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BB AR 160 1(n-T) /16:0 Wi i 7, W6 A 20 40 o 0 W40 235 7 30 o B, 20 A 0 6k
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FI R S AR PR R R 1 (B AR BERE SE
NEWIRAR S R T AR Sk i —Fh, 2
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FRE ORISR AT RER IR T 5 . AR ALY
s OR AR PR AT I — b sl R — 2R IR W R,
ZAFHENRIITR . IR SE AR SR IR
HUTORIEBAT BRI LS, el 2 e BEA T Sl A
FET5 1T, R v A dt ok T /N JC iR T ML 5
LI AT BB AL, SR I T AR A5 /s i i mT LA S 2R
XA (2 PR T L B ) A g
P OB (SR ) N X Y
1111 5T LA s HE PP AR S B A WA HLTOR U5
(I BTIR ™ o AR SOR R TR b Ak 2 W ik, 765
PRLILSE RS R G0 FUACHIE ST 1 i A8 TR IS R
THCAS [ I B 5 B B 280 A 0 4 2 UL, BIF 72 45 2R
VAU 705 T ety I e B e 8 JE B PR B 252 i 7
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1RSIk

1.1 BERFEHE

ABEFER FH 2 NI H (microcosm ) S5 56 5
2, LI B S AN KA (115 em x 80 cm x 70
cm) , SEEGK AR 600 L, 250 AT BRI A 1 4R
JEIHE SRV DU PR SR BE T X, oKV s [, VAl
[(n=2,£(3.58+0.28) m, MR 3.16 kg ] Fi#wp
TR KAV GV R T S A G K 2
SEEI A 2006 4F4 H 30 HE 6 J] 12 H (342
d) , 2R ARG, WK R HI7E (17.8 =
2.3)C, RGFrLl 7 AT KA R 80, 5550
SRR K LA AR 55 15 5 B s 8 A B U 1
S
1.2 EEFE

SE R A i FEURE I o SIS 45 R, B
AR, W] IR AR 2RI DR
T T I 7 1) AN [ 301 < e T ity I A 2 25 4
8 K 300 T 7 5 2 A X AL DR T 1
BT IR S A R A T AL 2 R B A1 4 B
I MR BB o TR R S P DT rh
W i, 3k 200 pum G 2 B R 1) 0K 1l 4 31 40
pm 4 b RRREA R 3 NP AT, =2
an AR AEK (Milli-Q) /NGy whsk J5 ¥ ok T IFF
FE R, 3 B - 20 CHRAELLE I TR AR 53
B KA ML AR & I

1.3 #HmilllE

e Ry B B oo ¥T R ITIR 70 2 25 SRk
(2,9 J W7 LR eictt . BAREIRANE -

(1) GEfHE . 7EMR O3 e 0 T (S5
Teflon NH)IIA 0.5 g T4 10 mL ALy 201
A S e S T B AR G RORT 2.5 mL ik, ik
IR 30 s, A (UK ) #2805 min, B0 5 min
(3 000 r/min) ,JURJZAH H5B0AF A 5T
Be 5 mL, AR, TEHSH— AR &
Io 40 T TR IWRT, PRI BE ST A
A 0.5 mL ZE B, E 4 COHARRAE fF T —
I3

(2) JRIWTRP S (FAME) il # . WL ~5 mg
AR RIDTRE i 2= TR, P55, A 500
wl BTEARTRIT RN 2% HIBRIR/ H I, 250 L
IOk, AT R i TR ,80 TKIE 2 h,
A 250 wL IECUBE, 125 pL J4iK, sEordici e
HVEL I E R AR /MR B in 500 pL IECL b
THEM, EERR K, EEHESE—RIE .
WA 225 AR R L T E o

(3) UM @S> M. 2] DB-FFAP B 404
EIEAE(30 m x0.32 mm i. d. ) s TN AT, Ui
1.2 mL/min; FERE CRE 250 C 5 gEREIR TN
1 Lo BA (3% 0 Xf it Cod Liver Oil ( Sigma
Co. ,USA) Fpif it & 1t

MR AR SRR AT AR R IR TR
PRaBEIRL PR, EEAE RS KA Y LA H =

x1 EHBRSMERIETRIR
Tab.1 Fatty acid biomarkers and their
indicated food sources

Jg Wiy i o s FeR A 2% 3k
fatty acid biomarkers potential sources references
16:1/16:0;
; A diat 5,10
20:5(n-3) (EPA) FEJE diatoms [5,10]
2% 2J& bacteria
AT AN R
18:1(n-7)/18:1(n-9)  proteobacteria [3,5,10]
W [RPME R
gram-negative bacteria
%S bacteria
AR S SRENRIITR MR - BT
odd & branched cytophaga-flavobacteria [3,5,10]
fatty acids 22 R PE R 2
gram-positive bacteria
22:6(n-3) (DHA) JF A= 34 protozoa [6]
20:4(n-6) ; T G Y 2 21

(4]

20:5(n-3) (EPA) fresh kelp tissue
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UL Y A, EPA J& ) 2 B0 n] B ik 3 A Ak g i
1R (H R BT ER A A b S AR = . A< 3[R
FEAE T EPA & i, 0 BV E5 R 34T 1 1HE
1.4 ANk AIESH

AHLRR R A R e R
F] Perkin Elmer 240c CHN JG & 4 #7 {X
(PerkinElmer Co. ,USA) , 25 %K /8H mg C(N)/
g - dw,
1.5 HiEah

ANTRVRE i BRI 5 22 S T B PR 7 7 220 #
(One-Way ANOVA, Tukey 555 ) #EATHR 5. &
G-I 95% o 3 Mt ] SPSS 13.0,

2 g

2.1 BHEALATREKBNRIELSERIEHER
HRES

VR T L ) NG A A B R 2 B
PRI 22 25 S AR, A SIBE T IR & A — 25
S ARBRTE R WA T SR S
(16.83 +1.23)mg/ (g - dw) , Ifij ¢ fif 4L 2L V%
TR S S B R (32.66 £2.88) mg/ (g + dw)

F(21.40 £2.32)mg/ (g - dw) . Bl Sz A [m] B figk
W BEATE T L2 IR W BR TE AN AR I WL 2, =
VAT L 2 N AR RN B R DT R % i 25 5
REAFIT e FUEY% 3 i Hh B AN RN 5 22 AN g 7
X (MUFA & PUFA ) & @ 35 I T it 2141,
Rl & PUFA (U Bt i g —F A f . fE
FE R, 1600 YR ARIER (SFA) H & i
RS, 5 BIIR IR S 17. 56% ~24.38%
e I R SN AR R 180 1 (n-9) S FEL,
I3, 17.51% , 5 B A B RF 5T 4R GE 45 R —
O MR AR SRS 5075 v, AR 25 4 )
W2 5.62% 1 8.53% , 5L [AIAT,18: 1 (n-7) FiN6: 1
(n=7) (R LA 2, R SR 160 1 (n-7) , AR R
H R Rk 14 73% o 2014 (n-6) JE AT Frrh
S 1 2 ARG IR , 7 218 5 R B = 1
9.10% , IMIAE R fife 2H SURN L 3% 5 S oy, L 5 ORI
%3.42% F11.96% . 20:5(n-3) (EPA) 1ER&fR L1410
SRR R iy L WA P W L e
ARAGIF 22:6(n-3) (DHA) | T 7ERE AR Fr RS 7%
a4 0.65% F111.57%

R2 EEEEM A RN R SR E R BE IR H A

Tab.2 Fatty acid composition of fresh,decomposing frond and detritus % (SD) ,n =3
7 1" 3 L LM WL gt P
fatty acid fresh frond decomposing kelp detritus fatty acid fresh frond decomposing kelp detritus

frond frond
14:0 6.79(0.15)  5.75(0.47)  4.22(0.16) 18:3(n-3) 2.42(0.04)  2.01(0.01)  1.48(0.03)
15:0 0.55(0.01)  0.57(0.04)  0.56(0.02) 18:4(n-3) 5.58(0.14)  4.82(0.33)  0.96(0.16)
16:0 24.38(0.07) 17.56(0.62) 19.91(0.58) 20:2(n-6) 0.18(0.01) - 0.23(0.00)
17:0 - 0.19(0.00) 1.53(0.02) 20:3(n-6) 0.23(0.02) 0.17(0.01) 0.15(0.02)
18:0 0.52(0.01) 0.93(0.04) 1.75(0.05) 20:4(n-6) 9.10%(0.06) 3.42°(0.13) 1.96°(0.03)
20:0 0.44.(0.01) 0.26(0.01) 0.28(0.01) 20:4(n-3) 0.43(0.00) 0.51(0.02) 0.23(0.01)
14:1(n-5) 0.14.(0.00) 0.28(0.01) 0.16(0.01) 20:5(n-3) (EPA) 8.83%(0.17) 4.55(0.32) 5.90°(0.66)
16:1(n9)  2.59(0.02)  6.64(0.39)  2.63(0.08) 22:4(n-6) - 0.48(0.04)  0.30(0.01)
16:1(n-7)  4.66(0.07)  8.62(0.36) 14.73(0.20) 22:5(n-3) - - 0.22(0.01)
16:1(n-5) 0.26(0.04) 0.89(0.08) 1.03(0.11) 22:6(n-3) (DHA) - 0.65(0.07) 1.57(0.13)
18:1(n9) 17.51(0.09) 5.62(0.24) 8.53(0.31) 14-isobr 0.69(0.02) 5.55(0.14) 3.04(0.09)
18:1(n-7) 0.60(0.05) 9.15(0.12) 8.43(0.14) 15-isobr 0.34(0.18) 0.64(0.29) 0.66(0.00)
18:1(n-5) - 1.10(0.06) 0.54(0.07) 16-isobr 0.54(0.02) 0.78(0.02) 1.03(0.07)
20:1(n9) - 0.24(0.01)  0.36(0.02) 16-anteiso - 0.65(0.06)  1.03(0.06)
20:1(n-7) - - 0.16(0.02) £ (% ) total 05.93(0.37) 89.39(0.74) 92.78(0.07)
16:2(n-4) - 0.36(0.03)  1.66(0.03) | HuFfg/IiEz(% )SFA 32.68%(0.18) 25.26°(1.16) 28.26¢(0.78)
. _ =3 7y
123:-2 0'46(?'02) 0.69(?02) (1)2;8(1)1; ﬁ?;f@ﬁ\if?lfi% 25.76%(0.10) 32.55°(0.68) 36.56°(0.63)
18:2(n6)  5.38(0.04)  1.74(0.04)  3.05(0.04) LRSI 1 34.55°(0.35) 19.17°(0.87) 18, 14°(1.06)
18:3(n-6) 1.95(0.03) 0.91(0.02) 0.56(0.01) (% ) PUFA

I =" RN E AR T 0. 1% s AR _EAR FRFRZE R BE (P <0.05)

Notes:“ ="

indicates that relative amount is below 0.1% ; and different superscripts are significantly different( P <0.05)
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2.2 BHALRAERBHEERRIRESE
Tt LR 3 A BOAR e M 5 40 7 s 1
FRbras ) & i AR 22 5 (B 1) < i 2141
o180 1 (n-7) FETE SCHERR TR & s A, AN
0.6% F12.12% , MAEREMREA 7 AR TS H , AP R T
FRARAR o i W T, 180 1 (n-7) FE PRI &t H 1Y
Ei o ik #) 9. 15% F1 8. 43% , A1 Bk S S 4 g
IR & ik 3 8. 38% H1 7. 86% o %o T-fik BER iR
bR AR E Y 16: 1(n-7)/16:0 HWER 0. 74, 18
F R TR (0.49) FUgH T - (0.19) o it
WA AR IR A B W B Wi R AR ii——DHA,
TAERRArR I R0 058 7 A TS rh A D 38— 2 B i 1)
ZFREY(0.65% F11.57% ) . EPA E[Eff L2
(2 SRR B I TP —2F TR T B S
TR R 2L EI2) B gy 2 rp s 52004

127 oFrEE: F fresh frond
o f&f#H F decomposing frond
10+ b wEREE  detritus
< P ¢ b
s | L
B2
1§ S 6
B3
iz a
2 -
a
Py S — :
18:1(n=7) A HOR B SR AR TR
Odd & br FAs
Bl 1 B EEt R REERAE

BERERFR S R BLILER
Fig.1 Bacterial fatty acid biomarker level in fresh,

decomposing frond and detritus

201 o Bt i fresh frond
w (&A@ F decomposing frond b
w ZERERE  detritus

1.5

percent of FAs
—
=)

UG I R L A 43/ %%

c a
=
b
0.5 =
a
0.0
16:1(n=7)/16:0 22:6(n-3)
B2 S R R RERE R,

BREFMEBIRSENESSE
Fig.2 Diatom,protozoa fatty acid
biomarker level in fresh,decomposing

frond and detritus

(n-6) , TAEFEARLH SRS B b, L B 2
K, AR 3.42% F11.96% .,
2.3 BHEHEAKRALE
SYGLEARIN IR R 2.3 kg, AR
MR 73% o BREOCE ST E R R, FEfR A
ZHAURIE 5 1 7S PRl | L 0 4 S i 08T e o
FAASL P BRSRENESEHAAN =2, B
B3R I 2 2Rk R LA ik 17, 32, T A 4
GURIE TR I AR U EL EU 23301 R R 6. 61 Al
6.48(%%3),

R3 EBERE EETAFEEEANR.ESE
Tab.3 Organic carbon and nitrogen content
in fresh,decomposing frond

and detritus means +SD,n =2

v C[mg/ Nlmg/ @k AWE
F i sample .
(g-dw)]  (g-dw)] C:N
SprieEn
Bt 19.22 1.11 17.32
fresh frond
It
I‘%fﬁ?ﬂ%‘ 23.43(0.39) 3.55(0.12) 6.61
decomposing frond
HR%ME 23.09(0.11) 3.57(0.26)  6.48
detritus
3 e

FEXS TR R, KRB 5 AT S
MAF4E R R K. 7RIS F R 3R Hl el %
WSS, o Tl ik 3 5 0 ol A 0 e fp
AHERA G A g AR WA A
{5 L7 fit 7574 HL % (dissolved organic matter,
DOM) FMIHL 8 L Xk ARG, Hi D
BT B2 70% " AHF5E 5256 o Fe 4t
AT T 42 d, ¥ 42U TS RN 7% L 2
27% , Kristensen""™ [ & Py BF 5% & B 5 ol it
Ulva lactuca 1 Fucus vesiculosus 2233 70 d [%fi# ,
PR T 40% ~44% 1)k %P A H R 5 A5
M 45 AR .

NIV bR 25 73 A R B I AE b S e 1 i
AR T3 I 7 3 i ok 752 e B OB A D R 1) 20 R
fiE o RS A SRS b A KT B0 1 3 g 17
PRAR SR, T S Hh o B T R A SIS ik 5
TEMFBELA V& it A b A T ik b i 8
TR ST I B, B SRy T H P A A e 28
LR o TR Y AR 1) 20 FL 4% H s SR AT
FE AL B 0 I A Bl W ) A AR AL T s R A
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(B o 728 100 BH 1 2, AR F 90 v = 2R 4 4
EPA g tr G m & & R TS LT
e i T EPA T[] B8 7R Tt B e 41 2R Ak i
2%, DR S B2 A % Dt DRI AR P R 2 B e v Tl
it S8 A & EPA [, 2 )5 WE & IR i 28 1)
FH T BORHT RS H ) EPA AEXT SRS .

TR T A AL VRN TS rh s 3 1 I A TR RRAIE iR
0 B 2R W, Yy 18 T ol P i o 3% P 200 A1
AR FEMRASURRE S rhds s o 22 IR o AP
PR TR A P21 7 R s 5 0 S 3 T vy, D AR L
ETHP MR . R, BEFAL R
() S 2 RN A i ke &L LU AELAR W RE 5 )8 R
TR RS A 5 . Milinge %7 fYRIFST L
FHT, AT AR 1 B (A5 40 TR A AR R 2L
Wt R s o T Bk R AELRRAIG . 20 TR A i
T AR AT DAV B S S B A R . BT Y
gy 2 H ol VAL E B8 17 (£ 3) , =X T4
KEFURA AP K k@ 35 Z R, K ok i
WA AR Z RS 724 Y4 20k & U E
TEE AITE LT, 2 PR TR R BRSZ A Y% C 1Y
FIF, PR A 4 05 364 m XK o B 40 1) 6 1 2% LA G
JEAEPR TR X ARG I AE W B REAE , 12
T LRI K T e R
PR I8 v A P R T ) B A S T R I AU
TREA BT ) Bk L &L HEE AT AR 2 6. 48, 3xX {45 1
AR T A R i TR LA 5 AT AR B 1Y
TR, 53— T, Y 2 A AR R BRI
AR (an Z2 1 25 5t ) e T DA 3o foA
REE A T 22 B3, K — 25 8 N 7 R RSB AR AR
PEPRHARSE D E 120 Ve 4 i e 3 [ b
J7 LAY B TREAt | U8 1 DL SR 7 i X SR VA TS bt
FRMUESE L B TR E R AR, ISR b DU Py 41 R g
iR bRk & i w3 T, R T R
RIEA BT, S AR AT B BT R I
A R I TE OIS A A i e, B 2R R i
HEATKH G 25 B s B A= ) o 8 H: b 59 B DL B
W

Bt =z A1, i [ e 2H 2300 i 7% e IS vt kG
%) DHA & &t &, X 57 1 Ho R A 3l P i
TER R R . BB B R A B, R i ) g s 4 2L
A RIEE B RAME R (IR ER) X 50k
MR ARSI 4 A W) 4. Armstrong 25 (i fF
Fe kB, s A 4 an BT oK B e S5 R A 2 510 1

Iy R ST . BRI SR Sh ) LU
JBA BT A LSRR8 D B, AT A 18 T
HE B o5 — KRR AR W) 2R

ABIEFE P AFES SR — AP EIIE T 5 Fd v 74 8
IR — 8oy, TR LR P 5 R AR (R if
TRZA FEBE T AU Sh ) S R 5 1A
el TR I 3 5 % Y A ) 1) B AR D R A
L HADUEE BT, B TR 2 T R,
S A AN BV W IR
HRE A A LOR Y, A A R TR
Jd v U IR IR 2 D AR W e A it 7, 2 B 168 )8
& [7) 7 L ol R A W o A TR K AR R T B )
SCRF TR A AR P, AR DR 2
IR PP 5 | ATl s A RE P AR B 2 I v
T8 R B BE SR B SR A AR W b sE SR I S L
(IS B S AR A DLR IR R R U, AT PR IE
FRIEE M RERS O AR A I

e SR R AT TSP A, W B T
SKIA LR A AR AR S 200 4 (n-6) 75 1) K A
WA R, B IR R I B S Yok I,
Pt , 2 A 1% 0m A5 AUE TR PR 2R 9 (A
AR ) AR R AT, I ANE T UL R AR Y

S Hf -
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Micro organism colonization in different decomposing
phases of kelp ( Laminaria japonica)

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

Abstract; The micro organism communities which colonized on fresh blade ,decomposing blade and detritus
of kelp Laminaria japonica were analyzed using fatty acid biomarkers. Results showed that the total crude
lipid contents of decomposing blade and kelp detritus were significantly higher than those in fresh kelp
blade , whereas monounsaturated and polyunsaturated fatty acids contents were less than those in fresh blade.
Bacterial biomarkers 18:1(n-7)and odd/branched fatty acids were more abundant in decomposing tissue and
detritus than fresh kelp,indicating the colonization of bacteria in the kelp decomposing process. The diatom
biomarker 16 : 1 ( n-7)/16:0 ratio exhibited the highest in kelp detritus, and it was also higher in
decomposing tissue than in fresh blade, indicating the adherence of large amount of diatoms. No protozoa
fatty acid biomarker( DHA ) was detected in fresh kelp blade; however, it existed in decomposing tissue and
detritus at a relative concentration of 0. 65% and 1. 57% respectively, indicating the colonization of
protozoa. Due to the colonization of complex micro organism community ,decomposing kelp blade and kelp
detritus showed different carbon and nitrogen components. Fresh kelp blade had a high C/N ratio of 17.32,
but in decomposing tissue and detritus,the organic nitrogen content increased remarkably, which resulted in
the decline of the C/N ratio to 6. 61 and 6. 48. Results confirmed that kelp detritus is a mixture of
decomposing kelp debris, diatoms, bacteria and protozoa. Through the colonization of different kinds of micro
organisms and biodegradation, kelp debris became organic nitrogen abundant and more nutritious, hence
much more suitable as the food source of other consumers in a kelp-based polyculture area.
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