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Abstract: Submerged plants are important components in lake ecosystems, their production and distribution pattern are affected by
environmental factors, especially the hydrologic regime. Lake Dongting is an important large lake in the Yangtze River Basin with
free hydrologic connection to the main stream. In recent years, due to influences of human disturbances and climate change, envi-
ronmental factors such as hydrologic regime and water quality of Lake Dongting have been changed dramatically, resulting in the
decline of submerged plants, which calls urgent science-based rehabilitation. Thus, there is a need to have further study on sub-
merged plants at Lake Dongting. In this study, West Lake Dongting was selected as the research area. Submerged plant communi-
ties and 12 environmental indicators were investigated in 98 sampling plots at 11 sites in West Lake Dongting during summer in
2018 and 2019. Independent ¢-test and redundancy analysis were used to evaluate the relationship between the submerged plants
and environmental factors, and to explore the effects of hydrologic regime change on submerged plants between years. Results

showed that: 1) Submerged plants in West Lake Dongting were mainly distributed at semi-isolated sub-lakes or free flooding lake
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bays where with shallower water depth, better water quality and more stable water body, whilst there is less distribution at sites in
major flowing channels and with high water fluctuation. Water depth, transparency, total phosphorus in bottom sediment and water
pH showed significant differences between sites with and without appearance of submerged plants in West Lake Dongting; 2) Bio-
mass of submerged plants was significantly correlated with pH, water depth and total phosphorus in water; 3) At free flooding lake
bay, biomass of submerged plants was higher in 2018 than it in 2019. It is supposed to be the result of water level raising processes
during May to August 2019 when was key growing stage of submerged plants. A continuously high-water level adversely impacted
plant growth. Maintaining natural hydrologic regime, habitat heterogeneity with free flow in the lake, and healthy water quality were
proposed to be the key factors to rehabilitate submerged plants in the West Lake Dongting. Sites at free flooding lake bay or semi-i-
solated sub-lakes those with water depth less than 3 meters, appropriate water nutrients, low water flow rate and less waves were
recommended to be rehabilitated in priority.

Keywords: West Lake Dongting; submerged plants; distribution pattern; environmental factors; hydrologic regime
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Tab.1 Classification of sampling sites
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Fig.1 Location of sampling sites in study area
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LA 2R B 2R FH 22 W B S /INRE D W BURE D i, A A o 1 B il i R R 488 (45 30 em 58 10 em)
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(Garmin GPSMAP 63csx) IS FE SN A . SRAE K RAE B I RE A b 3%, 10 58 P Rl 28000 i %, K
Wyt 8] SR TR AR R P9 80°CHE 72 /Nt T .

P 1 3E [ speedtech SM-5A T35 2 5 miy i R 4300 52 7K IR (WD) L 3 FC 35 1 22 /K 4438 DA B (SD)
FP311 e AU 8 Fl (V) |, IRl FSRK AR R AR KRR 500 mL, f M AR e 4 R SRR e 240 200 g, 44
FER 3 WER. KR R SE 8 HE AT pH OB E(TN) (BB (TP) (4% a( Chl.a) ¥R & , Hovh TP iR R
FHEHER B4 YOG RE VRIS , TN Vi B 2R F B 1 o 0 1 440 91 fit 52 A0 3 G B I 32 , Chlla YR R & B 06
JEEETEIE . EIRAT 52 BRI AR FR A A5 1 BLIRE AE S L s — SR B b L ikl 2 - 3
BT (S-OM) EA (S-TN) B (S-TP) % 4.
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I VA DX I /N T R K St (T 1) 0, SO R 5 ol /DN T i K A8 3 A9 7K S 5008 A 46 7 6 TR 2 i 7k
PEARAE B, KDL E R R A 4 E K IV IE (5 B M (http ://xxtb. mwr.cn/ssIndex.html? type=2). &4 3 F Jl K2 9
PEABRAKIN 4 A UOKAEYIE AR, A 5T 98 A st ] Oy 2018 4F A1 2019 4R FKk (8 A 6— 15 H) , Uik
MG 53 A 5 A W R BUIRZ 8 A Z B K ALk shigmy. kil 4 A 1 HE 8 H 5 HA/KM B IEIEAT i
ST VR RE S TR R R (ALL) ARE SRAE 0 2 4 B A A A B i AR AR A ( DEM) $RH, 5 e 3R (Ff) AR
/NI 5 70 A 3 ) 7K A7 W A 4% 5 VO ) T R SR AR IR AR B I KE AreGIS 10.2 B 52 K.
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AHIFFEIE 98 A RAE s, Ho A UT/KABE ) 43 A (R 1560 A, TEUUKAEI 4415 BIRE 55 38 A~ BEE R FP KR
P45 K S AP YUK AE Y B0 R Y TERE. WIRBUUKAEY B 5 (A8 T0) WIE 7225, A0
5¥FH IBM SPSS statistics 22 SAFHEF T A ST BEA T ARG5S , 7330 HL R T 76 R 43 A A0 TCAE ) 43 A B A 45 R B8 7
K22 5.

RO HTR RUTAAE ) (0 Fh 5 BRI B R F 2 R A9 0GR, ARRIFGTIE FH R 3.6.1 3R HEAT bR s 3% 1 43
Hr(DCA) S —HEK B R 3.5301 ,4F 3~4 Z[A], 25K RDA e B HE e (AT 4T) A HT AS [T K
TR A e 5 R BT R T (A SC 1, TE UL K AB ) 20 A B sS A AR A3 BT v 25 B i FH 52 R 0 3
(Monte Carlo permutation test) A6 B 50 LA 4345 (10 FZIREE R 7.
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2.1 EREMIKEN S

B oE A T SRR ALY 5 Fh, 43 5 2 385 55 ( Vallisneria spinulosa ) | 4: .3 ( Ceratophyllum demer-
sum) 5y R 13 ( Potamogeton malaianus) FEARINEH: ( Myriophyllum spicatum ) F1EE M- M35 ( Hydrilla verticil-
lata) .

2018 ARILYRAE 8 AMFEHL, Horh 6 ANFEHLR IUA DUKAEY) 4370 , /NI L EL VR 1 7 L i BT R AE
RN BN VUKAEY) /370, 36 REES A 17 ASRAE SR ITUAKAEY , 55 5 1 300 S8R & (13) (3%
2) ,HH 5 AXIERA A, JE TR, Dok RT3 B EURAR (4) . 78250 TTKAE Y G RE s, il
I T B 38 F) S 249 A e B 340K 2.98 g/m® AR 4 e REDIRUR 38, Sh O R 7 32 134 A 1 i B i
099 g/m*(FE 2).

2019 AEALYAAT O ASFEHL , JCrf 7 ASREHD & A DUKARY) 2070, e AR L 358 A I 25 B TR A 43 7
62 NRAE S 43 SRR SA UUKAEY) oA . I 2 IURECH 26, 0 BLAE 7 A FEHBERA 4340, /3 3R
JE 35 VTR EE I UKAE Y W R R . 4 (0 s SARECR 19, TR IR T3 BARECK 9, Fe i Bk 1Y S
O 7, BRI B BUBORAR (6) . BRI B -T2 W B e i, 2,66 g/m®, HOJE: Dok IR 738 . &
iR R e SRR S A B e, R 0.26 ¢/m’ (6 3).
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Tab.2 The biomass of submerged plants in the sampling area of West Lake Dongting in 2018

R RE Egiibi LhoRHR 727 R R fe R

i AEMIRE N OF R N F O AEMi N OF MR N F O AR N F
FRE T 4.66x4.95 4 4 0 4 0 0 4 0 0 4 0 0 4 0
RSk 2.28+4.56 4 1 0 4 0 0 4 0 0 4 0 0 4 0

I 1.86+2.17 4 2 0 4 0 3.76x7.52 4 2 487847 4 2 293+567 4 2
IBHS 0 4 0 036072 4 1 0 4 0 0.11£0.21 4 1 0.34+0.68 4 1

JbE 4.30+3.12 4 4 8.43+1644 4 2 3.14+590 4 2 6.97+823 4 3 13.19£23.03 4 3
Kk 5.36x6.24 4 2 2.51+£3.06 4 2 0 4 0 0 4 0 4.39+794 4 3

Bt 3.07+2.04 28 13 2.14+x6.62 28 5 0.99+3.56 28 4 1.71+4.82 28 6 2.98+9.50 28 9

= NACFRAE SRR, AR UK R RO RE R B

%3 2019 4R PYIA WA M X UK E Dt (g/m®)
Tab.3 The biomass of submerged plants in the sampling area of West Lake Dongting in 2019

R R Eracikd IR T3 FECRILRE B AR

X
T v P mmm N P R N P mm@ N P i N F
KW 3.82+539 10 8 1.07+1.81 10 6 0.09+0.02 10 1 13.12+38.22 10 3 0 10 0
i 0.03£0.08 4 1 0 0 13.82+17.89 4 3 0 4 0 0 4 0
sk 0 6 1 0.04x0.09 6 0 545+885 6 3 0.03x0.04 6 O 0 6 0
K 0.80+2.04 11 4 3.83x12.11 11 5 0 1 0 0 11 0 1.19+£2.68 11 5
KRk 0.22+0.28 7 3  0.59+1.15 2 0.29+0.77 7 1 0.10£0.27 7 1 0.04+0.01 7 1
JbE 0.60+£0.62 7 6 0.56+1.18 6 0.01+0.03 7 1 0.10£0.23 7 2 0.08+x0.02 7 1
SJé H e 0.12+0.15 5 3 0 0 0 5 0 0 5 0 0 50
Bt 1.07+2.87 50 26 1.22+5.74 50 19 1.83+6.62 50 9 2.66+17.22 50 6 0.26+x1.31 50 7

= N AUFRAE SR, F AR UK R RO R i B

gL XTEE 2 ARUUKAEI R AR R A5 SRR WISk ORiERE UTE 2018 AR AR B R T 2019 AR (K 2) . 3
Sk 2018 AR A RN S FRUUKAEYIIIA 734, 2019 4R R IR 13 Al /D i i) < £ S AN RR IR 38, HL A=
Py BT AR T 2018 4F 5 034 I P AF I8 2 45 R b TU/KAR 4 ) W b 20 A B AR , S R T 0 e R i S
B, 2019 AR A YRR AIR T 2018 47 Ui S 2 AR IR A rp, DUKARY) (9 Fp S AR BN R E , B3
B EDRHR T3 AR IR e A i JR SR XA A (EUR: 2 AR AR W) i 2E BRSO, 2018 AF AR 54.31 ¢/
m*,2019 4F A YA 1.87 g/m’. KKGIW) 2018 4F FUAT I35 743 A, 2019 4ETUK AP0 K SUBLRATZ 3 |
AR A SRR T3 5 S W R B — , 2018 AR (S A8 B i vy B, 2019 AR (AT By R HR 5 SRR Ak o i
23 MK B RNEERFER

Xt 60 A YLAKAE 73 A s A 38 ASTCUUKAE M 0 AL AT R 1L ARSI T BEAT X L (R 4) SR R B
WD .SD ,pH ,Chl.a S-TP f£1E % 2% 5 , /K44 TN H1 TP S-OM H1 TN LK Ff F Alt 764 TEHUKAEY) 4316 1)
FE s TC R 25 . WERAE A DK AR 23 A0 R S h A2 0 m/s.

TGO 0 A AE i 8 WD (IR 1.5~5.2 m) A TUKAEY) o0 A A w9 WD (FEF 0.15~2.8 m) i
FHR (P<0.01) s AUUKAE) /3 A HE ALY SD(0.68 m) 258 T UL MY 0 A A £7.(0.45 m) (P<0.01) 347
UUKAER) I ATHE AT K A pH  Chla ¥ EEETRHT AR ) 70 A ) RE 5 I8 35 AR (P<0.01) 5 A BLK A 4 20 A B
R S-TP it (P<0.01) 3K T ICUUKMEY A0 A b E A, T TE 254 25 5.

24 RAKEHNAHERERFHXR
PR EE WIC KA o34l S 3RS T 2 [ RDA 734 g it W3k S. 45 2R o, By 3RS IR 7 X AR A A2 4k
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Fig.2 Comparison of biomass of submerged plants in 2018 and 2019
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Tab.4 Environmental conditions of lakes with and without submerged plants

A VUKAEY) 53 AHE R TEHUAKAH D) 3 A RE 1T
B S (n=60) (n=38)
FH{E L FHIE JL
WD/m* 1.83+0.57 0.15~2.80 2.39+1.17 1.5~5.2
SD/m* 0.68+0.19 0.37~1.17 0.45+0.21 0.19~1.17
TN/ (mg/L) 0.11+0.17 0.02~0.99 0.13+0.20 0.02~0.88
TP/ (mg/L) 0.25+0.39 0.004~1.043 0.27+0.35 0.003~0.974
pH* 8.08+0.43 7.14~8.76 8.48+0.80 7.32~10.28
Chl.a/(pg/L) * 5.04+3.04 0.34~16.84 9.39+10.37 0.35~31.478
S-OM/ (g/kg) 12.04+3.08 5.00~25.42 12.70+3.23 6.49~22.53
S-TN/(g/kg) 1.49+0.46 0.49~3.31 1.57+0.43 1.03~2.56
S-TP/ (g/kg) ** 0.70+0.14 0.43~0.93 0.77+£0.14 0.58~0.98
Fi/% 0.76+0.19 0.24~1.00 0.70+0.26 0.13~0.97
Alt/m 27.97+1.09 26.00~30.00 28.18+1.16 26.00~30.00

* RN 225, P<0.05.
B 3 B, 5 —HEP RS pH S-TN WD [ 5 4%

58 R SOk PR TP TN SD B9 ARG MR # 5 RDA ZMr5eiH B
B ) 5Kk TP pH R IFARSCH % (H 57k f& TN  Tab.5 Analyzes statistics of redundancy analysis

Lt 15 WD SD RGeS Sty wp, W R T e T s w
S-OM 7K H SD Kk TN 5 TF AT #3573 5 2

i > - 1 0.1247 19.33 55.44
Wit 5 WD S-TN Fil S-TP S 1A a5 f - MR B A 2R 00466 ro56 e
=N (= N = N . . .
PSR TP AL pH BAEARSG, SR TN OG04 ., 0410
5. 4 0.0121 34.69 99.46

75 RDA 38, BRI TN 1 B B E i il B9 e M2 5
FESEA L 1 SR T 2 o PR N1 i ) A G AR B
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Fig.3 Results of redundancy analysis( Red arrows show the submerged plants,

blue arrows show the environmental factors)
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3 itit
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AWFTESE AR TUKAE Y B o0 A 55 A B K SCRREAFAEAR EOC R, RLAT K IR L3 W2 A B I 57K SC
A8 VA 10 0 2R 6 KA R A ) T 2 A TR DR, WS AR (5 2% G A AT
TR B UKL B oA K R 8 W) BE R ML X, 5 i AT S — S0 2 S Wk A 4%
JEBR, RAREWY R AR AU A DU 22 Rk 2 T2 R PR e TSI i X iy 0 e 40 125 el
BELIR -39 A9, A 4 PR B R R s, AR T 2R 1, BRI A5 DO AR T I A B S 3 B K X
KPR BRSPS F. U A oA UK A B R 2 0 m/s A5 TR AR ) 0 A1 194 DX S0 i
B, AR T IR K XIS B Sl A, R KA I8 2l I S0 o A8 AR, AN T DK A A 5 2 BHL R 1
AR KA 1o T 38 R N I A DRI 30, 3 Ay K 30, 22 30 S0 30 I T 11 R T e DX, 303 IR
T EATBFI MY TP T R0 0 90 V2 DX 1 7K A A 2o R R Rl 800 o 785 T oK I, 2
P TP AR/ DN K TRTRRARRE , G A FEICRS 0 IS 4 S 40 2 SRR, DI IR T A, WA ) 2 R 2 0 I 2 52 i /K 2 A
I REpE

AN, ARBIESE e AN TR KAR 0 1) 23 A1 Xk K TR LA AN [ AR 0 7, 36 0E 1 AN ) 49y o ok A1 ) 0 58 [H) 5~ B A
AT A A ORISR BT T AR 43 W 4% 58 v 4 £ 81 4 A S KR 3B W S IEAOG, B 52
LI ALK DRABRTR K V25 A FEE 0 1 b X A B A 40 80 1 7 K k236 2 i 25 O I 1 18 58 T 0 55
T REARAICRE 3 A S5 A IR 13 B /K TR B AR 5%, R BRI 2 R LK AL 7 HO'E IR AR 325 T R8T RE 8 A I 25
ISR T 7 A BRI , 2 7 TR/ Tk v R, AR 55 7 P /K TR [ 52 i Gl A 90 £ 01 B 0 7K TR 0 325 1 AN
SR A K B TR 2 A 7 o A 1 A T T T R s T R K TR T S AR G, T BB DA
R A X 2 AR AR IR SRR NT 3 m, G AR B E A I £ 8, LA BRI 5 2 A g
MR A ZE AR AT LAFEA TG SR SO R A (1 7K BRI 2 ARl 0 A e B i N
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