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Effects of Hydrodynamic Process on Bio-optical Properties in Algal-Dominated

Lake Region of Shallow Lake

LIU Xiao-han"?, FENG Long-ging', ZHANG Yun-lin', ZHAO Lin-lin"’, ZHU Meng-yuan" >, SHI Zhi-
qiang’, YIN Yan'*, DING Yan-qing'’
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Sciences, Nanjing 210008, China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of
Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: An in situ field high-frequency bio-optical measurement was carried out in the littoral region in Meiliang Bay of Lake Taihu,
a large shallow lake of China from 24 July to 1 August in 2010. The underwater irradiance, beam attenuation coefficient and absorption
coefficient, the related physical-chemical and meteorological parameters were measured and analyzed, in order to determine the
relationship between water bio-optical properties and wind waves process. The absorption coefficients of particles a, (440), non-
phytoplankton @, (440) , phytoplankton a ; (440) and chromophoric dissolved organic matter (CDOM) a,y (440) were 3.97, 3.97,
6.58m™"';1.69,2.17,4.20m™"; 2.28,1.80, 1.33 m™"; 1.05, 1.04, 1. 08 m ™" with the corresponding 30-minute average wind
speed of <3, 3-5 and >5 m-s ™' under small, middle and large wind and waves, respectively. Phytoplankton particles contributed the
most to total absorption coefficient integrated over a range of photosynthetically active radiation (PAR) (400-700 nm) with a value of
42.5% during small wind waves. With the increase of wind speed, the relative contributions of phytoplankton, CDOM and pure water
deceased but the relative contribution of non-phytoplankton significantly increased with the values of 33.0% , 41. 7% and 52. 0%
during small, middle and large wind waves, respectively. A significantly positive linear relationship was found between PAR diffuse
attenuation coefficients and the mean wind speed within 10 minutes. Sediment resuspension caused by wind waves had a significant
effect on PAR diffuse attenuation coefficient. From small wind waves to large wind waves, PAR diffuse attenuation increased 80. 0%

but the euphotic depth decreased 42.2% . Significant linear relationships were found between PAR diffuse attenuation coefficient, the
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beam attenuation coefficients at 750 nm, total suspended solid concentration and wind speed, wave height, wave shear stress, in which

the correlation between PAR attenuation coefficients and meteorological hydrology factors was most significant. High-frequency bio-

optical measurement showed that hydrodynamic process significantly affected the short-term variation of bio-optical properties in algal-

dominated lake region of shallow lake through sediment resuspension, mixing and migration of phytoplankton.

Key words :shallow lakes; hydrodynamic; diffuse attenuation coefficient; absorption coefficient; total suspended solid
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Fig. 1 Map of sampling site in Lake Taihu
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Fig. 2 Time series of air temperature, wind speed, wave height and wave shear strength during the sampling period
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Table 1 ~ Physical and chemical parameters related to light attenuation of sampling points
H3 i /mi - /m?i - /mSSL - /m;)?i - /;g-ﬂf* /mz(.)f - /ll\IL%rU
07-24 0900 4.20 43.42 +4.34 35.20 +3.12 8.22+1.32 11.44 £1.75 4.05 £0. 06 37.33 £2.24
17:00 4.50 29.40+0.40 21.93 £0.53 7.47 £0.30 12.41 £0.67 3.89 +0.04 27.00 +2.27
07-25 0900 7.43 47.18 £1.23  38.44 +1.21 8.74 +£0.38 12.56 +0.85 4.10 £0.05 37.83 +4.64
1700 8.33 61.31+1.75 50.84 +1.84 10.47 £0.10 12.80 +0.33 4.05 £0.12 52.90 +3.58
07-26 09.00 5.33 52.13+1.01 43.00+0.34 9.13+0.71 15.65+0.42  4.14 +0.09 45.57 £3.15
1700 6.83 65.51 £3.62  55.40 £2.98 10.11 £0.68 14.66 £0.74  4.06 +0.03 49.53 +5.33
07-27 09.00 4.30 38.30 £0.78  30.52 £0. 67 7.78 0. 13 12.21£1.30  4.13+0.10 33.70 +1.27
17 .00 1.83 33.73 £0.91  26.47 +0.96 7.27 £0.25 12.12 +0. 14 3.95+0.05 26.83 +2.18
07-28 09.00 2.23 27.77 £0.99  20.78 +0.93 6.98 +0.24 12.40 £0.59  4.08 +0.08 24.90 +1.97
17:00 1.93 32.30+0.94  16.12+0.17 16.18 £0.79  40.44 £1.16 3.79 +£0. 12 24.47 £5.55
07-29 09:00 3.87 29.95+0.17  21.25£0.22 8.70 0. 35 16. 86 +0.23 3.81+0.10 31.10 £6.90
1700 2.83 40.02 +£0.22  16.78 £0.21 23.23+0.14  58.5+11.04 3.81+0.03 30.80 +3.08
07-30 09:00 3.10 44.73 £2.90  24.64 £0.41 20.09 £3.27  61.63 £3.50  3.84 +0.11 42.80 +4.55
13.00 4.73 43.07 £0.37 21.04£0.20 22.02+0.19  59.91 +£26.1 3.79 +0.06 52.93 +19.91
14:00 11.7 163.17 +4.54 138.93 £4.50 24.24+0.46  60.53 +2.73 3.55+0.06 114.70 +11.86
07-31 09:00 2.93 48.67 £0.49  34.56 £0.64 14.11 +£0.66  40.82 +6.02 3.83+0.08 44.70 £5.17
14:00 3.37 51.49 £0.52 27.27 £0.14 24.22+0.39  55.62+14.49 3.78 +0.06 50.90 +7.01
17:00 3.40 47.42 +£0.56  22.71 £0.15 24.71+0.42  65.82+4.84 3.87 +£0.08 49.73 £6.55
08-01 09:00 4.40 40.69 +1.66  29.07 +0.84 11.62 +0. 83 19.16 +2.36 3.74 +£0.04 38.13 +1.02

1) BEANRE BRI 3 2 RS 0 - BB (T ) 5 W REERT /NP4 XU, TSS : ST, 1SS TEHLEIFEY , 0SS . A HLEIE Y, Chla. 4%
% a,DOC . VAV HLBR , Tur, PEE

(b) AF Bk

AN (1SS = 21.01 mg-L™")
s s (188 =30.13 mg L")
— KA, (1SS = 70.90 mg-L ")

10 7
(a) R
- 6F
_ 8t £
N e AR (TSS =34.75 mg- LY =
£ | N e i, (TSS = 41.17 mg L™ 3 5T
= — K, (TSS = 8429 mg-L ) =
= 6F 2 4t
= ) =
x| E
& 4f & O
E @ \\-\'.
& Boop
:’é 2L e
&
£ 1f
0 L s \ I L 0 L
400 450 500 550 600 650 700 400 450
25 2.0
- @ iR
T20p. N e /MR (Chla = 33.66 pg L) p -
[ oo N eeeee 1 (Chla = 18.88 pg L) £1s -
=3 s T = KM (Chla=1334 ug L") =
g : g
=] g 1.0k
= 2
8 =
g =
% 5 os|
0 1 1 L 1 1 0 1
400 450 500 550 600 650 700 400 450
PEH/nm

--- /A [acoom (440)= 1.05 m 1
= 1A [acpom (440)= 1.04 m™']
— KM, [acpom (440)= 1.08m™]

'

(d) ATEArFEEATHL

500

1
550
¥ Je/mm

600

B3 FEREZFET DB a, (L) FERTHY a, (L) GFHEED o, (A) MEEIMREEN acpom (A1) BRE R

Fig.3  Spectral absorption coefficients of total particles a,(A ), non-phytoplankton particles a,(A) , phytoplankton a, (1)

and chromophoric dissolved organic matter a¢poy (A) under three different wind and waves
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TEXF R AN Sy 7 A AR RL, B 5 2 XL
JE]— i SR | KR X B PR ma sk 2. AR
TP R 18] 3 (¢) B AT RLA H, Z/NXUT 440
nm ., 675 nm &b 1A S B L HLIRZR B S T
HAb b XU 2, 3 2 i T B R R S A
DA 2 | Tt B P25 1, BB RS AL AT IR 1Y
T T HAE KA v By A, 7 ARV NSRS &
TR R, AN XGE T CDOM Wiy 22
IR 3(d) ], RGBT R A B, 39

JRUTR 5 16 g T RRL A P8 I 3 LB 7K T CDOM. )
IKHE R TR A R

2 T AR XU SR T K AR 45 20 43 7E 400
~700 nm FUHE 5 TTRRAS. B3R 2 W LU R
ISV &RV SN T &3/ SN T &Y i S LN
KT CDOM X S Sy BTk 3 e/ 5 AR E R AI0RL
Py o7 Bk A BE X G O 3 K, 4 i 33.0%
41.7% | 52.0% ; FFIEAE ) 5T Ak 25 U] B XL 3 44 i
W MR 42.5% . 35.9% | 32. 1% . 4li/K%F PAR
P B 18 5 o Ul 1Y 5T BRAELAR /1N, 7E 3.9% F] 6. 0%
Z[a].

®2 BREZHEHESRKFEY PAR RRESERTEHE

Table 2 Values and relative contributions of absorption coefficients of pure water, phytoplankton, detritus,

CDOM to total adsorption coefficient integrated over the range of PAR

B /m ! WAL/ %
i
a, Acpom aq Aph a, a a,/a acpon/ @ ay/a “p}./'l ’lp/‘l
IR 0.17 0.52 0.93 1.20 2.13 2.82 6.0 18.5 33.0 42.5 75.5
R 0.17 0.47 1.19 1.03 2.22 2.86 5.9 16.5 41.7 35.9 77.6
KA 0.17 0.52 2.24 1.38 3.62 4.31 3.9 12.0 52.0 32.1 84.1

2.4 JKARFM GRS

M7 H24 B ~8H 1 HEARILIEATT 40 YK
T PAR BRI A [7] XU 6 A2 SO0 380 4 v 6 53l Ry
20 C(/NRGEL) | 15 B RED) AT S (R KUGE ) .
PAR 18 5 3508 R BOWIMAE TS 2. 45 ~10.42 m ™
(PR 4.57 m™" £0.26 m™") , FHR 19 EOGEHE
$90.44 ~1.88 m(HMEHN 1. 11 m+ 0.05 m) , X5
TR LRI LI LR A R 134 22 K A BRI 4
FEOAIIE U 1999 AEAE 5 AHF 5T AR A] (19 7K
BOULI ) PAR 24F HOCRRERE N 1.98 m +
0.41 m'™ 1993 ~2003 4F AL X $8k FOL 2 R AEH
fHM1.41 m£0.43 m(1.21 ~1.81 m) ™. A5
LI 25 5 B 2 R B O /N— T T8 ] RS2 T IO
A AE—ARKUR R, RIXERT R BOLR R E
SxBR B RRAIG, 55— 5 T AT BB T F UL o e A
oA ™ AR AR T B RIR .

IR AT PAR 18 5 5 U6k (9 5 1 J2 5 25 11, /N Rk
FAFT Y PAR 18 5 3 90 R BB IR Ry 2,45 ~3.90
m ' (HEH3.20 m™" £0.20 m™"), XGE 3.02 ~
6.78 m~ (¥ 4.24 m™" £0.26 m "), KRH 4. 13
~10. 42 m™ " (BHS. 76 m™ £1.18 m™' )y XN E
NCEEEE R 1. 18 ~1.88 m(H{H 1. 47 m 0. 10 m) ,
1.05 ~1.52 m( ¥l 1.23 m £0. 07 m) ,0.44 ~ 1. 12
m( ¥J{H 0. 85 m 0. 14 m) . M/NXUHE 2 K XH |, PAR
18 IR R BN T 80. 0% , X1V B 2 VR B F#AIG
T 42.2%.

3 LT PAR 18 55 ek 2R H S A O 5 Uk
PR~ 1] A 2 PR AH O 20 BT 9 AH DG 1 R %K, K, (PAR) 5
ISS BYAHICE + 43 35, St 1 oK v JC LUK 9
PG ) . 0SS M4 R a L BA R 5
(AR DA | 28 W T v 7 e AEL ) 1) B 3 I HL K ik v
AP EEHRIR. acpon (355) 5 DOC 22 [8] [FREAH
KAEHL LT CDOM 2 ¥ i 1 A3 LA J2e 1 o 2 A
4%, T CDOM W2 5 DOC ¥4 e 7 K v iy v e vk
FHHLY, EABFZEIES: CDOM W5 DOC ¥ 7
WA ATAE M IE A R P

X (3) K K, (PAR) 58OGR 2Tk
PEIEE. 12 HJE IR 20 113308 280 5 bk 5 DA%
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AFE RN : Chla Fl agyoy (355). N (4) hal IE
th, K, (PAR) M08 322232 ) T HLAN TS AL BUR: )
(MR BE | HLURH DGR AT b 3

K,(PAR) = 0.056ISS +0.0370SS + 0.09Chla +
0. 225,y (355) + 0.586
(r’ =0.967,n = 19,P <0.000 1) (3)
K,(PAR) = 0.055ISS +0.0580SS + 1.434
(r’ =0.966,n = 19,P <0.000 1) (4)
2.5 KBRS AR R OC R
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WAL pu S TTIR =S O R RS W NS =y 7 )
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Table 3 Correlation coefficients among PAR diffuse attenuation and different optical attenuation factors

K;(PAR) 1SS 0SS Chla DOC acpoy (355)
K, (PAR) 1. 000 — — — —
1SS 0.954 " * 1. 000 — — —
0SS 0.411 0. 189 1. 000 — — —
Chla 0.341 0.115 0.975** 1. 000 — —
DOC -0.425 -0.285 -0.696* * -0.696 " * 1. 000 —
acpon (355) -0.092 0.017 -0.561 -0.612 0. 667 * 1. 000

1) % F/R P<0.05, * % /5 P<0.01,K,(PAR) : PAR 8 5 T2 25, 1SS TTHLEIFY , 0SS FHHLETEY), Chla: M4 E a, DOC . ¥ fifk A HLEK
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Ao R 8 R P ] 70 L, AR SE i TR AR AT 60 min
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Fig.4 Correlation coefficients between total suspended solid, PAR diffuse attenuation coefficient, and the linear model between

PAR diffuse attenuation coefficient and the 10-minute antecedent mean wind speed
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Table 4  Linear models between total suspended solid (TSS) , beam attenuation coefficient [ ¢, (750) ],

PAR diffuse attenuation coefficient [ K;(PAR) ] and wind speed, wave height, wave shear stress

i H Rt v/ SRy AR ? n P
K/ mes ! TSS=9.893( £1.521)w+1.127( +8.522) 0.751 16 <0.001
TSS W B/ em TSS =4.553( £1.066) H_ +23.560( +8.194) 0. 566 16 <0.001
W S7/Nem ~2 TSS =769. 754( £221.289) T, +31.742( £7.960) 0. 463 16 <0.005
K/ mes ™! ¢, (750) =2.310 ( £0.328)v +2.139( £1.840) 0.779 16 <0.001
¢, (750) P/ em ¢, (750) =1.029( +0.249)H, +7.571( +1.913) 0. 549 16 <0.001
W IR #7/N-m 2 ¢, (750) =179.618( +£49.920) T, +9.287( +1.796) 0. 480 16 <0.005
R/ mes ! K, (PAR) =0.577( £0.076)v +1.326( =0.0.425) 0. 805 16 <0.001
K,(PAR) P55/ cm K, (PAR) =0.267( +0.570) H, +2. 625( +0. 436) 0.613 16 <0. 001
W S7/Nem ~2 K (PAR) =45.405( £11.923) T +3.097( +£0.429) 0. 509 16 <0.005
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