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SR RER ALCRAE, LSRR BN 34 5 2 Fh A 35
W7 Z BB C&, dE— s T RS Sh I
233 6] 43 A7 REAE B LR 0 P

2 WEFEIX SR 5 5 ik

2.1 WREREBEHFR

JUBUD SR KV B A= U0 U b, =2 R VW R
. BV TRV 4 BRI AL, B AR 423.2 ks
% DX JE W By 2 KU S, AR AR R
15.7°C; 1 HAREAR, AF¥AEHN 3.3C; 7 AR
e, AFBIARIR R 27.4°C; AR RS 1143 mm,
JUB VD L AR EAE Y R 7 3 (Phragmites australis)
1 =R BE ¥ (Scirpus mariqueter). B 5 (Scirpus tri-
queter). H 1997 4E5| B B ALK L (Spartina alterni-
Slora) LIK, B ALK F 3 A 3 BIHF 229 5K, 4 A AL E
A AT ) BT o JLBCUD AT Sl DL AR Bl i A
HoeshW k£, EEEM TGN Corbicula flu-
minea). IR (Assiminea violacea) F1 TG 1A 1 41
F-18 ( Chiromantes dehaani )% .

22 MIRFE
221 FERCRAE

M4 (P JE 25 MRS (GB/T 12763-2007) 46 6 #F
g WA A, FEILBE R T . BV
VP BLE 4 SRR FEWT I, 5 2% T T o A A0 2 TE R TRl A
BT I EORFESE S, T 2016 4F 10 A iE 47 BURE PR F .
J1 Wi A TULW e 70, 38 1 O6RE(TIB), W =1 B
By (J1Sm) FIA 25447 (J1Pa) 3 AN SR ARl 5 32 W 1k 7
T LV, RAERE TOCM(I2B)., 1 =% 5 5
(J2Sm) R 357 (J2Pa) 3 AR ALl 15 I3 Wil 2 T T
YOEE M, BEE T OERE(I3B) MU H ALK (13Sa) 2 ARt
s JA WAL T VAR 0, B T OERE(I4B), i
=W EA (J4Sm) FIH AL K B2 (J4Sa) 3 A RAE L,
HARuG g e 1R .

Bl S S A SRR AT SR AR AR ML,
AFEHBEE 2 DM HLBIRERE T (50 emx50 em), 2 K
ARG B P BURERE T (25 cmx25 em), &S FF Hi R 4
2ANUTRRA IR AT (30 em) o HURER, FHAS BY 55 b 5 HURE
JTNH Y, S E T 60°C Mt EEE, FRICT
R3] 0.01 g G IC AR B L L S . 7EBTHL
T EER A AR DT N, BB 25 emx25 em K ELE
G Bl ) BRORE A 7, 2 st 42 IR T 1) K 28 T A7 3
Y, SRJ5 18 T2 2 30 em T, B2 B AT IEREA 0.5 mm
LA Y 07 X PN T R, A B IR S 5% B AR R
L BRI W S (], iy TR S s R AT M | T ER, JF

122°03"E

31°13' A

31°06' A

P JLBEY SR A W v 7 R

Fig. 1 Map of sampling sections in Jiuduansha

1E 60°C HE 12 fr 8, FRECT &, R3] 0.000 1 g 75
HMERRETT O ARIE X B, FH A 35 mm AN AR
Pedn R 1430 om K TR AR AL, B4 20 51 A%
6 Bt 5 cm K MY/NBL, 43 A B B4R ORAF 5 Al 18] 55 5
ZE, FOOCHTEIEE, REFITHAE,
222 HHEHRAHE I

FERFE 0 [ BF, R FH 280 i v 457 71 (1Q 150)
135 = AU (WET-3) J#h B i+ 337 I 2 10 sk TR
1) pH., E AL AT | B FF R L B AR AR R,
AR AR B M B A I E 2 IR, DU Sk R
AT EMBEZ ZRUBERITE ., TR N
YA R PAR 2, FH IR SCHOERL A (MS2000) il
LR, D3 AN DU i 100 B N, F ot 5
HriX (Vario EL TIT) Jl & BB F1LEL 03 1
2.3 HIEAE

KM% Z F (Relative Abundance, %N), X} A4
)& (Relative Biomass, %B) Fll Pinkas A X} 5 B #: 45
4 (Index of Relative Importance, IRI) 3 [z B4 5 A 15
CREAH ) AL AT 20 W) V% 1 2 URRAE D

FAXF % : %N = %x 100, (D

AN AEY &= %B = %XIOO, (2)

Pinkas X} B ELVESREL - IRI = (%N +%B) x % (3

K, n, by, f 53 9 R 5§ Rl A YR AR B A2 ) R0
IR E N B F 4300 AR B AR W R
PRBIF AL

B R 48114 4 £0, (IBM SPSS Statistics 19) iF
ATALBE X B ek AT Oy 26 SR g, N By 2555
PE BB 75 5% A S PR T o0 A . SRR R 5 2247
Hr (one-way ANOVA ) X ] — Wy T8 A [a] /5 A2 A 358 FAS
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[7i] VAT 1A 7] — 2B B 2R AU R R s Wy i 2 1 L B i
M) 22 S AT S 3 MR o, 1A A /s i 3 25 15 (LSD)
PEAT B 2 U, DL P<0.05 Fom 3 25 5
P<0.01 XRt & 2R, KRR ZE. £
i 5B Z 1 O &R S8 i 8 PRIMER
5.2.8 PEATARLAE M 34 . ] BVSTEP # )@ i 5
H br A8 1 Ve Be S 07 i A B L F 41 6, R EAE G R
$; FFH] RELATE 2 77 6590 P 8 22 8] A9 A DG 2 75 Y
= AR R S0l 4 RO RAS I, LU R
BHE 9 1E R PABE R  i A G Bl e A T
TEAL AL B, D3k S o 4K 2 S 28 Jl 1) 5 e 091

G F PRIMERS.2.8 Xif A [l Wt if . AS [+ 5 7
A BE CRE T ) 1 B IS 2 4 (o b —3 B Hie ) kA7
R AE & 2 4k R 43 H7 (Non-metric Multi-dimen-
sional Scaling, nMDS ),

3 W54k

31 KEURMENMEFEEM

PR RIF A0 ) R B B R A RAR Sh 4 14 T, SR8 T
3774496 H 128, Horb, Bz 8 F, L G
) 57.14%; B9 s W A s W& 3 R, 400 e
IR B 21.43%.

AN [ BT T AN [ A Bl R 3 i 2 A — 0 22 S
WER 1 PR o 1 W T G R TR =4 B Rl 1 E AL
FAD I A (IRI>20), T 7 2507 9 OL A Sy S 40H
W& 55 o7 5 g B¥ AH 42 (Chiromantes haematocheir)
(IRI1>20). T2 Wt 1A' FE Y O SR Sy T W55 8 007 R
(IRI>20), T =15 Fo s 1) DL S5 Fh S T 8l (IR 1>20), 7
25 B LR Ry AR U148 <SP R ( Cerithidea sinensis)
(IRI1>20). I3 W TG RE Y 5 SO0 o 8 g VL)
5 (Potamocorbula amurensis )(IRI>20), 5 HL7E 12 1, B
7 — B WL B R IE (10<IRI<20); H. AL K 77 iy 32 %
34T B HUTE BR (TR1>20), TG 14 1o B AH 8t A
— S M RAE (10<IRI<20). T4 Wi G M A = 4
JRE LA 1) FE AL Sy SR IR VI A 4R (TR1>20), H.
FEKR R Y E ZAL R o B IR (IR1>20), JC 1A
AR T AT — 2 W LSRR (10<IRI<20).

3.2 REUR#ZWH S RHE

R B Bl ) )% BE I 2A Brzs o J1, 34 Wi i
oy, A [ e R A 45 B AV 2l ) 1) % B A E 3 25
(P<0.05), T 2. J3 W71 o, A ] o 75 A 358 K Y i A7
B 2 S R B3 (P>0.05), PP HL A 45
SRR, T W TG ME AR = R R B A S ) Y
) 2R TR AR A (P<0.05), {HOGIE RN — B B

AT 22 8] ) 22 5N B35 (P>0.05); J4 W I v — 4% A
MK TR RS G 3 ) ) S 3 T T B AR K R G
X 5 (P<0.05), 1 B AE K F iy 7RG AT 2l ) 114 %%
3 TORREX L (P<0.05).

KIJEW P =R E 2B iR, BT
I3 WriE, oAt 3 A Wi, S [R] e AR A B R AL G 3h
Yy A ) i B A AR 36 25 S (P<0.05) . PR X LE Y
GEIL IR, 1R T B4 ' R — e B A K TR RS 4G B
WY1 LE W 22 5N B (P>0.05), {H G REFN I =45 jE
BT Y AR ) Y W 3 TR S A (P<0.05); 2 W DG
TNV = e B A K R sh A R Y 25 R
B35 (P>0.05), R 357 1 AL 4 & 0 3 i 1 D e At
=B U (P<0.05); T4 W7 IV = g B R A IR RS A
B R T G RT B AR OK B (P<0.05),
EYEHE RN B A6 K By 2 18] (14 2% 57K i 3% (P>0.05),

N TR) VR T AR ] A4 358 2 70 K TR I AV 3 ) ) 2 1 8
FETE I 3 22 5 (P<0.05), WA LA MO 45 31 o, 76
W 2B B v, 33 T IR RIS AV 3N 1) % B W T UL
J2 K1 J4 Wit (P<0.05), {H J1, J2. J4 Wik 2 [8] () 22 5
A5 (P>0.05); 76U = b B R0 A 55y, J4 W] K A
JEE AT 2 4 1 %% B8 S 35 R 1 1R 02 W T (P<0.05), {3
J1 R 72 W T 22 [6] Y 22 S5 R Bk 2 (P>0.05); 78 7 %5/ H.
AR TS, A3 A A HAE K R I3 R 14 W7 T R A
JRC ARG 2l 1y 110 % JBE 3 8 T O A A B I TR 32 W
(P<0.05), {H J1 F1 J2 Wi =z [|] . J3 1 J4 Wi i 22 [i] 25
AR E (P>0.05),

IR JECATE sl 40 1) A= 0 e R A, S [) T T A ) A
B S R[] AR A AR B 35 22 5 (P<0.05), P LL ALY
GEIL R, FEGME R, T W7 IR AL A 3h 0 0 A=
T A 3 N (P<0.05), fH 72, I3, 14 X
3 AW T 2Z () ARAS AE AE B 3 2% 5 (P>0.05); 7 i — 1%
JRE BT, 1 J4 W TR B RS s 9 A A
225 (P>0.05), (AR &8 3 = T J2 Wi il (P<0.05); 7
PR AR K BT 32 W IR B JRCATG Bl Y A ) i
F T H A 3 A4S (P<0.05), {5 T1, 13, J4 Wy i
P Z [R] (1) 22 AN 22 (P>0.05),

AN T 3l 1R TR AV Bl i L T SR SIS R Al
WY R E ST RE 3 iR . RIS
11 A3k S4BT 3 20, J2Pa il i Bt ey — 21 6
I = g BE B 1Y 7 A3l S B — 2L 5 75 0 o A
() 3 Sl S — 4, o, J3Sa i J4Sa ixX 2 N H AR
oK B A B R R AT Bl ) B T AR PESR B T 80% LU
. nMDS 43 #7 E # Stress {H A 0.06, 1 B fif Bk 25
Z (B AL DG 3R 0 AT A B 3k — M, (BT AT DA 11 A4
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Fig. 2 Density (A) and biomass (B) of the benthic macroinvertebrates (mean+SE)
AR R/ING R AR PR 3R 2R TR — W AN [R] A= 58 2 8] 47 7 35 22 57 (P<0.05), 55 S R (14 /N B <7 5 3R 708 AN [ W i /] — A= g 28 70 2
[f] £ 75 . 35 22 5 (P<0.05)

The histograms marked with different letters above indicate the significant differences between different habitats in the same section (P<0.05), and the differ-

ent letters in brackets indicate the significant differences between the same habitat in different sections (P<0.05).

—J48a | p

-

L—I3%a
J1Pa

-
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J1Pa

40 60 80

J2Pa Stress: .06,
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B3 KBRS RE A RIS (a) B AR 1 22 4 RUZ 5347 (b)

Fig. 3 Cluster (a) and nMDS analysis (b) of the benthic macroinvertebrate community

i K BUT L 3 A, X 5 R A R — B
RISFAEE 1 2 4E R Sy Hr 45 3, 5 = B X I 1
P W S RAE KRR A S P RE I 40 22 R i) £ R
BEFFAE
33 AEHAFELBEESE

AN TR Sl 5 AR B R AR TN 6 2 B R o T S b
ASCAEL R 2 B AE AN [ il i TR A7 7 I 35 22 5 (P<0.05), H:
oILL 02 WS 54 W 22 R Y 22 S 2 B 3 (P<0.05),
PR BEFE J1 AN 32 Wi )£ 77 f2 35 22 57 (P<0.05);
AR FAL S b A WA I3 R0 J4 W T ()47 A 2 2
5+ (P<0.05),

ARl s DR A FE AR AN 5] 4 FiroR o T1 W
T ' W NV — b S B DR R L pHL AL R
I 5 P S A 2 T) Y 22 5 3 35 (P<0.05); 12 W T 1Y)
DU ER AR 3 A BE R) 0 22 5 48 B 3% (P<0.05), )%
e I = b B R B DTRRA) pHLL Ak A SR HL A S H
TR 5 PSR 2 ) 1Y 25 S5 1 i 2 (P<0.05); J4 W T Y
PUR Y A AL JE LA 7E 3 AR BRI Y 22 R 1

e

TEMCERERE. SYENSE (FHEHRER)

Table 2 Density, biomass and height of the plants in the differ-

ent sampling sites ( mean + SE )

Wil WEARmT L EAEYE (FR)Yem? PriFi/em
JISm  309.20+18.30 a 54.68+5.64 a 49.59+1.25a
J2Sm  281.60+23.22a 41.99+4.27 a 42.62+1.03 a
J4Sm  406.40+28.43 b 52.70£6.05 a 34.18+1.08 a
JIPa  64.40:6.18 (a) 861.70=111.10 (ac) 189.56+6.96 (a)
J2Pa  94.80+7.46 (b) 437.40+60.68 (a) 131.35+5.67 (a)
J3Sa  75.20£7.37 (b) 1300.1970.39 (b) 179.32+15.97 (a)
J4Sa  85.60+8.73 (b) 883.83£94.46 (c) 160.41+4.63 (a)

TE: P RT3AT A — B bR AR ] 5B 2 s AN [R) 3l 5 = B B AN T
Z AR B3 225 (P<0.05), JG 44T [ — 345 S iR A R 7 REFR R
[F) 3t 4% 28 AR K B 2 [ A7 B 3 25 57 (P<0.05)

(P<0.05), Je )i

R R A DR R S AR

K A 2 [ 9 2% 5 5825 (P<0.05); B A I B 41
5 A ) A 85 1 — R 0 5 U o (DR 7 2 1 £
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Fig. 4 Physical and chemical characteristics of the sediments (mean+SE)

25318 3 (P<0.05).

F= B A TR W HLAL A8 b AE S [R) W7 T A4 AR IR AR B
KM E) A 22 5. TEOGHEX I, I3 F0 J4 W T A9 T AR
Wy Eh W 2E T T M I2 Wi (P<0.05), J4 Wi BT

Y pH Hl 4 AL ik

SRR AR e A B T

(P<0.05), J4 Wi A UL ALYl R 00 25 5 1 T 1 R
J2 Wi T (P<0.05), BN SAE DL AN, TR — B B i DT AR

HE R

(& 5/ ] W T (] 4 22 5 32 J. 3% (P<0.05); 78 6F

=R AT, UARA R RE R R S R A = A I TR [R] A4 22
S8 2 (P<0.05), 1 Wi i i) TUAR W S AL I St e A3 5
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J4 W TR 1 2% 5 1335 (P<0.05), & 15~20 cm AT

RN, SRR R P R A R 4 IR

) B 22 57 45 I 3 (P<0.05); 75 25 35/ B AL K Ay, 13 W 41 RS R A S K B AR5 T

B TR FE T pHL 35 5 T Al 3 MBI (P<0.05), L e . AT 15 8
J2 FN 73 Wi A9 U AR ) R AR A SR R A B T T M AT LA BBV 7EE A . iy T W A A
Y4 1] (P<0.05). J4 W RO TLR U S0 B B TIE g e 2 i il 5 O LA, T 413
fib, 3 A~ W i (P<0.05), 1 32 A0 I3 Wriid M ULRRI LT v oty v b 9 35 30 00 558 20 7 2 4702 7 )
RV =T J1 W (P<0.05), [ 0~5 cm AYTTAR M W R R — e TR O TR A, —
ERAR AL, HA R U P EDRARTE AN RIBTIET  jr  Jic G 3 4 (1t T 24 B (0 8 Ze P20, T LY = M

[f] (49 22 57 ¥4 8. % (P<0.05). B R L 25t AT LR R S R
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Table 3 Nonlinear regression analysis among the benthic macroinvertebrates and habitat factors
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Distribution characteristics of the benthic macroinvertebrates and
corresponding influencing factors in Jiuduansha shoals

Zhao Chengjian'?, Tong Chunfu?

(1. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200062, China; 2. Institute of Eco-
Chongming, Shanghai 200062, China)

Abstract: The benthic macroinvertebrate is one of the most important biological groups in salt marsh ecosystem.
The Jiuduansha shoals of the Changjiang Estuary were selected as the study areas, and fixed sampling sites were set
along the elevation gradient in the different areas, and the benthic macroinvertebrates, sediments and plants were
sampled for the analysis on the distribution characteristics of the benthic macroinvertebrates and corresponding in-
fluencing factors. The results showed that: (1) The distribution of the benthic macroinvertebrates along elevation
gradient has certain regularity: The abundance and biomass of annelids in the low tidal zone appeared to be the
highest, the species number of mollusks in the middle tidal zone was the highest, and the abundance and biomass of
crustaceans in the high tidal zone were the highest. (2) Due to the differences of environmental conditions, the dis-
tribution characteristics of the benthic macroinvertebrates along the elevation gradient were also significantly dif-
ferent among the different areas. (3) Habitat factors that have significant effects on the distribution characteristics
of the benthic macroinvertebrates included the median grain size, the redox potential of sediments, the density of
plants, etc, and there were some differences among the different areas and habitats. (4) The invasion of Spartina al-
terniflora changed the habitat conditions and thus affected the distribution characteristics of the benthic macroinver-
tebrates. In future studies, we should fully consider the differences of environmental conditions between the differ-
ent areas and elevations to explore the distribution characteristics of the benthic macroinvertebrates and the compre-

hensive effects of the influencing factors.
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