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MER R (22.84%) P EIAEF N 112.86% , (2) MR AR AL i i R BE L 2 3 TEAH DG (P<0.05) ; M
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Functional traits of twelve species of marsh plants in Siming Mountain,
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Abstract: To understand the ecological strategies of different marsh plants in subalpine forests of eastern Zhejiang, twelve
typical marsh plants in Siming Mountain, Zhejiang Province, were collected, and their main functional traits were
statistically compared. Results showed that; (1) the plant functional traits in different marsh plants exhibited some degrees
of variation. The maximum coefficient of variation ( CV) was leaf density (216.16% ), while the minimum was relative
chlorophyll content (22.84% ), with the average variation reached to 112.86%. (2) Leaf perimeter was significantly
positively correlated with leaf area, leaf dry weight, leaf length and leaf length to width ratio ( P<0.05). Leaf shape index
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was significantly negatively correlated with leaf area, leaf length, leaf length to width ratio and leaf density (P<0.05).
Thorn was significantly positively correlated with specific leaf area ( P<0.05), and life history was significantly positively
correlated with relative chlorophyll content ( P<0.05). Rhizome or stolon was negatively correlated with leaf shape index
(P<0.05). There was a significant negative correlation between growth type and heterophylly (P <0.05). (3) The
cumulative contribution rate of the first three principal components of the 17 functional traits principal component analysis
(PCA) reached 71.47% , which can be comprehensively characterized and summarized as follows: the quality and size of
plant leaves (35.72%) , the effect on water and nitrogen absorption (18.74% ) , the ability of plants to resist herbivores and
self—protection ability under strong light (17.01%). (4) The species-functional trait ranking diagram combined with
UPGMA cluster analysis supports the division of 12 plants into two functional groups. The first functional group includes
Sagittaria trifolia and Hemerocallis fulva, adopting a “high investment-slow returns” strategy, while the second functional
group contains the remaining 10 plants, adopting a “low investment-quick returns” strategy. In conclusion, the variation of
plant functional traits was abundant in Simingshan marsh, and the species have formed different plant functional groups
through the combination and the trade-off between functional traits, hence improving the adaptability of the heterogeneous

marsh habitat in the mountainous marsh.

Key Words: the subtropical mountainous marshes; functional traits; variation; trade-off; plant functional groups;

ecological strategy

FY D RE MR P A Y A 1 5 AR A K e BT RATE B ARG — RSO @ b Hax s
JiE P i 5 P A i AR A B SREA BE  AE Ak, R I R R A S R A TR Y L R M T IR 2
AT IZ B NFEIR R |, Zad B SR BE TR ) MR 2 B BB A AU G 3R (trade-off) 3042 &5 5K W% ((ecological
strategy ) BN, HEIT TR (specific leaf area, SLA) e i WUk )4 K i A X G RE 14l 1K 58 S Anm] 1) P 9
VA B4 3 i SR 1 — S EE B I R RFE AR WFSE R SLA S-SR A S RS TRk e B
IERIET SLA 38K M) A0 1) T LSRR 5 AR B ™ . M hREMERAS b B 2 T T i
SR SRR A 3 A X KA A TR ) L, B AT DASRAE AR B ] 1) 22 5%, SLREHE S WA [l R ) % S0 SRR 1Y
R A0 3 20 AR A HAE G0 3E TR 3 28 5 H0R IR I, R A D e R SR R BV
FES R GG R E X THRFAEY R RIS SR LRS00 504 W Fh A7 R V& AL A AL ) 4 B 2R 28
SR SE B T Ok

T R 4 SV AR 2 R S RE A AR A EE AR, s X 1 b RE 4 T e MR B AT, X AT AT N
ARG REAERR AL, 0 X N 2T 2l A A8 A 5 P PR 3R 4 415 0 e ft e 4 42 45 0y T LA R B
SCHE RV AR M AR AT R IXULK. A R A I 5 L AR VA VT U RV v R S Rk AR B Ak
TR E 2RSS B A SRR T SRR AR i, SR H BRI X IR 2 BB AN 28 | Sy
BORZ2 (38 5 B4 P e IR A Bl AR R N A A R S BRI ST, A ST R T A ) T RE IR AR
SERFAE AU G 2R Sl AL A 5 o DRI Ay b, 2 3 6 T VL DU Y L DXCVE AR 12 o R RACAE ) Y
17 TR MR TIF R R M i T, B A 1 7 R A DX e R b A 7 8 T M A 1) A 2504 o A 9 YRR L O
W, AT Ry S AAGHT L DXV 156 0 b, 22 R () A AL A A 9 (A A

1 HESHE

1.1 BT XA

A G RE RO W1 T 3 T AWk T DU BH Ll K2 b B Rl A Jb 26 29°41749.19"N—29°41756.40"N , 7~
2% 121°02'52.80"E—121°03'00"E , M IR FHZ4 3163.64 m?, M3 [ P4 R ) s Gk 0, 314k 844 m!'7 | Sy iz
HROIE BRHT 2 XU AR F- 34930 13.85°C, TEAR A 203 d, A F-3RE /K 2 1 560 mm , 4 F-RAHXREE N 83% . K
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T HAF AR 22.9—24.6C, s AN B 35°C 5 & FRFEYe 1 H AR - 2—1°C, Ao IR 7T 3k~
14°C . I RFBI-FEA AR , £IELITHEA 32, pH {H 4.5—6.5,
1.2 YRR RIAE R 4R

2021 4E 5 H N FERFSE X IR 7 N E AN 20 m x 20 m [ ERE T, SR A 880 BORE 15 0T R B VR A
A ORI S KA A4 FR RS 5 R RECE R OCHR bR MR IR TR A i 2R IR I T 43R 90 B 11 R Y
12 PR PR TR IR 0 30 R 2 SRR AR R E R FERT R (3R 1) o FEASREDT N, BEALEE IO RSB B | e
HE AERARRRE AR RIS 10 BRAE I RERR e AR K [ B4 b (] 920 % 5 57 RO &

F1 MR 12 #3FIR AW E REHE

Table 1 Basic characteristic of twelve marsh plants in Siming Mountain

hiac YFh A & FEVE AL
No. Species Family Genus Community status
1 B Hemerocallis fulva B i AR R PRFAFR
2 -2 Isachne globosa RAR} Mt ) PR
3 FHiZENT Microstegium vimineum FAR EMR P
4 BAAH Lysimachia fortunei AR B PRAEF
5 Mo H-EE Hypericum japonicum ERdy v G MR A=A
6 FAEH Polygonum dissitiflorum 3R R e A
7 SR 228K Triadenum breviflorum G BERE SRR A=A
8 iR-F3% Potamogeton distinctus AR 722 ) TRF3E)8 Pl Fh
9 B 250k Sagintaria trifolia BIER IR Pt
10 FB K Viola fargesii B3R W3R Pl b
11 55 T Ixeris japonica LS ey P F
12 WM Polygonum thunbergii LR ey b

1.3 HYIREHEARFE PRl E

D 5E AR DI REPEAR LT 17 T8, i 2 e e PR bR P SR F i, b S48 Am LURE W ) g
PEIR MBI ZS , A 3E MK (leaf length, LL) 5% (leaf width, LW) M1 5 Lt (length to width ratio, LWR) I
[ FH (leaf area, LA) .M JE 4K (leaf perimeter, LP) W JEJE (leaf thickness, LT) M JE+8 %X (leaf shape index,
LSI) W15 (leaf dry weight, LDW) | LG [T FR | it 5 %% BE (leaf density, LD) S AHXT I 4% K 1% 1t (relative
chlorophyll content,SPAD) 11 T, 78 48 br R %%ﬂﬁ%%m B BT 2% , Xk UL FE 2R 15 5 (life history ,
LH) A5 IR (heterophylly, He) 0| (thorns, Th) B (trichomes, Tr)  HIRZE ol H) &) 2 (rhizome
or stolon, RS)6 W (F2),

x2 AT 2 WEFRMENS TR E EIER

Table 2 Qualitative index of functional traits for 12 marsh plants

Rk L RN W R A A S

Functional traits Scoring method Related physiological processes

PET A Life form, LF ARAFEI (1) 3K (2) s PRSI (3) P B 253

A3 52 Life history, Lh —AEE (1) 244 (2) FREAYA7 Sk

S Heterophylly, He H(1);7(0) T8 I KA 1 JE P AR AL

P Thorn, Th H(1);7(0) RNy éariby/L ISy

FEHY Trichome, Tr A(1);7E(0) A S T S BRI S 78 R
HURZE 5 ) )25 Rhizome or stolon, RS F(1);7(0) R s WO R 817 O,

B 12 PR DAY RE SR A T 3134 (Lide120, Cannon , Vietnam ) #EAT L BE47140 , B 2R 45 (4 B+ 141 50
i Image J 1.53e A4 (https : //imagej.nih.gov/ij/download. html) FCARAFEIEfG | MU 2 i 58 | I i AR
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R s TR RS B R 0.01 BB IR R R (111—101V—10G , Guanglu, China ) Wl & ; M FH 0 85 R 5
BT, 85°C THIRATEE 48 h LTI b i 7 RV AR & 5 i 48 B4R AR, #5505 K SE . LWR = LL/
LW W3R . LD=LDW/LA x LT W48 . LI=4 x 7 x (LA/LP*) FLtM TR AR . SLA=LA/LDW . AHXF 4% =
& 18 (relative chlorophyll content, SPAD) F| FH 4% % 11 ( SPAD-502 Plus, Konica Minolta, Japan ) Jll 2 , il & A
WEF K, H A 3 RIBCT I,
1.4 st

A Microsoft Excel 2010 X AE ) DI REMEARBAE BEA 70025 BB, XoF 25 T D) REAAR 14 - 23 (E MR 1 2 122 S5
FE(CV)IATBAT I L RIFELIE . h i JE BE MR M TE 25 0 A i R RTS8 (D0 20 B ) T4, B S8 R A SPSS
18.0 GE iM% I BA IR AT Z—score BIARIEALALTR . #E—AE PAST version 4.03 itk 445 (hitp . //folk.
uio.no/ohammer/ past/ ) 1,12 H Pearson A CHE 43 M7 #1 3= B 53 73 1 ( principal component analysis, PCA ) X A [A]
REMRIRIEATHE oA . HE T W Fp I RO DI RETRIR , HEAT R 2EI0Hr , % IS BNTR 5 2R B8 R HIHE T Gower AL
2B AR A 258 (unweighted pair-group method with arithmetic means, UPGMA) , 5352 [ ) SZ R DL
B IS 1T 999 K31

2 HRESH

2.1 DYBA LA PRI b SRR P Sh RE MR AR AR
FEVY B LR AT P D Re R B Rk v, i B8 B (CV=216.16%) MK 5E L (CV=151.07%) FiiK
(CV=167..62% ) AR Bl B K, ARG 2 R & 8 (CV=22.84% ) R ALIE Fl B /N (32 3)

®3 MALRKRYEEZEHEY TR EEER

Table 3 Quantitative index of functional traits for typical marsh plants in Siming Mountain

DI IN SR E bR He/ME IRME 8 S R K %
Functional traits Mean+SD Minimum Maximum Coefficient of variation
4 LL/em 9.07+4.39 0.82 56.80 167.62
58 LW/ em 1.91+1.41 0.50 4.36 74.09
58 L /LWR 6.12+9.24 0.76 34.22 151.07
T LA/ em? 13.15+18.95 0.41 57.98 144.08
mJiK LP//cm 23.33+32.57 2.36 117.95 139.61
SRS LT/ mm 0.41+0.27 0.08 1.09 65.60
I FE %L LS 0.47+0.26 0.05 0.92 54.25
-+ LDW/g 0.14+0.15 0.04 0.47 107.47
L AR SLA/ (em?/mg) 117.58+170.31 5.88 385.62 98.71
R LD/ (g/cm?®) 0.33+0.71 0.01 2.12 216.16
AHXF 4% 3 B ik SPAD 36.15+8.26 26.30 50.88 22.84

LL:leaf length; LW ;leaf width; LWR :length to width ratio; LA :leaf area;LP :leaf perimeter;LT;leaf thickness;SPAD :relative chlorophyll content;LSI:
leaf shape index; LDW :leaf dry weight;SLA :specific leaf area;LD :leaf density

TEYIRN KT A [ TE B R HAF ) ) b ] B AR ) IR 22 S, AR TRIMER A AN IR, BARRIE 5
B (LL=(56.80+2.46) cm) fef< AFTHIAL (LA = (57.98+15.06) cm®) Fx K MK (LP=(117.95+12.16)
em) Fe i HIEFEEC(LSI = (0.052+0.01) ) /NP Fl, 5 2 AH X5 i L BE R 2 i (LL = (0.82+0.05) em) i
S MR (LA = (0.412£0.03) em?®) e/ R (LP=(2.36+0.08) cm) ek M H5%k(LSI=(0.992+0.02))
IR B PFp  BF 282098 (LW = (4.36+1.08) cm) I 58 B PR, 11 22 K35 7102 58 B (LW = (0.50£0.05) cm)
HZE YA (HRTE R R (LT=(1.09£0.15) mm) &JERPFN 52 &M B (LT=(0.08+0.02) mm)
VRGP Bl 25 IR BE L (LWR =34.36+1.87) ek, 2 B RS AY MK 58 Ll (LWR = 0.760.08 ) fe /)y BRF 32
P ARG 2% 28 75 5 (SPAD = 50.88+1.99 ) $ ey , H H- FE AR XS 24 2 & i (SPAD =26.30+4.37) S I (&l 1)
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1 433% @m - B 9.48%
2 v 2551% mom 17.28%
311 11.42% m 010.18%
g 4 re719% rom11.85%
'g 5 115.85% - 8531%
S 6 [a13.73% r @ 7.98%
L7 F@20.66% - = 17.96%
& 8t 0833% - = 14.23%
R ot wm 14.52% r 24.68% —— )
10 18 23.01% r 16.92% mmmm—
11 - @ 26.84% - @ 10.64%
12 | @13.22% r 9.16% +—mmm-
| 1 1 ] Il 1 1 1 ]
0 15.0 30.0 45.0 60.0 0 1.0 2.0 3.0 40 50
K Leaf length/cm M55 Leaf width/cm
25.97%
1+ 5.459% o - — —T—, - —mm 10.31%
2 - 17.46% Lg 36.14% Ll 24.89%
31 09.95% F17.35% it 10.72%
41 0811.99% H15.81% H 6.10%
5 H7.07% 6.43% F3.41%
6 r410.75% -@19.65% 1 14.23%
7+ 811.99% Ham 36.13% -8 20.20%
8 F17.11% - 4 20.70% -8 9.26%
9 ik 21.45% o ————E——— 3] 23%, - e 13.41%
10 H#11.09% - - 44.09% -m 24.25%
11 + 4 20.46% LB 25.12% - @ 23.94%
12 H 8.08% -+ 15.28% Fa11.51%
1 1 1 ] Il 1 1 ] L L 1 1 ]
0 10 20 30 40 0 20 40 60 80 0 40 80 120 160 200
M- 5% kb Length to width ratio -1 1 Leaf area/cm? M- J& K Leaf perimeter/cm
1F - 14.01% = H=Ek 6.73% B 19.37%
2+ am 18.93% = I 9.71% r = 14.37%
3 [ 19.76% o 15.18% r - 6.76%
w 4 F ® 11.29% r - 6.76% + {0 7.97%
5 5[ 6.43% I 16.62% - 1.94% @
2 6 @13.66% ro—T N HE— 10.42%
:_ 7F - 21.05% - —mm 14.83% = & 5.82%
&= 8 @ 9.30% I 9.09% @~ - A 3.96%
R o -E 13.32% - = 11.29% F o 17.54%
10 - +m@ 17.68% B HE- 10.00% r m 4.75%
11 @ 13.88% r - 17.30% o —mmH 20.69%
12 1 ok 12.68% B I 5.06% B 10.16%
L L 1 L ] 1 1 1 ] L 1 Il 1 ]
0 04 08 12 1.6 20 20 30 40 50 60 0 02 04 06 08 1.0
M- JEL B Leaf thickness/mm A4 A & Relative chlorophyll content M-JE+548L Leaf shape index
0,
1| 20.56% L 2 624% 7.40%
2 m50.00% o @m—29.79% 21.98% 19.23%
3 m17.14% r7.72% -
4 + 4am33.20% - @ 18.18% 21.82%
5+ m14.29% +8.81% o 11.82%
6 HmB39.53% o s 24.95% 16.94%
7 + mm45.48% - ® 15.30% 23.80%
8 | -mm23.54% 30.75% L 54.59% 11.89%
9 —— e — o 11.36% 14.17%
10 | EEE+36.65% L @ 1047% 32.88%
11 | 1829.92% L @ 1531% 22.89%
12 i37.2|7% . | | - . 25'3.2% . 26.3|5% . . . . .
0 0.150 0.300 0.450 0.600 0 100 200 300 400 500 0 05 10 15 20 25 30
M-F- Leaf dry weight/g e AR Specific leaf area/(cm?/mg) M2 JF Leaf density/(g/cm?)

1 MBEAW 12 FiBF IR A Y R R EERIRNAELE

Fig.1 Box plots of quantitative index of functional traits for 12 species of marsh plants in Siming Mountain
P ) E A3 B0 R S R B CV) s BB AR 1—12 X R4 R, 1 B B Hemerocallis fulva; 2 MM %5 Isachne globose;3: ZE¥i 35 F Microstegium
vimineum ;4 : S5 3% Lysimachia fortune ;5 : WWE- 5 Hypericum japonicum ;6 . Fi {63 Polygonum dissitiflorum ;7. = it 4z 28k Triadenum breviflorum ;8 ;
HRF2% Potamogeton distinctus; 9 ¥ Z& i Sagittaria trifolia; 10 52 & H 3% Viola fargesii; 11: 85 JJ & Ixeris japonica; 12; 8 M3 Polygonum
thunbergii; LL K leaf length ; LW 5% leaf width; LWR ; < 52 [ length to width ratio ; LA ; i FR leaf area; LP ;M- J& < leaf perimeter; LT'; M- J5
Ji leaf thickness;SPAD : M} 4% Z & &t relative chlorophyll content ; LSI: M- JE 5% leaf shape index; LDW ;T 5 leaf dry weight;SLA ; H M-I
i specific leal area; LD ;M Fr 85 leaf density

2.2 12 PR HIAE Y D RE IR A AH S 43 B
X 12 FhiBEEIEH ARG 17 TEEMIR 1Y Pearson AISEMEHT, 45 FEM .8 (LDW) SH AL (14)
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EREFIEMIE(r=0.950,P=0.000) , M (LL) SR T8 2 B3 EAC(r=0.804,P=0.002;r=0.677,
P=0.016), MFE(LW) SHHE(LT) FEEI AL (SLA) 2 IEAHE (r=0.651,P=0.022;r=0.655,P=0.021)
M5 e (LWR) 5 m BURIH- K 5 B IEAI 5 (r=0.663, P=0.019;r=0.963,P=0.000) , M &K (LP) 5
HAR T KK 58 S B2 IE A 6 (r=0.946,P=0.000;r=0.852,P=0.000;r=0.952,P=0.000;r=
0.865,P=0.000) , MIEFEEC(LSL) SHrf A G I 58 FERII JRHG 2 3 SR OC (r=-0.633,P=0.027 57 =
-0.612,P=0.034;r=-0.652,P=0.022;r=-0.675,P=0.016) , ##il( Th) 5 Hem- L& W3 IEAH G (r=0.761,
P=0.004) , AE3GH(Lh) SAEXS 28 2% & (SPAD ) 2 W IEAH X (r=0.659,P=0.020) , HLARZE ok #) & 2
(RS) 5 IEHE B W3 A5 (r=-0.587,P=0.045) , ETER (LF) 53 B M (He) 2 i 3 UMHE (r =
-0.594,P=0.042) (Kl 2),

LT SPAD L4 LDW SLA LL LW LWR LP LSI LD He Th Tr Lh RS LF

ro T T T
LT |§ |§, 5050 . o ® e O
SPAD . *@ o
L4 .L_!_l ° e O
oW ww @O - 00"
| | N | 1
SLA - @ - o l
LL L i § LN
e S | | 1.00
w N N § ® 0 o o |e | ®
LWR P § o o - 033
T [ T 1 &
rle 90 @ - 00O - e o 2
1 I : : =
sije (@0 -0 OO@e - co0f® ||
W @ @ e - @ ¢+ @ - o @ o @ e -
! i T ro ! ! 3 1 -1.00
He [@ o« o @ o @ o0
s o @ e - oMe@e -
3 3 [ I [ 3 I Ir I [
I I bl B ‘w -
w[e@es - +co@e® @ -
e ; - o P
RS | ® e ® o 03.3@0 ® o (1 )
I I T I I w
rF|@ @ « e e . . :l@®: - B

2 17 NMEYThEEMEIRIEFRAT Pearson 18 K14 #4
Fig.2 Pearson correlation map for 17 plant functional traits
RAOTT R IIFER B EE P<0.05; LT leaf thickness 58 ; SPAD; relative chlorophyll content FH X -4t % % ; LA ; leaf area W-TH #H; LDW ; leaf
dry weigh t T8 ; SLA ; specific leaf area LtI T AL ; LL: leaf long M1 ; LW leaf width M % ; LWR: length to width ratio M 5& Lt ; LP: leaf
perimeter &4 ; LSI: leaf shape index MIEHE4L; LD : leaf density M} % Ji ; He : heterophylly 5798 44 ; Th : thorns JHUHI ; Tr: trichomes B 4% ; Lh ;
life history A {i 42 ; RS ; rthizome or stolon ARARZZREL ) EIZE ; LF . life form Az 2551

2.3 12 FRBRHAE Y DI RE MR 1 32 85
454 PCA BRA T4 B a7 s B 11 A F B4 TR AT 3 > A4, 0y 22 STk 53518 35.72% |
18. 74%%11 17.01% , I STHRRINE] 71.47% , AT AR 17 WD REPRIR A E B (£ 4) .
M1 FA NSy 6.07 , ZEM T AR (0.371) K (0.364) T8 (0.352) F HA B KIE# M, =
BLRAF MR R B AR N, 5 2 TR I RHIE(E N 3.19, 76 5 AU (0.414) (HJEE(0.331) 1 SPAD
(0.321) FHABRIEEMT , FEFRIEAYXIK AR BRI, 56 3 ERGHFEE R 1.63, 7EH0f (0.512) Fi
AR (0.502) b A R IE #ifr , FEEERAFA YA R & s i RE I Fsiot T i A FREADRE 1 (R 5) .
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x4 BISNEMDHEBRRE

Table 4 Variance explanation of the first five principal components

Bl %y FHIEH Tr TR F3F TR
Principal component Eigenvalue Variance contribution rate/% Cumulative contribution rate/%
PC1 6.07 35.72 35.72
pPC2 3.19 18.74 54.46
PC3 1.63 17.01 71.47

x5 BI3ANERSENTF 17 MIBERNES BE

Table 5 Score coefficients of first three principle components corresponding to 17 functional traits

B T ERIN F A3 Principal component LRI FAL43 Principal component
Functional traits PC1 PC2 PC3 Functional traits PC1 PC2 PC3
MR LT/mm 0.237 0.331 0.144 || FHIEFE%L LS -0.316 0.111 0.033
AHXT £ % F i SPAD 0.058 0.321 -0.223 R LD/ (g/cm®) -0.212 -0.242 -0.195
A LA/ em? 0.371 -0.103 0.126 || FIEM-1 He 0.217 0.414 -0.013
T8 LDW/g 0.352 -0.043 0.017 A Th -0.123 -0.094 0.512
e A SLA/ (em?/mg) 0.056  -0.047 0.502 || B 1r -0.091 0.050 0.238
M LL/em 0.318  -0.301  -0.010 | ZE¥E5 L 0.266 0.266 -0.258
58 LW/ cm 0.143 0.223 0.461 HORZE ) FIZE RS 0.279 0.065 -0.085
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