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Advances in Research on the Estuarine Salt Marsh
Ecosystem and its Food Web

TONG Chun-fu
(State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200062 )

B E AUuidESHERREAFIRR FARN  EHLESA4XE L -, FHTOLBER
EAAGWNFR TENETHRHEY BAFLYB T AL BERENREAF AN ARESRA. BF
R FEBREAABEA LB AEAVRERLEDEBIANA R HEENUREFEHRNBETIR
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EN4X N UABIFESRRELERA Y R WEHEL LR, 5 Teal, Odum R AW
ARFEHE WY - BOFRRALUARBHALER RN EH KRR EF YA AR TERE A RS,
BEAERAPWRBHARDERTANAREERLFTARNER FRA -RWHAE,

B, A THAEBRAARAE R A Y RN ZEFRE AR I RE ARFRI RS R EX,
BB EX BEANEABRRBER T WL AR AR ERTHRHAREAR , pASHAX
EWRAFARUMRY, REA ZWEBEH LA, AERUKTI D A LEXBEERENET, MH
BEBETFETABNAR  ERZTEIHUARELYXBREYSED LW ERFELHNMER
AL AEHRARAEZRAEBCARTEN T AL EE D, T RBERASREARRYAFREA
REGBEE,

XBE FoEH;EFELESRL:RHN

E4HE WOoEAYEREATRERILSEE (2008KYQONOT) ; H K B R F ¥ 54 (40506029 ;50939003)
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4 AEXNERR(FRE) XRESFSARENAGE

Abstract As one of the most productive ecosystem types in the world, estuarine salt marsh wetland has been
studied extensively in last decades. During the early stage, the study was focused on the effects caused by
abiotic factors on the structure and productivity of vegetation. Recently, the study has been extended to the
consumers and the interactions between the different components of the ecosystem, including the relationship
between different species, their spatial and temporal variation and their interaction with the biotic factors, and
so on. Ecosystem functions based on the food webs had grown to be the core important issues for the study. The
technologies employed in the food web analysis have also been developed from the regular stomach content and
food detritus analysis to the new technologies, such as the isotope trace and fatty acid trace techniques. The
techniques of 8 C, 8 N analysis are most widely used now. But these techniques still need to be
consummated. Most of the studies on the food web of salt marsh wetland ecosystem have been focused on the
matter source of the secondary production. In these studies, only some specific consumer groups. have been
involved. And the groups of fish are most popular objects for that. Present research results are quite different
from the theory raised by Teal and Odum. A great number of studies have proved that the algae is the main
source for the secondary production of the ecosystem, and the vascular plant marsh contributes only a little to
that. But different studies usually get different results and have not gotten a general principle for such issue.

Up to now, very few studies have covered the whole integrate food web of estuarine salt marsh wetland
ecosystem. Most of the research works only include those species resting in the aquatic and the benthic
habitats, such as the algae, the vascular plant, the fish and the benthic fauna. And very few studies on such
issue have related to the species in the air habitat, such as the waterfowl. There are extensive salt marshes in
China. In last decades, many studies on salt marsh wetlands have been carried out in Yangtze Estuary, Yellow
River Estuary and the coast of Jiangsu Province. But most of these studies have been focused on the
characteristics of the species, the interactions between or within biotic and abiotic components. Very few studies
about the food web and the integrate ecosystem have been done. There is still a long way need to go before we
get the satisfied results.

Key words  Estuarine wetland; Salt marsh; Ecosystem; Food web

WOBBENRESREMBEFEESREZ RIMNESZEW, BABRRKZIL FEESEN R
o RGBT OB FRARRE , 7T LA I8 W JR B TS 28 B B B W K 4R, W1 LA 43 O 1)
I o R TR AR R AR Y, AT DA D R VR L £ 4R AR b %5 2K Y ( Cowardin et al.
1979 ; Mitsch & Gosselink, 2000) . HH , IERER MM B R, AP HE4ENOEE X,
A4 AR B P BB A3 DA o i R AR BTz i b AR BE 22 By WK B F XA A, AR A F)
KA B X (B AL 25°Z [6)) , B #i N DA AR BT IR o {ELIR 7 980 0 20 BE R 91 85 ) X OB, 4 W R 1
B ER B BUL (Mitsch & Gosselink ,2000)

HTEHBERMKZ00, U0 5 OB ERlREF Sk RPQEZ A RER, 7
NEHBRAKHFRSRP HBERIHSZANER S KE, FHRENRERMA S R E T
REBLOARZ—HBEYRBIR, ER BN SRR



AORBEAESRERA R AT R R 5

1 AO&RBRMHERSFESHRBER

1.1 ERIST

RERBERKKGEAZHRRAFRY LARMBRBEARNE LT HREMBEEN, £K
X3 ELA 8 % i 83k B % 49 7K 437 3 3l ( Beeftink , 1977 ; Mitsch & Gosselink ,2000) . ] [ &k 3 18 #b, 8P
RUBEANTEAERMAF OR, REFWOREEBE TR, TSR —KE
PLgHEERAN ERERRFRHFRM, EELMAER VI UM 8 B 1E 8RN X, 0% EE
W - RE R E RSB, MU R S R AN S EEE, 5 —RRURRIER R
ERURRBUNEREANEBRE, GFF MR =AW e H B8 # (Misch & Gosselink,
2000) , MEEMBEE A LW O FEHKIO ETO%,

FE[R)— ¥ O 38 2t DX 0k, ER VR AR B Ar A AR AR K SC MR SR I R R W . 42 A7 B R AE 1
HEAKM AP REARZE, T FBIC TR KR E , LA R 3R DU 2 M 4E A (Chapman,
1960; Mitsch & Gosselink,2000) , ZEEEHBMMEV X, EHAMBERELRET ., B TR, LIHHEE
REAFE W , 7080 M S AR B XK WA R, W 7EAR 4 XK W40 18 , b i R BUL VRSN B UL B b R 5
A RERUTRY B E AR . FER S K IR T BUAR 58 M b s UK R ot , e K B

HERMESRERMRA LA NBEENMESREZ —. P4EBX AT HRBRNBEK. EK
BR, EMBAEFNBEETESEH X (Turner,1976) ; 7E 7] — A3 X, S B B R A= N1 E S
B &N BB ZHEMAK; MERBXIE, MAEER T BALEREEF ALY LERGF
HEWE 4™ 128 |2 46 3 R4 (Steever et al. ,1976; Odum, 1980 ; Mendelssohn & Morris,
2000 ; Mitsch & Gosselink ,2000) ,

HEBHETAGEHERE LT BB EEETENR, WSS ESR R LR AR E
BERR . ERERTUSRKE R, RAER P FEQEEHRMNY U RAE AW EME
Y 5 7K IR A 5 oh W) LA £ 2R AR 4 B 52 3 ¥ R 3 (Mitsch & Gosselink ,2000)

1.2 HH|R

WHOEHBBEMRERE B ZHAOBMESREELE Kb REfmBHESREVNR
423K Teal F1 Chapman H 8} 9% T4 ( Chapman, 1938 ,1940 ; Teal ,1958,1962) , B Wi/ DO B # 4
BREWHR  FEMETERRHEBMOR  RAFEEYEF CERERAERERMAFERNF
Xt #h T AR B A5 1 S A2 7 1 B € AR S (Howes et al. ,1986 ;Emery et al. ,2001) , ¥ /K 44 £ 884,
B BEHEE Y RE . EHLMEZSRN KX WIER (Steever et al, 1976; 0dum, 1980 ; Mendelssohn &
Morris ,2000) . IE4ERHMIPIRRY , HYHME RS B EEBHEERRAET THBREENADE
F (Haker & Bertness, 1999 ; Emery et al. ,2001) , T FLHLBX £ VTR 8E 5 K SRS 4R UK BB
0 (Chung et al. ,2004 ;Reboreda & Cacador,2007 ; Wang et al. ,2007) s KEENI sy . K L5k
BELERSAERREINE D SHEEEMAL, IR RUHR Z K 7 E 5 & 28 (Moseman et al.
2004 ; Reinsel ,2004 ; Dean et al. ,2005;Lee & Silliman,2006;Jin et al. ,2007) ; Z YR B Z R AL EH
BUA EE T8 1B M B 5T i) B BE Y 5 (Vinagre et al. , 2008) . FEHRBEE AN T B WAIME, D R &R
KRG, LEEL AR THRAAARF G ASEX RGEH 5 X2 ME W (Alberti e al. ,2007;



6 EXANFRRE(FES) ABLSFSAFREHAGE

Brusati & Grosholz,2007 ; Rogel et al. ,2007 ; Wang et al. ,2008 ;Zhou et al. ,2008;Li et al. ,2009) , L B
T Y8 1 i A AP E (Larkin et ol. ,2009) RN HETELE R BAESRERRHIRRZ—

RGN, NS R A ST BB TR Z MR TR TEH 20 #H4
60 4E4X . Teal(1962) B R XTEE VR KRB HEAT T 40 # o BAMAGE, 35 T XA S K B 6 RE A F 3R T LA
EE6.1% ,1.4% M AST KFHYCRETT LA A S R A=, BB TP H 7% @M EY
FIFERAE R ,45% AT BB HEW AT OKR(LEF THEBH) . 7 Teal RFAFEH,
A L REEBEEDY, BEARHIEN. 7 Teal FHRAERM L, Odum 7 1968 £RH T Hi
i ¥ (outwelling ) B , TA K £ 78 4D 4 7 & (primary production pumps) , K& KB B Y FIE Y
85 SO T O R KU R F Hl A 7 (IR AE ) (Nixon, 19805 Mitsch & Gosselink,2000) , {HZ,
24t %o T4 B UL P IR E , A R T RGE B A BE BT, TR K R VB Y B ) S R TR R K
HAREFERAA

BAR, A 20 tH4D 60 AR 4R, PR T 2% T3 1 £ VR 18 3 i 8 5 ) B4 8 B 18 IF R 1E B9 BF
RERHN-HERARAGE WA, WERERELL FAEMDE /RO, HE BB
SR O BRI ( Reimold,1§72;Gardner, 1975 ;Stevenson et al. ,1977) ; FEAAK S O, £
HEABRBAVBERE A ML BRI R, T0 8K B A R ) 2445 (Woodwell et al. ,1979) ;
T ZE4 36 Y. Sapelo B ¥ B T RABAAEA R TRAMEE , BA R £7K A E L ; Childers 45 (2000)
INHELBEHEEREN O EFRERPI LG REAR, EFREFIRENER 5 Y 2 IEAHX (Mitsch
& Gosselink,2000) . AEF MBI RLRILEEORE 7 O LBERBEESFYRBEFHRMEM, B
YER“IR BRI, BUBMARNERRUSGHIE, FARBENT—BAZR, EREEEERE
RGBT R LA N, 5ZHMRL, KT 0B Y m s e RS RBRR R HE T
A, BHEBRENTRER UL RN LR AE KRG, ARG AHRER,

20 42 80 FEARLLSS , Fe AR 90 ALK, FEE W D BB B WM BF KW EA , XKW BFR
HGREBRMRTHEARAESREVNRET YRR SFHELPERANRRETRRNEL,

2 AARRBEMRIYMTR

ABRETARAYHAREENKRAERYER X RYBRAMERRARBBEI A0S
ER—TEE IHBEEARICYE SYHHEXXRRATYN, YT, SWNHREE LR N
KA R B HAE A R 5T 8EBF5Y B 4% 0 4R B84 ( (DeJonge, 1990 ; Baird & Ulanowicz,1993;
Livingston,2002 ; Pasquaud et al. ,2008) , R A K ESRAY EHBA BREEEZNEMERM,
BYRMMARNEEEFEEDN AR Y RE K EFRK R (Loc’ h et al. ,2008) , B LB E & W P
BESEH,

2.1 MRAENER

W O ERSAESRERY MR N BN BRI BT A3 RS — KR HH Ik, B
EREPEYMBR P RAREHT S 5L RERARAEBAREM E RRERMFHER FHhk,
2.1.1 ¥RFH

EANATE - BEESERNE . EADOT HELMT RYRB T, URARLERSEY



TOoORAEBHMESRARARUPAFRARR 7

AR S M Rt EBL AL b, B e M R S Y B B SRR UL R R R AR W) R Z A BB 3R R
R, 40 B RYERNTY M (RifeE,2003),

KX R TE, T ARF B EA R YRR EFRR, PN RBEAFN. ERE
BEY ERES, WM e Y R AR AN T8 S G RRE ., [HR7ELREH
AR EEARANEYEBEERAARMNIT TS, ISX - BRAEENEREXRE . RY
R, AL —BRRABEY S, AT RS ERERNRE; THAEFEIRRNE
2, 5B RERB . WAL, I E AW AT, BB RS A BE BRI R B RE A, S
YRR —ERGE.

2.1.2 HARKREK _

RREGERIFFRERNRER, AR RERTEROF B WHRBERMEEIR
(ELBI) A 8°C.8"°N F1 8**S(Machas et al. ,2006; Wilson et al. ,2009) ,{H 2 H FHH L E $°C.6 N
ERNME ST A (Grall e al. ,2006;Serrano et al. ,2008 ;Loc’ h ef al. ,2008) , — 8 8°C AT
EERLAZ(AYWRE),°N AFH TS EFH%L % (Lin et al. ,2007; Richoux & Froneman, 2007 ;
Pasquaud et al. ,2008) , EHAIRERMRTEMT MR BYFMEETHREMENIRTRE TE
YWOBEFRYRE) X —HE,

ERIEFERVFRE R, EHRROFIYEE D BERCRENLEE RN S ZERNER
i % 4 25 1k ( Stephenson et al. ,1984 ; Cloern et al. ,2002 ; Carlier et al. ,2007 ;Lin et al. ,2007) , 7] fig
SR XTI E S R FAY . UM% ERY RERCEITEAR AT, WEEY
SE R, — B SN A % (Peterson, 1999 ; Lin et al. ,2007 ; Pasquaud et al. ,2007) , A H B &
o3, AT LR RS R X TR WA B RIS B, T X 255 AL B 2 9 18 A i 3
M. BATRERAM RSN T EAS BERFTH - LEH. WX TR E R ALE TR &b
B, EEFERYE L LR 3 4 R, B A B L M4 (Serrano et al. ,2008)

BT RERMRSNINE EESMAER AR ER, HEMHT T EUMETE. WaheY
R R R PR A A, , o BB X AH DL B W% By W 1Y 5T R ( Calier et al. ,2007) ;4558 Y M P9 i B BR o BE A T
BRI, ST 2% B R I (Hall et al. ,2006 ;Haubert et al. ,2008; Henning et al. ,2009)

WA BRI RN R FEEBEARNR R, @R A Y N R EE 5 (Degre e
al. ,2006; Whipple et al. ,2000) HERK T ENNATREUEFRXRNWB R NEM, ©E LN
ATRGEER U ER EMERE IS, LR DLRG 4347 CBURFRE S e 6l B0 BT BE o (BT 43 #7 o
2.2 ERUSHRR

2.2.1 (2TFABEFHYRER

EER, XTHEABMESRAERYMMNHR FIBETEE BT REE WY ERIE K H,.
HEHXNAREB R AESRETBROHR , AEBD RN R, F A B HE; AR
MREZEUAXN T, BERIHREY R REEHE LTI PRI FHERE L,

5 5% Teal Al Odum [ 5 A Al Kreeger F1 Nowell BF 57 % B, /5 A= 3l ) 0 80 8 I IR R AL 7 3F
AREHER R A SRS R Y, WX 3 &R/ NI RS B KBRS
VHTHEEEWIREESE RT 102 £ EFHERHRERERE, -BRAOEAESIYR
XU IE 4L ( Kreeger & Newell ,2000 ; Mitsch & Gosselink, 2000) , Hughes #1 Sherr 3% ff 8" C 275



8 EANERR(FEE) ABESESAFRZAAG &

FARI, EhIE W o 6 2 69 oy BT IR 32 2 2 0K B R I A% 3 28 (Hughes & Sherr,1983) ; Sullivan
Moncreiff B M E 5°C A 8°N KB, #5818 3 b 48 35 1) 3= B2 Yy e U5 2 S 1 70 2 3% 98 25 ( Sullivan
& Moncreiff,1990) , Stribling #l Cornwell B &8, C, P AEMB KB VALK EY P SEEE
{57 ( Stribling & Cornwell, 1997 ) , T Kwak #1 Zedler % BLAG £k VA5 8 40 47 By K38, e 2L BL 0] [T £ 2%
HOYFEH FERR, MAREKREHBH X R, ERR N EEEEHY FKIE (Kwak & Zedler,
1997) o Wairight 2% A % 3k BY ¥ 3t 1L 49y R0V A9 386 2 022 40 V3 08 4 o 0 36 B B B R 40 3R U ( Waiiright
et al. ,2000), i Sa FABL E AP LN, MORMELBARNTERYIHEL LEK
WA BB 43 UR R/ NBLEF (Sa et al. ,2006) , ARG RMOARTTRES A RIW O ARKHER . HRED
WZRAE X TAMER— O, R E R AR HRURBEEE T RRTMHFEZR (Veiga e al.
2006) . Hit, WFFRXER R E AR, ARMENRIBEE ARELEYABRARER, B8
WEBHARMER,

BT, KR E LB R R E ML, Shimoda ZF AN AEIFBHK =M IFRHNE
DREWAREZR, ARAMLZENBEYREFEABER AHREBENBE, SRS ER
FR B2 EA W B, BRI RS A BT b s B B Bk T4 B A4 $E 4% 4E (Shimoda et al.
2007) . Svensson 2 JGEIE X B MRM A AWM HAE AR, KENET KZERARHT O ARK
Mo R BB B R AR R RO RE B 4 5 S TR AR N R A 4 R BB R TR 3T 1 RS TR A A T A B
A IRl (Svensson et al. ,2007) , Choy FMAFFLE A AR, M A1 % B H B MK 0L KRR L&
MM ETRUBENIRY , BFEEREBHYOTREE DN R EER AN EE N FE—
BEER YR, M 54AERRE KB ITTHXREAK(Choy et al. ,2008) , RFEEHITKRHN,E
WHRBHEYWEEDERRRBEHIYN ETERY KRB, ARANERXRSEHE RN E
Yy EEA (A2 5F,2008)

SEIR REHMXATHEREAESREEREREEFT WY ERTRTFR T KBMFER,HR
AR BB SE (75 ] ) 380 A3 R [R) B B U] R TR B A P 48 ) B B B R RIS R, HF BB R — M, &
5| FIAHRL AT ST 45 3R B, £6 0 EE % M B I B 5T 5% A R AP 5% B SE B B 3R BE 45 12, B S T 2B B 3L

BRSSP R E R E R B EE DK SR A TR 3, M TSP ik
K, 052K B S S A R BT 5T U I R R A X B D X AT BB S A AR A B ET AR AR K
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VIRBE P RABRFRANE NP RBHEE BREEYRBNZENEY MR RNEIEE D
(Valiela et al. ,2004; Akin & Winemiller, 2008 ; Guirao et al. ,2008) ., & 2 & Mitsch Fl Gosselink
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Fig. 1 Energy flow diagram of Georgia salt marsh ( From;Mitsch & Gosselink,2000)
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