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Abstract: To understand the changes and influencing factors of the periphyton ecological stoichiometry of carbon (C), nitrogen
(N), and phosphorus (P) in the wetland, we analyzed the ecological stoichiometry of C, N, and P in two growth stages ( periphy-
ton growth period and periphyton decline period) in four different habitats (lakeside zone, artificial wetland, farmland ditch, and
sewage treatment plant) of Caohai Wetland in Guizhou Province. The results show that the trophic level index was in the order of
sewage treatment plant (51.55+4.50) > farmland ditches (50.41+4.50) > constructed wetland (47.20+6.72) > lakeside zone
(41.86+£6.91), and the water quality from upstream to downstream show a trend of gradual improvement. Interestingly, the con-
tents of C, N, and P in periphyton increased with increasing water nutrient concentration, while the periphyton stoichiometric ratio
shows a decreasing trend. The contents of C, N, P and C:N of periphyton in the growing period were lower than those in the decline
period in the same habitat but the contents of N :P and C:P were opposite. The elements of N and P in the growth period of the per-
iphyton are weakly stable (Hy = 2.358, H, =2.576), and the aging stage is the steady-state type (Hy=10.99, H, =5.78). On the
whole, the N:P of periphyton in the two growth stages is in steady-state (Hy.p =4.504). According to the measurement ratio of the

optimal growth rate of the periphyton, the lakeside zone is in the P-restricted state, while the constructed wetlands, sewage treatment
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plants, and farmland ditches are not subject to nutrient restrictions. Correlation analysis shows that the content of N, P, and the stoi-
chiometric ratio of periphyton are significantly affected by the level of water nutrition, especially total phosphorus (TP) and total ni-
trogen (TN) concentrations. Non-linear surface fitting analysis shows that N :P of periphyton is mainly affected by the changes of TP
concentration, while C:N is mainly affected by TN concentration, and TN and TP concentrations are equally important to C:P. This
study shows that the three-dimensional model based on the TP and TN concentrations of water, and the stoichiometric ratio of periphy-
ton can be used to evaluate the relationship between the trophic level of the water and the stoichiometry of periphyton.

Keywords: Ecological stoichiometry; periphyton; growth period; decline period; homeostasis; Caohai Wetland of Guizhou Prov-

ince
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Tab.1 Physical and chemical properties of water column in the sampling sites

DO/ NH,-N/ Chl.a/ TN/ TP/ CODy,/

i 5
B i P ) (gl (ugl) (mgl)  (mgl)  (mg/L)

WHEAT PEARMEIRZE 7.52£0.20° 7.55+0.89° 0.64+0.39* 19.57+21.55* 1.23+0.64° 0.14+0.28" 7.95+2.27°

A5 B 2R 2.66 11.52 59.38 109.81 52.85 192.86 25.66
ANTIBH SEY{EbRAERZE 7.07+£0.48" 5.99+1.82" 1.04+0.71% 18.55+17.81% 2.04+1.03" 0.21+£0.27* 8.82+1.84"
A AR 6.65 28.55 72.12 93.85 51.96 123.81 20.29
V5KALBE) T SEREARERZE 7.56£0.30° 7.1621.66" 0.63+0.50° 16.46+12.96* 6.52+3.43" 0.45+0.34° 6.94+3.12"
A5 5 ZH 4.63 27.37 92.06 87.55 52.45 77.78 52.45
RIHE SRR 7.4020.24" 7.59+£0.19 0.53+0.21° 12.16+£5.29° 2.64+0.56" 0.41+0.30* 8.8+2.67°
AR ZRL 3.65 277 43.40 47.70 23.11 80.49 33.18

# AR/ INE T EARRORIZIRPRAE A R AL SR LA 8.2 22 571 (P<0.05)
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Fig.2 Heat map of water column trophic level index (TLI) and C, N, P content of periphyton
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Fig.3 C, N and P contents and stoichiometric ratio in periphyton (a, b, ¢ represent significant differences in

the same habitat(P<0.05) , and A, B, C represent significant differences between different habitats ( P<0.05) )
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Tab.2 Two-way ANOVA to test the effects of habitat, growth stages and their interaction
on the periphyton stoichiometry

A3 AR AR S )
EEL
F P F P F P

c 4.792 0.014 68.444 <0.001 2.298 0.116

N 10.299 0.001 4.012 0.062 0.629 0.607

P 17.021 <0.001 33.122 <0.001 1.695 0.208
C:N 8.275 0.001 5.440 0.033 0.459 0.715
N:P 8.946 0.001 32.053 <0.001 5.449 0.009
C:p 14.130 <0.001 3.585 0.077 1.402 0.279

BN g Mantel 0 BL(E 4) NP TN TP TN #eJiE TP ¥ B | TLI 5505 A AN E Y N RS 15 Bz [l A7

TEME ZF IEA G (Mantel’s R>0.5, P<0.01) , 55201 E A AR S M5 T A 3 A AEY. 5346, C:N
C:P N & P &S 4 KW RN EY) & 83 IEAH & (Mantel’s R>=0.2, 0.01<P<0.05).

% 3 JAMNEYA R KRR AS R EC

Tab.3 Stoichiometric homeostasis index of periphyton at different growth stages

X 45 LRl WY T4

Hy 2.576"(FFazs) 578" (Fa%) 3.236( )
Hy 2.358°(FaRs) 10.99"(Fazs) 3.788(FBfaR)
Hy.p 6.135(Fazs) 5.848(fa#s) 4.504(Fa#s)

s Hy JHy 81 Hy 5SRO N P RN P 0 B 48 0 A AN 5 6 AR I 7500 P 883 08 5 (P
0.05).
2.4 KFRIULIER S A ENUSEH BIX R

IRVRIRAESE AR A A E WA BEOC R W 7 AT 4 R (1] 4) SR, KR TLEF8 %0 TP e B TN e 5
M) NPt RS T AT B MGG 3R (P<0.05) , TLL #5555 NP BRAM(P>0.05) , Hh 5 N &
P FENIEMGKR, 5 C:N NP C:P HHAKIEHK. TN:TP 5 N:P 1 B FIEA R (P<0.05). Ik
PREEERR R TN R TP B ] BE 2R M JR A A W o0 3R & A 2/ 0 i AR E R 5350, AR
CN.P R A B Z I A 35 IEAIOGOE R (P<0.01) RSt b Z [ NP A C N o i Ak (P>
0.05). JMEY) N P &5 7T R B DGR (P<0.05) N & &5 N:P RSP (P>0.05) , 1fi C
ARG L Z A TR F AR CHE(P>0.05) . RIJAMNAEY TR T NP & R A A T
{AEEL ST
2.5 kK TN TP RESEAMEN U B R

XTI B o7 LSRR TN TP R BEEATAR LR dh il (R 4, 1 5) SRR AT R ki
TP YREEFHETIT, CP NP (CoN B2 AR, 1074 TN WEEFHEI , SUA CN A CoP AT, NoP 32 TP ok
JEARACRIEE N (P=0.004) , C:N W E B2 45 F TN #eJ& (P =0.01) , TN Fl TP ¥ X C : P it 5% [ 45 o 2
(P=0.004).

3 iTtit
3.1 AAEMUFIT B NIRSEHE
FRTCHVRAE AR AL IR R FF 0 3R B 25 M 10 i 0 2 S AR T S I RO )R 23R €N

PUSTARBF ST R B AL TR —FRBE R B I ME M C R S R T R AR Y. 3R TR E Y
) C & BTSRRI R 2 580 C BLRT N JEH ok A2 R kAt
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Fig.4 Correlation of water column physicochemical index, periphyton stoichiometry and homeostasis index
(Hy.p, Hy and Hy) in periphyton growth period and decline period
(Asterisks indicate significant correlations, * P<0.05, s P<0.01, sxx P<0.001)

FY P ST LIS B T A T A A KRN T A KU R A W (R S0 LA A
IR AR LA T AR R BRI r b A K00 A 0 ) T 26 5 T 1.
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LA FR B T B A A, A i AR S R ) (A B9 2 3k R N LR W LA — 5
JE I R PEARAE . AHITSE R BUAE 4 AR R B AR B8 0], Bl %5 /K R 25 37 500 B 1 B T, FAANZE ) N P JE & &
T, 0 C LR SRR E . A ESHTIIIN A EY C TEE & i Tk [ TR IET
CO,, TR IR A I HLF /N ™ AR Sc s & BUE ) C 55 COD,, (TN TP ¥ Ji 45 3 TG 3 35 A e k.
LTI, ABFFALK N P TEE K NP NFAVEREFT AT, K BRI ALE WG N <P {345 RLEFRORAZS B, T NP
TERTERERI AT 70 K 9 RS WA N P 5k S H N <P 75 B0 ] A 3 e AR
FEA AR I AA S L. Persson ZERF50 % BN AL ZS MORLE S AE MR IR (U KORZS) B —E X &,
BI85 A S T 4 ) D AR ) 2 K 0 30 2 T A 0 Al 2 B A R A s T
Wil AHFFE S M SEVE T R B, C N C 2P Rl N P 5 f 35 25 K301 5 AN AR 9 52 B8 35 AE A1 56 ( Mantel's R=>
0.2, 0.01<P<0.05) , 33 A] s 5 M A A A W A K I BER 2 P70 A it 0 B SR SR T ] 43 7 F A
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% 4 AN EY R S KR TN TP e 52 A2 il i #0145

Tab.4 The nonlinear surface fitting between the stoichiometry ratio of periphyton and

TN, TP concentrations in water column

(x, )

A R?
(TN, TP)
142.437 - 1.056x — 354.293y + 834.873y% — 553.423y°
c:p = F o) - ) 2 0.900
1 +0.065x + 0.061x> - 0.006x> — 1.735y + 2.966y
. 10.488 + 0.248 - 27.330y — 45.082y% — 27.351°
N:P Z = . . 5 0.858
1 = 0.17x + 0.058x% — 0.004x> — 0.791y + 0.572y
C:N 7 = 12.692 - 2.119x + 3.655y + 0.145x% — 4.772y* + 0.344xy 0.844
C:P N:P C:N
T F P 133.00 0 F P 12.55 [ F P 12.28
125y R 153 56! |110.90 12 R 58 ' 1063 120, R385 |10.82
2100 8880 o !0 871 103 936
75 = 8[ & 90\
S ~ 66.70 # | 6.79 © 7.90

08 08"

0.6 \ 4 ~—_ 0 \)
G 04 7 6 T 04 6 04
N/(”’g/L) g~ 0.2 «Q\@ N/(,ng/L g 02 Ry (’”é'/L) g 0.2 <2 o

Pl S A=At LU KA TN TP i J38 0 3 £ = 2k A5 7
Fig.5 A three-dimensional model of the response of periphyton stoichiometry ratio to TN

and TP concentrations in water column
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