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Fig. 1 Seasonal changes in 16:(117)/16:0 (a) and
EPA content (b) of sea mud

Different lower case letters indicate the significant difference (P<0.05)

of the relative content among different seasons, the same below
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Fig.2 Seasonal changes in 20:4(11-6) content of sea mud
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Fig.4 Seasonal changes in contents of bacteria fatty
acid biomarkers of sea mud

Different uppercase and lowercase indicate significant differences in the
relative contents of 18:1(n—7) and odd & br FAs, respectively,

between different seasons (P<0.05)
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Tab.1 The characteristic values of fatty acid biomarkers in sea mud

FR

L 16:1(n-7)/16:0 EPA 20:4(n-6) DHA DHA/EPA 18:1(n-7) odd & br FAs
principal component
1 0.978 0.975 —0.011 0.930 —0.956 -0.792 —0.882
2 —0.063 —0.065 0.997 —0.290 —-0.227 0.168 -0.336
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Tab. 2 Seasonal change in fatty acid composition of A. japonicus %(SD), n=4
HEWi#R fatty acid 5H May 8H Aug. 104 Oct. 12H Dec.
LR R TR 14:0 1.12+0.02° 1.15+0.03" 1.24+0.04° 0.72+0.03¢
SFA
15:0 0.22+0.02° 0.22+0.01° 0.22:0.03° 0.08+0.01°
16:0 11.47+0.26° 14.21+0.24° 13.34+0.21° 6.33+0.13¢
17:0 0.59+0.05" 0.52:£0.04° 0.57+0.03° 0.11£0.01°
18:0 3.92+0.18" 3.60+0.07° 3.79+0.09° 1.86+0.08°
20:0 1.41+0.06" 1.24+0.08" 1.42+0.09" 1.31£0.06°
21:0 0.28+0.03" 0.25+0.02° 0.29:0.03° 0.05+0.02°
22:0 0.42+0.04" 0.370.02° 0.37+0.02° 0.05+0.00°
BN RN g T R 14:1(n-5) 0.25+0.04° 0.26+0.02° 0.22:0.02° 0.37+0.04°
MUFA
15:1(n-9) 0.18+0.01° 0.2120.01° 0.22+0.02° 0.33+0.02°
16:1(n-7) 20.53+0.39° 24.90+0.32° 20.1340.55" 13.83+0.53°
17:1(n-9) 0.22+0.01° 0.14+0.01° 0.13£0.01° 0.18+0.02¢
18:1(n-9) 7.42+0.14° 6.18+0.08" 6.83£0.17° 6.16+0.18"
18:1(n-7) 4.84+0.11° 4.21£0.15° 4.36+0.12° 5.21+0.18°
20:1(n-9) 4.56+0.19" 3.04£0.12° 3.96+0.15° 2.48+0.09¢
22:1(n-9) 0.41£0.02° 0.41+0.03" 0.44+0.03" 0.42+0.04
Z AR 18:2(n-6¢) 0.34+0.02° 0.33+0.01° 0.45+0.03° 0.91+0.02¢
PUFA
18:3(n-6) 0.11+0.01° 0.45+0.05° 0.90£0.06° 0.60+0.04°
18:3(n-3) 0.14+0.02° 0.25+0.01° 0.17+0.02° 0.09+0.01°
18:2(n-6t) 0.84+0.05" 0.77+0.03" 0.79+0.03" 0.23+0.01°
20:2(n-6) 0.36+0.03" 0.310.03° 0.40£0.02° 0.27+0.02°
20:3(n-6) 0.18+0.01° 0.29:0.03° 0.34:+0.04° 0.05+0.02°
20:4(n-6) 7.64+0.16° 8.60+0.25° 10.88+0.30° 15.49+0.51¢
20:3(n-3) 0.38+0.01° 0.37+0.02° 0.52:+0.05° 0.77+0.07°
20:5(n-3) 16.57+0.54° 14.59+0.35° 15.51+0.41° 25.64+0.68"
22:6(n-3) 13.44+0.40° 10.51+0.42° 10.22+0.35° 14.83+0.36°
2SFA 19.42:+0.43" 21.53+0.58" 21.27+0.49° 10.48+0.34°
2MUFA 38.41+0.54° 39.34+0.43" 36.27+£0.47° 28.86+0.39°
2PUFA 40.00+0.67° 36.48+0.46° 40.17+0.62° 58.88+0.72°

Ve R AT RO AN A T R A 2 T 22 S 25 (P<0.05)

Notes: the different letters at the same row mean significant differences (P<0.05)

o AE P TR 2 B O3 o A A5 R T L, e R IR
P EEA W AY), HEFREEAREAEY T
Moy, HOR A AR & KRR, 1
FREEAE R o TR R 2 A BE 1 15 17 R B iC )
Z 0] B AH DG HE B S 7S S D8 A 2 1A BE 1 A
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Tab.3 The characteristic values of fatty acid biomarkers in A. japonicus

F o

L 16:1(n-7)/16:0 EPA 20:4(n-6) DHA DHA/EPA 18:1(n-7) odd & br FAs
principal component
1 0.883 0.998 0.867 0.855 —0.694 0.886 -0.979
2 0.262 —0.045 —0.453 0.506 0.703 0.385 0.081
4 JRRFRSREE R BE ERARIC 4D B HE X 5B B
Tab. 4 Correlation matrix of fatty acids between sea mud and A. japonicus
IS
,*J =z 16:1(n-7)/16:0 EPA 20:4(n-6) DHA DHA/EPA 18:1(n-7) odd & br FAs
A. japonicus

e 0.955%*
sea mud 16:1(n-7)/16:0
EPA 0.961**
20:4(n-6) 0.562
DHA 0.927**
DHA/EPA 0.755*
18:1(n-7) —0.872%*
odd & br FAs 0.938**

R ERITR(P<0.05), ** R EMI(P<0.01)

Notes: *. significant correlation (P<0.05),**. extremely significant correlation (P<0.01)

DHA W HE B (FEARE W] BB,
B )R R e 1] b g A 28 ) S D A s A2 o
TEE B T R o S 50 10 ) o) 2 A BE v A o B E 1
DHA, HIJERHDHAM A& EEA TR, &
BEBAL, X 50 S kB DHAZS fL LA —
Ho G5RIRIES R SR RE I T R bR ic W) Z R Y
HH A0 B DL B 2 B DR M AT DA A L i 2
PR INDHA R B8 32k A TRV P iy B 2E s,

18:1(n-7)Mlodd & br FAsT] 1y 4 14 i 45 HE
NEWilR , 18:1(n-7)3F EL48 7= A8 JE 4l I# (proteobac-
teria)”’, 1fiiodd & br FAs == BLH5 7 W 41 4k 7 — # T
T# 25 (cytophaga-flavobacteria)™”, 52565 # 5] Ji5 I
18:1(n-7)Flodd & br FAs& #4455, HP18:1(n-
NEAXT 5 5 5N 5.98%~7.97%, HI{E H6.79%+
0.68%, odd & br FAsIY X E 43 & &4 6.21%~
12.49%, HI{H }9.48%%2.19%, 454 JEIRFFE NS
15 2 B A BT 4 SR, R LIS U v 4 O A )
AR PR o VR R 2 UK BE (4 1 DT R AR 10 )
V) 114) A DG o S 7~ , G VI RO 2 R BE 114 41 T o
fEBE 5 iR odd & br FAs5: W i 5 1F A 0l 5
18:1(n-7) 52 M ik 35 A 56 5 &R (P<0.01), DL 5L
% 300 1] o) 2 44 B vP () odd & br FAs 32 i h

) W 2 4 TR — S FF R 2R DTk, X 5 e JESE R B
Wik 21 2 TR — R T 22 0 = B B ok VR Y A
TR

S 06 49 ) JEG 91 B 3 A R AIE P i 7 7R 20:4 (-
6) ¢ o (L H BLFERK 2, TM120:4(n-6) 75 Hi 2 (R BE
M IR A, M AR b & B 220:4
(n-6) T AR At o AHICHE T R R e 5 0
ZRBE[1)20:4(n-6)A 35 B B EKF, XU T
VR T HBEE WKW, WS 120:4(n-
6)r] el A Hth FEERIE . — i, Bk st
50 2350 B A L 220:4(n-6)8 g 111225 A —
JiiE, o T2 AN R D7 R AT B 4 v A0 i
MRS PERY, A& ZKIRAL, RIS nlEagin g 5
[1420:4(n-6)45 25 A1 1R 195 2 119 7 2k ok 48 47 40 i
BRI M, DA W A AR B AR Ak, 3X T g
A B SHRELZ RIWMIE RS E R Em T
HAbZE W EEEH , HL, S sE 4 F
R 20:4(n-6)F AT REREY . A SRR
AR AL R FH 45

gLk, WSFHRMEIERE T EEEY
YLor T RE M RESE . M EE L A0 B AN B R R
s, HA MRS R S8
WA
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Effects of seasonal changes in the composition of pond sediment on
food sources of cultured sea cucumber Apostichopus japonicus indicated by
fatty acid biomarkers

WEN Bin'’, GAO Qinfeng'”*, ZHANG Cheng'?, DONG Shuanglin'?,
YU Haibo'?, LI Weidong"’, LI Zeming'
(1. Key Laboratory of Mariculture of Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. Function Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266235, China;
3. Department of Research and Development, Haidu Aquatic Food Corporation Limited, Tangshan 063506, China;
4. Wanzefeng Fishery Corporation Limited, Rizhao 276800, China)

Abstract: In the present study, to examine seasonal changes in the compositions of pond sediment and the
subsequent effects on the food sources of cultured sea cucumber Apostichopus japonicus using fatty acid
biomarkers, seasonal variations in the fatty acid profiles of sediment samples and A. japonicus were investigated in
Jinghai Bay mariculture zone from May 2012 to December 2012. In the present experiment, ratio of 16:1(n-7)/16:0
and EPA were selected as the trophic markers for diatoms, DHA and DHA/EPA for dinoflagellates or protozoa,
20:4(n-6) for brown algae and odd-chain and branched-chain fatty acids (odd & br FAs) along with 18:1(n-7) for
heterotrophic bacteria. The results showed that the sediment samples were mainly composed of diatoms, brown
algae, dinoflagellates or protozoa and bacteria and their compositions showed significantly seasonal variations as
evidenced by the fatty acid trophic markers. The highest ratios of 16:1(n-7)/16:0 and contents of EPA (diatoms)
were observed in winter, the highest concentrations of 20:4(n-6) (brown algae) were found in autumn, the highest
levels of bacterial markers (odd & br FAs) and 18:1(n-7) were detected in summer and the highest proportions of
DHA (dinoflagellates or protozoa) were observed in winter. Correlation analysis showed that the food sources of
A. japonicus were significantly and positively correlated with the diatoms, dinoflagellates or protozoa and bacteria.
Results of present study suggested that the food sources of A. japonicus were significantly influenced by the

seasonal changes in the compositions of sediment.
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