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Abstract; Based on field investigation and indoor measurement, the composition of aquatic plants and the niche
characteristics of dominant species in wetlands of the Yellow River Delta were studied using Levins and Pianka formulas. A
total of 34 species, belonging to 16 families and 26 genera were observed in the investigation plots. Species composition and
dominant community types were significantly different among investigation regions. Higher species numbers and richer
community types were observed in the regions with longer formation time. For emergent plants, Phragmites australis
(0.905) and Scirpus triqueter (0.127) had the maximum and the minimum niche breadths respectively. For submerged
macrophytes, Chara sp. (0.783) , Myriophyllum spicatum (0.673) , Ruppia maritime (0.669) and Najas minor (0.640)
had relatively higher niche breadths and Ceratophyllum demersum had the minimum niche breadth (only 0.100). The niche
overlap values among Potamogeton pectinatus, Najas marina and Vallisneria natans and the value between Potamogeton
malaianus and Potamogeton cripus were relatively higher, indicating that they had similar capacity to acclimate to the
environment. Species niche breadth was significantly correlated with its distribution range and salt-tolerance ability.
Therefore, it can be concluded that salt contents in the soil and water are the key factors determining the niche

differentiation among aquatic plants in the Yellow River Delta.
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Fig. 1 The sketch map of field investigation in wetlands of the Yellow River Deltal
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KRN , BB E + WIHR T-3€ ( Potamogeton pectina-
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Table 1 Characteristics of water-soil salinity in the survey regions of
the Yellow River Delta

IKARERBE

Water salinity

TIERRE
Soil salinity

PAAE X IR

Survey regions

(ms+cm™1) (ms-em™')

FH.

1 8.27 £2.36 0.92 +0.41
2 6.56 +0.83 2.11+0.33
3 7.26 £2.30 1.86 £0.55
4 7.25 £1.58 0.96 +0.26
5 7.68 £1.75 1.81 £0.52
6 22.37 +4.99 3.96 £0.77
7 5.99 +0.98 1.83 +0.49
8 14.27 £3.47 1.70 £0.79
9 27.48 +4.21 6.82+1.17
10 16.16 +4.73 3.11 +0.86

®2 BA=RAMEMEXKEKEEMENREERE

Table 2 Composition of aquatic plants and community types in the survey regions of the Yellow River Delta

PAAE X IR

Survey regions

Yrkig

Species number

EERIE KA

Dominant community types

AL IE M. spicatum Bl + FMH IR 732 T. angustifolia + P. perfoliatus, &3 HR T3¢ + 35
HE Potamogeton malaianus + Vallisneria natans. %M 2B¥ + 2 MR T3¢ Hydrilla verticallata + P.
perfoliatus F5 35 + JI| E ¥ P. australis + R. maritime $83% + /Ngk ¥ Chara. sp + Najas minor, KK
¥ + ¥ Najas marina + Potamogeton cripus M5 + JI| &3 T. angustifolia + R. maritime . J5 35
+ MR T3¢ P. australis + Potamogeton pectinatus . Z5M-lR 3 P. perfoliatus

PIEE + )I| &8 P, australis + R. maritime . KRB + 2735 N. marina + P. australis 55 2BEE + Pt
W H. verticallata +T. angustifolia F&¥E + /NP Chara. sp + N. minor,. 253 + JE/0HR F3E P.
australis + P. pectinatus )3 + FAEINRE P. australis + M. spicatum ZF M IR F3% P. perfoliatus

i3 + JI|E¥E P. australis + R. maritime.)!| 23 R. maritime FEIEIRESE M. spicatum 358 + /DX
¥ Chara. sp + N. minor JEM-7F3# + JI|EH T. angustifolia + R. maritime %3 + %33 P. australis
+ Chara. sp JEM-& + BAEIRIE T. angustifolia + M. spicatum 7% + BAIEINR B P. australis

P35 + JHEL P. australis +P. cripus /NREE + B PE N. minor + Chara. sp. P35 + ZF MR 73 P.
australis + P. perfoliatus \J5 35 + Ju/MIR F3% P. australis + P. pectinatus. )| 5 ¥ R. maritime J5 35 +
TP P. australis + M. spicatum FE®E + {55 Scirpus triqueter + P. cripus, ZF MR T3¢ + 77 5
P. perfoliatus + V. natans J| =% + BEAEINR I Scirpus yagara + M. spicatum

KKHE + ZFMHIR T3 N. marina + P. perfoliatus KXW + %83 N. marina + Chara. sp 3% +)I|
¥ P. australis + R. maritime, ZF IR F 3% + %% P. perfoliatus + Chara. sp %3 + /DR ¥
Chara. sp + N. minor.J%3 + ZFM-IRF3E P. australis + P. perfoliatus \J73f + &3 P. australis +
Ceratophyllum demersum 7% + %% P. australis + Chara. sp BEE + ZF MR T3 S. trigueter + P.
perfoliatus Jp /MR F 3% + KK ¥ P. pectinatus + N. marina. 7535 + FAEME ¥ P. australis +

P& + FAEIRESE T. angustifolia + M. spicatum )| 23 R. maritime $8 3 + /NX ¥ Chara. sp

+ N. minor 753 + )I| &% P. australis +R. maritime

P + P& P. australis + T. angustifolia, KK ¥E + B E M FB N. marina + Calamagrostis
pseudophragmites .\ KX ¥ Najas marina., 75 % + JI| ¥ ¥ P. australis + R. maritime , % ¥ + /N X ¥
Chara. sp + N. minor JA %L + FEIEIREEBE P. cripus + M. spicatum %3 + FEAEIREPE P. australis
+ M. spicatum M T + M B T. angustifolia + H. verticallata, 753 + /0 IR F 3% P.

BPE + /NKBE Chara. sp + N. minor, 35 + FIEINE ¥ P. australis + M. spicatum. )I| &5 3 R.
maritime . 35 + WHR T3¢ P. australis + P. pectinatus.} 35 + JI| ¥ P. australis + R. maritime

JIE B R. maritime 583 + /NXPE Chara. sp + N. minor 53 + JI| &3 P. australis + R. maritime
FKMBE Zostera marina 753 + )I| & ¥E P. australis + R. maritime 753 + P35 P. australis + T.

1 16
2 19
3 12
+M. spicatum
4 20
5 18
M. spicatum
6 10
7 22
australis + P. pectinatus
8 9
9 5
10 9

angustifolia %5 + [R3E W T3 P. australis + C. pseudophragmites. 3 + | =# P. australis +
S. yagara

http ://www. ecologica. cn



11 #4 2l S5 B = A B K A AR Y A R R A S AL 6261
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W, mEE e Fp i 4 £ 35 ( Ceratophyllum demersum) FeH B3 | T3k HR F-3% ( Potamogeton malaianus) | FEEE
(Scirpus triqueter) 55 H R BR T BUABA ML X (0 1 X 4 X) o G 7KE I IR Hr 2R a1,
SIARRRT RN, oA TR AR X BB, )1 B BRI 7E 1. 30 ~43. 94 ms-cem ™ K RER BE FPAETE , T AR T
AR BRI 1.19 ~3.13 ms+em ™'
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Table 3 Distribution regions and salt-tolerance ranges of the dominant aquatic plants in wetlands of the Yellow River Delta

KRR

%ﬁ‘zﬁ ﬁ%ﬁgiﬁ . Water salinity IR
Species name Distribution regions (ms-em~1) Soil salinity(ms+cm ~1)
7% Phragmites australis (Sp;* ) 1,2,3,4,5,6,7,8,9,10 0.51 ~33.42 0.15 ~10.96
Pent- 73 Typha angustifolia(Sp, ) 1,2,3,4,5,6,7,8,9,10 0.91 ~23.78 0.31 ~5.57
FEL Echinochloa crusgalli(Sp;) 1,2,3,4,5,6,7,10 0.51 ~6.34 0.34 ~3.25
BT Calamagrostis pseudophragmites(Sp, ) 2,5,7,8,10 0.91 ~10.45 0.27 ~5.57
JKFEAE Scirpus triangulatus( Sps ) 1,2,3,4,6 0.51 ~16.09 0.34 ~3.97
B Polygonum hydropiper(Spg ) 3,4,5,7,10 0.67 ~7.53 0.21~2.35
3 =¥ Scirpus yagara(Sp,) 1,2,3,4,7,8,10 1.47 ~14.03 0.24 ~3.97
BEEL Scirpus trigueter( Spg ) 4,5 1.98 ~5.84 0.69 ~1.81
FEAEIRRE B Myriophyllum spicatum(Spy ) 1,2,3,4,5,6,7,80.5 1.0 ~16.46 0.15~4.37
KK BE Najas marina(Spyg ) 1,2,3,4,5,7 1.19 ~14.03 0.24 ~3.97
I kHRF 3% Potamogeton malaianus(Spy; ) 1,2,4,71.1 9.0~4.29 0.39~1.31
RT3 Potamogeton pectinatus( Spy, ) 1,2,4,5,7,8 1.19 ~11.94 0.31 ~5.57
JH.BE Potamogeton cripus(Spy3) 1,2,4,5,7 1.19~6.71 0.32~3.97
JNKBE Najas minor(Spy, ) 1,2,3,4,5,6,7,8,9 2.02 ~16.09 1.10 ~9.08
W JE—Fh Chara. sp(Spys) 1,2,3,4,5,6,7,8,9 1.19~13.18 0.39 ~5.97
- BL Vallisneria natans(Spyg ) 1,2,4,5,7 1.19~9.25 0.39 ~9.08
MR F3% Potamogeton perfoliatus(Spy; ) 1,2,4,5,7 1.98 ~9.26 0.32~2.19
it BB Hydrilla verticallata(Spyg ) 1,2,5,7 1.19~3.13 0.32 ~5.57
4% Ceratophyllum demersum(Spyq ) 5 1.50 ~7.74 0.34 ~2.34
JI| &% Ruppia maritime(Spy, ) 1,2,3,4,5,6,7,8,9,10 1.30 ~43.94 1.21 ~12.38
SIS Spriodela polyrhiza(Sp,; ) 3,6 2.68 ~5.95 0.79 ~3.922.5

* JJFp-5 Species No.

2.4 YR ESALIEE

A 250 8 BE R B B AR X SR PR SR AR DL B RUBE , A 2557 T8 BEOK , 1 B 22 0 b R R U 94 R 0

58, FLA A W BE R 5 [ 2 I R R AL AR BE A v, Ho oA HBB R RAE AR I A o itk — 2B 4R

B = A YRR A AR O R R P AN S (] 0 A B R R X R AR AL SE B BEAT TR sk 4 fr
7R, B = A YR K A A AR S S A e — R E B 22 S e o BEZKAB M 0 36 B 1 AR = AR B AR A AL
FLREBR , 439119 0.905.,0. 723 1 0. 580, BEAAIX 3 FAE My AT A3E B AE S 8008 , SE e Tz Rk, HEJL
FHHEK AR B A S AL T8 BERE/N , B/ T 0.5, JEH R F AU 0. 127, BB A M U T4e et o LKA
AR FEAEINRRE I SR/ N g B A 27 9 BEBER, 70510 0. 783 ,0.. 673 ,0. 669 71 0. 640, 7 4 1 3 5L
PR BE A S AL/, 4351 0. 100 0. 300,
2.5 EBNER

LRI FEA A AR RIS VERRG B i, e A RSN ES, EEEBRK, U
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B =2 A YRR A0 BE T RARSE , MR IS A 5 5 B M R e S . AT RN, A SMEREKR
T 0.5 MFXSA 89 X, 5 A 44. 5% s AR BALEZME/NT 0.5 BWFXTA 99 X, 5 EEH 49.5% s R RAEE
BRIFSA 12 X, 5 BE 6% (KR S5) o HA LURAIIR 3% KK BE 28 M- IR 53 F0555 KL ( Vallisneria natans)
8] . B3 HR ¥ I BL ( Potamogeton cripus ) [8] \BREE ( Echinochloa crusgalli) F1%575 V% 3 ( Spriodela polyrhiza) [g]
ABNESEBKR, EREEAEE®T 0.9, RIS, BRI | IR IR 73R Mg i IR 38 R AR
MR R A S ESE WK XMEFIMEE TR MEY) 4R R B, EBMESEBEKRHY
A [R]— X3, 5 28 ] — R 3t P o B ) A3 A v, T B X LA ) R P O =R AR O, E VRS R I 1
LTRSS RMERES, MEaEMEEFRESSMEYNESMESER/DN, EEZRF, HHXZE5H
EREZBOKEMEYHFEAN AT XAFENBRER, FIMAERIXWAED X BAER AR, 5HE
KA ISR L, RIS ESEE D,

F4 HAZANEMKEEMESLEE
Table 4 Niche breadths of aquatic plants in wetlands of the Yellow River Delta

Yy%h Species Py Py Py Py P P Py Py Py Py Bi
Sp, 0.078 0.087 0.082 0. 106 0.103 0.071 0.095 0.116 0.074 0.187 0.905
Sp, 0.076 0.074 0.206 0.048 0.010 0.112 0. 168 0.092 0.036 0.178 0.723
Sp; 0.031 0.036 0.133 0.071 0.128 0.408 0.097 0 0 0.097 0.441
Sp, 0 0.043 0 0 0.124 0 0.409 0.118 0 0.306 0.342
Sps 0.138 0.170 0.255 0. 106 0 0.330 0 0 0 0 0.429
Sps 0 0 0.167 0. 100 0.100 0 0.350 0 0 0.283 0.399
Sp; 0.179 0.067 0.067 0.239 0 0 0.201 0.082 0 0.164 0.580
Sps 0 0 0 0.878 0.122 0 0 0 0 0 0.127
Spo 0.106 0.181 0.215 0.083 0.031 0.144 0.139 0.101 0 0 0.673
Sp1o 0.295 0.228 0.041 0. 056 0. 160 0 0.220 0 0 0 0.459
Spu 0.382 0.127 0 0.4 0 0 0.091 0 0 0 0.303
Spia 0.138 0.217 0 0.208 0.199 0 0.153 0.086 0 0 0.557
Spis 0.192 0.108 0 0.485 0.115 0 0. 100 0 0 0 0.326
Spis 0.053 0. 065 0.194 0.216 0.206 0.031 0.065 0.047 0.125 0 0. 640
Spis 0.075 0.170 0.125 0.034 0.175 0.107 0. 085 0.135 0.094 0 0.783
Spis 0.25 0.273 0 0.205 0.114 0 0.159 0 0 0 0.461
Spyr 0.436 0.197 0 0. 190 0.136 0 0.041 0 0 0 0.351
Spig 0.288 0.463 0 0 0.075 0 0.175 0 0 0 0.300
Sp1o 0 0 0 0 1 0 0 0 0 0 0.100
Spao 0.075 0.009 0.067 0. 067 0.049 0. 136 0.049 0.165 0.266 0.116 0.669
Spay 0 0 0.195 0 0 0. 805 0 0 0 0 0. 146

3 g

B = AR TRV IR BRI TR, B 1 R, i AR A WEE N, SRS RG2S B RS A A 1R
R RS R o B R LBOR KK (09 K10 X4) , A I BE , B R R, 2K R
PhFIE B BRI, T BOX L6 X I i A K AR & Sh By , PR K AR R e B v R B LU i — B
ZLATHERAR I N T o DRI 26 X 38 ] A SRk AR AR ) T R (R0 S B B o (ELBE G 1) P i RO HE E 2 SR AL W)
XTERSE ek , SR ANK (Al BEAE P — 28 I3 (0 1 X2 [X) AR REAR , AT D — Sl i £ R 7K A A A f 1t
TS, AR L IR K AR R T SRR o

BRI AR, A T S A S E TR, BRME P AS AR R ERBRT
PR R BRI R PRI R RIS SRR o MBS L SR AER , — DR A SO
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x5 HAZRAMEMKEEVESNERE
Table 5 Niche overlaps of aquatic plants in wetlands of the Yellow River Delta

YiFh Species Sp, Sps Spq Sps Spg Sp, Spg Spo Sp1o Spiy
Sp, 0.858 0.592 0.704 0.506 0.727 0.798 0.359 0.694 0.578 0.482
Sp, 0.657 0. 689 0. 655 0.803 0.741 0.132 0.829 0.513 0.341
Sp; 0.337 0.811 0.434 0.351 0.185 0.657 0.309 0. 196
Spy 0.028 0.895 0.646 0.032 0.386 0.474 0.137
Sps 0.220 0.392 0.217 0.842 0.425 0.421
Spe 0.731 0.225 0.498 0.451 0.250
Sp; 0.571 0.636 0.663 0.800
Spg 0.225 0. 166 0.689
Spy 0.676 0.494
Spio 0. 686
Spu
Spi2
Spis
Spia
Spis
Spis
Spys
Spis
Spio
Spo
Spa

YiFh species Spi2 Spis Spia Spis Spis Spyy Spis Spio Spao Spa
Sp; 0.687 0.528 0.707 0.766 0.593 0.503 0.454 0.310 0.772 0.266
Sp, 0.457 0.310 0.573 0.673 0.444 0.328 0.402 0.027 0. 645 0.423
Sps 0.333 0.260 0. 480 0.598 0.280 0.218 0.190 0.269 0.511 0.899
Spy 0.466 0.200 0.283 0.413 0.361 0. 146 0.323 0.229 0.390 0
Sps 0.381 0.360 0.528 0.638 0.456 0.441 0.425 0 0.434 0.789
Spe 0.444 0.343 0.491 0.400 0.375 0.176 0.238 0.200 0.376 0.376
Sp; 0.720 0.773 0.581 0.469 0.744 0.654 0.491 0 0.480 0.038
Spg 0.550 0.896 0.612 0.162 0.496 0.387 0.018 0.138 0.189 0
Spy 0.657 0.457 0. 667 0.834 0.660 0.523 0.634 0.08 0.498 0.495
Spio 0.846 0.576 0.529 0.687 0.922 0.862 0.89%4 0.343 0.273 0.020
Spi 0.728 0.911 0..531 0.349 0. 846 0.884 0.557 0 0.275 0
Sp1z 0. 804 0.723 0.751 0.928 0.776 0.743 0.493 0.352 0
Spis 0. 694 0.393 0.797 0.733 0.411 0.208 0.273 0
Spis 0.775 0.591 0.509 0.316 0.520 0.591 0.191
Spis 0.634 0.524 0.622 0.490 0.669 0.373
Spis 0.899 0.872 0.245 0.268 0
Sp17 0.759 0.255 0.271 0
Spig 0.130 0.170 0
Sp1s 0.127 0
Sp2o 0.383
Spa

FE, BB RIZ AR, BA BRI RIEAFIRE " . AT B E =M INE KR b 2 A 7S
REFERE R, BB T 0.905, X IR T Z7E ST 5 0 = £ AR 3 OB A 4 4 25 0 h A8 B i 458 2 — 3K
920 o X AT BB T B TR ER AE ) N ANTE T X P S A S (WK IR 2 RUK TR 3 kR B
P E R B ) AT R 1 33 DO A 7578 5 25 B O [R] f ik 2 SRR S HLEL, AT AR IS ZE R )
HRBHBERBE 2% BT & B 2540 A i K (AR BE VS L 4 0. 51 ~ 33, 42ms - em ™ (i BZAE 05 25 B 1)
Tt 5% 965 BRI A, M T S 5 35 702 X L B KA S LT B o UK P e e B IR 3E ) S B i A 7
RrFEBERA, XU RAE N1 B 58 RS E SRR S A AN TFI o LIS o 5], At ) St SR A, %
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FRBE AR BRE K SCAE AR LA A 5 38 L , B R )1 T A T FE R BE O ~ 70g/ L iKY
FIL AR = HO TR R RE 7 , ABIF ST HR 1| 2 B 23 1k BE X ) o [RIAR B E 13X — 4518 . TUKAEY) & e e it
PR HE AL TE BRI, X R BN TBAR T SR R BT R Y o WFTE R, e BE AN G I JR B3 A RETE 2 B
BT 7.62g/L BKIRFRAEAE™ o SCRFATEF SR T & BLAOSX BRI tH BURRBR R — B . e

RIEER BEEBARA 5 X BT, Tde - st O DU 3R B AR AR A X (n 1 X2 XA S 1K) o PR b ERAT]
WHEEEER R B = A YNRK A A BB N2 7 N E R T SR A AL 58 B 1 R/ NPl X 2
IIFERETESEM N —MERE SR BRI, TR BOK R KB MER (4 NP & &%) 7652 BT
=AU AR Y A AE BT S R T AT BB B T —REMITE A

BRI BRI S A TE L] 49 2 B2 R0, AR 2SO 388 B U, S0 SR B — 25 48 7 7o 18] X W] ) P

VR o SRR B MBS E R o AR, AR T3 KRB 0 IR TS A R |
Ly SR HR SRR 5 ] R A () % SR AR -3 A5 i IR 7 35 1] By A 257 B B A 30K, 1 5 Sy b ]
HAMUBEEAM AT BAMRE & PX ST B EER R YA 2 A 78 R — XS Rl — R Ay, X AT
e TENREAMUKGIEMNERE T . AR PEAEMETFESRISYMNERERNT, X TR b
P9 75 T ) D PR AR , — R PR D X PR ALY 5 L W e 1) B RS [ R B ORI 7 X, JU RS R 9 i £ 38
RESD , A B B AR S0 0 5 — 2 v X TR 0 1) A Ja BR A A o DA < B8 8 D 81, 26 T 8 2 1 O A 3l
iz RAE R R 5 XA 7, KRFER T S EYA B ILER, NS 2 T EBER TR, AR
BRI A 0 A S LR AT AR R T B = A DI s K AR AR A ) A R 2L L3 A
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