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of MIAUFES A= HHE‘rX—i‘j Aol obyw, FAlo] e
Ne de dAdEe 713
Aanderud & Bledsoe 2009, Wang et al. 2016), 3+ & <A A
7o wet Y EFF&(Cabrera et al. 1995)o]1 Fejd o] &
(Gessler et al. 1998)e] ¥ 3l7} YeElYa o2 oA YZo] e
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1.1.2. A&A A 9 (niche)

Grinnell(1917)e ¢]alo] AJefst Aol A2 299 7de] &
P o]FE, o 7HA ol&¥ k¢l sideo] e $ktH(Pocheville
2015) Aol = vpFe A qu/] Hd R o] Fokr Jide] A
Ao, tga Ao Afolrb ot olEH H= AET o] &
< ﬁ?l HAAA FFEo A 01?7} R ofop ghry= Ao] =9 ¥
TH AZolti(F Aol & WS 2021). AEIH A9 HoE oy skt
of &ato] Ao, o] Aol THA, MAL, B Fo AL
Aol ZAE JlsetA st AT Y 2o Z A A8 Trappes
(2021)9] Aol & wakt} diFe AFdA ey A5 T Fd
A oE o, AHoldlA AAE AAH JNAL AGAA ANATE F
Fo M T3 o= 7P tH(Begon et al. 2006, Trappes 2021).
Bolnick 5(2011)2 70WA %< ey AHE FAsteE A2 22 A

Hetd Age BE AT 5 Jenm fdadm musgon
&

Matich 5(2021)2 A=FL 4 281 7154 FidA o2 AH
gog LAY wid, BeH Y2 Fwdg AT FFoM uE
= ol ¥ wigrA st Algtetdth. ol f-o HA, F= F oA
AEA 29 MES =dgdoy, BE JNES A, MATE FEolA]
88 4 U

Be Aol A Aolgh o8 7hx] =2 3 HAdE=4 =3
= EF ovlet, A Faek AlEbAd g5 e x9d FH
A, ot

WA, YEAASL] WA hEsH



2014, Trappes 2021). Hutchinson(1957)& z}z}o] xS AEHA A ¢
29 (niche dimension)2.2 Aolsli, AEHA Y= agoz o Fo
2l &b Qe EAgHa skt A4 A9 F(niche breadth)S
TAAEE, WA, WAL o] AA k= ke dda ulst, AHA A
? FE(niche overlap)= A =2 U2 FAALY A A9 Zo] FHH
= 9gdodS oud}(Colwell & Futuyma 1971). 712 Az A9
(fundamental niche)+ AA(FTWAA, MALF AA, FHEA)0] gl
5ol & Fol AAst= A A9 F& ofmet, Ad A=A A ¢
(realized niche)= ZdAol J& Ao AEH A9 & Judg
(Silvertown 2004).

1.1.3. AHA A ¢ E&(niche partitioning)d HAYZ

Aol AghE A JoA APE FfHEeE FoFS BAA wA
(competitive exclusion)& §3to] g Fo] HEHAY, AHA A9 &
(niche partitioning)& &3t 3FE0] FA ¥ (Gause et al. 1934). AJEl
2 29 Esrel Hyde MacArthur(1958), Hutchinson(1959), 1@ i1
Schoener(1965)° ¢Jate] AJEjst Ao Z=<J= L 7ido] st
o 2719 AYw= #AAY o= A7l ABEA A9 T&Ho] =d
Abololl A A e FtH nkg oz A x99 Zo|7} YEE
A S o n Atk (Walter 1991, Shipley & Matich 2020). 12y d A ¥
Lot T Abolol A BE A X9 zpole] <lo] AAel o7k XshA wk

ofN 3o

SUA AAR FH= A2 vl ofH 7] wiZol, of Foe g o
7FA] =gko] At (Lawton & Strong 1981, Walter 1991). <& &4,
ME & Ao AM2Aste] AAe 7tedol e &0l 24 AHA
A7 24 Rgetar, o] %o A2 w9t g EHol THEE AT E
af Al e 4= ¢luh(Stuart & Losos 2013). o]l uwpeba delo] Ao o3k
Ye T ARvd= AAY HEVE TRt ddste], 279 A
o7} U ASHA FAE A Walter 1991, Augustyn et al. 2016). ©o] <

To A= Schoener(1989)¢} Matich 5(2021)2] A& &3t35te], AE|



A, AMATE, B F Abo]olA

Aol 7} WA st Ao m Aottt
] H Ao A Ao w Qg A
Fox Fo T =S TUYALE FAAT
ﬂi’qﬂoi sk} (Silvertown 2004, Brucet et al. 2006,
191 #&2 A2 (Loreau 1998), ® ) A &4
|5 (Petchey 2003, Tilman 2004, Pillai & Gouhier

2019)0] A<l JgS FE= AR HuFdT AHZ A9 Esho
LAyl fsiA e T AEA A9 Wyl sebE oo gtk AJEf A
A9l W= AZE gFEe wEk 7 VAR RS g o, o= 747
A 29 &g v& wAYFIH #HaEo v & 3ol A
ek A A9 W3k Al AEA A9 ZFol”, |
oA A= AEA A9 W= A A9 7T WAYS
S A3t} (Ashton et al. 2010).

[\
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®
tr
o
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>~I

1) A BEF A9 zFo](classical niche differentiation)

ol MIAYUSFTE &ty HAFo HF AR Yeyy, 4w
18E 72 A ALY £E8E or gtk (Augustyn et al. 2016). ‘3
A4 2917 Al TES A4S 3yetr] st st HAA A &
A X F(character displacement)©] dojubar, o]of whel A EfH X]Hﬂ-
WAl ETH(Silvertown 2004). &4 X $tolgk X shA A &3 Fd A <
Hol5 Fslo] T Ay, FHA, == AU 549 W3t vEy
= dAS st (Brown & Wilson 1956, Schluter 1994). o]+ &=

Ao 71 A A WEE JtHew, ¥Ee= T4 AHA

&S of7]slt) ol SHAoz AR FAo| gFEsy] Wit
AAe] AA ol wet AeA x97F WaskA etk =, 712 A A
o Ad A A97F Fdsitt o] MIAYES AR A9V AS =
PE A ol AAQ 7pEollow, e FY Aqto A AL A<l N
dog AJ/l¥Eth(Ashton et al. 2010, Zhang, et al. 2019). E% Ho



Bo WY ATA o FHS AAsE A7 ARt 2EF AckMiller
& Bowman 2002, Weigelt et al. 2005, Wang & Macko, 2011, Zhang
et al. 2019).

2) A A Y 714 A (niche plasticity)

o] MlAYZFE AAY AlZE AR A ‘j"‘gé}b %Z_P R
Avfolm, 7] AEfA A= e Aozt glov, A3 AYH
o Al dojyp= &S v stth(Augustyn et al. 2016). 0]—‘5 23
$] 7}AA(niche plasticity) 22 A&, Aefs A9 7F4x ]
AelA, Je A, == A 5S40 FAA8S THA L wEA W
dAS ov stk (Haubrock et al. 2021). o] & 7] A=A X]
d AEHA A z2eolE ob|gH. VA e THA = AE AA
A e AHEd & e (Roscher et al. 2015), & €W 4 Ao

2
{0 Lo

)

ﬂ‘i

rir

ririm
oo ¥0 Lo

0(1

stol Aa F4 AVE 2ASE Fagol A A FFNA K7

|
A
oz $A®hn 815 H(Schofield 2020). 1L} BHE Ao
1d

I

o N lo

WHol7b obd FA wdo R dte] dAAle AAel wel WA A9t
w2 A Mgtk oA TR A AE A A9 xfo]”e] I High
zpol Aol olthH(Westerband et al. 2021). & &4, ¥ Fo] FE3E=
A A QA9 oz g TS AASE F T AEHA A9 FHo] F
7hatd o, o= o] Mol A A A9 st og AEfA A9 =+

o] dojytS8 2u] 3t Connell 1961). E3 oj Wl A EFLS AE2 17
I HAAEAQ Ee doztge wkgstel 2 A[XH(Kronzucker et al.
Min et al. 1998)o] A @ @eje] Aiol W3t F5
HAo]l W F A Rauwoen o= A X9 7FAaA Y ZHA
Hel 7b54e MelETh Chak & Smith(202)€ 4% NO-Ngt
NH,-N2] o] go #3t A5 HES A3 Hto] Adujdo=z 3 F
of Hg 289 HdsErt 7FAadS Uehdle AT HlFo] Eolxlth
I By e A A9 TEaATSe vA] AR A9 AR A
A 77 HAYUSFoZE Pt (Ashton et al. 2010).
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(1) A3 A9 A3 (niche preemption)

AT A W&kl U H o m FAYo] o3 FTEHF
of Al AU o] & Ttk 7M. o] FHAH A "@Eﬂﬁ 219 e
TETY =2 AHA A9 Tt sty WA stH, whdHe S FL
BAd ot AHA  A7F Ao WEhA OL‘:E}. ol E3lE
(specialist)?] -HZ=3 Awr=(generalist)?l T&£F9 FES Adsts=
olgHel wule 12 frkAbrams 2006). EF okiol #g @y oy

oA o] 7tHE AAlste AT AU =EHJ T (May & MacArthur
1972, Hector et al. 1999, McKane et al. 2002, Jia et al. 2020).

(2) 323 7}A A (dominant plasticity)
e M g= W2 F5F59] A

A APE o] &gt 7ol Hidof, %—5—?%—% 3ol okl BEH

A9 7F ALl W3R e EG o] # € AdFE= o] HAEE A

A8tk (Aerts et al. 1991, Casper & Jackson 1997, Ashton et al. 2010,

Grassein et al. 2010). o] 7FdL& AHA A9 7t AE9 HAAYH

Abololl A1 AadATE s 7HEsHH, webs 31T AA sk

HAYUS FolA “=2 A o8& 7taAde] M dAskE Ad ol

-
july

HAUSFES AZ WErZQl Blo] ofymn, sAlel Yetd
ATh dE EW, & AYGoA oHl F2 “THAA A A X9 Zol”
oyl F “%FJV—? A9 7haATE FEkel A4 A A9 B
AT A “AEA A AAFH “oAA pANS 7]
Aol Yetyr] = st Hong et al. 2017).

N
- — .

1.1.4. B4 A & F(Diversity effects)d WA S

HAEONAT, &, +3)E FA4ste FAALONA, AT, 59 F
2 Aoy = AEHA 2l Aol AEA Tsel HA= S
olafisle A A AT 7M1 F8% A 5 stuoltH(Aubree et
al. 2020). AETFAAL AefA 7IsHe #AACA dEide, AT FH e



o] oy (Hector et al. 2002, Pillai & Gouhier 2019),
FHAATE AAR ST T= Aol R oAAX L
ATH(Jochum et al. 2020). T+ a¥= Asvhddd A 7159

R ’2}%174]% Arste wAYFoIH, oldd tiate] R a2

“AMEE 597 ‘MY g379] 7ol AlFE vk (Hooper et al. 2005).

=)
=
>,
&
At
ro Il

&

1) 434 &I (complementarity effects)
Zd|
=]

go Pl AR AUS RPAOR o|gFOoH AY &

FoAM A ol g aayel Frstn A 7159 FFoz oo

= 7bA ol th(Guderle et al. 2018). A€l o] gol g Apgle] Heju of

Uk 858 AFHAA WY, ol s AFe BE E£@sE Aol
KeX

Tjr. oE 5W A AN FEG= T2 2

7 UdEuA ke dAA4 olf deEfH
?)Oﬂ/ﬂ{— “Aral g7 Jetdda 259 tH(Kahmen et al. 2006).
2391 e] WA o] 8 3l LAQlo] o] LK P YL trE AL o]
o|-g&std A o] ABA A=IF HATS oW dH(Hooper et al.
2005). A o] &4 mE&Ael TR A=Y AEA A7 AEA
o EAlete Ee AEA A9 AdoRE olFozl bad s o W
W skA 2 oF &S omrH(Matich et al. 2021). webA “HA g3}

5 Aot Brtetr]l AdiAe, EE ALY AEA A9E S35
TALY 7t 17}63 of wel Het oMo AuA x 9] Fo] S
= oAU, B Aol ARRE Al TR S eSS T
& ok 3tth(von Felten et al. 2009, Niklaus et al. 2017). Zzej1} & =] o A]
ol FAste AL wfg ofH7] wEel, B A7 78 Aol A
A 29 & o] FUlste Aow “AMHA ayE HPHoer &
3t} (Hughes et al. 2009, Ashton et al. 2010, Tatsumi 2020). o]+
4 Abol o] ABEIA A9 2ol Ak o AHA A9 F STk o
ato] =2 FAg o] dvka 78 sk Aot



2) &3 & (sampling effects)et A ¥ & F(selection effects)
o] 7Md& AEA 7w thd 82 FIFHo| =& S H=
°of 54 Al vk 7Hg e H(Huston 1997). “AIEH &=

o] 121d TAYS X3S FgEo] F7s]
of Yely+= g 3= A d(Hooper et al. 2005). “A 8 §3"+=
o = 7 o] %A 2 FAAYETY A
& 7t =24 Yeds g e]th(Niklaus et
al. 2017). &+ QoM Zzbe]l 4 9do] ¥915 7HA= FEo] #4914
o™, “AMEH EH o vt & JA TR Ao 2y
‘AMEY a7 A9 2377 A vepd o, Fudd AEA 7]
5 7re] et A el okol A#AA I FdAE F UtH(Hooper et al. 2005).
AU ¢9E Advde AL = $AHEE drlstr] " dd a9’
9 3’2 7dH 7% sh(Bauhus et al
ol AL 71dstA] A
AT ool & “AHEH
TRl o FrhddH AEHA 7Y THAA AHAAE 7Ide7]
g, “FAHA Mel gi(negative selection effects)’® Z AT

(Loreau & Hector 2001, Jiang et al. 2008).

>0

o] MIAUZFELS M2 FAFom #Hol glon 3Fb 2 oA
Sygdoz A 75 7194 = Jdth(Loreau 2000). & =49, &
Aol A “ArRAd g “WMEY g BT 22 A& AL 7]
Aot W aE A (Marquard et al. 2009, Guderle et al. 2018). +A Y
AAAG T8t “AEH 2 2 A T3 Blas)A,
FrA ENTE FE ALY Tl oSt AHEA 7)so] AXAeR
Z7VelE 43 gdAd a3z o At (Loreau & Hector 2001, Grime
2002). v AREAQ A o] &Y FE(dE EW AHA A9 2
EE A yetol ‘ARG aRE £ Hds

gyt & 4 Ao (Niklaus et al. 2017). 54 FALko] s A2

o @

i O_u



Eshol] 7ot A 239 ALY ¢ BogeE ‘AEE a9
“Aqel gylve] 7wkl &5y o] o)

%}
g Audxol AHA Aol e ZE A A sl
A AqEE 5 9l of|l F2 Fulol A A Alole] AENZA X9l &
HolZ 712 tH(Zango et al. 2019, Perkins et al. 2020). ©] 7%l 2zt 7H
A= F(Ee AT sy 0 42 AEA A9 F& UeiA H
W, o] A4S /A AEstetal ok(Bolnick et al. 2003). 7 A A3l
olsto] JHA Zroll St o] 4Fe] AEjH A §] Aol Afolrp A= A
S FU AEd AY F(intraspecific niche partitioning)e] 2k 3},
1= A= dQlel wel 712 Al A& 3H(fundamental individual
specialization)¢} A& 7§A HiE-3}H(realized individual specialization) =
T8 4 A HBolnick et al. 2003, Cusa et al. 2019). 7]¥ 7§A] A
st= 7HA 19 Torﬂx}bﬂ oo ojgk 54 Aolol| oato] AEjA A ¢
2ol 7F WA Sk = gttt ol F FEdA Aud ‘A A
B2 A9 Aol «] st Ad A AdEsteE FHAE el
A WA A B QZH dd o= JhAl 7he] &d Ede] xpol7F vEL
™ (Westerband et al. 2021), o]l wegl & Aje] AZF FEoA AE]& A
A7F FASA Mo RN A, ojwf A A 97F ®Wste S
AL o] gof gk FW 7FAA (intraspecific plasticity)o]2tx2 % & skt
(Valverde-Barrantes et al. 2013, Paudel et al. 2021).

MA AiEsts THBAY] AeE U224, F(EE AT
o] ¢t Al FA o 7]osteE Aow delA r/HDurell 2000, Hughes
et al. 2009, Jones et al. 2020). &3k T 5 oA T3 Fs 2
23 ZthoA (Lankau 2009, Cusa et al. 2019, Perkins et al. 2020), —L
2] a2 AAA] (Pachepsky et al. 2007), A} #2FH(Kerches—Rogeri et al.
2020), +3ll(Fontana et al. 2019)¢} 22 AE|A 7|5l F&F& & A
o2 R A a2 wWAYFIH wIHAE, o Aol A
R BT AER BT, AE 2979 Thdel A48dE ¢ v

o

:n:,ﬂl
40_LL
e
N
ol
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E =9, A AEstes “HRA 29TE FeA THAAY d=E A
A7) WA Y] FA e AEA 7l 719E 4+ A tH(Bolnick et al.
2011). ESF MA AZs)A AHA A9 Bt AA 7)de= E
A el dud 1 Hde] fAlEel wep e g3 e R
44 49 g377 yEld = At (Hughes et al. 2009).

1.1.6. 229 354 Fejol] i =9 o &

qEe FARE Frudg ogsE AU FH7 W F7]
Wi, FUge GBS T aqozn 4B AU A9 BT
5 :

of Hlslo] F QA LA A A th(von Felten et al. 2009). 1

Lt} Silvertown(2004)= AElA A9 a9 thito] H+= Y 79
o] g3t= WHS Aty HAFA EFPS ¥ AHA X9 B2 2

o bl o] &l #E W AT AHAVF =E:HJoH, ALKHA SUtet
9 tHChalk & Smith 2021). F4# A &< o] 4 (Zhang et al.
2020), &A <9 EAAW A (Cott et al. 2020)3 A A8 2 F(Jia
et al. 2020)el4 vrFstA &8 EHJow, o5 Fdto] EYY &(Zaiats
et al. 2020), &2 (Andersen et al. 2017), <1 (Phoenix et al. 2020)°] Tt gt
AR A A9 229 SA7F === A
of A= og 7HA Y T EF dAaY &4 FH(NOs-N
¢ NH,-N)E 97 g = 3. A& AL e 4 2
= 2 o A 7

rlo
[.4‘81(‘
N,
=

(McKane et al. 2002, Ashton et al. 2010). o12] A EjA A 2] & <

é =1 =
Fae FUGRE ARAE TP 29 F Auw dield + A0
==
S
T EG AL ofg FAd dig B2 A Aas JHHol =EHe

_11_



W, olo] ek B Wit FUgdel Bad AR WAUFES w7
o

BT EY o], A4, 35h4 e wep dAa
& U] o]&ste Ao= HuH T (Miller et al. 2007, Zhang et al.
2019). 28y o] A= sl s ol &3t zas AYS x3belH, we
A ES ole AT U osE AFstA] gk 3 o] A T8 F

22 2Hd F TS A

r O
lo
fr
ofN
3
o
o,
o
e
ot
ot
)
I
v
i

(R FEs A FASIIF oyt @A o] A7 E
Ax0) #e

stA HeElo] AeA A9 FFE Hrsty] flste] B o, A A

2 2F9 1S AgetaA stolnh oldl wEt AEFe Hel zlo

BE
X
of
N T, "
[-'lj
filo
re
-
oL,
o
b
rob
o,
ol
2
ui
il :
o
K3
=
i)
),
4>
o
Mo o Mr & b o2 o 2 U

ol

oo o

2 Eo] o]lgste EY HAao gstE e dig A=
93tA 3 FAH Zhang et al. 2020, Zhuang et al. 2020). 2] & 9]
A HEE F71EEd NOs-NeF NHy-NoJ™(Chalk & Smith

°

2021), Z+ztel Fefell gk o] g W& oY &P 2a(d: vE I
© A%, pH, 2%, 78, olitse )k A2 ety 34, v

Ao s ag)7 H3ekA B sol v Britto & Kronzucker

A P g A= ol& HlE& ATl wE vt
A7E HaE Lk A Eo] o] &3t AL HHE= F Ao uEt
ol7} dttar &# A dth(McKane et al. 2002). oS &9, AL HTE o
7174 g A A= NOsg-Nol| gk o] & #v]&o] F7}3sl™ (Houlton et
al. 2007), A= Bl &3 3o A NHy-Noll thak o] & n]&o] Z7}
3= Ao w Byt (Hawkins & Robbins 2010). 3 e o Jof A
NH,-NEt NO;-NE Azsts A &Fe] dixer @oha Bt
(¢: Bloom 2015, Yang et al. 2018, Jia et al. 2020). o]o| T3l Ul

&
K

_12_



theol Al 7HA R eokd k. AAl, NHy-No| F5 NOs-NEU Ao 4
o2 AL oqUA7F 2% &35 (Britto & Kronzucker 2005),
o

L% NHy-N 42 ol F A 22 54 235 =4
T A (Weil et al. 2021). NH,-N ZFHo] t-g3at7] €3 dF(d: =
F 53 TV Y4EFE A=) 22 qUXE a2 7] "id, 35
FA 2] oy A gt o] 5] A H v (Bittsanszky et al. 2015). HFH|,
NOs-N =49 %42 NH,-NEt 5= Eqfol A TAsty] wjol,

p

Abdel A AES NO3-N Ao digh 4L A9 yeuA &=t
(Britto & Kronzucker 2005). &4, NOs-N&= gje} o R SFo|A ofm
ato ® G H AR NHy-N&= & oAt opnj=itow 4
THQian et al. 2021). ©] A2 <kolA AF3 NH-N FHof thak 2
5o g Ay #eo] Aut(Britto & Kronzucker 2013). A A, E<F
A= ddA o2 NHy-No| thdk o]-& Hlgo] E7] wiel, A&
nAERe] AAS I35 9] NOs-N& F2 o] &3t (Qian et
al.  2021). WAELS NH-NZ olggozx HAiro Hizxg
(nitrification)ell ©]gt AUAE A F5317] witol, 25Xt NH-N
o] AA oA 2ol AHBloom 2015).

ol AFelAl A& NO3-N9 NH,-N9| o] & H]&o ol
=9 o, A5 =(preference)et= F&HS AFEIT 2y Ao FH
of ek =9 doke thste] dwrxo=m Fojdl o= vt (Britto
& Kronzucker 2013). 21=9¢ A4 FEHE o] & Hl&& g o F &
Aol 93t AAHY, W2 B2 7taAdS Holr] " darEe]
Qo= rdebA erar, Ik Ao glo] AbESh= A2 91 stth(Chalk
& Smith 2021). 22 A7+ A4S 7HE3 A P vj& A =9
o]& W &S WA HITEE Hubsor st A G HLiu et al
2013a, Yang et al. 2018) oZE =5, NO;-No| 3t 2 Eo HMIwr}
EAg T, A= T F71dANO;s- Ng} NH4~N) thH] NOs-N¢| o] &
| &2 EYY o] Hl&RY =5 Aot wEpA, o] A+ A= o &
gt Ha g vled EY A4 JH vlEo] $AX SR Zolrt yE

_

jus
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T At BRuHAL o & EW, olu=Ak(d: glycine,
alanine, glutamic acid)¥ FE]=(d]: tri-alanine) FEfe] K712 LS 2
o] A7 Fadvhes S77F YEFEth(Ashton et al. 2010, Wilkinson
et al. 2015, Cott et al. 2020). ©] d+=L T2 F=Z(McKane et al
2002, Henry & Jefferies 2003, Sorensen et al. 2008), ‘Z=r(Hill et al
2011) 59 2% E= Ak A9 Miller et al. 2007, Gao et al. 2014,
Ma et al. 2015)3 #Zo] #2A9] F7]32t & (mineralization)©] g% o &
AsE A G s wrAe & (Aanderud & Bledsoe 2009,
Kahmen et al. 2009), o} l(Jia et al. 2020) I A (Mayor et al
2014, Andersen et al. 2017)2] AA oA += 2] &0 F7]|HAALE o] &3
A7 YEtUA] AW, wlg- A2 &R o] & o]y A
718t 4-g o] ksl A dojum, Ao ki

o wlgte] PAEE ME2A {FI7|EdAE ol&str] witel mAEHY
BASE Qe AE {FU]HAA o8& AFHE F UH(Finz &
Berthrong 2005). ©]¢} #-& o] &2 Kahmen 5(2009)& d#] ¢ A3
oJsto] A& FrIAL et olf Zledol HEWYSdE & ek,
= A el A oA A= F7]dA o8 &S 2-5%= v
ot ®3lth Aanderud & Bledsoe(2009)& WA E-of o3k F-7] 3}z
o] wi-g- w=7] dojur] wiitol, oy FAA HE& AFtelA e
A= fF71dA o&2 AHIF HAS 7hsAdel vt Aagdn. o
ghA 2o} A A F o] AA el A A= F7]4 o8 H&E2 u

= Aos adEd.

12
flo r|r

ol

A

_14_



AT Bay % 27
1.21. 9+ €84

A oM w2 TudAel FAHE d9d =2 FHe
dol 7hx = ome] gk o= S E R AVH T Fo &F o
ow AL =¥ dti(Jeltsch et al. 2019, Pillai & Gouhier 2019). &
g H ol A Fo E4do] maEA BT wel ol F
el dAda Aol thE Fadol AL FrHetal v (Jochum et

O

o
b4

al. 2020). g Ao sk st Ao WMo TEIE ESo

A]

A daE AEEE S o
]S %F(Buschke 2021) =+ 3
}}E TEo] HAAsA st

A el olel Fol A

ALe ol gstE PFS FIA TS
st Bolt. odE &, Astd =
(Meilhac et al. 2020)2] =wWolA F&
AbEEt Fr Aol Sk ¢ Aok W

N r*O Orv —f

y

o 4
FJE o] zUntk o] &, AE|AY APy AE o] o] &3f= Aol
TS o] FA o ugt AEETA o] HFsIA Hol FTEA ol
ZHE 4 dH(Davis et al. 2000).

29l o] 8o WA FTrFAde] Uy Aol HAFol= 4
= AEY A9 B oA ado e wWAYFo] #HEE
AL dutdgdo=g & FHRY w9 AHEE HHel gt 7jo=
7F wl$ =t (Grime 1998). 38 & v &3t Aoz FudAda AE
o JEg& F= AR dHA Jon, I JIgFS FAHATE
Aot WAY S mek zol7F 9l& 4 A TH(Avolio et al. 2019). ‘ﬁEH
2 A9 =N HFS AAGE WAYUZFORE ‘B8 Y 587,
“THS e A o] 87 ‘=& A olf TIAATY JPdol EA%H
TF(Ashton et al. 2010, Avolio et al. 2019). =3t AL HeE U
o] 2= AS duists= AEH A A9 EEe FudAdel @ dQloly,
T3 AeA 7T FEs = Aoz ddH A Avh(Pillai & Gouhier
2019). AHA 29 B9 FAAHQ HAYUSTOZ “aHAA AH A A
? AZpol”, “AElA A9 HAAHT, ‘A TEAAZTY ThHAdo] AFE T

(Ashton et al. 2010). O 23 T AEHA 7159 AAE

N

Ho o

2
i

7]

ofr

i

|

—{o

rlr
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Aratn, ol FTudAd Y A s Fgth(Jochum et al. 2020). o]l
oz “ArA 537 “AEd =247, ‘A9 237

o] 7} o] A etE A tH(Hooper et al. 2005).

ol Al 7}x] AEjEA dEle= A2 #Ho] Ath(Fig. 1-1). d&

Aot= WAYSFA wep FEFo] o] &ste= Ao

EUI_S‘_, T 7& bel
FEFS TH, ol AT TEHT AlololA AHH A9 £ W
o] 2 7hA & 4 vk (Aanderud & Bledsoe 2009). T3+ ¢ Fo] =

o]
AA
4 ol & WHo] TuFdH A A 7o sAA] dFESE FoHE, o
g g 37e] "AYFo] F 83t (Hooper et al. 2005,
Luo et al. 2019).

Complementarity
effects
Species Sampling effects ,| Productivity &
diversity functioning
A
M

Mechanisms of
L diversity effects

Mechanisms for determining Mechanisms of

dominant species

Dominant Subordinate
species species
niche partitioning Different & \

resource forms

Competition

\

Classical niche
differentiation

)
High resource

uptake rate
————

Use of the
— most abundant

resource form

Individual level —— > Population, community, & ecosystem level
Population or species level ——— » Community & ecosystem level

)
| | High resource Dominant
use plasticity plasticity

———

<Fundamental niche> <Realized niche>

NN J

Fig. 1-1. A schematic diagram showing the relationship between
mechanisms of dominant species, niche partitioning, and diversity effects.
Part of mechanisms of niche partitioning is taken from Ashton et al. (2010).
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Zkzkol st e olEAow HuskAInt A Al A
o gt ddA A= F=8tth(Bauhus et al. 2017, Aubree et
al. 2020). 3 Al 7FA] dEle] did WAYS e BAE T 4
Hek A= FFsth dE8 59 BEY daet Bt 4TS 7@73

2oz Aot Ao Y (McKane et
al. 2002, Wang et al. 2016), ZtZte] $HEo] AHA A9 &&& &3
Foto] AEA 7w T 9

%“i}’»‘igi AEE A9 B2 AT B F3e F5AE
Foll A gFoAAY, TRl AA o] FEFE FEAME Ut
A A84d 4 Arth(Westerband et al. 2021). el 1A 7+ s A
9 2 MAT FEAA Y FAE (el MAF, FHA wE 7154 o
F), B LI AEA FEoAA Fo eI dFd Bl dFS
= 7 Atk $HEY Uﬂﬂqz T3 G 75 A Akeldl W}E‘r, 5
o] A FEedA Aed F

A
ojef 2 FU AE|FA A9 EIS BAYA]T|H, 7Hﬂ]%(]ones et al.
2020)S dojA o F(Perkins et al. 2020)3 A EjAl 4= (Fontana et al.
2019)e A 7HA&= T8Ao] Az vk 28y 200399 £ A
ANA A HEstel #FAJE TE woke] 937 AU AdE wkd
(Bolnick et al. 2003), dAo = A =2 MA| A3t A= wl§ F=3
THWesterband et al. 2021). H o] 2% A3V S35 oy, F4 9
He) A (Henn et al. 2018, Helsen et al. 2020) T¥ 47 WHo
(Pérez-Izquierdo et al. 2019)E E3dlo] A o] &9 AolE HHHo =

.

O

-

T4 Aoy, AR o] &st= AdS ST Atd= 744 sitt.
7| EWs s R dstet Ze dNsteE o] RE wWAYSF
A d&FS = & dvh dE 58 7] (Leffler et al. 2013), ©]4ts}
et~ (Zerthun & Bassirirad 2001), =% &(Li et al. 2021)2] W3l= 2
=9 da Fed 38ty 9 olf vl TS = F doH, 9
= A A9 2o Fel dFES = 7 Uk 57 FA= &g
~ 17 -



of 7 kst AuA T stu=E, FFEstol| vEEEte] A5 T A
L7 S estAY A& Yl Yete] T ol HasteE Atde
dy 4 A Qdth(Zhang et al. 2016, Gerdol et al. 2018). 12ju} H- <&
stob FoheFd A dAlA AEA A9 B3 vk G WA
UFo] ofEA #HEo A FAHeRE LA A Fsdn

1.22. 47 535 2 Y&
2=

o] AT HEo| olgit AUCE EF Wi F /A e

4 FE(NOrNst NH-N)E oz stach B dhe 8o 47
2 Agss Fa adloln, Y AuA s B ol
747 AEsA o] #elSrHQian et al. 2021). EF Do Weo]
FE} 4

gt AE 1Y ol& FAE oldlsle A AWM F 9
Al 715 PA+= FFE o SFste Aol Ewo] ErH(Ashton et al
2010, Guo et al. 2021).

of A= FANM FHTS AAst= HA oGl g HA
UEs 8 = T oA Bsla, ol & *@EH@ A9 =2
T 2ol Aols FHAshy] Aste]l R EA EF G SEE o
el A= FFS welaa doh o A= Al A FAH] A
SRS 7MY, olE A4 EAstr] fste] Al 7HA AlRAT (2%, 3,
A E ol FolA AthFig. 1-2). 7AAY Ad7EEs U3 2o
D 549 A= g T B da 0§ 540 F5F9 A
o e FEHE, ISR, Veuds, A A F=
FEF= HIAHCH)
2) sAM= AT TEHEFT AbolollA A HEjol ik JRAl A3t
T Apol7F A=A WRITH(37).
3 EF MISET SAME T A4 dHol tid AHA A9 22
of mAl= d&Fs HIT4E)
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Intraspecific Interspecific
Interactions Interactions

High resource
uptake rate

Use of the most

abundant resource form Mechanisms for determining

dominant species
High resource

use plasticity

Mechanisms of

niche partitioning

Eutrophication

Classical niche
differentiation

Niche preemption

[ Subordinate species growth, ] ______________ [Species coexistence]

Dominant plasticity species richness & diversity & biodiversity

Mechanisms of
Complementarity effects

diversity effects

Sampling effects

. Functional diversity | Ecosystem
Selection effects & productivity functioning

-

Fig. 1-2. A schematic diagram showing the specific objectives of this
study. The numbers in the circles indicate the four objectives mentioned in
the text.

o] QAT AFATE e} 2rp

D 24 A4 Ueld ATEBE 1S 9487 gske] FaHA Aol
A RN FEFS AWsta, $AFS A4 dAUZS
871 gistel FAA4 Agol FAFAL FAG AL oW 2=
g AH A AY AE)sh F0AAe] x2AE AwelA 2z
FaE At w3 247e] $HF] $HAE TN FEFNE, Fr)
P, EUAE, AF ABFL ZAse] ST G2 A
A9 & By Tl Aol & W nA sHant

2) 34 @A 99 WznE dYoR ATHE 22 BRI st 5
B9t olE fstel FA AT FAH AXNN SATY
F5F9 FAE APl FEHE AY AnD AgaAT TEm
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2.1. A&

SO Ay Ao e A= st AEjste] 4
FAFoH, HToE AL AT
et al. 2020). FHAE 2 AstE FIoA Fo] FESE HE, F F
e ddel digk siger AHA A EFde A
(MacArthur 1958). Aej4 A9 £ “Ads &k %1%“5}% 53
Abolell A Skt o] el AE| A A 9] Aol Zfo]rt A= AT 9|
3IH(Schoener 1989, Matich et al. 2021).

AEfA %9 2aded dig 2719 A7+ §&5 ok FJEHo
stom, AEE olFAdo] A FFo Hlste o]&et= AAY FTR(E
EY 4, 9, olitste s T)7F wl A 9l
A AR A 29 £8& FT8skA &> FHAoeE aEEo St
(Silvertown 2004, von Felten et al. 2009). o]o] wz} A& ez XA
¢ B thet ofe] oF-o] Al7]F al(Silvertown & Law 1987, Huston
1994), &&= AWstr] 9% oick 7HEQ AEudd TH ol E(neutral
theory of biodiversity)e] A|<t¥7]%= 3t (Hubbell 2001). 134 59 ¥
A2 o]4 ot W wRom Ao thoks AEA A9 29 (d:
b o] Al AR g 5)o] AEEa(Le Roux et al. 1995), 314 =
do] Ago=m YA A9 o] e oA FAVF AstE 7] AE
3FAtHAdler et al. 2010). H o= = (Zaiats et al. 2020), <1(Phoenix
et al. 2020), & A (Zhang et al. 2019), ¥ (Meilhac et al. 2020) 5 <] =<
NA A=l BEA A9 F&e g A T A A9 &
ol FAAQ WAUFLE Al 7HA 7P A A A A9 Aol
A Z9l AA, FHA 7)ol Ak A S v (Ashton et al. 2010,
Augustyn et al. 2016), o]& A A|3}7] 9t BAFA FAE s8] 7=
3t} (Hong et al. 2017, Meilhac et al. 2020). & &9, o8] A7 =+
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8RR THAAS FASHA g dEel s E (4 Aanderud &
Bledsoe 2009, Jia et al. 2020), ©] A¥+= AEH A9 7t1AAH9] LA
S 38 4 dth(Ashton et al. 2010).

TS Ay S gig de T AHA Ve
o #AE Adste vdd EHE fﬂt Aol HFH ol gkh(Aubree
et al. 2020). o2] @9 AN FrhdAd ol AL (Guderle et al
2018), A A&A(Byun et al. 2013), 7ol st 3 EeE X4 (Wagg et
al. 2017), & <3H(Weisser et al. 2017) 5 AEA 7|5 #HA" 3A

o sAA<l o sk Aowm dexoen, A BR SHlA oy
S

1_4

I ,
o (cl: w] ¥ 29] %
el el AAH ot G S AAE S

d T H = Hdd Al e F27F

J
o g 1’41*”‘40] HAUFOZ A 7}X] 7HA (V2 A Elﬂr, *Q%% ;?Jr, il
g g 3}h)o] Aoty o] gkt (Hooper et al. 2005). Rl o 7]Htste] z}7} 9]
HAYSY 7odes EEsts oy Al=r FyEHJoHPillai &
Gouhier 2019, Aubree et al. 2020), ©] WAUSTES A2 FAH o= &
Hol glow, FF T AYdA M= ZygHom A 7leod #AE
Ao 2 HuHEAT(Loreau 2000, Guderle et al. 2018). 18]y} F-A A o=
o Fo] o' A=E=E wAYSZF Zloqst=A]o e AL A=
o o2 F=3h(Gaiizere et al. 2019).
A4 A9 &3 gy 2949 vWAYSES dyEd, 39
I A #-o] dve AE o AokFig. 1-1). BEA A9
HAUSE T “AH4d A9 A3 14 g e FHFH
& Abolol A AElA A9 TRl AolE FaskA my st
(Ashton et al. 2010). & Fo] AEA 7|sdd THAA JIFS Fohd,
Uk matel A “AlER maek “Add 597 T4
et al. 2019). W=, $-dFo] AEA 75l 7oA XA, “§FA
A A" IR Qlste] AddH o R 23
= A (Fu et al. 2021).

O

e o
o g
ofN 1o ofy

N
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oAl A sh= A= EFe] Bl &o] E7] W
A3 2 A"A T & ¥ =
Awm (A28 714 mass ratio hypothesis; Grime 1998), wehba -
T AR AU A4S oldfidte o ATt FaEHY gk ¢
Eol AEA 7lFel vXE & Edst g A9 dEA 9l
th dE 89 TS Y TudEES SV B fasked 7)Y
al™ (Avolio et al. 2019), A ehAl ol Y A3 (Chang & Smith
2012), 3] &gt (Weise et al. 2020) & ©ds AEA 7|50 #HoAT

M
2

* oo
= & ru

P
)

17%‘4 ol‘t‘% A A ko

Al

T of] A /‘] 7HA] ]ﬂ‘%%(i—'j% X}% =3
, = A o] & TS EEte ¢HE
r/P(As,hton et al. 2010, Li et al. 2016, Yang et
al. 2018). Ly o] & FFsto] 2z wAYF wet TG A
= = A9 v 3Tl T
, oA FFH FAA F3Fo] BF YEdTE,
s AEA A9 S8 gds
FS = Zolth Avolio 5(2019)2 oA % T 9 =S
AAte WAYUE) Y AA(S, A A9 &, vFd 23l S

<EAQ olsf| 7} F-=eprhar A Akt

E"ok ?z_];“‘i nE 41% zA o A Ao, sAlol oz A
YoltHKang et al. 2007, Li et
PHe e Fudds dHete
b $03 g¢om m#ETHQian et al. 2021). oS =W, 4= =
2 ol W sAF 9y #HHol Jdoer(McKane et al. 2002),
R A Al A s}t FEl, EG o], Al W& dA o] &of ik
AE]d %9 B&o] FAVF YeErgt(Miller et al. 2007, Zhang et al
2019). WrHol, ofE AefA A= Hio g AEfd A9 o] vE

9
)
2

¢
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U erokthar R Atk et al 2016, Zhang et al. 2020). Z7ke] A
A ol W ol 7f FudAdel n X = e FAAQ vAYSFS o
A e =Ao] EAFHYang et al. 2018). 7)1 3le} ¢l7te] &%
2 Axo % FHE v &, AL AAh £33 5o IS F F Ao
m olo] wWE AE FH Wyl A"l wE(Houlton et al. 2007,

Ashton et al. 2010), Z49] AEf& 29 Eato] st =2 &5 T8
A a2 JtH(Ma et al. 2018).

FAE LA AEA 71 WA P FEEI Qs
AMEfA = dto] th(Sutton-Grier & Sandifer 2019). 54 A 74 4
3 317 % stA m ko]

A EAE A gdeR 4R Yoy, FETd W
A G EQ] FA9 Ao AT A= S AA =
elo 2 Aty o] gti(Sorrell et al. 2011, Gao et al. 2014). T3+ o g
FEY FAAA &g AEFo] FHste ol HEUH (Leffler et
al. 2013, Choi et al. 2022), o]l wz} ¢HFo dAi o]& 540 54
o FHFEH AHA 7les ZAAst= T 8ol #H o+ Un
(Rejmankova 2011). 2ely 71=9] Aaie digk A =29 2o A
= 297 €9 "HFTHo Jom(Ashton et al. 2010, Ma et al. 2015),
HFA o ha Ao AFE uA B a9 E A G ATEo] FaEA
7] wj&ol(Henry & Jefferies 2003, Gao et al. 2014), =th<] A X djjei
Ae FA I A= A or FERer. 7| FHsiey R dEe
FA o AAstetA 5L AA WA FA 9 FohgAdel Azte o
qE = Aoz odddoel wE(Chen et al. 2013, Gerdol et al. 2018), <5
1

Q

(@]
J

X

i
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East Sea

Plant
PA(55:8%)

AER({1:7%);
1A1(0:8%)

[_] mixedzspecies:(0:8%)
Locationloffquadrats:A™

Fig. 2-1. Location and vegetation maps of the study site (Songji lagoon
wetland). Areas with the same dominant species are painted in the same
color. The numbers in parentheses indicate the relative area of plant
communities.

PA = Phragmites australis (ZW); CH = Carex humbertiana (Z5A%);

AF = Amorpha fruticosa (SAMA2]); 1A = Ischaemum aristatum (2 ®.2]);

PT = Polygonum thunbergii (iLv}2]);

FT = Fimbristylis tristachya var. subbispicata (235 27]).

-MC = -mono-species community; ~DC = —-dominant community.
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Fig. 2-2. Climate diagram of Goseong-gun, Gangwon province over the
past 30 years (1991-2020, 7173 2021).

SASFA e 7 EAE deotstr] flste] 201610 A& A
S 717k 4, 6, 892 16Y0l 4xXH A B EAS EXHIAY. EY
°of &%, pH, U5, NOs-N, NH,-N, PO,P He= 77
17.14-19.53%, 6.67-6.80, 1.25-1.36%, 0.96-1.06 mg-kg', 1.92-2.17
mg-kg !, 1.66-1.98 mg-kg ol om, BE aclolA o wpE fojud
Hale= gl (p = 0.39-0.89).

39 B FATFAANA F 82F 2 AEFol EHIIAUTE o
AU Z(Rosa multiflora), < A4 M}B](Amorp]za fruticosa) & e R A
AES A9t BF 284 AENY. M 77 =& AES
(Phragmites australis)2 7350 TR5E AlF<Q 99 304 Ho =3+
°F 185 cmo|tt EHFE FTdE FA HAIE EF eHAE T
2020)°ll 93k HA Fd HI=TE 98% o] d9l HAUF A A E(d: o7 H-E
Typha  angustitlia, Ay,  Alisma  canaliculatum;, W72 A,
Ranunculus sceleratus)¥ 4 =@ WE7F 71-98%2 o542 & (!



St %, Eclipta prostrata, =%, Juncus decipiens, A%, Lythrum
salicaria)©] B SASA T AUisAA= AddsANEY =3 &
AE A= F8 AR F styeld, ol FATFA FAEA 7]
s T deE FEAAE HRue AS 9 v gtH(Environmental

Laboratory 1987).

222 A4 AT XA

20161 69 1490 $AFHFA] Fo s wEsls] 915

4YEE etk DA WA of 95% ol o] Auh, BHALR(Carex

humbertiana), Z12]13l ©] ¥ Fo] A A} =(F T J= FAI}
90% o]dolH, F F2 %= Zo]7F 30% "Wkl H--) o] A
t}(Fig. 2-1).

N

AT WP FHFH FHFS 4P

ol | 9184 2016 6¥ 14
AeFAelA 2078 WEgTa < 1

Aol F mE FANE ARt F

3 2ol MRS FAEIAT vEs YT A4 WH st 54

o ZFo] U= WA HES v (Avolio et al. 2019), A%} 2

ol Sotom =As o oz Ueh ok HEE A m—a—ﬂ;L

FoA 54 FTol =8 WA £ HES vt SHETH F

TS YL E Vo2 T8 tHAshton et al. 2010, Choi et al. 2022)
3 A

i X7 10% o4 Fo A, =A%, & X8 (Uschaemum
aristatum), =3}5 X 7| (Fimbristylis tristachyva var. subbispicata), = A
A vk (Polygonum thunbergii), 7173 E(Isachne globosa)©] 3
tH(Fig. 2-3). ©] TolA y=e RI=7} & FHY vy & Zus
SEA RS A7 Y FRAFToR AAsidn. " I =7 2% o5kl
TS BAE FAREUns setosa), NP = (Sium suave), W= 7FaHAL
2] (Bidens frondosa), F2% E(LYSIIYY&C]]I& davurica), 233 =(Galium
spurium) 5 °l Atk o] FolA W7} 30% o] FARER AEuE
= 97 W TEFoE {ﬂ;ﬁ%}»\ﬂr. Al gk =3

T B BAAYEEYE 58 A 84 8

o 1 X b

_ﬂ\lrloﬂl
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**Phragmites australis T — .

**Carex humbertiana
Ischaemum aristatum

—
—
Fimbristylis tristachya var. subbispicata
Amorpha fruticosa
Polygonum thunbergii
Isachne globosa )
]
—]

Calamagrostis epigejos
Miscanthus sacchariflorus
Juncus decipiens
Lythrum salicaria

*Iris setosa

* Sium suave

Bidens frondosa ——
Lysimachia davurica —— mCover OFrequency
Galium spurium [————
T T T T
0 20 40 60 80 100
%

Fig. 2-3. Cover and frequency of species in the Songji lagoon wetland.
Species marked with two superscripted asterisks and one superscripted
asterisk indicate the dominant and subordinate species, respectively, selected
for the study. Species with a cover of less than 0.5%6 were not shown.
Phragmites australis (ZW), Carex humbertiana (Z5Atx); Ischaemum
aristatum (2 X.2)); Fimbristvlis tristachya var. subbispicata (E3t&%7]);
Amorpha fruticosa (ZAVIAY]); Polygonum thunbergii (ilv}e]); Isachne
globosa (1AW E);  Calamagrostis  epigejos  (AFZ%);  Miscanthus
sacchariflorus (&<M); Juncus decipiens (&%), Lythrum salicaria (5-3%);
Iris setosa (F-A5-%);, Sium suave (NEUE);, Bidens frondosa (V)= 7}EFA}
2]); Lysimachia davurica (52%%); Galium spurium (239 =),

AT ddFe BT thdAl xEo|t. Zdle W I (Poaceae)ll
%31, USDA, NRCS(2021)¢] A& A3 E/Fd <8t A3t4 <
5 FEFH Ao o)FE=sl= A 2 E(rhizomatous)o|th. A&, &9 oF
75°0] et FollEl gl ofAlol, f+H dHo Huh w9l oF 50°9
ol g7} gto] o]277kA] Yl 9ke AX gi-E 5o B
(RBG Kew 2021). =3 fd5AFH s2ax= 1,000 m o]de] 4t
o o]2+ W& 1kd A4 EExIH(aHzdHAgsE et ded

AR 2010, E57] 2015). 5 A %+ AFZ I (Cyperaceae)ol| 2341,

B

i

S~
B
of o) ot

Al
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BgRe AEW ZANN HE PAL Fa Fz AANSE o 4R
(bunch)ell &l @ stH(USDA, NRCS 2021). $HHbk=e} 1 &H&Eeo] F= 1b
F A9 BE A% A99) FAo] EEHHRBG Kew

=
o FAM ool malote] Mz el AAFTHIZYAEAY Y

2012). FARE EEI(ridaceae)dl &3t YIS A4 AEZ
i THUSDA, NRCS 2021). shdte A& g Aol 2335k ofA|of
o] HE& a8 FHY 5EE, HOPUﬂ‘ﬂﬂJ] A& A g FA
£ ¥ 3t} (Boltenkov et al. 2020, RBG Kew 2021). th3twl=to A 3] 7 2]
EEad-AdY 24 2 & #3 HE)olw, w7 AN 55 F 9
7] sael (= H A=A v 11) M2 2He IH(Apiaceae)
of &3

s, AAdS HEgH =7]o o3 Aol Yy Fon, st

= < E(single stem)® ERFHEU}

(USDA, NRCS 2021). getie, A&, T, fAlotE F3ste ofalo}o]
&y HO}”ﬂﬂﬂq Ao dE FA EEITHRBG Kew 2021).

= <str] 98k 20164

6MAY Zael WEFH(AZTH)

1o,
B
o
o,
)
X,
N

9¢ 3 s

S SAsAY. 27 F T2 SAUE, 251 cm), NEUE(R4
cm), LEALZ(66 cm), FAEZEGB1 cm)ol Ytk s v S-3F 7o) A
4-6 m7HA] AetE AoZ Ruy Ay Hustd, X THAAE o

2 %315 HAY(Haslam 1972, Lem et al. 2008, RBG Kew 2021). 1
Qo NIAUYE(FHFEEYL 2016), ZE5AE(Jiménez—Mejias & Noltie
2017), HF-A5-Z(Lee et al. et al. 2018)2] 1= 7]E Aol B

A FARRE FEolAY. BEFHZF + Aol T2 SAUHE,
2 (385 g DW-individual 1), &5 AF%2(29.0 ¢ DW-individual 1), -z} %
2(185 ¢ DW-individual !), 7H&=(12.8 ¢ DW-individual })o] 21t} A
sh/A| 4R A= H&o] =2 T TAAURER, ZdU0.74), FAEE
(0.71), S5A2+x(052), /MEYEOLD AT, A td AEe AHAFS 7t
20 Aol FAEE AstR g9 o] HWA =S Aow UER

. 53], Ao AsAel o] W @usl o Fojqn, o= 2y
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Table 2-1. The establishment of quadrats for analysis of characteristics of
vegetation and soil nitrogen uptake of plants in the Songji lagoon wetland.

Community name . St‘Tdy SDeCieS' . Other dqm nant
(No. of quadrats) Dominant species |Subordinate species species

PA CH IS SS IA, FT, AF, PT, IG
PA-MC (n = 5) > 99% < 5%
PA-DC (n = 13) 80-90% < 30% | = 05% | = 0.5% < 15%

CH PA IN SS IA, FT, AF, PT, IG
CH-MC (n = 5) > 99% < 5%
CH-DC (n = 13) 80-90% < 30% | = 05% | = 0.5% < 15%

PA = Phragmites australis (Z™); CH = Carex humbertiana (Z5A%);
IS = Iris setosa (F-2N5-%); SS = Sium suave V) EHE);
IA = Ischaemum aristatum (4] E.€]);

FT = Fimbristylis tristachya var. subbispicata (Z3}=*]7]);
AF = Amorpha fruticosa (SzABV|A2]); PT = Polygonum thunbergii (31v}2]);

IG = Isachne globosa (713 %);
-MC = -mono-species community; ~DC = —dominant community.

sto] 2016 6€ 15-16% % S

=5 Abedeh =3 99 30l WE T W B HAY AGETE T
getal APAE Fuksto] 70TColA 48713 o A=xd & FAE 54
St

zkzyol W oA FTEFEFE, FTUHSE, JeudeE A=k
. Aas =8 T2 UYWAY S0 E Ass T2 9

£ o]&3}9 Shannon-Wiener index(H)Z t3 o] AAstAtt
(Shannon & Wiener 1949).

i)

H’ = -2(P; x InP)y, P; = &9 A=
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s HdE Age= T 71H 54Y AolE o]E3 Rao's
quadratic  entropy(FDg) % A4 H t(Botta-Dukat 2005).  Rao’s
quadratic entropy$} o] 39 A EFo] 7IX = EAHY v A
A 75 wrgets A2 o] 8@t (Rao 1982, Song et al. 2014).

FDgo = X>2(D;; x P; x P))
D]j: 10‘1”]',] '/] ]1_—;(_] EA—] i}o]g,] jéiL,
- gl AR, P - Ee A

7154 549 AolE AbEslr] flete] FAA =Y 7e4 54
of th3t A3§ T (Boutin & Keddy 1993, Biswas & Mallik 2010, Byun
et al. 2013)¢F BKR Y Fx JteAdS adst] T 1409 75 4d 54
= AR HTable 2-2). 8709 7154 S4B EE, &4, C/N H &, &
e du) e T2 A2 @174 34 digk YA, e, S &
TE)o dig AH = vaEFE9 PLANTS Database(USDA, NRCS
202D)E E3A xS Y. AR FEESE F$9dE the LEDA
Traithase(Kleyer et al. 2008), Biswas & Mallik(2010), 3rutx=o] A&
(gL 2011, FI7HEESFAAABA 2R (FH55d
2016)°l A HF3Fch ek Fol digt ARV gl AfdeE 55

_I

(genus)ol A A2 A7} A EPE o AR=Z thAstAt. 6714 7]
A4 5A(FA, 2944, 94 FA e HA dA A= e 9
A, Ak Zlo], A sH/A| R vl &) 20161 6-109dl F A S5 A ol A
AES AFs A FAHAT (0 = 6). 23, LAY, ASE dol=
A= Aol e @S W FAE FABsr] flste] dME 2
= NMAE Ve E S8 UrA TsH 58S THEE Ao 7t
e A7l A Ve SA4d g FAAA 54 U
Kleyer 5(2008)3 Pérez-Harguindeguy 5 (2013) 7|22 43I
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Table 2-2. List of plant functional traits considered for functional diversity
and methods of measuring them.

Plant
functional traits

Categories classification
or measurement methods

Growth form

Bunch, colonizing, multiple stem, rhizomatous, single
crown, single stem, stoloniferous, thicket forming

Life span

Annuals, perennials

Height
(at maturity)

Measuring the height of fruit-bearing individuals
(cm)

Stem diameter
(at maturity)

Measuring the stem diameter at ground level of
fruit-bearing individuals (cm)

Specific leaf area

Leaf area/leaf dry weight (mm®mg )

Leaf area per total
biomass

Total leaf area of a plant/total dry weight of the
plant (cm*g™)

Depth to
below-ground system

Measuring the height of fruit-bearing individuals
(cm)

Below/above-ground
biomass ratio

Below-ground dry weight/above-ground dry weight

C/N ratio High, Low, Medium
Flower conspicuous Yes, no
Fruit (or seed)

Yes, no

Cconspicuous

Anaerobic tolerance

None, low, medium, high

Shade tolerance

Intolerant, intermediate, tolerant

Fertility requirement

Low, medium, high

A 1o %o
rlr
o, N
m
X o Hromy

ol
o
2

|
(e}
(@]
3
N
o
=2
R
f
o
2,
o
Nt

f

[e]
Aol kA =
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°] 2 mm¢<l Al(standard sieve No. 10)& °]&3lo] 224y AEAE A
ARt FEEHF2 105TA A 48A1F &t HAxste] FA #Has=
=339, f71 = 2 E 7% (loss—on-ignition method)S ©] &
st AxE ESS 550TAAA 7tdste FA #AaE&E=E S35

&

(Boyle 2004). pHe} A7 AEEE EYY S/HFE 152 335t 2

st AgFold AE AAE FHE =477 (pH: Corning Checkmate
II, Corning, USA; A 7] A %%: model AP63, Thermo Fisher Scientific,
USA)E o]&3te] ZA3sA T NOs-No NH-N3HaFe 2 M| KCl &
dog HZEF3I F(Dorich & Nelson 1983), Z+z} hydrazine W
(Kamphake et al. 1967)3 indophenol " (Solorzano 1969)S £3&to] H
A Aekst it PO-P3#ES Bray No. 1 02 &3 3 (Bray &
Kurtz 1945), ascorbic acid reduction ¥ (Murphy & Riley 1962)0. %
al A APt eh K, Ca”, Na', Mg %2 1 N9 NHOAc 89
2 &3 F(Allen et al. 1974), FAEFEF A (model AA240FS,
Varian, USA)E &3lo] A ZFstdth. B2 hydrometer 5 (Sheldrick
& Wang 1993)= ol&sto] R, nlAL, HES H&S AFHS 5 7=

$RRo EAMAEE olgdtel #32 BFAAT. FAE RE I

& TS
T7F ®igbd 20179 109 17 (B 91 20 cm)ell 4 @ T W el 44
Hold w=4e FAs dies A=

2y TS FEAE SHTHAAN e By Sl
FFS = T A= FEY ZolE 4] fske] 20161 6¢€ 152
FrEE SASAY SAZFAANA S FA 27 HE F FA &
B

o} E AN (Miscanthus sacchariflorus)®] Z 3o 3 3= =0](120
cm)7bA FHE(10 ecm HA)E BH T 4XHAA FuE F

(LI-250A ¢} LI-190R Quantum sensors, LI-COR, USA)E o] &3}
Agol digh FFEsE AFedvh BE AdEEY SFAHE 12-134

o o] Foi A1},
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224. FAA A &E AT v AT
Al Eo] AA THEe eI F7

] (Cabrera et al. 1995), A& %}
&% (Leffler et al. 2013)9 wa} z}o]7F Q). wal o] o oA A o]

Hof 3t dF AF= AEAY Avks EAse] o]FojHY. I ~
5o A4 F5E& AHEsA wkdstr] vl (Osone et al. 2008, Yang
et al. 2018), FHAE o]&3ste] AA9 o8-S FAHSI= A7 (Kahmen

et al. 2006, Andersen et al. 2017)ol 4 E8] Mgz o]&H}t 18y A

S o] &3t wAS A EAe FEE(Y, A3AE, AsHE, e §) A T

TS FAFeEA dAstE FAAd S/FE MR

Egle et al. 2008, Qing et al. 2015). oJo thdt o F= HA3}sl7] 93
]

M= FaAd 229 AL o] =2 A

]
AAE A gefloF 3ti(Kahmen et al. 2006). 2= A& A|7|& ZAAE}

7] Sistel, $ABEANA AT WYFUE A 5AANE WAt
Agrel e AFFAL FAsAh 2o, FARE, At i
o FEEZ, 2HAzE S Ax7)E(ussock)E AAL AFoR 3
AT}, 20164 4-109 HeF vlg 15e] AAWE e 3l 294
4, BEAZE 23 FE F RAREL 238 A 5 AntEe
xash 29 £8 49k AN o] FHAe Fiel A A
ARG AZBE AN AgEE FHAY SRS H2AS JPA=
guksta 70T A 48417 o4 AxH ¥ PAE ZRSAT. BE
T TS 58 Se-79 S =2 AT AFES B Wi
(Fig. 2-4), 69°] F42 482 FPsh7]2 shsivh
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A —o— PA

° CH Tracer }

~ i -4-CH = Tracer [ h-------

a 12 application __-—}-"‘ +

- -a-1S [ %

2! 5 s

s 9 A -

g3 4

~ & %,

- O R4

€g 61 T A b e

G P )

3 3 -

(a]

o

O __C T T T T T T T
15 15 15 2 15 15 15 15
Apr. May Jun. Jul. Aug. Sept. Oct.
Date

Fig. 2-4. Growth in above-ground biomass of study species in the Songji

lagoon wetland (means * SE, n = 6).
PA = Phragmites australis (ZW); CH = Carex humbertiana (25 %),
IS = Iris setosa (F-A%%); SS = Sium suave (| }&).

A
4 10 FAZFAANA 2 AT F5AE AT FAA =Tt

o = 67HAA Skl
e FEHo® 25-9 cmol EFFH(Fig. 2-5). T o
B AEFTS oF 810 cm oY ESF ZolEy & 7
ofel A FiHoer W2 HAE ol&Idu HuFPvH(Kahmen et al
2006, von Felten et al. 2009, Wang et al. 2016, Zhuang et al. 2020). u}
gha] o] AT A= 3-8 cme] EY Zold FAAE FYst7|E skt
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Fig. 2-5. Distribution of root depths of main species in the Songji lagoon
wetland. Two ends of the box plots indicate means * SE of maximum
values and minimum values, respectively (n = 6).

Phragmites australis (ZW); Iris setosa (F-A5%);

Carex humbertiana (-5 A}%); Ischaemum aristatum (& ®2.2]);

Lysimachia davurica (5%3%); Sium suave (7)%y&);

Isachne globosa (7171 %);

Fimbristylis tristachya var. subbispicata (Z3}=47]);

Lythrum salicaria (5-*%); Polygonum thunbergii (Lv}2]).

BN el nhe welEAQl B Aud] oF S H4sa
A gskel, Jbsd e gl FHAZ AgsHE Aol wuAsd

(Ashton et al. 2010, Wilkinson et al. 2015). 4 %}e] &S AH3sl7] 9
|

alo] 2016\ 69 190 FUE FAH A o] wE 2 EH o PN
M3t E golste du] ATE FyPT. 2 SN B AFE
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A BHTE BE ];ﬁ of 1671 HFF(05 x 05 mE HEZ A
¥, 5 cm HA0RE F 121709 AAA S wiA AT A HA ol
A& KPNO;(98% k’N)FJr PNH/C1(98% "N)¢] 0.33 mmol'L ' &9 &
Zkzy 2 mi¥ EE AR FdEAdt FEAAE AT el = v
ol B3l As WAsta, FAA 2T FilH s vbso ) S
Holl o] 9= FALZ]E AFE3FA tH(Andersen et al. 2017). & WHA
of Al WA ZANAE 242 1 mmol-L 19 3 mmol-L 19 F8HE %o

=
s Weg FPen. AyHo=m ¥R 052, 157, 4
mmol-m *(Z}7} 39 Z}o])e] N7} zﬁx}i ZO‘H“E} Al 7FA] 273

O
S

G 39 A R T BAGel A H e B4
1 A=

AAA T AT e RAew A A3 oA dHFE HA

A% "N-atom% #35tol A9 INFFL AWS
o

. 2 B3 4
2 o PNgH Z/HEe 44 F9 A Fo| PNgH Zol2 e}
dth 052 mmol'm 29 PNE FUHE vl FHRE FYshA &
S gxad fFouis zolE HolA gkth(Fig. 2-6). ES 157
mmol-m 22| PNE F43S wol= 2ol AduyzEe PNaF F7HE
of 2w Aok YJeEpWA Y, 052 mmol'm?e] Aol F 1t
FouE zol7k Ak wEkA o] ATl A FAAY FPHFS 157
mmol "N-m*2 AAsAth $ALFANAN SHE EF 7HF(1.34
grem S 1E S o), ole EYo F F/AANO;-N + NH;-N)9J

oF 74%o0l d|F3t, ofe] AH A FAHA AL P HA3PA T
10-17% 5.t} v F=xoltf(Miller et al. 2007, Kahmen et al. 2009,
Ashton et al. 2010).
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20
. Phragmites australis
15 |:| Sium suave A

C C
C -c
0 ]

No injection 0.52 1.57 4.70

Excess >N concentration
in leaves (ug °N-g' DW-d")
o
*

Q

15N injection amount (>N mmol-m-2)

Fig. 2-6. Excess N concentration in leaves of two species under different
tracer injection amount (means + SE, n = 4). Different capital and lowercase
letters indicate significant differences between the tracer injection amount
within the same species. Asterisks indicate significant differences between
species within the tracer injection amount. Significant differences were
assessed according to Duncan post-hoc test (p < 0.05).

Phragmites australis (ZW); Sium suave (7|'&4+=).

FAAE FUAT Fol= HEe] HYE T HAE FFsha,
AEAe o FRo=m o]EA77|e FRI AFke] Folxof gt}
(Andersen et al. 2017). L&yt U5F @l Algbo] Auw F43k F2 2t
7oAzl wEy w8 =] AstA&(nitrification) v HAARSEY
(dissimilatory nitrate reduction to ammonia)®. 2 3}3-% JHEejrt HE
T AUtk o2 Qo] 54 FEo] W o]& ml&o] A Ee HAaH
7b 8 4 AtHChalk & Smith 2021). F7F=2 Algte] uhe} ooz

S7kekE UNel FE TEA A EAe] PNtgel #HidAu WAt
=7k 4= i (Egle et al. 2008, Chlot et al. 2015). 2016 6¢¥ 1Y
FAA T F 72 AR AAer] g% du AT7E SN A

3
AT 2 AFE AT Wk e AR 378 HE 05 x

il
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05 mE AA& F Ztzte] WwE o] 157 mmol'm 22 PNE FY &%
o} Zbzbe] W oA FA2F F9 A F=Y F 6, 12, 24, 48A1%Fe] A
W Fof AT diAEFEY, E5AE, FALE, AEUE)S s 134
ARsEATE AMA 2F HolE Fol7] Ykl 2 MANA ALEA Al
ol whel e AR A2 HAAFE 4-108A FolA 173
Ao As FANR AEsdn. o) Fe 43 AR o PNgH
S At FA F94 F, o] PNgHE 242771 A& o

7tk o, 1 o]Fe e FAHAY Ao, e HAF F

]
!
A (Fig. 2-7). wWelr] =2z 39 T 24 7o) At Ho A&
TEst7I2 ST ol A ATe] WHL(6-T2A1%F) <ol &l
(Miller et al. 2007, von Felten et al. 2009, Qing et al. 2015).

18

—_
vl
1

=3
N
1

(@)}
1

Plants
harvest

|

O o T T T T
0 6 12 24 48

Excess °N concentration in leaves
(Mg *N-g' DW)
O

Hours after tracer application

Fig. 2-7. Change in excess N concentration in leaves of study species
according to hours after tracer injection (means = SE, n = 3).

PA = Phragmites australis (ZW); CH = Carex humbertiana (25 %),

IS = Iris setosa (F-A%5-%); SS = Sium suave (VU E).
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225 444 A4 FHAA Dz o § 54
2016 6¥€ol F ZE(15-169 3 25-269)° ZA ZAvf &,
%

o SATE, 2EAR 2R, 2HAZ $HT

)

=3

-
Gol #4424 Agol ol FolArh FAA Hgol FAH P AEH
gzo gre glglow, ME @l o dFE @ AA

NO;-N¢} NHy-Noj| gt o] & n] &S A3ty flste] &2 7|3 F+
Agol A FHA HES AyPs= PES AEAGEFHA H LA
2} W3 Fig. 2-8). W79 Fdol F42 A4S 23 05 x 05 m9]
795 dAs —?F T Yo 5 cm HAoE F 121719 AAHE
sk E=E KPNO3(98% PN), PNH4CI(98% N), KNO;, NH,Cl19] 1
mmol- L' 8N 747 Fnjstdth. dae F /A FH F 3 7hA
PNE ZA% FAE BE AAH FAZIE o]83t9 2 mly 9]
Atk BA 02 Feje] AN FAHA )2 FHA 9 g
*d& FYste] 3 7FA Feol i Alve] &S A AR AT
13812 (15-16)ell w2t 3709 WdFell= KPNO; + NHC IS, 271¢]
W o= KNO; + PNHCIS )8t th 23] xH(25-269) 0l &= 18] =)o
A FdekA e tE FH HaE FAARE Fs AT FA] bl

3 A3 wjHAA EAFEe], 3-8 cm]
A th(Ashton et al. 2010). &+F
171 98te], e FH3 24

2o
B

8
F A4} FYHES 3

F49 wol2 Zo
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Tracer application A

[ Excess N B N util ratio
« Excess NH,-">N
5N con 5N con
(after

Excess NO;-">N »
\\
/
/
4
tracer injection)

\\
N,
5N con 15N con \\\ /
(before (after N 7’ (before
tracer |nJect|on) tracer m;ectuon ' tracer m;ectuon
, Statlstlcal
Non-destructive \, test Non-destructive
harvest . /’ harvest
\
.. . lX\
Tracer injection Vi \\ Tracer injection
NO,-"5N y \ NH,-15N
& 10-14 days

' m&m N
4

Excess NO;-5N

5N con

!
I
=/
g
-.’.1.’:
3/
15
Koy N con
/
1
!

’
¥ [
Excess NH,-"°N
(before (after
tracer injection)

5N con
e
’J

tracer injection)

5N con
(before (after
tracer injection) tracer injection) X/
©/
!
N form
Tracer injection preference
NH,-5N ;
"I
| 4
Soil N ratio
10-14 days \

Statistical test

Tracer injection

NO,-"5N

8'5N in soil
(before P

BN con = N concentration;

.
Excess NO;-"°N = excess NO;—'°N concentration in leaves;
Excess NH;~"N = excess NH,~"°N concentration in leaves;

\4

85N in soil
(before
tracer injection)

tracer injection)
Fig. 2-8. A schematic diagram showing the methods of tracer application A

Excess PN = excess N (NO;-"N + NH,~"N) concentration in leaves;

N Util ratio = utilization ratio of different nitrogen forms

_43_



B2E AT dEF4E) 14
AR A EE A7k gE el A

A
o Mugrh ANE e AFoA ZR4E Adsn
01

o Axsn AT ¥, A

Electron  corporation, USA)$} ¢t 73 A YA HARRAT

(Vision—-EA, Isoprime, UK)E %3] dA 23 (%)H §°N(%)S A=

I~>

FA2 A8 1329} 23] 2ol A A2 (S, Ao F 7HA FH ol
thate] z+zh) <l BN-atom%$t N3t S718S AAreddt. KPNO;
S FAARR A3 HA9dE NOs-PN-atom%$ NOs;-PN3t Z714
(Excess NO3-"N)< t}&3} o] A4HedvH(Qing et al. 2015).

to

NOs-®N-atom% = 100 / [1 / {(6"°N / 1000 + 1) x R®Nar} + 1]
RPNagr = 719 PN/AN B]-& 2 0.00367655 2 &-3F

Excess NO3-N (ug ®N-g? DW-d™!) = (TNuiabetea X
N03—15N—atom%1abeled — TNpkga X N03_15N_at0m%bkgd) x 100 / 1 day

TNupeted = FAAF T4 T2 A4A 423 H(%),

NOs~""N-atom%imeca = F22F 9 ¢ NOs~"N-atom%s,

_{

TNpkga = 22 79 o] AAATEH(%),
NO3;—"N-atom%piga = =24 9 A2 NO3-"N-atom%

=3 WMy ow NH-"N&gZF Z7}8(Excess NH,-PN)ES A4
Atk ATH oz NOy-PNet# Z71e3 NH,-"Ngd % 7188 ¢3t
3 AAe PNe# S7H8(Excess PN)& AT
¥ o]& H]&(N Ut ratio)s PN3t= Z71&
7V e NHA-PNE & S7189] njg= ALt
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ek ol AEol T4 FAACN)Y Fejd njgo] AAR o] &3t
2

4
o ol g W& Atk AP da Ak

Excess N (pg ®N-g! DW-d!) = Excess NO3-°N +
Excess NH4-°N
NOs-N Util ratio (%) = 100 x Excess NO3-°N / Excess "°N
NH4-N Util ratio (%) = 100 x Excess NH4;~°N / Excess °N

E3k o] AR 13]xk9} 23]2ke] A& 7|IF B
E Hoo]g Hlgo] Fddv= M e shar dth 4
3|a7F e AlZES 109 9] Aol7) slov t&d Z&
7hd el wkSHE v Ay, A, 2 AN FHA A48 A A
Fo] §PN& BAAQ o7k AT EE 874, p = 0.72). =,
3 PNo| giie 233 o] AEe FFHAAY, F4
Ak 24, 13249 28 3ol A AFEFstE 2o NO;-"Ngt
TS RE T e 2FelA AR Foud ez il
(Mann-Whitney test, p = 0.20-1.00). »}37}A & NH,-PN=F Z71&
2 13Aet 28 AF AoldlA Fw gk Abol7b Ll BH(Mann-Whitney
test, p = 0.25-1.00).

22.6. TL7A A g =ZAFAA FA o]&H AF EA
S A g FFS At TP =5 dFS A

HH 7] 9Jste], 20180l FAZFA A o] AEol dig ofe] xzHA

A= TG 459 A AT st 42 vl 7k (o] x

3
ABo] Q= 1/ A3 tE 323 AAs= 37
]

A S F0)glt, WA o] A Eo Ae FAo=R

U 25 cm@] WE T otol A BE o] AES AAGY AN F

YAAS BF wjA st th(Fig. 2-9a). 4 Aol A= =4S A i

AE FTAHSZ W 25 cm ool A ol AE(HA AL & F) 3
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Ag Adei wE AEe AAGAY. oWl 1AM T L
Ae)sialr] datel, A AAe ol A
A5 w8 oH(Fig. 2-9b).

(a) Without neighbors (b) With interspecific competition
/ x\ / x\
/X X x X x X X\ /x X x X X X x\
X X X X X x X X X X X X X X X X X X
X X X X X X X X X X X X X X X X % X
X X X x X X X X X X X X X/X\X X x x
(149 1\
x x x x x P x x x x x x x x !x P x!x x x x
i \ A A 1

R S

!
x X
x %
x %
x %
x %
x
x %
x %
\
ol
x X
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x X
X %
x %
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x %
\

i i

i i

i i

: : :

1 1 i

i : |

X X X X X X X X X | i i i

i \ / i i X X X X X X i X x/x i

i i ] f i

X_ X X X X X X | X X 1% %X X! % X i

I5 cm \ / ! :5 cm \ ./ i
> 1

e x o — a

1 1 1 1

| : : 14cm | |

1 1 I — 3 1

i i i ' i

] 50 cm L ] 50 cm '

@ Target species A Neighbor species x Point of tracer injection

Fig. 2-9. Experimental design of interspecific competition treatments in field
experiments.

=245 Wy Wi A8 #Ee 20179 6-109, 20189

3-54ol TP At EYS 25 cme Zolz A
T dFet R AE ASRE dEAAT. dust EG o=
A& Aoty ZolE nElste] A4 dth(Fig. 2-5). 183 wjg tjdo
obd HE Ao ARl A SRS FHol . A, AR, A
UES v EE, 542 stuY Alx7sS JHAY Ve w
stk tid A AsHEIF dAE Td NAIJA el oy F
o= AR AEHow At HFTHoRE AT TR F
7R AYE 27T 1604 x D7 2A-Z 11-14719] WFFE 1



A |
= 5719 WA G A Hc}f‘f%f%ﬂl 5 cm ﬁﬁ_i 1]
AE F 81N AR FA A7 FYHAH(Fig. 2-9). 13]2(13-15

& o KPNO; + NH,CLS, 270 9] W& o] KNO;
AT 23] 2H(23-25) el = Zhzte] wrE Aol 13]Afe}

+ BNH,ClE 93}

g o] Ha FJHE AR FYeAT FAAY FAdFHS FY wH,
254 o gy PNgF S8, A4 FEHE ol H&o AHHL
“2.25. AAH BA AEHA A old 5T FAdI WRloew A
FH At FHA g FapE B §PNE Fond Aozt qldnk
(Wilcoxon signed-rank test, p = 0.30). T3 NO;-P°N3ZF 714
(Mann-Whitney test, p = 0.20-1.0003% NH,<-P"N&=ZF Z71&

(Mann-Whitney test, p = 040-1.00) =5 1321} 23] 2} Alo]o| A 2
n gk zlol 7t gl el

20184 64 21-22¢o < ofye} A=A AA A F &
Aa%es AAs7] fstel B FAA ALEFHA XJQ“B”E} 3 9t
Fig. 2-10)& F 333t} Ha"# FARE ALATE o] FAA XA FS
S Ao o, FARFEo] o

=2 57 o)

= FS

AEE e gl g =1 2 4 £° ”Fﬂﬂ Fo ek W
]:ﬂ =]

f nTm
z
ofh
—lJ
[
S

PN& ;l;xls}o% g el 747@ A= A
R B3P KPNO; + PNHCIE F4 22
EE A 2 m#)E FHaTh o] 9]
o PN F4A A LA B

TRE G Axd fze] Weo] gilen, A= Breelt
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Tracer application B Root-specific 15N uptake
> x Biomass of root!

5N uptake of each part
> x Biomass of each part
Excess >N of each part

Destructive Destructive
harvest 15N con (leaf) 15N con harvest
15N con (terrestrial stem) 5N con
15N con (rhizome) 5N con

5N + NH,-5N

/15N con (root) 5N con
No Tracer Tracer injection \
injection NO

Fig. 2-10. A schematic diagram showing the methods of tracer application B.
BN con = PN concentration; Excess N = excess °N concentration.

T AR AT 23}E BE 2dEE FA2 4 8A9 B
7b B AFEA ke 270e] WA (R )N A e A=A
PN RS A flste], AEAs FEE(R], AYA, Asd, wE)
2 ovpro] a3 F4A HE8B7 A BE WP Tol A 244]
A Fel AEAE FRER fRAd AEE SHFE AHD
5, ofe]zubze] ®W@ste] APMR WS A= ofo]autaE
ojgate] APHdm gwean FxRER &S AZSAT olF 05
mmol' L' CaCl, & 9ol oF 30 ©7kx Ewol §28 "NE A
F(Li et al. 2021), TFF2 AHsAdt ZE H2As A% 5
2 2Astn BAsr. BT AEAE sAAEHTTE]7)E

(o,
K-

e o 40 X

N X o

o,

=

[e) [e)
7MeS Axbetdt w3 AEA BEE BN E42Z(PN uptake of each
part), Bg] thH] PN &4 & (Root-specific PN uptake rate, SNUR)<S th
S o] ALY THQing et al. 2015). ¥l tiH] BN S48 =4
A

14 S5ES 7MY & vt s Ha2 FH7d g (Leffler et al. 2013).
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N uptake of each part (ug °N) = Biomass X (TNiabeled X
15N—atom%1abe1ed — TNypgga % 15N—atom%bkgd) x 100
Biomass = A &A49] F&4d A
= o]

TNlabeled = _%_Z}Z]— T
pzs

la]-\I_atorn(%labeled = —7_|:

L

H
Ze] AR %) B,

TNpea = FHAE F
T BPN-atom% 3t

2
N
Ll
N
o
_0|L
N
&2

rlo

=

BN

loI\I*atOl’l’l%bkgd = —ir =

SNUR (ug ®N-g! root DW-d™?!) = Z(**N uptake of each part) /
(Root biomass x 1 day)

Root biomass = 2]l 7%=k (g)

4 A4 8- (CR-Biomass) ¥} ¥

b B

o tgk A WS (CR-R/A)S v o] AAbsth
(Ashton et al. 2010).

CR-Biomass = Biomasswit, / BiomasSwithout

Biomassuin = 340 Q& AN A%,

-
o2 Ao flv A HFEFe| Hat

BiomasSwithout =

CR-R/A = R/Avwin / R/Avithout

Aol = AeA /A vl E,

R/ ijth = %‘Z_]’ 75] AR
R/Avithout = ©1% A Eo] Sl oA Bal/XAE v&o Hit
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231. 2 $ATHH 54 FHTHY AN 54

Zo Tl A Zule I (84.8%)9F AFE A EH(234.6
g DWm?He ZEAE AT 529 1 %(87.7%)¢F A A4
BETF2372 ¢ DW-m I A9l FATHI X p = 036, A4H A=
& p =088, Fig. 2-11). &, 7 =9 $HFTL FAS ¢4 %
A AES B wdo] X ITHEA A A er vrvl e
TET AL T T Aol A Aol & NS T
oA MEUE, FALE F4EF H IxE 4u sHvgdRg 7
7} 76.2, 78.4, 109.7%7}F B =3kH(p < 0.05). BE?;} H2EA 2 $
A AL UYE(p < 0.01), FAEZ(p < 0.05), Z(p < 0059 A
AEZFS 2 $dFerg 2z 1208, 108.6, 125.4%7} o =%
T dE 99 SAHAT(FAEFAAA FAEIF 10% o4 K,
stEA7], 718 E, vt w7t F5TH FAEA e A
o] TEY IE7t ¢ WIAFE orH oz HAEgr] "o
(Table 2-1).
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(a) 100
50 | T B PA-dominant communities
[0 CH-dominant communities
L
g 10 A * * .
(@]
U : ﬂ ﬂ ﬂ ﬂ ﬂ
1 - 'Jr‘ i-h
PA CH 1A FT IG PT SS IS LA LD
(b) 500
% ¥k *k %k
[7)]
(2]
£
5 100 A
Qo 8 50 ~
'g E *% *
5 S
°on 1o - ﬂ .
O o
F - ﬂ ﬂ I-’_‘ ﬂ ﬂ
>
(o]
Q
< 1 -
PA CH 1A FT 1G PT SS IS LA LD

Species

Fig. 2-11. Cover (a) and above-ground biomass (b) of main species in
Phragmites australis—dominant and Carex humbertiana-dominant
communities (means * SE, n = 13). Asterisks indicate significant differences
between the two communities according to independent sample ¢test ("p <
0.05; “p < 0.01; ™ p < 0.001). Note that y-axes are on a log scale.

PA = Phragmites australis (ZW); CH = Carex humbertiana (Z5At%);

IA = Ischaemum aristatum (¥ E.2]);

FT = Fimbristylis tristachyva var. subbispicata (Z3}5*]7]);

IG = Isachne globosa (7174 %); PT = Polygonum thunbergii (31v}2]);

SS = Sium suave ONVEYE); IS = Iris setosa (F-7)F%);

LA = Lythrum salicaria (F-*%); LD = Lysimachia davurica (5%2%).
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2EAZ AT FERE AfE 29 SYTFRT fo
vg Aol ohuglont, o 85%7F EUATHp - 033, Fig. 2-120). 2%
Ax FHTG FUFE AF, SRR A%, A AFE YEFE
A $ATSRT 247 o 153, 318, 137%7F el wRTHp <

0.05, Fig. 2-12b~d).

12 E 08
@ o b £
g £ = FE 06 - *
c W g
£§8 8] 25
T 9 T c
g % [7,] .q_" 04 T
o G .9 ;
g5 4 1 3L
2 g 2o 02 7
©
0 o 00
PA- CH- e PA- CH-
dominant  dominant dominant  dominant
community community community community
(C) E 012 (d) ﬁ 500
28 £ 1
25 o E 300 -
=2 006 - 32
SS 52 200 A
L5 )
& o i Q
= o 2
§ 0.00 0
3 PA- CH- PA- CH-
dominant  dominant dominant  dominant
community community community community

Fig. 2-12. Species richness (a), species diversity (b), functional diversity
(c), and above-ground biomass of total species (d) of Phragmites australis
(PA)-dominant and Carex humbertiana (CH)-dominant communities (means
+ SE, n = 13). Asterisks indicate significant differences between the two
communities according to independent sample #test (p < 0.05).

TC

Phragmites australis (2W);, Carex humbertiana (25 F%).
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2.3.2. 24

0.95, 2.02, 1.69 mg-kg '°] At (Table 2-3). 15719] 2

o

i)
i)

el

N
iy
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)

AL
00

FAJH 100 A

ZF Na', Adas, A7 A=, Mg®, PO,-P, pH,

Z 5 It (Table 2-4).
=ABoo A AESL NH-N, NOsN, =

74.6%)°]

4 e -

T
T

i)
ze]

N
o

TR
i)

Q1A A 3k (factor loading

9]

o
=

values)

Z7ke) §7 o

s

52

Mz FH Ak (Fig. 2-13).

)

Holx &*tH(p = 0.44-0.92, Table 2-3).

=
=

Aol
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Table 2-3. Comparisons in environmental variables between two
communities in the Songji lagoon wetland according to independent sample
t-test.

Means + SD (n = 13)

Variables t-value
PA-DC CH-DC
Relative altitude (cm) 43 + 3.1 42 + 3.1 -0.13™
Soil
Water content (%) 2098 + 5.40 20.38 + 5.74 -0.28™
Organic matter content (%) 146 + 0.81 1.37 + 0.85 -0.29™
pH 6.80 = 0.41 6.78 + 0.22 -0.17™
Conductivity (nS-em™) 673.8 + 211.3 6136 + 1786  -0.78™
NO3-N (mg-kg™) 097 + 0.25 093 + 0.17 -0.49™
NH,~N (mg-kg™) 2.04 + 052 2.00 £ 047 -0.21™
PO,~P (mg-kg™) 1.72 £ 0.57 1.66 + 0.58 -0.27™
K' (mg'kg) 478 + 14.8 46.3 + 15.1 -0.24™
Ca® (mg-kg™h 92.8 + 29.5 90.4 + 30.0 -0.21™
Na" (mg-kg™) 5375 + 1284 5204 + 1593  -0.30"
Mg (mg-kg™) 94.3 + 32.3 87.0 + 27.2 -0.62"
Soil texture Sand Sand
Sand (%) 95.04 + 2.03 94.96 + 2.06 -0.10™
Silt (%) 3.07 £ 1.27 324 + 148 0.31™
Clay (%) 148 + 1.89 1.80 + 1.34 -0.16™

ns = not significant at p = 0.05.
PA-DC = Phragmites australis (Zt])-dominant community
CH-DC = Carex humbertiana (2% A}%)-dominant community
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Table 2-4. Correlations between environmental variables and principal
component scores in the Songji lagoon wetland. The components were
rotated using the varimax method.

Factor loading values

Variables

PC1 PC2 PC3
K' (mg'kg™) 0.835 0.003 0.211
Organic matter content (%) -0.832 0.438 -0.168
Water content (%) -0.799 0.516 0.043
Na' (mg-kg ) 0.793 -0.131 0.500
Relative altitude (cm) 0.764 -0.297 -0.221
Conductivity (nS-cm™) 0.734 -0.323 0.484
Mg? (mg-kg™!) 0.719 0.007 0.321
PO,~P (mg-kg™) -0.683 0.479 -0.113
pH 0.585 -0.344 0.042
Ca® (mg-kgh -0.485 0.206 -0.052
Clay (%) -0.154 0.851 0.025
NH;-N (mg-kg ') -0.408 0.789 -0.327
NOs-N (mg-kg ™) -0.224 0.757 -0.242
Sand (%) 0.176 -0.742 0.574
Silt (%) -0.104 0.229 -0.875
Eigenvalue 5.621 3.581 1.990
% variation explained 37.476 23.874 13.264
Cumulative % variation explained 37.476 61.350 74.614
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Fig. 2-13. A scatter plot of the first two principal component scores
from the principal component analysis (PCA) with varimax rotation based
on the relative altitude and soil environmental -characteristics of
Phragmites australis (PA)-dominant and Carex  humbertiana
(CH)-dominant communities.

Phragmites australis (ZW); Carex humbertiana (25 AF%).
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%0l 60 cm olate] FolA THEALE AT HdUdEE

At 22 AgE BAoh(Fig. 2-14). 40 cm ©]3te] Fell A
g3 ou gk Aoz Ao (p < 0.05-0.001), &

£AMZ SAsteto]l Wi Wyt A Aol AT oF 62%° 3

=l Rl

ch 9H 2 60 cm o] FoAE Zd $dTEe Augmrr 54}
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i)
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Fig. 2-14. Changes in relative light intensity according to height in
Phragmites australis (PA)-dominant and Carex humbertiana (CH)-dominant
communities (means = SE, n = 13). Asterisks indicate significant differences
between the two communities according to independent sample #test (80
cm or less) or Mann-Whitney test (90 c¢cm) for normally or non-normally
distributed data, respectively (“‘p < 0.05; “p < 0.01; ™p < 0.001).
Phragmites australis (&), Carex humbertiana (Z-5AF%).
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233. AdAA A ZGHAA A4 o] § A

L5 FAZEY EUEe FHEU dde S5AIREY
NO3-N¢] o] & H&o] ¥ =2 Aoz Yet(p < 005 Fig. 2-15a).
EE FollAd Alg 291l w2 7ol NO3-N o]-& Hl&o Fongk 2
o7} glA T (p = 0.82-0.98, Table 2-5). ©&, EFALZ= & Fol Hg}
o] & Wolg Hlon, Ol% dao] gHdE ol & v&ol g &
o7t Ao o= A gudn. Ad(p < 0.05), FARH(p <
0.001), Idu=(p <001)«] A P o] & v &S ES I PH
Al S fFon| gk ztolE Wolvh 2, FAR3, /iduEe] NO3-N o
& HE& H& 27 509, 751, 738% = EU4S NOs-N vl& Hir<l
320% Kt =AU o= o] FEo] 4 e® NH,-NEY NO;-NE A
ok AS ouginh whdo), FEALR S A4 JEHE ol & HlE2 B

o W&} FpolE welX gkt

ol

—_

rl

o
1o

Table 2-5. Results from nested ANOVA with community nested within
species on nitrogen uptake of plants.

F-value
Source df . . 15
N Util ratio Excess N

Species 3 3.14~ 891
Community within PA 2 0.04m 0.13™
Community within CH 2 0.09™ 0.06™
Community within IS 1 0.00™ 436"

Community within SS 1 0.05™ 278"

N Utl ratio = utilization ratio of different nitrogen forms;

Excess N = excess N concentration in leaves;

PA = Phragmites australis (ZW); CH = Carex humbertiana (Z5AMx);
IS = Iris setosa (F-A%%); SS = Sium suave (V&)

ns = not significant at p = 0.05 “p < 0.05 ™p < 0.001.
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Fig. 2-15. Utilization ratio of different nitrogen forms (a) and excess N
concentration in leaves (b) of two dominant species and two subordinate
species in different communities (means * SE, n = 5). Different capital
letters indicate significant differences between species. Asterisks indicate
significant differences between communities within the same species.
Significant differences were assessed according to Duncan post-hoc test (p
< 0.05). Double crosses indicate significant differences in nitrogen forms
ratio between plant uptake and soil content according to one sample ¢ test
(p < 0.05).

PA = Phragmites australis (ZW); CH = Carex humbertiana (Z-5AMx);

IS = Iris setosa (F-A &%), SS = Sium suave (V& );

-MC = -mono-species community; ~DC = —-dominant community.
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o fon @ Aols w4

el Ao PNHF 3 & =5 f
ﬂ%%,ﬂ%%%ﬂqzﬂ1%46ﬁ%7W6

oH(p < 0.05), TEAE,
7} = dth(Fig. 2-15b). &5

g Mol fFen gk xols Holx] ¢kt HEA é}ﬂﬂp = 0.8%)
o} FEAIZ(p = 09 F ol UiAE 2919 w2 el g PN
eF 7ol ApolE W 1%1 e 9kth(Table 2-5). Whd o] F&4F9 HA)
2ol 9o PNgH F71ee g g 52 $HETER
o oF 31%7F FusAl SdtHp < 0.05). & FE5F I E 9
Ao PNeH Z7h&S fFou g ol ol o), Zdl $-Hatgel A

ru

SA: SRATHEY oF 27%7F kv (p = 0.10).

23.4. TXAA A ZAFANA A& o] & AF F
At FHAe] o H 3¢
(A EA AA ] BN F53/5FU3 PN 71 + 3.3%0|Ah. 5%
FAZE2s /duEe] NOs-N o] & v&2 $HEQ At 5
Bl =9k (p < 0.05, Fig. 2-16a). Zh(p = 0
MEUE(p = 094 F <tolA UAd % 7R =4
o] & H]g 9] o7} ¢UATHTable 2-6). BHHA], FEALZ2E 717
upet A FEpd o] g gl Aok dem, FHAE A
A o] A&l e AR} NOS—N o] H|&o] TAhdE
Z Jegti(p < 0.05). ol ZHALZR7F A A ko] A
of e o] g 7taAe] muhe RS vt Zd, &
< TAA At BAGle]l E4e NOs-N Hl&HT & NOs-N ©]
g HE&S Bygon HAYHoR NO;-NE Hsds A
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2409 BE 21094 T3
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Species - Interspecific competition

Fig. 2-16. Effect of interspecific competition on utilization ratio of different
nitrogen forms (a), excess N concentration in leaves (b), root-specific N
uptake rate (c) of two dominant species and two subordinate species [means
+ SE, n =5 for (a), n =10 or 9 (SS x With IS) for (b), n = 5 or 4 (SS x
With IS) for (c)]. Different capital letters indicate significant differences
between species. Different lowercase letters indicate significant differences
between interspecific competition treatments within the same species.
Significant differences were assessed according to Duncan post-hoc test (p
< 0.05). Double crosses indicate significant differences in nitrogen forms
ratio between plant uptake and soil content according to one sample #test
(p < 0.05).

PA = Phragmites australis (Z1W); CH = Carex humbertiana (Z-5AM%);

IS = Iris setosa (F-A5%); SS = Sium suave (|'E}=).
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Species - Interspecific competition

Fig. 2-16. (continued)

PA = Phragmites australis (ZW); CH = Carex humbertiana (25 %),

); SS = Sium suave (F|E}HE).

Iris setosa (F-2) 5%

IS =
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Table 2-6. Results from nested ANOVA with interspecific competition (Inter
C) treatments nested within species on nitrogen uptake and growth of plants.

F-value

Source df

N Util ratio Excess ®N SNUR CR-Biomass CR-R/A
Species 3 8.58 " 7307 50.08 *** 3.79° 306"
Inter C ns ns ns ns ns
Ty 2 0.11 0.08 0.68 0.10 0.30
Inter C 2 479 0.03 " 0.18" 0.54 " 0.26
within CH ' ' ' ' :
Inter C 1 0.06" 2.84* 5.90 ** 12,29 334"
within IS
Inter C ns ns otk otk ns
i e 0.13 253 8.37 9.43 0.67

N Utili ratio = utilization ratio of different nitrogen forms;

Excess "N = excess "N concentration in leaves;

SNUR = root-specific °N uptake rate;

CR-Biomass = competitive response based on biomass;

CR-R/A = competitive response based on root/above-ground biomass ratio;
PA = Phragmites australis (ZW); CH = Carex humbertiana (5} %);

IS = Iris setosa (F-AN%%); SS = Sium suave ()EL}E);

ns = not significant at p = 0.05; "p < 0.05; “p < 0.01; **p < 0.001.

avje] Aol NFF Srhgs pe) gyl N F4ee 254
=

U (p < 0.05 Fig. 2-16b &

2, Alefstar, ol PNtk S7hgS SEARZ, FAILE,
E el zelzh gl o, e oivl PN F5E&S ADuE, BARE,
TEALRY] FoE =T < 005). FHETA AU EFARE F
bl A WAlE 8210 FIHAEA el F W AolE Holx &Uth
(Table 2-6). RtHol, F5FQ FAjxe) A= F W7k st
BAstE A e FHAA (o] AEo] AU AR &
= AEuEd dAsks 2R WAt (p < 0.05). HTuE G4 H
AREH FAE AFS B0 Fong Hole el v PN F5

o vk YEFITHp < 0.05).
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X
A
ol

ol

(221 + 44 g), 2202 £ 6.7 g), WL H=(080 + 3.7 g),

N A Hpel/A A

+ 0.10), 7273045 £ 0.15), 7N

o] z&ro A 1 HTro] Y tH(Fig. 2-17a).

R UE-(0.70) 2]

23}

]

A
&

o
X

o]

o]lr:

A ket (p < 0.05).

)

Fepn

S5 AF2(0.92) Bt

o

H(p = 0919 TEAZ(p =

N

—_—

0

o

KR

ol

Nfo

!

el

]

A
2

o)
ES

1Hp < 0.001, Table 2-6). ©]

bol a3

S

I 7

7_)7
w

ol 27l vk Foll H

o ==
= 6

Aoz e (p < 0.05).

T
T
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(b)

2.0

1.2 A -
0.8 -

04 -

Competitive response based on
root/above-ground biomass ratio

0.0
With With With | With With With| With With With| With With With

CH IS SS| PA IS SS| PA CH SS| PA CH IS
PA CH IS SS

Species - Interspecific competition
Fig. 2-17. Competitive response based on biomass (a) and
root/above-ground biomass ratio (b) of two dominant species and two
subordinate species under different neighbor species (means = SE, n = 5).
Different capital letters indicate significant differences between species.
Different lowercase letters indicate significant differences between
interspecific competition treatments within the same species. Significant
differences were assessed according to Duncan post-hoc test (p < 0.05).
PA = Phragmites australis (ZW); CH = Carex humbertiana (5 A %);
IS = Iris setosa (F-AN5%); SS = Sium suave (7Y HE).
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ZAd(1.39 + 0.23), FAE=(1.36 £ 0.20), /A HE(1.28 £ 0.23)

of BE/AGE Alge] td FAH WS FEAE0.06 £ 0.16)E T
=om(p < 0.05), 1 ol A5 BAtH(Fig. 2-17b). ol= Zd, H
A5, HEv= A oste] Bl niEo]l TUHleE 9V
ghoh, wbwol FEA RO B /A gHE vl o A e A
Aoz 13 FARE FAS Bdoew, FHFAgd o7 FFe] vEhA
gttt & QoA wiAlE 2RIl Tl Hee F)2 Al =
0.74), S5FAtx(p = 0.78), W= (p = 052)9 F/AZF v&ol

S AAA Wl GFe FA Lhrh(Table 2-6). Welel, FA 2T &
R

=2 &
rob
o,
o2,
i
(=

BN o
2
_>;1_¢‘
©
A
N
X0
32 M
o

2] 9] 1ch

g 4 J&S vERWTH(Ashton et al. 2010). A, $ATHFA B9

FANA2ETHE 297 £ 067 mg-kg 02 fswe] o2 F39 %
ARl AFA9 41.9-56.1%(Fi-7] 2015, Nam et al. 2018), wj%-
23.6%(Jeon et al. 2013), st=HA19 4.9-9.9%(Kim et al. 2012, Park et
al. 2018), 2FA5A19] 9.9-39.2%(Yoon et al. 2011, ©x&3 AA=
2012, Park et al. 2013, Choi et al. 2021), 152 4.7%(Choi et al. 2022)
of sjgdste] ¢ A I FASTFA ELGY T FUIEALTES
T eol A Aie] gk A A9 FZe A vEd A7
12.8-61.6%°l 3133 t}H(Kahmen et al. 2006, Ashton et al. 2010, Gao et
al. 2014, Jia et al. 2020). A, A ZFA ELY F71ETHS 142 +
0.82%= whEl=olX t& F3d s sFAe 1568-447% FFolAtt

oy
N
1o

[@))
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(Yoon et al. 2011, Jeon et al. 2013, Park et al. 2018, Choi et al. 2022).

T8 FE B AMAES YEE AR F shveld, e {71E

e A2 A4S AT = Adck(Bauver & Black 1994). A A, 54

SHA ESS wydhero]l 95 £ 2.0%, FETTO] 1.84 £ 1.38% % ALE
t}

Cole vE 7R sAERY By vjEo] 2v] o] w2
A o] th(Park et al. 2013, Choi et al. 2022). °]+= FAEFA7F Aol
FAHEAN7] HEom HAHHLE T 2016). o]l =i HES
Fo] g2 B ditrow v 4o HigeHs 7RI HH(Villa et al

=
2021). YA, A5~ dEdE T st 2l 942 A FE2 FAZ
7

me >
N
o
N
R
i,
rlr
poy
o
ol
o2
=
—_ i
2
£
—
o)
5
@
=
)
S
S
x

[e)
51 cm, AU &= A AFE A=
2 vl e FA A dEd 329 62.4-99.3%,
10.6-41.07%°l &= FPHKim et al. 1986, Z+~7] 2015 Hong et al.

o] &of AEFo AFo| & FFES & F U+ A 2902 yE
U gt FAEHFA= A FHA o] slge dEgs s g 9l
on, oo ME 2 EY v A=Y AFE A= 78 8<lo]
UH(Shrivastava & Kumar 2015, $i-7] 2015). X 2F5A Y EY 9=+
1.29 £ 0.22%°1 o, o= BF, FF, ST+ 9 Wad == A

g

e FEA 20002 Hehom (P Pyl 2013), thiiLe]
[e13
5

42 AMT £ AE 18%I AR FRIAHEFELN
s D

2016). T FAEFAY] GE FEL OFF G Wl AsA
Fo dud o8 Agel =A ARHE Aoz S ol B o
2 g7 Ass nushs Ao 2R & Atk EF Gk 15048
5o(E57] 2015), 13-20%(c1 AT & 2008)2) A&AelA drje] AR
AERe FABEARG 247 o 67, 20 B Aoz wnHYY.
FAEHAEL o 9FANT GE FEol ReoE BTy o e 4
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al. 2013, Park et al. 2018). $X &% 3l
5471%= A5 Eo #AA v FAHT @i sy EYGHOE =2
Ao 2 YeEltHYoon et al. 2011, Jeon et al. 2013, Park et al. 2018).
o 7HA 874 892 AEY] A4 F&d FHE o8 v&
S T A2 (Britto & Kronzucker 2013), webA 4
A4 o] & WAYFo A4 A9 £ A g mA = o
FIF= Hrietrl A= SHY dFS WA F SojoF g
(Jochum et al. 2020). Zth ¢-Haeta S5AE AT Alolol A A
el EQF 49 Foulg Zolrp Holx ¢
Table 2-3). T3t Zuje} Zo] 217} & 8T gt A4 o2 4
o S At TS EF= 2AE
(Minchinton & Bertness 2003, Lou et al. 2016). 4%
olale] FollA Ad HIgo] TEAE: FHTHET 2 AUHFEE
BATFig. 2-14). Wi, FE£Fo AY &, T A, 7lsH
¥ Age A A o Sektk(Figs. 2-11 & 2-12). 548 3
o

o] 217} EE 60 cm °lF¥YE AL 1
Q

9
2
o
o
N

>
=2
i
)
o 10
O
il
1
il
of\

242. $3Z¢ ARHE WAYE

o] ATE SAEHANA YRS NFor $HFoR Due)
2EAZE HPAOR Justart. T3 o2 4L BAT 242
NAE o F FM SHF S4o] vpeuch 2Hish 2HAzE F
Spom AAE FARLY AW ARl ud AAH wrgol
frelnaiA ERthFig. 2-172). o= $@F FHENT EF0AAe
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A9 Gge AA wov, yuHon we AARL dE JE

o] Aqtet A3 E(Ashton et al. 2010). =3 2o dF ZEA}
Z AT 21431 ¢ DW-m )9t SEAX(145.3 ¢ DW-m 99
AR AEFS F H‘“ﬂ<144 g DW-m?)# ML UE(117 ¢ DW'm?)
Hop =R (Fig. 2-11). A= Adu=e J=rt =2 3 o=
How WIPFE ‘?4_])‘]23\ = AS 1H3H(Table 2-1), $AEZFA
AA AN A7 A FHATH FH5F ALTF BEF Aol o F A
ojtt. ol& =L AEEFS VTR $AHETE AYste 7= AT
o %] gHoH(Grime 1998, Avolio et al. 2019).

o] AFdA FHFTS ZAAsIE WMAYUSTEE & FdA “=
= Al FFETH ‘=2 A ol TtaATel 44 FgdHAT T A
Aol FHFY A o]& 540 Foll Wt =24 Y= A o
ol Hae vl AdtH(Aanderud & Bledsoe 2009, Wang et al. 2016). Z
He ‘=2 Ad FFE7Y WMAUSEE VA= AR yewew, 34
o] < #AGle] B AAE FF35t¥th(Figs. 2-15b, 2-16b, & c¢).
Zdiel 2ol 2i7F =& AQHES At dEE GBS e
o] Holurta Hiaso] Adth(Lem et al. 2008). AU+ iAoz
A% F4Eo] =01 (Qing et al. 2015, Li & Guo 2017), 28 A 3}lo) A
Hold B&& Hloe 7I1EY A7+ o Axet dAgth(Lee et al
2000, Garcia-Valero et al. 2020).

SEabzE ‘Ee A9 0§ tadte MAUZES AXE Ao

2 Ueun. S5 s S8 Al e 2AEE A X]ﬁi 7}

Aol A ol A& fle= g

2 HE&E NH-NE ol &3l th(Fig. 2-16a). °l+«= —ﬂ%‘%/\}_%ﬂ &3t
A ZE(Carex) 2 &2 A7 AdE A, D4 FH o] & U
Aol Aot Rad A LA (Choo et al. 2002). T A=
o “w2 A o] & TFAATY #AC e == oY AFelA XS
Helow Mz vE A3}t =E5HJT. 28 A4 3Tl BA
Hhg-sto] 2kl ol & WS WY Husdth(Aerts et al. 1991,
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Casper & Jackson 1997, Ashton et al. 2010, Grassein et al. 2010). ®F
Wol, e AFE JUHoR FAHol e FHFo] Bt 4AL of

gtomA AT HY  AAS j%?f}r/}ﬂ B st tt(May &
MacArthur 1972, Hector et al. 1999, McKane et al. 2002, Jia et al
2020). W3 “=o Y ol & FFAATE WL Aol Yl 1
BuE7| % 3 HHong et al. 2017, Fajardo & Siefert 2019). o] A
Aol A A FHol THYSF ol & 7taAol w2 TEAIRE TP A
5

gstel Wa Freol YFHA fAHYOY, TEA RF FHFO

et Bl
-1 O

TG A o8kl A —E—?%Ol skl v (Fig. 2-16b & c). weEhA
of Ayt= AT WAUFTLE w2 A o8 TtaATe A A8,
2 el 3k ol g Hlee WEshE Ve A BHAAAM A &
FES FASIE B E=Fo] Hi= Ao® HtH(Ashton et al. 2010,

Phoenix et al. 2020).

g2 MAYUTeR “FHT dEHY Ad of&Te WY A=
FoletA detdA St AdHd A AE(EWAE A T A

BE EA)Sh Al Gl FHelA 2HAz Ak Fepd ol§
e B Fu gt fARS] W, o AL AXGFE AA
2Y 5 9Avh(Figs. 2-15a & 2-16a). Tk 712 AEH 3]0 )

=2
FatE o] AZo] glE Jd.ow E%A}éb EM NO3-N H] & Ht}
=
=)

O{Ll
oftl
2 ¢
lo

=0 &2 NOyNZ o] &3t} ° 1ol 479) AU
218 H.13 McKane 5(2002)

rlo
o r ol
N
=
2,
>,
_l[}lv r*O
O_l_,
g
>,
Re)
0%,
=
Y

T(EA 9 2g) Zéfjré' &3 A “'SH
o

A tHKahmen et al. 2009). o] 5o “FH-3t e = o] 879 7l &
A EE B AF7 B FE S 0 (Aanderud & Bledsoe 2009, Mayor
et al. 2014, XI et al. 2017, Yang et al. 2018), =AY FHWAAS
R FAE 712 A ANE HrkekA 2o =, A" wAY
FoR “E2 Y ol AT JHAe Fo Aol I, ‘T F

pE4 [e]

rot

_’71_



|7 7Mool AdF7F HASE F U dHoE A=
= 2N vE FERY FHAH SR v NOs-N o] & ¥

S HA o (Fig. 2-16a), o] 3] Eokiﬂ NOs-N Hl&HTE= =2
AE BAd. wepA ddelA “FRg FdeEe] xd o] &7 wAYF
g S FAsHA &gt

TAFe WMAYSES NOs-N& NH-N9 daeef hgk B2t

A B AP AoR WY BE F& o] AZEo] Qe XA
EY &y Huds o, NOs-NE AHzstes Aoz BHAY(Fig.
2-16a). ol FA oA NH,-N7F g oz FReA| N ojH F2| 45
= NO3-N& A3, NOs-N7F =& Hl&= TS o ¢33 4%
S Y= 71E9 A9 A s (Munzarova et al. 2006, Tylova et
al. 2008, Jia et al. 2020). NO3-N¢| &4+ NH,NEUT @2 dquyA &
a9 7 z“ﬂE}(Kurimoto et al. 2004). 18} A& 29 NHy-N 42
g Fol29 &5 Ao 22 =4 235 7HAH, o] &3] ¢
Aol 2w 3t T7F dEE FE)de duA7t ARG
(Bittsanszky et al. 2015, Qian et al. 2021). NH,~N =% o] A4S e

= T3 NH-N FA4 d§ste A2 Foll wet Aol7p vt
A A (Britto & Kronzucker 2013). A A3 #A Qo] F5HFo ¥
sto] NHy-N o] & Hl&o] ¥ Zth= NH,-N F2 o gk Wido] Ao
Hog = Ao AHA AT (Tylova et al. 2008). mz7A 2, &=
AbZ27F &gk A xEY] AR T2 = e NHyNE S84 0= o
£ F v Ei’ﬂ‘”ﬂr(Choo et al. 2002). Al wr&ato] A ¥
B o] & Hl o W3E JHA e AT wAYES & dHAA ‘3%
Sk o L} (Bartelheimer & Poschlod 2014, Qian et al. 2021), &l =2 7 A9
Sl 287 TR WEE %’Sﬂ A FF A&
Ao 2 135 H(Schofield 2020).
& EEAIRY Afode AR 01} A F59 ZA9 NHN

o= Q3 A Abol9 Efol=exE F

s
zS|
Ae= o=z o dst.

ri‘ﬂm

[ =ity
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i

A e e &9 vls3
& 7ol YEYA B2 FES
o] F7FsF A tH(Fig. 2-17h).
”Hﬂ(nelghbour roots) 8] =A7F A&l Asky A thEk
171 f1ste] Hreje] &9 H &S S7HAZITE 71E9 AT
] 3 th(Kembel & Cahill 2005, Murphy & Dudley 2007). W of,
FEf] o] & 7t ol =2 EHFAIRE T A wHE-sho
Hl&o] Ao WshA] &on, FAo Hi FF
A HFig. 2-16b & ¢). ol ©& T3 v
1A @deg=E AHer A& F7F AEYE
RE FollA e #A 7} X]E}—tr" A o
FobA Xt 7EY AT °
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X,
RN

2! = oM (Jia et al. 2020), A2
°of FAE F7HAZI7IHGE el AAS Foli
A ZHTHLL et al. 2021). ©] AFolA FA Qo B

957 grort, e zﬂq Ause 2

2l
o
P
AC)

= A
ol
x
)
R

oN Ht =2 2 K
T =W
PN o 2
(0]

ﬁ
o ™o e
ogh d

9w 4=
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o _11

o oX,

E rlo

as JN

oo

rlo

N

N

re
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(Umana et al. 2021).

CRES AHE A9 2T AAUZY BA

e AU FRETY 54 A1 gue e A9 o a
qre B4 bR 2EAzE AWA A9 Bde] WAUZoR 47
“mAH A A9 Aok “SHH ApnAgT slefshs Ao 1
ek 71E9 2Y AT A A9 A WAUES A9
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S} (McKane et al. 2002, Hong et al. 2017, Jia et al. 2020), ©] <1<
A ool gk A= §lATh

TEAL xS} T5F Aol A FHE o8 H] &9 Ao
ol FE5F Aol ApolEu 27| wjitel, S5AR7E AH A A
gt o =LA 7]93steE Aoz Hou(Figs. 2-15a & 2-16a). 3t
ATl gt A A9 B 5 Holv THTY AGAA
Ehdth, AR S5ARTE ol AER S
T&(Figs. 2-15b, 2-16b, & )3 A& (Figs. 2-1
o7 A FAHJT. F, FHFLEZHN TEAXE ZUEY F

APz AdHor Fo FEH FUUYA
o

w
—_
N
~

oh & 41 AT o

f

_‘d
oy

™
A

(e]

b}

=4S B TUHAAY Fae AE +H9 F
4 S7rE THALL=Ad W E 2AE AAEA g ktH(Casper
Jackson 1997, Ashton et al. 2010, Grassein et al. 2010). wt2}A o]
T Ade 1A HAARTY] A A9 2 WAYF Y ¥
o 7144& & Advke AE FAE AT S5 <
=9 AT AEE §lony, ol AlxE 4 &
Al 7lggts 71EY dae #dEel A= AW (Yu et al
2010, Bourgeois et al. 2018).

R A g g B S e - T &

Ao HAAQ JFS FUS Aoz oifdnt Aol o] FHHo
2 Ads o)&ste AESTS UE TY A o
et al. 2013). o= Zu7l W2 A A APA A EE
et al. 2019), THFAHol & waEs ¥

sty =2 X th(Haslam 1971, Lem et al. 2008).
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4 ™ 2 @ o

ojqt XS WMol 1A
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el E5A R BFE g2 3 %1%3}‘{— BN FTET
Ao e o] & H & Ao]E HolmR F F EF “NHA 379
71098 Aoz 7|thE tH(Figs. 2-15a & 2-16a). ©] AF= 3 FF9
Al Fe i FHY ZdA olgd dis AEAH A9 HS SAHEA
o, FEALxe AHA 2§ B FFo] Aunt 2 o=
Uetuth B2 A7 AR A9 £2S Fole] R ERTE 1

HAAoz2 Tt AL 1 sH(Ashton et al. 2010, O'Keefe et al.
2019, Tatsumi 2020), S5A =7F Z2oiEo “ARAd 33749 o 34 7]
ofste Aem HAY ZHEAL: AT AdAer w2 Vleud
T Aa¢t XV\LH A& o] & St (Fig. 2-12¢ & d).

a4z

o] “FEA 2 Z d¥= =
€l
h

¢}

W= =3

gy o] E35}ho] ‘/}E}‘/}Uﬂ, "] 7HA WAY Fol 5 AH
A 7150 71998t Aoz Bt olHx & A oA 27] oAl Tt}
A GHrF A YelvE Ae 9@ Ad ®Had vk dtH(Loreau 2000,

Marquard et al. 2009, Guderle et al. 2018). Z 9] 2 ¢, FTEALZ 9} 4
WA v A A A9 B F Vv dR A, A AL
S BHyow, wEla ‘Bz de g9t H8d 5 s AAE 1
o v Ao A Al e A K9] xo]”E Eote] AEIA A
9] Esto] 94 5 7lojPyomw Ao “‘RAFH HE a2 F1
al7] fleiA = o B Fol tid A 288 Bow HAY

of AT AHNE AT wo= R 7HA FAgo] EA)gkTh A
A, H=F A ol& 543 A o}

U IHA ] ol
Foll A ol @A Aoy AT e R FAEM, oo wel A o

>
)
ofo
e}
o)
o
=
S
)
ofN
rl

Jo
2

_’75_



|3 AHH A9 £&Y EA Aol e ¢ U7l wWiEol tH(Matich
et al. 2021). B A YA T2 E Holv= Zde AFd+=
wet M2 fFAA, FEA, BEA 54 Zolrt E}% AL duEA
Ao m (Lem et al. 2008, Hong & Kim 2014), NOs-N H:= NH,-N9| A
Sro] dete] vgdd At AR gE A9 A4
(Tylova et al. 2008, Chlot et al. 2015, Li et al. 2021). S5AFx
AT At E §loy, AtxE A Ed gsiAs o] A9 thE o
7F RaEAY. dE B9, S48 olste] A4 el ws 01% 7t
Aol Aol YelYA GAANC. thunbergii, Jia et al. 2020), E7+7
o] = AEelA NOz-Nel iz A3 HI=E MDHCareX
bigelowii, McKane et al. 2002; Carex rupestrism, Ashton et al. 2010).
ol & AT Zuet F5AxE g2 ZAh o8 5SS FlA
e e r gy AuAe dd%Fs =
=4, o] A7+ A=Y & 1A FUTEH Fiol digh
A= A A9 Fdel #g B A
A skar o] Fo] FHth(el: von Felten et al. 2009, Jia et al. 2020, Zhuang
et al. 2020). L&y MAE FI A EY] Aa o]& EHI #ol
U2 M (Schofield 2020), °o]& F3A P A= AHEF7H] AH A A9
%610]] IS = 5 AHGerz et al. 2018). oo we} 2 A= A
& SA4ste & AR & sty e dAa
43l tH(Chalk & Smith 2021). B9 A A3aF(Soares et
al. 2016), T3 (Xue et al. 2017), pH(Robson & Abbott 1989), 9 %=
(Zeng et al. 2013, Shrivastava & Kumar 2015) 59| 374 Q<9< A
T AEY AoAEdd dFS T, old wet AEe A4 o8& =
S

dol gekd 4 ttar HaEHT o] dtelA el EHAL: A

=

M

)

et ghel 3 2l FouE ztol= Ul e (Table 2-4 & Fig.

2-13), MAEI AEY 45L& TF TEOJHLE YUEUYERE 1|

A& J3s wjAsl7l= o Hoh(Dawson et al. 2017). T3 v A &3}
2 3

AEE Aaol i ZAAAC Atk o] AFelM THEIFS Aa IH
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of gk o]& 7t FFo] ke, NOs-No| gt 2g da=
el Wl oHFig. 2-16). 12} o] o

o] =& A= BAS 3yety] AT A= AFd
et al. 2021). &, A7 W E A=A B =7HA S, <
Al dA FHel tiE =2 ol & TtAAS BEY ZhsAol dth(Ashton
et al. 2010).

AA, o] AgtolA R BAAd digh A= AFEE Ag
sto S A sfof sttt AT v TodAdol R A PR =
TS B V)= dF A (FeBel et al. 2016, Avolio et al. 2019)
of A XA4E AMANS gidoz sdu. ey
A} AskEed g e &9 v&S T3 A me Zolvt
o2& (Werner & Murphy 2001, Freschet et al. 2015), A A9} %] &}
o] AMAgE AR e S BY F At 539, $AEFA e 2ol
EY A7 AgE A A Ao gid &9 &S S

[e} E
7= A&l 7] witel, Askr AMAE S HE T 5 U

o] ATE Aast AFH FANN SHERE Ak 0§ 54
of thw, olo] wet #PI} AEAel G G WA & e 2
2 AABTHFig. 2-18). ‘¥ A FFL"S WAUZS A $HE
o cmAAel AEE A9 Fol"o, “¥e A4 o] & SaA $HEL
‘R st AuA A9 2T AAUZS FAN F5F 4%
3 FHGE Afe]l dFE FUL £ F AT ATY A9
“Ae mael oEshs gma Tl oste] JFUFE A% A
AR QA 4B FAth UHeE e AU olf a4
MAUZS 7H $4Fe] & A9 F5&"9 ST AU A
9 e g mvel o =2 sleldn
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[Phragmites] [Carex]

e A e N\ Y . . .
High resource High resource Mechanisms for determining
take rate se plasticit 1 i
. up ) | useplasticity | dominant species

s N s N\ Y .

Classical niche Dominant Mechanisms of
differentiation lasticit i itioni
_“ I' ' ) L p I' ity ) niche partitioning
Subordinate species Subordinate species Species coexistence
growth & growth & —t— > coexIst
species diversity species diversity & biodiversity

~ .
Complementarity effects dependent on Mechanisms of
sampling & selection effects diversity effects

Functional diversity Functional diversity
& productivity & productivity

-------{ Ecosystem functioning }

-

Fig. 2-18. A schematic diagram showing the mechanisms of niche
partitioning and diversity effects according to the mechanisms for
determining dominant species in plant communities.

Phragmites = Phragmites australis (Zt));

Carex = Carex humbertiana (25 AMx).

A= A olg 5T oo mE AHA A9 2T A=
37 Exe Asaea #dEsEo 9 om(Britto & Kronzucker 2013),

.
ble 44 ek aey 2P0 ddsel & 9%e FE ¢
o)

Ag wesets e B
]

@_
S oldsl= Aol Z=89°] HrH(Avolio et al. 2019). A+ ZAFE dwts}
7] flsli e o udst Aed A9 AL Fo digk gy 2 a8}
U, o] Aate Y T dig o A AEEA 229 F3te 7]
8l
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A3 AEY $HESG A4 FHo g
MA AL #A

3.1. A&

ZU Wole A Age] o wn dte] VxS AFshH,

s 7<]“"@V]rﬁi.hﬂr NA A B st A A5 A TH(Westerband et al.
2021) Holl, JA et A T Wol= AAoRE FAIEIL B
?ﬂ:r“’ﬂ/ﬂ 5 VA= BT AEdderR Fedtval MR HAY
(Zango et al. 2019). & EH, €9 ¥ ToYAe dHE B2 9
=< TW A= EA HdS o]&ste] AW H A (Bolnick et al
2011). eyt of g AJejsts AN A Tl Wolrt doldth= A A
7VsAd o] Aot W A (Bolnick et al. 2003), H<+ 1003 &< F4 Wolo
B AF7 G5 (Westerband et al. 2021). 7§ A+ (Welles & Funk
2021), % (Helsen et al. 2017), A E}Al(Fontana et al. 2019) F & ol A
FU Wol7} m e 3Fo] wal A o Bolnick 5(2011)& Fu #Wol:=
SotAl HAstY 1 FeAdE 18w, ofF FAlstE AL sttt
i A A

A AEstes A ol &, 5 AHA A99 SWoA HA s
T WolEs 9 n 3t (Bolnick et al. 2003). &3

el
A Al gk Ade] sdg WPoR A dAEse] AE&dE 5 Advk
3
gk
gk

—|~
ox
folr
_

3 ol
4
[N
1o
ox

(Hughes et al. 2009). &3] Aefd A9 +&o] Fo T TUY
of Fask dFgel AAH, MA HEstol o3 Tl e A9 &
T TWAAY HrsE Sdo=ZA ALY kA FAel 7o
T AtH(Jones et al. 2020, Perkins et al. 2020). /WA A&E3t= H<l
H= WAYSFA ek 71 RA AEsH(FAAE o] Wolo ofghet A
d MA HdEsHFEd dde= OJEJ S 7FRAdd IR SR
(Bolnick et al. 2003, Cusa et al. 2019), ol &7+ AHZA A9 +T9
HAYSF ‘A Aed A9 zko]”ep “AEjH A9 7" N
Uyt X sth(Augustyn et al. 2016). =3 oA F7ro] “ARA &

©
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3w 4By G s A Jlse #AE Agss
AAY, AR AEH 99 FUE AU AN, 29, ¥

4 At (Westerband et al. 2021).
WA AEske] A0y Aol gk A4S AL & I A
A gkoko ™ (Zango et al. 2019). 3] A& FEoA A HAFE3}e
et mEet AdHAd IA= F =3 Roscher et al. 2015,
Westerband et al. 2021). 21&2] /WA dEste] #3 AF7F Hol+= &
T4 54 T stue TW I A SAY WHol(d: C/N Hl&, 19
Al div] WA, Bree] A b Ru)E Esto] AEA A9E A
o7 FAICE Ho|th(Henn et al. 2018, Helsen et al. 2020). ©o]+&=
ol-&ot= Ade AR FAste AEY A AT R ol X ¥HRoscher
et al. 2015), 7HAl AE37F FWAAS A=A g A F
AE AAEHA ZstH, of® Aol ofDA JRA HEstel] - Eo Q)
A Fws] AdetA Eeo g 3 7HA] S-S
sk 7138 A dEste FHFE o] A= Aelth(Hughes et al. 2009,
Ehlers et al. 2016, Pérez-Izquierdo et ak, 2019). o]|&= AtjH oz 23
MA dEste] T84S HHstA e Ak T AT AN
fAoz AEA 29 7txAde oMol =71et1 9o (Chalk &
Smith 2021), W 7F&/do] 7w stol] w27 whgsto] AejA 7750l
Hals & 4 At JS 18sH(Zango et al. 2019, Matich et al
2021), A& HA A&t @ A= °E Tasith

S A Yo o "wrg EAeH, o= AL
3k FW Ayl FEE F7FA 71 (Avolio et al. 2019, Wang et al.
2021). SHABAY =7t FUbete] A HRET FobAA HW
MATE kAR FA st Aol ofHgA ®HrhH(Matich et al. 2021).

ERIE RS

3 W AHAA Fro 7HAT) OxJZo]
Ao NALLE FAGE WAYUSE T Shutetal 78R HE F
ol tigk AFrelA o] ZHEY fFARSE A3t =&HAv. Brucet s
(20060)2 F=4d FFA=e TW 27|19 HolE FAste], $HF F
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3.2. A8 9 v

32.1. FxAHA L A7 AT AA

WzzE Age) HAE A% FRANAR AR nYT F
A5 FA7F AR AHFig. 2-1). 20161 69 14Ul SAEFA A A

5
T A RSN FEHESS AAsr] fske, 20709 BESA x 1 mE
T2 AAste] T Eet WEE ZAMSIAT. Ed JE7F 10%
ol el F& AU (Phragmites australis), 5tz (Carex humbertiana),
& X 2 ([schaemum aristatum), 23X 7|(Fimbristylis tristachya var.
subbispicata), ZAVIAE(Amorpha  futicosa), 17} (Polygonum
thunbergii), 7173 & (Isachne globosa)©l A tH(Fig. 2-3). ©] oA A
e = a3t 22 o] 72 AT A A AT AR, SA B

,ﬂ% _:;%/H ND; _7;\_%/\40 r,}e ZJJrL /\gx} EHJJF 21/\ B 2= EH

5T 5
o] & <+ A7] wWEo]tH(Canovas et al. 2006, Pérez-Harguindeguy et
al. 2013). =4, W=7} & Fol Hlgte] 2t SAHRE = Xﬂﬁ}ﬂ e
X5 Holw, 5A A4 %73% 7 4k Ao A #Ee A3 =

Auipte = 1%=7F 52 dodA FE s B3 7 HES %‘%
Aoz ze7] wjitel] bl g E APAA tE ¢ gl7] "W A
T WA AL HJAT Bt T =T 2% olekel F2 A E(Lythrum

salicaria), W52 (Iris setosa), W= (Sium suave), V)= 7} ALE]
(Bidens frondosa), 2% (Lysimachia davurica), 239 = (Galium
spurium) S°lATk. o FolA WIE7F 20% o]std FAHZE, H| = 7FEAL
g, A d =S AT el AleH Sl

AT ddem e AEe FAE 20169 FATFA A
APatdet. AHEE A= EF WHdAd S 7HA = orthodox® &7 H7
] ol (Royal Botanic Gardens Kew 2021, &eo| W3 ARV} = F
| = &5 FolA A2 fAo] FAE T AEE A

—_

jigak

0

o
rl

o o

il

7

of WRste] 5T BEaTh o]F 20179 59 13Yel A edista
W ofeEAF A FAE WolAH T B Tolg ) {FHO AEEE <
sto], Adol| Qs MAGT7E FREA e TEARY FAES AT
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ol A ALEAT. HFHoE A4 Wt ¢FHAToRE anky, A,
HEg, EstEA719 4Fc], A7 W TEFTLE FARE, Ndu=E
o F Fo] AU

AT WE F avkge duA 2ieolH, UyHA e By thd
A ZEoltt, uwtE]lE  vly &3 (Polygonaceae)o| £3FH,  USDA,
NRCS(2021)¢] 2= AEE ol sty o2l /e XA e] dedst
t=7] A& (multiple stems)oll 32 3HUSDA, NRCS 2021).
Abo] Rk ghabE - A2 S EFESE ofAJo} FEF ] S ol
F Z3cH(Kawano 2008, RBG Kew 2021). Lﬂ}ab kot
sk Aol oW (Kim et al 2012), a7} =2 thdAd
st FAA v & $HEE Holv ddAl 2Ho0=
tHHong et al. 2019, Choi et al. 2022). 2= ¥ I} (Poaceae)°l] 438},
AL Astdol g Al o]Est= A etd 2 = (rhizomatous)
o] tH(USDA, NRCS 2021). A B9 oF 75°0] s Fets Eolw g g}, o}
Job, e ti&F9 Su, F9 oF 50°9 of= g7} wete] o] 2771
S & AA R dFel BEIHRBG Kew 2021). T3 AFA
F-E] sirartk 1,000 m o] el AbAIFAC] ol2% W& ke A F
I HedHAg TE Lot g3 A4 2010, 7] 2015). 4
He= Bt S, AEd B2 279 HUSDA, NRCS
2021). Nt% S dES X3S ofAlo} v H xS, FE uig
7He] AbRel FAlel A d T (s "S- 2016, RBG Kew 2021). &
= A 71+ AbZ 3 (Cyperaceae) | ;}Uﬂ AFEL A FH ZAH A FE
TdE ol 7= HAsE o A E(bunch)ol] 3@ gTHUSDA, NRCS
2021). ¥t Fo RS :{?g} ofAlote] F&Eo A= FAA A4
FHRBG Kew 2021). FA %S Z3 F(Iridaceae)dll &stH, A3 &
A&t AE2 EFETHUSDA, NRCS 2021). $Hite dE 2 AjolE X
el ofrlote] HEE adlal Y HEE, Lopgrte HAZE
A3 FA o & E3H(Boltenkov et al. 2020, RBG Kew 2021). thg++
T A FANE(FEL- ALY 24 H G w3 ME)oH, =71 4

i
H

N
ol

2

F

r
L)

=

1
3@ o

T
3

Beoomy -
rlo
El
odo (ol 2

rl

B
Ot

S

o
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S

W EE F 7] T Oﬂﬂﬂﬂr(%a‘@% b ¥ 2011). Y= A
& ¥ (Apiaceae)ol <3atw, A g =7l ok HA o] yE
A gow) shpe] A4 o] 74]—‘—011/\1 et ddE7] A E(single
stem)Z &/ HTHUSDA, NRCS 2021). 3ite, A& Fa #HAJols
gHakE ofAlolel EEHI Hopdggle] o] e FA Rxet
(RBG Kew 2021).

%\—X]E%XM]H AT AT 58S st Slst
9¢ 30l FRH=Z AT} FE7t o 67Hi1]9] zaet B=FATH)
= SA&3H Z:ﬂﬂ T T2 SAUE, %
cm), 27FE](71 cm), X (70 cm), F H%%(Bl cm), %5}*‘5%]7
cm)ol ATt A= H &g A A 4-6 m7HA }ﬂ]r“ Aow HuH
A v, FAZFANAE Fe 231E HYtH(Haslam 1972,
Lem et al. 2008, RBG Kew 2021). =1 <] H%Ur (7559 2016),
vt (Kawano 2008), & X2 (rH55Y 2016), A 52 (Lee et al. et
al. 2018), EH3=A7I(mHT-EY 2016)9] i+ 7] AFdA BHaud
A FAEE oAt AEFH T + Asti)o] & T2 SAAUE,
2 (385 ¢ DW-individual 1), 4 H.21(22.4 g DW-individual ), -z} %%
(185 g DW-individual ), Z3&=#7]1(157 ¢ DW-individual ), aLwm}g]
(139 ¢ DW-individual V), 7§} (2.8 ¢ DW-individual D)ot} A &1/

Aol AEF Bl Eo] =& T2 oAUE, Ao0.74), FARE3=0.71),
&1 2](0.59), 1110}2 2] 71(0.52), WE&(0.51), 227k2](0.40)0] ATk =] 8}
A AEY AEEe 7H Ad, FAE R, HEY Ay g v &0

éé
.
a1
—
(@)
3
N
_
(i3
i
N
%)
o~

Hw 2 =& Aoz el whde] 9l B¢ awpgle x| &5
st vl go] 7H vre Ao 2 YENYTHGeng et al. 2007).
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3.2.2. 9 N4 4% +H €& ¥4

HFEARAANA e At ddEel fAske WE 05
05 mE& AAstdt. -HE A, HHe, #atEA7], avkele] 45
A= T H=TF 80% ol WHTE 84 A whwlel], %
A ¥ =

0 FAELEIN WIS FETF 80% o]l ol flern=E

50% o]l WET= 6704 A st

THE M2 A Zol7b A=A Felstr] fsto, Zhzhe] W
oA 20179 6¥ 15-16Y0 ESFES AMAsIAT B ef AHE 4
AN F7152=S AYstal 3-10 cm ZoldA EGS AfFH ] 4
tf ofo]zukxo) who] AYPAR kg & FAo] oA Fo] 2 mm<l
A (standard sieve No. 10)& o] g3t 23} A EAE A ASATH

of
12
£

d

e 105TCAA 48K & Hxete] FA fHasE= FH)
F71 &t 7Fd 72 (loss—on—ignition method)S o] &3te] A
S 550CoA 7tgdste] A Hare2 S439 9 Boyle 2004). pH
ESY FHTE 1HE st "t AgFolel
AE AAES FHE =A7]7](pH: Corning Checkmate II, Corning,
USA; A7]HA X% model AP63, Thermo Fisher Scientific, USA)E 9]
S8t S48kttt NO;-Nok NH,-Ng &S 2 M2 KCl &4 oz
=%t 3 (Dorich & Nelson 1983), ZZ} hydrazine % (Kamphake et al.
1967)7} indophenol ¥ (Solorzano 1969)S %3le] H| A A F3}¢it}.
PO,~P8 %S Bray No. 1 €do=2 A= T (Bray & Kurtz 1945),
ascorbic acid reduction " (Murphy & Riley 1962)°.% H| A A k31
o} K, Ca®, Na, Mg“ & %2> 1 N9 NHOAc F#&doz AE3 F
(Allen et al. 1974), YA 37 (model AA240FS, Varian, USA)E
£l Attt EAS hydrometer W (Sheldrick & Wang 1993)&
o]-&ate] Eel, mAL, AES Hl&S AL T vomEiEe EAMNZ

W7 WeEE 2017d

BN
)

o
)
N
P
u
=8
011 l‘l r



A selats] Slakel, 20179 69 15-1626] 27t WA TN §1

323. 438 24

A zel A Z1do] gito] Ui HHehd A3 gkl AR )
A7 ApE = Ao Wi E ko] U FHe A o] &l diF
TUHAAS] ol UetA F& F Ak APS AT EFS Z2A5)
71 flsko], 2016l =8 AES Fxez AHI Ryge £9dH S
T2 3 v ZFA BTN 19, 1:29, 1:59, 1:119)°] th3t oju] A+
E N (Table 3-1). EY =dHZ 2719 JEMHAF 12 cm, =9]
13 =l

cm)= =H &k, 1749

J‘?"XHJ}?\‘_; ‘ITJJ- 97H iﬂ

sl = armbE] 2 9hAl, UwA 3}
Nak 5 oF 37HYL (20169 5€ 20¢-7¥ 20

1:59¢F 1:119¢] E%o A= ainla] ¢}
2ol A A AbgEdeh T3 1:99F 1:299] EdoAE F

RE MAZ BESAT wEbA o] Ao E38HH] 1:1299 E
AHEE 712 AT o] B F FU7]FANOs-N + NH-N)EH

13.29 mg-kg*olftl ol FxAEA EL oF 45ufd st
(Table 2-3). & F71224 W9l NO3-N2o| H &2 FZAE AR 7.8%
7} Ee 398/01;%} A% E%Y pHE 67307 F2AH7(6.79) Kot
okttt ¥ EF(EYTEF = 96.51%, IA}?;%%‘E = 2.03%, FESF =
1.46%)2] EALS ALER FZAHA EF(EATF = 95.00%, vAMSHHF
= 3.16%, FESHF = 1.84%)7} 2ok},

do to oh & e
=

f
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Table 3-1. Soil nutrients applied to preliminary experiments for the
mesocosm experiments and comparison with the reference ecosystem.

Means (mg-kg )
NOs-N NH4;-N POs&~P TIN NO3-N:TDIN(%)

Soil for experiments

1:9 (10) 15.57 23.59 13.04 39.16 39.8
Volume ratio of
rice bed soil to 1:29 (30) 5.28 8.00 461 13.29 39.8
washed sand 1:59 (60) 2.71 411 2.51 6.82 39.8
(dilution factor)
1:119 (1200 1.43 2.16 1.45 3.58 39.8

Soil of the reference ecosystem (Songji lagoon wetland)
0.95 2.02 1.62 2.98 32.0
TIN = total inorganic N (NO3-N + NH4-N)

2017 5¢ 139l AMEAe Al W ofEAF (Sl
S e vde ) T oo} WzaE Aol T
AqE&A el A 301 (1991-2020) 5 ¢ AF T 72 128T=2 FxAH
AZF e w8 RT 14C7 Sohvk(Fig. 2-2 & 3-1). AF oA A&
A go] o] Fo 7|7H5-9Y)e] H 722 AMEAN(228T)9 nAdT
(229C) ztell & #kol7b gidh o8 e Feh~dg 84l x 24
cm, =°] 11 cm)ol EYS 5 cm ZolE2 Af3, A7 tdFd T

g Sk FE/F U BPAM eks Ao, 4 Foh

ATt FF F ¢ 3F T AFAYL F, AFES A MAE AESES
o} 20179 69 199 231 E 7|£o® vty = 6-8 cm, 2= 4-6
cm, & X2# = 35 cm, Z3=A7]= 3-5 cm, FAEES 4-6 cm, 7
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Fig. 3-2. Experimental design of intraspecific competition treatments in ex
situ mesocosm experiments.
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Table 3-2. The number of replicates (pots) for intraspecific competition
treatments and measurement parameters within a species.

Intraspecific competition | No. Performance date
treatments of
(Individual density) pots | July 13-15 July 27-28 October 5
6 Tracer app A Soil & Biomass
1-pot ! 5 Tracer app B
1 Control for B
6 Tracer app A Soil & Biomass
3-pot ! 5 Tracer app B
1 Control for B
4 Tracer app A ) .
5 Soil & Biomass
9-pot !
4 Tracer app B
1 Control for B
Sum 35

Tracer app A = tracer application A to determine the excess N concentration in
leaves and utilization ratio of different nitrogen forms;

Tracer app B = tracer application B to determine the excess "N concentration in
leaves and root-specific °N uptake rate;

Control for B = Control for determining the N content of non—labeled plants for
tracer application B;

Soil & Biomass = soil nitrogen measurement and harvest for plant biomass.

Aol AaE 7] 27 kel ARE AAE o4 2Ed st
Ao Festn 2ub FAR AAZ A AAsG FEE 7
270l WA Y e TAAD gAMNAOM, AHel A FFL A
it 20179 6-78elE 15, 8990 = 23 A0z e WA
o wekele Agols ARA FAA AA Al G SN ¥
Aee W 4 A7) Wi, 89 5%0] SR F& Aol o
A Agel AAHE B FRES ASH 0w Bl i
Hee NFoE -7 cmdl F97b #AHAG B, FA4Z FY5] 2
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Table 3-3. Results from multiple regression analysis between variables
and above-ground biomass (g of dry weight) of study species in the
mesocosm experiments.

Species Variables Izgeg;feiziséﬁil t-value Ad];;ted F-value

Constant 0.111 0.32 »=076

PT  Height (cm) 0.044 263" 0.97 151.58
Leaf number 0.024 249"
Constant -0.050 -0.33 770

PA  Sum of shoot length (cm) 0.006 3.00 " 0.97 131.73
Leaf number 0.034 2.62 "
Constant -1.730 -1.70 #7013

IA  Height (cm) 0.060 3.04" 091 46.10 ™
Leaf number 0.080 338"
Constant -0.900 -1.54 77007

FT  Shoot number 0.127 342" 0.94 72.18 "
Leaf number 0.044 341°
Constant -0.459 -1.85 #7701

Is Height (cm) 0.047 432 0.95 85.75
Leaf number 0.136 412
Constant -0.602 -1.54 77007

SS  Height (cm) 0.040 357 0.96 102.95 =
Leaflet number 0.04 4.05 ™

PT = Polygonum thunbergii (11v}2]); PA = Phragmites australis (Z));
IA = Ischaemum aristatum (& XE.2]);

FT = Fimbristylis tristachya var. subbispicata (B3}5+]7]);
IS = Iris setosa (F-A%%); SS = Sium suave (7]¥}&);
“p < 0.05; “p < 0.01;, ™p < 0.001.
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Fig. 3-3. Growth in above-ground biomass of study species without
neighbors in the mesocosm experiments (means + SE, n = 8).

PT = Polygonum thunbergii (1.v}2]); PA = Phragmites australis (Zt));

IA = [schaemum aristatum (& ®.2]);

FT = Fimbristylis tristachyva var. subbispicata (Z3}5#]7]);

IS = Iris setosa (F-A5-%); SS = Sium suave (7T }E).
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Fig. 3-4. Change in total inorganic nitrogen (NO3-N + NH;-N) in soil
under different species without neighbors in the mesocosm experiments
(means = SE, n = 3).

PT = Polygonum thunbergii (11v}2]); PA = Phragmites australis (Zth);

IA = Ischaemum aristatum (& X.2]);

FT = Fimbristylis tristachyva var. subbispicata (Z3l&5*]7]);

IS = Iris setosa (F-A%-%); SS = Sium suave (V) UE).
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Fig. 3-5. Change in NOs;-N/total inorganic nitrogen (NO3-N + NH;-N) ratio
in soil wunder different species without neighbors in the mesocosm
experiments (means + SE, n = 3).

PT = Polygonum thunbergii (11v}2]); PA = Phragmites australis (Zth);

IA = Ischaemum aristatum (& X.2]);

FT = Fimbristylis tristachya var. subbispicata (235 %]7]);

IS = Iris setosa (F-A%3%); SS = Sium suave (V) UE).
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i Ao FARON) Free e EAstt Nel

wz} oS WS 4= glth(Kahmen et al. 2006). walA, =4

Al ol

HE Aaggy da i Blae Aolrk AA @ Al FAAE
A&sk= Zlol mpgA sty 2017d 79 13l T3 FNAEAY AHHYE =
Fek mE 2R 37 SRl A oF 10 gof EdS AFHAFATE oldE
AEASs s Ay, F FU1AaTES NOs-N &2 S(p = 099,

p =093 FWAA(p = 051, p = 053) Fell FnE xpol7F gl Th
79 27199 AfedE, F FUIALTEHR NOs-N H&2 F(p = 094, p
37, p = 040) 7kl Fojm gk Aol7t glAT).

olo wgl 7¥ 1393} 279 Ao FHA AL |2 AR
FA2 ALAE 20179 7€l 7 AE(13-149 3 27-28%)¢
A4, T3 FTHAA AGE 2T 186 x MY ZAYE 67/(Gd
A Ao 3MA AR 21) B 7] sHEOMA A A )l A wHEE ]
T} o]Z 938ko] KPNO3(98% °N), PNH,CI(98% N), KNOs, NH,CI9]
I mmol-L" F&9& 27 Fuladnh. & 7k Feje] dio PNE
FAE Fgae FEIZ 107 AH 2 m¥ FYsAH(Fig. 3-2).
Fefe] AAMPN7F BAEHA &) #4898 22 F 79
stel g ZFA FEjel gk AlRle] dFS AAStA sHATh 133+
(13-149)°]  Anko ﬂ%oﬂt KPNO; + NH,CIS, YA 3t&o=
KNO; + PNH,ClS FHA2 2 &3t on 23] 2(27-28Y)0ll = 2tz
shitoll 13] 2k} HPHH Fe g FAAR FYaAunt. dRHoz 33

_‘

=] gw-ﬂ 2745 ug* 5N7} FHHReH, ol EY 7HF(1.37
grem g LEPE W, EF F 1= oF 1.03% g 1
32k A8 F AEe dg AP FAdde BFste] Eded Helds

ENE Hh@ AASHA s,

FAAE FAY Wl wiEel 2o ¥t AL WAL, F
A7} BaF SFAHES wpmel 4] Zwe] Tol

T
z
Ir
o
i
o
- %9,

sl
439 tH Andersen et al. 2017). A~

= =2
g AAS wEA B, gl FnF AL F
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3l tH(Ashton et al. 2010). 3FF 5 A Zbo] W& A4 F59 WHolE =
o] 7] HOPO% BE FH2 482 7-104]9 o] Fo] HHCott et al. 2020).
:

A
S ol A 7ﬂxﬂkﬂi Ae AP A2 AEA oA 4HAFEH A
g Ao Ao® AT 1FH(FAREE, AduE
we)), BE 4FEEA7DA A8 AdE de SRFE AH F
Azt Fetdnt. o] %ol sAP IS F7] 7| del st Aad
A4 7] (Flash EA 1112, Thermo Electron corporation, USA)9} <¢H4EA &
Y48 ALEX 7] (Vision-EA, Isoprime, UK)E %3] HaAAidtgk
(%) §°N(%) & 7 skt

st = (S éliiﬂ T 7HA @Eel tiste] 74z 9o
PN-atom%¢} PN¥& 7185 A4stdth KPNOss FAAR 2443
A%ol= NOs-"N-atom%¢ NO;-PN&#F Z7}8(Excess NO3-"N)<&
o053 2ol AR THQing et al. 2015).

Eal

_

N

oN 4

S /r=

NOs-®N-atom% = 100 / [1 / {(6"N / 1000 + 1) x R®Nagr} + 1]
RPNagk = t719 PN/MN v &2 0.00367655 2] &3+

Excess NOs—°N (ug ®N-g™ DW-d™) = (TNiapelea *
NO;~""N-atom%iapetea = TNbrga X NOz="°"N-atom%trea) x 100 / 1 day
TNupeea = 22 T 59 AA &%),
NO3;—"N-atom%aheica = 22 9 F2] NO3-"N-atom%,

TNpkga = T2 9 o] AAALT=(%) Ht,

NOs—"N-atom%piga = 22 9 9] NOsg-""N-atom% 3 it

U3 g ow NH-PN3HEH ZF718 (Excess NH-PN)S A4k
Ak HFHOE NO;-"N&F /M43 NH,-"NgH 7188 ¢t
of T 7FA Fefol the Ao PNEgHF F7FE(Excess "N)S A4k
th =3 A4 el o]& M&(N Ut ratio)s ®A¢ PNe# =718
of th3t NO;-PN&H F718 £ NH-PNEEF F7189 njg=z A4l
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A ol Aol F4E FAAGN) FeE W&o AAw o gat
A

o ol g W& Atk AP da Ak

Excess N (pg ®N-g! DW-d!) = Excess NO3-°N +
Excess NH4-°N
NOs-N Util ratio (%) = 100 x Excess NO3-°N / Excess "°N
NH4-N Util ratio (%) = 100 x Excess NH4;~°N / Excess °N

w0 AE 133} 28lke] A g sk B B ONF
% EEd A FE ol g ulge] FAsTE S s vk 7

o 279 A7k Qo Bhet e oFE
el mEddm Ak AA, 2 ARAA FA4 A Aol
¥l §NE BAHL o7t AATHSEE 44, p = 022). 5

[e] )
g zke] Fde PNo| diFEe 283 ol A&l FFEAAY, #
Foto] f214

do po A»
lo fo gy — K

Aoz A A4, 1839} 28 Zol A A g3l

NO;-PNg & S7182 e T3 FUHAA Ao 23N M=

URNE ~HA, p = 031-090). wRAAR

NH,-"Ng& S7h&S 18319} 232 Abolol Al from| gk Aol 7k g1t
D

oo
o
ol

37AA et 9NA A A 27N A E] DA BEsio] o]
wakz] skl FE W ZE RA o] AEE X
(niche overlap)& A #&stAth. AH 4 A9 T&5 A+ 24

goll tig v &A= (proportional similarity index, PS)E ©] &3}

S o] AAFEAH(Schoener 1970, Colwell & Futuyma 1971). ¥ &

0-19 #< 7FAH, 02 270 A7} o] &38t= Aol Ad HAA A

, 12 s A FA3 e on g

%

o
fuj
2 ' ol

o

=

k)

ol

L

-
[
e

do >

2 o
i

PS =1 - 05 x (NOs-N Diffy, + NHs~N Diffy,) / 100
NO;-N Diffy, = x7RAI<} y7lAI 2] NO3-N o] & H]&(%)2] =kole] Ak,
NH,-N Diffy, = x7HA1 ¢} y7h A 9] NH,-N o] & H]&(%)e] *fo]o] Azt
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47 44BE 20179 79 15%6] 2082 570 A A9} 3

AR A 27) = AROAA AA 22)9 shelA wEs F
Ax AgASE GEA F A FEe Ake] BE NG Al F
Az Agstgch SREE 104 A% 1 mmolLl'el KPNOu}
gatart. o] flolE FA44 4 A 5
2AWE V) SHREETIA FA4E 4§

s e AdgHe AEA ONFFe d4s] sdskel, 4
(9, A7, A, Pehz ol S £a *

/jl

Az F420 F9 F 247 At F ol

Z
I
!
-
ofo
2
o
N}
=)
=
N

A ASI 05 mmol-L ' CaCly %F%@HOH oF 302 Dwm ;

(A= B A R A

2] BN &4 2(N uptake of each part), #g] EHH]
£ (Root-specific °N uptake rate, SNUR)S th&3} o] A%
A HQing et al. 2015).

N uptake of each part (ng '°N) = Biomass X (TNipeted X
PN-atom%iabeted = TNbkga X 15N—atom%bkgd) x 100
Biomass = & A9 F&d
TNipeled = 24 T F-¢ A ;“it}a(y)
PN-atom%ppeea = 722 FY9 F9 PN-atom%,
TNpgd = 8RS FHsA Fe 279 Addirshak(%) Hif,

PN-atom%piga = A4S FUA FL x99 PN-atom% ¥
SNUR (ug ®N-g™! root DW-d)) = (N uptake of each part) /

(Root biomass x 1 day)
Root biomass = 2] 7%= (g)
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FAA AEAS BollAl FuUld Aol dA F5Edd HA= FF
S =R Hwdy] Yste], 9 PNEH Z=7Fgo] e AAH wre
(CR-Excess "N)¥} g ] PN FFgo g 2444 ws

(CR-SNUR)= v o] A4Esth(Ashton et al. 2010).

CR-Excess °N = CR-Excess ®Nywin / CR-Excess °Nuyithout
CR-Excess "Nyin = THAA ] g xdolA Ao BNk F7h8

CR-Excess "Nyinout = 0% 21 Eo] ¢l 24 Ao PNe% Z71g9 it

CR-SNUR = CR-SNURuwith / CR-SNURuwithout
CR-SNURyi = U A o] &= 7oA B v PN F5 &,

CR-SNURyimou = ©1% 21&E0] gl A B8 v PN §5&9 Ht

325 AF AEFH EF das pH
2017 109 59 2R 6719 SN HEAE FEER
AEANAN FREZ FE AATE Fo 70T
As FAS AT AEF W F4H

WS- (CR-Biomass) ¥ #2]/A] 745 vi&el et FA4 wS-(CR-R/A)&

CR-Biomass = Biomasswith / BiomasSwithout
Biomasswim = =WA o] Ad+= =AM 1A% (g individual !),

BiomasSwimout = ©] % 2 Eo] gl 7oA #F e Hi#(g-individual b)
CR_R/A = R/Awith / R/Awithout,

R/Awin = TWAAC] = 7oA Se/A8H vlE,

R/Ayimoue = ©1% =0l gl= oA e/ 35 v&o H+f
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Table 3-4. Correlations between environmental habitat characteristics and
principal component scores of study species in the Songji lagoon wetland.
The components were rotated using the varimax method.

Factor loading values

Variables

PC1 PC2 PC3
Conductivity (uS-cm ) 0.877 -0.235 -0.187
Na' (mg-kg ) 0.869 -0.228 -0.219
K" (mg-kg™) 0.860 -0.093 -0.175
Mg?* (mg-kg™) 0.792 -0.170 0.006
Organic matter content (%) -0.720 0.474 0.310
pH 0.707 -0.052 -0.382
Water content (%) -0.666 0.619 0.126
PO,~P (mg-kg™) -0.605 0.544 0.185
Clay (%) -0.070 0.848 -0.108
NH;-N (mg-kg ') ~0.240 0.791 0.434
NOs-N (mg-kg ) -0.092 0.740 0.473
Sand (%) 0.239 -0.625 -0.622
Ca” (mg'kgh -0.325 0.531 0.165
Relative altitude (cm) 0.342 -0.514 -0.457
Silt (%) -0.261 0.149 0.908
Eigenvalue 5.136 3.902 2.277
% variation explained 34.242 26.015 15.178
Cumulative % variation explained 34.242 60.256 75.434
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Fig. 3-6. A scatter plot of the first two principal component scores from
the principal component analysis (PCA) with varimax rotation based on the
relative altitude and soil environmental characteristics of study species.
PT = Polygonum thunbergii (1.v}2]); PA = Phragmites australis (Zo));
IA = Ischaemum aristatum (& R.2]);
FT = Fimbristylis tristachya var. subbispicata (&35 % 7]);
IS = Iris setosa (F-AN73); SS = Sium suave (FNEHUE).
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Table 3-5. Comparisons in environmental habitat characteristics between six

species according to one—-way ANOVA.

Means + SD F
Variables PT PA 1A FT IS SS value
(n=28) (n = 8) (n = 8) (n = 8) (n'= 6) (n = 6)
Relative 483+ 356 438+ 239 463+ 256 433+ 119 500+ 190 517+ 232 013"
altitude (cm)
Soil
Water ns
Qaler op  2211% 467 1943% 502 2150+ 477 2079+ 384 1967+ 551 1927+ 551 045
Organic matter ns
Crgaric 1o 133+ 041 126+ 082 144+ 079 147+ 086 105+ 089 146+ 117 025
pH 692+ 028 664+ 045 681+ 018 687+ 023 691+ 017 680+ 042 089"
%)S“%ﬁ})vw 662.67 + 1538 T01.52 + 2363 653.45 + 1530 657.04 + 21675 671.26 + 1BB 65751 « 359  0.05™
gn%fgq) 097+ 028 097+ 029 094+ 028 089+ 035 100+ 021 097+ 023 015™
Ny 211+ 061 196+ 055 195+ 035 199+ 045 198+ 057 218+ 059 022
(mg-kg )
E%}Eg l 168+ 069 168+ 049 163+ 030 154+ 057 171+ 081 145+ 065 019™
(r;lg'kgil) 4901 £ 180 4893+ 1445 4937+ 1106 47.77+1063 4948+ 1886 5H3.62+ H%H 0.10"s
2"
(ag kg WOT+BR 867T+UB  80.02+ %20 9566+ BB 8157+3LD 9753+ 168 0.30™
Eﬁé,kgq) 53525+ 7464 580.23+ 1635 532,62+ TR 529.68+ 12114 604.92 + 19876 52345+ IRB  0.36™
e
k) W54 2U6 9613+ 345 9318+ 22 9149+ BEH 44T+ N8 11226+ D04 045"
Soil texture Sand Sand Sand Sand Sand Sand
Sand (%) 9533+ 218 9539+ 216 9550+ 230 9547+ 239 9328+ 139 9435+ 299 1.01™
Silt (%) 257+ 083 301+ 162 286+ 217 235+ 197 381+ 153 376+ 204 082
Clay (%) 210+ 163 160+ 146 164+ 130 218+ 123 291+ 141 189+ 124 079"

PT = Polygonum thunbergii (1v}2]); PA = Phragmites australis (2 d]);
IA = Ischaemum aristatum (4 H.2]);

FT = Fimbristylis tristachya var. subbispicata (%35 *]7]);

IS = Iris setosa (F-AN%%); SS = Sium suave U)ELE);

ns = not significant at p = 0.05.
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A tH Kruskal-Wallis test, x° = 38.20, p < 0.001). <+ A ¢ =
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(Bonferroni adjusted p < 0.003, Fig. 3-7). ¥k A3 it A=<l
Ao fFHE TEHETEG SAY FAR 92 S

1,000
500 - l'i\
o B B
E _
é 100 A
5 Y] C
@ T
a CcD I
S 10 A D I
) i I
2 i
1
PT PA 1A FT IS SS
Species

Fig. 3-7. Density of seedlings of study species in the Songji lagoon
wetland [means + SE, n = 8 (PT, PA, IA, FT) or 6 (IS, SS)]. Different
capital letters indicate significant differences between species in pairwise
comparisons (Mann-Whitney test) after Bonferroni correction (adjusted p =
0.05/13). Note that y-axes are on a log scale.

PT = Polygonum thunbergii (11v}2]); PA = Phragmites australis (Zth);

IA = Ischaemum aristatum (& X.2]);

FT = Fimbristylis tristachya var. subbispicata (3= *]7]);

IS = Iris setosa (F-A%%); SS = Sium suave (V)T UE).
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Table 3-6. Results from two-way ANOVA of the effects of species and
intraspecific competition on nitrogen uptake, growth of plants, and soil
nitrogen contents at the end of experiments.

Effect F-value

Intraspecific Species
Dependent Species competition Intraspecific
variable P competition
N uptake of plants
N Util ratio 33.927 2891 6.56 "
Niche overlap 30.87* 8.83™ 0.92ns
CR-Excess PN 10.51 " 8.86™ 0.83"s
CR-SNUR 11.99 = 977" 0.90"s
Growth of plants
CR-Biomass 13.69 12273 0.64"s
CR-R/A 4.89™ 1155 1.35™
Soil N contents at the end of experiments.
Soil TIN 10.05* 57.00 " 1.47"
Soil N ratio 3.76™ 462° 0.70"s

N Util ratio = utilization ratio of different nitrogen forms;

CR-Excess N = competitive response based on excess °N concentration in
leaves;

CR-SNUR = competitive response based on root—specific °N uptake rate;

CR-Biomass = competitive response based on biomass;

CR-R/A = competitive response based on root/above-ground biomass ratio;

Soil TIN = total inorganic N (NO3-N + NH4-N) in soil at the end of
experiments;

Soil N ratio = nitrogen forms ratio in soil at the end of experiments;

ns = not significant at p = 0.05; “p < 0.05; “p < 0.01; “*p < 0.001.
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Fig. 3-8. Means + SE (a) and box plots (b) of utilization ratio of different
nitrogen forms of study species under different intraspecific competition
treatments [7 = 6 (1 and 3 individuals-pot !) or 4 (9 individuals-pot™) for (a),
n = 6 (1 individual-pot ), 18 (3 individuals-pot!), or 36 (9 individuals-pot )
for (b)]. Box plots display median (horizontal line inside boxes), interquartile
range (box ends), and full range (error bars) excluding outliers (circles)
defined as being more than = 15 x interquartile range outside the box.
Different capital, lowercase, and Greek letters indicate significant differences
between species within 1, 3, and 9 individuals-pot’ condition, respectively.
Different numbers indicate significant differences between intraspecific
competition treatments within the same species. Significant differences were
assessed according to Duncan post-hoc test (p < 0.05). Double crosses
indicate significant differences in nitrogen forms ratio between plant uptake
and soil content according to one sample #test (p < 0.05).
PT = Polygonum thunbergii (11v}2]); PA = Phragmites australis (Zt));
IA = Ischaemum aristatum (%] B.2]);
FT = Fimbristylis tristachya var. subbispicata (%35 %7]);
IS = Iris setosa (F-AHE); SS = Sium suave VT E).
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Intraspecific competition (Individual number-pot'): []3, 9
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Fig. 3-9. Niche overlap (mean of proportional similarity indices for all pairs
of individuals in a pot) of study species under different intraspecific
competition treatments [means + SE, n = 6 (3 individuals-pot!) or 4 (9
individuals-pot 1)]. Different capital and lowercase letters indicate significant
differences between species within 3 and 9 individuals-pot’ condition,
respectively. Asterisks indicate significant differences between intraspecific
competition treatments within the same species. Significant differences were
assessed according to Duncan post-hoc test (p < 0.05).

PT = Polygonum thunbergii (1.v}2]); PA = Phragmites australis (Zth);

IA = Ischaemum aristatum (& ®.2]);

FT = Fimbristylis tristachya var. subbispicata (235 %]7]);

IS = Iris setosa (F-A%-%); SS = Sium suave (V) UE).
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Intraspecific competition (Individual number-pot™): []3, [l9
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Fig. 3-10. Competitive response based on excess N concentration in leaves
(a) and root-specific °N uptake rate (b) of study species under different
intraspecific competition treatments [means + SE, n = 11 (3 individuals-pot )
or 8 (9 individuals'pot!) for (a), n = 5 (3 individuals'pot?) or 4 (9
individuals-pot !) for (b)]. Different capital and lowercase letters indicate
significant differences between species within 3 and 9 individuals-pot™
condition, respectively. Asterisks indicate significant differences between
intraspecific competition treatments within the same species. Significant
differences were assessed according to Duncan post—hoc test (p < 0.05).

PT = Polygonum thunbergii (1v}2]); PA = Phragmites australis (2 d]);

IA = Ischaemum aristatum (%] B.2]);

FT = Fimbristylis tristachya var. subbispicata (Z3}&54]7]);
IS = Iris setosa (F-AHEE); SS = Sium suave VT E).
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Intraspecific competition (Individual number-pot"): []3, [l9
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Fig. 3-11. Competitive response based on biomass (a) and
root/above-ground biomass ratio (b) of study species under different
intraspecific competition treatments (means * SE, n = 6). Different capital
and lowercase letters indicate significant differences between species within
3 and 9 individuals'pot! conditions, respectively. Asterisks indicate
significant differences between intraspecific competition treatments within the
same species. Significant differences were assessed according to Duncan
post-hoc test (p < 0.05).

PT = Polygonum thunbergii (11v}2]); PA = Phragmites australis (Zth);

IA = Ischaemum aristatum (¥ X.2]);

FT = Fimbristylis tristachya var. subbispicata (¥3t&*]7]);

IS = Iris setosa (F-A5-%); SS = Sium suave (& }E).
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Fig. 3-12. Total inorganic nitrogen (NO3-N + NH4-N) (a) and nitrogen
forms ratio (b) under different species and intraspecific competition
treatments in the soil at the end of experiments (means * SE, n = 6).
Different lowercase and Greek letters indicate significant differences between
species within 3 and 9 individuals-pot* conditions, respectively. There were
no significant differences between species within 1 individual-pot !. Different
numbers indicate significant differences between intraspecific competition
treatments within the same species. Significant differences were assessed
according to Duncan post-hoc test (p < 0.05). Double crosses indicate
significant differences in nitrogen forms ratio between the experimental and
control groups according to independent sample ttest (p < 0.05).

PT = Polygonum thunbergii (11v}2]); PA = Phragmites australis (Z));

IA = Ischaemum aristatum (%] B.2]);

FT = Fimbristylis tristachya var. subbispicata (%35 %]7]);

IS = Iris setosa (F-AEE); SS = Sium suave VT =),
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adbs AEe BT 53], FAREY fRuEe] B¢ NOs-N °l &2
IHA A =AM &l AR 2ARG Foju|stA vkt (p < 0.05).

o
AY F5 Fo ES pHY ®HS= 694-7312 27](6.73) Bt 7t
A e ET(714)9 FARY. S (p = 0.80)% A
Alp = 023) Aol wE pHe Foln gk AFol= gl

3.4.1. /WA AZ3et FHABAL A
of A+ A¥= A A7 FWEAY FEE AaAHLR

A WA FAo st oA THA] SAE AAEH vk, SR
g, EotsA7= FHAACl e oA A FHE ol HE
ek =2 T HolE BA oW (Fig. 3-8b), ol AHA o=z Tl AH
A A9 5SS FAaAAG(Fig. 3-9). T3 g2 FEEY, FAiE,
MduE)e] A4 F4&> TWAAd 9ot Fdasidoy, da o &
of gt =& T WolE B TE9 A4 FFEE TWAAA st
FABAR Gl Ao YAl F*tH(Fig. 3-10). B A o ® FAH =
A4 FeEd TUWAAC] Jdv 2ddA AdHew =& AedFs i
A= Aol 7]1oJsk Ao 2 Hlth(Fig. 3-11a, Osone et al. 2008). ©]+=
NA AEskoll o9& Tl A A9 o] THBAY FEE HAEA
Aok s 9rgt
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Wl £59 Ao, AT FEAA o

= Q.
= [)
S A4 FH He(5, g2 = A Hi)o]l B A

r =

5 &
Hl &3 2 th(Fig. 3-8a). o= @A o Ad ABe4 A9 AeEolA
TATE A om FHI FHo Ade ol&val Haud A4
2 2] g} (McKane et al. 2002, XI et al. 2017, Yang et al. 2018). o] =
=2 AHY TE S A oE U EYY T FUIALAES B
™ (Fig. 3-12a), webA] WA FEolA o]&ebs= dad ol &Fol 57t
g Aog BT Ay 7|t AE9 FF Yelk g e mAE
o)zt A4 o]go] EG FrAL 9FES = F AUvhH(Barnard et al.
2004, Toyama et al. 2016). &1} &9 A E 2] ko] A =79
mel Zpol7t lokH, AEe F4&L EY v A& vHEgta
7H8E & o, ol ¥R AUt AEY FHE HHASE FAG

1
ol
o

= Hh o]l th(Cabrera et al. 1995, Malagoli et al. 2000). A
< gxTe EYS Ay 7Y EYrRO F FU)ALTEFS 42%7)
F714 4 di¥] NO3-N9| H| &2 45%7F 578l
|

T Ee s g FFS FAD ¢ o nHEn. BE FollA
Ad T8 Fo EYY NOs-N H&& dxz7Ho fgasiglon, A
ol & gt =& T WolE HS TE2 ¢ 9 AAaAsES EAu
(Fig. 3-12b). °o]& °] +E5<¢ FuU NOs;-Ne| tist FA ZFerl o3
o= StteE AS e o] AHEE A4 FH o] & i =2
TW Wole= AT FolA HdAY o8& TEs TN, olF T
A FRA Y] AabEe]l FUHE 4 dve Ae HoErh o] HAL T
A R 2 oofyel JRA grElA JhA HAESIE Fsle] YR &
#}77F vdEbd o= A& BolFtH(Bolnick et al. 2011).

71Ee] 2 A= T A 5 WolE A5t EY
bl gk JRAl AEst o AT FA e 71T ¢ ke HE A
Z=7E Huglth(Valverde-Barrantes et al. 2013, Bu et al. 2017, Zhou

et al. 2018). 22} A &Eo] o] &3l= HAa FHE AF SAHS AA
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Axste] SAE wsla, olAe] FWAdAd &5 9TE Haush A=
79l ¢ltt. Hughes 6(2009)2 AW 8| & (Zostera marina)el A4 FE|d
o]g H&E AFH Aot FHAE FYotol wet 71E JHA AEshrt

O

2
WS WA £, o|F SAR 7} Puo] FET W “HuA zﬂ”
bouEg & ogokn Algtglod, AAs 49 7 g Al F

2

A3 A=e) A4 FEd ol gl U We AT o] FojHe
G 0 54se sEdd A4 A9 BRe dE 99
& @A A ool U@ Fl WelE wedsA RF olf F
U 347 4wl @ mEon wudd 42 488 @

ALHom FPdsojof Fhrh. 2t HAol FEH(NOs-No NHy-N)e
g go=m ofFoH7] wol (Chalk

& Smith 2021), 7HA1 ¢ FEE o] & Hl&= & = Uvt. @A o] A+

=2 A e (EHE A ”Z‘Wﬁxﬂ o] X

Aol g NOs-N(E+= NH4-N) & 3

A AL At (von Felten et al. 2009, Wilkinson et al. 2015, Jia et al.

2020). 1 A¥E HE R, 7} Fol| digk Hdo A

2 A
o7k W ATE AL FAT 5 Utk %% oa%x}—z B £

adlel oA Axdl WA AA AL EABGE o AT At
ARA o SwAdtin e £ o A7dA Aud F4%

A-8AFig. 2-8)¢ W2 A= Aa ol&d g Tl WolE SA3)
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Sol w
wol @ e el F AN A4 4 Ak A, dzd
A ATSE Aste] Axel WF FUNAA AR FaHY) BT
3]
=

UH
J&ol "7 detdA] @ks 7 vk o= dAE ol
] °

oft
jad

23 AES TWAANA Aty BARG AGF AAo] FHH o=
Zdste, Heje] @ Mlgo] FUhsHAl Eertha OLI’JZJ A dA gt
(Eskovsek et al. 2012). =4, o] FA div] AL F5 T8l T7F
stk 277 Ao oste] A& ®gl x9 %7] 85 (root foraging
activity)©] A= % (Ashton et al. 2010), o]&= ¥zl T &A4Y wHd

=

de4 5o WEE AL 5+ vk o 59, 2 Feo] g o
o oA o gelel H4

2 =T |
2020) =+ B Ao AL et al. 20219 2 FE FAE F7HA

AA e Gud WEE bE Ao muddth o ATeN We
A 9o FeA 54 S ot ool dE we F
g owelE mel FEO P il BN FEee] FUEA BRI St

o
Shol| uwhet %‘733}71] FAH A TS A2 AA AEHl A e a&o] 4
A Lo @U}(Flg 3- 10b) HP‘ﬂoﬂ ZU wol 7t
7%4 UrE‘r‘JrX] % T
o7 AA F7tstATh ol T T ﬁﬁ@xﬂoﬂ X
AL S S7HA717] Slste] drkz
Hzl A A (Murphy &

L o] oA B A& FF 2&S HAsAn 2Y ’—\4%2 7t
o EY FuE Ao ey @9 H]%% EEAow WEAT|AIRE
(Schenk 2006, Hess & De Kroon 2007), Z1¥#] &2 A% &A1t}
(McConnaughay & Bazzaz 1991). 3}&3} o] Fx|7} Alske F kol A
e dgo b= FA OiY] 5 58S S U A3 7199
= T 9
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3.4.2. /MA AEZsY dAAYEF
of ATtellA yeERd A HEste U 7 ofgk Ad T
A AEsE BT ol AEo] §l&= | A ot
FEE o]& Hl &S HASER2(Fig. 3-8), T Wol7} FHAE e Ao
of osiM TS 7He S g ek JHA
A BejAlol FFe F= wAUSTA zolE Holr] uwjiel, WA
ATt ddes FEskeE Ae T8 tH(Westerband et al. 2021).
Bolnick 5(2011)2 ] b Ao R fFAEHE 7 WA AEske
7H A
3

2

A bsAel g A AE sl wep Qe ol Fue

g AaEe A= 24 gAPe] AT £ glon FAA
(genetic drift)ell <3t &4 glo=z JMA|ated &S
(Vindenes et al. 2008). ol& t YA &= AWsis “A1Zd &
Aottt vEHA R 5 Y WA AHEow Qg ‘A
#7771 vebed = Jdti(Gamfeldt & Killstrom 2007). ¥bHo], o] A4
A el Ad A AEsE 2E RAVE fAR dEE S 71A) 7]
woll, MAFl EFsA gEsts “FRAd ad7E g
(Violle et al. 2012). =3 7]E 74 A&E3te A3 MA AE3t= 3
WA ste] wg-st= AlZF PR thE7] wjtdl, g st s
sta o] th=A yEeld ¢ AdtH(Zango et al. 2019, Matich et al
2021). ol= WSl gk HAT Y] A3 R ZE AAAHQA &
A= 4 & 4 Adth(Hughes et al. 2009).
AA dEstel gk MIAYES NOs-N9F NHy,-N9o| o] &0 1
g Aeed Ay AEE HoE HAT RE FL JE A A
FEjol Al EYY NOs-N HI&HTH 2 NOs-N o8& H&S HIAT
(Fig. 3-8). wetA FHZ A 9ste] NHy-N o] & H|&o] S713 F=
= AAo® NHy-N 54 tid =& WA o+
T}(Britto & Kronzucker 2013). o& =W, A4
&

9 B Al GEE B3 b Ry

f
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¢S 4 Auh(Bittsanszky et al. 2015, Qian et al. 2021). =3 FW 7lAa

Aol ¢]&te] NH,-N¢ o] 8 H|go] Aglonz AxJog <l AL 3
59 ek NHi-N SHo2 QI3 9194 Ate]9 Edeo]l=ezon
A wede] ofste] Ax Welw o] go] zAW Aotk aeju} o} e
W2 T sl Ztads AW B RA e Wols SE3 A
Walx gl sy, mE A7 NHN o] w&e A= 2
7 s el 37 W%Olﬂ} of Aoz, Bl A dEE A
7 A SR Aag ol &sty] wiol AT oA el o
& m&ol F/EAY, A ARSE WA Gk AN AR
g AHst7] flelAd= JHAl Abolel A NHu-N o] &0 tidh Egeoj=o
o] Aol 7} ‘%“@3}134 - X}Ol 7} 4] = of of ﬂt‘r(Bolmck et al. 2003).

TE oY HA @’51 o] & (optimal foraging theory, Werner & Hall
1974)& F3llA A& da FHed g JiA dEstY] WAYFLE
g 7HA M S AR Aok HA A o] &l ostd, T Ao
ZAE do MAES o AdgdoR HolE F O (Inman et al. 1987),
zkztel A= = o]5eo] HUIEH= AdE AHEH(Bolnick et al
2003). WA7F HolE Fashes A (o A3 =)ol ek Aedts E
dol=e = JhAY] A dee] ks Foh(Jesmer et al. 2020). <
= 29, 279 3 T2 AAY Holo] BrFol &3t A Ailo] x4
FA 7w, AAEE P ZE&A 0 Hol Aol thEk xfol

oo 7ItH(Afik & Karasov

1995). =9 NHy-N 4o thgk g Aol o8] 7FA 249 &
et A e Aol HoEo] dh(Bittsanszky et al. 2015). 32 b

o

N

dow olfgt Aelety AAo]l FAHE WA= NH-NE tE /ARG
geAow ofgd ¢ o, o= i FH ofgel WiE T WolE
SAAE g Ao 2y Aol A= Aa FHE oSl dEES v
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A= FAAHJA gy vAYSS & dHAA] ko™ (Bartelheimer
& Poschlod 2014, Qian et al. 2021), °] 7ME<S #HA=3s7] Y= ¢
B2 A9t 2asn.

E Ay A A3} (Aanderud & Bledsoe 2009, Li et al. 2016,
Avolio et al. 2019). 53] ZAAgo] Zgt ddA AEY A4 F5EE
M e Aow el ArHLeffler et al. 2013). T3 ol ntels)
>4 X*ﬁ}oﬂ A gas /v Bad 23 dXEtH(Lee et al
AE(anty], HRe, E3tsx7)> 24
of that /A AEIES BA. FZAEHANA BE AF gy

2l g gl Aozt gllerm =) o] F 7Hx EAL A

#HHAA S 712 A o]t} (Fig. 3-6 & Table 3-5).

THATE AR =& Mk Be AEEFS Koy, oF 9
A =2 He e F A7]E 7FHoF o (Brown & Maurer 1986,
Avolio et al. 2019). /WA AT3t= o] FTolA =& PR oFEs = ¢
AEe] dos MAYUFOR HATh HAZ /A AEssE Bl TES
FZAHAANA FHo R & FH TEE BIAG(Fig. 3-7). =2 &

>

e WA S7HAA AT A S Y7 UH(Glennemeier &
Denver 2002, Wang et al. 2005), Z}7Fs55(Kim et al. 2007)<S &3}
FEae MAE FA 5 Ak o] HAFelA A AEsE A
AELS =olal(Jones et al. 2020), AAAS FAst= Aol (Smithson
& Lenne 1996, Gamfeldt & Kallstrom 2007) 25 7]ojg 4= 9t}
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AA AR} SRE BAE F7
BEo o $HA stage AEe

]
Fad7ah AR A A9 AHTS ME g

7 = eln, AAe 4
ol TXAAA o3 A o]&o NHAadS THAH, FA= W R F

&Fo] 7tad S 7 A& TH(Ashton et al. 2010). F3F A S A&
ANA o] F 7HA TPEE BEF oA R ZAVE AUtk AR S AR
e FHEAS FFste] Ad FEF o=
(Phoenix et al. 2020), ¥k &2 ool =2 o] &L
(el NH,&-N =23 oo th&3at7] {3k 2w 53 T7HE F9al7]

o]t} (Bittsanszky et al. 2015, Qian et al. 2021). 1&jv} 3 9 =&
A FEjoll digh o] & 7tAAo] FF 1Elal o]F e AAdA s dsHA
et dAdelgbd, o] 7tAaAde]l =2 AT S e TUHEA A=

2 Qlate] FxHAEANA FHE 7HE 7 Aok &, SHAAS FHEA
o A o] &ol gk wkEo] F2A trEA = ofF e A A Fsko
v, ool tE F% A7v Bash FE olFe Relol g 4L

Zo| wal Zol7t 9= RO Elﬂ“gﬁ@%etm2%D1W$ﬁx
S

5 Al

urlo], $AEQ 2l 9M AFH AL ol gl UF F A
(e A2 F487 24 Do dF AA dEshol =T ey
A epskeh. ol diste] thgut e gsle] EATT AA, A=A

%X

NM AT AEST A= A Foln, v w=aF A3
= FrE7F ol &HAT =S A wel A S5 & (Cabrera et
al. 1995, Leffler et al. 2013) =& P e o]8 H]&(Knoepp et al. 1993,
Gessler et al. 1998)e] ztol & Hol7] wjFol, FH e Al AlojolA &
A ol& B4 Aol7t U& 5 AUk A& e(ife cycle)o wEk AEe

AZALA EA(life history strategy)o] TFEUE AL of g A EFof A
A4 At Lopez-Hoffman et al. 2007, Falster et al. 2018). &4, Z
= Ade A T2 otet FH Aol =EA Aoy I AT
of wat o]zt glot dukRow AAMI Fxto] WAMFo] it}

~—
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2 AN A 2

LE7b w9 v A3 dAeoh(Fig. 3-7). A4dle g4 F

2o oJEsle] Aol FEow AW JiAITe]l EdHA HAEHH

(Dianat et al. 2007), w2tx SWA A} &

XS F A} =3 Koppitz(1999)+= @ F=2o=2 A% 2o 7|
= AEE A ThAAd o] virka A A g

o] A A= wAEo dg WIS FASA Eu= A

Al Feeke] A Eojof gttt HAES AAS S3te] AEe Aa 9

g 4 o (Qian et al. 2021), B2 FAHS F3lo] 2 Ee

5+l
A 5 7172 4 A (Soares et al. 2016, Toyama et al. 2016).

i
it
N
2
2
Sl
o
N
o
ofN 1
ko
ol
B

ojof wel AR oA o] Fofx HH A3 A= A EGoA nAY
B dgdS FEoto sdstA T st U (Aanderud & Bledsoe 2009),
AE 77| 2R A

A AT TP Fol2 23 HCott et
al. 2020). 2euh o] APE HARe] Y3t JFL APGAoR EA5]
A M AEe) gapo] 3A Pris

4o =g 5 otk AA, AR BEol
AYe = 5 QA= pHE AF A7tel mE z2dAEz fFolud 2oz
2l THRobson & Abbott 1989). &4, A &S AA & ZT7(4.2%) 9]
B PAAsHY Base AW T627%) 0T 1)

A EFS o83 AFolA NBS AA Ak F

r

VA t
2016), o AATrollA mAZol o3k A4 o] &2 HAuFor HAus A=
& g ek AA, o] Aol M A,
o]-§ Wl&(Fig. 3-8a)< @A WelM e A3k(Fig. 2-16a)ek 7o dA3
th ool mAEo] o] AEFY Ai YPH ol & A= o] mH]Et

Ak, i @4 W ool A fASl A g Ptk 2 ofvl g,
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of ATE Wk FeW ol§ F Ff Wolrt B HEAE
ol AUA A9 BEv Gy Gdeh fAR BHow A FE
of 71e1g 4 Ak AL Bl FrHFig. 3-13) NEEe Ax 9

el gk WA stz Qs w2 54 T U4 A9 2=
Baow, Aol et WAL FrErF A 23 A dE

MAE oA Ao ol&de S7ReH, /HAlFol estA oE
= AR ZHTE Fsto] AL %’“Vé f 7104'5”3} o] Oﬂ?oﬂfﬂ
bt A dEske F

A A FEjel tHE iz Ll
WA ZEe] NHye-N o] 8ol it Edloj=e e zol7 ddd Ao=
Bt A dEss BE ST YEuA fdey, w2

&= FHAFY MAL FA A FTL
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5 ~

T Intraspecific plasticity
s = in resource use
a o Interindividual difference
2 2 in the physiological
R = . s trade-off for using NH,-N
Y 3 Realized individual

S specialization

T o

E

—
Intraspecific niche | | Intensity of interspecific l

S partitioning competition
-
o ©
2 3 i
e o (Complementarity effects) I
o & Resource utilization
s @ (Irue e ttects of ~7 of the population 1
& 5 | \__individual number) ) Pop
5 3 $

> .
Y3 ( . h The mechanism of

£ Productivity dominant species with

of the population high density
- \ J

Fig. 3-13. A schematic diagram showing the mechanisms of causes and
effects on populations of individual specialization on soil nitrogen forms.

719 He A T B2 FEH 549 WolE o]&ste] 3t
Aoz A ol&s FASAY, /Al A7t SHAEAY AeE =
d o dus AAlY SAE AAMEA XA B B dao AHA
A el g R A= T WolE FAIRH. o] A E
Fol da ol Wi A=) A AdZEVE AR EAsH Ao
FA 719 F vk AEed FAE AAETE FE DA Yo
S T 7l 9% dd pA diskE AT s 24ske AAY
TOoE ARttt
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HT oy AEAAA T e 0
of &gk ofe 7tx| A WEL o]edk e AF e AR #
HE Aoz ¥3 HHCardoso et al. 2020). ¥ ¥3t= e A Y
99 Ashlem et al. 2008), 7] 2 (Liu et al. 2013b), 7153}
(Nazari-Sharabian et al. 2018)¢} #& A4S E3) A ‘/}E]r‘/]rfth °ol7F &
ol AEA WA= Fo& FF T FUHE AAXGT. RIS £
(Daws et al. 2021), =¥ (Hautier et al. 2014), A (Gerdol et al. 2018),
vlth(Chang et al. 2012) & thdst AeA ] Sohddol AL I
= T o® HiHAH.

sgtHo R AeEA A9 B2 ¥ FUSAES FAATIE HA
el dgzE I A Yrh(Silvertown 2004, Meilhac et al. 2020). T3k
AR A 29 #82 “Fryd g375 Fsto] TS AEA 7159
HAE AHetr] widd, Fuddel T8 /5 ATd(Pillai &
Gouhier 2019). AElA |9 &9 wWAYF Eﬂéﬂj‘i Al 7HA 7Hd o]
ZA)3c(Ashton et al. 2010, Augustyn et al. 2016). “aLd &<l A e 4
A9 Apol”= M3 A3E Sl FAACR 18" T AEA A
ol Febs omgth “AEAH A9 AR “FRHH TrAAATE A Y
A o tol wEA Wotes A A9 7hAaAdel o Ad A A

o

0

:

ukg
A9 BE AFatel, A BEFol, FAE $HE] B YuH
A9 7bade eIt

AAWEHTL FUSAL Aoy, BN Sl 9
4 A AEH A9 Bl dFL F Qo 3T AUk 7
Wae AHd A9 Bae A4t Fa 2 4B A ol g
GFe F7) ol oS BW, FIFRE GF 879 20 pH,
ew, R @ 3EAgskel 4B 9, Zehk, s 2L A4



9] o]fof S F=t(Black et al. 1994, Nishanth & Biswas 2008,

Britto & Kronzucker 2013). T3k AEf2 2]9] &t vlAY S| we}

Fogksl= FuoaAld ZHz e 9ddS VHAe S Adn FEaAE Y
o

ool o]Esh= Al AElA A9 Apol"ek AEIH A9 TFAAd el

Az FE7E gt 2 7] wjFol (Zango et al. 2019, Matich et al. 2021), Z+zt
o2 Wor Fuddel JdS & 4 k. Sévéque 5(2020) HEH
TS Fote] Azte] nwde] #FE A Ao A o] FojF AFEL
Aor FAsE Alold AEA A9 £F o] wnn Ruglon,
ol= Ao m W BEjA A9 e FAAHS] SFS F=
AL 9l Aoty a8y sE R & ey od o s A

FrdA o] 7HA o]t (Daoud-Bouattour et al. 2011, Zhang et al. 2016).
= NG dH FFge AR & Aol vUeve dabAQl 3
frAbet ok W Aol RIG G AJelA FEHFTY I Tkl
F 9, B R S A oM L ST Aol Ao
2 t}F(Kienova & Leps 1996, o]3d&3 A
TE EoHARE AAl e d9Ad AFE =7eA
H S =71 S7h8as F5F39 3959 A4S S7oh(e] 33
A<t 2011b, Shin et al. 2015, Lee et al. 2018). wetA @A Fo
Hol] o A FAGIstd meE Fogdgde EAs 4y
slom, A A9 F&el ostA g Fol ofd FXb

ojuh= 44 o] & FHE meslcl Bt ol 2

Hi

=

of\
L

=

o

"

N

T Ay Pvod

ox
foi
2

kS
N

olZ At Xue et al. 2021). 4= =4
ol wmEAY S7Me RS ¢ o] &t

PN
T R
Fol Aol FHERTY 17 wEd FodAel paw

r g Je
oQ

¥,

1
o o
£ 2 [
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(Boutin & Jobin 1998, Walker et al. 2004). ©]&= Grime(1977)2] A3 &A}
A Folld BAA AEo] 349 dABdA EF Ad 55 =

steto], & AES AAAoE WAt = Ay 2 dolth. e
Loolst ol RS oY Jhe FHE JESHA i st FHE

nE de Fogel £ Atole] 34Y BU4on fAUGL A
s ¥ ol £ (Hubbell 2001)% wHAlslo] gloml, Aels A9 #adx
& ghele] lth(Matich et al. 2021). AH A A9 B &y pA® wAY
2o AU oY Ao AHA A9 (el Do) S G, da
g st B go)om TREIL, 2474 Al FEe] AL
ol gat AL mAsoF B,

= Fd&sr A A9 F&el v A= WAYES
stolaly] 93k A A Adojr}. A= ofg] AejAcA 2] &9 S
ang et al. 2007, Li et al. 2021), 21 &% Alo]]

(K
gohe PHe Fo TEN FOPYS YstE F8E 890 HQian

il
o%
i
%

o
il

e}

1 AXNE o

2 1=

_

(¢}
et al. 2021). ¥ &5 THez 3 E oy A7 249 3s
A G, B o], Adel wE F Atelo] A X9 Ll i =

AZE AA Y Miller et al. 2007, Zhang et al. 2019). 59 39t of

S AHHow B ALTdTFS F7HA71M(Liu et al. 2013b),

T 7|FHste A4 o3 BAHd IS Fo] EG] AATF 5tE)

| S #t(Jiang et al. 2017). o] 3 WH3l= Ao

agla AEE Atole] AE g 93-S F i (Huang

et al. 2020), A& +H T TS HSAZ = Ao RE YENSTHHIl et
al. 2011, Ashton et al. 2010).

of A= 7|Eol ¢Ed B St nE Fudd A o

T sturt Aie] i AeA A9 B FE9 fdadal HA g

olF Felatr] Al WA FILErt A A9 2 s dA

Al 71=A gddlof gt} o= A EF Atole] HA o] 5

A7y 2 Qg el oA Yelk o™ (McKane et al. 2002, Henry &

Jefferies 2003), F-F & @A A= old g SAZ glAdtte 71E9
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4.2. Mg 9 v

421. @7 WEFH 4F A=

AN FATFAANA A7t 2 $HFTCE vty
(Polygonum thunbergii, 12.0%), &N (Phragmites australis, 571.7%), 4]
R 2 ([schaemum aristatum, 14.8%), &3t A7|(Fimbristylis tristachya
var. subbispicata, 13.3%)7}, AtA o g2 J =7 Y& FEFog Rt
2 (Iris setosa, 1.3%), N U=(Sium suave, 1.1%)°] A T o=
AAEH A H Fig. 2-3). o] ToA arlg]les A ZEolm ywA =
RF ohdAl 2otk 2016 AT tEdEY TAE FASFA A
AR o, T T HEste] 5ToA B3 2017d 5¢€ 1394
Madistal W ofe]xF(SHel FHU= HEsF2)olA oy Jhe &

g} ~E vk (4] x 24 cm, =°] 11 cm)dll ES(FEE A ES} AFH 2y

Z 1:299) Fyvz E3H)E 5 cm Zol2 Afa, A AFY FAES
HFEAn FE7F U 2y Adke Ao, AAsk A Kol
g F oF 3F TS AN 5, ARS g AAE sk 64
190 2315 7|22 1+ 6-8 cm, 2+ 4-6 cm, X+ 3-5
cm, E3tEA7]+= 3-5 cm, FALES 46 cm, EHES 5-7 cm?l
MNAE Aol A&t

d3%S dolR7] g vzazE: APS AAEdT A4S TAE
ol Al 71 23} Fdsk Ao A 201739 69 1€5H 109 5471+ 43
HAAoh 71E AFdA FASSE A FA Aa FHES A,
Y, AL A wdId B dAdH FA4 FHol wet vefshA KBl
Noem, FE E5 Ao R SAHHJAY. TSt 54 29 T Ao
stekS oF 15-4uj(Vaithivanathan & Richardson 1997, Jarvie et al.

2020), & 7714 A(NOs-N + NH-N)3HFs oF 2-1081 (Kim 2005, Zhao
et al. 2015) S7HAZ Aoz Husdu. 54 =l e 54 2=
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Jgom Ao, vl ostel A E%e NOyNFHEe o

- -
1.1-4.2v} (Zhang et al. 2015, Uddin & Robinson 2018), NH,~N3& &2 <F
1.6-2.38] (Inglett & Reddy 2006, Zhang et al. 2015) 57}3F Ao & W
HAT E=d FAY FGSse g dFS gofelr] st EY H]

Sw SEE 249 Mzar 49 A9, 2R FSA A4 (24-1000
il

Q8 AolE o 24 FEoz A

% A4 = F B A3

Ao Horswill et al. 2008, Feuchtmayr et al. 2009, Hong et al. 2020,
Park et al. 2020). oJol wel o] AFolA HlS= A= £3b e oF
uf Zpol7b =% AANY. FE& HES FxReE AHI EYgE
129(A F) ok 1:9(gF) el Fynlz Egete] F+ 7HA =315 98
qom, Zh7te] 2 E F F1dAT e 13.29, 39.16 mg-kg o] At
(Table 3-1). ol& FZAHA ELF 2zH7 . =5

(Table 2-3). F2AANAN EF F71dadddFo]l A3t

2 upet A et

Al A== A %31(4—8%, p = 0.80), AgeA F71AagEFS At

of wel WA AP TH(Fig. 3-4). ol AdddA z7]9 EY #7114

EIgRS %i‘ﬂﬂﬁ]% LA AAGE AR FxAEAY da Tt

|AS WYY F (ue Ae ey o, AR 2delA ddd =

Bol mmpelel Hyr BA(13.7 ¢ DW-individual 'year!, n = 6)&
o

Z A (139 g-individual !, n = 6)2F 79 2t} o= AUE X7
O

A g Ak bgHel FRAUAST wEF FEolGE 2
A

o FAFHFA(320%)HTt ThA =gk AGE 2H(6.73)F IR
Z27(672)9 pHE FZAHAGTRT okt 2Hzte] ERS 715 A
]

(A E 12 cm, =°] 13 cm)S 84714 =H]3F ok
THAA Age ol A=l glv 2A(dE A FHEE 1
MAA F 670AE g sl A A2 =A(EF AADe F 7HA F
To2 AAAN(Fig. 4-1). TL A A Z:Zﬂ% THE AGEYL 1SR =
Aol 74zt 1270¢] shdto] WA Ho] & 144709 sHto] A &H A6 F
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x 2 HSE x 12 3 = 144). EF A4 20 ARy 1 22
Fo127he sto] wixEo] F 24709 dtEo] A &% ArHTable

7)
4-1). =, HSE, FNAEA AYr 28dd RE Z2AEZ 12719 &
=

% 6/ FA% 48AFg 2-8)7F FAFATE o] HRN AY Tw
(20174 109 59) Fol ABAE F3oto] WAL ZAsiL, £
dolgls Aagwe dFadt. 0 5 HEos F44 4 8B(Fig
2-107h AUt A 1) 8Ee FA4% 2 §BY gxTFE F4
AE AgstA ge ABA PRUY, AR, A5, B) NI

l-?_
2 24as] Askel AgHAh o
5‘4_

(a) Without neighbors (b) With interspecific competition

(Single individual culture) (Mixed culture of 6 species)

@ Individual plant
12 cm

x Point of tracer injection

Fig. 4-1. Experimental design of two interspecific competition
treatments in ex situ mesocosm experiments.
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Table 4-1. The number of replicates (pots) for soil fertility treatments,
interspecific competition treatments, and measurement parameters.

Soil Interspecific No. of Performance date
fertility competition .
treatments treatments  |PCtS X SPECIeS|  yly 13-15 July 27-28 October 5
Single 6 x 6 Tracer app A Soil & Biomass
individual 5x6 Tracer app B
Low culture 1 x6 Control for B
fertility 6 Tracer app A |Soil & Biomass
i\ﬁﬁi 5 Tracer app B
1 Control for B
Single x Tracer app A |Soil & Biomass
individual 5x6 Tracer app B
High culture 1 x6 Control for B
fertility 6 Tracer app A |Soil & Biomass
i\ﬁileri 5 Tracer app B
1 Control for B
Sum 168

Tracer app A = tracer application A to determine the excess N concentration in
leaves and utilization ratio of different nitrogen forms,

Tracer app B = tracer application B to determine the excess "N concentration in
leaves and root—specific °N uptake rate;

Control for B = Control for determining the N content of non—labeled plants for
tracer application B;

Soil & Biomass = soil nitrogen measurement and harvest for plant biomass.

Aol AlztE 27] 25 Ftel AMEE A= oA ~EH AT
Ao 2 dAdstal 237F FARE AR oAl AAEAT FEHE 7t
o] MR shits FAARE AAAFSH, Aol ot JEFS vjA
stazl 20174 6-7€ = 15, 899l &= 25 HASE AAE HASIA
ok ok e Aol AEAE FAA HA A, G shielA F
A4S WE 5 7] wiEel, 89 5d 3EER TS AXFlo] o=
WA s Aol APy = T FRES AFHoR FHste], I
BEE Vo2 -7 emf FH7F FAEHAG @, FARE FYsH] 2
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423 X—]z]. 7(-1,%_
PNE A3 2423 FES EYo] FHsto] A2 A4 o &
545 gostr] gk 7 7kA FAA A& (A9 B)o] 20174 7€l
FE ATt o] A7ldE BEE Fo Aol ZstA o] Fol R o (Fig.
3-3), THE EY T F71HdAaTFI NOs-N vl & fou| gk xpo]7}
SA7] Wl (Figs. 3-4 & 3-5), F42 A48 Fdst7] A3Fr.
FA2 AgAE 790 F Ad(13-149 7 27-28Y)0] A, F ML
THAA Ayt 2¥¢E RE AR 6719 gHEolA wrEFH T o]
Z 9ste] KPNO3(98% N), "NH,CI(98% N), KNO; NH,Cl¢] 1
mmol- L' =&AL 242 Fn|stduh. 3 7HA dEe Aol PNE #X
3 Fgds FEER 107 XHol 2 m¥ FYsATHFig. 4-1). B A<l
o2 e AAMPN/ ZAEHA &) FE&A98 2e F FYsy @
7EA el gk AlH el S A At sFATE 13 A2H(13-14%)0l
Akl 3ol = KPNOs + NHClS, YA 3= KNO; + PNHLCI
S FAHARR AL o, 232(27-28Y)0 = Z7he] FFEo| 18] A<}
woj ol FEE FAAR Fedn Ao ﬁx}‘i‘f‘a st 2745
gl PN7F FgEdon, ol E% 7MHF(137 gem VS 1EPS
w, B9 E %71%—4*94 oF 0.35% (3L Z=7)9F 1.03% (A g =371)
o siFITH 132k A& F A& S A FHoe BTt ES
o ol PNE atﬂd A A8 =}F 3T
A5 FUE W= vhgo Zo]
A7 FaF FAEHEZ b5 47 %?ioﬂ Tol A= FAI
Ab-g3 9 th(Andersen et al. 2017). A7 S m
A He 5 e wiHA AR, oM E 2aF FART FY
=2 39 th(Ashton et al. 2010). 3FF
o] & &ol7] H3td, B FAA A&

al. 2020).

o

Ry
i

o
il
o
1o
©
(@)

o ol
>
)
-3
gl
i)
B>
o
4
1o

- 138 -



wel), EE 4FEREADY gk APY 2 FRFE AH F,
Azstm BAstith o Fol FAFAFTE /N0 JF ko], Ak

=]
2 7] (Flash EA 1112, Thermo Electron corporation, USA)¢} <¢t4A &
AL An] AHFEA 7] (Vision-EA, Isoprime, UK)E S3lo] HAAAsH
(%) 6°N(%) = A =t

gAde 2AZHE, dael F A e date] 247 9de
BN-atom% 9 NEE 2718 AMEAT KINOe FAAE 489

%

o}

o & NO3-PN-atom%$ NO;-P°N3&F Z7}&(Excess NO3-P°N)<&
I ol A tHQing et al. 2015).

oo o

NO3-*N-atom% = 100 / [1 / {(6"N / 1000 + 1) x R®Nar} + 1]
RNar = th71¢] PN/MN H] &2 000367652 243

Excess NOs—N (ug ®N-g™? DW-d™) = (TNiapelea *
NO3-°N-atom%iapeied = TNprga X NO3-*N-atom%Briga) x 100 / 1 day
TNibeled = F2A T 9 AA LT H(%),
NO3;—""N-atom%apeea = 22 F9 F2 NO3—'°N-atom%,
TNpga = T2 T o] DA A3 =H(%) Ht,

NO;~"N-atom%pga = 22 =% ¢ NO;-"N-atom%

93 Wy ow NH,-PN3#E =718 (Excess NH-PN)& A4k
stk HFHom NO-"N& % 7183 NH-"NgZF S71eS &a
o] F 7kx o] Wi dA e PNIgHF F7F&(Excess "N)S A4
o} 3 A4 e o]& P& (N Ut ratio)s AAe PNe#F F71&
of 3 NOs-PNe#F 78 £ NH-PNgEF F7189 nj&z A

Ak ol AEo] FrE FHAACN)Y Fed v o] A o] g3
Y

.
o ol g M&n FAsfe HYe Fu ek
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Excess N (pg ®N-g! DW-:d!) = Excess NO3-°N +
Excess NH4-°N
NOs3-N Util ratio (%) = 100 x Excess NO3—'°N / Excess °N
NH,-N Util ratio (%) = 100 x Excess NH4;~"°N / Excess °N

A &4

e gl A Zbe 259 ?}O]ﬂ °]°‘/} ‘jr% e

7hA o] vkt At AR, 7 I Afel A FAR AL Ao E
17F 1 tH(Wilcoxon signed-rank test, p =
042). Z, 131 2Fe]l FYg PN tiF2L2 283 o] A& &35
A, 55 St FAE AoRE unHEY. B4, 13]xFeF 23] 2ol A
AEstE o NO;&-PNETH 78S e £ HSx $7H44 A8 9
3ol A AEZ Forg Aolrb gl (Mann-Whitney test, p =
0.20-1.00). »FF7FA 2 NH,-PNZ&F S7h&E 13]2ke}k 28] 2k Afo] o A]
FoJu 3k zFo]7b 1At (Mann-Whitney test, p = 0.20-1.00). o] 2 &
of i Fa&o] 13A9} 23] Ao A Fde FFEoE FAHIL drhe

o
=
1o
N
>
i
of
)
X
[-40
2
o}

=3 AA 219 gt el FEol dAE et o] &3}
= Fee SR AR H]F—"C?V] st FE W e F Ao A
A A9 FE-(niche overlap)s A FstAth AHA X9 T8 5= 2
A2 FEE o] & digh H& Tor*b_(proportwnal similarity index, PS)Z
o] &3t g} o] A4 tHSchoener 1970, Colwell & Futuyma
1971). Hl&FAMES 0-19 = 7FAH, 0& F Fo] o8&t Aol
As AAA ESS, 12> GA A ZHe ona

PS =1 - 05 x (NOs-N Diffy, + NHs—N Diffyy) / 100
NOs;-N Diffy, = xF ¥ y&°] NO3-N ©o]-& H&(%)e] zto]o] Aoz,
NH;-N Diffyy = xF3 yZo] NHi-N o]-& H&(%)9] #pole] gk
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FA2 AEBE 20173 79 1590] AW 57019 R A w
Byt F94 &A% E 24 F /A FEHe did BT PNE

Lﬁi

Al FAAR Agsarh. HRE 1071 A%l 1 mmol-L '
KUNOs3h NHLCI 5891 2 mi¥ Flaigith. o] ool 44 48
Ast B o Fausih

AR D sR(dzh)olA FAAE A &ehA] F2 A
o] AEA PNgEFS 73?46}71 ate], A=AE FEE(S), AL,
Aet, )z o]l ek B3 FAAE A& st F
A2 FY F 2447 A AOﬂ AEAE FEER S, 583 A
e SHTR Al S DP Aot FxErERE &F& AASL 05
mmol-L! CaCl, =&l ¢F 30% H7kx #Hel F2d N2 AA%
—“F(Li et al. 2021), %%#i AFedn. BE A4B8AE A% Fo 1
& SA4sta st A AsAe AP AT EI 7L oF
sted, 2t AA LT F sPNE BTt ol Fel FHx A EAe F
At PHoez 9o PNgHF T/HES Adtednh =3 A EA BEd
BN &4 #(N uptake of each part), g ¥ PN F+&

_

(Root-specific N uptake rate, SNUR)S th23 o] A Z3a} 9 thHQing

et al. 2015).

1N uptake of each part (ug '°N) = Biomass X (TNiapeled X
BN-atom%iapered = TNpkga X P°N-atom%pega) * 100
Biomass = & &9 &
TNibeled = T2 T4 F
PN-atom%Biapeed = F2HAF 9 F2 PN-atom%,
TNiea = FHAE FHsHA] F2> 79 A 23H(%) B,

PN-atom%piga = A4S FUA FL x99 PN-atom% ¥
SNUR (ug ®N-g™! root DW-d)) = (N uptake of each part) /

(Root biomass x 1 day)
Root biomass = ¥2l29] T (g)
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FAA AEA BollA T A0l AAh F5&d HA= FEF
S FEE Busty] Yste], do PNt Zrbgo] I AAH wks
(CR-Excess PN)Z} gl ojv] PN F5g&o ds AAZA s

(CR-SNUR)< v o] AAkslsdth(Ashton et al. 2010).

CR-Excess °N = CR-Excess ®N.ix / CR-Excess

Nsingle
CR-Excess "Nux = &% A4 ZdA d9o PN&gHF S714,
CR-Excess "Ngngle = T A 2ol Ao PNEH Z7189 Ht

CR-SNUR = CR-SNUR.,ix / CR—SNURSingle
CR-SNURmix = &3 A Ao 8g] thn] PN F4&
CR-SNURgnge = 99 24 7oA 3 din] PN

424. E BEFY EY A4 ¢ pH
2017 109 59 —Z,*X#XP AEA7) F3E =24
AN AEAZ

L
= FaedE U e, e A%
E,L

& AAA RS (CR-R/A)S ths 3 2o ﬁ]&éPME‘r.

CR-Biomass = BiomasSmix / Biomasssingle

Biomassmix = =% 212 ZAA

A% #F(g-individual 1),
Biomassgnge = 9 A @A AF o] HF(g-individual 1)

CR_R/ A = R/ Amix / R/ Asingle
R/Amix = €% A 7oA Be]/x35 ¥

o

’

R/Asingle = Ta—OE_] é}ZH }—Zioﬂ}\i Elg‘ﬂ/xl}?:}l?‘ ];]1.%0 %

1o
o,
EY
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HETol EFE A
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A (standard sieve No. 10)

F°] 2 mm¢l

4,

S

S (Dorich &

st
hydrazine % (Kamphake

=
=

z]
T1

A

0

A5tk 2 M9 KCl

Nelson 1983), NO3;-N<¢} NH,-Ntgt

+o]

S

439

sho w4

=
S

o
=

et al. 1967)3} indophenol "% (Solorzano 1969)

o]

=
=1

7171 (pH: Corning Checkmate II, Corning, USA)

et

T

A

4.25. A &

| Ao Shapiro-Wilk test®} Levene

ol

;Of

LOLaN
fite)

B
g

Mo

°]-&]

Al
a

2 W3{Log(x + 1)

=
=

dleolH

EEEE]
Aol 7ol 7k QA

—~
o

—_
fife)

o
o

il

=
=

ol 4 Duncan post—-hoc test

0

F22 SPSS(version 23.0, Chicago, IL,

2E SAA

o,
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fite)
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sho] a9l o,
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=

USA)
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< 0.001, Table 4-2). A&
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Table 4-2. Results from three-way ANOVA of the effects of species,
soil fertility, and interspecific competition on utilization ratio of different
nitrogen forms.

F-value
vouree Utilization ratio of different N forms
Species (S) 666"
Soil fertility (F) 1456
Interspecific competition (Inter C) 24.29"
S < F 347"
S x Inter C 2110
F x Inter C 9 9] s
S x F x Inter C 0.63ms

ns = not significant at p = 0.05, “p < 0.01; *p < 0.001.
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X 140

v NH,-5N in Single individual NH,-5N in Mixed
g 120 A NO,->N culture NO;-">N culture
3 ¥

Z 100 7 *

£ W T H

g 80 b

=

T 60

(v

o

Q40 -

©

t o

c 20 A |—*

2

.

E soil |Low High|Low High|Low High|Low High|Low High|Low High
e

=1 contents|  pPT PA IA FT IS ss

Species — Soil fertility

Fig. 4-2. Utilization ratio of different nitrogen forms of study species under
different soil fertility and interspecific competition treatments (means *= SE,
n = 6). Different capital and lowercase letters indicate significant differences
between species within low and high fertility conditions, respectively, in
single individual culture conditions. Asterisks indicate significant differences
between treatments within the same species. Significant differences were
assessed according to Duncan post-hoc test (p < 0.05). Double crosses
indicate significant differences in nitrogen forms ratio between plant uptake
and soil content according to one sample #~test (p < 0.05).

PT = Polygonum thunbergii (i1v}2]); PA = Phragmites australis (Zd));
IA = [schaemum aristatum (& ®.2]);

FT = Fimbristylis tristachya var. subbispicata (¥3t=4+]7]);

IS = Iris setosa (F-A%-%); SS = Sium suave (V) HE);

Low = low fertility; High = high fertility.

= A" sHEA sk Wl F3he] AEA A9 TE Aee
AT 2R ngE =04 =% (p < 005, Fig. 4-3). o= Al
TE7F w2 Ae® yehd d4 FEid NOs-Nol ek =9 34 -
To|] Edo] v sgE SIS 9w dvk(Fig. 4-2).
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Fig. 4-3. Niche overlap (mean of proportional similarity indices for all
pairs of species in a pot) under different soil fertility treatments (means *
SE, n = 6). Asterisks indicate significant differences between treatments
according to independent sample #test (p < 0.05).

EN

A ZANA avpEle] e PNg#E FrhE 3 Bl iy

BN 5482 08 3 2 Aol2 w4 (Fig. 4-4a & b). ¥ N3t
F F7HEe Agolv avtErt & Fo] HuRt AYRE E3oA]
= F2A0A 732%7F =X Hp < 0.05). FE u] PN &5

o= antE]7t e F9 PRt AGR x4 82.8%, 1L
PR A A 91.6%7F =UTHp < 0.05). uta] S AQd Fito] F
W5o] 2ol QAU Ak BE FoA FAA A #AG
= Z7betol wel oo PNetE e ¥ e PN 580

rote A BT olv v & vt FUbshel whEl HA AEo A

Fashs Aol ofyn, kel MNo| gt FH2H(PN)e] 4
|4 A AR 9] g A4 S5&

=
=2 HAA(Gao et al. 2014).
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Interspecific competition: [] Single individual culture, [l Mixed culture
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Fig. 4-4. Excess N concentration in leaves (a), root-specific N uptake
rate (b), biomass (c), and root/above-ground biomass ratio (d) of study
species under different soil fertility and interspecific competition treatments
[means = SE, n
Different capital and lowercase letters indicate significant differences between

species within low and high fertility conditions,

11 for (a), n =

5 for (b), n

= 6 for (c) n

respectively,

= 6 (]

in single

individual culture conditions. Asterisks indicate significant differences between
treatments within the same species. Significant differences were assessed
according to Duncan post-hoc test (p < 0.05).

PT = Polygonum thunbergii (11v}2]); PA = Phragmites australis (Zt));

IA = Ischaemum aristatum (& 5E.2]);
FT = Fimbristylis tristachya var. subbispicata (Z3}&5#]7]);
IS = Iris setosa (F-A3%); SS = Sium suave (7)),

Low = low fertility; High = high fertility.
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Interspecific competition: [ Single individual culture, [l Mixed culture
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Fig. 4-4. (continued)

PT = Polygonum thunbergii (31v}2]); PA = Phragmites australis (Zth);
IA = Ischaemum aristatum (4] X.2]);

FT = Fimbristvlis tristachya var. subbispicata (¥3t=4]7]);

IS = Iris setosa (F-AW%%); SS = Sium suave (V) E).

Low = low fertility; High = high fertility.

o
Fgol FFE FAHTable 4-3). F(p < 0.001),
a3 F3 SR FedE(p < 0052 72 e iy PN F5

of e FAH W&ol &S FAT Ao Gl tE o] & TFaAd ol
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Soil fertility: [ ]| Low fertility, [ High fertility
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Fig. 4-5. Competitive response based on excess "N concentration in leaves
(a) and root-specific °N uptake rate (b) of study species under different
soil fertility treatments [means + SE, n = 11 for (a), n = 5 for (b)].
Different capital and lowercase letters indicate significant differences between
species within low and high fertility conditions, respectively. Asterisks
indicate significant differences between soil fertility treatments within the
same species. Significant differences were assessed according to Duncan
post-hoc test (p < 0.05).

PT = Polygonum thunbergii (1.v}2]);, PA = Phragmites australis (Zt)),

IA = Ischaemum aristatum (& X.2]);

FT = Fimbristylis tristachya var. subbispicata (Z3t&+]7]);

IS = Iris setosa (F-A5-%); SS = Sium suave (& }H=).
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Soil fertility: [ |Low fertility, [f] High fertility
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Fig. 4-6. Competitive response based on biomass (a) and root/above-ground
biomass ratio (b) of study species under different soil fertility treatments
(means = SE, n = 6). Different capital and lowercase letters indicate
significant differences between species within low and high fertility
conditions, respectively. Asterisks indicate significant differences between soil
fertility treatments within the same species. Significant differences were
assessed according to Duncan post-hoc test (p < 0.05).

PT = Polygonum thunbergii (11v}2]); PA = Phragmites australis (Zth);

IA = Ischaemum aristatum (4] H.2]);

FT = Fimbristylis tristachyva var. subbispicata (Z3t=A7]);

IS = Iris setosa (F-A%-%); SS = Sium suave (| }E).
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g 100 - (a) Soil fertility : [] Low fertility, [ High fertility
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Fig. 4-7. Total inorganic nitrogen (NO3-N + NIH,~N) (a) and nitrogen forms
ratio (b) under different species, interspecific competition, and soil fertility
treatments (means * SE, n = 6). Different capital and lowercase letters indicate
significant differences between single individual culture of each species and
mixed culture within low and high fertility conditions, respectively. Asterisks
indicate significant differences between soil fertility treatments within the same
species or mixed culture. Significant differences were assessed according to
Duncan post-hoc test (p < 0.05). Double crosses indicate significant differences
in nitrogen forms ratio between the experimental and control groups according
to independent sample #test (p < 0.05).

PT = Polygonum thunbergii (1v}2]); PA = Phragmites australis (2 d]);

IA = Ischaemum aristatum (& 5E.2]);

FT = Fimbristylis tristachya var. subbispicata (Z3}&#]7]);

IS = Iris setosa (F-AAH2); SS = Sium suave UL UE).
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Ad F5 Fofl, avbg] x AR x gd AA 218 A Qstd
e A EY NOs-N Bl&o] HE7HY #FovstA #ast
(p < 0.05-0.001, Fig. 4-7b). @ A A oA E¢e] A FHiH
&2 vS e Aol #AGle] T3k foug Aolzb gl @Y
2AA 2 A HSE7E FIhgEel web awpg], HRE, Eae A7) e
B4 NOs-N H &2 tha #Zastgdoy, foud 2ol oy &
g AA 279 ES NOs-N H &2 HSE A9 #Agle] BE F
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of vl AA ZART UIYTHp < 0.05). &3 A Z7AA E
NOs;-N H &2 ASE 2R g oA wsktk(p < 0.05). ©
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7 =& Ao et NO3-NZ ¢ & HE&2 o]&dtts
oJu] 3 th(Fig. 4-2). 2d F8 Fo B pHY W& 686-7.352
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t}HCasper & Jackson 1997, Grassein et al. 2010).

da Fed g ol& sladel me FEe Ayrom
NH;-N Z#ol] gk o] & Aoz Bl NH-N¢ 3= 2
2 NOs>-NHEHT Aiid o= ¢ ¢33 (Bittsanszky et al. 2015, Qian et
al. 2021), NHy;-N 4o tf&at7] 918 d=f(d: 2w 53t T7F ¢
i )2 Fol ok zel7k vt ¢el A vk (Clarke & Baldwin
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o]-§ 7FAAdo] Yetve AEFS HYoh(anty], #3547, Fig. 4-2)
2e 258 9o NO3-N FE NH-NE o 7tz w-3-3te] NO3-N
T NHy-No 588 48 £+ 3% & 4 oM (Tang et al

=
2012, Britto & Kronzucker 2013), o]+ 24
Hlgo] WslE 72t o] AT ASGE
F F71ALTHES vgE2Aw, NO3-N9 NH;-N9o v &2 72 uahA
aubE], #35A 7]+ NO3-N Ei= NHy-No| Aol wk-3-3to] NO3-N
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Li et al. 2021).
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ol o] &Frt= As A
Ao digk A4 x9 & Fo] e
< 7Feksl et
EQF Aol thig AHA A9 £ EE Aol Yy
4e oYM (Zhuang et al. 2020), 53] F-F&Fe] A FolA ez A
?1 & gk A= FElskA AU th(Andersen et al. 2017, Yang et
al. 2018). whHol, R1F e Ao Aoz Aie digh A A
2] Hgo] f=50o] HdtH(Hong et al. 2017, Zhang et al. 2019). T3k
3 Ao A B A A9 EEe] AU FHFTY =
2 AEA A9 A vt B gtk (Ashton et al. 2010, Grassein
et al. 2010). L 99 A= 7|E AHA AYE adeA ¥, A™
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of AefA A9 7FaAAAA = FAsHA Fth(McKane et al. 2002, von
Felten et al. 2009). Lejt} R A& 7|2 AH A A fedA 2ol &
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Aol H% Fa3dttk(Silvertown 2004). T3 WEFE AL e A9
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Table 5-1. Summary of the characteristics related to nitrogen utilization in
inter-and intraspecific competition of study species”.

Species

CH |PT | IA | FT PA IS | SS

In situ study

° . . .
Sources of results (Adults)
(life cycle stages) Ex situ study
(Seedlings) * ] . o . .
Uptak
ptake R I S 0 ) A A S A B A A
rate

Plasticity in
chemical formuse | * | * | * | * | & | & | & | &

between species

N utilization
characteristics

Plasticity in
chemical form use | NA | 4 1 1+ | NA | D s e
within species

Change in

# #
N uptake rate t t t t t & ¢ ¢

Responses to

inter—and Change in

. - ane LIS S S NN E O R
intraspecific biomass

competition

Root allocation
response

UASEEU R R A A S )

Incidence of seedlings in communities| NA | 4 | ® | 4+ | & | & | & | &

Dominant Subordinate

Dominance in communities . .
species species

“All arrows indicate the relative highness between species.

*They only indicate responses to interspecific competition, and data for responses to
intraspecific competition were not available.

CH = Carex humbertiana (25 At%); PT = Polygonum thunbergii (1v}2]);

IA = [schaemum aristatum (4] H.2]);

FT = Fimbristylis tristachya var. subbispicata (Z3}=34]7]);

PA = Phragmites australis (Z™); IS = Iris setosa (F-A5%);

SS = Sium suave (71E2UE); NA = Data were not available.

- 166 -



o v

Mo

]

%o

2

T

“i- o
ST

da FHol g

of zpol7} AAeH(Fig. 5-1).

%2 il 4

7hagnel WY

44

e e

&

Ho

Nfo

—

Fel e A 7]

=3

R
=

{a

2378 mMAY

“AFR A

_EH

olo

]

%o

~F

“i o
ST

gk et

of 71

o} ot

ToFE AEA 7

J

High plasticity S
in N form use

Mechanisms for determining
dominant species

[

1

N partitioning
within species

Eutrophication

Negative
effect on
this process

Dominant

)

plasticity

on sampling & selection effects

Complementarity effects dependent

A 4
t

ec
o
-]
c.c
—_—
T € —>
S
wv
7]
wv
o &
VT
IS N N\ N e N N N
wv
r.nlue fw " 2 “— un
S ON:= (o)) = o g
c 0 c c -5 v = o
0.0 g NG =9 o 2 2 Sc
25w = S8 2 % 8z
N T o 2P = © 2z o, 2 o
=@ e c © S o c 2 A=
=R c g k= 14 P 2
SRS < © < @ d= 7 S c
©.= [SER) a o (9} Y o i =)
ZcE Wm > £ Q WV =
© =
S8 = ® ) °
\ 4 - -4 . 4 (N J/ . J &

— .

ﬁ

wa)sAs023 1@ Ayunwwod
uo sypeduwi ,sapads Jueuiwog

J

Fig. 5-1. A schematic diagram showing the effect of nitrogen uptake
characteristics of dominant species on species diversity in wetland plant

communities. All arrows indicate the relative highness.

- 167 -

n



il

o
el

o

ox

+
ol
‘.mo

el

=
[

g A 7

=
o

ol

)

—~
1o

&
%
e

il

T
w7

i

0
yul

A A =29 ZFo]"9b “SHAH Tpa
of “gejz A9 Aol 7hdel o

UERA ekt AH, Al Eo] o

A A=s7F A

1

Z

=l

=

T

-

7

A9 ware] FAAQ wAY

L
L

mfw

<

o|
iz

N

Sholl o

=
SRR

of o] A+

QLN

=

&t7]

)

of ¢+

g wolel 9

E
=

el

)

~
fiie)

il

Mo

T

R w9, o] ATt

o
=

b sleel sk Ay

°

0
o
i

T

Nfo

o
ol

—_

<
o

- 168 -



A7 E3

Aanderud ZT, Bledsoe CS (2009) Preferences for N-ammonium, °N-nitrate,
and "N-glycine differ among dominant exotic and subordinate native
grasses from a California oak woodland. Environmental and Experimental
Botany, 65: 205-209.

Abrams PA (2006) The prerequisites for and likelihood of generalist-specialist
coexistence. American Naturalist 167: 329-342.

Adler PB, Ellner SP, Levine JM (2010) Coexistence of perennial plants: an
embarrassment of niches. Ecology Letters 13: 1019-1029.

Aerts R, Boot RGA, van der Aart PJM (1991) The relation between above-
and belowground biomass allocation patterns and competitive ability.
Oecologia 87: 551-559.

Afik D, Karasov WH (1995) The trade-offs between digestion rate and
efficiency in warblers and their ecological implications. Ecology 76:
2247-2257.

Alexander TJ, Vonlanthen P, Seehausen O (2017) Does eutrophication—driven
evolution change aquatic ecosystems? Philosophical Transactions of the
Royal Society B-Biological Sciences 372: 20160041.

Allen SE, Grimshaw HM, Parkinson JA, Quarmby C (1974) Chemical
Analysis of Ecological Materials, Blackwell Scientific, Oxford, United
Kingdom.

Alroy J (2015) The shape of terrestrial abundance distributions. Science
Advances 1: el500082.

Andersen KM, Mayor JR, Turner BL (2017) Plasticity in nitrogen uptake
among plant species with contrasting nutrient acquisition strategies in a
tropical forest. Ecology 98: 1388-1398.

Arkoun M, Sarda X, Jannin L, Lainé P, Etienne P, Garcia-Mina JM, Yvin
JC, Ourry A (2012). Hydroponics versus field lysimeter studies of urea,
ammonium and nitrate uptake by oilseed rape (Brassica napus L.).
Journal of Experimental Botany 63: 5245-5258.

Ashton IW, Miller AE, Bowman WD, Suding KN (2010) Niche
complementarity due to plasticity in resource use: plant partitioning of
chemical N forms. Ecology 91: 3252-3260.

Aubree F, David P, Jarne P, Loreau M, Mouquet N, Calcagno V (2020) How
community adaptation affects biodiversity—ecosystem functioning
relationships. Ecology Letters 23: 1263-1275.

Augustyn WJ, Anderson B, Ellis AG (2016) Experimental evidence for
fundamental, and not realized, niche partitioning in a plant-herbivore
community interaction network. Journal of Animal Ecology 85: 994-1003.

- 169 -



Avolio ML, Forrestel EJ, Chang CC, La Pierre KJ, Burghardt KT, Smith
MD (2019). Demystifying dominant species. New Phytologist 223:
1106-1126.

Barnard R, Barthes L, Le Roux X, Leadley PW (2004) Dynamics of
nitrifying activities, denitrifying activities and nitrogen in grassland
mesocosms as altered by elevated CO,. New Phytologist 162: 365-376.

Bartelheimer M, & Poschlod P (2014) The response of grassland species to
nitrate versus ammonium coincides with their pH optima. Journal of
Vegetation Science 25: 760-770.

Bauer A, Black AL (1994) Quantification of the effect of soil organic matter
content on soil productivity. Soil Science Society of America Journal 58:
185-193.

Bauhus J, Forrester DI, Pretzsch H (2017) From observations to evidence
about effects of mixed—species stands. In: Pretzsch H, Forrester DI,
Bauhus J (eds) Mixed-Species Forests: Ecology and Management.
Springer, Berlin, Germany. pp. 27-71.

Begon M, Townsend CR, Harper JL (2006) Ecology: from Individuals to
Ecosystems, 4th edn. Blackwell Publishing, Malden, Massachusetts.

Biswas SR, Mallik AU (2010) Disturbance effects on species diversity and
functional diversity in riparian and upland plant communities. Ecology 91:
28-35.

Bittsanszky A, Pilinszky K, Gyulai G, Komives T (2015) Overcoming
ammonium toxicity. Plant Science 231: 184-190.

Black RA, Richards JH, Manwaring JH (1994) Nutrient uptake from enriched
soil microsites by three Great Basin perennials. Ecology 75: 110-122.

Blonder B, Lamanna C, Violle C, Enquist BJ (2014) The n-dimensional
hypervolume. Global Ecology and Biogeography 23: 595-609.

Bloom A]J (2015) The increasing importance of distinguishing among plant
nitrogen sources. Current opinion in plant biology 25: 10-16.

Bolnick DI, Amarasekare P, Aratjo MS, Birger R, Levine JM, Novak M,
Rudolf VHW, Schreiber SJ, Urban MC, Vasseur DA (2011) Why
intraspecific trait variation matters in community ecology. Trends in
Ecology & Evolution 26: 183-192.

Bolnick DI, Svanbiack R, Fordyce JA, Yang LH, Davis JM, Hulsey CD,
Forister ML (2003) The ecology of individuals: incidence and
implications of individual specialization. American Naturalist 161: 1-28

Boltenkov EV, Menshakova MY, Gainanova RI, Rumjantseva ZY (2020) The
first record of Iris setosa (Iridaceae) in Europe. Phytotaxa 437: 32-38.

Botta-Dukat Z (2005) Rao’s quadratic entropy as a measure of functional
diversity based on multiple traits. Journal of Vegetation Science 16:
533-540.

- 170 -



Bourgeois B, Rochefort L, Bérubé V, Poulin M (2018) Response of plant
diversity to moss, Carex or Scirpus revegetation strategies of wet
depressions in restored fens. Aquatic Botany 151: 19-24.

Boutin C, Jobin B (1998) Intensity of agricultural practices and effects on
adjacent habitats. Ecological Applications 8: 544-557.

Boutin C, Keddy PA (1993) A functional classification of wetland plants.
Journal of Vegetation Science 4: 591-600.

Boyle J (2004) A comparison of two methods for estimating the organic
matter content of sediments. Journal of Paleolimnology 31: 125-127.

Bratton SP (1976) Resource division in an understory herb community:
responses to temporal and microtopographic gradients. American
Naturalist 110: 679-693.

Bray RH, Kurtz LT (1945) Determination of total, organic, and available
forms of phosphorus in soils. Soil Science 59: 39-46.

Britto DT, Kronzucker HJ (2005) Nitrogen acquisition, PEP carboxylase, and
cellular pH homeostasis: new views on old paradigms. Plant, Cell and
Environment, 28: 1396-1409.

Britto DT, Kronzucker HJ (2013) Ecological significance and complexity of
N-source preference in plants. Annals of Botany 112: 957-963.

Brown JH & Maurer BA (1986) Body size, ecological dominance and Cope’s
rule. Nature 324: 248-250.

Brown WL, Wilson EO (1956) Character displacement. Systematic Zoology 5:
49-64.

Brucet S, Boix D, Lopez-Flores R, Badosa A, Quintana XD (2006) Size and
species diversity of zooplankton communities in fluctuating
Mediterranean salt marshes. Estuarine, Coastal and Shelf Science 67:
424-432.

Bu W, Schmid B, Liu X, Li Y, Hardtle W, von Oheimb G, Liang Y, Sun Z,
Huang Y, Bruelheide H, Ma K (2017) Interspecific and intraspecific
variation in specific root length drives aboveground biodiversity effects
in young experimental forest stands. Journal of Plant Ecology 10:
158-169.

Buschke FT (2021) Neutral theory reveals the challenge of bending the
curve for the post-2020 Global Biodiversity Framework. Ecology and
Evolution 00: 1-6.

Busso CA, Briske DD, Olalde-Portugal V (2001) Root traits associated with
nutrient exploitation following defoliation in three coexisting perennial
grasses in a semi—arid savanna. Oikos 93: 332-342.

Byun C, De Blois S, Brisson J (2013) Plant functional group identity and
diversity determine biotic resistance to invasion by an exotic grass.
Journal of Ecology 101: 128-139.

- 171 -



Cabrera RI, Evans RY, Paul JL (1995) Cyclic nitrogen uptake by greenhouse
roses. Scientia Horticulturae 63: 57-66.

Cahill JF (2003) Lack of relationship between below-ground competition and
allocation to roots in 10 grassland species. Journal of Ecology 91:
532-540.

Calver M, Fletcher D (2020) When ANOVA isn’t ideal: analyzing ordinal
data from practical work in biology. The American Biology Teacher 82:
289-294.

Canovas FM, Gallardo F, Jing ZP, Pascual MB (2006) Transgenic approaches
to engineer nitrogen metabolism. In: Fladung M, Ewald D (eds). Tree
Transgenesis. Springer, Berlin, Heidelberg. pp. 156-178.

Cardoso P, Barton PS, Birkhofer K, Chichorro F, Deacon C, Fartmann T,
Fukushima CS, Gaigher R, Habel JC, Hallmann CA, Hill MJ, Hochkirch
A, Kwak ML, Mammola S, Noriega JA, Orfinger AB, Pedraza F, Pryke
JS, Roque FO, Settele J, Simaika JP, Stork NE, Suhling F, Vorster C,
Samways M]J (2020) Scientists’ warning to humanity on insect
extinctions. Biological Conservation 242: 108426.

Casper BB, Jackson RB (1997) Plant competition underground. Annual Review
of Ecology and Systematics 28: 545-570.

Chalk P, Smith C (2021) On inorganic N uptake by vascular plants: can °N
tracer techniques resolve the NH,  versus NO; “preference” conundrum?
European Journal of Soil Science 72: 1762-1779.

Chang CC, Smith MD (2012) Invasion of an intact plant community: the role
of population versus community level diversity. Oecologia 168:
1091-1102.

Chang NN, Shiao JC, Gong GC (2012) Diversity of demersal fish in the East
China Sea: implication of eutrophication and fishery. Continental Shelf
Research 47: 42-54.

Chen H, Zhu Q, Peng C, Wu N, Wang Y, Fang X, Gao Y, Zhu D, Yang G,
Tian J, Kang X, Piao S, Ouyang H, Xiang W, Luo Z, Jiang H, Song X,
Zhang Y, Yu G, Zhao X, Gong P, Yao T, Wu J (2013) The impacts of
climate change and human activities on biogeochemical cycles on the
Qinghai-Tibetan P lateau. Global change biology 19: 2940-2955.

Cheng Y, Zhang C, Zhao X, von Gadow K (2018) Biomass—dominant species
shape the productivity—diversity relationship in two temperate forests.
Annals of Forest Science 75: 97.

Chlot S, Widerlund A, Ohlander B (2015) Nitrogen uptake and cycling in
Phragmites australis in a lake-receiving nutrient-rich mine water: a °N
tracer study. Environmental Earth Sciences 74: 6027-6038.

Choi H, Kim HT, Nam BE, Bae Y], Kim JG (2022) Effect of initial planting
on vegetation establishment in different depth zones of constructed farm
ponds. Restoration Ecology 30: €13488.

- 172 -



Choi W], Chang SX, Ro HM (2005) Seasonal changes of shoot nitrogen
concentrations and "N/"N ratios in common reed in a constructed
wetland. Communications in Soil Science and Plant Analysis 36:
2719-2731.

Choi YS, Park HJ, Kim JG (2021) Effects of soil water content and light
intensity on the growth of Molinia japonica in montane wetlands in South
Korea. Journal of Ecology and Environment 45: 3

Choo YS, Lee CB, Albert R (2002) Effects of nitrogen nutrition on the
pattern of ions and organic solutes in five sedges (Carex spp.).
Flora-Morphology, Distribution, Functional Ecology of Plants 197: 56-66.

Clarke E, Baldwin AH (2002) Responses of wetland plants to ammonia and
water level. Ecological Engineering 18: 257-264.

Colwell RK, Futuyma DJ (1971) On the measurement of niche breadth and
overlap. Ecology 52: 567-576.

Connell JH (1961) The influence of interspecific competition and other factors
on the distribution of the barnacle Chthamalus stellatus. Ecology 42:
710-723.

Costa—Pereira R, Rudolf VH, Souza FL, Aratjo MS (2018) Drivers of
individual niche variation in coexisting species. Journal of Animal
Ecology 87: 1452-1464.

Cott GM, Jansen MAK, Megonigal JP (2020). Uptake of organic nitrogen by
coastal wetland plants under elevated CO,. Plant and Soil 450: 521-535.

Cusa M, Berge ], Varpe @ (2019) Seasonal shifts in feeding patterns:
individual and population realized specialization in a high Arctic fish.
Ecology and Evolution 9: 11112-11121.

Dangremond EM, Simpson LT, Osborne TZ, Feller IC (2020) Nitrogen
enrichment accelerates mangrove range expansion in the
temperate—tropical ecotone. Ecosystems, 23: 703-714.

Daoud-Bouattour A, Muller SD, Jamaa HFB, Saad-Limam SB, Rhazi L,
Soulié-Miarsche I, Rouissi M, Touati B, Jilani IBH, Gammar AM,
Ghrabi-Gammar Z (2011) Conservation of Mediterranean wetlands:
interest of historical approach. Comptes rendus biologies 334: 742-756.

Davis MA, Grime JP, Thompson K (2000) Fluctuating resources in plant

communities: a general theory of invasibility. Journal of Ecology 88:
528-534.

Daws MI, Walters S]J, Harris R], Tibbett M, Grigg AH, Morald TK, Hobbs
R]J, Standish RJ (2021) Nutrient enrichment diminishes plant diversity
and density, and alters long-term ecological trajectories, in a biodiverse
forest restoration. Ecological Engineering 165: 106222.

Dawson W, Hor J, Egert M, van Kleunen M, Pester M (2017) A small number
of low—abundance bacteria dominate plant species—specific responses
during rhizosphere colonization. Frontiers in Microbiology 8: 975.

- 173 -



Dianat M, Shahnejat Booshehri AA, Alizadeh HM, Naghavi MR, Rahimian
Mashhadi H (2007) Analysis of genetic diversity among populations of
common reed (Phragmites australis) in Iran. Iranian Journal of Weed
Science 3: 90-104.

Dorich RA, Nelson DW (1983) Direct colorimetric measurement of
ammonium in potassium chloride extracts of soils. Soil Science Society
of America Journal 47: 833-836.

Durell SEALD (2000). Individual feeding specialisation in shorebirds:
population consequences and conservation implications. Biological
Reviews 75: 503-518.

Egle K, Beschow H, Merbach W (2008) Assessing post—anthesis nitrogen
uptake, distribution and utilisation in grain protein synthesis in barley
(Hordeum vulgare L.) using N fertiliser and N proteinogenic and
non—proteinogenic amino acids. Annals of Applied Biology 152: 209-221.

Ehlers BK, Damgaard CF, Laroche F (2016) Intraspecific genetic variation
and species coexistence in plant communities. Biology Letters 12:
20150853.

Environmental Laboratory (1987) Corps of Engineers Wetlands Delineation
Manual. Technical Report Y-87-1. U.S. Army Engineer Waterways
Experiment Station, Vicksburg, Mississippi.

Eskovsek R, Datta A, Knezevic SZ, Simon¢i¢ A (2012) Common ragweed
(Ambrosia artemisiifolia) dry matter allocation and partitioning under
different nitrogen and density levels. Weed Biology and Management 12:
98-108.

Fajardo A, Siefert A (2019) The interplay among intraspecific leaf trait
variation, niche breadth and species abundance along light and soil
nutrient gradients. Oikos 128: 831-891.

Falster DS, Duursma RA, FitzJohn RG (2018) How functional traits influence
plant growth and shade tolerance across the life cycle. Proceedings of
the National Academy of Sciences of the United States of America 115:
E6789-E6798.

FeBel C, Meier IC, Leuschner C (2016) Relationship between species
diversity, biomass and light transmittance in temperate semi-natural
grasslands: is productivity enhanced by complementary light capture?
Journal of Vegetation Science 27: 144-155.

Feuchtmayr H, Moran R, Hatton K, Connor L, Heyes T, Moss B, Harvey I,
Atkinson D (2009) Global warming and eutrophication: effects on water
chemistry and autotrophic communities in experimental hypertrophic
shallow lake mesocosms. Journal of Applied Ecology 46: 713-723.

Finzi AC, Berthrong ST (2005) The uptake of amino acids by microbes and
trees in three cold-temperate forests. Ecology 86: 3345-3353.

- 174 -



Fontana S, Berg MP, Moretti M (2019) Intraspecific niche partitioning in
macrodetritivores enhances mixed leaf litter decomposition. Functional
Ecology 33: 2391-2401.

Freschet GT, Kichenin E, Wardle DA (2015) Explaining within community
variation in plant biomass allocation: a balance between organ biomass
and morphology above vs below ground? Journal of Vegetation Science
26: 431-440.

Fu H, Yuan G, Ozkan K, Johansson LS, Sendergaard M, Lauridsen TL,
Jeppesen E (2021) Patterns of seasonal stability of lake phytoplankton
mediated by resource and grazer control during two decades of
re—oligotrophication. Ecosystems 24: 911-925.

Gamfeldt L, Kallstrom B (2007) Increasing intraspecific diversity increases
predictability in population survival in the face of perturbations. Oikos
116: 700-705.

Gao JQ, Mo Y, Xu XL, Zhang XW, Yu FH. (2014) Spatiotemporal variations
affect uptake of inorganic and organic nitrogen by dominant plant
species in an alpine wetland. Plant and Soil 381: 271-278.

Garcia-Valero A, Martinez-Martinez S, Faz A, Terrero MA, Mufioz MA,
Gomez-Lopez MD, Acosta JA (2020) Treatment of Wastewater from the
tannery industry in a constructed wetland planted with Phragmites
australis. Agronomy 10: 176.

Gause GF, Nastokova OK, Alpatov WW (1934) The influence of biologically
conditioned media on the growth of mixed population of Paramecium
caudatum and P. aurelia. Journal of Animal Ecology 3: 222-230.

Gatiizére P, Doulcier G, Devictor V, Kéfi S (2019) A framework for
estimating species—specific contributions to community indicators.
Ecological Indicators 99: 74-82.

Geng YP, Pan XY, Xu CY, Zhang W], Li B, Chen JK (2007). Plasticity and
ontogenetic drift of biomass allocation in response to above-and
below—-ground resource availabilities in perennial herbs: a case study of
Alternanthera philoxeroides. Ecological Research 22: 255-260.

Gerdol R, Brancaleoni L, Lastrucci L, Nobili G, Pellizzari M, Ravaglioli M,
Viciani D (2018) Wetland plant diversity in a coastal nature reserve in
Italy: relationships with salinization and eutrophication and implications
for nature conservation. Estuaries and Coasts 41: 2079-2091.

Gerz M, Guillermo BC, Ozinga WA, Zobel M, Moora M (2018) Niche
differentiation and expansion of plant species are associated with
mycorrhizal symbiosis. Ecology 106: 254-264.

- 175 -



Gessler A, Schneider S, von Sengbusch D, Weber P, Hanemann U, Huber C,
Rothe A, Kreutzer K, Rennenberg H (1998) Field and laboratory
experiments on net uptake of nitrate and ammonium by the roots of
spruce (Picea abies) and beech (Fagus sylvatica) trees. New Phytologist
138: 275-285.

Glennemeier KA, Denver R]J (2002) Role for corticoids in mediating the
response of Rana pipiens tadpoles to intraspecific competition. Journal of
Experimental Zoology 292: 32-40.

Grassein F, Till-Bottraud I, Lavorel S (2010) Plant resource—use strategies:
the importance of phenotypic plasticity in response to a productivity
gradient for two subalpine species. Annals of Botany 106: 637-645.

Grime JP (1977) Evidence for the existence of three primary strategies in
plants and its relevance to ecological and evolutionary theory. American
Naturalist 111:1169-1194.

Grime JP (1998) Benefits of plant diversity to ecosystems: immediate, filter
and founder effects. Journal of Ecology &86: 902-910.

Grime JP (2002) Declining plant diversity: empty niches or functional shifts?
Journal of Vegetation Science 13: 457-460.

Grinnell J (1917) The niche-relationships of the California Thrasher. Auk 34:
427-433.

Guderle M, Bachmann D, Milcu A, Gockele A, Bechmann M, Fischer C,
Roscher C, Landais D, Ravel O, Devidal S, Roy ], Gessler A, Buchmann
N, Weigelt A, Hildebrandt A (2018) Dynamic niche partitioning in root
water uptake facilitates efficient water use in more diverse grassland
plant communities. Functional Ecology 32: 214-227.

Guo W, Zhang Z, Liu Q, Xiao J, Yin H (2021) Seasonal variations in plant
nitrogen acquisition in an ectomycorrhizal alpine forest on the eastern
Tibetan Plateau, China. Plant and Soil 459: 79-91.

Gustafson DJ, Major C, Jones D, Synovec J, Baer SG, Gibson DJ (2014)
Genetic sorting of subordinate species in grassland modulated by
intraspecific variation in dominant species. PLoS One 9: e91511.

Haslam SM (1971) Community regulation in Phragmites communis Trin.: L
monodominant stands. Journal of Ecology 59: 65-73.

Haslam SM (1972) Phragmites communis Trin. (Arundo phragmites L.?
Phragmites australis (Cav.) Trin. ex Steudel). Journal of Ecology 60:
585-610.

Haubrock PJ, Balzani P, Matsuzaki SIS, Tarkan AS, Kourantidou M, Haase
P (2021) Spatio—temporal niche plasticity of a freshwater invader as a
harbinger of impact variability. Science of the Total Environment 777:
145947,

- 176 -



Hautier Y, Seabloom EW, Borer ET, Adler PB, Harpole WS, Hillebrand H,
Lind EM, MacDougall AS, Stevens CJ, Bakker JD, Buckley YM, Chu C,
Collins SL, Daleo P, Damschen EI, Davies KF, Fay PA, Firn ], Gruner
DS, Jin VL, Klein JA, Knops JMH, La Pierre KJ, Li W, McCulley RL,
Melbourne BA, Moore JL, O'Halloran LR, Prober SM, Risch AC,
Sankaran M, Schuetz M, Hector A (2014) Eutrophication weakens
stabilizing effects of diversity in natural grasslands. Nature 508: 521-525.

Hawkins BJ, Robbins S (2010) pH affects ammonium, nitrate and proton
fluxes in the apical region of conifer and soybean roots. Physiologia
Plantarum 138: 238-247.

Hector A, Schmid B, Beierkuhnlein C, Caldeira MC, Diemer M,
Dimitrakopoulos PG, Finn JA, Freitas H, Giller PS, Good J, Harris R,
Hogberg P, Huss-Danell K, Joshi J, Jumpponen A, Korner C, Leadley
PW, Loreau M, Minns A, Mulder CPH, O'Donovan G, Otway SJ, Pereira
JS, Prinz A, Read DJ, Scherer-Lorenzen M, Schulze ED, Siamantziouras
ASD, Spehn EM, Terry AC, Troumbis AY, Woodward FI, Yachi S,
Lawton JH (1999. Plant diversity and productivity experiments in
European grasslands. Science 286: 1123-1127.

Hector AE, Bazeley-White E, Loreau M, Otway S, Schmid B (2002)
Overyielding in grassland communities: testing the sampling effect
hypothesis with replicated biodiversity experiments. Ecology Letters 5:
502-511.

Helsen K, Acharya KP, Brunet J, Cousins SA, Decocq G, Hermy M, Kolb A,
Lemke IH, Lenoir J, Plue J, Verheyen K, de Frenne P, Graae BJ (2017)
Biotic and abiotic drivers of intraspecific trait variation within plant
populations of three herbaceous plant species along a latitudinal gradient.
BMC Ecology 17: 38.

Helsen K, van Cleemput E, Bassi L, Graae BJ, Somers B, Blonder B,
Honnay O (2020) Inter- and intraspecific trait variation shape
multidimensional trait overlap between two plant invaders and the
invaded communities. Oikos 129: 677-688.

Henn JJ, Buzzard V, Enquist BJ, Halbritter AH, Klanderud K, Maitner BS,
Michaletz ST, Potsch C, Seltzer L, Telford R], Yang Y, Zhang Li,
Vandvik V (2018) Intraspecific trait variation and phenotypic plasticity
mediate alpine plant species response to climate change. Frontiers in
Plant Science 9: 1548.

Henry HAL, Jefferies RL (2003) Plant amino acid uptake, soluble N turnover
and microbial N capture in soils of a grazed Arctic salt marsh. Journal
of Ecology 91: 627-636.

Hess L, De Kroon H (2007) Effects of rooting volume and nutrient
availability as an alternative explanation for root self/non-self
discrimination. Journal of Ecology 95: 241-251.

- 177 -



Hill PW, Farrar J, Roberts P, Farrell M, Grant H, Newsham KK, Hopkins
DW, Bardgett RD, Jones DL (2011) Vascular plant success in a
warming Antarctic may be due to efficient nitrogen acquisition. Nature
Climate Change 1: 50-53.

Holt RD (2008) Theoretical perspectives on resource pulses. Ecology 89:
671-681.

Hong J, Ma X, Zhang X, Wang X (2017) Nitrogen uptake pattern of
herbaceous plants: coping strategies in altered neighbor species. Biology
and Fertility of Soils 53: 729-735.

Hong MG, Kim JG (2014) Role and effects of winter buds and rhizome
morphology on the survival and growth of common reed (Phragmites
australis). Paddy and Water Environment 12: 203-209.

Hong MG, Nam BE, Kim JG (2021). Phragmites australis makes valuable
floating mat biotopes under oligotrophic conditions. Landscape and
Ecological Engineering 17: 109-118.

Hong MG, Park H, Nam BE, Kim JG (2019) Vegetational characteristics of
abandoned paddy terraces in comparison with natural and constructed
wetlands. Journal of Wetlands Research 21: 199-206.

Hong MG, Park HJ, Kim JG (2020) Nutrient effects on seedling survival and
growth performance of 7ypha angustifolia in a mesocosm experiment.
Journal of Plant Biology 63: 43-49.

Hooper DU, Chapin III FS, Ewel JJ, Hector A, Inchausti P, Lavorel S, Lawton
JH, Lodge DM, Loreau M, Naeem S, Schmid B, Setila H, Symstad A]J,
Vandermeer J, Wardle DA (2005) Effects of biodiversity on ecosystem
functioning: a consensus of current knowledge. Ecological Monographs 75:
3-35.

Horswill P, O’Sullivan O, Phoenix GK, Lee JA, Leake JR (2008) Base cation
depletion, eutrophication and acidification of species-rich grasslands in
response to long—term simulated nitrogen deposition. Environmental
Pollution 155: 336-349.

Houlton BZ, Sigman DM, Schuur EA, Hedin LO (2007) A climate—-driven
switch in plant nitrogen acquisition within tropical forest communities.
Proceedings of the National Academy of Sciences of the United States
of America 104: 8902-8906.

Huang L, Bai J, Wen X, Zhang G, Zhang C, Cui B, Liu X (2020) Microbial
resistance and resilience in response to environmental changes under the
higher intensity of human activities than global average level. Global
Change Biology 26: 2377-2389.

Hubbell SP (2001) The Unified Neutral Theory of Biodiversity and
Biogeography. Princeton University Press, Princeton, New Jersey.

- 178 -



Hughes AR, Stachowicz JJ, Williams SL (2009) Morphological and
physiological variation among seagrass (Zostera marina) genotypes.
Oecologia 159: 725-733.

Huston MA (1994) Biological Diversity: The Coexistence of Species on
Changing Landscapes. Cambridge University Press, Cambridge, United
Kingdom.

Huston MA (1997) Hidden treatments in ecological experiments:
re—evaluating the ecosystem function of biodiversity. Oecologia 110:
449-460.

Hutchinson GE (1957) Concluding remarks. Cold Spring Harbor Symposia on
Quantitative Biology 22: 415-427.

Hutchinson GE (1959) Homage to Santa Rosalia or why are there so many
kinds of animals. American Naturalist 93: 145-159.

Inglett PW, Reddy KR (2006) Investigating the use of macrophyte stable C
and N isotopic ratios as indicators of wetland eutrophication: patterns in
the P affected Everglades. Limnology and Oceanography 51: 2380-2387.

Inman A]J, Lefebvre L, Giraldeau LA (1987) Individual diet differences in
feral pigeons: evidence for resource partitioning. Animal Behaviour 35:
1902-1903.

Ishii J, Kadono Y (2002) Factors influencing seed production of Phragmites
australis. Aquatic Botany 72: 129-141.

Jarvie HP, Pallett DW, Schafer SM, Macrae ML, Bowes M]J, Farrand P,
Warwick AC, King SM, Williams R]J, Armstrong L, Nicholls DJE, Lord
WD, Rylett D, Roberts C, Fisher N (2020) Biogeochemical and climate
drivers of wetland phosphorus and nitrogen release: implications for
nutrient legacies and eutrophication risk. Journal of Environmental
Quality 49: 1703-1716.

Jeltsch F, Grimm V, Reeg ], Schligel UE (2019) Give chance a chance: from

coexistence to coviability in biodiversity theory. Ecosphere 10: e02700.

Jeon SH, Kim H, Nam JM, Kim JG (2013) Habitat characteristics of sweet
flag (Acorus calamus) and their relationship with biomass. Landscape and
Ecological Engineering 9: 67-75.

Jesmer BR, Kauffman M]J, Murphy MA, Goheen JR (2020) A test of the
Niche Variation Hypothesis in a ruminant herbivore. Journal of Animal
Ecology 89: 2825-2839.

Jia X, Huangfu C, Hui D (2020) Nitrogen uptake by two plants in response
to plant competition as regulated by neighbor density. Frontiers in Plant
Science 11: 584370.

Jiang L, Pu Z, Nemergut DR (2008) On the importance of the negative
selection effect for the relationship between biodiversity and ecosystem
functioning. Oikos 117: 488-493.

- 179 -



Jiang L, Zhang L, Deng B, Liu X, Yi H, Xiang H, Li Z, Zhang W, Guo X,
Niu D (2017) Alpine meadow restorations by non-dominant species
increased soil nitrogen transformation rates but decreased their
sensitivity to warming. Journal of Soils and Sediments 17: 2329-2337.

Jiménez—-Mejias P, Noltie H] (2017) Carex drukyulensis (Cyperaceae), a
‘new’species from the Himalayas (Bhutan). Edinburgh Journal of Botany
74: 95-101.

Jochum M, Fischer M, Isbell F, Roscher C, van der Plas F, Boch S,
Boenisch G, Buchmann N, Catford JA, Cavender-Bares ], Ebeling A,
Eisenhauer N, Gleixner G, Holzel N, Kattge J, Klaus VH, Kleinebecker
T, Lange M, Le Provost G, Meyer ST, Molina-Venegas R, Mommer L,
Oelmann Y, Penone C, Pratil D, Reich PB, Rindisbacher A, Schifer D,
Scheu S, Schmid B, Tilman D, Tscharntke T, Vogel A, Wagg C,
Weigelt A, Weisser WW, Wilcke W, Manning P (2020) The results of
biodiversity—ecosystem functioning experiments are realistic. Nature
Ecology & Evolution 4: 1485-1494.

Jones KA, Ratcliffe N, Votier SC, Newton ], Forcada J, Dickens ],
Stowasser G, Staniland IJ (2020) Intra—specific niche partitioning in
Antarctic fur seals, Arctocephalus gazella. Scientific Reports 10: 3238.

Kahmen A, Livesley SJ, Arndt SK (2009) High potential, but low actual,
glycine uptake of dominant plant species in three Australian land-use
types with intermediate N availability. Plant and Soil 325: 109-121.

Kahmen A, Renker C, Unsicker SB, Buchmann N (2006) Niche
complementarity for nitrogen: an explanation for the biodiversity and
ecosystem functioning relationship? Ecology 87: 1244-1255.

Kamphake L]J, Hannah SA, Cohen JM (1967) Automated analysis for nitrate
by hydrazine reduction. Water Research 1: 205-216.

Kang L, Han X, Zhang Z, Sun O] (2007) Grassland ecosystems in China:
review of current knowledge and research advancement. Philosophical
Transactions of the Royal Society B-Biological Sciences 362: 997-1008.

Kawano S (2008) 11: Polygonum thunbergii Sieb. et Zucc. (Polygonaceae).
Plant Species Biology 23: 222-227.

Kembel SW, Cahill JF (2005) Plant phenotypic plasticity belowground: a
phylogenetic perspective on root foraging trade-offs. American Naturalist
166: 216-230.

Kerches-Rogeri P, Niebuhr BB, Muylaert RL, Mello MAR (2020) Individual
specialization in the use of space by frugivorous bats. Journal of Animal
Ecology 89: 2584-2595.

Kettenring KM, Adams CR (2011) Lessons learned from invasive plant
control experiments: a systematic review and meta—analysis. Journal of
Applied Ecology 48: 970-979.

- 180 -



Kim DH, Choi H, Kim JG (2012) Occupational strategy of Persicaria
thunbergii in riparian area: rapid recovery after harsh flooding
disturbance. Journal of Plant Biology 55: 226-232.

Kim JG (2005) Nutrient dynamics in montane wetlands, emphasizing the
relationship between cellulose decomposition and water chemistry.
Journal of Korean Wetlands Society 7: 33-42.

Kim JG, Nam JM, Han MH (2007) Implication of self-thinning in Salix
communities on riverine wetland restoration. Journal of Ecology and
Field Biology 30: 251-255.

Kim JH, Cho KJ, Mun HT, Mim BM (1986) Production dynamics of
Phragmites longivalvis, Carex scabrifolia and Zoysia sinica Stand of a
sand bar at the Nagdong River estuary. Korean Journal of Ecology 9:
59-71.

Kleyer M, Bekker RM, Knevel IC, Bakker JP, Thompson K, Sonnenschein
M, Poschlod P, van Groenendael JM, Klimes L, Klimesova J, Klotz S,
Rusch GM, Hermy M, Adriaens D, Boedeltje G, Bossuyt B, Dannemann
A, Endels P, Gotzenberger L, Hodgson JG, Jackel AK, Kiihn I,
Kunzmann D, Ozinga WA, Romermann C, Stadler M, Schlegelmilch ],
Steendam H]J, Tackenberg O, Wilmann B, Cornelissen JHC, Eriksson O,
Garnier E, Peco B (2008) The LEDA Traitbase: a database of
life-history traits of Northwest European flora. Journal of Ecology 96:
1266-1274.

Knoepp JD, Turner DP, Tingey DT (1993) Effects of ammonium and nitrate
on nutrient uptake and activity of nitrogen assimilating enzymes in
western hemlock, Forest Ecology and Management 59: 179-191.

Koppitz H (1999) Analysis of genetic diversity among selected populations of
Phragmites australis world-wide. Aquatic Botany 64: 209-221.

Krenova Z, LepS J (1996) Regeneration of a Gentiana pneumonanthe
population in an oligotrophic wet meadow. Journal of Vegetation Science
70 107-112.

Kronzucker HJ, Glass ADM, Siddigi MY, Kirk GJD (2000) Comparative
kinetic analysis of ammonium and nitrate acquisition by tropical lowland
rice: implications for rice cultivation and yield potential. New Phytologist
145: 471-476.

Kurimoto K, Day DA, Lambers H, Noguchi K (2004) Effect of respiratory
homeostasis on plant growth in cultivars of wheat and rice. Plant, Cell
and Environment 27: 853-862.

Lankau RA (2009) Genetic variation promotes long-term coexistence of
Brassica nigra and its competitors. American Naturalist 174: E40-E53.

Lawton JH, Strong DR (1981) Community patterns and competition in
folivorous insects. American Naturalist 118 317-338.

- 181 -



Le Roux X, Bariac T, Mariotti A (1995) Spatial partitioning of the soil water
resource between grass and shrub components in a West African humid
savanna. Oecologia 104: 147-155.

Lee EH, Lee BE, Kim JG (2018) Effects of water levels and soil nutrients
on the growth of [ris laevigata seedlings. Journal of Ecology and
Environment 42: 5.

Lee JS, Ihm BS, Kim JW, Lee SH (2000) Comparisons of nitrogen and
phosphorus removal capacity of four macrophytes. Korean Journal of
Ecology 23: 163-167.

Lee S, Woo S, Kim E (2021) Differential effect of inter- and intraspecific
competition on the performance of invasive and native 7araxacum
species. Plant Species Biology 36: 187-197.

Leffler AJ, James JJ, Monaco TA (2013) Temperature and functional traits
influence differences in nitrogen uptake capacity between native and
mmvasive grasses. Oecologia 171: 51-60.

Lem CH, Samson R, Bailey-Stamler S (2008) Commercial Energy Grass
Production and Implications for Invasive Species in Canada. Final Report.
Canadian Food Inspection Agency.

Li QW, Liang JF, Zhang XY, Feng JG, Song MH, Gao JQ (2021). Biochar
addition affects root morphology and nitrogen uptake capacity in
common reed (Phragmites australis). Science of the Total Environment
766: 144381.

Li X, Guo R (2017) Comparison of nitrogen removal in floating treatment
wetlands constructed with Phragmites australis and Acorus calamus in
a cold temperate zone. Water, Air, & Soil Pollution 228: 132.

Li X, Rennenberg H, Simon J (2016) Seasonal variation in N uptake
strategies in the understorey of a beech—-dominated N-limited forest
ecosystem depends on N source and species. Tree physiology 36:
589-600.

Liu X, Zhang Y, Han W, Tang A, Shen ], Cui Z, Vitousek P, Erisman JW,
Goulding K, Christie P, Fangmeier A, Zhang F (2013b) Enhanced
nitrogen deposition over China. Nature 494: 459-462.

Liu XY, Koba K, Makabe A, Li XD, Yoh M, Liu CQ (2013a) Ammonium
first: natural mosses prefer atmospheric ammonium but vary utilization
of dissolved organic nitrogen depending on habitat and nitrogen
deposition. New Phytologist 199: 407-419.

Loépez—-Hoffman L, Ackerly DD, Anten NPR, DeNoyer JL, Martinez-Ramos
M (2007) Gap-dependence in mangrove life-history strategies: a
consideration of the entire life cycle and patch dynamics. Journal of
Ecology 95: 1222-1233.

Loreau M (1998) Separating sampling and other effects in biodiversity
experiments. Oikos 82: 600-602.

- 182 -



Loreau M (2000) Biodiversity and ecosystem functioning: recent theoretical
advances. Oikos 91: 3-17.

Loreau M, Hector A (2001) Partitioning selection and complementarity in
biodiversity experiments. Nature 412: 72-76.

Lou Y, Pan Y, Gao C, Jiang M, Lu X, Xu Y]J (2016) Response of plant
height, species richness and aboveground biomass to flooding gradient
along vegetation zones in floodplain wetlands, Northeast China. PLoS
One 11: e0153972.

Luo YH, Cadotte MW, Burgess KS, Liu J, Tan SL, Zou JY, Xu K, Li DZ,
Gao LM (2019) Greater than the sum of the parts: how the species
composition in different forest strata influence ecosystem function.
Ecology Letters 22: 1449-1461.

Ma L, Liu G, Xu X, Xin X, Bai W, Zhang L, Chen S, Wang, R (2018)
Nitrogen acquisition strategies during the winter-spring transitional
period are divergent at the species level yet convergent at the
ecosystem level in temperate grasslands. Soil Biology and Biochemistry
122: 150-159.

Ma S, Zhu X, Zhang J, Zhang L, Che R, Wang F, Liu H, Niu H, Wang S,
Cui X (2015) Warming decreased and grazing increased plant uptake of
amino acids in an alpine meadow. Ecology and Evolution 5: 3995-4005.

MacArthur RH (1958) Population ecology of some warblers of northeastern
coniferous forests. Ecology 39: 599-619.

Miaemets H, Palmik K, Haldna M, Sudnitsyna D, Melnik M (2010)
Eutrophication and macrophyte species richness in the large shallow
North-European Lake Peipsi. Aquatic Botany 92: 273-280.

Malagoli M, Dal Canal A, Quaggiotti S, Pegoraro P, Bottacin A (2000).
Differences in nitrate and ammonium uptake between Scots pine and
European larch. Plant and Soil 221: 1-3.

Marquard E, Weigelt A, Temperton VM, Roscher C, Schumacher ],
Buchmann N, Fischer M, Weisser WW, Schmid B (2009) Plant species
richness and functional composition drive overyielding in a six-year
grassland experiment. Ecology 90: 3290-3302.

Matich P, Bizzarro JJ, Shipley ON (2021) Are stable isotope ratios suitable
for describing niche partitioning and individual specialization? Ecological
Applications 31: e02392.

May RM & MacArthur RH (1972) Niche overlap as a function of
environmental variability. Proceedings of the National Academy of
Sciences of the United States of America 69: 1109-1113.

Mayor JR, Wright SJ, Schuur EA, Brooks ME, Turner BL (2014) Stable
nitrogen isotope patterns of trees and soils altered by long—term
nitrogen and phosphorus addition to a lowland tropical rainforest.
Biogeochemistry 119: 293-306.

- 183 -



McConnaughay KDM, Bazzaz FA (1991) Is physical space a soil resource?
Ecology 72: 94-103.

McKane RB, Johnson LC, Shaver GR, Nadelhoffer KJ, Rastetter EB, Fry B,
Giblin AE, Kielland K, Kwiatkowski BL, Laundre JA, Murray G (2002)
Resource-based niches provide a basis for plant species diversity and
dominance in arctic tundra. Nature 415: 68-71.

Meilhac J, Deschamps L, Maire V, Flajoulot S, Litrico I (2020) Both
selection and plasticity drive niche differentiation in experimental
grasslands. Nature Plants 6: 28-33.

Miller AE, Bowman WD (2002) Variation in nitrogen—15 natural abundance
and nitrogen uptake traits among co-occurring alpine species: do species
partition by nitrogen form? Oecologia 130: 609-616.

Miller AE, Bowman WD, Suding KN (2007) Plant uptake of inorganic and
organic nitrogen: neighbor identity matters. Ecology 88: 1832-1840.

Min X, Siddigi MY, Guy RD, Glass ADM, Kronzucker HJ (1998). Induction
of nitrate uptake and nitrate reductase activity in trembling aspen and
lodgepole pine. Plant, Cell and Environment 21: 1039-1046.

Minchinton TE, Bertness MD (2003) Disturbance-mediated competition and
the spread of Phragmites australis in a coastal marsh. Ecological
Applications 13: 1400-1416.

Morris JT (1991) Effects of nitrogen loading on wetland ecosystems with
particular reference to atmospheric deposition. Annual Review of Ecology
and Systematics 22: 257-279.

Munzarova E, Lorenzen B, Brix H, Vojtiskova L, Votrubova O (2006) Effect
of NH;/NO3 availability on nitrate reductase activity and nitrogen
accumulation in wetland helophytes Phragmites australis and Glyceria
maxima. Environmental and Experimental Botany 55: 49-60.

Murphy GP, Dudley SA (2007) Above- and below-ground competition cues
elicit independent responses. Journal of Ecology 95: 261-272.

Murphy J, Riley JP (1962) A modified single solution method for the
determination of phosphate in natural waters. Analytica Chimica Acta 27:
31-36.

Nam BE, Hong MG, Park HJ, Kim JG (2018) Soil factors determining the
distribution of Phragmites australis and Phacelurus Jatiblius in upper tital
zone. Journal of Ecology and Environment 42: 25.

Nazari-Sharabian M, Ahmad S, Karakouzian M (2018) Climate change and
eutrophication: a short review. Engineering, Technology & Applied
Science Research 8: 3668-3672.

Niklaus PA, Baruffol M, He JS, Ma K, Schmid B (2017) Can niche plasticity
promote biodiversity—productivity relationships through increased
complementarity? Ecology 98: 1104-1116.

- 184 -



Nishanth D, Biswas DR (2008) Kinetics of phosphorus and potassium release
from rock phosphate and waste mica enriched compost and their effect
on yield and nutrient uptake by wheat (7riticum aestivum). Bioresource
technology 99: 3342-3353.

O'Brien EE, Gersani M, Brown JS (2005) Root proliferation and seed yield
In response to spatial heterogeneity of below-ground competition. New
Phytologist 168: 401-412.

O’Keefe K, Nippert JB, McCulloh KA (2019) Plant water uptake along a
diversity gradient provides evidence for complementarity in hydrological
niches. Oikos 128: 1748-1760.

Osone Y, Ishida A, Tateno M (2008) Correlation between relative growth
rate and specific leaf area requires associations of specific leaf area with
nitrogen absorption rate of roots. New Phytologist 179: 417-427.

Pachepsky E, Bown JL, Eberst A, Bausenwein U, Millard P, Squire GR,
Crawford JW (2007) Consequences of intraspecific variation for the
structure and function of ecological communities Part 2: linking diversity
and function. Ecological Modelling 207: 277-285.

Park HJ, Hong MG, Kim JG (2020) Effects of soil fertility and flooding
regime on the growth of Ambrosia trifida. Landscape and Ecological
Engineering 16: 39-46.

Park HJ, Nam BE, Hong MG, Kim JG (2018) Slope and soil nutrients can
explain the distribution of Phragmites australis and Phragmites japonica
in riparian wetlands. River Research and Applications 34: 1229-1233.

Park J, Hong MG, Kim JG (2013) Relationship between early development of
plant community and environmental condition in abandoned paddy terraces
at mountainous valleys in Korea. Journal of Ecology and Environment 36:
131-140.

Paudel I, Gerbi H, Zisovich A, Sapir G, Klein T (2021) Intraspecific plasticity
in hydraulic and stomatal regulation under drought is linked to aridity at
the seed source in a wild pear species. Tree Physiology, 41: 960-973.

Pérez-Harguindeguy N, Diaz S, Garnier E, Lavorel S, Poorter H,
Jaureguiberry P, Bret-Harte MS, Cornwell WK, Craine JM, Gurvich DE,
Urcelay C, Veneklaas EJ, Reich PB, Poorter L, Wright IJ, Ray P, Enrico
L, Pausas JG, de Vos AC, Buchmann N, Funes G, Quétier F, Hodgson
JG, Thompson K, Morgan HD, ter Steege H, van der Heijden MGA,
Sack L, Blonder B, Poschlod P, Vaieretti MV, Conti G, Staver AC,
Aquino S, Cornelissen JHC (2013) New handbook for standardised
measurement of plant functional traits worldwide. Australian Journal of
Botany 61: 167-234.

- 185 -



Pérez-Izquierdo L, Zabal-Aguirre M, Gonzalez-Martinez SC, Buée M, Verda
M, Rincén A, Goberna M (2019) Plant intraspecific variation modulates
nutrient cycling through its below ground rhizospheric microbiome.
Journal of Ecology 107: 1594-1605.

Perkins MW, Cloyed CS, Eason PK (2020) Intraspecific dietary variation in
niche partitioning within a community of ecologically similar snakes.
Evolutionary Ecology 34: 1017-1035.

Petchey OL (2003) Integrating methods that investigate how complementarity
influences ecosystem functioning. Oikos 101: 323-330.

Phoenix GK, Johnson DA, Muddimer SP, Leake JR, Cameron DD (2020)
Niche differentiation and plasticity in soil phosphorus acquisition among
co-occurring plants. Nature Pants 6: 349-354.

Pillai P, Gouhier TC (2019) Not even wrong: the spurious measurement of
biodiversity's effects on ecosystem functioning. Ecology 100: e02645.

Pocheville A (2015) The ecological niche: history and recent controversies.
In: Heams T, Huneman P, Lecointre G, Silberstein M (eds) Handbook of
Evolutionary Thinking in the Sciences. Springer, Dordrecht. pp. 547-586.

Qian J, Jin W, Hu J, Wang P, Wang C, Lu B, Li K, He X, Tang S (2021)
Stable isotope analyses of nitrogen source and preference for ammonium
versus nitrate of riparian plants during the plant growing season in
Taihu Lake Basin. Science of the Total Environment 763: 143029.

Qing H, Cai Y, Xiao Y, Yao Y, An S (2015) Nitrogen uptake and use
efficiency of invasive Spartina alterniflora and native Phragmites
australis: effect of nitrogen supply. Clean-Soil, Air, Water 43: 305-311.

Rao CR (1982) Diversity and dissimilarity coefficients: a unified approach.
Theoretical Population Biology 21: 24-43.

RBG Kew (Board of Trustees of the Royal Botanic Gardens, Kew) (2021)
Plants of the World Online. https://powo.science.kew.org (accessed 1
December 2021).

Rehling F, Sandner TM, Matthies D (2021) Biomass partitioning in response
to intraspecific competition depends on nutrients and species
characteristics: a study of 43 plant species. Journal of Ecology 109:
2219-2233.

Rejmankova E (2011) The role of macrophytes in wetland ecosystems.
Journal of Ecology and Field Biology 34: 333-345.

Robson AD, Abbott LK (1989) The effect of soil acidity on microbial
activity in soils. In: Robson AD (ed) Soil Acidity and Plant Growth.
Academic Press, Sidney, Australia.pp. 139-165.

Rohal CB, Cranney C, Hazelton EL, Kettenring KM (2019) Invasive
Phragmites australis management outcomes and native plant recovery
are context dependent. Ecology and Evolution 9: 13835-13849.

- 186 -



Roscher C, Schumacher J, Schmid B, Schulze ED (2015) Contrasting effects
of intraspecific trait variation on trait-based niches and performance of
legumes in plant mixtures. PLoS One 10: e0119786.

Royal Botanic Gardens Kew (2021) Seed Information Database (SID).
Version 7.1. http://data.kew.org/sid/ (accessed 20 September 2021).

Russo SE, Kochsiek A, Olney J, Thompson L, Miller AE, Tan S (2013)
Nitrogen uptake strategies of edaphically specialized Bornean tree
species. Plant Ecology 214: 1405-1416.

Schenk HJ (2006) Root competition: beyond resource depletion. Journal of
Ecology 94: 725-739.

Schluter D (1994) Experimental evidence that competition promotes
divergence in adaptive radiation. Science 266: 798-801.

Schoener TW (1965) The evolution of bill size differences among sympatric
congeneric species of birds. Evolution 19: 189-213.

Schoener TW (1970) Nonsynchronous spatial overlap of lizards in patchy
habitats. Ecology 51: 408-418.

Schoener TW (1989) The ecological niche. In: Cherrett JM (ed) Ecological
Concepts: The Contribution of Ecology to an Understanding of the
Natural World. Blackwell Scientific, Oxford. pp. 79-113.

Schofield E (2020) Temporal Dynamism, Soil Processes and Niche
Complementarity: Novel Approaches to Understanding Diversity-Function
Relationships. PhD Dissertation, Manchester Metropolitan University,
Manchester, England.

Sévéque A, Gentle LK, Lopez—-Bao JV, Yarnell RW, Uzal A (2020) Human
disturbance has contrasting effects on niche partitioning within carnivore
communities. Biological Reviews 95: 1689-1705.

Shannon CE, Wiener W (1949) The Mathematical Theory of Communication.
University of Illinois Press, Urbana.

Sheldrick BH, Wang C (1993) Particle size distribution. In: Carter MR (ed)
Soil Sampling and Methods of Analysis. Lewis Publishers, Boca Raton,
Florida. pp. 499-511.

Shin CJ, Nam JM, Kim JG (2015) Floating mat as a habitat of Cicuta
virosa, a vulnerable hydrophyte. Landscape and Ecological Engineering
11: 111-117.

Shipley ON, Matich P (2020) Studying animal niches using bulk stable
1sotope ratios: an updated synthesis. Oecologia 193: 27-51.

Shrivastava P & Kumar R (2015) Soil salinity: A serious environmental
issue and plant growth promoting bacteria as one of the tools for its
alleviation. Saudi Journal of Biological Sciences, 22: 123-131.

Silvertown J (2004) Plant coexistence and the niche. Trends in Ecology &
Evolution 19: 605-611.

- 187 -



Silvertown J, Law R (1987). Do plants need niches? Some recent
developments in plant community ecology. Trends in Ecology &
Evolution 2: 24-26.

Smithson JB, Lenné JM (1996) Varietal mixtures: a viable strategy for
sustainable productivity in subsistence agriculture. Annals of Applied
Biology 128: 127-158.

Soares MA, Li HY, Kowalski KP, Bergen M, Torres MS, White J (2016)
Functional role of bacteria from invasive Phragmites australis in
promotion of host growth. Microbial Ecology 72: 407-417.

Solorzano L (1969) Determination of ammonia in natural waters by the
phenolhypochlorite method. Limnology and Oceanography 14: 799-801.

Song Y, Wang P, Li G, Zhou D (2014) Relationships between functional
diversity and ecosystem functioning: a review. Acta Ecologica Sinica 34:
85-91.

Sonkoly J, Kelemen A, Valké O, Deak B, Kiss R, To6th K, Miglécz T,
Tothmérész B, Torok P (2019) Both mass ratio effects and community
diversity drive biomass production in a grassland experiment. Scientific
Reports 9: 1848.

Sorensen PL, Michelsen A, Jonasson S (2008) Ecosystem partitioning of
BN-glycine after long—term climate and nutrient manipulations, plant
clipping and addition of labile carbon in a subarctic heath tundra. Soil
Biology and Biochemistry 40: 2344-2350.

Sorrell BK, Chagué-Goff C, Basher LM, Partridge TR (2011. N:P ratios, §°N
fractionation and nutrient resorption along a nitrogen to phosphorus
limitation gradient in an oligotrophic wetland complex. Aquatic botany
94: 93-101.

Stuart YE, Losos JB (2013) Ecological character displacement: glass half full
or half empty? Trends in Ecology & Evolution 28: 402-408.

Sutton-Grier AE, Sandifer PA (2019) Conservation of wetlands and other
coastal ecosystems: a commentary on their value to protect biodiversity,
reduce disaster impacts, and promote human health and well-being.
Wetlands 39: 1295-1302.

Tang Z, Fan X, Li Q, Feng H, Miller AJ, Shen Q, Xu G (2012). Knockdown
of a rice stelar nitrate transporter alters long-distance translocation but
not root influx. Plant Physiology 160: 2052-2063.

Tatsumi S (2020) Tree diversity effects on forest productivity increase
through time because of spatial partitioning. Forest Ecosystems 7: 24.

Tilman D (2004) Niche tradeoffs, neutrality, and community structure: a
stochastic theory of resource competition, invasion, and community
assembly. Proceedings of the National Academy of Sciences of the
United States of America 101: 10854-10861.

- 188 -



Toyama T, Nishimura Y, Ogata Y, Sei K, Mori K, Ike M (2016) Effects of
planting Phragmites australis on nitrogen removal, microbial nitrogen
cycling, and abundance of ammonia—oxidizing and denitrifying
microorganisms in sediments. Environmental technology 37: 478-485.

Trappes R (2021) Defining the niche for niche construction: evolutionary and
ecological niches. Biology & Philosophy 36: 31.

Turcotte MM, Levine JM (2016) Phenotypic plasticity and species
coexistence. Trends in Ecology & Evolution 31: 803-813.

Tylova E, Steinbachova L, Votrubova O, Lorenzen B, Brix H (2008)
Different sensitivity of Phragmites australis and Glyceria maxima to
high availability of ammonium—-N. Aquatic Botany 88: 93-98.

Uddin MN, Robinson RW (2018) Can nutrient enrichment influence the
invasion of Phragmites australis? Science of the Total Environment
613-614: 1449-1459.

Umarfia MN, Cao M, Lin L, Swenson NG, Zhang C (2021). Trade-offs in
above— and below-ground biomass allocation influencing seedling growth
in a tropical forest. Journal of Ecology 109: 1184-1193.

USDA (United States Department of Agriculture), NRCS (Natural Resources
Conservation Service) (2021) The PLANTS Database. National Plant
Data Team, Greensboro, NC USA. http://plants.usda.gov (accessed 20
September 2021).

Vaithiyanathan P, Richardson CJ (1997) Nutrient profiles in the Everglades:
examination along the eutrophication gradient. Science of the Total
Environment 205: 81-95.

Valverde-Barrantes O], Smemo KA, Feinstein LM, Kershner MW,
Blackwood CB (2013) The distribution of below-ground traits is
explained by intrinsic species differences and intraspecific plasticity in
response to root neighbours. Journal of Ecology 101: 933-942.

Villa YB, Khalsa SDS, Ryals R, Duncan RA, Brown PH, Hart SC (2021)
Organic matter amendments improve soil fertility in almond orchards of
contrasting soil texture. Nutrient Cycling in Agroecosystems 120:
343-361.

Vindenes Y, Engen S, Sather BE (2008) Individual heterogeneity in vital
parameters and demographic stochasticity. American Naturalist 171:
455-467.

Violle C, Enquist BJ, McGill B]J, Jiang LIN, Albert CH, Hulshof C, Jung V,
Messier, ] (2012) The return of the variance: intraspecific variability in
community ecology. Trends in Ecology & Evolution 27: 244-252.

von Felten S, Hector A, Buchmann N, Niklaus PA, Schmid B,
Scherer-Lorenzen M (2009) Belowground nitrogen partitioning in

experimental grassland plant communities of varying species richness.
Ecology 90: 1389-1399.

- 189 -



Wagg C, O'Brien M]J, Vogel A, Scherer-Lorenzen M, Eisenhauer N, Schmid
B, Weigelt A (2017) Plant diversity maintains long-term ecosystem
productivity under frequent drought by increasing short-term variation.
Ecology 98: 2952-2961.

Walker KJ, Stevens PA, Stevens DP, Mountford JO, Manchester SJ, Pywell
RF (2004) The restoration and re—creation of species-rich lowland
grassland on land formerly managed for intensive agriculture in the UK.
Biological conservation 119: 1-18.

Walter GH (1991) What is resource partitioning? Journal of Theoretical
Biology 150: 137-143.

Wang L, Macko SA (2011) Constrained preferences in nitrogen uptake
across plant species and environments. Plant, Cell and Environment 34:
525-534.

Wang LW, Showalter AM, Ungar TA (2005) Effects of intraspecific
competition on growth and photosynthesis of Atriplex prostrata. Aquatic
Botany 83: 187-192.

Wang R, Tian Y, Ouyang S, Xu X, Xu F, Zhang Y (2016) Nitrogen
acquisition strategies used by Leymus chinensis and Stipa grandis in
temperate steppes. Biology and Fertility of Soils 52: 951-961.

Wang, Q, Bai W, Sun Z, Zhang D, Zhang Y, Wang R, Evers JB, Stomph
T]J, van der Werf W, Feng C, Zhang L (2021) Does reduced intraspecific
competition of the dominant species in intercrops allow for a higher
population density? Food and Energy Security 10: e270.

Weemstra M, Kiorapostolou N, van Ruijven J, Mommer L, de Vries ],
Sterck F (2020) The role of fine-root mass, specific root length and life
span in tree performance: a whole-tree exploration. Functional Ecology
34: 575-585.

Weigelt AR, Bol R, Bardgett RD (2005) Preferential uptake of soil nitrogen
forms by grassland plant species. Oecologia 142: 627-635.

Weil S, Barker AV, Zandvakili OR, Etemadi F (2021) Plant growth and
calcium and potassium accumulation in lettuce under different nitrogen
regimes of ammonium and nitrate nutrition. Journal of Plant Nutrition
44: 270-281.

Weise H, Auge H, Baessler C, Barlund I, Bennett EM, Berger U, Bohn F,
Bonn A, Borchardt D, Brand F, Chatzinotas A, Corstanje R, De Laender
F, Dietrich P, Dunker S, Durka W, Fazey I, Groeneveld J, Guilbaud
CSE, Harms H, Harpole S, Harris J, Jax K, Jeltsch F, Johst K, Joshi ],
Klotz S, Kiithn I, Kuhlicke C, Miiller B, Radchuk V, Reuter H, Rinke K,
Schmitt-Jansen M, Seppelt R, Singer A, Standish RJ, Thulke HH,
Tietjen B, Weitere M, Wirth C, Wolf C, Grimm V (2020) Resilience
trinity: safeguarding ecosystem functioning and services across three
different time horizons and decision contexts. Oikos 129: 445-456.

- 190 -



Weisser WW, Roscher C, Meyer ST, Ebeling A, Luo G, Allan E, BeBler H,
Barnard RL, Buchmann N, Buscot F, Engels C, Fischer C, Fischer M,
Gessler A, Gleixner G, Halle S, Hildebrandt A, Hillebrand H, de Kroon
H, Lange M, Leimer S, Le Roux X, Milcu A, Mommer L, Niklaus PA,
Oelmann Y, Proulx R, Roy J, Scherber C, Scherer-Lorenzen M, Scheu
S, Tscharntke T, Wachendorf M, Wagg C, Weigelt A, Wilcke W, Wirth
C, Schulze ED, Schmid B, Eisenhauer N (2017) Biodiversity effects on
ecosystem functioning in a 15-year grassland experiment: patterns,
mechanisms, and open questions. Basic and Applied Ecology 23: 1-73.

Welles SR, Funk JL (2021) Patterns of intraspecific trait variation along an
aridity gradient suggest both drought escape and drought tolerance
strategies in an invasive herb. Annals of Botany 127: 461-471.

Werner EE, Hall DJ (1974) Optimal foraging and the size selection of prey
by the bluegill sunfish (Lepomis macrochirus). Ecology 55: 1042-1052.

Werner PA, Murphy PG (2001) Size-specific biomass allocation and water
content of above—-and below-ground components of three FEucalyptus
species in a northern Australian savanna. Australian Journal of Botany
49: 155-167.

Westerband AC, Funk JL, Barton KE (2021) Intraspecific trait variation in
plants: a renewed focus on its role in ecological processes. Annals of
Botany 127: 397-410.

Whittaker RH (1965) Dominance and diversity in land plant communities.
Science 147: 250-260.

Wilkinson A, Hill PW, Vaieretti MV, Farrar JF, Jones DL, Bardgett RD
(2015) Challenging the paradigm of nitrogen cycling: no evidence of in
situ resource partitioning by coexisting plant species in grasslands of
contrasting fertility. Ecology and Evolution 5: 275-287.

XI N, Zhu BR, Zhang DY (2017) Contrasting grass nitrogen strategies
reflect interspecific trade-offs between nitrogen acquisition and use in a
semi—arid temperate grassland. Plant and Soil 418: 267-276.

Xue R, Shen Y, Marschner P (2017) Soil water content during and after
plant growth influence nutrient availability and microbial biomass.
Journal of Soil Science and Plant Nutrition 17: 702-715.

Xue W, Huang L, Yu FH (2021) Increasing soil configurational heterogeneity
promotes plant community evenness through equalizing differences in
competitive ability. Science of the Total Environment 750: 142308.

Yang L, He T, Yu Y, Li Z, Li D (2018). Community-wide consistence in
plant N acquisition during post—agricultural succession in a karst area,
southwest China. New Forests 49: 197-214.

- 191 -



Yoon J, Kim H, Nam JM, Kim JG (2011) Optimal environmental range for
Juncus effizsus, an important plant species in an endangered insect species
(Nannopya pygmaea) habitat in Korea. Journal of Ecology and Field
Biology 34: 223-235.

Yu FH, Li PX, Li SL, He WM (2010) Kobresia tibetica tussocks facilitate
plant species inside them and increase diversity and reproduction. Basic
and Applied Ecology 11: 743-751.

Zaiats A, Lazarus BE, Germino M]J, Serpe MD, Richardson BA, Buerki S,
Caughlin TT (2020) Intraspecific variation in surface water uptake in a
perennial desert shrub. Functional Ecology 34: 1170-1179.

Zango L, Reyes-Gonzalez JM, Militdo T, Zajkova Z, Alvarez-Alonso E,
Ramos R, Gonzalez-Solis J (2019) Year-round individual specialization in
the feeding ecology of a long-lived seabird. Scientific reports 9: 11812.

Zaviezo T, Soares AO, Grez AA (2019) Interspecific exploitative competition
between Harmonia axyridis and other coccinellids is stronger than
intraspecific competition. Biological Control 131: 62-68.

Zeng WZ, Xu C, Wu JW, Huang ]S, Ma T (2013) Effect of salinity on soil
respiration and nitrogen dynamics. Ecological Chemistry and Engineering
20: 519-530.

Zerihun A, Bassirirad H (2001) Interspecies variation in nitrogen uptake
kinetic responses of temperate forest species to elevated CO,: potential
causes and consequences. Global Change Biology 7: 211-222.

Zhang H, Liu J, Chen X, Du Y, Wang Y, Wang R (2016) Effects of
submergence and eutrophication on the morphological traits and biomass
allocation of the invasive plant Alternanthera philoxeroides. Journal of
Freshwater Ecology 31: 341-349.

Zhang L, Pang R, Xu X, Song M, Li Y, Zhou H, Cui X, Wang Y, Ouyang
H (2019) Three Tibetan grassland plant species tend to partition niches
with limited plasticity in nitrogen use. Plant and Soil 441: 601-611.

Zhang L, Zhu T, Liu X, Nie M, Xu X, Zhou S (2020) Limited inorganic N
niche partitioning by nine alpine plant species after long-term nitrogen
addition. Science of the Total Environment 718: 137270.

Zhang Y, Wang L, Hu Y, Xi X, Tang Y, Chen ]J. Fu X, Xiaohua, Sun Y
(2015) Water organic pollution and eutrophication influence soil microbial
processes, increasing soil respiration of estuarine wetlands: site study in
Jiuduansha wetland. PLoS One 10: e0126951.

Zhao H, Yang W, Xia L, Qiao Y, Xiao Y, Cheng X, An S (2015)
Nitrogen—enriched eutrophication promotes the invasion of Spartina
alterniflora in coastal China. Clean - Soil, Air, Water 43: 244-250.

Zhou W, Cheng X, Wu R, Han H, Kang F, Zhu ], Tian P (2018) Effect of
intraspecific competition on biomass partitioning of Larix
principis—-rupprechtii. Journal of Plant Interactions 13: 1-8.

- 192 -



Zhuang W, Li J, Yu F, Dong Z, Guo H (2020) Seasonal nitrogen uptake
strategies in a temperate desert ecosystem depends on N form and plant
species. Plant Biology 22: 386-393.

T7dof, ¥rA e (2021) A EfE A9l (ecological niche) o] &0l 3t HE 2 Ao,
sk 37 A e 8 3] %] 350 316-335.

I TE LUt HE AR A (2010) LUt HE Y AY 2y
AU E THITAdAYTE LA HI A A, HA, digvs
THEFAETY (2016) AAAMA AR A= aHEFAE, &5

o el =

S HASAY T (2011) o] AETHYA . https://species.nibr.go.kr/index.do
(accessed 20 September 2021).

T HAAEAA T (2012a) SolA2 A F4 &4 AF(1).

T HAEALHE A, oSl

T HTEY (2016) 7Y &S A A A BA] 2~
http://www.nature.go.kr/main/Main.do (accessed 20 September 2021).

o yA g (2013) 20129 S @A FREY T8 AT A g G,
T4, dgi=

71743 (2021) 717 AE NG EE.
https://data.kma.go. kr/climate/average30Years/selectAverage30YearsKorea
List.do?pgmNo=188 (accessed 10 November 2021)

A4, Ads], .dH, olqtF (2016) HEF 7oA EQ A gro] 2 (Glaux
maritima var. obtusiolia Fernald)2] ¥X 53} /A2 X Eol #osl=
89l =3 A g3 #] 300 939-961.

WA, A (2012) LiAE Eo]7] olgkssAl o] AEfA 540 1L dH%E
Bo 9. 352834 14: 101-120.

ol Ft, HAT (2011a) A2 71d 3 FREEo] 5 UES Ao nA&= 93
S5 #1831 A4 130 613-621.

ol F, AAE (2011b) =FU=9 A mX= A2 714 g3k
g5 A1 83 A] 130 355-362.

olA+f, A4l eoldld, WIHu (2008) xR Aol WA FUkel HE 9
o|steta 54, sh=5xEE A 10 9-26.

A, My, olitE, 239, 749, AL, s

L=

B

o) gl =
TE7] (2015) @5 59, 9%, 97t
ahAbSlS =R A st A, diek

- 193 -



Abstract
The relationship between dominance and
species diversity of wetland plants and

soil nitrogen utilization characteristics

Choi Ho
Department of Science Education (Biology Major)

The Graduate School, Seoul National University

It 1s a key goal of community ecology to understand the
driving force for maintaining high species diversity and why species
diversity is important. Characteristics of dominant species can have a
positive or negative effect on species diversity. As the mechanisms
for resource utilization characteristics of dominant plants, “high
resource uptake rate”, “use of the most abundant resource form”, and
“high resource use plasticity” have been reported. Niche partitioning,
which means that coexisting species use different forms of a
resource, is known to be an important factor in determining species
diversity. As the specific mechanisms for niche partitioning, “classical
niche differentiation”, “niche preemption”, and “dominant plasticity”
have been reported. Diversity effects that explain the relationship
between species diversity and ecosystem functioning can suggest why
species diversity 1s 1important. As the specific mechanisms for
diversity effects, “complementarity effects”, “sampling effects”, and
“selection effects” have been reported. All of these mechanisms are
closely related to each other in that they explain the causes or

consequences of species diversity. However, only few studies have
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identified the relationship between these three mechanisms and have
explained species diversity. Despite the increasing ecological
importance of intraspecific niche partitioning caused by individual
specialization, practical evidence as to whether individual specialization
occurs in plants and contributes to the maintenance of populations is
lacking. Although eutrophication i1s causing a decrease in species
diversity in various ecosystems, studies explaining the relationship
between eutrophication and species diversity in terms of niche
partitioning are still deficient.

This study was conducted to understand the causes and
consequences of species diversity based on soil nitrogen in wetland
plant communities. Wetlands have a high value of species diversity
but are rapidly being damaged by environmental changes such as
eutrophication. Therefore, understanding the driving force for
maintaining species diversity in wetlands i1s important. Soil nitrogen
1s one of the factors that limit plant growth in various ecosystems.
Accordingly, many studies have been conducted on niche partitioning
of nitrogen. Soil nitrogen has been found to be an important resource
for determining plant species diversity. The specific objectives of this
study were as follows: (1) to assess the effect of soil nitrogen
utilization characteristics of dominant species on the growth of
subordinate species and species richness, species diversity, functional
diversity, and above-ground productivity in  wetland plant
communities, (2) to compare the level of individual specialization on
nitrogen forms between dominant and subordinate species in wetland
plant, and (3) to assess the effect of soil fertility on niche partitioning
of nitrogen forms among wetland plant species. To assess
intraspecific variation in the utilization ratio of two chemical forms

(NO3-N and NH4,-N) of nitrogen, a method was developed in which
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the tracer (°N) was continuously applied at intervals of 10-14 days
to one individual.

The following three major investigations were designed. First,
the nitrogen utilization characteristics between dominant species
(Phragmites australis and Carex humbertiana) and subordinate
species ([ris setosa and Sium suave) were compared in the natural
competitive  situations and experiments with manipulation of
interspecific competition in the Songji lagoon wetland, Goseong—gun,
Republic of Korea. In addition, above-ground biomass and the indices
of species richness, species diversity, and functional diversity were
measured in  P.  australis-dominant = communities and (.
humbertiana—dominant communities. P. australis and C. humbertiana
showed the nitrogen utilization characteristics of “high resource
uptake rate” and “high resource use plasticity”, respectively. C.
humbertiana contributed to a relatively higher level of niche
partitioning than P. australis. C. humbertiana—dominant communities
had more species diversity, functional diversity, and above-ground
biomass than P. australis-dominant communities.

Second, the ex situ mesocosm experiments on intraspecific
competition were conducted. The three intraspecific competition
treatments were designed by varying the number of individuals
planted in a pot (1, 3, and 9). The level of intraspecific niche
partitioning of nitrogen forms, nitrogen uptake rate, and biomass of
dominant species (P. australis, Polygonum thunbergii, Ischaemum
aristatum, and Fimbristylis tristachyva var. subbispicata) and
subordinate species (/. setosa and S. suave) were measured for each
condition. P. thunbergii, [. aristatum, and F. tristachya var.
subbispicata showed a high level of individual specialization by

intraspecific plasticity in nitrogen form use. In addition, individual
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specialization contributed to reducing the intensity of intraspecies
competition and maintaining high population productivity.

Third, the ex situ mesocosm experiments on soil fertility and
interspecific competition were conducted. The total inorganic nitrogen
contents of the two soil fertility treatments were three times different
from each other. The two interspecific competition treatments were
designed as single individual culture and mixed culture (one individual
of each of the six species was planted together in a pot). The
nitrogen utilization characteristics and biomass of dominant species
(P. australis, P. thunbergii, I. aristatum, and F. tristachyva var.
subbispicata) and subordinate species (/. setosa and S. suave) were
measured for each condition. The increase in soil fertility decreased
the level of niche partitioning by lowering the level of niche plasticity
of P. thunbergii, 1. aristatum, and F. tristachya var. subbispicata.
Accordingly, the nitrogen uptake rate and growth rate of subordinate
species were relatively decreased compared to dominant species.

This study contributes to the validation of hypotheses about
the specific mechanisms for dominant species, niche partitioning, and
diversity effects, and to the understanding of ecological processes
related to species diversity. This study supports both the hypotheses
of “classical niche differentiation” and “dominant plasticity” as the
mechanisms for niche partitioning among wetland plant species. In
the mechanisms of diversity effects, "complementarity effects” related
to soil nitrogen depended on “sampling effects” and “selection
effects”. Realized individual specialization by intraspecific plasticity in
nitrogen form use can be added as a mechanism for determining
dominant species. The relationship between eutrophication and species
diversity was related to the mechanisms of niche partitioning among

plant species. The tracer application method developed in this study
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1S expected to be applicable to the study of individual specialization of

plants.
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