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Abstract Phytoplankton constitute the base of the aquatic food web and are the primary driver
of biogeochemical processes such as the export of carbon to the deep ocean. Knowledge of the
distributions, compositions, and biomass of the phytoplankton community are essential to under-
stand biogeochemical cycles. Phytoplankton can be enumerated by microscopy, but this requires
extensive time for sample preparation and counting, especially if statistically valid counts of the
less abundant phytoplankton classes are required. Further, smaller picoplankton can be difficult
to identify since they lack taxonomically external morphological features. Thus, the accessory
pigment-based model has been used to estimate phytoplankton communities based on their size
classes: micro- (M; > 20 ym), nano- (N; 2-20 ym) and pico-phytoplankton (P; < 2 pm). Light
absorption by phytoplankton has a direct influence on the optical properties of seawater, and
there is a growing effort to develop approaches to identify the spatial and temporal variability
of the phytoplankton community from satellites. However, estimating the phytoplankton com-
munity in optically complex coastal waters from satellites is still a challenging problem because
phytoplankton are only one of multiple optically significant constituents of seawater. Also, there
are limitations of wavelength that satellites can measure, and overlapping signature pigment of
each phytoplankton community. In order to improve the estimation of phytoplankton communi-
ties, it is necessary to understand the light absorption coefficient of phytoplankton, a,, (1) asso-

ciated with the varying community structure. The objective of this study was to characterize the
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variability of phytoplankton size classes and their light absorption coefficients in the temperate
coastal waters of Sagami Bay. The specific objectives were (1) to classify phytoplankton com-
munities based on cell size, (2) to investigate co-variability of a,, (4) spectra according to the
classification. The present study conducted in situ observations from April 2016 to September
2022 at Station M (St. M: 35° 09" 45" N, 139° 10'00” E) in the temporal coastal waters of Sagami
Bay, Japan. Water samples for pigments and light absorption properties of phytoplankton were
collected from surface water with a bucket, and measured by high-performance liquid chroma-
tography and spectrophotometry, respectively. Phytoplankton size class composition was esti-
mated based on pigment concentrations. The results showed that the three groups (Group M, N,
P) generated according to the phytoplankton size composition were significantly different (R =
0.646, p < 0.001). Also, the most dominant group throughout the study period was microplank-
ton (n = 110). The a,, (4) spectra showed peaks around 438 nm and 465 nm in the blue band and
674 nm in the red band. Using three wavelengths peaks, although the a, (4) of group M was sig-
nificantly higher than that of group N, Group P was not significantly different from other groups.
This study suggests that the a,, (4) spectrum in the temperate coastal waters of Sagami Bay is
significantly co-varying with the variability of phytoplankton size composition. The results sug-
gest that analyzing the difference in @, (4) spectra ratios and performing derivative analysis,
coupled with analysis of phytoplankton size distribution and pigment composition should im-

prove our ability to characterize phytoplankton spatio-temporal distribution from space.
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Fig. 1. Map of Pacific western boundary coastal region of Japan, bathymetry

and sampling station (St. M) in the temperate waters of Sagami Bay.
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Fig. 2. Average of phytoplankton size class com-
position and Chl a concentration (ug L") based on
the size classification. The number of total sam-
ples are 133; M)n =110, (N)n=17, (P) n = 6.
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Fig. 4. Mean spectra of the light absorption coefficient
of phytoplankton [a,, ()] for each phytoplankton size-
based group (Group M, N, P). Error bars shows the
standard error of the mean (=SD/y/n). The number of
total samples are 127; (M)n =104, (N)n =17, (P) n = 6.
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Fig. 5. Average of the light absorption coefficient
of phytoplankton [a,, (A)] at 438 nm, 465nm, and
674 nm. Error bars show the standard deviations.
Different letters of the top the bars indicate statisti-
cally significant differences at p < 0.05 among the
groups (Steel-Dwass). The number of total sam-
ples are 127; M)n =104, (N)n =17, (P) n = 6.
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Fig. 3. The non-multidimensional scaling
(NMDS) plot of the phytoplankton size class
at the surface of Sagami Bay, Japan. The plot
(M, N, and P) shows the classification based
on size composition. Analysis of similarities
(ANOSIM) test indicates significantly differ-
ence in each cluster M, N, P (p < 0.001). The
number of total samples are 133; (M) n = 110,
(Nyn=17,(P)n=6.
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