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Primary production and photosynthetic parameters under simulated water

current regimes
ZHANG Yun-Lin"?, QIN Bo-Qiang', CHEN Wei-Min',GAO Guang', CHEN Yu-Wei' (1. Nanjing Institute of

geography &. Limnology, Chinese Academy of Sciences, Nanjing 210008, Chinas; 2. Graduate School of Chinese Academy of Sciences. Beijing
100039, China). Acta Ecologica Sinica,.2004,24(8):1808~1815.
Abstract: In shallow lakes, the variation in the concentration of suspended matter caused by water currents has a significant
influence on the underwater light field (including both light intensity and quality) and consequently on phytoplankton
abundance and photosynthetic intensity. The relationship between photosynthesis and irradiance is important in estimating
phytoplankton primary production and predicting carbon fluxes in lakes. Along with the phytoplankton biomass and
underwater irradiance, the photosynthesis-irradiance (P-I) relationship is the basis for quantitative models to estimate primary
production. In this study we calculated the photosynthetic parameters based on primary production measurements in an
enclosure experiment designed to assess the effects of different water current regimes on photosynthetic rate and initial slope.
The experiment was done in an enclosure located at the Taihu Laboratory for Lake Ecosystem Research from May 8 to
June 24 in 1999. The experimental set-up consisted of three water current regimes: still state (current velocity: 0 m/s), slow
water currents (current velocity: 0.124 m/s) and fast water currents (current velocity: 0.319 m/s). Water transparency was
measured with a black and white Secchi disc of 30 cm diameter. Incident downwelling photosynthetically available irradiance
(PAR, 400~ 700) at the water surface and at different depths was measured every an hour using a 192SA light sensor
connected to a Li-1000 datalogger. Photosynthetic rates were measured with the oxygen light and dark bottle method (Winkler

method). Chlorophyll a concentration was measured in 95% ethanol extracts (24 h in the dark at 4 C) by spectrophotometer.
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Other parameters were measured according to standard protocols. The P-I curves parameters were derived after fitting
equations P?¥ = alexp(al/Ple) and P? = PL tanh (al/PL) to the experimental data using the quasi-Newton nonlinear least-
squares regression technique.

The primary production profiles measured under the different water current regimes showed a similar trend, with higher
values near the water surface and lower values near the bottom. However in the no current treatment, photoinhibition was
recorded at the surface water layer and maximal primary production within the water column was recorded between 0. 4 and 0. 6
m under strong light condition. Conversely, the maximal primary production was recorded at the surface water layer under low
light condition. Following the increase in surface water current, sediment resuspension was accompanied by a decrease in water
transparency. In the last two treatments, only little photoinhibition was recorded at the surface layer water maximal primary
production was recorded at 0~0. 2 m depth.

The maximal water column photosynthetic rate was recorded under 0 m/s water current, with values 32.30, 15.75
mgO,/(mgChla « h) respectively under strong and low light condition. The values of water column photosynthetic rate were
only 10.62,7. 11 mgO,/(mgChla * h) respectively under strong and low light condition in the fastest water current treatment.
The vertical profiles of photosynthetic rate under different water currents were different. Under still state, insignificant
difference in photosynthetic rate was recorded. Under fast water current, the value of photosynthetic rate near water surface
was obvious larger than that near the bottom due to light inhibition.

The underwater light field in the fastest water current treatment was similar to the field situation of Lake Taihu. The
sediment of Lake Taihu is often disturbed by winds and waves, which causes the increase of total suspended solids
concentration. The average total suspended solids concentration of Meiliang Bay was about 35 mg/L, and the mean Secchi disc
transparency was about 0.4 m. The equation P¥=alexp (al/P5¢) (the solid curve on the graph) appropriately described the
decrease in photosynthetic rate according to light intensity under very high level of irradiance. On the other hand, the curve
based on equation P”= P} tanh(al/P%) (the dot curve on the graph) approached the asymptote at high irradiance level which
corresponded to photosynthetic saturation. The maximal photosynthetic rate P} and initial slope a simulated using 2 different
P-1I curves were approaching. The P-I curve based on nonlinear fitting could reflect the variation of photosynthetic rate
according to light intensity.
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Fig. 2 The vertical distribution of primary production under three different water current
1
Table 1 The main environmental parameters during experiment periods
Dat 05-20 05-22 06-04 06-06 06-19 06-21
ate
May 20 May 22 Jun. 4 Jun. 6 Jun. 19 Jun. 21
pH 8.46 8.52 8.72 8.51 8.28 8.29
Secchi disc(m) 1. 20 1. 20 0. 65 0. 65 0. 25 0. 25
Attenuation coefficients (m—1) 0. 84 1. 32 1. 90 2.09 4.26 4. 61
Euphotic depth (m) 5.48 3.50 2.42 2.20 1. 08 1. 00
Surface light intensity (umol/(m? « s)) 692.5 125.0 627.5 286.3 680. 0 237.5
a Chlorophyll a (pg/L) 3.55 2.52 17. 86 9.71 17.32 19.9
Biomass (mg/L) 0.21 0. 08 1. 83 1. 45 3.02 0. 47
Gross primary production (gO,/(m? « d)) 0.70 0. 25 .54 0. 94 1.12 0. 85
Net primary production (gO,/(m? « d)) 0. 60 —0.16 0.92 —0.21 0. 08 —0.77
Suspended solids (mg/1.) 2.18 4.02 11.93 11.15 40. 77 47.63
Total nitrogen(mg/L) 1.91 1.95 1.27 1. 20 1. 96 2.19
Total dissolved nitrogen(mg/1.) 1. 85 1.77 1.23 1. 06 1.78 1. 69
Total phosphorus (mg/L.) 0. 039 0. 06 0.037 0. 042 0.104 0.105
Total dissolved phosphorus (mg/L) 0.027 0. 036 0. 022 0.015 0.021 0.011
Water currents Still Still Slow water Slow water Fast water Fast water
state state currents currents currents currents

Current velocity (m/s) 0 0 0.128 0.128 0.313 0.328
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Table 2 Photosynthesis rate of different water layer during experiments
Photosynthetic rate Integral photosynthetic rate at
at different depths (mgO;/(mgChla « h)) different layer water column (mgO,/(mgChla « h))
Date
0~ 0.2~ 0.4~ 0.6~ 1.0~
0 m 0.2 m 0.4 m 0.6 m 1m
0.2 m 0.4 m 0.6 m 1m 1.2m
05-20 May 20 22.85 27.33 30.02 33. 60 28.23 5.02 5.73 6.36 12.37 2.82
05-22 May 22 23.95 24.67 11.61 10. 16 10. 16 4. 86 3.63 2.18 4. 06 1.02
06-04 Jun. 4 17.57 18.78 14. 34 12.32 7.68 3. 64 3. 31 2.67 4. 00 0.77
06-06 Jun. 6 22.78 21.29 17.56 11.58 8.59 4.41 3.88 2.91 4.03 0. 86
06-19  Jun. 19 24.22 25.07 10. 01 3.51 0.43 4.93 3.51 1.35 0.79 0. 04
06-21  Jun. 21 25.08 15. 47 4. 35 1.91 0.23 4. 06 1.98 0.63 0.43 0. 02
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Fig. 3 The P-I curves based on the two models under three different water currents
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Table 3 The nonlinear fitting results based on experiment data using equation (4) and (5)
Model (4)  Equation(4) (5)  Equation(5)
a 0. 257 0.239
. Pl 32.17 28. 69
Still state . . _
Regression equation 0. 257Iexp (0. 2571/32.17e) 28. 69tanh (0. 2391/28. 69)
R? 0. 886 0. 817
a 0.152 0. 151
. Ph 19. 86 18.45
Slow water . . -
Regression equation 0.1527exp(0.1521/19. 86¢) 18. 45tanh (0. 1517/18. 45)
currents i
R? 0.507 0.523
a 0.164 0. 145
P 27.22 26. 06
Fast water . .
. Regression equation 0.164Iexp(0.1641/27. 22¢) 26. 06tanh (0. 1451/26. 06)
currents
R? 0.953 0. 948
N 10 10
o ’ ’ ’ ;1 m 26%'\“48% ’
; .1m 8.4%~17.8%,
; »1m 0.75%~1.53%,
4 (5 P-I , a P2
s 2 o C 3,
24~36 mgQO,/(mgChla * h) N 16~ 24 mgO,/(mgChla « h) , 20
~25 mg0,/(mgChla » h) , > > o « 3,
~ Y b o 3
s 300~500 pmol/(m?* + s), 500 pmol/(m?* « s) ,P-I
; s ) s 700 pmol/
(mes) ., , P-I , 300 pmol/(m?* « s),
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