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1 #HRERE
1.1 REERFHR
ERRMREMNESEATRYMEREMHTHRAN, SE2d —NEFRRBKF N

ENEBEEER-NEENSHE A TERESEAPEYBENE &Y, T —TMEHRRN
REANEBEEEWHEN A —ENEE. RALKRZIEFMT B2 WNEzE. A
W, AT T B8 (Sparus macrocephalus) . 58 (Pagrosomus major) . 7 8 (Paralich-
thys olivaceus) F BN AMELREKEHPERMEETEE AR, ANBLEFOFE
HAEABARNMERE FOUERE/MRE. RREFOHE, EESEZREIRET
ghik, 78 M A K 8 R [E By B4 B CR &R B VE R R 4047, FF SR [R] 0 | A Rt 47 1
B,UBE—NTEREVWKAMESTEE. FHF—BREE, BE G KGR EMTE L
PR A O T 3 W A5 0 S o P, 5 DAk R P R AEDR S R — B B I, SRR EURE A AT DA K
A5 AR At A [ R H R .
1.2 MEWESH
BB TFILRENEBENTAR, BELULESLB2ZE, BAME, BABHEEE, OH
164km?, B KE 3—Sm. ZBHKREFEE, A, N ERXEHELE —EAE, FH7
RETHEN.ES HAeSHAESM. T 199249 A—19944 5 B EExhizEsET 74
kB IAE. BRRREFEFELEERES (1999), FHFsIYHNOWEE FENT. FIRE
IR s IS MK FERE 1 2h e, AR R 8 HE L, BREREBER
HRIA, AREKHRE. EEYEHETHEEMRED 1—Smg # 5, FRTHERE
., HREFHERREET - 0CHKIEFEZSTRMEM. ARERBEYERN
REBHEBEBUIRALSR TRMES.
1.3 HmRHELMERSH
MEKAER B S, MARZS TRET. ZEES THAERZ2BE K. MERETZ
600C FiR Bt I A BEF AR E, I 1 mol /LEBR BRI, IR K PT BB E M TE LBk BR L AR 43,
T SOC HEF/E, BOA B B 25 R 58 B % ep 4 S W1 BE BT (O B 1 26 CO, 5K, (R B 2
B SCHR (Cai er al, 1988). R EANERUSCHEHIERRS BEEKESE, 1999).
2 #R
21 — N EFENBEEMUREEENUE
211 LREFEFALHRER it = S HEM Z BRRFEMEHRHEERL
£ M ERGUEPLRERE (0 K L BRI, FERN =HEEE50
AR ENE BibZz R, ERERR. I REZEFOE
T e e e ¢ e o, B R TS
FHEEHUTEMNIA. 2N e RE

450 0 F 3"Cn 8"Cam As"c
i 143 le1 8 TR STHERAAE T2ERNEMLE
F i —147 ~161 1.4 AR, 6PCHEB N - 161 x 107°, F 84
mm ~146 ~16.1 L5 T 14d 1 21d J5 , K43 53K 6—7mm
N -20.2 —21.8 1.6 Omm. KFEE S IE R — MR AAE [ A R W

ST R B RRANE 34 B4 N — B
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fis OVCEM TN — 14.7 X 107°, 5K CEZ R EE (BI"CHEEFE) N 1.4 X
107, RN NERENEMRERE. STEFHELM, EHFHAERFE 35d f147d 7, 6°C
FHMER - 143 x 107, "CHIBEEN 1.8 x 107° BEFEMEF 52d f1 59d /5, 6°C £
EHRH-146 %10, "CHELEEN1.5x107°%

R T REE X S Y R RA R, AT ER IR R REEE 80d 5, %
HEBIFEMRAR R - 21.8 X 10 BT B A, KB AR 160d 5, B € B8
RN EAR, RAHLSCEERAENR -202x 1073, S RARMRARZ A EH R
1.6 X 107°, 5 a2 Al BE SHFPER Z B R A E 2 E 1.5 x 107 JLF—2.

ARCEX 4 NMASPCHMTFHME (1.6 £0.2) X 10 EN—PMEBREMKRAGEETE
.
212 HAZREBRBH - NEREMKEAMEREEE  F0F (1964) Y Al EY+
HEBASHAMARE SO RREMEXRTR T ¥ LR EEERNEHE, WIKTF
W EKE (Calanus pacificus) "BEEERLLE, TE G+ /NRIEESE, — L 15—30mm
KAMAREREL. CHENESER ERBTEX FRHEYHMHEAREE. B
RENS, HERFESFLERE/NARBAEYAMABATHINVNEESANRKRE, Bl
LA BHEY R T EETKEEFENER. RYFREYRZH, ENAHEHE
. BRGNP EE KB SR EY 2 M EA EHE—-NERE.

BR 2 BETH, P ERKESRHEYZAARFNT R RHREHEAS"CHTY
A% 1.7 x 1073,

®2 TEAFFAMEEARSEHENZ ANFRLREARANZE(x107)

Tab.2 The isotopic differences (X 107°) between Calanus sinicus and phytoplankton in various seasons

251 A Cornmrz 8" Camun As"c
F =227 -24.5 1.8
®FE -19.7 ~21.6 1.9
£Z -23.9 -25.2 1.3

22 FLBESREKEEDRYNEFRXRABLERNE

g I EAR T 7T HIRKKEEYERETUEERANBKAVERNE, KUE
ZRPITHRIP., ERER, BHLBEKEKEYK SPCHAEMTEEN - 163x 1077 —
—252x107°, 8"CHBAEMHETIXA8IX 107, X —HEEE 5 CHE Mills ez al,
1984; McConnaughey et al, 1979; Fry et al, 1983, 1984b) FiikE M B HEELRR AT
BUCHVERE . EWLBESRERFRYMPUC RALHRFHEY, HKEER
HHRENYMICREENEFRATHAL HEUESARESIYNUNTHEZME.

HsiR —MEFEENFEDY, REHEFSKEFHEORME, B EHETH.
BrEctE . EMNEHLUEBASRETREAET NREENHEAREZ —. ERE
PHRBMP RS R EENRBERE, HIRAWMIFE, FREK wmER. BT, EREY
KB RGEM ORI EE, SHXRE, PRIYHSCCEMBETEEY — 17.6 X

1) RAEXFREFKE (Calanus sinicus) B [F F 5 %
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Tab.3 The distribution of carbon isotopic compositions in the pelagic food web in Laoshan Bay

EPFR 8"CfH (x107)
# WY Phytoplankton -19.5—-25.2
B¥s1Y Zooplankton -16.3—-24.6
7314 Crustaceans -17.6—-239
B2 2 Copepoda —18.6—-23.9
thiEP K& Calanus sinicus Brodsky -19.7—-239
MRIBFAKE Labidocera bipinnata Tanaka -20.7
LERBAKE L sinilobata Shen et Lee —18.6
Ei®ifakE Pontellopsis yamadae Mori ~20.4
B #fKE Pontella securifer Brady —20.1
RERAMAKE P latifurca Shen er Zhang -20.0
BRMHBKE Centropages mcmurrichi Willey -209
Hé- MRk E C dorsispinatus Thompson et Scott -19.7
#HEEKE Tortanus forcipatrs (Giesbrecht) -21.9
WE LK E Acartia bifilosa (Giesbrecht) -21.4
AT Mysidacea -194
% JE 2 Isopoda —-18.5
B¥HEZ Amphipoda -19.6—~-20.5
BEAF Y5 Ba%iE Calyptopis of Euphausiacea -20.1
BB ERYE Zoea of Porcellana ' -17.6—-21.5
R4k Brachyura larva -20.2—-20.5
KE% & Macrura larva -19.6—-20.0
AR 240k Stomatopoda larva ~20.1
E£% 3% Chactognatha -19.7—-22.7
WOHHF H Sagitta crassa Tokioka -19.7—=22.7
HHESY Vertebrata ~16.3—-24.6
M B8 Eggs of Engraulis japonicus Temminck et Schlegel -24.6
{4 Fish larvae —-18.7
KA Enchelyopus elongatus Kner -19.9
HH/ND T8 Sardinella Zunasi (Bleeker) -19.0
W FH Liparis tanakae (Gilbert et Burke) —18.5
A% Kareius bicoloratus (Basilewsky) —-18.4
B Clupanodon punctatus (Temminck et Schlegel) ~18.0
KIRALE Hexagrammos otakii Jordan et Starks -17.9
8K Azuma emmnion Jordan et Snyder -17.2
BB Sebastodes fuscescens (Houttuyn) -17.0
% Lateolabrax japonicus (Cuvier et Valenciennes) -17.0
SR MERE A Tridentiger trigonocephalus (Gill) -17.0

MR EE Acanthogobius flavimanus (Temminck er Schelegel -16.3 [
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107°— =239 x 107°, BAR BHHEYH S CHEMIERE — 19.5x 10— - 252 x 107 &
BT R —-TUEERR, SREANFRDYHIHTUS N ERHE Mt
=2, RESUHSTHER, FETKER EBRAR W E Y, M4 K TR 50
ZHABREREBEEN Y, XEHREMLRNOWMEREELA B, ARKEEHEEHYM
BIFK, ERE WEL BHIFR BEAGE. GERAESE KERIEMO ERMESH
REIMN RARM S AULT M ERENTEEZ B, KEH7E — 18.5X 10— - 204 X
1072 B, NEMRHUABE, XEHYHERBREE —ENER, BHEEAHK
EE—-NERNREZA.

MNEREEEFHYRRE. NENHREY, TEREINIEESY, LHERE
BRR, 7. YEMEMEGSIYS ORES, 1984), RIRERRAMEAR L CEKEL
FWH PSS CHEMBEE (- 197X 10— - 227 x 107 ) ETHEETHREHNYHS CH
(-197%x107°—=-239%x107°). AT ARESKRKWED LS ESHYRES, B
WA B PR Y AR T RLAEHHETEE (- 19.7x 10— - 239 x 107°?),
MARSEHPETER (- 17.6 X 10> — - 239 x 107?),

MR RARE, ARXREAXERBERERN, BEMNTEAL LS HZK. —BKE
FAREAEL, MEA, FHh, KE 8 A R AW FA%, H6°CH < - 180 x
1075 “RPFAEHER, S 670 RIEAKE. QB BRe, BEgS HeCly
—170x107°— - 180X 105 ZRRANEHMAI, NHBERBEES, H5°CH >
~-17.0x 10773,

3 itig
3 1M EFENBRFAUREEEARNEN EMESERNILLE .

HF—NEREMREAMVEFTEE, 20 LRI GRRES 0BT 8
MERDHA 16X 10 M 17X 10, WE+HEE, ERGRES TSP ERTE
R FETKESRHEYZRMEMEEH, TREERFTRPIUNEAREARS
HERZ B ENELEE, XFMELPEL—8, A TERYN P AR EHRBKZ H—
PMEFRHCEREERER BN, XMUEBATLH 1.7 x 10 ERBILBESE S —
MEFRRHPCEEE. X—4R 530 EFTA B BB R T U K. DeNiroZ (1978)
BEBANX —FEERNO08+1.1) x 10" FEXAR 1 X 107> —1.5 x 10 R o
#. McConnaughey % (1979) £ A4 B YR EZAN — B RTHSBE—EXLNES
L5107 CEREM. RauF (1983) WX —EHEEMIT R 07X 107°—1.4x 1072,
Thayer % (1983) & BL7E 88 Vo B 15 i M8 R A0 IR W sh i sRBs 2 25 nh iR e R 4 B )2 9 0.8 X
107722 x 10 W C EEEABMR —FIE. AMNEMERN, AFYBERENEY
FENMEZ B CEMEFNR/N, I 1 X 107°—2 x 107> (Fry et al, 1982).

AR B e o B Wy (Rl AL R 4H AL AN 2B ALt B K 38 B AR B LUERE, B R B — A K/
/N BB R R EE B R T AR AE B AR 4L 8218 (Mosora er al, 1971). 318, MFZ 4 BIHHF 5
H4RIE (Schell, 1983). Xt BEKHREYNTIARE, YENWREEHABRH - 16.1 x
107°% K — 21.8 X 107°/F, it 160d KW FRSE, BHW R EHBRE — 14.6 X 10735 K
—-202x 1077, ATARERAEE 5.7 x 107°, M BE AR T 5.6 x 1077, FHEMEL
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NLEE2H%, EARYNRMEARENYRLERARN N EENRERE.
32 BLUBESRAEZTHREDNPICHESHREANEMNEFRR

AXESRAERHERYMNHRRBIW R RKSPCHEZ R 8.9 x 107°. MR IFHEY
MEELHETE, ZESRABYMMCEEE N 69X 107°, UG —BRERFAN
EEEE 17X 10790 NTAZAESRANFHEYERR AW N R EALZ HNFE
FSNMERHE, XURBHALETEYMERNZHEYIERAN AT EARTE
FEEMNCEEER. WRX—-AETEAPHRNKREREUABRHEEY I E, BAKESL
EYIRSCHEHUR —IMEFREWCEEEITUMTHENERYN PN ERNE, HE
AT R4, FUAKN—RE, NTARMEWEYRFERLDRESTHAR, RHHEYD
& C 1H i B2 UM Rz B 1L

MEATH, ARLRENVEYEFRBRRNES S TS REER LB,
FFEE (1983) MFEEH EYAMERITE LB EEMARNERR. HE 2.3, 4 824, 2
8 2.6. A8 2.8, /N 3.0. 956 3.2, MG T4 32, B34 %, W 5HBEMLRKEN
ERMAY A,

HRE EEEERERBENHRERZZHEY R IFHENY N ZEREKRE, K
ZERAEERUESTHNERBYE, XREFIER T X—RBRRELALEFSERFRLAY,
MAELEMHBSEEWINVAREAERE, BT REAERYIRE T L ERRE, WhEERB
ALY, BRTTBRANYE.

R4 BLUBESREPEREWMNSCHTH (x107°) SHENERER

Tab4 The 8"C distribution (X107 of various kinds of organisms and corresponding trophic level

in Laoshan Bay ecosystem

YR 8 ctE ERBK YR 8 Ctl EfRBK
BHEY -19.5—-25.2 0 BREWEHEE -18.0—-19.9 2.0—3.0
HshY -17.6—-23.9 1.0—2.0 FRARHA ~17.0—-17.9 3.1—36
EHHY —19.7—=-22.7 1.5—2.0 HAPREA —-16.3 4.0

33 EHEBEMEE
MF ST, XILMESRERPKEEYS " CHISFA —ENRLYE, BLEE—<
MES. B, ZLBFREEY. FEIYERERRNEAEE, XFERZE KB
WS AR S T DA R B B AR b, F A SR AN R A - MUKW B, TERBREE
IR EHHA: R BEGENZ, ARESESHEREBANE R, FEM—K
%5 BLBS CHMH (x107) SREBRALLE

Tab.5 The comparison of 8°C distribution (X107%) between Laoshan Bay and the other area

p— 51117 WAL SR 6 BB 476 sk HA

(Mills et al, 1984)  (Fry et al, 1983) (McConnaughey et al, 1979)
RiEY -19.5—=25.2 —-253£28 —-21.8+09 —24.4
HEsY -17.6—-23.9 -204—-23.5 -19.6+1.8 -19.4—-22.1
EHIY -19.7—-22.7 -21.5 — —

i % -16.3——19.9 —18.1 —-159+14 —-18.6
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41 SR3TREIFFABAMAGRESFFHFTENE, BLBESRETYN -8
FREOREMNREEER 1.7x107°,

42 FEBWHILEKEEYEYNFRMBIMECEEE RN 69 x 10, XH YT ZEYM G
REASANERBR. RERFANETENNEEREZN, ZESRAEF R RIYHmRE
BRURHEY N E.

43 S5XMIEAFHMHETEREEML, BESREFICCHESHNIGTL T EAHE
¥, BT AXHPIRR LT 7 MK A RS HTRILE, SR i s & B /K ik 4 97 6°C 18
MW,

Bt Bi¥M. BETRSERRRENARFEREETETRTHEY, EBUHL.
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STUDIES ON “C/“C RATIOS AS A TRACER FOR FOOD WEB
IN A MARINE ECOSYSTEM
——THE TROPHIC RELATIONS IN PELAGIC FOOD WEBS
IN LAOSHAN BAY

CAI De-ling, MENG Fan, HAN Yi-bing, GAO Su-lan

(First Institute of Oceanography, State Oceanic Administration, Qingdao, 266003)

Abstract Seven cruise investigations were conducted in Laoshan Bay from September 1992 to
May 1994 to study the trophic relations in pelagic food webs in Laoshan Bay ecosystem using a
stable isotopic tracer. The '*C enrichment factors per trophic level in the food chain are (1.6 +0.2) X
107* and 1.7 X 10™* with two methods for laboratorial culture tests and in situ sampling analyses,
respectively, showing both are almost identical. The results of isotopic analyses of in situ samples in
seven cruises indicate that the mean of 8“C value difference between phytoplankton at the bottom of
the food webs and carnivorous fishes at the top level is 6.9 X 10™°, corresponding to 5 trophic levels,
and their trophic locations in the food webs are determined for every species based on their 6"C
values. This result is basically coincident with that by the feeding habit analyses. Compared with the
results of isotopic research in other marine ecosystems in the world, the commonness is that the
8 C value distributions of various species of organisms reflect the carbon isotopic enrichment
existing in food webs and there is some similarity in different ecosystems. The difference is that
based on the measurements of seven months seasonally the samples collected from Laoshan Bay also
reflect the seasonal variations in 8'°C value distributions. The results in most references, however,
have only data of one cruise; it is difficult to reflect the seasonal varations. Moreover, the
differences of geographic positions,especially latitude, also have a large effect on §“C values. The
results of the isotopic tracer research show that the predominant source of carbon of pelagic food
webs in Laoshan Bay is phytoplankton—derived carbon, while other carbon sources, such as the
organic matter derived from terrestial clastic and the organic matter in the bottom sediments, are
secondary sources.

Key words Carbon isotopes Food web Pelagic livings Trophic level
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