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The response of reed community to the environment gradient of water depth in the

Yellow River Delta

CUI Bao-Shan, ZHAO Xin-Sheng, YANG Zhi-Feng, TANG Na, TAN Xue-Jie  (State Key Joint Laboratory of Environmental
Simulation and Pollution Control , School of Environment , Beijing Normal University, Beijing 100875, China) . Acta Ecologica Sinica ,2006,26(5) :1533 ~ 1541.
Abstract: By field investigating of reed community characteristics and acquiring monitoring data, we analyzed the bio-ecological
characteristics and S-diversity of reed communities in different environmental grads ( mainly based on water depth) of Yellow River
Delta with methods of multi-analysis, extremum analysis and (3-diversity index analysis.

According square sum of deviations( Ward) cluster analysis, we divide the 10 sampling plots into 6 types, the dominant
plants in different plots varied with the changing of environmental gradients. After cluster analysis, it is easily to find that the
dominant plants in different types of plots transformed from aquatic plants to xerophytes and salt tolerant plants with the decreasing
of water depth.

The average height and diameter at breast height of reeds are significantly correlated with average water depth. The fitness
curves of reed average density and coverage with average water depth are nonlinear. When average water depth is 0.3m, the
average density and coverage of reeds reach apex value. While the height and diameter at breast height of reeds increase with the
increasing of water depth.

There has obvious change of environmental gradients in Yellow River Delta. Obviously, we found that transitional
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communities exist in Yellow River Delta by 8-diversity analysis. Vicarious species appears with the changing of water depth. The
occurrence of substitute species is determined by the function of common species between adjacent belts. The different functions of
common species lead to the difference of community structure and function and the difference of dominant plants. The result
reflects the difference of species component in different habitats and directly reflects environmental heterogeneity. The values of g-
diversity indexes of adjacent plots are higher than that of unadjacent plots. There has transition zone between xerophytes and
aquatic plants in Yellow River Delta. In aquatic environment, the similarity of reed community is higher than that of xeromorphic
plants. S-diversity index could reflect plant succession trends aroused by the changing of environmental gradients in Yellow River
Delta. B-diversity index is important in revealing plant responses to the change of environmental gradient, is helpful to acquire the
change patterns of species diversity with the environmental gradient change and the evolving trends in future. It plays an important
role when discussing the mechanism of environmental water requirement of wetland.

Key words:reed; B-diversity; environmental gradient; wetland; Yellow River Delta
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Z4HT , 1% 3 A Yy U5 2R 5B B 0 B BT 9T 3 B4 XS 5 3K ( Phragmites communis ) . AR B ( Vetiveria zizanioides ) B
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HAErgits RBREEE g EHEEBNERE It ERELEDAESERTER p EHTBRKEFEH
BEWRCREL, KR AR AL FRHA ST K EERER2IKE, BRES B AESTFAKIE, WLl
LR AESKETBURERENEET BRAEATUSRBEF AR,

1 XBQHEHARAZ
1.1 HEXHER

BEW=AWEREHREI X (N37°40' ~ 38°10',E118°41' ~ 119°16') , ML Il AR E A B H HFAME O 4,
SEH 153000hm” , B MR ER OF A BMASRAENZH BEI XN T EMHFRMEF L YRE 8 RE
PRELD, BREFEXEREEIE, UE48, BT E, WARB, FEHKE 12.1C, K/ 196
d, SFFPYREKE 551.6mm, FHEEEHR 1962mm.

AR (WA B R O K B YE K KR EE A dR B AR ) AR S SR E B
63.06% , ZHHBUK B O L HF BB M EEE HECEE FARE ENSH BEGRKRERH)
HRLG ERMBERE 36.94%, HEXEBHMERSBEMNEHERNY I5S2EL AR =AM EHETEHEES
P93 3 ¥ (Imperata cylindrica var. major ) JEMI( Tamarix chinensis Lour) AR I B 3 ( Myriophyllum spicatum ) \T8§
¥ ( Lepiironia articulate (Retz) Domin) X H & ( Potamogeton crispus )% ,
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Fig.1 The location of study area and experiment sites
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2.1 AERRBETAEMBEEYESHESHL 1

2.1.1 ARINBBEETERESEH HEMNELY

AT RS ERWAFME (NSRS S ) MEE%

EMAHKE. RE 10 MERAESR(EBHFR o

MR BRR ST ELAYERE KRS SE BER gimce‘s 0

% 500 4,10 MREHBRGHERAE 1), EFEWE 4

BEATEELFELE SN . BLE 2 BEITER.

BEVFME, BERERZEWERLIRHEF KK 7
BE,cMnTEEFAHOHERE—E, KA 8 6

BRABAMFNE, WEPHHES FHREES—#, B2 BB AR (v 5
RARBRET EESHETEI AR ZEHEET  Fig.2 The result of square sum of deviations (ward) cluster analysis
o BEREETHRBAEDVORH /BB (distance = 1.3206) FI1E 2, {EHEH 1 AP R 1 K (HFZ K wl),
B 2 FUREHL 3 R0 1 2(Ar B0 w2) , FEHL O FIAEH 10 0 1 (BN we), Bish 6 FIEEML 7 0 1 K (Fr 4
Joowd) BEd 4 ML S 9 1 (M BR w3) B 8 AR I L R(HFBHI wS)o AEBREEMBLEYE
AFEIE 2,

X1 FEEBHENEBE. DFHEEARM RS
Table 1 The statistical description of reed community in different sampling sites

e Z ¥ Parameters
o P (m) B (o) BE(%) E8(om) R KB ()
Height Density Coverage Diameter Species sum Water depth

1 1.06+0.02 <1 <1 1.00+0.02 93 < -0.6
2 1.50+0.01 4x1 5 1.01+0.01 89 -0.6~-0.2
3 2.00+0.01 89+7 60 0.40+0.01 90 -0.2~0
4 1.98+0.04 344 + 21 98 0.38+0.01 41 0~0.3
5 2.17+0.04 302+ 12 95 0.35+£0.01 39 0.2~0.4
6 2.37+0.02 1775 75 0.45+0.01 33 0.4~0.7
7 2.59+£0.02 673 55 0.50+0.01 19 0.6~0.8
8 2.60+0.04 161 20 0.67 + 002 15 0.9~1.0
9 2.70+0.01 102 8 0.82+0.01 13 1.0~1.5
10 2.70 £ 0.02 <1 1 0.8710.01 6 >1.5

ME2TUEY , FHRKRKERXT Om BR T, HELUKEEYIE BT onERT , EHEEHRE
HY, EEUWEBAEEEY I E, FHAKBERF 1.Om WIER T, HEARUKEEY I E KA MY
RICEBBE T E B E (Ceratophyllum demersum Hydrilla verticillata) , B — M HEYERREX A EREAMMBE
W, ETRESHFANE, ZERD T, KEFEATRE 0.9~ 1.0m AR, BEAR U KAMY X E, &
PHYTERBRIMEE. & A ¥ ( Ceratophyllum submersum ), 75 %, £ 4 # 28 £ B H K F ( Polygonum
hydropiper) EHE % o FEN/KFEAIRLE 04 ~0.8m MW , HEHRUKEHY I E REEYEERBENS
¥ HEMRERCRICR X B (Hydrilia vertillata (L.f.) Royle) R & B RE ., KFEENZEIEIEO0~0.4m B4E
BOBHEARUOKEEY I E, REEYETERSE, HEMBAKE HE B K (Glycine sojasieb) R A F
%, FNKERBE-0.6~0m WAESE BEHARUREHY I E, AP HYFTEASE B0 . BEHS
( Polygonum lapathifolium Linn )% , & R B MY ERBHEE XN R E I ETWHE A MA GRS E
( Cynanchum . sibiricum Willd) .BREEM B  Ji) B ¥ ( Setaria viridis ) \ & 6 % B ¥ ( Setaria glauca (L.)Beauv) . % &
( Herba Artemisiae Annuae) KGR AF%F, YKBEFAZE/PT -0.6m, HEHRUREHY I, K EHE
Y FE BN B BE (Suaeda heteroptera) 9% (Suaeda glauca Bge) % , Z LMY ERBLEEAER A SN
EMHE FERLASE BT RAR HRE BERFRES,
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Table 2 The reed biological characters on different water depth after square sum of square sum of deviations (ward) cluster analysis!!
2 ¥ (FEH{4 ) Parameters( Average value)

B2
T BEm  gECte)  BE(%)  EEGm  kREm i B
Height Density Coverage Diameter Water depth
w1 1.06+0.02 <1 <1 1.00:0.02 < -0.6 BB Tamarix chinensis Lour

WM& Suaeda heteroptera

W% Suaeda glauca Bge
w2 2.00 £ 010 89+ 7 60 0.40+0.01 -0.6~0 75 % Phragmites communis

BH Chinese Tamarisk

BMBIME Polygonum lapathifolium Linn
w3 2.17:0.04 336+ 12 95 0.35+0.01 0~0.4 5% Phragmites communis

w4 2.59+0.02 67+3 S5 0.50£0.01 0.4~0.8 ¥ Lepiironia articulata ( Retz) Domin
7 % Phragmites communis
w5 2.60+0.04 161 20 0.67 + 002 0.9~1.0 BRI Myriophyllum spicatum Linn

&A% Ceratophyllum submersum
75 % Phragmites communis
w6 2.70£0.01 10£2 8 0.82+0.01 >1.0 BRINE M Myriophyllum spicatum Linn
H B Potamogeton crispus
E ¥ Hydrilia vertillata (L.f.) Royle

*» RBEASKESERPHESTR;IM2.70 £ 0.02" W BPHERAR N “F3{H + (RE” The serial numbers of sampling sites are different from those

in the table; the values similar to “2.70 + 0.02” are denoted as “average value + error”

2.1.2 ARNREBETHELEYESHEEL AE3EE BEPHKEEN, FEFHIRFBAEEYE
s, FHEESEEKEUAREYZE S FRRERIE MR R 5351259 0.7048 T 0.6664, Ui B 7 %
WEHEESFHEAMFYKELEEML, B4HES XU, FEPHEEANLPYZEENTHEFL
RS, FERKESEAIEHBRAN FEKNMAE T, 2R WA THEREKEPHER, BIES
Wio 7EAE PN HIKIER 0.3m B, 7 35 S35 2 B 0 25 B o B B0 B o e, ) O e 79 0058 06K, JA R 2 K R K
SEBEFEEKNHART KELE BN, £FEFHKE0.3m B, EEKFEENEL, %
BENEERYEK, STHEEATHERNBENALRREFR WA ENRENREERKE - MM, XFH
VR & IR K T EBEE (0 A B A BT 1 0, B R M 1R R A B S v R R A A M B B K IR
e, ZHEMEEYREFBIFIERR, FMTFHEEKEPHER, BFILFE. PREKRNE
BREE KEREMTEMN. XRENSEERRENEKEY, TEIOK L KE, XHKAB Co, MR
FATHAERA, K 0, REFMARATFRAMBEMN AL, ERKFRENFTE A THFFEZHNRR,H

BETERBERK T,

20 25
= -0.4156x2 + 2.9061x - 3.
}2,2 = g ;(I)ng 2061x - 3.842 y=2.0771In(x) - 1.1425
' 20 F R2 = 0.6664
15 0P %
000
° 15 b
€ E
<=
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Fig.3 The linear fit curves of reed height, diameter at breast height and water depth in reed meadow
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105 ( y=129.12x3 - 310.94x2
425 : . = 7537320 - 176852 ° +126.33x + 79.243
375 | g0 & +842.06x + 199.78 85 R?=0.9326
~ < = &
2 sk XQ R2=0.8297 g o A
g s | %
<P
£ 25 g
g & 459
R 175 O 5
o 126 to s 25
R t *
ofs
sk
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Fig.4 The non-linear fit curve of reed density and water depth in reed Fig.5 The non-linear fit curve of reed coverage and water depth in reed

meadow meadow
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ﬁl&)xﬁﬁ%ﬂ@ﬁzﬂ&ﬁﬁﬁﬁﬁ—%m%ﬂ%f’ﬁm,Iﬁﬁxﬁﬁﬁ%ﬂéﬁﬁﬁfﬁﬁ&@ﬁ%ﬁéﬁ,liﬁﬂ(#ﬁ#ﬁlﬁi%bn
MR MR T X — .

EEEKRFGED, KIFEFRBHE T, A EMBETLUE TR E KR ZE S 5T K MR X K B
R, KHERIF, ﬁ%ﬁﬁﬁ%ﬂ@ﬁkﬁ&%ﬂ”f’ﬁﬁ%l‘ﬁi&?*ﬂ#ﬁﬂ%ﬂtﬁ'ﬁﬁﬁz&‘ﬂ:,EE,l‘ﬁi&?ﬂ(ﬂ#ﬁﬂ@iﬁ
hm TKRKEBERREBHEAYNSRAAF SR KER NN EREE g -5 o BT IR BE X B
R AW ERHE R i R A5 B Tk B, FEH T KA KRG X 388, 2 B Wk
SHEERBRBIEATX— 4.

2.2 BEFHTMBENNIGHTEEE B BRME KRR R L

8 5#&%%?&%1ﬁﬁ1§$lﬁlﬁziﬁ#%mﬁ]%ﬁéﬂﬁiB@#ﬁﬁiﬁﬁ%ﬁ?ﬁ%ﬁﬁﬁ%@i%ﬁ%Aﬁ%fﬁ%
Kﬁﬁﬁﬁ—%ﬁﬂéiﬁﬂﬁ%ﬁéﬂﬁiﬂfﬂ:,ﬁ%j@ﬁziﬁlﬁl B £ K 4 (between-habitat diversity) , 35 fl BEHMENFE
BEAESHTAKRG LB HRETHE> 2,

A2 3% B Sorensen 3§ Cody FE¥U1ER B ZREMERI M BE 75, K Sorensen 15 B BB % 58 RE #b 6] 4
B@#EW&*,iﬁﬁ“ﬁﬂﬁw?ﬁ%iﬁﬁﬁmiﬂtﬂBEBQKIEJ#%EFF%%WEE?J‘EB@%E&“"‘”o ARETERR
TR RO T R R, FH RS X 8 B BRI B AN, T Cody 38BN K BAE 7 Wb 4
B EFRAS E RBER XK [R5 85 48 B 1) o #b B ZREAERI B , BT LIS R 7 [ 3R 48 86 B F 2k 55 B 4y b
SRR B BR R B O 2 3 5 A, L U B ) i JB 5% 7 % (Species tumover rate ) . 4 7 & A 3% 2 | (Species
replacement rate ) Fl 4= ) 38 K 3 % (Rate of biotic change) %', g E 2= c LRV -SU RN ENEE-A ALY A
ERHELS, EFBREMAT B EHERTIR D, RUREFRUEBRHEY EHEEFRATN I BE
FREME B, HI, 43038 Sorensen BB cody T BAE K 4247 B EHMENBEIIR, XXX K
RO TR BR 5 486 BE HE AT R 40 40 #7 o

UZEREMTEIBH 6 MBEAEERIEHNITENMSE, Sorensen BEHEARNT .

Si = 2c¢/(a + b) (1)
HF o b WABENME, c AFERELE YR,
Cody HEHUGTHE AR T .
B. = (a+b-2c)2 (2)

AF o b Re BEENRAAR(1),
3 RY, B AP OK BB B 60 Sorensen 2 4% 15 3 39 K T 7 A SBRE 30 (K R BY) 1A 0O 8, it F 4
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HEMHRURAERSEREAST, FABEFBHEYFRREHA BB, Hith wl SHH ws R
w6 L TE B Sorensen {H 4 0, FE 1 w2 513 w6 AHIHE$E 4 Sorensen {H 1 0 UL FHBE B BGLE K § BHHIEH
BETE WHEAEYHARS T, SHEBRFREREN, HAEHLXBEE LD, HUEERE LEMK, K BAFH
BBETHYERENRRERE,

B =AW AN NI RS ETL, BMEKENEN, URHEFEASHERXR , UHWESE
RIAZR, AAEARFELEHNOIER L, RAMEAVAR, SR THESH RN EFNRELDME
RMER, WNE 6 FH, tHBHEH B Sorensen T8 HU B KB BUZER b w2 FI#EHb w3 Z (8], HZEREH w1 &
B wa Z A K, LB R SR, MR B4 o Sorensen 8B B /ME H BLTE wd F1 w5 Z 1], 5 B
B wa e ws B EMBEUBERHXE, THRAESREWUGR2), Hi wa M ws EREAYE
KEBYERWSERT, B 6 RM,Cody TR BFEEKFIF R H BT 2B HELBET, R
wa FIREHL w5 ) BRI Bl , 156 B b BT 7E X 38 0 B2 AR AL 9 1) /K AR AE ) 3 BE Y (Sorensen 1B BB T X —5518),
HESZHFBHPHREHEEUSEEZFEAWRE (R 2), FEX—EREH TKENZHLU R KT G
BRI E TR RN TR . B BRI P Cody B/ 7R BER (AR AR B, T 4¢3 PE B BRIE Cody {H B
K, BEEERERER , NB6eFTUBHKAEREHAYBREIRNHEUEBRERK, SEAREHYH
HRAHUHRER/D, SEEFKFBEEFHEYHERE D, MEEREEFBEYHEBREHR(FER2),

F£3 TEIFEEE BT &% 4 U i ¥ %0 4 (001 18 3 Sorensen Fa4 FEBRBRRBEAOEFERER cody &
Table 3 The species similarity indexes { Sorensen) of reed habitats on Table 4 The replacement rates { cody) of reed habitats on different
different environment gradients environmental gradients
B No. wl w2 w3 wd w5 wb B9 No. wl w2 w3 wd w5 wb
wl 1.00 wl 1.00
w2 0.69 1.00 w2 10.00 1.00
w3 0.43 0.74 1.00 w3 16.00 5.00 1.00
wd 0.16 0.24 0.72 1.00 wa 21.50 12.50 3.50 1.00
w5 0.00 0.07 0.18 0.35 1.00 wS 24.00 14.00 9.00 5.50 1.00
wb 0.00 0.00 0.10 0.13 0.50 1.00 wb 23.00 14.00 9.00 6.50 3.00 1.00
3 &ig —a— Sorensen —o— Cody

0.8
0.7
0.6
0.5
04
0.3

112

(NIZAEEVLHFRESHTHIEX 10 MR
ReNEAREM, BRI 1 RS 1,2 M
FEHL 3 RI4A 135 B o FIAEHL 108 1 38,6 F0
REdL 7 1 25, B 4 F0 S O 1 2 B 8 BRI A 1 02
%, METHMELSN G MR P E Y B E KR % . l | l
KB EEE NG T, FERELETEHYEHR SC1  sC2  SC3  SC4  SC5
A T 5 WAL Y1 B K £ R P86 Sorensen 34X I Cody 15 % Bl /K FR 5T S48 JE AL AH 1L

Q)FEENTEHRB M EHZE S EPHKEERE Fig.6 The changing of Sorensen index and Cody index with
R A TREMAAR. FEVRERREAE | o ST e
BEESVEHKEMESHMAN T2 IERE TP, TE denotes calculating of index between sampling plots w1 and w2, others are the
SEBKBER 0.3m B, B EFHHEFE AT Y EE H LA same
B i, B K TR B 6 B A AR G T 1) e 755 00 328 08

AT =AM EEEFEHENFERET, MEKRWEL URHRAGFEARHNERXR, U
MESBEREREARFELEMHOIER L, XEREANAR, SR THESH BN EROPEEZEMLL
FRBIMESR, FHEATRE M OKFEEB)E K Sorensen ZHEMETE BUEI K FA M OKRE) BWE, #—2
BHEF=AWNFEESEHEY R KEMDERNTEDT ., Bl Cody R AWBH, KEFZHYBE

T T T T T T T 1

Cody 8% Cody index

Sorensen 83 Sorensen index
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