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Abstract; The study was carried out in a intertidal flat after ecological engineering at the west of Chongming Island in
January, 2006. Succession plots were disturbed by ecological engineering and Macrobenthos community were damaged
severely. Through a re-colonisation field study three main questions were approached: (1) How do different ecological
indicators react during the process of recovery? (2) What does grow first during a community succession, biomass or
complexity? (3) Can the chosen ecological indicators help in recognising the three proposed forms of growth: biomass,
network and information, throughout re-colonisation? Multivariate analysis was performed to examine the convergence of the
disturbed plots with the surrounding community during recovery. Shannon Wiener Index, Margalef Index, Pielou evenness,
exergy and Specific exergy were applied to characterize the state of the community during the recovery process. Results

showed that the replacement of species over time happened associated Macrobenthos community. Species richness increased
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rather rapidly and species composition was similar in disturbed and undisturbed areas. After 1 month, diversity was
consistently higher in the community undertaking recovery. Exergy and Specific exergy provided useful information about the
structural development of the community but lacked discriminating power with regard to the informational status of the
system. The observations appear to illustrate a case explainable by the Intermediate Disturbance Hypothesis (IDH).
Overall, the characteristics of a systems’ recovery after disturbance appear to be dependent on the spatial scale of the
disturbance. If a disturbed area is small when compared to a contiguous non-disturbed one, complexity (information and

network) will recover prior to biomass.

Key Words: ecological indicators; macrobenthos community ; succession; intertidal flat; Yangize Estuary
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2.2 HEIE

A RAF IR PSR A KRR S B R B (B 4A) ALE AW E%E (K 4B) £ TRJG 90d B T
Gi—. FEMEYEBTRE KW LERKNHECRIKE . XETLIA MDS — 4z /o i fs 21 UE I (&
5) o MDS 4R/F 747 T LAZE S i R /n AR IR] A2 A AU AR B SR AR, TR TG RAR S 2o BV 3 T LB 22 9 3R
IR R o JUVER TR B (stress ) W] FH T 57—~ —4k MDS #5345 R W :0 <stress <0. 01,45

—— XWHRIX Control - X Succession

£ 50000 - 4 ~ 18- p

vat \E 16 [

£ 40000 s

% @ 12+

T 30000 - 2 ol

k) 2 8tk

< 20000 - m

2 1 6

g 10000 | 8 4r

Z i

m ] 0 | | | 1 | |

# d©O)  dly  dO©)  d@9)  do0)  d(270) d©o)  d()  d©)  d@29)  do0)  d(270)
AR ] Sampling time (d) SRARERT ] Sampling time (d)

B4 WBXMNEXEFEA)MBEYE(B) FERAERN AL

Fig. 4 Comparison of temporal changes between succession plots and control plots; (A) macrobenthos total abundance and (B) total biomass

hitp : //www. ecologica. cn



4948

=

¥ #H

27 %

F52A4F;0.01 < stress <0.05, 0 {5;0. 05 < stress <0. 1, FAR0{5;0. 1 <stress <0.2 , R E S EHE, B
FEIH R ;0.2 <stress <0.3, R ILF-RALERY, RTE™ B 5 BUMHIR AR N 0.01, K8 MDS 13557

HRME,

A
sl

s9

\

529

$270 39090
C
cl s0 0
9 29
¢270

Stress: 0.01

sl

N

s9

27
s270

s0

0
c0
c29¢c9

9/59009 0 cl
s2.

Stress: 0.01

Bl5 MEFESHEZTEHIRFHE:REK () FEEX (s) , REURWSI I FEH0R (A) MAEYBEEE(B)
Fig. 5 Two-dimensional non-metric multidimensional scaling (nMDS) ordinations comparing communities; control plots (¢) and succession plots

(s), regarding (A) macrofauna abundance and (B) macrofauna biomass data

2.3 AREFERRHLE

ARASER AR R R R R SRR BN R X R R A A 2E 8 R E G A RIS 4L AN 6
iR, Kb, XTHEIX fY Margalef $5%47( D) 7 TG 29d Z Bi#P R THEA X ,29d EHrdr i B T MR IB A (&
6A) ., BRTEEBFHHE, N TG 9d BEZX K5 ERE(J) (B 6B) —EHA AT X, Shannon-Wiener
188 (E 6C) BAE LSS Margalef $8HUHLL

MEEFRTEE (B 6D) WAL LI Y, HEXNWIEHHEEESEIRT - EER KGR, HAEBNRE
Hr B 53 IR X B EES T— 3. SHRERTISEUE (B 6E) 72 T 9d J5 B M VE R E o B2 th i B XX
B AR, BT BB X KBS s MR M U SR 2ett . BRER XN REMETE
BE LA B IR AR AR /N T X BR X B
3 iFig

HEREEBNBRPRERM ALK ? 2308 b, A A BB ES A YIHEE B R 2840 R 8 01T
Gt ot , AR BT DS — S RENPRAEUE R, R, I BELERD R BERMATHRAES
RENHER L BBk, AR EMERT - RNAESRE, o L8 WAEREEFETEDR
GAKE X B SR RA TN . IEBB0A N %2 R ] Reh B M A B2 RE SN EH#AT
SAER,
3.1 BERESBRPAFEERER R

— I A TE R R R B AR A KRB DL RPN -3 SR A& AR SR, X B R E R R YRR B
W T AN EYRE . AT REEBSIWARE A BEFER T X — &, BN EESFHRHBRE
B THRAWERE, MIGEEMEEREFEEBTNEENBA T HERE, EEIRP AN NMEEE
WK, K SWIE , B N SBER, HF ESHREE RMEA BN HFRK. EEESNET, SHR
EZHYR, U FERFEENENSEE SN, FL L, ARREPHEFERE (Margalef $547)
PR R E SR b B hnfa s, W BAE TR 29d 2 5 HMEGREE T IRIK . 5B —R LRI 3R i st
BEENYFEEBEMES MR AENFEE, AR 212 Shannon-Wiener $8 %, Shannon $8¥5% B4 T
FERRMR, BERAECE) ZHHTFAESHEZHEEME R, 7EABSH Shannon-Wienner 18 B T 5
Margalef $55CHE (DI P A8 4L 35 . T TAR XY Pielou ¥15] B8 #E 2{VE TA)5 od B TR X, M
XU LUEH B, SHEREmIERER., KA1 NMAZE, BEEXEEYMHEENFREEANRX

hitp : //www. ecologica. cn



12 4 BEWE & RILOBEN KBRAR S Y& RS 4949

——%f B X Control —»— H#[X Succession
A

O == NN W
O L O L OO

Margalefg# (D)
Margale index (D)

(o) an d©9)  d29)  do0) d(270)|

ST 10 B B % 25 ¢
">. bt
§ S 08 § 2 20
Bz o6 £ o 15
g E 04 % £ 1.0
S5 02 £ 3 05
E % 0 | L L L L | g § 0 1 | | 1 1 |
~E d)  d() 49 d9)  d90)  d(270) g g d0) A1) 4@ d@9)  do0)  dQ70)
=
w
D E
& 4000 =
g o 400
<, 3000 =
£ B 2000 2 20
L)
# £ 1000 100
ﬁ 0 | | | | | | é 0 1 | 1 | 1 ]
» d0) A1) 4@ d@9)  dO0)  dQ70)

40y  d1)  d©)  d29) 90y  d(270)
SFAERT ] Sampling time (d) SRAE R} ] Sampling time (d)

B 6 XM AR X Margalef $540(A) \Pielou #5F(B) Shannon BRI H(C) (BB (D) MWK (E) M4k
Fig. 6 Variation of (A) Margalef, (B) Pielou’s evenness, (C) Shannon diversity, (D) Exergy and (E) Specific Exergy in control and succession

plots

LT o 34k, FRA R BB H T - MEERALE:, XERRATUNCHEREXT TIHREXNHEE
BRI MRS SRAR, FXE RECANTIRREARE THRZE, B E RS 2 R
HEEBNEIMERE, MENMRERNTIRZE (ERBCRERE) , BEE W b IEERZ TS 8
JE SRR SRR H B BUASERL o AR TR 29d B KA SRR R T RE FERET
AR T/NE T, Br OB RAR sh 0 B A 3 2 b YR Z THUR &  H S S4B G shAe 11 89
BARSER. BILERER R R EEAR, 258 1 S AZEA LG, RE LR TN KBRS MR, BB
SAHB T, A£TE29d RHEEXFENSHESER TR X EHR T AT E T HE 3 (Intermediate
Disturbance Hypothesis) Jeffe' 7, i EFRMBBEA NP ERE N TR S MHRE N SR EX PR, 1
RTURELD DR R, B RF G, EREETREN, (VD EFRRRBE OV ISR . MR TIHRES
BB, M2 RE LB MRBERILTINEEF TR, Bl RUEABRRPEFEEE TN T HRREKRE,

RAETE I8 R AR R RZ A B MEHESE T A K Bk A, (B4 ™ LR BRIE S K
SR RATIEK ™ Jorgensen ™ RN T 3 ARG M KA, S HIR MERIOHK (KR D), Hi
A3 (R I ARG R 2R (RE ID) @ RMFEARBRST P | LASh AU A Y & R S5 AR
BEMEK, XTX 3 FMAERMREK, Jorgensen ™ BIRFAEASREIR S, WELHLURERENE, &
HURRE DR, RIOVE S NAE . HERRERTEN R RE R R M= 88, &, HE+
Yrp Rl B A LR R AR, sl BB R R BRI (B K o EERERIG B, IR R
BB, R BV RO EBHE , R R AU (RB TR .

Jgrgensen FI Mejer ' 8 21 FIRE R At B M BEFE S Z0 M I o ZEMRAIRBERL P BIR : (a) R HOE 21k
SHRMEZRNIFE R, PN SERNEFEREEX; (b)) EBRENEBRERENBEAEREG TR E
BE TR, BEMEERYT REEBRS L PENERS, RUH REARSHHRRREE

hitp : //www. ecologica. cn



4950 £ &5 % # 27 %

ABFST PR AR BT AR B e B S W B B R B AR, R 3 AN AJE (TRJE 90d)
BB X BB A B 2AXTE X JE R AL (B 4B.5B) {09 4B 25 (TRE 270d) B X K4k BB Rk
BISTHR X KT, TigsH BERR B E TR MREE T A ) 2o M 7E VR B R IR E I R bR, S e i
BRI BEIKE . XA X A WERIERE BT 9d BRI HBET , ZWFHARR XK
KB AR S IREE B B TR 2, EIL, RS HBERE RS AR IIRE N BHRTEY
BHRE

ETHERRET(8) HENFE AT AR E M E MHE—E N RS, FREESRETEYE
REdEIE R R, TARTE BUA A MR S B S B0 AV LA IR, DR T A REYHBEITE. 4R,
BAEBIE IR EFERNER . B, BT ENARSER, LW IR FBRLSERE,
L BABEME B RENA R AEFIT B — A5 Ao MR, FEE AT B B RS M R A 3, 3 — [ i 4
BHERmE Y, BATE, REE XA, RS E TR AL RN AESIRE R BT R TH
EEER BINE RIS A
3.2 BEEEESOSEB LK, EYBERE

KT REER B SR P AR MAEHAEB AREHK” WIS, EEMEE B2 WRRKAES
AV T KB, BIZH, 5 Odum™ BMBARIR , RGE B (SHBER) W IdE bk, R AR I R 4%
KRR (U EREEANT)  TIEY B E RIS, ~HEMRAPEYENRARTRER ., YAX—ERES
Jorgenson 45 B BEHI R, FERAIBIBISE D, BB B AR I RS R 2 0 (263 I IR B 1Y
B (B D) K ¥, Tk B (8 DERSNEH S ESER. NESHFIRREMIX—ER R
AR, FHRT-5 FE B ) R BRAT Sh R, BRSE K IR AR B /NG o VR AR X R TR K E R
AT AE RS TR EARE . ARENTREBYRHOABEENN HRE, EWRKNKE
IR A I R, TIREE 5 2tk 7 A 0 3 2 o K E R S A (B B T
3.3 EA WS RESFEREUATES SRS 3 XA R KRB KIRE

ESHIPR R R A E B TR BEE W D R A 2 MR SRS BB, BAERAAR
B SRR T2 — SRR B . RS RSB L B4R 2 B (R B AE BB MK A3
HARR, BRESHEENENBAES TRABEREDRPRE ] WK (EYR) . BENSHIERERET
KT RVELRBIARE L, BAMAGZ % B REHTAME BORSHIBES o FTLIBES 6 ZRb A 2107 4)
PrREE R B R R IR B R 5 .

References:

[1] Odum E P. The strategy of ecosystem development. Science, 1969, 164 ; 267 —270.

[2] MarquesJC, Nielsen N S, Pardal M A, ez al. Impact of eutrophication and river management within a framework of ecosystem theories. Ecological
Modelling, 2003, 166. 147 — 168.

[3] Connell J] H, Slatyer R E. Mechanisms of succession in natural communities and their role in community stability and organization. American
Naturalist, 1977, 111. 1119 —1144.

[4] Sousa W P. Experimental investigations of disturbance and ecological succession in a rocky intertidal algal community. Ecological Monographs,
1979, 49. 227 —254.

[5] Paine RT, Levin S A. Intertidal landscapes: disturbance and the dynamics of pattern. Ecological Monographs, 1981, 51. 145 —178.

[ 6] Van Tamelen P G. Algal zonation in tidepools: experimental evaluation of the roles of physical disturbance, herbivory and competition. Journal of
Experimental Marine Biology and Ecology, 1996, 201 . 197 —231.

[7] Chapman M G, Underwood A J. Inconsistency and variation in the development of rocky intertidal algal assemblages. Journal of Experimental
Marine Biology and Ecology, 1998, 224 . 265 — 289.

[8] KimJ H, DeWreede R E. Effects of size and season of disturbance on algal patch recovery in a rocky intertidal community. Marine Ecology
Progress Series, 1996, 133, 217 —228.

hitp : //www. ecologica. cn



12 4 BEWE & RILOBEN KBRAR S Y& RS 4951

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]
[24]

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]

[36]
[37]

[38]

[39]

Benedetti-Cecchi L, Cinelli F. Patterns of disturbance andrecovery in littoral rock pools: non-hierarchical competition and spatial variability in
secondary succession. Marine Ecology Progress Series, 1996, 135. 145 —161.

Dye A H. Community-level analysis of long-term changes in rocky littoral fauna from South Africa. Marine Ecology Progress Series, 1998, 164 . 47
—57.

Williams G A, Davies M S, Nagarkar S. Primary succession on a seasonal tropical rocky shore; the relative roles of spatial heterogeneity and
herbivory. Marine Ecology Progress Series, 2000, 203 . 81 —94.

Hutchinson N, Williams G A. Disturbance and subsequent recovery of mid-shore assemblages on seasonal tropical, rocky shores. Marine Ecology
Progress Series, 2003, 249, 25 —38.

Connell J H, Hughes T P, Wallace C C. A 30-year study of coral abundance, recruitment, and disturbance at several scales and time. Ecological
Monographs, 1997, 67. 461 —488.

Diaz-Pulido G, McCook L J. The fate of bleached corals: patterns and dynamics of algal recruitment. Marine Ecology Progress Series, 2002, 232,
115 —128.

Levin L A, DiBacco C. Influence of sediment transport on short-term re-colonisation by seamounts infauna. Marine Ecology Progress Series, 1995,
123. 163 —175.

Rosenberg R, Agrenius S, Hellman B, et al. Recovery of marine benthic habitats and fauna in a Swedish fjord following improved oxygen
conditions. Marine Ecology Progress Series, 2002, 234 . 43 —53.

Nogueira E, Ibanez F, Figueiras F G. Effect of meteorological and hydrographic disturbances on the microplankton community structure in the Ria
de Vigo (NW Spain). Marine Ecology Progress Series, 2000, 203; 23 —45.

Valiela I. Development of structure in marine communities; colonization and succession. In; Valiela, I. Ed. Marine Ecological Processes. second
ed. New York: Springer-Verlag, 1995. 355 —381.

Levin L A, Talley D, Thayer G. Succession of macrobenthos in a created salt marsh. Marine Ecology Progress Series, 1996, 141 . 67 —82.
Craft C, Sacco J. Long-term succession of benthic infauna communities on constructed Spartina alterniflora marshes. Marine Ecology Progress
Series, 2003, 257 45 —58.

Yang Z H, Tong C F, Lu J J. Characteristics of Macrobenthic fauna communities in three successional stages of the new emergent salt marsh in an
Estuary of the Yangtze River. Zoological Research, 2006, 27(4) ; 411 —418.

Patricio J, Ulanowicz R, Pardal M A, et al. Ascendency as an ecological indicator; a case study of estuarine pulse eutrophication. Estuarine,
Coastal and Shelf Science, 2004, 60; 23 —35.

Clarke K R. Non-parametric multivariate analysis of changes in community structures. Australia Journal of Ecology, 1993, 18, 117 —143.
Clarke K R, Warwick R eds. Change in Marine Communities; an Approach to Statistical Analysis and Interpretation. Natural Environmental
Research Council, Plymouth, UK, 1994. 144.

Jorgensen S E, Mejer H. A holistic approach to ecological modelling. Ecological Modelling, 1979, 7. 169 —189.

Christensen V. Ecosystem maturity, towards quantification. Ecological Modelling, 1995, 77 . 3 —32.

Ulanowicz R E. Growth and Development; Ecosystems Phenomenology. New York: Springer-Verlag, 1986. 203.

Jorgensen S E, Patten B, Straskraba M. Ecosystems emerging, 4. Growth. Ecological Modelling, 2000, 126 . 249 —284.

Tilman D, Knops J, Wedin D. The influence of functional diversity and composition on ecosystem processes. Science, 1997, 277 ; 1300 —1302.
Bastianoni S. A definition of 'pollution’ based on thermodynamic goal functions. Ecological Modelling , 1998, 113 163 —166.

Rice J C. Evaluating fishery impacts using metrics of community structure. ICES Journal of Marine Science, 2000, 57 ; 682 —688.

Miiller F, Leupelt M. Eco-Targets, Goal Function and Orientors. Berlin; Springer-Verlag, 1998. 623.

Fath B D, Patten B C, Choi J S. Complementarity of ecological goal functions. Journal of Theoretical Biology, 2001, 208 ; 493 —506.
Jorgensen S E. Application of exergy and specific exergy as ecological indicators of coastal areas. Aquatic Ecosystem Health and Management,
2000, 3. 419 —430.

Jorgensen S E, Verdonschot P, Lek S. Explanation of the observed structure of functional feeding groups of aquatic macroinvertebrates by an
ecological model and the maximum exergy principle. Ecological Modelling, 2002, 158, 223 —231.

Fath B D, Cabezas H. Exergy and fisher information as ecological indices. Ecological Modelling, 2004, 174, 25 —35.

Marques J C, Pardal M A, Nielsen S N. Analysis of the properties of exergy and biodiversity along an estuarine gradient of eutrophication.
Ecological Modelling, 1997, 102 155 —167.

Marques J G, Jorgensen S E. Three selected ecological observations interpreted in terms of a thermodynamic hypothesis. Contribution to a general
theoretical framework. Ecological Modelling, 2002, 158 213 —221.

Fabiano M, Vassallo P, Vezzulli L. Temporal and spatial change of exergy and ascendency in different benthic marine ecosystems. Energy, 2004,

hitp : //www. ecologica. cn



4952 £ &5 % # 27 %

[40]
[41]

[42]
[43]
[44]
[45]

[46]
[47]

29. 1697 —1712.

Silow E A, In-Hye O. Aquatic ecosystem assessment using exergy. Ecological Indicators, 2004, 4. 189 —198.

Xu FL, Lam K C, Zhao Z Y. Marine coastal ecosystem health assessment; a case study of the Tolo Harbour, Hong Kong, China. Ecological
Modelling, 2004, 173 . 355 —370.

Jorgensen S E, Nielsen S N, Mejer H. Emergy, environ, exergy and ecological modelling. Ecological Modelling, 1995, 77 99 — 109.
Bendoricchio G, Jgrgensen S E. Exergy as goal function of ecosystem dynamics. Ecological Modelling, 1997, 102 5 —15.

Jorgensen S E, Ladegaard N, Debeljak M, Marques JC. Calculations of exergy for organisms. Ecological Modelling, 2005, 185. 165 —175.
Fonseca J C, Marques J C, Paiva A A, et al. Nuclear DNA in the determination of weighting factors to estimate exergy from organism biomass.
Ecological Modelling, 2000, 126; 179 —189.

Jorgensen S E. Integration of Ecosystem Theories: a Pattern, third ed. Kluwer Academic Publ. Co. , Dordrecht, The Netherlands, 2002. 432.
Zhou H, Zhang Z N. Rationale of the Multivariate Statistical Software PRIMER and Its Application in Benthic Community Ecology. Periodical of
Ocean University of Qingdao, 2003,33(1); 58 —64.

[48] Grime J P. Competitive exclusion in herbaceous vegetation. Journal of Environment Management, 1973, 1. 151 —167.
[49] Connell J H. Diversity in tropical rain forests and coral reefs. Science, 1978, 199. 1302 —1310.

SEH:

[21] 4%, EEFE, MR KIOBM=EEMEREIRMmYRERIE. 5T, 2006, 27(4) : 411 ~418.

[47]

R, HER. RELTATRAE PRIMER K77k FEEEERWEREESEPHNR. FRIEEAEER, 2003, 33(1): 58 ~64.

hitp : //www. ecologica. cn



	12a10.pdf
	12a11.pdf
	12a12.pdf
	12a13.pdf
	12a14.pdf
	12a15.pdf
	12a16.pdf
	12a17.pdf
	12a18.pdf

