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FHS WA R, G558 B8 VUK YRR ¢ SR 386.93+25.80 me/g, YA 315.98~441.97 mg/g,N Fl P & 1)
PIE AT 51K 26.10+4.84 F12.64+0.99 me/g, J5FE 43909 13.75~40.89 F1 1.01~5.92 mg/g. SHRKEHIFH L, BEE K F
TFUUKAEY) C N P b2 i R IE AR 5 R AN, WARE HE RO, TS C &5 P it B WA G T 5 N & A A
¥, XU € JLE S N AP Z A RS KRR FA—FGN P S P SR EEAR B FM IR, HE N SRR
5 UL UK AE RS P &R S5t NoP HGR E SRR, JURAIT R, IR PR T DUKAE P BEVE 12 i A
ARSI 30.2% ,7E P<0.01 7KV R SHIUKAE P BEE (b T e BAT BB 5 0 A PR BE I 7 A IS e S ISR N-P B K
VRRIE S R B A2 g R W ST AT L2 /K 43 5 B e T A2 T AR S8 509 5.21% 1 10.19% , Hosg HAEH
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encing factors in the mid-lower Yangtze lakes

SU Haojie"*, WU Yao'?, XIA Wulai'*, XIE Ping'” & CAO Te'

(1: Donghu Experimental Station of Lake Ecosystems, State Key Laboratory of Freshwater Ecology and Biotechnology , Institu-
te of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, P.R.China)

(2: University of Chinese Academy of Sciences, Beijing 100049, P.R.China)

Abstract: To research community level stoichiometric characteristics of submerged macrophytes and their influencing factors, 14
lakes along the mid-lower reaches of Yangtze River were investigated from June to August in 2014. Results showed that the average
total carbon (C) contents of the communities were 386.93+25.80 mg/g and the concentrations of total C ranged from 315.98 to
441.97 mg/g. The average total nitrogen (N) and total phosphorus (P) contents were 26.10+4.84 mg/g and 2.64+0.99 mg/g, re-
spectively, and the concentrations of total N and P ranged from 13.75 to 40.89 mg/g and 1.01 to 5.92 mg/g, respectively. Com-
pared with the researches at species level, variation coefficients of stoichiometric characteristics at community level in our study
were much lower, indicating that community level stoichiometric homeostasis was stronger than that of species level. Community C
contents were significant correlated with P contents, while had no relationship with N, indicating that coupling relations between el-
ement C and nutrient elements were inconsistent. Community N :P were significantly correlated with P contents, while had no rela-
tionship with N, indicating that N :P were controlled by P contents rather than by N. Redundancy analysis ( RDA) result showed
that environmental factors explained 30.2% of total variation of stoichiometric signatures. Sediment P, sediment N :P, water depth

and light attenuation coefficient had significant impacts on community stoichiometric signatures. Results of variance partitioning
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showed that sediment and water column explained 5.21% and 10.19% of total variance, respectively. The interaction effects of sed-
iment and water column explained 5.25% of total variance.Our results suggest that the control of light conditions of water column is
more urgent than that of sediment in lake recovery of submerged vegetation.

Keywords : Submerged macrophyte community; ecological stoichiometry; the mid-lower Yangtze lakes; sediment; water column
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Fig.1 Distribution of sampling lakes along middle and lower reaches of Yangtze River
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DUKAHYIHER DY C N P S 2B R C N P & &R INECTE B8 ( LAAE X A= By i g k3l ) . R,
K T UUKAYIN C NP &2

HETE C/N/P= (AR AMHE < C/N/P ) + (AR A, % C/N/P,) 4 + (HIXT AR L, XC/N/P,) - (2)

HHEE NPIRIY C/N/P i BRI U AT IRD C/N/P S ISR (A URS.

K PASW Statistics 18( SPSS Inc., Chicago, USA) XUT/KAEEEE C N P C:N H. C:P AT N:P HZ[A]
HWEAT Pearson AHFEMEMIT ; SR CANOCO( canoco for windows 5.0) F# TTAY /3 (redundancy analysis, RDA) 45
AR KRt A R X IR A2 TR R A B2, 1T Monte Carlo B 4A 40 (B #0IREL = 999) S0tk L
WIS B (P<0.01) P 3R] R1ET PV BB Y vegan B4 H B90R TCAT 7347 ( partial redundancy a-
nalysis, pRDA) #4722 50 , LU RBEIR IR 5 AKX ITKAR R A0 2% T AT A SR i 528 AR .

2 BRE LM

2.1 MEEFHFEITHHE

XA 14 MBI 126 AR AR P BETE T KIS A BE AT 0007, 25 SR 200 R € &7
N 20.26+14.78 mg/g, KT N & B340 2.03£1.06 mg/g, TR P & HEF- 18 0.56+0.16 me/g, & KK N
49% +13%. JEJE N S 5IEIR C &4k (r=0.882,P<0.001) FIE /K Z (r=0.793, P<0.001) Z [ BAT &5 1
FHICIER TS IETE P(r=0.279,P=0.002) {& & 2Z [H] FYAH OGO R85 (& 2) . 14 ANINEZK R TN He B P34 (E
4 0.7120.19 mg/L, TP ¥ & F-3{H A 0.04=0.03 mg/L, IR KN 2.47+1.09.
2.2 UKEYEE C NP ASUEHEEHTERESHERFZEMNXR

DUKFPIRE C &5 T340 386.93£25.80 mg/g, i [ 315.98~441.97 mg/g, N Fl P & & i F-3{E 53
K 26.10+4.84 F12.64+£0.99 mg/g, T H 3N 13.75~40.89 F 1.01~5.92 mg/g. 3 FLE S EMEFRE
HRE/NRI R P>N>C. T P S0 R, S8 C P LA NP AR A (28 5 B B4 51 g 44.30%
34.10% ) (& 3).
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Fig.2 The relationship between sediment nitrogen and sediment carbon,

sediment water content and sediment phosphorus, respectively

Pearson FIC/M &S BRI (2 1), DUKHYEEE C S5 BS N SEEGHEME(r=0.066, P=0.462) , 1
5P gEZEAA BENRAHEEER (r=-0.254, P=0.004). XBLBT C 1E W IEN T8 B ik 5T
,5 NP iR ZBIMEIS LRI A —E N AP &2 [ A W W AHSE 56 R (r=0.578, P<0.001),
ULHA N Al P AR A FUR RNA B Z o0 E, 73 R T A4 A i 2h b B Bm R & ¢ &, (AR A &30,
N:P b5 P & Z A EA K B HICKR (r=-0.799, P<0.001) 15 N TR EMHICKR (r=-0.139, P=
0.121) , AT WK TEE P S &R X NP i sh 240 = S1EH.

1 YUKAEPIRER C N P AL AR AR Z B AR SE R (n=126)

Tab.1 Pearson correlation among stoichiometric signatures of submerged macrophyte community

C N p C:N It C:P Lk N:P It
C 1
N 0.066 1
p -0.254™ 0.578 ™ 1
C:N b 0.220" -0.922* -0.635 1
C:P It 0.292 -0.539 -0.887 ™ 0.654 ™ 1
N:P It 0.280 ™" -0.139 -0.799 ™ 0.239 ™ 0.878 ™ 1

* RFE P<0.05, W EH K + 03 P<0.01, M b A K.

TUAIHT(RDA) B T AR K 30.2% (df=15, F=3.17, P=0.001) (& 4). £ P<0.01 7KF F ¥HUTKHE
YIREE LA AL B B 5 0 AR EE N AR TR P(r° =0.1367, P=0.002) JiKVE N:P H(r7=0.0989, P=
0.002) JKEE(r*=0.1504, P=0.002) FITECERE(r* =0.1301, P=0.001) (% 2). MITA et R0 e
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Fig.3 Frequency histograms of C, N, P, C:N, C:P and N:P in submerged macrophyte community

TRARSY Ik A fRE T AR SEAY 5.21% i1 10.19% , H3g B AR R T Ak 3RS AE S AR S 5.25% .
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Fig.4 RDA analysis for environmental factors and stoichiometric signatures of submerged macrophyte community
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# 2 R EEUKSUUKMYREE LT R Z A RDA 3 Mt 21 -
Tab.2 Results of RDA analysis for sediment,water column and stoichiometric signatures of

submerged macrophyte community

i/ HEK
L7 Lo
r P ? P

JEJE N 0.0204 0.295 KR 0.1504 0.002
JEJE C 0.0264 0.191 bl 0.0116 0.479
Bk 0.0120 0.492 TN 0.0674 0.012
ke p 0.1367 0.002 TP 0.0729 0.012
JEIR C:N kb 0.0183 0.324 Chl.a 0.0462 0.035
JEIR C:P L 0.0547 0.039 THIEREL 0.1301 0.001
JIRUE N:P H 0.0989 0.002 & KR 0.0563 0.022

KK N:P H 0.0585 0.030

# ZARINHLE R P<0.01.
3 iTie

VERBETE K ERRBER) C N P AL R rss  alad Xt e 2 3L, AR5 ¢ & RE T Xia &2
R IRAYBFIT LS N S5 o B AR X 3K AR — 30, W P2 5 T [ AR X, Xt S 80 T AT
o CP T SR R KSR IR S AR EE Y AR5 R CON SR W P S RERAR (R
3). PRI I, FERF IS ACE P A RHE AR 5 R4, IR C N P & iR J2 C:N,C:P N:P b #JIK
T E R KR 2 A T T X I Rk S BT ST 45 5 X U P BE T KR R KA C NP fh2Ei
IR LA T A AR k. AT ST RN (14 [l 8 A, AR X i 320 BRORE s ] — 3. b4, i 3T R UK
F PR ] A2 ERAE 28 S R TR IR AR 5220 DR, BV /KT R UTKAE Ak T R AE 22
B T RETR S5 A8 , T SR AR B ] ot H i e A o /.

2 3 RILH Rl Ko EZR AR X UK A A P Ap A 7 K F T B9 AL B Rk

Tab.3 Stoichiometric characteristics of submerged macrophytes in the mid-lower reaches of

Yangize River lakes and eastern China at species and community levels, respectively

R ] AR 7 X JgR 22 KAL) AT H Rl
H TR (KT (WFIKE) CREVEKT)
C FHE/ (mg/g) 337.00 325.72 386.93
CV/% 12.41 10.67 6.67
N FH9{E/ (me/g) 26.60 14.12 26.10
CV/% 32.76 30.38 18.54
p SEYE/ (mg/g) 3.52 4.03 2.64
CV/% 45.01 68.24 37.54
C:N It SHME 14.00 24.88 15.35
CV/% 35.08 28.90 20.27
C:P Lk F-HE 123.00 106.84 171.43
CV/% 64.66 62.44 44.30
N:P b 51 9.15 4.23 10.99
CV/% 64.06 40.90 34.10

HHEFOT , FATA R RIE A2 RAIE R 0 PR A% (R N 25 2R SR, O F A R R A
FIGERAALRX C N P AT ERHIE 7 AR o SRFUE IR AR UTA MY C N P AL oa i b
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TR B SR R 2R | I Y AR A O AB W A A B 5 R ) B i s R . ARG o IS8 TP 7 N:P LBy
SXPUKAEYIRETE A~ B R A ™ A2 5. A YR AL IR JE TN TP & 5F 24 {E 735 2.03 #10.56 me/g,
55 2 Fl e SR A (TN = 4.2 mg/g, TP =0.90 mg/g) FAIK ™. 3l REZ K VLA RN K 202 oK
WA TR 32 KUR I B2 EK 8 SR B B FREQR T8 e Ah, AR 2 TCIR 2 IR TR TN TP 38 J2 7K %
#BRL AR T DKL 43 A BRI (TN = 4.55 mg/g, TP =0.73 mg/g; K 76% , 5N, K KR
) . X UEE AT N WA B0 8 IR A IS 2 BRI /K AR ) 14 5 Joe AR, i e v e 3L, TO/K AR ) S
BT MR SRS B R BTRRE A Db (AR AR AR AT DL 18] 3 5 A Tk A b 0 KU A5 A0 S
TARRESI B, AT Z I, IS N 5 C S Z A BGRAAHCH: , B5 P Z ARG OC R B8 (18 2).
JEE N (P AP ) A5 G 20T RE 2 S BOUK AR 0 — 55K LR SRIC P JG , I EOK A A o7 1 i
FHERYAZ 1L 8 5 Monte Carlo EAFAS 40 01 16 1 2% Y PREE K 72 L, IR U I N <P L 25X TUKAE R (b1t
FHRPIE ™ A B35 IR0 (P<0.01) WA P S0 UE T3 — W at. oAb, 38T IARSEAE W) ZH 41 NP LUk W7 4 45
T FRIIRDL, A NP H<14 B RBUAZ N RG] Y NP He>16 B, BN Z P AR ABF5
TPUUKAEYIRER NP L FI(E810.9943.75 SR B VIR T WA VUK R RS P ag &I N AHXEA 2.

SRR UTAEAE Y C N P AL E TR R ) — AN BB R R 2 FE T R AT & 30, o
WA C & C:N LRI C:P R RIS TR, N A P 3 U B K RS T s SRR DTS rh AT
BHRARFIRYEER ] C:N C:P H1 N :P LUBEE KGRI T, 0 N AT P25 5 U BEK RS I TR, X
VA TUK A AERETE AP FR KT XK TR B0 0 AN (). 33 B8 S ph AN [a] A 3 7K R X 7 % F) e oy L
AR A KRR RS ) BT 200 BRI, VUK AP RE CoN L (C P H RNl GEA LA T
TR, —&, DRI T3E (Potamogeton crispus ) FIIRFESE ( Myriophyllum verticillatum ) 55 56 )2 B R T
VLS M B A, A 25 LASRASOE KNG 380 C N HERI C 2P He TR s 2, B K IR I3, C N LA
C:P HC i B TUACR) (U B I3 R HESE ) B HAR DU AR ) S HAT 52 L 3, S BUX SR TERE VR
SRR LT R, T B C N LU C P T Hm. AR IR A, 76 i B2 s O K W o I s A 1 R R
FERAEME R A 2R i SR TR FEK /N TR RIS BT, KRR W] BE R C A 12 H A K R
MR, FIETE S h RS 5 HR A0 H. PRIy AN | OGS 8 A0 L ke AR 358 55 e J 22 AR A ) BT R A% 35 I et B
R YK W PR A

P8 2O A R AR IR R4 2 X UK A U R 9 AL~ R AR IR 7 A B 3 m, BEWIDTK R NP
HLVEFRURIE 510 B & E FRARAS A OC . KR HE R U8 5% iV FH 5 Dl B & | AT B 2 PR A BV U )
THZEON & BTN, B IR TR BRI K A A A T 29 B3R 0 eh s 8 SR Ak T 5 D A2
JE TR T O R B SR A B S U S T LKA ) DGV T T A A Ak AR 0 R R A B UK A
PITHT . 3% 5 Xing & FE R VT R IFSIIARE I TS A0 258 — S50 R, AR e R vl A, e &
WA /K AR R0 S B R, X T BB (oK z GBI RE TEE RS ) ROFE AR X TG Je T BB
pIBERZIR
B RO AR FRAK A LM LIE G AT R Fe L ARSI R 69385, it & P 4L B SP R A
Wy B

4 SE ik

[ 1] ElserJJ, Sterner RW, Gorokhova E et al. Biological stoichiometry from genes to ecosystems. Ecology Letters, 2000, 3.
540-550.

[ 2] He Jinsheng, Han Xingguo. Ecological stoichiometry: Searching for unifying principles from individuals to ecosystems. Chi-
nese Journal of Plant Ecology, 2010, 34. 2-6. [ Bi4:/E | s H. Ak 2EitaEs . MREMNMRBES RGN G —1b
g, YRS, 2010, 34; 2-6.)

[ 3] ElserJJ, Dobberfuhl DR, MacKay NA et al. Organism size, life history, and N; P stoichiometry toward a unified view of
cellular and ecosystem processes. BioScience, 1996, 46 . 674-684.

[ 4] Cheng Bin, Zhao Yongjun, Zhang Wenguang et al. The research advances and prospect of ecological stoichiometry. Acta
Ecologica Sinica, 2010, 30(6) ; 1628-1637. [ ##¥, #K %, K35 LSS iR =R R, 5%,



FRERF R PTRAAFERE TIOKMASE R T EHER LY RF 437

2010, 30(6) : 1628-1637.]

Giisewell S. N : P ratios in terrestrial plants: Variation and functional significance. New Phytologist, 2004, 164 243-266.
Aerts R, Chapin FS III. The mineral nutrition of wild plants revisited: A re-evaluation of processes and patterns. Advances
in Ecological Research, 2000, 30; 1-67.

[ 771 Vitousek P. Nutrient cycling and nutrient use efficiency. American Naturalist, 1982, 119, 553-572.

[ 81 ElserJJ, Bracken ME, Cleland EE et al. Global analysis of nitrogen and phosphorus limitation of primary producers in
freshwater, marine and terrestrial ecosystems. Ecology Letters, 2007, 10; 1135-1142.

[ 9] LeBauer DS, Treseder KK. Nitrogen limitation of net primary productivity in terrestrial ecosystems is globally distributed.
Ecology, 2008, 89(2) . 371-379.

[10] Andersen T, Elser JJ, Hessen DO. Stoichiometry and population dynamics. Ecology Letters, 2004, 7. 884-900.

[11] Scheffer M, Redelijkheid MRD, Noppert F. Distribution and dynamics of submerged vegetation in a chain of shallow eu-
trophic lakes. Aquatic Botany, 1992, 42, 199-216.

[12] Cronin G, Lodge DM. Effects of light and nutrient availability on the growth, allocation, carbon/nitrogen balance, phenol-
ic chemistry, and resistance to herbivory of two freshwater macrophytes. Oecologia, 2003, 137 32-41.

[13] Cao T, Ni LY, Xie P et al. Effects of moderate ammonium enrichment on three submersed macrophytes under contrasting
light availability. Freshwater Biology, 2011, 56 1620-1629.

[14] Barko JW, Smart RM. Sediment-related mechanisms of growth limitation in submersed macrophytes. Ecology, 1986, 67
1328-1340.

[15] Rattray M, Howard-Williams C, Brown J. Sediment and water as sources of nitrogen and phosphorus for submerged rooted
aquatic macrophytes. Aquatic Botany, 1991, 40, 225-237.

[16] Chambers PA. Light and nutrients in the control of aquatic plant community structure. II. In situ observations. Journal of E-
cology, 1987, 75. 621-628.

[17] Xie YH, An SQ, Wu BF. Resource allocation in the submerged plant Vallisneria natans related to sediment type, rather
than water-column nutrients. Freshwater Biology, 2005, 50. 391-402.

[18] Sterner RW, Elser JJ, Fee EJ et al. The light: nutrient relation in lakes: The balance of energy and materials affects eco-
system structure and process. American Naturalist, 1997, 150 663-684.

[19] Sterner RW, Elser JJ. Ecological stoichiometry: The biology of elements from molecules to the biosphere. Princeton : Prin-
ceton University Press, 2002.

[20] Fu H, Yuan GX, Cao T et al. An alternative mechanism for shade adaptation; Implication of allometric responses of three
submersed macrophytes to water depth. Ecological Research, 2012, 27 1087-1094.

[21] Li W, Cao T, Ni LY et al. Size-dependent C, N and P stoichiometry of three submersed macrophytes along water depth
gradients. Environmental Earth Sciences, 2015, 74, 3733-3738.

[22] Xia CX, Yu D, Wang Z et al. Stoichiometry patterns of leaf carbon, nitrogen and phosphorous in aquatic macrophytes in
eastern China. Ecological Engineering, 2014, 70, 406-413.

[23] Hao Beibei, Wu Haoping, Shi Qiao et al. Stoichiometry characteristics of submerged macrophytes in ten lakes of Yunnan
plateau. J Lake Sci, 2013, 25(4) ; 539-544. DOI; 10.18307/2013.0411. [#FUI 0, S5 545, =R 10 4
WRATUKEY B A B TR SAARE. WIAFR, 2013, 25(4) @ 539-544.]

[24] Li Wei, He Liang, Zhu Tianshun et al. Distribution and leaf C, N, P stoichiometry of Vallisneria natans in response to va-
rious water depths in a large mesotrophic lake, Lake Erhai, China. J Lake Sci, 2014, 26(4) . 585-592. DOI. 10.18307/
2014.0413. [ 2250, 5%, KRR, g 5 (Vallisneria natans ) KR C N P AL 2300 A KR
RYM L. VAR, 2014, 26(4) ; 585-592.]

[25] Xing W, Wu HP, Hao BB et al. Stoichiometric characteristics and responses of submerged macrophytes to eutrophication in
lakes along the middle and lower reaches of the Yangtze River. Ecological Engineering, 2013, 54 16-21. DOI; 10.1016/
j-ecoleng.2013.01.026.

[26] Li W, Cao T, Ni LY et al. Effects of water depth on carbon, nitrogen and phosphorus stoichiometry of five submersed mac-
rophytes in an in situ experiment. Ecological Engineering, 2013, 61 358-365.

[27] Bao Shidan ed. Soil agro-chemistrical analysis (3rd edition). Beijing: China Agriculture Press, 2000. [ fifl-t- FL. 434
T (=) - bt A EOI ik, 2000.]



438

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

J. Lake Sci. (#ia#H3) ,2017,29(2)

Huang Xiangfei, Chen Weimin, Cai Qiming eds. Survey, observation and analysis of lake ecology: Standard methods for
observation and analysis in Chinese Ecosystem Research Network Series V. Beijing: Standards Press of China, 1999. [ #
R, BRABR, SRS, WA A S A S 40T . o A S R LT R AU 5 A AR v T v et o [ A o
H AL, 1999.]

Krause-Jensen D, Sand-Jensen K. Light attenuation and photosynthesis of aquatic plant communities. Limnology and Ocea-
nography, 1998, 43 396-407.

Manly BFJ ed. Randomization, bootstrap and Monte Carlo methods in biology. Boca Raton; CRC Press, 2006.

R Core Team (2014). R A language and environment for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. URL http: //www. R-project. org/.

Zhao Haichao, Wang Shengrui, Jiao Lixin et al. Characteristics of temporal and spatial distribution of the nitrogen forms in
the sediments of Erhai Lake. Research of Environmental Sciences, 2013, 26(3) : 235-242. [ #BXV#R, T 3Fn, FESLH5E.
A TURY A IR S R 2 AR AE. FREERIABTSE, 2013, 26(3) : 235-242.]

Zhao Haichao, Wang Shengrui, Jiao Lixin et al. Characteristics of temporal and spatial distribution of different forms of
phosphorus in the sediments of Erhai Lake. Research of Environmental Sciences, 2013, 26(3) ; 227-234. [ &Xiff#, T %
Fit, $ESLHNAE. T TURR) A R SRR I 2 S0 A R, PRIERLADIST, 2013, 26(3) : 227-234. ]

Yuan GX, Fu H, Zhong JY et al. Growth and C/N metabolism of three submersed macrophytes in response to water
depths. Environmental and Experimental Botany, 2016, 122 94-99.

Wu Aiping, Wu Shikai, Ni Leyi. Study of macrophytes nitrogen and phosphorus contents of the shallow lakes in the middle
reaches of Changjiang River. Acta Hydrobiologica Sinica, 2005, 29. 406-412. [ 5%, SWMPl, fRE. KT
AKNAAR ARG BB &t SKAEEFR I CR. KA, 2005, 29: 406-412.



