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AR R EMI AR
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Ha

MBI B, # S A R, st T

BE RS, BHER RS LRE, T
-20 °C R{RF
1.2 #MmALE

2 ~3 LB GRS EENRRI, LKA
TR A IERS G ES TRIAGETEB L E
fBE HARmBEIhE, R, BETRLER
FLEA, T -20 °C BHEEAEH.
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0.2 pm) ;34 018 B 250 T 48 5 B 250
T PEEE 70 C 445 1 min, L) 25 C/min 3
EFFE 280 C,47% 10 min,
1.4 FERiEtFE

BB RSP R A B,
A vE LT BB Bds ik B R W MR AR AR
16:1(n—7)/16 ;01 EPA [20.5(n —3) 1%
R JE & s W As I B fr & DHA
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) B (AR B R S IR I WA A 2 Y A
A 1. 16:1 (n -7)/16:0 LEER
(0.73~1.82,°F¥1.10) HHEFHEHNFET T
4(F=8.871, P<0.001) , E5{EHEAE1 A
#, BERT 6 -11 A43r(P <0.05), EPA 75
AL B (F =22. 882, P <0.001) , 254k HliE 5
16:1{n-7)/16:0 —F (P <0.001) , R ELH
1 A, BERT6-10 BH(P <0.05),
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Tl B (4 BE o <E B R AR S Y R B R AR AR
DHA 7K 4845, BN R 4. 45% , A i LA S
BFERENETEH(E2,F=5.697,P =
0.001) ,FZIHEZEM, XEKEZES, H 1
HpExt5BEBERT 7-9 AH(P<0.05),
DHA/EPA H. {4 LR HIRWA B E T (P =
0.478) , 244 0.29 ~0.40 2 ), =W 5 REdEH
k., HER R R R S TRk EE D
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Fig.1 Scasonal variation of diatom fatty acid biomarkers in A. japonicus
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Fig.2 Seasonal variation of flagellate or protozoan fatty acid biomarkers in A. japonicus
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Fig.3 Seasonal variation of brown alga (A) and Chlorophyta (B) fatty acid biomarker in A. japonicus
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2.4 KBEFBETBEFESFTVIEL
ABESEMNEBHRAREY X

[18:2(n-6) +18:3(n-3) A FEBENSE
PiApdk (F =5.596, P =0.001) (& 3-B) , £ 3k
BEM6.7 ASEER, ml A HBEIIRKE,
=W 6.7 AR BH Y RE S KBS RS
o B H L
2.5 HEEMRFESETEL

Odd &br FAs {1181 (n-7) ESNE RN IEH
Fepn e, Rk HR e WA 4, Odd & br FAs &
AR N W £ 4k B B 26 ( Cytophaga-
Flavobacteria) ™", Fop%H5 B2 SR IR 4L B
Z(F=12.080, P<0.001) , e BB=3(7 H.8
HO H. 10 B, BERTEAEE( H.3
BY(P<0.05), 18:1(n-7) FEIFAFTLHE
( Proteobacteria) ™ , HAH X8 BETE S80 5 ) A5 1
BE(F=5.688, P=0.001), A5k Odd
&br FAs HHE, BSE IR O A6, B {E I
#£1 HHA8FERTI H(P<0.05),

10 m0dd&br FAs @ [8:1(n-T)

% total FAs

o LEE &
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Fig.4 Seasonal variation of bacteria fatty acid
biomarkers in A. japonicus

2,6 EHGTHT

PAYi| B ABE v 7 FHRI B AR [16:1(n - T)/
16,0, EPA, DHA, 20.4(n —-6), Y[18:2(n —6) +
18:3(n—-3)1, 18:1(n—"7), Odd &br FAs] iy
B B AR B, AN [F B 300 2R 4R B9 I B 3
TERG A, ZEAMRERMAHBENFETE
tho ENEHIBAR BT S — (principal component,
PCL) . —EW4r(PC2) BT ENE L,

£1 HBIEHBFEWHEILE
Tab. 1 The characteristic values of fatty acid biomarkers in A. japonicus

E/g

16:1(n-7)/ T[18:2(n-6) +
principal BEPA DHA . . 20:4(n-6) Odd&br FAx 18.1(n-7)
component 160 18:8(n -3) ]
1 0.970 0. 906 0.807 —0.128 0. 094 —0.983 0. 283
2 0.188 0.378 0.544 —0.900 0.803 0.069 0. 760

B ERA MR RYIREET ALY
RITTMEIAT] T 85.8% , WX WD E R 2
ARERB NS EYRBEAREVHKER. &
— RSB Jy 61. 9% , R AL (HHE R Y SR 1k R
ARITREAREH[16:1(n —7)/16.:0, EPA ]| . HEE
BRI A= SR B MR A s 4y ( DHA ) 7 A0 B AR B R
PRy (Odd & br FAs) , H A B SRR N BAr &
SRR SR AML, B _FEWHRE
HRER %y 23. 4% AP ILAE R AH O KRR B AR 1
PRI ( £118:2(n-6) +18:3(n-3)]) fIEHE

BRTEAR S 20:4(n —-6) | AR NBHIBAR &
[18:1(n-7) ], A RBIRRKIENTRIFE Y5 A
AN R T X R T

A BRI A B AR 2R — R
EESBEME S, hET LA MEH R
ook IR IR DTS 58 b ARLR AR BT AR A

B TEA FR RN B R AAR RN R, 1
H24a AMEERMTE - FRIWELm. F -
F AR LG, RS RN R R &

[16:1(n-7)/16.0,EPA | ¥FE B shimlls
BiBR#r &4 (DHA) F148 B A8 B 45 £ 40
[20:4(n-6) ] IR BRIREW[18:1(n -
7)1 5HEAHNERRESIIT. 3 7329 B,
MFE—-EESNBEL R B FERSNET
i, BHA S BN EERTRIESEW16:1(n -
7)/16:0,EPA |\ ¥F & Bk T sh I I AT &
Y1(DHA) Fl KA R BRI BRAn £ X [ 18:2(n
-6) +18:3(n-3) 1) SHEMMZF. 2007 4F
6 HEES M KBRS BRI MR AW (T [18:2(n
-6) +18:3(n-3) DR E. 7 MR HEIR
F AT 54 (Odd & br FAs) fI X RIZ IR IR AR
(T [18:2(n-6) +18:3(n-3) D {RE. 8.
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9 AR A RN MAm 5 ( Odd & br FAs) &
E1R%. 10.11 AR RGBSR ERLR
S [20:4(n - 6) ] A IR MAT &
[18:1(n-7)],

1.5f 1,24
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Fig. 5 The principal component analysis of food

resources in A. japonicus of different seasons
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B ISR N 20:4(n - 6) BIE IR
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Seasonal variations of food sources in Apostichopus japonicus
indicated by fatty acid biomarkers analysis

GAO Fei'”, XU Qiang', YANG Hong-sheng'*
(1. The Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology,
Chinese Academy of Sciences, Qingdao 266071,
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract ; Sea cucumber Apostichopus japonicus is a species of deposit feeders with abundant food sources.
The analysis of fatty acid biomarkers provides an alternative method of investigating diets, which is not
subject to the biases of stomach content analysis. In the present study, 16:1(n—7)/16:0 and EPA [20.5
(n—3) ] were selected as diatom fatty acid biomarkers according to the fatty acid composition in body wall
tissues of A, japonicus. DHA [22:6(n—-3)], Z[18:2(n-6) +18:3(n—-3)] and 20:4(n —-6) were
used as fatty acid biomarkers of flagellate or protozoan alga, Chlorophyta and brown alga respectively; Odd
& branched FAs and 18;1(n — 7) were the fatty acid biomarkers of heterotrophic bacteria. Seasonal
variations of food sources in sea cucumber A. japonicus, sampled from a critical cofferdam aquaculture
pond, were determined by fatty acid biomarkers analysis. The results showed the food sources consisted of
diatoms, flagellate or protozoan, bacteria, brown alga and Chlorophyta originated organic matters. The sea
cucumber A, japonieus was characterized by significant diatom markers such as high ratio of 16:1{n—-7)/
16;0 (0.73 —1.82) and EPA contents (7.24% —14.45% ), so diatoms were speculated as one of the
main diets. And the two diatom markers showed significant variations during the period of the experiments
(F=8.871, P<0.001; F=22.882, P<0.001; respectively). The low content of DHA (2.41% -
4.45% ) and DHA/EPA ratio (0.29 —0.40) showed the flagellate or protozoan provided low proportions
of dicts for A, japonicus in the year. The food contribution of Chlorophyta was also low with the biomarker
[ 318:2(n—6) +18:3(n—-3) ] changing from 1.51% to 2.28% in the duration of the study. However,
the relative contents of brown seaweed biomarker 20;4(n —6) were also found high in the year (4.88% —
8.16% ) with the peak values appearing in autumn and winter. Fatty acid biomarkers specific to bacteria
Cytophaga-Flavobacteria and Proteobacteria were also found in considerable amounts in the sea cucumber
tissue, which suggested that there was substantial bacterial input into the food of the species. The principal
component analysis showed the main food sources of A, japonicus changed with seasons. Diatoms,
flagellate or protozoan, brown alga and bacteria were the main diets of the sea cucumber in January. The
contributions of diatoms, flagellate or protozoan and Chlorophyta were comparatively high in March.
Chlorophyta was the most important food for A. juponicus in June. The diets of sea cucumber were mainly
bacteria and Chlorophyta in July. Bacteria were the most important food source of A. japemicus in August
and September, and the brown alga and bacteria supplied considerable amounts of food for the sea
cucumber from QOctober to November. The present study provides alternative materials for feed research of
sea cucurmnber A, japonicus.
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