0.05) . AR 48 1 7%
T P DT A0 A MR FH 2B W) 22 R PR 4R 5003 b o
(3% 5), AW A MRS F0 1 5% 2 A4 T i
JE15 G,

24 FHEEYMESRERFREN

241 INEEF AW [FDR 2 5 K
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Fig. 3 Changes in diversity index, richness index, and evenness index at Apostichopus japonicus
cultivation ponds in summer and autumn

R 5 IFHEY S ESEEEIEN
Tab.5 Evaluation of phytoplankton diversity index
JLE{H range 25 level
H'<1 5
I<H'<3 T
IsH'<2 a-HEE TS Y (5 L)
2<H'<3 B-HEETE R (RIS HY)
H">3 BEGYE TG

242 BHEYBHEEHNSHEERTFXR HH
Canoco 5.0 X[ & . FKZVRIFAEYI A T 1SS AXT
JE HEAT R B FX % 43 B (detrended  correspondence
analysis, DCA), # & K & (Iengths of gradient){H
B/NT 3, BRI T4 50 5T (RDA) 43 4 PR 58 [
TR, H 2 RDA 4550 WoR: Bl 1 Aidlh 2 19
fift B R4y 5k 83.33% F 16.41%, & 1 B¢
99.74% 22 15 . NHe-N, TP, NO3-N X {7
) A i 2 B ) i R 23 530 R 52.70% (P<0.10)
28.10% (P<0.10)H1 16.5% (P<0.05), J&5 i E %
TR D RE T R ) 2 R (K] 4a). BAZE
RDA %5 WoR: &l 1 Fdh 2 8RR 5N
72.88%F1 12.77%, AR 85.65%IM% F15 5,
TP. TN. NHy-N X VRUFEA R 5% 2 00 e e 3 4y
A4 56.70% (P<0.05), 21.20% (P<0.10)#1 10.2%
(P<0.10), J& 5% W Bk 2= 77 e A ) B v =F B iy 2 22
s K- (1#] 4b).

243 FHHEVABMEREXEKIHT WHE
Z= | BREETF AR ) O BOR B D B B AT R i
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The numbers of the dominant species of phytoplankton are consistent with those in table 4.
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Phytoplankton community structure of Apostichopus japonicus culti-
vation ponds based on environmental DNA technology in summer and
autumn

RUAN Shuchao, LIU Ziyu, YE Qi, HAN Lingshu, XIAO Haoran, DING Jun, WANG Luo, ZHAO Chong,
YIN Donghong, CHANG Yagqing

Dalian Ocean University; Key Laboratory of Mariculture & Stock Enhancement in North China Sea, Ministry of
Agriculture and Rural Affairs, Dalian 116023, China

Abstract: Environmental DNA (eDNA) technology was applied to monitor six Apostichopus japonicus cultivation
ponds during the summer and autumn of 2023 to investigate the phytoplankton community structure and its impact
on the environment in sea cucumber (Apostichopus japonicus) cultivation ponds. The survey results showed that
8 phyla, 103 genera, and 162 species of phytoplankton were detected in the summer, while 8 phyla, 248 genera,
and 465 species were recorded in the autumn. The phytoplankton species composition and relative abundance were
dominated by Dinoflagellata, Chlorophyta, and Bacillariophyta. A seasonal succession was observed in dominant
species, with 41 dominant species identified, mainly belonging to Dinoflagellata, Chlorophyta, and Bacillario-
phyta. The biodiversity and evenness indices of phytoplankton were lower in summer than in autumn, whereas the
richness index was higher in summer. According to biodiversity indices, the A. japonicus cultivation ponds were
classified as lightly to moderately polluted during the study period. Redundancy analysis (RDA) of the phytoplan-
kton community structure and environmental factors revealed that the relative abundances of Bacillariophyta,
Dinoflagellata, and Chlorophyta were positively correlated with nitrate concentration, phosphate concentration,
and total phosphorus, nitrate, and ammonia nitrogen, respectively. These findings provided a scientific basis for
environmental regulation in A. japonicus cultivation.

Key words. phytoplankton community; Apostichopus japonicus; environmental factors; environmental DNA
technology
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