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WIKAIVE 2% . FRsbis /KT R 2P R R I S i B
KRB BT, B AOKF D A Yyt b s R
e 7 FR VA ) i ) 2 0 AR 1 sk ) 4 4 2k AR
A5 (Morris etal., 2002; Zhangetal., 2004; Li
etal., 2018 ), FIFELEAZIFEEREENN TP 1) (B) 27
T MRAERAREE N T, FERRNE R
T ERVBAEYIN AT ( Van Wesenbeeck et al.,
2008 ), iR S LRV, D02 S8 ) 1458
R (DI SRR ), KRR S5 T
A, i EMEERRE . SKE . RESR TR
HEY AR . BRI EZERERN T (MEAE
&, 2001 ), IABIFEINA, axb BE WS 7K i AR 1 IRk
A PR B A AR R 7 1) AR PR, s 7K Bk
IR 1 R A e R 2 R R A o ) 2 B ) S i b
F AR FR (Wijte et al., 1996; Morris et al.,
2002 ), DAt E RS R EE AT e R U B
AR P BEE B R OGN R . [RIAE, AR
B HACKEAE R P 5K, WA G ge I n Ik
RSN T Y B FE IS TE] , H AR B 452 i )
SECHKARMERGT, PR 24 AR H A S T AR T
( Allen, 2000; 3KAEIE4E: ) 2020 ), 7EAHIEHIH ALK
RS SE R, KR L KRG K R bR
HHEOKEA KBRS R CHE (=%
45 02010; BRIEBSE, 2011 ), TEZFEIPEZ 32
FETR, BRI BE R B ALK A K Y O
AR R AL N L,

PRAR BT = AN T LU AR AR BT, 1989 4R H AL
KA | ol 2 AR SR 3 X B ) B ) o S A BRI
R 2 2018 A B = Af I B AR K B R T RN
4005.89 hm®> (Renetal., 2019), it 10 4E(AESLT"
TR IR 25% 0 AT AE B — AN %
BT HARKFRARS, R B AK R e 55
A B PEER VE AT S R A A I A KRR S L
AR, FFEEARMEHET IR A,
HE—2 5 T W R AL 5 B AR K R A Ky
TEZIEMSEER, AR EACKEY Bl . e
AEK T 1 B 25 FH E A X 1 7 Y 4 il I ik
PEHERl AR

1 #RtER*®
1.1 HREXHR

PN P VAR - S NG s = 1 =1
(37°44'0"N, 119°13'30"E ), 1% [X & W iR 1818
KBRS, SR 12,1 C, FHREK
N 555—640 mm, V7K EN 1900—2 400
mm, % XIS ST A AR H ), S
REFV . W A i BRI T, R X

B, Pesdh b i 207 I AR AR R $h
HUBHGZE | 7 2E ( Phragmites australis ). W ( Tamarix
chinensis ).,
1.2 HHigE

2019 4F 6 J , FEE ] A 11 g U ) 5 —
SR H [ 7 ) RS R, RELR LR R R
6 MREHAE S (18 1), XML (CK) AT 2 4F/EH
AR E A B35 1 ( Transplanting sitel, LAF
Fr TP1) AL TICHEMIRGHE; #Akat 2 CLUN AR
TP2 o TGS Eh b iz R s A ad s Bk A 3( L
TEFR TP3 ) A TR RE R AR PR s oAk ad 4 (LA
TREFR TP4 ) AL TERHumcE 5 2B AE X B
5CLUR R TPS )AL T S5 R vh i s Bk 6 (LA
NRIFR TP6 ) L FAEMIFR #2019 4F 10 A,
FE AR EAY (325 SR1) SR S
B, AR IR LA 2,

™ miok

S.alterniflora
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x v’
119°1430"E 119°15'0"E

E1 SRXE
Fig. 1 Map of the study area
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Fig.2 Elevation of each transplanting site (TP) and the distance between

transplanting sites and control site (CK)
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(4.08+0.12) cm, 2019 4F 6 J 16 H{EX} A S iU
PR . fRE— B RN A, BAREARE
oo ZBUEMRES, SEHEAR 31 em. & 15 ecm Y
PVC Bl AL, SR PVC BERIE NI 1
AR —izt, sk BB, EYER e g
E TR OIS NG ST, B
o e LA A 4 N EE

1.3 EUHEFAE T

2019 4F 6 H—2019 4F 10 A, &MHH&E—IK
HARKE R A KRNI, JOSRHEE  Re . E
7o SERARE A . TR/ DX R
IRBLREARF Y 3 PROTRE , G 4nek 22 Bl A
Pbmic, RO AR AR, (8 R IERR -~ RO i 2
ESI | o SNy o O = M 11y 8 SO U o 1 e R = LA T
L5 3 Rt Bt +, EAERKRERMA L
AU AR EE R ( SERERRE B ) TS B | 242
L SRR R B AR AR ICH) 3 Bk B
PRimr . SRS R R W A BT A AR

HACKESIAETNENYEZ, TE 25 A Gk
FET-, P H IR R S %

2019 4F 6 AR a5, 9 A BEALKEY
BCERETT AN, FH 2019 4F 8 A 12020 4F 8 A 1Y H.
AEKFRREL (N AT Ny ), R AR K BRI KR
R (R=N»/N\—1 ),

1.4 INESHEIEN
1.4.1  #Aw% Y

TV W AL FE WK B | PR TR EE L K
W B RWEKIREESE . o T S A e —2L,
WA | SEYHEKIRE | AR | KK
JEE X5 SR RE2TS P AT R S (R A B KB FR
AER T VAL B 81 A A [ A8 s 7K B, S MK TR
T B R 7R FBE S A A8 T U AL B VR A 3 P s
TR BE Y S 5 KA, WK R AR &R P YA
B8 A B 1) P A A R R S3 DAiZz BH T) 7 E R ik
g, AR 6 IR, 7E CK. TP2., TP5 4bix
B KA IR AR E T I R R
REBIKAAML, Bk IEXTF—AMER, Bk 10 435048
BLHE S — U8 RZIEE TR AR, AR A A
BEMKIREE o 73 AMEARIINE L - BAC K R 4
Gk (3£ Campbell CRS456 ), 4 10 43
e SR — U E R, RIS RN KBS . K
TREE | WK R /KIRE . @i KO B
5 CK—TP6 %5 Wi fE22(H , 1A H CK—TP6
ST I KIREE o K CK. TP2, TPS AbSERR#E /K
SR KRB E2E A 3 AN 2R R R
96 TP1. TP3. TP4. TP6 M it e /K IR EE
25 REAR R LR KR

1.42  B3EH KR

ERIHARYIRT, HIEE Spectrum 2265FS
T R A7 L SR 10 cm R 2B SRS
MR
1.5 HiEabE

FHSe 444 (1BM SPSS Statistics 19 ) Xf SZE %k
AT 0T, R F 722508 ( One-way
ANOVA) Wi/ 225 (LSD ) X # 4k /5 B AL
KFESAT . SRR AR . bR RS AR
[ AERRI A . S SR T 25 S W PR A 5
( BEMEAKFE P<0.05), FHRZ/RHD (Pearson ) AH2KE43
BT 8 25 F8br B AR G o I FH ) B v 26 FH 4 44
CANOCO4.5 Frir s K+ 5 B AR K AR RHE Y
PR, I ZH A HIE IR T R E, A
SR 1% B K K ( Monte-Carlo permutation test )
FE VTP 7 K ER X B AR R A SRR AR
LIV (=T

2 ZER59%H
21 AEEELAREBEERTFHESR

M CK—TP1, MEiRmE R L, JE/H R
65.5—114.7 cm, TP5 5 TP6 HIRAHFEIT 900 m, {H
HEBIEAME, TP1—TP6 &5 5 CK MK
FEZBE M 349.3 m B 2 17852 m (& 2),

TR0 DX M R A DR i s R P T v A A B
2R (£ 1), 3R 1HEIEN 5 8] BEUE R
PEI{ERIAH I BR o P 25 o

Bl S RN, P XK IR )N
HAWBZ M)A B 525 (P<0.05, £ 1), #AKN
WK | B R AR B i e AR R I AR AL
B2 e Rt , b TR ¥ K P A R 45, 10 em -
SRR E BT R, (HEA TPe BEET
CK. TP1 il TP2 ( P<0.05), HABFEHE S a0
B2 B IRX 2 TP6 R 1785.2 m,
AT E AN T 49.2 cm, {HEA AT 10 cm +
EHSR TR /N
22 AEEELEKEMEKIFE

HACK S A R T R A, RIS
PR, KSR AE KESA M, Bk
JG, VAT TP1—TP6 £5FEHk i A B il % B S5 bk
EHIZETI SN2 & 3a fiizs, TP3. TP5 Hl TP6
3RS T TE 6 HRES 2 IRiH A I Y 80t
TP4 B SEAE P %% BEB MR, #E 9 H R AJIgES 3 1k
AR FFET . CK. TP1 Fl TP2 fS2 A i fE s T
AER TR BT TP1 A TP2 Ff)SE AR 1 2% i 1
TR, M8 AIFUG FLEERG N, TP1 SEA: M % B
MG, TP2 LA M E RS A IS, ERKFR
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F1 TEBHRSMNEETF
Table I Environment factors at different transplanting site
R - SFRMEKERE AR K IHC MK IR H e TR
Transplanting Vegetation Average depth Foodding Duration of Maximum depth Conductivity/ Temperature/
site of flooding/(cm-d™!) frequency/% flooding/h of flooding/cm (ms-cm™!) T
CK HAELKTEL S. alterniflora 14.56+0.001a 100 270.53+15.8a 132.83 10.03+0.4a 25.27+1b
TP1 St Bare flat 7.80+0.001b 94 160.08+12.2b 112.43 10.00+0.4a  24.85+1.1b
TP2 FERE+ERHbIRGE Bare flat+S. salsa 5.64+0.001c 89 128.2249.9¢ 102.63 11.22404a  25.66+1.1b
TP3 EHIGE S. salsa 4.27+0.001d 85 107.92+8.2¢ 95.13 10.82+0.4a  26.68+1ab
TP4 ELHIIGE+TZE S, salsa+P. australis 2.78+0.001e 78 81.00+6.1d 84.83 11.29+0.4a  26.54+1.1ab
TP5 P57 P. australis 1.78+0.001f 67 59.81+4.3de 75.63 10.3240.5a  28.06+1.1ab
TP6 KM T. chinensis 1.19+0.149g 67 43.61+3.2¢ 68.32 10.5740.5a  29.19+1.1a

PR 22 R [l — S EHEARE A R/ING FREFOR ML Z M7 225 (P<0.05); *HIGRAREAIY 10 cm £ )= (E

Means+SD; The data in the same column marked with different letters were significantly different (P<0.05);  Conductivity and temperature were measured

in 10 cm soil layer
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Fig. 3 Density (a) and plant height (c) of seedlings, and density (b) and plant height (d) of clonal ramets of S. alterniflora

at different elevations

B TP1 (M52 25 52 TP2 19 6.9 £% ., B4Rk TP1 FiI
TP2 SEAE R E 2R, HHRSZERAKR,
KR, TP1 SCAEM &N 28.7 cm, &
TP2 1 1.4 % (K 3¢ ),

ESCA AR L, ARZE & Y ve R i HLA R 1Y
iy, BB SR TR G R B K S
450 (1 3b), AIRIEFEAL vk 1 2 B AR AL IE AR
], (AR e om0 BAEK S S T 128
plantm 2, HH SRR S A TPS il TP6 Y 5L pE 1 %
JEf/N, BR TPS 48, HAWA SR sepeni /M, 4=
KR B AR Y= TR, TP %% i
K, BRI T —f%. M (K& 3d) ifLEH,
FEE T RM IR KR AR, FRERrsam, (B4
R B e BT R /N T R, AR SR

TP6 11 78 B /N X N L AE K BBk CK 1
89.8% , HABEL S HAEKF AR E A CK )
57.1%—73.4%,

ARAEEE (7 AR, ARG E ALK
M SEASAHIR], FEARA B = RGN K
B IR R AR A B i = e N R (& 4 ).
23 ARSEAELKENEREEN

TP1 F1 TP2 WySEAE W BARAENG T ok, HAEK
ZRWINEERRE /N T 30 cm, WA L5, 2019 4F
AR TRV T AR 5 R Ak FE R /N X AR K
(A2 TR ( S5 TR =25 MR B SRR ) R 1 (B
PALT AR N R AR ). CK Fil TP4 B ALK By 25 1k
FEAL, HHBZBEEEE, 20008 35%F1 27%, H
RAEHE I HACK SRR, 7F 50%—56% 2
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= F£ Elevation/cm
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= I g z 3z B E
= p § 250 |
é «E‘ 200 | TP1 b .
g i}
S 4 3 150 | be TP2 B be
iR 5 o TP3
L, = q00 | CK T STpe
% 50 TP@ b
0 . . . . WE TPS
CK TPl TP2 TP3 TP4 TP5 TP6 0 . . . . .
IRl A2 A5 Sites at different elevations 0.6 0.7 0.3 0.9 1 1.1 1.2
30 - =% Elevation/cm
()
25 | ap ab a 5 AESEAELRELEE (a) FEFEE (b)
= ape I abc  pe abe b . . ; . .
RS} - c I I Fig.5 Earrate (a) and ear density (b) of S. alterniflora at different elevations
£ 20 f - I
5
= 15 700 a
E & S ab
10 g 600 [ T
: LA
= 5 2 500  CK . c be
= T
22 a0} weg §
0 L 1 1 1 L {’&: = TP2 = d
#H g TP3™ ..
CK TPl TP2 TP3 TP4 TP5 TP6 3 2 300 | ‘§‘_‘dd
ANIA) =R A5 Sites at different elevations 2 200 y=—786.22x+1 160.1 TP4 ﬁ
. s ; 3 R=0.879 5 TP5
B4 SKSKEEEKEEESGNER (a), HE (b) 2 100 | TP6
M (c) 0 ) : . . L
Fig. 4 Stem basal diameter (a), leaf width (b) and leaf length (c) of clonal 0.6 0.7 0.8 0.9 1 1.1 12

ramets of S. alterniflora at the end of growing season

], TP4 Z5F% B E(LT TP1, TP3, TP5 Fl TP6,
At A B ) 25 TR 1 25 S0 A il A MR R (&
5a), CK Fl TP6 [ H ALK FREE R A 7K
TPl WBEZ AR, A = FERYsEin, TP1—TP55
MRS HL TR (& 5b), XU, kil
BN, EACK R R T R S5,
B RS 0 TR E 2Z A K, B
2.768—3.189 g, 5= 3 A TERENA T TR EM
75%—87%, M F TR HE/INT 244 BAKE, X4k
FhFaYy g & BE T WARA T RE/ N T 244 B AEK
2010 4% 5 H rha], A T ASI] s R Al T kA T /)N
XN EACK R TERE R 2R (Bl 6 ), iXLL4)) % i ]
IR B ALK R IR ETERE ). VAT, FEE
FREGIN, HAKFEYE B ERZ TR, M CK 1Y
588.3 plantm 2 &% TP6 AY 222.0 plantm 2, H
TP2—TP6 % I B 2 /NF CK, XULZE 3R,

=11 Elevation/cm

E 6 2020 FEHKEHNEETE
Fig. 6 Seedling density of S. alterniflora in 2020

HACK T B RE 7 B e R R

B 7 RS BRT HACK BRI R ) T
CK AbHAEKHEAE 2020 4F 7 HEBIBIR, £iH5E
CK IFPEEIR R . B AEK BRI R R b o Ry
IR R, A5 TP1 A1 TP2 AYRMEERS KR AT
0, ULEHXPIAL B ALKE )Y L, TP3—TPS By H.
KT BIRTESS 2 APk E s, (HHFP RS RN
T 0, JAREBREAIGA FrakseMER, 1Mt
Bl TP6, 2020 4F 8 H B H ALK B E &3 AET=, Ff
AR -100%
24 RERTFEEHXREERSMTENTROM

X B AE K FE TR AR KRR S B R kAT
RDA 51 HAEKE sele i A KRS 1 4h ., 26
P R4 R 72.4%F1 2%, B3R o A6 K
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Fig. 7 Population growth rate of S.alterniflora at different elevations

BE R AR SR B 74.4%, AR
i B AU AR o R L A OK e A SRR A S 3R 05
HPmoCR, JFHFEERME ke,

IELN T 5B HEF B R B 2.7 4
P T R S T AR SC R B, 35 0.720,
WK AR | IR RS SR DA
KHKFR, MHKRECH 0.809, UHALE T 4l it 7%
AR ETREM ;RS TSGR R K,
Oy 0.457, BT T A LA SR BE O = R Y

IS
2 n[ﬁ‘l o

®2 WEEFSHEFHMEEXXR

Table 2 Correlation of environmental factors with the axes

Wi+ I R IR

Environmental factors Axis 1 Axis I

i Elevation 0.720 —0.276
Y KIRSE Average depth of flooding  —0.678 0.088

B KW /KEE Maximum depth of flooding  —0.410 0.089
#i KA Total duration of flooding -0.699  —0.209
/KA The flood frequency —0.649 0. 287
i Temperature 0.559 0.457
M, 5% Conductivity -0.125  -0.450

PE— 2045 B AR R v G i A KRR 5 R 05
P71 e I (181 8 ). FEHFF IR, BAEKRL
SCRE AR R IERE PR IS0 =B LR FOR, 5T
Wz O =MIEEAEIR . BRI REFREAL
KAETEE AR AL SR IN TR R BN, EL
MRS, S 2 B )N ;- ik 5 HE R il e
FIFRFRAERI KD, SN, AR,
P 8 LA . ELAEK A e e 1 5 P A K TR
JBE RIS . MOKBREIERSCC R, Hp 5
P AKERBEAIME R R, S, IR 2 GG
F5 HACKE SRR S SRS . R P
PR KRR R IEAR SRR AR, Horp 5K ARSI
R, SRERAMIOER; Fie, e, mygl
SR IERRKR

1.0

RDA2 2%

-1.0

-1.0 RDA1 72.4% L0

A RJ¥ Temperature; B 7FE Elevation; C HLFHR
Conductivity; D #E/KI}K Total duration of flooding; E
Y KR E Average depth of flooding; F i JCHE K IR
Maximum depth of flooding; G i 7K 4l % The flood
frequency; a M{& Leaflength; b M5 Leafwidth; ¢ %
1% Stem basal diameter; d ¥k Height; e %% Density

E 8 EiREREHEVIHISHEERFXRHTR
SirHEF E
Fig. 8 Biplot of the two axes of RDA(redundancy analysis)
for environmental factor with growth characteristics of clonal

ramets of S. alterniflora

P 7 AIIEH P TSR RIS R, 19 BB
AR e B MR, S5 RN 3 R, MR
T LA K B T R T A e A B R OR BV TR
iR KB . SEIEHEAKIREE | WA IR
JE | RORWKIREE . GoR, Hh e . WK
SEXHE KTREE | ME/KATR | IR A B ALK R e
B AE AR A RZ A 3 ( P=0.002<0.01 ), {HAY S
1) e 6 i o7 T PR 5% IR T i R 1) L A9 i
50%.

®3 HMEEFEERENERZMHHAFNEZMRRER

Table 3 Importance and signification level of environmental factors

WEEHF AT 5
HEPE R
R
LT HeF . .
. Variance explains  F P
Environmental factors Importa .
of Environmental
nce rank
factors
2 Elevation 1 50.4 33.593 0.002
K
. . 2 475 29.893  0.002
Total duration of flooding
AT
. 3 44.6 26.555 0.002
Average depth of flooding
KA
4 41.0 22.950 0.002
The flood frequency
IR Temperature 5 30.8 14.715 0.002
B KM KR
o ol 6 16.3 6438 0.020
Maximum depth of flooding
5% Conductivity 7 2.10 0.696 0.412




R4 BRI AR R K S R R

1189

3 itig
31 AR ELNAEERRENERXE
sk

AR ARYLE T W s g, — Rk,
R, A2 RN, AT AR DG AT
R, ERE S A s CEEEAKIRE . #K
E], HEARIIUR | S R KIREE ) A Bt oe
A, ANFEEEAL KRR A B 2R (P<0.05),
HARKE A KRR HL, IR AR R
TIRAAE AT, RIAR 2R 0T AR T IE 5 IR i
FE5r, BEFEMN IR R X A A7 ( Bertness,
1991 ), SRM, ALK A AAR RN BTS2 259
ACIRDLAY 2 2, AT KRB, S K KR AN
T 7K 23R 2 5 W) AN ] o A AL B A DK W 5 [ 1 2%
A B IREE R F, 76 LIS AR MRS th &
IR, WK R K R B AR X, B AEKE Y
MR ISR, A% 50 5 (RIS, 2018 ), 535b,
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Effects of Elevation on the Invasion and Expansion of Spartina alterniflora
in A Salt Marsh
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Abstract: Spartina alterniflora, an alien species, has invaded and severely harmed the intertidal coast with different effects on the
ecology, landscape and economy in China. Therefore, it is urgent to study the invasion mechanism of S. alterniflora to effectively
control it. Yellow River Delta (YRD) is one of the most affected areas by S. alterniflora in North China. In this study, a transplanting
experiment of S. alterniflora was carried out in the intertidal zone of YRD. In June 2019, the seedlings (seed germinated seedlings)
and clonal ramets (rthizome germinated seedlings) of S. alterniflora were transplanted to different locations with elevations ranging
from 65.5 cm to 114.7 cm. To detect the effect of different elevation on the growth and expansion of S. alterniflora seedlings in the
intertidal zone and the elevation threshold for S. alterniflora survival, regular investigations of the growth status of S. alterniflora, tide
and soil properties at the transplanting sites were conducted. The results showed that, (1) With the increase of elevation, there were
significant differences in the duration and depth of tidal flooding in the intertidal zone of YRD. (2) In YRD, the main factors affecting
the growth and reproduction of S. alterniflora were the average flooding time, average flooding depth and soil salinity resulting from
the combined action of elevation and tide. (3) In general, the growth status of seedlings and clonal ramets of S. alterniflora became
worse with the increasing elevation, the seedlings could survive in the Suaeda salsa dominant area, and clonal ramets could survive in
areas dominated by Phragmites australis and Tamarix ramosissima at higher elevation. And (4) along the direction from sea to land,
S. alterniflora could rapidly expand to the Suaeda salsa dominant area in a short time, and after a long term, S. alterniflora might
invade to Phragmites australis or even Tamarix ramosima dominant zones. Therefore, the control of S. alterniflora in northern China
is urgent. Firstly, the sexual reproduction of S. alterniflora seeds should be effectively controlled to limit or prevent its long-distance
expansion by the seeds. Secondly, the control pace of S. alterniflora should be accelerated. Otherwise, after long-term adaptation, S.
alterniflora is likely to expand further to the land, leading to direct competition with the native vegetation Phragmites australis and
Tamarix ramosissima, and strengthening its threat to intertidal ecosystems.

Keywords: Spartina alterniflora; Yellow River Delta; intertidal zone; sexual reproduction; asexual reproduction



