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Effects of algal cell structure on the optical properties of phytoplankton

ZHOU Wen', CAO Wen-xi', LI Cai', WANG Gui-fen', SUN Zhao-hua', ZHAO Jun'?

(1. LED, South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China; 2. Graduate Univ. of
Chinese Academy of Sciences, Beijing 10039, China)

Abstract: The algal cells were first simplified as two-layer structure consisting of cytoplasm and chloroplast, and based on
Aden-Kerker theory, the influence of physical properties of algal cells on their optical properties was then discussed. The re-
sults were also compared with the optical properties of homogenous spherical algal cells. They showed that, compared to ho-
mogenous spherical cell structure, the cell structures with chloroplast as outer would enhance the backscattering efficiency
factor and backscattering ratio, while the cell structure with chloroplast as core would reduce the absorption efficiency due to
package efficiency; For the algal cells with chloroplast as outer, the variations of cell size, relative chloroplast volume and the
imaginary part of refractive index of chloroplast would have important influence on absorption efficiency of algae; both cell
size and the real part of refractive index of chloroplast were the two key factors for backscattering efficiency and backscat-
tering ratio of algae.
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Plots of (a) absorption efficiency factors Q,, (b) scattering efficiency factors Qy, (c) backscattering efficiency factors

Qub and (d) backscattering ratioa as a function of size parameter y =2nr,/A for algal cells using homogenous spherical ge-

ometry and two-layered spherical geometry in inner and outer chloroplast. The chloroplast has a complex refractive index of
Mehior=1.14-0.02i. The cytoplast has a complex refractive index of my,=1.02-0.0005i. Relative chloroplast volume is set to
20%. According to Glandstone-Dale equivalence, volume equivalent homogenous sphere has a complex refractive index of

Myomo=1.044-0.0044i
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Fig. 2 Optical efficiency factors and backscattering ratio against size parameter for homogenous and two-layered spheres of
(a) varying relative chloroplast volume Vv, and Vv are set to 15%, 20% and 30%, respectively; (b) varying real part of the
chloroplast refractive index Ny, with values of 1.09, 1.14 and 1.19, respectively; (c) varying imaginary part of the chloroplast
refractive index N’y with values of 0.01, 0.02 and 0.04, respectively. The complex refractive index of chloroplast is set to
Mepo,=1.14-0.021 in panel (a), and the relative chloroplast volume VV is set to 20% in panels (b) and (c). In all panels, ho-
mogenous spheres have a complex refractive index My,p,=1.044—0.00441, and cytoplasm in two-layered spheres has a complex
refractive index Mey,,=1.02-0.0005i.
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