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Fig. 1 Distribution of research sites in Caohai Wetland
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Tab. 1 Main environmental factors of Caohai Wetland

¥£55[H 7 Environment w/ME ISPN: | A
factor Minimum Maximum Mean
EET (C) 16.30 16.90 16.60
HREDO (mg/L) 6.45 7.74 7.06
HL 5% Cond (uS/cm) 133.0 299.0 227.3
P& B % pH 8.85 9.34 9.09
ﬁﬁ%‘é‘%ms 97.50 22425 161.47
AAIEJFE HA7ORP (mV)  —26.80 58.40 22.38
#hFESal 0.07 0.17 0.12
MU Turbidity (NTU) 2.17 12.61 6.17
M4t %a Chla (ng/L) 2.03 13.93 6.06
@Z@%ﬁ%ﬁﬁmwn 497 7.97 6.73
HETN (mg/L) 0.378 1.772 0.933
TP (mg/L) 0.039 0.086 0.058
AlAPEEZDTN (mg/L) 0.340 1.369 0.787
AT EBEDTP (mg/L) 0.002 0.053 0.027
% NH;-N (mg/L) 0.069 0.370 0.256
A ZNO;-N (mg/L) 0.172 0.432 0.319
"o
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Fig. 2 Numbers of families, genera and species of aquatic plants
in Caohai wetland in 1983, 2005 and 2016

geton pectinatus)~ JH%.(Potamogeton crispus)~ 1T
AR ¥ 32 (Potamogeton malaianus)~ i IR ¥ 3¢
(Potamogeton maackianus)~ HR % (Potamogeton
distinctus), 7K BB SE1E(Ottelia acuminata)-
BE(Hydrilla verticillata), Ji%F} X % (Najas mari-
na), VS EHPEETE (Alisma orientale), RAFL 2 K
K(Leersia hexandra), IR /K (Scirpus vali-
dus) BEE(Scirpus triqueter); W1 EY) £ EAH 3
BHO PG ZE (Polygonum amphibium), 4 3R 4
5 (Ceratophyllum demersum), ZZF} 1 H-Z%(Trapa
potaninii), /N AU RFPIL R EE(Myriophyllum ver-
ticillatum), FF}HPF5 S (Nymphoides peltatum),
PR S AL (Utricularia aurea)%s; TR ITYIN
H 3 (Marsilea quadrifolia) 171 71 5. (Equisetum ra-

mosissimum) P o

20054 WA 7T & LY, SR A R 495,
IE25FI37)E . PRI HE o A LA AR
P, B WA IR RHO TR 732 M IR
¥ WA TR IR BRI
BHKEE, PEE RIS . #Uh(Sagittaria sagittifo-
lia), /KEERIFI 8. W2, RAFIIK(Zizania
latifolia)~ Z= IR, VWEBIIKZA . HEE, KIGHE
(Juncellus serotinus), VEFEFHI 2L HE(Spirodela po-
lyrrhiza) 7% (Lemna minor); X1 MY T EH
e ERH G, ZERHEEE, N AR IR
W, RPN, KE(Polygonum hydropiper),
DR A0 TR, TR R KT (Oenanthe java-
nica), ¥ FHO S, SR B B (Trifolium re-
pens), SHEERLT ¥ 5 (Verbena officinalis), % %}
HI/NE . (Conyza canadensis) /NAHIRE (Dichro-
cephala benthamii)+ 5 =% (Kalimeris indica) T2~
Yi(Taraxacum mongolicum). & H-(Xanthium
sibiricum). BREMEVAE . WILL(Azolla im-
bricata)F115 1 B3 Ff

20164F 1 A I B g K A AE V) FP 2 FEVE R
i, FL28FH40JE67F . F R HE KA 1 8FL 4275k,
TV IFHHEY6R TR, JUKEYARN 8. K
Y AP 25 (Phragmites australis)~ 38 /KZ . /K
J(Typha angustifolia). FE%.. =1 (Sparganium
stoloniferum)~ | =¥ (Scirpus yagara) 5L ; 7
MY LA, IR, AR 25 (Trapa maximowi-
czii) HARF; TRV LRI . 59 HR
P PUKHEY LS B, IR T3 FHR T
2 BOIRINEEE (Myriophyllum spicstum) B Ui R
TR RAAEERNNRE. 1983F Dk E % AT
RUKAE R B AR BN R 27
22 AREINHERKEBERFELXBRRBEEE
R

ERORHC ", 19834 B i /K AR M REVE T
AIREK, 14k . Hha @ KEW R, 125
FE K BBV (S. validus association). FEEL VX (S.
trigueter association). KIS HEEVK(J. serotinus as-
sociation). Z* [KARFEVE (L. hexandra association);
2RI VIR, B R SKHBEIE(N. peltatum as-
sociation). P REVE(P. amphibium association);
SMUUKIE B I, FE 2 & B IERVE(C. demer-
sum association). YR FSEHEV% (P. lucens associa-
tion). Z MR 7S REVE (P. perfoliatus association).
T REVE (P, crispus association). U B HEIE (M.
verticillatum association) X EELVE(N. marina as-
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sociation) ESEIEREVE(O. acuminata association)
ECPETEVE (Chara sp. association)

20054F I 25 & I HL K A VD BE VA 4 K8,
ONEEVE! Y, AN KB, BRI AR
W BEERRIE . KIPERER . SO TR (A
philoxeroides association); 11NV M EY LV, £ 5
R R, 1NEFE R, RN
FEREVE(S. polyrrhiza + L. minor association); 3T
IKIEWEE G, EERYTMH IR T8 (P. malaianus
association). JNEFEEREVE . ECIRES fE+40 1 FUI
HEV& (Chara globularis + Nitellopsis obtusa associa-
tion).

201647 52 R 5 Kk I B g LA K A M ARV
220 G NARER, Horh, BEKEMIRERONN, N
FEV& (P. australis association). 2% [RORFEVR . /KA
V& BERLHFIR . IMHEIR(Z. latifolia association).
KWLV (T, angustifolia association) 7K Z+3] =%
FEVE(S. validus + S. yagara association) 7K+
B E T EFEI(S. validus + P. amphibium + A.
philoxeroides association). 7K 5T Oy VK (J.
serotinus association+Juncus sp. association); ¥F &
VIREIE AN, AP ZERETR . AR . IR 8
Y& (P. distinctus association) # >+7/K Z+4 fa JE
7% (N. peltatum+ S. validus+ C. demersum associa-
tion) %5 VEVEREMIREIE LA, NI TL AL+ 5+ R
V& (A. imbricata +S. polyrrhiza + L. minor associa-
tion); YUK MIHEVE A, NG BERFE . MAIRT
SEREVR (P, maackianus association). Y HR 2
% BUIR T2V (P. pectinatus association)
SRACREVR . PAEIREEFEVE (U, aurea association).
T IR S+ RN B+ B G IR 1S B V& (P Tu-
cens + M. spicstum + P. pectinatus association). %
W HR -2+ B+ /N R BEERE T (P. perfoliatus + H.
verticillata + N. minor association). 19834 DLRHL
WK A RER R VA R A AN 32 3T
23 EBEURKEEMEENNTES

FE19834F [ FRE B h"), %208 BOK A A

AW R R A BE KA 9 17.18%, T
Y 53.82%, AT H2.11%, VUKED H
76.89%; 20054 [ 1 A 45 B 5o, #EKHE AN 5
7.34%, EEFAY H2.44%, DUKMEY 590.22%;
20165E [ 1A AT 7838 B, $EKAE D 18.56%, 5T 1E
) 1.87%, FMHAEY) 152.08%, YT/KAEY) 587.49%.

FHER 201 5, 5 19834 AH LL, 20054F B 73 A7 1)
Py b B Y L n b 2K 2 BOR HE KR,
TS NP B A B R AR R RS, KA
B AR 198345 1A A I AE W 8 ORI BE K A P B
%, EE AT AREEIZRES . ARG S AR i,
RIAL S MR AUE R R A, T IR SRR
FE W92 AT TR A b Kk, H AR A Ah IR 2
20055 LL 1983 4EHE KA M8 2> T9.84%, {17 MY
BN T 13.33%. BEAN, E20054E8 A K&, K I
IR IR PR, (4R, 9N R, Sk
M AR B E T RAE R D ARG S 18
FETT R AR R I 95 BB 3R] = b AN R B A
o HT N ATESE T, AR E KL il
BT E2 B W01 A R 000 3 6 7 B0 g T P 2 o
kD> KA TSR KR W ) R R AR i
W% S > (55 3).

201647 I A A FT 3R I, B K A R D A VA 2
SIEIN, AKAEEYBEEAR T — WA, FHEARK,
22NEEVE . 5 19834E F120054F [ VA A BT 77 45 AR
bb, B3l T3 KA BT . T AR TR
T20114F, HRIFE AN NG R, IO Z 540 T 5
VRE I 7K DX 0 A A s R KV o SRR 32
I3 AR T EG AR ACE AN AL R 55 B IR R . KA
EEEFRM X KM R F R T 20114,
YOS BETE AN TR RACEE . R, PEERAEA
VGBI ATE X35 o 7K 3R] = b V& T 7K 2204+ 7 Ay
B0 P EBE B TR ARG, %X
WK 28 S FRRE, KRR, KIPE+AT O
BEREYER B A T X 5O T KR RN
X3, J@ AR, N AR ) B 5

F2 1983FLUREGEEFRKEEYMARE TR
Tab.2 Numbers of each life forms aquatic plants in Caohai wetland from 1983 to 2016

. 19834EYear 1983 20054EYear 2005 20164EYear 2016
i ZTypes " " "
FhE T o5 BB (%) L T o5 B A3 (%) g It o5 LBl (%)

JUKAEYISubmerged vegetation 14 37.84 14 28.57 18 26.87
77 M MY Floating-leaf vegetation 3 8.11 3 6.12 3 4.48
I ¥ Floating vegetation 1 2.70 3 6.12 4 597
HE/K FE Y Emergent vegetation 19 51.35 29 59.19 42 62.68
411 Total amount 37 100 49 100 67 100
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Tab. 3 Community types and variation of aquatic plants in
Caohai Wetland

19834 20054 20164
PV 24 Coenotype Year Year Year
1983 2005 2016

&K Y FE7% Emergent vegetation
association

IK B EIES. validus association
FEE VRS, trigueter association
IKIFEFEK . serotinus association
ZERARBEK L. hexandra association
0T VKA. philoxeroides J
association

FIAEBEVEP. australis association

IHEK Z. latifolia association

AIMIEVE T, angustifolia association
IR =R BEVRS. validus+S. yagara
association

IR A PIRGZE+25 00 F R BEIES. validus+
P. amphibium+A. philoxeroides association
IKTFEAT O EFEIES. serotinus
association+Juncus sp. association
VIKME P 7% Submerged vegetation
association

G PR C. demersum association

S BR 7S BEVE P, lucens association

2 IR T3 BEE P. perfoliatus
association

JH S VR P. crispus association

< 2 2 2
<
<

2. 2 2 =2 2 2

<

WK BEREVEM. verticillatum association

222 2 2 2

IRFEREVEN. marina association
ﬁiﬁﬂﬁ?%ﬁ?@P. maackianus J
association

i IR 7SR BETA P. malaianus association ~

B L IRF 32 BEVK P. pectinatus association N
WA IEVE U, aurea association
A BEYE O. acuminata association N N

Y FREVE Chara sp. association N

BOREE BT LA VE Chara J
globularis+Nitellopsis obtusa association

I T 5 ORI S BE 16 T3

FEVEP. lucens+M. spicstum+P. pectinatus N
association

FFI RT3+ B+ NIRRT TR P.

perfoliatus+H. verticillata+N. minor v
association

TEMAE Y74 Floating-leaf vegetation

association

FEIEVEN. peltatum association N
WSS P. amphibium association ~ N
IR 7BV P. distinctus association
WIRAIKBA4 L FEEEVEN. peltatum+S.

validus+ C. demersum association

EVF M Y V% Floating vegetation

association

LHEHFMHEIEVES. polyrrhiza+L. minor J
association

VLA R MEREVE A, imbricata+S. N
polyrrhiza+ L. minor association

<

2. 2 2L 2

Witth 2 —, 207 b & S KALR T, 1ZBEVE A6 X
BB AR P 2 B T AR . B0k IR 1S v ) A
TR KT ) X 38, LA MR £ 2 A T 5
PO AR L ERH oG I 2 8], B HR T3 R £
O3 AT TR AR O AT X . A R
I3 A T B X A TR A K X E A .
F B - SR HREIR I8 v+ B8 45 HR 1 S e U A 28 1
AR S+ PR/ N R IR R TR 20 A T 500 s
PR K BRI I X ek o R TS VS 2 A T i
Vg JE 1 B K XIS B IR BE o S+ /K 2+ 4
TV ATV 21+ 58 PP PR I8 o0 A T B il 2R I
IR & E IR X I (K 3).
24 EEKEEVEVMENTL

PE19834E . 20054 F120164F [ 1 A iif 7t % B
(K 4), L3024 LLSK, Ff /KA M) A ) 5 05T
FARER . 519834, 20165 AR B 45 R 2
N, HE KAV A B K T 3R .
25 TUKEMSIMERE TR SN

FIFHCANOCO 4.5 4 %F20164F B i /KA
i BE R AR ) &) RN R B MR E AT 3 oy i
(PCA)HI25 AR B, 56 1RlBA FE K B2 90.073, FHIEME
50.004, [F %k FHRDA 7 VAR FL H g Ul /K ) (75
RN A &) 5 BE R T 2 (Al [ 9% R . RDAZHT 4
RERE 3), 5. 11, 1258 S 25 T (TN,
TP. DTN. DTP. NH;-N. NO;-N). TDSHISal5%
Wi 452 K, I A A 2 B A0 A 7 ST B T B I
W7, PR A Chladf BE LUy, B 97 #h . TDS.
Sal 5 VFIEAEY) I Chl.ai B 2 IEAH S, H5UUKEY
) A 4 A 55 P AR O
3 g
3.1 ERKEEYMETE

19834F 22 4 [ 30R 4 1], FLig /K AEREAER}
J& . FAKCE B, R BT EA . B pi A,
TOFE TR, B K, P RS KA
MY, AW E Y. REE N5, B 5 A%
FE AERKREM A BRE A, SIS, BfA
ok s DI AL A, S ]
Hh ) £ 2 35 (Anabaena azotica)3LE"S " BetE B E
FEAL KR KA R4 . BHEP 9K, TRz A,
X 7K 38 B e, R KR A ST . /K3 AE S
I8 Bl B 22 AR B /KI8T Z 0 A 1SR
16, MHT N B AR, MV BB B TE, 1
VAN B35 T4t o FUEAE S AR X EF P I P B
RAEIAAES R, B— NP EGEE 1> 5
8, SZ R TS X AR A 2R G0 AR A I AR ) )8 AR
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Ko TR EIIE N, 5 SRIEMHMANRKIESNFAT R
ZYM .
3.2 EgKEEHAEDTH. KBBHENTIHR
HERE

5519834E . 20054E 0, 20164F ## /K A= K64
TED PR E & LM E AR RS . o
IKTPEREIE . IR TR R . MR R
FEREVR . IRETFVE A BT TE T 1983 4F 2 211
IKAE R EEVR, (H IR 76201 64F (IR A TP A B B 4y
Ao 519834, 2005 AH L, 201 64FH 3 i /K A= 4
VIRETE A PR DIOREVE . AKMUBFETE . KR+
SRRBETE . KA OB TR . KTE
T ORREE . IR TR . BN HR TR
W BEAREERETE . G IR TSR R
ViR TS0 0E o R TS+ RN IR TR VR
IRT SRRV . WK+ mPERE . LA +%
AR PERE IS . 7 sh BORLR B, 19834 FLilg I /K A
VIBETE 3 AT R EOK BRI . BERRETE . IR =K

F 4 1983FLRELGKEEYEYE(TE)NEL
Tab. 4 Biomass (dry weight) of aquatic plants in Caohai wetland
from 1983 to 2016 (g/m’)

VR KVDERETR . 20T, SEKAEYI RIS EoN P
EREE . FIRRBEE . KABE . KMBEE, 52K
T F B i 25 PP B RN AR N R A RAL,

R K AR IRV B SO 45K R A AR R R
R SREAAIRAR G T, X O KA
KAEYIY SRIRE T AL, Foh, ARG
P KM KR AL T %1815, (RS
DU 3K, DL 25 45, 2004 4F 5T JG AN 7E 5L i 14
T MKV R AR, 201 24E7E B0 45 3 ] A%
#2000 m’ R SARETE" . Hok, B KAIETHE, 3
FEHO ARG I, 2R TN TERR PR R IRGEY 5K,
KA B S Kb R B IE KA FR TS L
FHBEIZWTI 45 . BLAh, BT NZRIEsh(FHE . ik
EVHID, E TG, BEMERSSEE RS, B SRR
A EHIG LI K, ERES LS KBRS ERIEEEY)
B R IEE, BUETSERMEY I o
33 FERTESKEEYEDNENTMN

P T B [ R G AR AR XA ST R K Ak e
X TSR HE RS, EIK A AEY E302
FokE T, 20165 A E R 19834E 1)
405 o AEE R 0 7% R 2 0 v pl o R e AR
BRI, B &SRR R UK S R

198349 20054:8H 201648 H s
X3 Section September of ~ Augustof  August of WEEH F RDA 7 45 R B, S B35 .
— Lo 2008 =016 11 125 RS E 28 SR, BIEME .
il A EBast of 126.4 453.2 634.9 AT LSl i UL L 2 Sy
Caohai wetland . : : EE‘JR}“@, B SRS T B R R ISR
Middle of g 6 920 2574 e, WK R A A o P A 1 S SR A
BT # West of 34 ERHEIRMESEBEKESTEEZENIL
. 106.3 113.1 4785
Caohai wetland &5 7
SEH){E Mean 111 219.4 457.0 E%ﬁ N - .
U 2 TR ) AR A R A (DK R, K
1.0 5
10
7 DO
o
Turbidity
11
CoD
pH mmonia
R T ———
- DYP——1ps
9 1 “ond
T Cz‘ j hl.a Nitrate
6 TP 0 ~
o O
26 e 0 > 12 5ODTN
-0.6 : 8
-15 1.0

K3 PUKEY S HEEE T TR 75T (RDAHEF

Fig. 3 Relationship between submerged plants and environmental factors with redundancy analysis
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SRR B I DR VS B, W
BHERK, KERDAENSSEBERANTER, S5
AT X I b e B, AR R K L R R BUR AR TR
B 1k(6.37—11.43)x10" kgo (2)7K 4475 Je i & ,
20014F, BFA 80%I7/K AR AEIA B K T FehrviE™,
{H2014—20154F, B K i b T H R K A BT IT—
VAT, GYRANTHIRG Y E. FiEbE
14AMTER, 5 N 135373 A, #tH A T#H1076 hm’,
RATEFEHN EWG 175 2COD TNAITP 2 514
1594x10° kg. 352x10° kgf13x10° kg *'. (4)4h3k
IR NI, £ S RGNS . 45 0E T HAE R
HEEIX . BiIE. WSSk DR AR S, o X
57 0 T T B PR R 5 T 70k /m ™

B 0 U 2 I TR I 11 1385 22 A 5% ) R, 8 2 th
BUR B35 BRI TS B HE SR, R 455
HAAR A E 3, (R R OK A S Bk,
PLTRAC. HEM . BARZEN), FrEnt Bl B A 2L
PRFE R 2R, BTTE 7K L ok IR, IR 58 B %
N O A AR s e e, $40k B R X3 e
o B By, o =, KRN IE e AT S
HI Rk, B3 R B FSE A o 0 v Y0 P 2% T ol 3 PR 5 28
VU, REELHTF e Sl /K AP . BETE S5 f0 N
KNSR NAZ IR 2 BRI, S B BRANSRNZIF o

SE 3 Hk:
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AQUATIC PLANT DIVERSITY AND COMMUNITY SUCCESSION IN CAOHAI
WETLAND, GUIZHOU PROVINCE

DAI Liang-Liangl, CHEN Xiangl, LI Li-Jie’, LIU Chang—Hongl and YUAN Guo'

(1. Guizhou Institute of Biology, Guiyang 550000, China; 2. State Key Laboratory of Freshwater Ecology and Biotechnology,
Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: The current study explored the distribution of aquatic vegetation, species diversity, community characteris-
tics and succession features of Caohai wetland based on previous results and recently obtained data, and analyzed the
primary driving factors of community succession. Results showed that there were 67 species of aquatic plants, which
belong to 40 genera and 28 families, and 22 dominant plant association in Caohai wetland in 2016. Compared with re-
sults of 1983, both dominant species and preponderant associations changed dramatically. The dominant aquatic plant
associations have gradually changed from sedge family to grass family. The alien species Alternanthera philoxeroides
in the Caohai wetland has formed an invasion trend in the water fluctuation belt, waterway and wharf, and its popula-
tion density can reach 70 plants/m2 in some regions. The total biomass of aquatic plants of each life in Caohai wetland
has increased in the past 30 years, and in 2016 it was 4.1 times that of 1983. Relevant data indicate that human activity,
bird migration, water and soil loss, eutrophication, and alien species invasion have influenced the biodiversity and com-
munity succession of Caohai wetland.
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