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BE O THRIONZEWE SR B B IR L0, 2014 424 37 A (11 A M1 2015 45 1 H 76 Wi
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FHEFALE(P>0.05) o fE—4FHRETN, PUKIY X5 TCTUKAEY) XA KAE W BE R4 38 a 7Y
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B 45,2009 ; Karlsson et al,2009 ; Zhang et al,2011) ,
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Fig.1 Sample site locations in Lake Erhai
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Top and bottom of solid bars, maximum and minimum values; top and bottom of boxes, upper and lower quartiles; lines in boxes, median values;

letters indicate significant seasonal differences (P <0.05).

Fig.2 Seasonal variation in water column light attenuation coefficient( K) , water transparence(SD) , turbidity
and Chl-a in Lake Erhai
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W R a (B 2-C) FHEMEREFESE
(5.24 pg/L) < & Z& (5. 49 pg/L) < & =
(12.33 pg/L) < EZ(14.22 pg/L) ., Chl-a HfEH
FRAR, BEMTEFE KEMEFE(P<0.05), 1
AT 2. 79 ~ 7,25 /L, FEIEHA N
5.24 wg/L;Chl-a (HEEE Fim, B & & THE L
A4 (P <0.05), HASfL i [l 4.46 ~
20.65 pg/L, FHEZ N 14. 42 pg/L, Chl-a {HEk
EMEFRABEER(P>0.05) , L FMEFK
ARZFEZEF(P>0.05), N24FF,Chl-a HAEIE
Bl B R, B /b fH o 1.67 peg/L, e R E N
22.88 ng/L,

A (K 2-D) =AM AR R &
(32.50 mg/LL) < & Z (32.52mg/L) < # ==
(32.64 mg/L) < EZ2(32.70 mg/L) , MEAEHZE
AR, W BART 2 Z= KR 24E (P <0.05) , HAZ
L5 Bl A 32. 40 ~ 32. 71 mg/L, SEH{H AN
32.50 mg/L; AR Fod iy, W B i TR FEAIA 2=
(P<0.05) , AL JE [ 32. 52 ~32. 84 mg/L,F
Y270 32. 70 mg/L; it FEAERK TR FI L 25 R 4E %
ARZEZER(P>0.05) , X FMHEFRERA BH
225 (P >0.05) . IWAAFERE , 2 AE B HDN,
fz/IME N 32.01 mg/L, 5 KAE K 33.31 mg/L,

2.2 KEXFESEBHHEXES R

X G T R B AR a MR AT
FASHERISE , H: Pearson A5 R B H LB AL B0 25 2R
g 1, MR a BEMK(P <0.01) {HH
FAOPERAR, HE R R 0. 2405 /K 1437 B 5
LR a AR EAHIC (P <0.01) , HAHIE R %L
535020 0.497 F10. 564, KESL =R S &Y
JE AR a FIM Y B EHOC(P <0.01), J62
IR BT B AR R, S A EIR
5 ER a BYAH SRR X B, HAH 5 R B0 5N
0.648 .0.523 F10.475,

x1 HigKELESHERERWEFREXE

Tab.1 Pearson correlation coefficients among

optical parameters in Lake Erhai

ZH K 1/SD Turb
1/SD 0.648 " *

Turb 0.523** 0.497 " *

Chl-a 0.475** 0.564* * 0.240 " *

" FRIR P <0.01; MR (N) 4391 N =143, Ny, =130,
Nepoa =143 ,N,, =140,

Note: * * P <0. 01; sample size are Ny =143, Ng, =130, Ny, =
143N, =140.

FH 27 S U8 2R B0 K BT 8 s 19 A G 43 B AT
A RO G 3 D R B B4R a PP EE 1Y
SO o SRS 3 S e A DR/ R DY A R e R
G MBEE MARER a JEH T ZITIE, HEERAR

K= -19.356 +0.615 Turb +0.015 Chl-a
(R*=0.421,N =132,P <0.0001) (1)

oA K AG2E 8 R 4L, Turb S B, Chl-a Oy
MEREE a, R NHIERE N R B P R
(1) E VK

HY (1) AT, 7K A4 ' 27 5 Dl 32 250 5 B iy T e
FECH0.615, 1M 5L ER a BYAT R BN, A
0. 015 Hfa SH 0 iy o B2 Xo) S 3 Dl 3R 25 1) 5 W) I8 25
FHERER a XGRS I AR B R A 1 2
2.3 UAKEYIKERZES RN

I KRt W R (% 2) E
(P<0.05)F14Z= (P <0.01) 7EA UK Y X (15
Fr HM) 525 /N T IC UK Y IX (R FR NM) |, Bk 2=
HM S ¥ {H 29 4 0.81 m™', NM ¥ ¥ {4 £
0.93 m™' 478 HM EH{EZ4 0.58 m ™' NM F-
24 0.70 m™ K (HERME BEME S HM B
INTNM, A B EZER(P>0.05), JEETEAAE
HM 2 %K T NM (P <0.01), HM V- ¥y {H 25
32.50 mg/L,NM F-#{H 2 32. 64 mg/L; Turb 7E4
= HM B E KT NM(P <0.01) , HM ¥ {EH 2 h
32.35 mg/L,NM 3 {H 20 32. 63 mg/L, Turb 7E
. B EOM BT NM, TR & ER
(P>0.05), i#&WIREAE—4 DU Z=F1 4 4F HM 15 1
NM %A &2 (P>0.05) ;48K a 7 —4F 1Y
ZEFAAE R HM S8 T UK A X NM, A 8 3%
225 (P >0.05) ; SARTTAAE Y XA E, UK AE P X
TR GRRAR A W e | O 2% 5 Yl 28 ORI B2 43 3]
SERE > 20. 69% Fi1 0. 96% ;37 B BERG A 2. 95%
TUAKHE ) DX I 8 28 A AR X 52 B4 ] (H i A AR
A2 MR a RPN RAIR 13.26 %

3 g

3.1 AEEBXFREIERRE RN

AT BT, St Sl 2R 0 B 52 A 7 AL
PR A W 5 R, 5 0 W E [R] D B A O
M SR, W Z A —E I a Rk R Bl
FHE B (ZEB0AF, 1993) o ABFFEH, KR Y
TN ARTCT E AL 4R a MM A 55
HIAHSETE (P <0.01)  Herp, B B 55062 R8I AR 5L
R HPIER X5 Lorenzen (1978) (4518 —
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Tab.2 Seasonal variation of optical parameters in areas with and without submerged vegetation in Lake Erhai

15 8] YUKAEY K/m~! SD/m Chl-a/pg - L-! Turb/mg. Lt
2014 —04 A 0.58 £ 0.02 3.14 £0.50 6.25+3.73 32.47 £0.07
P 0.63 £0.13 3.12£0.52 7.19 £4.62 32.58 £0.44
2014 —07 /ﬁ 1.01 £0.15 2.09 +0.17 14.86 +£2.25 32.67 £0.15
JG 1.04 £0.15 1.92 £0.27 15.12 + 4.71 32.71 £0.16
2014 - 11 A 0.81 £0.14 2.47 £0.43 12. 14 £4. 11 32.56 0. 14
P 0.93+0.15" 2.20 £0.39 12.53 £3.16 32.66 £0.15
5015 201 A 0.58 £0.07 3.14£0.20 3.91+£2.11 32.35+0.04
o 0.70 £0.07 "~ 3.05 +0.39 6.03 £3.21 32.63+0.23" "
<l 0.77 £0.21 3.14£0.20 8.96 £5.36 32.50 £0.16
& # 7 0.81 £0.21 3.05£0.39 10.18 £5.29 32.64 +£0.29" "

TE: "3R8 P<0.05, " " IR P <0.01, M A HOKAR Y X FNTCHTR ALY DX L .

Note: * (P <0.05), ** (P<0.01), for areas with and without submerged vegetation.

o WEAF (2012) BFFE R, THIEE 28R a FEAN W)
) DX 5 325 W B S A S AT O, A St A B R
B IRIANTR], AT KA I 5 2R AR SRR,
FUATEBRIE A A B, J0 PR A T e
AR RVEAE KGR AR FT 1 5 8, WK Ik
DAY vt A 90 74 2 A € 2 A 3 B A2 1 TP D 9 2
BRI (I ARAE,2003) o TOALE IR BV R
W Y T AR (5K 55,2010) s ARBIETE A B, I
S B ARG L 85 (P <0.01) , 31X 55k B
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FAE R TR KA (B %485, 2010) i gl
BUNFEZR 10% , K A 9 M2, it 20 3% a W BE ik
12.8 pg/L, 76— & BB b3 B0E B B R AR (5 7%
55,2005 ; F#EAE,2013)
3.2 MMEERMAZRBRBA/NFIT

-2 SRR T REAS () 12 S WL T80l R KU R/
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e G IR BN T2 B R AR X 5 TR 4 15 DL
AT BTASTR] (f] ¥ 345, 2014 ) 368 ) /K e B4 180
H, MERER a WSt A I R K EER I T
TS AR TR - WA BN, DU T
FRIFIRIRIN A K (R BESE S, 2007 ) , 28 AR M A
XA, AR L B T I AT 2 K TR (e
FROKTR21 m, P15 10.5 m) HIRER GBS 4
2011) , KUK I8 7K F i 20 0 Ao 5 2K I vk PR A I
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A 20 ik AV G e 1458 77 (XU B, 20025 £ 454 i
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2014) ,
3.3 MKEYHERREXNHEER 2 BN

AHEFE KB, TR R XA K Ak 32 (2%
MRTFICOUKR) X, X5 P A 55 (2014) == N 525
ZER B VUK RES IS R . [ IR e 11
] R B 222 0, AT BE A% Sl 25 R IR AR e BE o 7K
PRIZ ] 2 55 DK PR R T8 /K BRI I B P LS
i LAROR OIR B0 45 4 DDA 56 (5K e b 45, 2009)
DUKAB AT T $ o2 W1 BE (X fe B, 2002) o Ao
FeHh, RO AE ) DX 2 WA JEE 5 R0/ RE ) XA B
B R AN 5 11 R P IR 2 (2006) WF 5T A, R I
IKAEPIRERS 25 B e K (AT T 8 5 ] BE 2 [N Do i 1
AU TR K AR AR ) B S B, NI iR ZE Ok
ZRER a LRWEE I AL BEAT B (Reynolds,2009)
DUZKAE Yy RE 8% 400 ] 3 0 6 28 1) A K (o e I 4%,
2007) o ASBFFERBL, UK AEY X 2R ER 2 91
5 IR0 XA LE , FERAE FIAS 25, 1O DR o
g T2 KR P XL (B8 45, 2011 ), (B9 A A i b
(DUKRFE S5 X)) i3, T EUR R, 4K a
B R A T A KA ) XA R

% FEBNYUKAEYIS T IR MR | [ 2 R T8 kst
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Seasonal Variation of Water Column Optical Parameters in Lake Erhai, China
BAI Xiao-hu'?, CAO Te', NI Le-yi', ZHANG Xiao-lin' , TANG Xin'"

(1. Donghu Experimental Station of Lake Ecosystems, Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan 430072,P. R. China
2. University of Chinese Academy of Sciences, Beijing 100049 ,P. R. China)

Abstract; Eutrophication has dramatically changed the optical properties of the water in Lake Erhai. Over the past
two decades, the lake has gradually transformed from a macrophytic lake into a grass-algae lake because of the con-
tinuing deterioration of water quality. Research indicates that recovery of the submerged plant community could im-
prove Lake Erhai water quality and the growth of submerged plants depends primarily on water transparency. In this
study, seasonal variation of the light attenuation coefficient (K) , water transparency (SD), turbidity (Turb) and
chlorophyll-a (Chl-a) were investigated in areas with and without submerged vegetation. Results were analyzed to
determine the influence of submerged vegetation on transparency and provide basic data to support eutrophication
control in Lake Erhai. Optical properties were monitored and water samples collected at 36 sites (10 sites with and
26 sites without submerged vegetation) in April, July and November of 2014 and January 2015. The light attenua-
tion coefficient (K) was lowest in spring (0.59 m™"), then winter (0.68 m "), autumn (0.95 m™') and sum-
mer (105 m™"). Seasonal change in Chl-a followed the same pattern, 5. 24 wg/L(spring) <5.49 pg/L ( winter)
< 12.33 pg/L (autumn) <14.22 pg/L (summer). Secchi depth transparency was highest in winter (3.07 m) ,
then spring (3.00 m), autumn (2.28 m) and summer (1.86 m). Water turbidity was 32. 50 mg/L in spring,
then 32.52 mg/L in winter, 32. 64 mg/L in autumn and 32.70 mg/L in summer. As expected, the optical proper-
ties and Chl-a were closely related. The light attenuation coefficient was significantly correlated with transparency
(P<0.01, r=0.648), turbidity (P <0.01, r=0.523) and Chl-a (P <0.01, r =0. 467) ; transparency was
significantly correlated with Chl-a (P <0.01, r=0.497) and turbidity (P <0.01, r =0.564) ; Chl-a significantly
correlated with turbidity (P <0.01, r=0.241). In autumn and winter, the light attenuation coefficient was signifi-
cantly lower in areas with submerged vegetation than in areas without submerged vegetation (P <0.05), but the
differences were not evident in spring and summer (P >0.05). Water transparency and Chl-a, between areas with
and without submerged vegetation, were not significantly different (P >0.05) , but turbidity was significantly lower
in areas with submerged vegetation.

Key words: Lake Erhai; light attenuation coefficient; transparency; Chl-a; turbidity; submerged macrophytes



