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Biological and optical properties of Meiliang Bay in Lake Taihu

ZHANG Yun-Lin'?%, QIN Bo-Qiang', CHEN Wei-Min', CHEN 'Yu—Weil, WU Sheng-Cai' (1. Nanjing

Institute of Geography & Limnology, Chinese Academy of Sciences, Nanjing 210008, China; 2. Graduate School of Chinese Academy of Sciences,
Beijing 100039, China). Acta Ecologica Sinica,2005,25(3) :454~460.

Abstract : The underwater light field, both light intensity and quality, has a significant influence on phytoplankton abundance
and photosynthetic activity in shallow lakes. Light conditions in the lake depended on the inherent optical properties of the
water and the incident irradiance. In this study, underwater light climate, biological and_optical properties in the highly turbid
and eutrophic littoral region of Meiliang Bay in Lake Taihu were studied by applying in situ measurement data from 1998 to
1999 and total suspended solid, chlorophyll @ and Secchi disc transparency of No. 2 sampling station from 1992 to 2001. The
seasonal dynamics and vertical profile of light attenuation, the spectral attenuation coefficients, and the relative roles of total
suspended solid, chlorophyll a as light attenuators were assessed for the period 1998 to 1999.

Incident photosynthetically available irradiance (PAR, 400~ 700 nm) at the water surface and at different depths was
measured using a 192SA light sensor. Underwater spectral irradiance was measured with a high-resolution spectroradiometer
(SR-9910; Macam Photometrics, Livingston, Scotland) equipped via a 4 m light guide with a spherical light collector of 0. 7 cm
diameter. Phytoplankton chlorophyll a concentration was calculated according to Lorenzen from spectrophotometric
measurements after extraction in 90% hot ethanol. Other parameters including Secchi disc transparency, suspended solid
(8S), chemical oxygen demand (CODy,), dissolved oxygen (DO), total phosphorus (TP), total dissoclved phosphorus
(TDP), total nitrogen (TN) and total dissolved nitrogen (TDN) were measured according to the Chinese CERN standard

methods of “Observation and analysis of lake ecological survey”. SPSS 11. 0 software was applied to all data analysis.
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The attenuation of light in the waters of Meiliang Bay was rather high, with a downward attenuation coefficient of

photosynthetically available radiation (PAR) ranging fro 1.40 to 5.30 /m (mean value being 2.43 4 0.55 /m). The

corresponding euphotic depths were 0. 87~3. 29 m with a mean value of 1. 98+0. 41 m, which indicated that phytoplankton
and hydrophyte basically could not acquire enough solar radiation for photosynthesis below 2 m depth especially during winter.
From the subsurface irradiance, on average only a mean of 3.00% reached a depth of 1.5 m. The highest attenuation
coefficient and the lowest euphotic depth of PAR were found in autumn during the period of 1998~1999. The blue waveband
was the most strongly attenuated because of the higher levels of colored dissolved organic matter. Red light basically
penetrated as deep as green although green was the most penetrating waveband. An obvious absorption peak near 6§70 nm was
recorded in spring due to high chlorophyll a concentration. The contribution of chlorophyll a to PAR attenuation coefficient
was 1.59% ~14.21% from 1998 to 1999 at No. 2 sampling station using the value of 0. 016 m’/mgChla as average specific
attenuation coefficient of chlorophyll a. The higher correlation coefficient was obtained between attenuation coefficient and
total suspended solid than chlorophyll a based on linear regressions between attenuation coefficient and total suspended solid,
chlorophyll a concentration. The main light attenuators were total suspended solid and colored dissolved organic matter in the
littoral region of Meiliang Bay in Lake Taihu.

Key words : Meiliang Bay ;optical properties ;attenuation coefficient ;total suspended solid ;Chlorophyll a
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Fig.1 Location of No. 2 sampling station
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ENXEREREAKERVRE INGFIENRE REZFHFEYASEVNEE . EEYF L AN BIENIMERE, —
B KEREEBEE INLENEEANEXERE HE5AERABGFENTERRXR:
D,, = 4.605/K, (2)
XF,DHENEHRE (M) ,.K;, AXEBRER(mMm™),
EZPNHME EZEURRE FEEEIEK R A Spssll. 0 #44F.
2 ZRESW
2.1 FEFRESH
MBI, BASBTFRENEERMUMR . A BREFLERERE . EARLVRKELEE ANHZRE REXRE . EFR
B AZEK . XRHTHEEXGRBEERKERZEAESTRA. MEBRLBEEHER a IREHITREHELIWRHARE
CODm..TDN EH R a MEXAMFEN T B EHEEMHRX.
Chla = 9. 036CODy, — 28.276  (R? = 0.56, N = 12, p < 0. 005) (3)
Chla = 4.977TDN + 1.122 (R? = 0.54, N = 16, p << 0. 001) (4)

A F,Chla I3 E a B E (pg/L),CODM. A B BRELF8 X (mg /L) , TDN A B %% & (mg/L),
£1 1998~1999 B W R .Z4FE 2SS UAFTEENSH (mg/L)

Table 1 Main environmental parameters of No. 2 sampling station from 1998 to 1999
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CODpa DO TP TDP TN TDN Chla(pg/L)
Season Date
% Spring 5. 17 4. 46+0. 39 9.58+0. 55 0.067  0.02640.010 2.969+0.288  11.86+4. 55
5. 18 4.2140. 17 9.4140. 47 0.059  0.02840. 006 2.56740.145  13.0041.70
5. 19 4.7340. 22 9. 75+ 1. 06 0.040  0.02740. 008 2.60140.131  21.94+1.78
5. 20 4.54+0. 41 9. 07+0. 74 0.032  0.02940. 033 2.800+0.304  16. 96-+2. 73
E Summer 8.4 7.79+0. 21 0.045  0.00840.005 1.600  1.38040.079  6.98+1. 44
8.5 7.9240. 14 0.049  0.00940.003  1.648  1.48740.106  7.48+0.99
8. 6 8.104+0. 15 0.039  0.013+0.006 1.643  1.3214+0.056  11.19240. 82
8. 7 7.58+0. 09 0.038  0.00940.003 0.682  0.619+0.013  6.22+1.06
#% Autumn 10, 23 4.82+0. 52 8. 76+ 0. 32 0.069  0.006+0.005 1.180  0.7714+0.050  7.96+1.33
10. 24 4. 05+0. 25 8. 48+ 0. 36 0.080  0.00740.007 1.206  0.79640.108 7.8141.10
10. 25 4.0140.12 8.47+0. 21 0.058  0.02840.010 0.978  0.85440.216  6.67+0.54
10. 26 4.3140.13 8. 69+0. 28 0.086  0.0274+0.008  1.119  0.75940.049  6.66+1.24
& Winter 12.10 3.76+0. 16 11. 68+0. 08 0.073  0.01740.004 1.279  0.980+0.124 2.55-1.12
12.11 3.7340. 35 11. 2440. 14 0.080  0.02540.003 1.816  1.387+0.137  3.90+0. 80
12.12 3.3240. 13 11. 53+0. 65 0. 035 0.01640.008 1.568  1.345+0.135  3.45+0. 98
B 12.13 3.2240. 08 11.1440.10  0.034 _ 0.00840.007  1.403  1.24240.066  2.16=+1.18
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7/KF PAR #J¥ Underwater PAR intensity (imol/(m?-s))
0 100 200 300 400 500 600 700 800 0 200 400 600 800 1000 1200
0 — ] | I 1 1 | | 0 L 1
0.2 02
0.4 | 0.4 |
0.6 - 0.6 -
0.8 | 0.8 I
1.0 # % Spring: 12:00(5.20) Lol ¥ Z Summer: 10:00(8.4)
i E(2)=791e72-202z (R2=0.996) ' E(2)=1175¢"1.953z2 (R2=() 997)
12} 1.2
E 14} 1.4 -
=
g‘ 0 100 200 300 400 500 600 700 80 0 50 100 150 200 250 300 350 400 450
M 0F ! T T i i ! ] ! 0F I j ] T ! | ] o !
®§ 02 0.2 |
04L 04|
0.6 0.6 -
0.8} 0.8 -
1.0L #&Z Autumn: 10:00(10.25) 1ol &% Winter; 11:00(12.13)
' E(2)=782¢2%72 (R2=(),995) ' E(z)=431e21622 (R2=0.996)
1.2 1.2 |
1.4 14
K 3 FMENB PARMEESM
Fig. 3 Vertical profiles of underwater PAR at the representative time
FXT 3R 1 )63 Subsurface irradiance (%)
0 20 40 60 80 100 0 20
0 F1 J
02 T
04 // I
| 06} #& &
e H#Z Spring J . A-ZF Summer
~ 08 -'k/ 4 12:00(5.17) 08 | / o
\Eﬂ r’ ',
1.0 ﬁl 4 1.0 b=
E‘ 0 20 40 0
- O I j 0
5
0.2} 0.2
04} P 0.4
06 |- :/ & 06| # &
L )’ . 2 440
0.8 J A6 HF Autumn 08|+ o«  AFEWinter 4,
) 12:00(10.25) ) 12:00(12.11)
iy ; e O-e 690
1.0 k=4S 102 4
B4 F.E- KL 4AFBFARENERIEGO . B0 A BERE K FER
Fig. 4 Depth profiles of underwater irradiance of blue(%), green(A) and red light ()
2.4 EBRBWEVFELL

1998 45 5 H & 1999 4
2 Al F,PAR B A

B R [ 4 B AR

Al 5 4 A

TREHEZE,Z 580 nm ST B LR/

d ELE 4~5 WK TIEERN T8 18 Bl a9 Z AR Y
HRBIGEEXEREMES . X580 4+ NER—B. orREREE, K#EGEET
=R ] B P 1 S O ER o 5 ZU A R OB B, 41 S U B 3 O

R En] B R 89K 3L, K B R 5T 7E 36 1Y 55 2L B 5

Z¥A BT i nj 3

BRI B 38,

HYE KRR

EEE K H
CE B T4k 8 BRI LK A E kPR, o
S ERBRNIEIEP ISR EERS

FBOE B

1.89+0.40 m™ ', = 1y
RV IAERBERN
B.EHENNIEREE,

7B -

= 8 ASCI M HEE PAR ERAKYIME N 2.4310.55 m L EXNBEEEHME N 1.984+0.41 m, HFE
HHRAEKSE, FHERN 3. 012062 m L, RESRERES, EHHEN
Z1m ' AR, BEAFERANHHFZR aWFRBEEZARARGE D .ERER AT ERTHE]
Y, B R YN RHFTERYNERERNYHNE AHEE a HPEEEZEBRE.ENLER

ELFH

HEI S, R M 400 nm & 580 nm HE B &

]

a7k 4 600 nm FER G M YR B & Him . BEE K
NS T ERE LA E R b B He B D0 A R K, BN TS



458

LT
bl

25 &

HMAFRBMABIAR. R EF T KRR R B 6E o R

L1 18 R R SRR B A YR KRR R R,
1998~1999 EMFE PAR R B A . RAEFERZERE

Table 2 Seasonal variations of PAR attenuation coefficient, euphotic depth and Secchi disc transparency

*x 2

H5

SMAF L BRI AR KIS BRI RS R

#F % Spring(1998 45 A 17 H~20 H

B2 Summer(1999 % 8 A 4 H~7H

A H 4 From May. 17 to May. 20 in 1998) From Aug. 4 to Aug. 7 in 1999%)
[tem Date
5. 17 5.18 5.19% 5.20 8.4 8.5 8. 6 8.7
PAR EREH o i Range 2.00~2.32 2.00~2.36 2.07~2.97 1.78~2.25 1.95~3.18 1.40~1.70 1.56~2.16 1.55~1.97
PAR attenuation coefficient(m™!) #{d Mean 2.21+0.15 2.204+0.11 2.4740.25 2.11+£0.15 2.31+0.48 1.54+0.13 1.80+0.23 1.831+0.18
B E R E Euphotic depth{m) 5 Range 1.98~2.30 1.95~2.30 1.55~2.22 2.04~2.59 1.45~2.36 2.71~3.29 2.13~2.94 2.33~2.97
{8 Mean 2.094+0.15 2.094+0.11 1.8840.19 2.194+0.18 2.054+0.36 3.01+0.26 2.58+0.31 2.54+0.27
% BH  Secchi disc transparency (m) 0. 60 0.62 0. 62 0. 60 0. 68 1. 00 0. 90 0. 90
FZE Autumn{1998 £ 10 H 23 B ~26 B Z%E Winter (1999 12 H 10 H~13 )
5 H A 3 From Oct. 23 to Oct. 26 in 1998) From Dec. 10 to Dec. 13 in 1998
[tem Date
10. 23 10. 24 10. 25 10. 26 12. 10 12.11 12.12 12.13
PAR ﬁﬁ%ﬁ . E Range 2.21~3.15 2.52~4.84 2.85~3.19 2.38~5.30 2.25~2.82 2.26~2.42 2.08~2.61 2.08~2.34
PAR attenuation coefficient(m~1) B{ Mean 2.734+0.30 3.2640.96 3.04+0.11 3.0940.85 2.47+0.24 2.3440.06 2.3140.20 2.18+0.11
AEXERE Euphotic depth(m) BB Range 1.50~2.08 0.95~1.83 1.44~1.61 0.88~1.93 1.63~2.05 1.90~2.03 1.77~2.21 1.97~2.21
¥J{E Mean 1.704+0.20 1.50+£0.37 1.5240.06 1.56+0.29 1.87+0.17 1.97£0.05 2.004+0.17 2.114£0.10
EH] | Secchi disc transparency (m) 0.50 0. 45 0.48 0. 45 0.55 0.58 0. 55 0. 60
HiEBEWATNETNT TR PARZEEZAENESTTAHMU . BEEEEARAESKEZ, BKEAHBREEES, BXYHLE. B L. X
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Fig.5 Seasonal variations of spectral attenuation coefficient
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SD =— 0.305K,(PAR) + 1.351 (R*=0.77, N = 16, p < 0. 0001) (5)
SD = 0.386D,, — 0.158 (R?=0.91, N = 16, p << 0. 0001) (6)
AHF,SD RHEHE (M), K,(PAR) N PAR BREAH (m D.D.AENXERE (m),

519 Lorenzen AN BB B R B B9 L EGE U E F/AKEERE 20X 107, BB EHE S TR AW EIBLRRY,

SD = In(0. 2) /K, (7)

XH,SD HEHE (m), Ki HHEEBER (M)

IR KB EE 1992~2001 FF 2 S A BAFARMERWEREROATEATUBIEER ZLE, 755 B 50
GHREEY . HRE  a EHITHX 2T .S RWT .

K, = 0.0555S + 1.883 (R? = 0.64,N = 114, p << 0.0001) (8)
K, = 0.023Chla + 3.263 (R?= 0.09,N = 114,p < 0. 005) (9)

XFLKe AAEMAT (™) ,SS AE8EWEKE (ng/L),Chla 2k FE a ¥ FE (ug/L),

HWORXAMGORXTN, AERARSEFYRENHXEABRES TEHRE o, HETHEBREEGREWE 2 5888
ERHWEFHATAZRFYMARZEHEY  REFAEY RN AN EBOTEE 5B 2 s, Bh THIEZEPEL I B EH
FEMBERIKE WM PAR BEREXBERANERERYEE. A THRFHEYERKBIBAERP AL ERMM,.BEY.B
BHEYRHTNEBIHKCBREN XHABEHWERKERKFTR —EMHE.
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