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Abstract; Results of a greenhouse experiment showed that water level gradient had significant effects on morphological
traits, clonal characteristics, biomass accumulation and biomass allocation patterns of Spartina anglica. The effects of water
level gradient on the morphological traits and biomass allocation of S. anglica were studied in the glasshouse with
populations coming from the Xinyang Harbor in Jiangsu Province, China. Five treatments were set up with water levels from
submergence to 1/2 of the plant height, 1/3 of plant height, and water level at substrate level, —5 ¢m and - 10 c¢m below
the substrate surface. With the submergence of 1/3 of plant height and water at substrate level treatments, plant height,
number of ramets, number of rhizome nodes, total rhizome length, spacer length and biomass production were significantly
higher than those of —10 cm and 1/2 plant height treatments (p < 0.05) ; and these parameters with —5 cm treatment
were not significantly different from those of the submergence of 1/3 of plant height or water at substrate level treatments
(p > 0.05). With the —10 cm treatment, biomass allocations to above-ground and rhizomes were significantly lower than

other treatments. The results indicate that S. anglica populations grow better with water submergence from substrate surface
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to 1/3 of plant height. The results also indicate that change in hypsography and subsequently degree of inundation for S.

anglica may explain the decline of its populations over its range.

Key Words: Spartina anglica; morphological plasticity; water level gradient; ecological strategy

PR AR AL R R B AR B o A BB I BB R R, oK OBl 1 5K B B R BRI A 4 A K A3 A
MEBER T2 KRBT LGB R Y SR R AR K R, R RS K Ak
FE RIS, 7K FE Sl B RS VR R B sh ™ o [RIR , 2K Bt 5 i B B R R - 33 AL R R S
TeeHR %, FETT R G A B 505 1 o 7K 75 AV AR 25 3 THT I PO PR B A5 4L, B b, AL %ot 7K i A 4k
MR IR AE S SR EENRZ —. BRI AT 3 BT F K AL 5025 M2 38 A 4 1
K FTEIG R, DR KA i o oA, e RIB O Y M E B A . R IE
o TR A B RV R T MR S [ 7K (S8 B B £ 25 R BRSO T R AR S DRS00 T A T 4047
W R B A SR B BB .

KKE (Spartina anglica Hubbard ) J&— i i@ BL 76 1 V8 M 1 A= K T 2R 100 8 1) 2 4 Ak e e ML . RED T
1963 4£B| A, 3845 58 JE ELR DS T R ;20 HE42 90 4RAR ARTAM R AL BT T4 1 & (40°53'N) ;i &)~
FRAHRAE (21°30" N) , FA—EY B 36 000 hm® ' | i3k H g A g ol g ot Svitig = — 1
SR 20 142 90 4ER LU , T E B R IR B AN Bl T P ) R FEI8 (dieback) . BT, {LZETLH 5T BH
(33°42'N) 3% (31°56" N) DIKHTTLiRIE (28°24'N) A& , B3 TASEN 50 hm™™ 4 sk 58
Bk, ZEESNEA/NERIZEER , BREREIMIF BN X, FORETHR B R R a v, Mk
ViR TABERE B RERE EEMBAFTEER , ERESREMNEHRTERBREI VRS
b, =R R ERAIER , YRR A EEEARRAY . BICKEFRTE S R A RFBIH MR
TEEHE,

KK BENE g 24 A SR H ST REAE ) , T AHEA T T A R S R T, R R R I O B A B B AT
BRI, T HREAR BN RN EEWRERA L SREA TSR h O REA L™ Tk
T REASTE ] — A B A 15 SE R A K e I MR AR — B SE R A bk R AT T B 1 R vE
REAEYI AR AS R . SUREARYION T BB A ROR YR U8 J 25 (], RE S @ o R B n] ¥ ML A ) MA U B BIR S 4E
HRAE M EREE SR M T B RIS B B T REE R R S 5 B AME Y I A W B M TR SR 5 L A AR 1 —
SE R RE _E AT LA BT A 0o BRI B i o ASE 8 0%, T AR S R R R AT M EE AR . H
BT, SRR AOR B AP BETE oh I 2 R SRR, O BT TR I35 4 M A 2% AL RS R IR 58
W M HREE T RIS BB R EIE R BB M AT 2B NI, AP R HT T AR
IRAE R BEAR TR XS FOR BTE A AT 880 Te R AR K AR R AE M B B 50 FeAs R WF 5T, i OREFP B B R 2
B 57K EE IR , DAA 2 T BRYE 3R B KR E AP B B 2R R IR AL /K SO FAE M 2 k4 | IR B 7 3%
BEHIIOKREAEREERMARS R ZRME—E LRSS 1 ISR
1 RS HE
1.1 ¥

FKKBRRARKEE (Spartina) HIZEAMY), RN THE R, HKMKE (S. maritima
(Curtis) Fernald. ) FIHAEAKE (S. alterniflora Loisel. ) K B ARZuAsFp10 B3] spad kR 2007 4E 4 R A
o EVLVE SRR E R B ARG X B X AR A (120° 34.6” E, 33° 37.8" N) , Hif#bab T+ EILHR
LR B H(32°347 ~34°28' N,119°48" ~120°56 E) o Wi 2 LB p It U8 JR V8 12 5 AR AR AR SR 3
Te 52 B BRRARAE , MM W 14 o T 3O 4 MHELRIHE : (1) (RBIR UM OB | Bk 2=/ N s i, &
TR SR BT RS EKE; (2) BV IRA N, i /N8 L 25 -2 5L, W T A A0 o 2
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Hh, EEREIEKE; (3) FEALIRYRE, P28 W AL 2 K = AL, ME T AR ) E R (Suaeda salsa)
FIOKESE; (4) Bt , RO b, — 4B PRGOS, A Y 2 (Phragmites communis) |
¥ (Scirpus triqueter) I R KB ZE
1.2 F¥:

2007 £ 4 A 3 B, ZERERGEFEERDAE KX, ER— & 5E NIRRT EFR LBGE. R
A FAE MR ARG B T R 0 R DAL X IR 25 9 (32°10737"N, 118°41'57") . 2007 £4£5 A 10 H KKK
B3 R S U S SRR SR, I PR BCRTBE (6 £0.5) em ZEA5 B3R, PR T AR 25 om & 20 em 5 SR
BN, HEFRPRAZE 18 om IR LI, BV : DAL 111 WIRG R, AEHEREE TR S 27
470,60 cm 161 cm FIFEIAN . SEHIBIH FAKALAETE : 73 5| W Bk = — 0 Z— /K AL Btk =
32— 7KL B R MR HAK (0 em) | =5 em (KR TR S em) , - 10 em RAE THEFE 10 em) o &K 4b
HURRAEE H 1/2.1/3.0, =5 F - 10; HARTH A0 3 BEAE bR AE R T A2 4L, KA 4R TERR R 19 172 R 1/35)5
P AL BRAE B SRR T R A B K AL TF T /L ARIEZ R K 73 G B AR TR o AR S MEE,
TR 3 HRAEY) , BN SEIRAE IR E AT, BSOS 1.5% , & 2d KK AL
1.3 J5tRilE

1E 2007 48, PR REHIR 11 3 T8, K8 5RR 0 B RS BB, BEYLRAE , BB R B 1 M\, b2
LS o TEZENAK YT EENERSARIERSE (bR M R EE M HARRK) | SERERHME
SR (GEREREC AR Z T B AR ZH RRZER (H R FREMSEGRE) EYESH b EA
Y Ay R RREZEYEMSAYE) TR AYESE. S LEER PR MK, AR
FEJ7 104 « i LI-3000A B ARG B 6 R sk RAARMEM 7 g AR, U85 BOLIE, iR R BE I E 77
B BEPLE 6 Jr i, FEAR R RO B HE R BCH A, WG, H IO E i b R AR AR ZE 3 &7
53,80 CHTFHRE, HFHT HHETCHERMEZ AR Z S A @25, R b AR B KR
SRR A 43 A AL 2K R R TG R AR I SR
1.4 Sitsr#r

BryE@ ot SPSS (Version 15.0) #4727 (One-way ANOVA) #:56H 25 % B #F M, 3% Duncan £
H TR R % (p = 0.05 8(p = 0.01),
2 HRESW
2.1 ARIKAIASBEALBET ve A Y AR B PR AR S HRFAE

IKALAR XS R EMBIE S & A BE W, HP 0 em KX 173 MEEMKEEERT -10 X
-5 em JbF(p<0.05),5 172 LB ERABE (£ 1); IV/3KALABEKHFEREKR, BEST 172 #
- 10 em/Kf7Ab B, J5E X BE R THELE (p <0.05) 51/3,1/2 J — 10 em 7K1 4B ] B F R BETG 8. 3% 22
S(p > 0.05) ,H¥BEET -5 cm F10 cm ZL3H ;M 3L 173 bR K, 355 19.4 + 6.8, BER/ THE
AbFE, TARAC LA O em K AZALBEAR S , .25 THBEALEE (p <0.05) , LA 172 KA BRI i

F1 TEIKROKEELIET AR EFBERSRHE "
Table 1 Morphological characteristics of Spartina anglica under different water level treatments

TEASHFE JKAL Water level treatments

Morphological characteristics -10 -5 0 1/3 172
#1E Culm height (cm) 30.4x1.5¢ 31.4 +2.3 be 37.9+1.3 a 38.1+2.3 a 36.0+1.2 ab
T Leaf area (cm?) 4.2+0.2b 3.0£0.2 ¢ 3.4£0.2 ¢ 4.920.2 a 4.2+0.2b
- FJEJE Leaf thickness (mm) 0.46 +0.02 a 0.34+0.01 b 0.39+0.04 b 0.47 £0.02 a 0.46 +0.02 a
%4 Leaf number 11.3+1.0b 13.1+1.2b 11.1+1.7b 19.4+6.8 a 10.6 +1.9 b
HR 4 Root length (em) 27.8 £2.9 be 31.2+2.4b 41.3+2.9a 26.0+3.4 be 21.3+2.6 ¢

« MR FRRRCHEFZRAEZE (p > 0.05), F[E The same letter indicates insignificant differences at p > 0.05 ; the same below
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2.2 R[RIZRAIASEE AR TR T BEAR ) KOK T ) FE R AR

AN [ B 7K ASE A JBE %ok ROK R AR FR) T B AR ZF B HROAR ZE 1 B AR ZE B 1) B 74 JBE B 20 B B 3
A BEL , TXARZERRA BEHW (R 2) 5 1/3 KALA0IE Y 5 R 73 MRE AR AR ZE 75 B0 ARAR ZE B K R[]
BT RESERT - 10 cm FEERAKS 1/2 403 (p <0.05), SHELAHBEHBEZER(p > 0.05); ZFHL
0 cm KA AABRZ , BER T - 10 em 1/3 M 1/2 403, 5 -5 em WbBZERABE; 1/3 FKALALER 97058 B
BERT - 10 em K4EE (p <0.05) , M EHELBEERABE(p > 0.05),

F2 AEIKOLHEELIET B KK E B 0052 EAFAE
Table 2 Clonal characteristics of Spartina anglica under different water level treatments
JKA Water level treatments

TPk 545 Clonal characteristics

-10 -5 0 1/3 172
43 #k%% Number of ramets 3.6+0.3b 6.6+0.6 ab 5.1+0.6 ab 7.3+1.9a 3.6+0.3b
ZEX Number of buds 1.6 £0.4 ¢ 4.3+0.8 ab 5.7+0.9 a 2.9+0.9 be 1.6 £0.2 ¢
HARZE%L Number of rhizomes 2.0+0.6 a 3.0+0.7 a 2.9+0.6 a 3.7+0.8 a 1.9+0.5a
HARZE5 %% Number of rhizome nods 5.0£1.4b 11.4+2.9 a 12.1+2.9 a 13.0+3.6 a 6.7+2.2b
HIRZE 1K Total length of thizome (cm) 9.4+3.0b 18.6 +4.7 ab 20.9 +5.6 ab 26.0+5.9 a 11.1+3.7b
8] % 71 & Spacer length (cm) 3.71+0.84 b 5.43+0.43 ab 7.29 £1.04a 7.29 £0.36 a 4.43+£1.04 b
43458 & Branching intensity 7.1+£0.6 b 12.7+1.2 ab 13.7 £1.9a 14.1 £3.5a 8.4+1.5ab

2.3 AFUKAABEALIE T S Y OR R R R B R

IKOIHREE X b AR YR T AR RR YR RRZLEYE LS EYRIA B, B —3
(B 1), 173 M0 em ALHA M EAYE W TAVE RAEVE RRZAVERSEYRYEEST
—10 em B 172 KA EEALHE (p <0.05) , - SHEKMHEZFABE(p > 0.05),

30 OKFEHFI0cm B KFER FSem B BAME OS3 BRI
@ 25+
g
2 20k
s
s c
2
% 15k
£ a e s
2
[
1.0 - ! k
pd T
ANy L f h h
# 05 y hi
’ R s ::: i i
0 30 R RN T 1N
LS R AR R AR HURZE 45 B
Above-ground biomass Below-ground biomass ~ Roots biomass Rhizome biomass Total biomass

BT R[EK AL BEAL R B ROK BE BRI I AR LR R

Fig. 1 Biomass accumulation pattern of Spartina anglica under different water level treatment

2.4 R[EIZKDSIBEEE AR T SRR OR BFPRE A AR B & 4 i

AN B 7KASE A BE AL B X AOK TR 1 3t b AR ) B 70 C AR AR W 8 0 T ROROIR ZE A ) & 23 Fe S50 o i 2
(p<0.05) , X T AEYBABECEMARE (p > 0.05) (£3), H# FAEYESEAACRZEY B
0 cm ZKPALFRE K, BERT - 10 em KA, TS HEAHEZRARE (p > 0.05) , RAEYESFFECEH LU
-10 cm /KPIAL R K, BEE T -5 cm /KA, SHEAEE R RBE,
3 itig

TK AR AZS R G A A A R R0 R B R R A R 10 AR 2 R G i BE il 4H AR 7, AN R K 43 4%
T ARG ER R AR . WK AR B R RSB Z — o WK 3 SR A oK AL FE 22 Ak
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B NENE A 7S RGBS B R B BRI E T R SRR AR s A
KA B T DA SRR A A R B A L 6 R ) o R AR K A B IR NE BT 5 2 8l A S 2 DR ST 1Y
B NE RGN A K A A LA AR X 7K AL BE A A B i o7 72 0 2V b A 7S 2R ST AT
MK, B YK I8 B3 R ARk A 5, XK S0 BR BE BE A — 52 L RIRRAE , 4076 — 52 B 7K B8 B 4%
HTAEFTHREWMNER SER™ . ALK REN, kT REHK KIS B 1/3 KA A B bk
B R BRI B T T A, X 3 B ROK B R LS B A KK BB BE N 0 om Z ¥ EHRE
173, g @ i ot A 25 RIS , s ot R 0, R B MBI 2SR E B AR KAE 0 ~ 5 em JKIEAL, /NER
THE 20 em KA A KB, TIEFZEHIERE T 0~20 em™,

#3 FEKEHELETHRKEMBENEYESE
Table 3 Biomass allocation of Spartina anglica under different water level treatments

H: Y B/ Biomass allocation (% )

JKAiAbFE Treatments

#h F4EY)& Above-ground  #b R AE ¥ Below-ground BERAEYE Roots HUIRZE L Y Rhizomes
-10 40.8 +2.8 b 59.2+2.8 a 49.4+3.3 a 15.8+5.8 b
-5 44.9+2.7 a 55.1+2.7 a 40.5+1.3 b 25.6 £3.6 a
0 46.7 +2.8 a 59.3+2.8 a 45.7+3.5a 23.2+3.4a
173 45.9+2.7 a 54.1+2.7 a 44.2 £3.2 ab 18.5+4.1a
172 46.2+2.9 a 53.8+2.9a 44.5 £4.9 ab 18.5+5.9 a

T H AR TIPS B, so e A A BRI 0T 25 FT BB P R % HOR B AR A5 S 1™, S Al
YT 25 P SR R B B AR B AR T2 18] B T B, 0 iR B B B A, X BB AR AR IR B T S AR W 1R TR
73 18] Bk P53 B B8 A RE A 50 % FAR I K AL BE BE T A s B A KOR BERRBE T 5, 1/3 /K AL FE A SE e 43
BB AR ZET R ARRZER K AR TRERDEGREXY BERT - 10 em KAALEE, FH, 3 F 0 ~1/3 K
FER BEAE TR FARRE i P R BEUR A R TR RE B B8 5 48, X 5 B 23 MR A X 7K B8 B A —
SE A R AT PEAR A

T3 PR R AR Y ) RS 1B 28R S FIAE RO B R E TR AR Y RSB R
R, 14t SR PR B 2R B e R IR A R B2 ) K R I T YRt i TR IR R 8, A WL A
FoH R RS, A PR RALL TR BRE, NmmERm A K™ 7 b FRYPSF T HRK, R
MRS THRRBRARN T, DIRUKTIFHSEPATRRD, BIRAETB AL (Eh) ZHmIE, HH wE
Bk A AR DL , 38 AR AR B A0 A 4 T, T3S A ) PR Dy B 48308 R B 3152 28 A6 i RE 0 ( BIFE SRS AF T
HEAFIIAEH SHHIE) TIAEAE T ToRD" 3 FRORFA YR UL, B B A Rk 1 54 R 38 Lk Pk AR 3R, Hot
Fr EBATRRAT DO AR ER S o0 I8 ARG , T HLHAR 2R R 2B B Rk B AR RIERLX PR BB
ARG A o KRBT A O SEH , A K B, S A Y B R R KA , A LR B, A TR 1
BUK B BAER R L 1/3 AR B 3 A8 P AR RAAYE RREEYERSAY B EE
BT HEAR, M5 -5 em KAALBZEFA B2 RATE O em 2 1/3 KAZALHR G B Se A ROK B R LL
BB R KL A S, A A TV B RN EYWNRER IR R B T AR A R 1 A P X BRI B I
HUE AR R MO SR SRR TR X A K BT I A 2 o R 1B AT 8 U 3PS A ARG ( trade-off) o 7K
RLABEEXNS Y BN EC A —E BN, - 10 em K AZAL B B B AP B AR Z A MBS BERTHEL
TR R EYENEES THEA, ZUE - 10 cm KOAEBEAMT , AR KR EFAERSE Z 1 4EY
BATCARER , NI Z K B 3750 M T RBELERS . 350, TR G R SHEMTA —EHHA,
HE BT R IKAIAR B 2L BRI IR HAR Y Scirpus ancistrochaetus A=K HIFEIR B3 , MYRZEEY B L
7K (B BE (0 FH 180 T TR, ELAE R TL P AR 32K L A ) T R PR A S [ Y st AL ) e 267 — R 1K
PIEREE P A Y BRI —E R
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£ ERTIR AN R K LA R SO R AR IR B AR TR S b, se ke etk AR B R 50 o3 h B3
MR, Qb T R T BRK B BB R BE 1/3 REAR R K S0 BE T T AR ) OR B b AR AR B I S0B0 , Te b A K
BHE, AV BEHREE , RPABUK AN SORERBEUE B A KK AL, BARLR AR5 IORE R LR AE K
A—REMZES  HLK 45 RIS R8O H — % AL BEE BLAEKE AR, I P B EL A R ) 58 R e
FAUY ROR R A BRI M, MR BT, MW A R M 2 WA B, AR B H R K R
A5, NTIAIE BLAOKR BRI A K R BT, A B AR R G H R S A ™ B BB IR i TR B
AR M S S BOUE A LR LR T, STkt ) KOR B A REREAS 58 S T e ke %7, A
WA LR 58 A B TR s 2B /K L ANSE B A A T TN OV P , B8 P RS 1 s AE A KOR B R BRE 1 AR 32
1B, X TP IR R B AR B K AR SV RN 7 B — P ST
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