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Seasonal variation of functional diversity of microbial communities in sediment

and shelter of sea cucumber ( Apostichopus japonicus) cultural ponds

YAN Fajun, TIAN Xiangli*, DONG Shuanglin, YANG Gang, LIU Ruijuan, ZHANG Kai
The Key Laboratory of Mariculture of Ministry of Education, Ocean University of China, Qingdao 266003, China

Abstract; The functional diversity of microbial communities in sediment and shelter of sea cucumber ( Apostichopus
Japonicus) cultural ponds was examined in this paper. The BIOLOG method and redundancy analysis (RDA) were used to
evaluate seasonal changes and their relationships with environmental factors. The results showed that both total amount and
types of carbon sources utilized by sediment and shelter microbes in sea cucumber cultural ponds varied seasonally, and was
higher in spring, summer and autumn as compared with those of winter. The main types of carbon sources utilized were
polymers, carbohydrates, carboxylic acids and amino acids by sediment microbes, and polymers, carbohydrates, amino
acids and amides by shelter microbes, respectively. Principal component analysis revealed that carbon metabolism functional
diversity of sediment and shelter microbial communities in sea cucumber cultural ponds varied significantly over the seasonal
courses. For sediment microbes, 18 categories of carbon sources were significantly related to the principal components, of
which some related to principal component 1 were carbohydrates, carboxylic acids and amino acids, and others related to

principal component 2 were polymers and carbohydrates. For shelter microbes, 22 categories of carbon sources were
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significantly related to the principal components, of which some related to principal component lwere polymers,

carbohydrates, carboxylic acids and amino acids, and others related to principal component 2 were carboxylic acids.

Significant seasonal changes were detected for all microbial diversity indexes including Shannon, McIntosh, Simpson and S—

E in sediment and shelter of sea cucumber cultural ponds, but differences were also observed in seasonal variations between

microbial diversity indexes. RDA analysis revealed that TP, NO,-N and PO,-P were the critical factors influencing seasonal

changes in sediment microbial community functional diversity, while SOM, NO,-N and TN were the critical factors

influencing seasonal changes in shelter microbial community functional diversity. In conclusion, seasonal changes in

microbial community functional diversity were marked and different in sediment and shelter of sea cucumber cultural ponds,

and this correlated well with environmental factors.

Key Words: microbial communities ; functional diversity; seasonal variation; BIOLOG; RDA; environmental factors; sea

cucumber cultural ponds
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Fig.1 Seasonal variations of average well color development (AWCD) in all carbon sources utilized by soil microbial communities in sea

cucumber cultural ponds
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Fig.2 Seasonal variations of average well color development ( AWCD) in different types of carbon sources utilized by soil microbial

communities in sea cucumber cultural ponds
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Fig.3 Principal components analysis ( PCA) of seasonal variations of carbon utilization profiles of soil microbial communities in sea

cucumber cultural ponds
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5E5 1.2 BEBRRHEEBRER - > 0.6)

Table 1 The main substrates significantly correlated with PC1 and PC2 in PCA

T2 ) TelE JEE R Sediment B2 3E Shelter
Carbon type Carbon source PC1 PC2 PC1 PC2
R4 W) Polymers 17 40 Tween 40 0.666
+-3 80 Tween 80 0.840
a-H IR a-cyclodextrin 0.948 0.978
JTHE glycogen 0.880 0.943
Bi2& Carbohydrates D-£F-4E % D-cellobiose 0.615 0.952
TR AR T-erythritol 0.601
D-2P-ZLHE NG D-galactonic acid lactone 0.673
N-Z.1k-D-#i %5} N-acetyl-D-glucosamine 0.699 0.965
T -1-BEEREE elucose-1-phosphate 0.610
B-H 3L-D-H A TF B-methyl-D-glucoside 0.633 0.905
D, L-a-Hi# D, L-a-glycerol phosphate 0.754
a-D-FLBE a-D-lactose 0.868
D-H &M D-mannitol 0.954
D-AHE D-xylose -0.656
FRIR Carboxylic acids PATRPR F HiE Pyruvatic acid methyl ester 0.785 0.860
D-2EFUHIERR D-galacturonic acid 0.721
v-F3E T2 y-hydroxybutyric acid 0.852
D-F % MeMR D-glucosaminic acid -0.649 0.618
B T R itaconic acid -0.743
D-3ERR D-malic acid -0.695
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el B JiE T Sediment B % i Shelter
Carbon type Carbon source PC1 PC2 PC1 PC2

a- TR a-ketobutyric acid -0.836 -0.804
IR Amino acids L4 &R L-arginine 0.839

L-RAMEMERR L-asparagine 0.755 0.926

HR&ZBE-L-AE R glycyl-L-glutamic acid 0.840

L-# 5N R L-phenylalanine

L-22 84 L-serine

L-72 & L-threonine 0.869 0.8650.916
M Phenolic acids 2-F2 IR R 2-hydroxybenzoic acid -0.749

4-2 IR H R 4-hydroxybenzoic acid -0.646 -0.642
Ji¢ Amines 2K Z i Phenyl ethylamine

J&NE Putrescine 0.853

2.4 il 2 9 I BT R A= ) B T ) 22 R 1 AR AR
b= 221k

R2 G T RIZMIR IR AE YRR SR 72 h R
JIE A B 5 Y 22 B 1 48 %L, B 45 Shannon $5 %L
Mclntosh #8 %X, Simpson ¥§ % S-E ¥~ [, 45 R %R
B SIC RN 4 BE U W RE VR 1 2 FEVE TS B A W
HHYZTT AL (P<0.05) o X T Shannon $8EL, JiKE
o E K A RIRGEIE BT AR E S
THAL R fE IR & KT ENAR(P>
0.05) ,HI W EAR T4 Z=, 1 Mclntosh T54LH) 221k
5 Shannon $F8EUEA I , B35 PE - Ar g 2R B . R e

AR EMTHMEY, HEFERERTHE K
Z s B S & ZR IR HAM Y B Bk
WHBESTHEZ, XT Simpson 85 5, K e
O BRERI A FRE, HAZRER TEHESE ME
S B B R ZERIAK(P>0.05) (B
TAZF, S-EWYENTHES N ETERRA,H
KRR RV T, DL 22 1 20T 2y, fk 2R
W T A M E T R O E B AR
ARG T m ks, DU Bl & T m, 510 %
W E 2

R2 HEHWERRBENSHEEREENETEL

Table 2 Seasonal variations of diversity indices of soil microbial communities in sea cucumber cultural ponds

R Shannon $8%% MclIntosh F5% Simpson 8% = S-E 5]

Sample Shannon index Melntosh index Simpson index  Season Shannon evenness

e e = 3.02+0.03a 3.14+0.02¢ 0.933+0.00a 1.16+0.05b

Sediment = 3.11£0.02a 2.41+0.20b 0.945+0.00ab 0.92+0.00a
Tk 3.12+0.04a 1.90£0.21h 0.939+0.01ab 1.43+0.04c
% 3.26+0.04b 1.21£0.18a 0.951+0.01b 1.2320.01b

By I = 3.18+0.02a 4.35+0.09¢ 0.953+0.00b 1.000.00c

Shelter -l 3.19£0.01a 3.9020.10b 0.951+0.00b 0.93+0.00a
73 3.20£0.01a 4.48+0.12¢ 0.951x0.00b 0.97+0.01b
% 3.33+0.01b 1.40£0.04a 0.939+0.01a 1.150.00d

[RI A i P R 9 B8 AN () R A s Bl = [ 22 5 18 3% (P<0.05)

2.5 Jfil 2 b R T A AR T BE 2 B Y 2
WAL S BT 56 R
| St 39 S S5 A B IR T 38 b 10 2 4 AR Ak 4
(F3) WoR, TR A& L4 IR P pn A
T AR L (P<0.05) . TOC & BIEK T LLE
F b THALET  MEME R PR 2 Bk &

BB ETE RS, TN &R 7 e M 5 & rh
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Table 3 Seasonal variations of soil environmental factors in sea cucumber cultural ponds

B 15 BAPER TOC  HATN MHBETP ASBENH,N ASENO,-N AW PO,-P A HLF SOM
Sample Season /(g/kg) /(g/kg) /(g/'kg) /(mg/kg) /(mg/kg) /(mg/kg) /%
JEde = 6.43b 1.42b 0.38a 8.26h 15.37h 7.85a 3.73
Sediment = 4.35a 1.02a 0.54b 5.66a 15.43b 11.75b 3.18
K 5.08a 1.27ab 0.64c 5.40a 15.59b 8.09a 3.27
ZS 4.32a 1.04a 0.69¢ 9.89¢ 14.49a 11.26b 3.47
Py JE e 10.79a 2.06a 0.51a 21.75h 24.78b 23.83b 6.85a
Shelter = 12.51b 2.32a 0.67b 33.03¢ 20.55a 48.85¢ 7.56b
K 23.95¢ 3.61b 0.66b 65.47d 24.42h 112.35d 8.75¢
-3 35.57d 6.04c 0.77¢ 14.58a 33.65¢ 15.90a 13.22d

(RIS ik P )51 500 AN () AR A 3 Bl =2 ] 22 53 18 3% (P<0.05)

T 4 DA 1 S e 1 ) 2 b 5 S o i A ) T g
ZFEME (BLFE X 2 BB AU [R] 5 A0 sk 5 1% 01 FH e g LA
KA Z R 8 50 B =05 224k 5 7 PR A
A Z R E R, JEIEH, RDA HEFF R (& 4) BT
A FEBH B — S HF ) BRHE(E SR 51 R 0.786
F10.196 ; X F U E W DI RE 2 FEVE S E 55 735 b
M, 8 — S HE PR B A C R 0, R B
X2 AR R, X SEBEE] RDA 73 Hr B HEJP 45 R
JERERY Y S HERR 45 ST LA 3 R VR Sk o B
HIRe M EM N A b 22 AR R I B, & R
G AL T8 —HE Pl ) 1 s A6 O, 2 B G3 ilE T
5 T HEF A E s A R . SRSl HER 5 TP (A OC
Z%0M 0.904) PO,-P(0.570) \NH,-N(0.451) 1EAH
% ,5 NO,-N(-0.805) ,TOC(-0.760) \,TN(-0.686) .
SOM( - 0.251) i A 2C; 56 4 HE /¥ 5 PO,-P
(0.812) \NH,-N (0.008) IEAH X, 5 TN (-0.661) .
TOC(-0.464) . SOM(-0.280) ,NO,-N(-0.170) TP
(-0.149) TAMHOC, X EU], IRV YD fg 2 1%
ZENTARAL Y T EESE AR -4 TP NO,-N Fil PO, -
P, Hr TP FE 4} Shannon( IEAHR) LAWCD ( 4
X) Melntosh ( FiAHC) | Carh ( 1 AHOC) 45 FRAE L AE
YIThae ZFEPE M8 bR ™ AR B = 52 5 NO,-N 32 22X
AWCD (1EAH2K)  Mclntosh ( 1EAHE) |, Shannon ( 7 A

) AEFE AR PO,-P E X} Simpson ( 1EFH ) |
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(&l 4) 55— 55— Bhr e 1 43 3 0.982 F10. 015,
H Wiz [ B AHC R 203 0 0, R WX 2 ANk B
B, MHEFSE SRR LUA B, B35 S W e S T fE
ZREMEMZET AR R I A BRI 2 AL, 0 58
—HER il o, 4 Z 0 T8 —HE e il A E o, 2
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(-0.576) fAHIE; 55 i HET 5 TP (0.065) IEAHE,
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Fig.4 Redundancy analysis (RDA) of seasonal variations of carbon metabolic function of soil microbial communities in sea cucumber

cultural ponds with environmental factors
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