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SPECIAL ISSUE ON THE GULF OF SAN JORGE (PATAGONIA, ARGENTINA)

Light Absorption by Phytoplankton,

Non-Algal Particles, and Dissolved Organic Matter
in San Jorge Gulf in Summer

By Gabriela N. Williams, Pierre Larouche,
Ana I. Dogliotti, and Maité P. Latorre

COASTAL COMPLEXITY. Composite satellite image
of the San Jorge Gulf and adjacent ocean taken on
February 14, 2014, (MODIS Aqua sensor) on Google
Earth Pro during the MARES fieldwork program. The
red-green-blue (667 nm, 531 nm, 443 nm) image
shows the complex sea color spatial patterns resulting from the presence of phytoplankton, detritus,
and dissolved organic matter. Credit: NASA Goddard
Space Flight Center, Ocean Ecology Laboratory,
Ocean Biology Processing Group. Image processed
by Nora Glembocki using SeaDAS
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ABSTRACT. San Jorge Gulf (SJG) along the Atlantic coast of South America is of high
ecological importance, a place where several industrial fisheries exploit species such
as hake, the Argentine red shrimp, and the Patagonian scallop. In this region, phytoplankton distribution is often related to bathymetric or oceanographic features such
as capes, upwellings, and frontal areas that drive the renewal of nutrients in the surface layer. Satellite remote sensing is a key tool for monitoring such a large ecosystem. Knowledge of the optical properties of seawater in this area is necessary to assess
the quality of operational ocean color products. Absorption of light by phytoplankton
(aphy), non-algal particles (aNAP), and colored dissolved organic matter (aCDOM), as well
as the concentration of chlorophyll-a were measured in February 2014 in the surface
layer of the SJG. These parameters all exhibited strong spatial variability that resulted
from the gulf ’s large-scale circulation and bathymetric features. Although CDOM
dominated the absorption budget, there was good correlation between aCDOM and aphy ,
leading to the characterization of San Jorge Gulf as “Case-1” waters where remote-
sensing algorithms should perform well. Study results showed that the phytoplankton composition was mainly dominated by small cells (0.2–2 µm, i.e., picophytoplankton). The aphy*(440) measured at the end of summer in the SJG (0.01–0.08 m2 mg–1) are
in a similar range to those observed elsewhere. Particulate absorption was dominated
by phytoplankton (66%).

INTRODUCTION
Satellite remote sensing of ocean color
aims primarily at assessing chlorophyll-a
(Chla) concentration in the global ocean.
Ocean color is determined by seawater’s inherent optical properties (IOPs;
Preisendorfer, 1976), with Chla being
just one of the active components that
influence IOPs. Therefore, Chla concentrations determined from ocean color
remote sensing have larger uncertainties than the IOPs themselves. Variations
in IOPs are clear indications of changes
in water mass or water constituents.
Increased knowledge of the spatial and
temporal variability of the optical properties can optimize the use of ocean color
remote sensing and eventually provide
improved and reliable products related to
ocean biogeochemistry (IOCCG, 2006).
IOPs alter the penetration of solar
radiation through absorption and scattering, and thus influence light-related processes such as photosynthesis (Astoreca
et al., 2012). The reflected light contains a
wealth of information regarding absorption and scattering by the particulate and
dissolved constituents, and by the water
itself (Roesler and Perry, 1995).
The spectral total absorption coefficient of seawater, at(λ)[m–1], can be subdivided into four additive components

(Prieur and Sathyendranath,
Carder et al., 1991):

1981;

at(λ) = aw(λ) + aphy(λ) +
aNAP(λ) + aCDOM(λ).
These components account for the contributions of pure seawater (aw ), phytoplankton (aphy ), non-algal particles (aNAP )
or detritus, and colored dissolved organic
matter (aCDOM ) also called “gelbstoff.”
The San Jorge Gulf (SJG) region along
the Atlantic coast of South America
has significant biological importance.
Several economic activities take place
there, including three industrial fisheries: hake (Merluccius hubbsi, Marini
1933), Argentine red shrimp (Pleoticus
muelleri, Bate 1888), and the Patagonian
scallop (Zygochlamys patagonica). Phytoplankton serve as the food web base in
the ocean and, through the organic matter they produce, fuel marine ecosystems.
Phytoplankton are thus a valuable indicator of ecosystem state. In this biologically
important region, phytoplankton are
known to grow in patches that are often
related to bathymetric or oceanographic
features, such as capes or upwelling and
frontal areas (Gagliardini and Colón,
2004; Glembocki, 2015), which drive
nutrient renewal in the surface layer.
These areas have also been associated

with the location of the Patagonian scallop fishing grounds (Bogazzi et al., 2005).
Tidal fronts in the northern and southern SJG (Akselman, 1996; Carreto et al.,
2007; Fernández, 2006; Rivas and Pisoni,
2010; Glembocki et al., 2015) have been
associated with relatively high Chla concentrations throughout spring and summer, as identified by ocean color remote
sensing methods (Acha et al., 2004; Rivas,
2006; Carreto et al., 2007; Romero et al.,
2006; Glembocki et al., 2015). In situ
studies also found high surface Chla concentrations (14.00 mg m–3) in spring
(Cuchi Colleoni and Carreto, 2001).
Some more recent studies focused on the
variability of absorption coefficients in
the Southwestern Atlantic and Southern
Oceans at one coastal station (Lutz et al.,
2006), in the Patagonian Shelf Break
Front, and in adjacent areas (Garcia et al.,
2005; Ferreira et al., 2009, Segura et al.,
2013b), and along the Magellan Strait
(Lutz et al., 2016).
This study analyzes a series of bio-
optical measurements collected from
the SJG to determine the contributions
of the main surface-water components
(i.e., phytoplankton, detritus, and colored
dissolved organic matter) in summer. Its
objective is to increase understanding of
phytoplankton absorption properties in
Argentinean marine coastal waters.

MATERIAL AND METHODS
Study Area
The SJG is a semi-open basin with an
area of 39,340 km2 located between 45°S
(Cape Dos Bahías) and 47°S (Cape Tres
Puntas), and between 65°30'W and the
coast of Argentine Patagonia (Figure 1).
The basin’s central region, delimited by
the 90 m isobath, has a maximum depth
of 110 m near its center. SJG waters communicate with the adjacent shelf over
a distance of approximately 250 km, at
depths ranging from 90 m in the north
and center to 50–60 m at the south end,
where there is a pronounced sill known
by fishermen as “La Pared” (Spanish word
for The Wall). No rivers flow into the gulf,
and precipitation is scarce (average of
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233 mm yr–1 in Comodoro Rivadavia),
so continental input is negligible. Bottom
sediments in the central gulf, a depositional environment, are dominated by
fine silt rich in organic carbon derived
from seasonal high phytoplankton primary production in the upper layer of
the water column (Fernández et al.,
2003, 2005; Fernández, 2006). The oxygen concentration in near-bottom water
is consistently lowest in the central basin
(Fernández et al., 2005).
The so-called Patagonian Shelf Water,
including that of the SJG, is a mixture of
subantarctic water carried by the Cape
Horn Current and low-salinity, low-
temperature water from the Magellan
Plume (Figure 1c). The latter, formed
by discharge from Magellan Strait,
extends along the inner shelf of southern
Patagonia and enters the southeast sector of the SJG (arrow in Figure 1c) around
Cape Tres Puntas (Acha et al., 2004;

Palma and Matano, 2012). In adjacent
shelf waters, the axis of the plume follows the 100 m isobath, which shifts offshore at the latitude of the SJG. Modeling
results indicate that during summer there
is a wide cyclonic coastal current system and a recirculating cyclonic gyre in
the southern sub-basin. Tides and winds
are the main forcing mechanisms of the
circulation (Matano and Palma, 2018,
in this issue).

Sampling Strategy
The data were collected during the MARES
(MArine ecosystem health of the San
Jorge Gulf: Present status and RESilience
capacity) expedition between January 29
and February 15, 2014. Sampling included
a high spatial resolution survey of the
southern frontal region (15 F stations), a
time series in the center of the SJG mouth
(15 SFx stations), a grid (16 G stations)
covering the whole SJG (Figure 1b,c), and

FIGURE 1. (a) MODIS chlorophyll-a (Chla-sat) 2003–2016 climatology showing the location of the
study area. Locations of sampled stations overlaying MODIS Aqua average images of (b) Chla-sat,
and (c) sea surface temperature (SST) for the period January 30 to February 15, 2014. CR = Comodoro
Rivadavia city. The arrow in (c) indicates the pathway by which coastal waters of the Magellan Plume
enter San Jorge Gulf.
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a station (T09) in the center of the gulf.
At each station, discrete samples for Chla
and IOPs were collected from the surface
and at selected depths, based on the fluorescence profile. Only surface data will be
presented for this study, as other samples
were too deep to contribute significantly
to the light detected by satellite sensors.

Chlorophyll-a Concentration
Samples for in situ Chla determination
were collected by filtering 500 ml of seawater through 47 mm Whatman GF/F filters. The filters were stored at −80°C until
analysis at the Institut des Sciences de
la Mer de Rimouski. Chla was extracted
with 90% acetone and measured with a
Turner Designs fluorometer, according to
Strickland and Parsons (1972).
Phytoplankton Density
Surface water samples were preserved in
Lugol (4%, 4°C in the dark) for microphytoplankton (≥20 µm and ≤200 µm)
enumeration, following the Utermöhl
(1958) method, with a Zeiss Axiovert 100
inverted microscope. Taxonomic identification was done following Tomas (1997).
A second surface water sample was preserved in glutaraldehyde 25% (0.1% final
concentration, −80°C) for cytometry analysis using an EPICS ALTRA flow cytometer (Beckman Coulter Inc.) equipped with
a 488 nm laser (15 mW output), following
Tremblay et al. (2009). The flow cytometer allows classifying phytoplankton by
cell size using auto-fluorescence to estimate the angle of light scattering (Collier,
2000). Use of this method allows detection
of cells like picophytoplankton (0.2–2 µm
in size) and nanophytoplankton (2–20 µm
in size) and their classification according
to pigmentation as prokaryotes (picoand nanocyanobacteria) and eukaryotes
(pico- and nanoeukaryotes).
Colored Dissolved Organic
Matter Absorption
Due to logistical constraints on the ship,
seawater samples were filtered through
0.2 µm Anotop filters (acid pre-washed),
and the filtrate was kept in glass bottles

at −20°C for no longer than six months
before analysis. Although freezing is
not recommended for oceanic samples
(Nelson and Coble, 2009), there is no
consensus on CDOM long-term storage. Some studies showed decreases in
CDOM absorption (Spencer et al., 2007;
Hudson et al., 2009), while others found
minimal effects of freezing on DOM
(Spencer and Coble, 2014, and references
therein). Hancke et al. (2014) showed that
neither aCDOM(350) nor the slope coefficient (S) depend on frozen sample storage duration up to 120 days.
After thawing and acclimation to room
temperature, CDOM optical density was
measured between 250 nm and 800 nm
using 10 cm cuvettes in a single-beam
spectrophotometer (HP8452 diode array)
in the Laboratorio de Oceanografía
Química y Contaminación de Aguas
(CESIMAR-CENPAT). Ultra-pure water
(OSMOION UV system) was used as
a blank. The value of optical density at
600 nm was subtracted from the whole
spectrum. Absorption coefficients for
CDOM, aCDOM (λ) [m–1], were estimated
by using the conversion factor to go from
decimal to natural logarithms and by
accounting for the cuvette pathlength.

Particulate Absorption
Seawater samples were filtered on board
onto GF/F glass fiber filters at dim light
and low pressure (<35 kPa). Filters were
kept at −80°C until measurement in
the laboratory. Optical density of the
total particulate material was measured
between 350 nm and 800 nm in a double beam Shimadzu UV-210A spectrophotometer following the quantitative filter technique (Mitchell, 1990) at
the Producción Primaria y Biotoxicidad
laboratory of the Instituto Nacional
de Desarrollo Pesquero (INIDEP) in
Argentina. Filters were then washed
with methanol and the optical density
of detritus was recorded (Kishino et al.,
1985). Optical density values averaging between 790 nm and 800 nm were
subtracted from the whole spectrum in
each case (total and detritus). Spectra

were corrected for pathlength amplification factor by applying the quadratic
equation of Mitchell (1990) using the
coefficients reported by Hoepffner and
Sathyendranath (1992). Total particulate (ap(λ)), detritus (aNAP (λ)), and phytoplankton (aphy (λ) = ap(λ) − aNAP (λ))
absorption coefficients [m–1] were estimated by using the conversion factor to
go from decimal to natural logarithms
for the filter area and for seawater volume filtered (Mitchell and Kiefer, 1988).
The blank consisted, in each case, of a
glass fiber filter through which a volume
of pre-filtered surface seawater similar to
that of the sample was filtered.

REMOTE-SENSING DATA
Mean images from MODIS (ModerateResolution Imaging Spectroradiometer)
Aqua Chla (Chla-sat) and sea surface
temperature for the period January 30 to
February 15, 2014, were calculated using
Level 2 NASA standard products at 1 km
resolution to show the average oceanographic conditions during the cruise
period (Figure 1b,c). The standard Chla
product derived from the OC3M algorithm was used (updated version after
2013 reprocessing). Also, eight-day composite level-3 images of Chla-sat, aphy , and
aNAP+CDOM were retrieved from the NASA
ocean color web page (http://oceancolor.
gsfc.nasa.gov/cgi/l3). It is a nominal 4 km
resolution product generated with the
OC3Mv5 algorithm and the Generalized
Inherent Optical Property (GIOP)
model. These data were extracted over
the study area (44°30'–47°30'S and
68°00'W–64°00'W) and re-gridded to a
Geographic Lat/Long WGS84 projection
at 0.03331° × 0.033311° resolution.
To analyze the long-term temporal
variability of Chla-sat, aphy , and aCDOM+NAP
(non-algal particle colored dissolved
organic matter) at 443 nm for the study
area, mean monthly data were generated
by arithmetically averaging all MODIS
level-3 eight-day images retrieved from
the Giovanni web page (https://giovanni.
gsfc.nasa.gov/giovanni/) for the period
January 2003–May 2016.

Statistical Analyses
The variability of each optical parameter
was examined by calculating the mean,
maximum, and minimum values along
with the standard deviations (SDs) and
variation coefficients. Correlation coefficients between two different variables
were calculated with p-value using an
analysis of variance (ANOVA). Because
there were no replicate data to obtain
error estimates, it was assumed that all
points had similar sampling errors. Leastsquares regression was used to assess the
relationships among the various relevant variables. Where appropriate, the
decimal logarithm of the variable was
regressed. The relationship equations, r2,
and p-value of the regressions are shown
in the figure panels.
RESULTS
Temporal and Spatial Variability of
Chlorophyll-a and Absorption
Figure 2a shows the average annual cycle
of Chla-sat, absorption by phytoplankton,
and absorption by CDOM+NAP calculated using MODIS eight-day composites
for the period 2003–2016 for the whole
SJG. Chla-sat and aphy showed the same
annual cycle. The spring bloom takes
place in October (2.91 ±1.63 mg m–3),
followed by a long summer (December–
March) with moderate Chla-sat concentrations (~2.00 mg m–3). Finally, lower
values are observed during winter (June–
August; ~1.2 mg m–3). The CDOM+NAP
absorption showed less temporal variability with relatively higher values in winter
and spring (~0.07–0.08 m–1).
Table 1 shows the statistical variability of the in situ Chla and inherent optical properties at 440 nm (see
online supplementary Table S1 for statistics at other wavelengths). The in situ
Chla average value over the entire SJG
was 1.34 ± 0.65 mg m–3, corresponding
to typical summer conditions but at the
lower range of the climatological satellite
value for February (1.95 ± 0.60 mg m–3).
Phytoplankton absorption contributes
66% of the particulate absorption
at 440 nm.
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Figure 2b,d shows that the highest
in situ Chla concentrations (~2 mg m–3)
were measured close to the southeast
(G13, F1, and F6) and southwest (G01)
coasts. Stations with concentrations less
than 1.5 mg m–3 were located mainly in
the central and northern areas (G04, G06,
and G07). This spatial variability is also
seen in the average Chla-sat image for the
cruise period (Figure 2b).
Figure 2c–e shows satellite-derived
aphy values at 443 nm for February 2014
and the spatial distribution of in situ measured IOPs at 440 nm (see Figure S1 for
spatial distribution of in situ aNAP and
aCDOM at 440 nm). In general, the in situ
measurements agree relatively well with
the satellite observations of the same variables, considering the strong spatial variability observed on the satellite images
and the time gap between the in situ
observations and the monthly average.
The observed spatial patterns correspond
well to the mesoscale features in the SJG
as represented by the sea surface temperatures (Figure 1c).

Absorption at 443 nm (m–1)

Chla-sat (mg m–3)

a

e

FIGURE 2. (a) Monthly satellite climatology of Chla, phytoplankton absorption aphy (443), and non-
algal particle colored dissolved organic matter aCDOM+NAP (443) for the 2003–2017 period. Vertical
bars are the standard deviations. February 2014 monthly satellite maps of (b) Chla and (c) aphy (443).
Spatial distribution of in situ surface (d) Chla and (e) aphy (440).

TABLE 1. Ranges, means, standard deviations and variation coefficients of in situ surface (2 m
depth) chlorophyll-a (Chla) concentrations (mg m–3) and of absorption coefficients at 440 nm (m–1)
for colored dissolved organic matter (aCDOM ), particulate material (ap ), non-algal particles (aNAP ),
phytoplankton (aphy ), and specific phytoplankton absorption (aphy*, m2 mg–1).
Water
Constituents

Mean

Min

Max

SD

Variation
Coefficient

N

Chla

1.32

0.29

2.70

0.65

0.49

25

aCDOM (440)

0.15

0.03

0.36

0.12

0.80

6

ap (440)

0.09

0.04

0.17

0.03

0.36

19

aNAP (440)

0.03

0.02

0.09

0.02

0.54

19

aph (440)

0.06

0.01

0.13

0.03

0.50

19

aph* (440)

0.05

0.01

0.08

0.01

0.20

19
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Phytoplankton Community
Composition
Figure 3 shows that the picophytoplankton size class dominated the density of
the phytoplankton community over the
SJG (mean of 2.02 ×107 cell L–1). Nanophytoplankton was the second group,
with a mean of 1.7 × 106 cell L–1. The
micro-phytoplankton size class (diatoms
and dinoflagellates) was poorly represented in the samples, with diatoms only
detected in the northern area (G05), and
dinoflagellates had a relatively uniform
distribution throughout the SJG.
Absorption Budget
Table 2 shows the respective contributions of phytoplankton (aphy), non-algal
particles (aNAP), and colored dissolved
organic matter (aCDOM) to total absorption
(i.e., ap(λ) + aCDOM(λ)) at seven MODIS
wavelengths. Only six stations met the
condition of having simultaneous data of
aphy , aCDOM , and aNAP . At these stations,
CDOM dominated light absorption at all

1.6

Density (cells L–1)

1.4
1.2
1.0
0.8
0.6

Density (cells L–1)

x107

x107

wavelengths except at 555 nm where it is
similar to aNAP as a result of the exponential decrease of aCDOM with wavelength.
Figure 4 shows the relative contributions of absorption by phytoplankton,
NAP, and CDOM at the seven MODIS
wavelengths for all available stations.
CDOM dominated the absorption at
most stations
except at G10 and G12,
1.6
where NAP
had
a stronger impact on
1.4
light absorption.
1.2
1.0
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0.8
The absorption
by particles showed two
0.6
obvious absorption
peaks around 440 nm
and 675 0.4
nm (Figure 5a). Both peaks

0.4

0.2

0.2

0.0

resulted from higher relative absorption by phytoplankton pigments (50%–
70%; Figure 5b,c). NAP dominated the
total particulate absorption ([(aNAP(440)/
ap(440)] > 50%) between 540 nm and
630 nm (50%–70%). Figure 6a,b shows
the regressions between aphy at 440 nm
and 675 mn and Chla. There are significant correlations at both wavelengths.
The power function regression between
aphy*(λ) and Chla (y = axb) showed
inverse correlations (Figure 6c–d), but
with a relatively weak correlation coefficient (r2 = 0.26) at the two wavelengths. The power function regressions
between aCDOM(440) and aphy(440) and

aCDOM(440) and aphy(675) show a significant, positive correlation despite the relatively small amount of data (Figure 6e,f).

DISCUSSION
Spatial Variability of
Phytoplankton and Absorption
by Different Components
The SJG annual cycle of Chla-sat is typical of temperate regions with seasonally stratified waters and two annual
maximums (autumn and spring), minimum values in winter, and moderate values in summer (Glembocki et al., 2015).
Therefore, the timing of the present cruise
(between January 29 and February 15,
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FIGURE 3. Phytoplankton density by size class and sampling station.

FIGURE 4. Ternary plots illustrating the relative contributions of
surface phytoplankton (phy), non-
algal particles (NAP), and colored
dissolved organic matter (CDOM)
to total non-water absorption at
seven MODIS wavelengths.
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Absorption Budget
Results showed that light absorption by
water constituents in the SJG was dominated by CDOM in summer (Table 2).
CDOM may originate either from the
degradation of phytoplankton cells
and other organic particles in the water
or from terrestrial sources (IOCCG,
2000). Usually, the former accounts for
a higher percentage of CDOM in the
open ocean, while the latter dominates
in coastal, estuarine, and inland waters
(Bricaud et al., 1981; Zhang et al., 2013).
Also, CDOM can be released from bottom sediments during storm-driven
suspension events (Boss et al., 2001).
Figure 2a showed that, except during
the winter season (May–September),
there was a positive correlation between
aphy and aCDOM+NAP (r2 = 0.53, S = 1.14,
p <0.05, n = 26). This is corroborated by
the in situ measurements at 440 nm and
675 nm (Figure 6e,f). Considering the
small amount of terrestrial fresh
water
input to the SJG, this indicates that the
CDOM components originate mainly
from the degradation of phytoplankton
cells and other organic particles during
most of the year (IOCCG, 2000; Lutz
et al., 2016).
Our results showed that phytoplankton are the main particulate absorbers
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Particle and Phytoplankton
Absorption
Xi et al. (2007) categorized the total particle absorption spectra into two types: one
dominated by two obvious absorption
peaks around 440 nm and 675 nm, and
a second type in which aNAP dominates,
leading to only a slight absorption peak
around 675 nm. Our analyses showed
that during the summer in the SJG, most
ap(λ) spectra belong to the first type, consistent with other observations made in
the spring and summer at the Patagonia
shelf break (Ferreira et al., 2009).
The specific absorption spectra aphy*,
being a measure of absorption efficiency
per unit Chla (Kiefer and Mitchell, 1983;
Berthon and Morel, 1992; Sakshaug et al.,
1997), is a key parameter for estimating
the amount of light absorbed by phytoplankton in bio-optical models of marine
primary production. This parameter can
also reflect the phytoplankton community’s variations in cell size and pigment
composition (Bricaud and Stramski,
1990), which are affected by regional and
seasonal changes in species composition,
light, and nutrient conditions (e.g., Lutz
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et al., 2013a).
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2014) represents moderate phytoplankton biomass observed at the end of summer. Both the satellite image corresponding to the oceanographic cruise period
(Figure 1b) and the in situ Chla data
showed concentrations in the order of
~1.3 mg m–3 (Table 1).
The spatial distribution of Chla-sat
and the main absorption components
(Figure 2b,d) shows significant horizontal structures related to the general
SJG oceanographic features (Figure 1c),
including the influence of the Magellan
Plume (Palma and Matano, 2012) in the
southern sector and tidal fronts along the
mouth and at the northeast end of the
SJG (Glembocki et al., 2015). This spatial
pattern is also consistent with previous
observations of Chla and IOPs in the area
(Segura et al., 2013a). The highest phytoplankton absorption values were observed
at station G13 and G01 (~0.13 m–1) associated with relatively high values of Chla
(~ 2.0 mg m–3) that in turn are related
to small cells like picocyanobacteria and
picoeukaryotes. Station G10 displayed
maximum aNAP(440) values (0.09 m–1)
that could be associated with the influence of the Magellan Plume (Palma and
Matano, 2012; Lutz et al., 2016; Matano
and Palma, 2018, in this issue) in the
southern sector of the SJG mouth.
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(0.65 < b < 0.73), but lower than that
measured in summer (PATEX III cruise)
at the Patagonia shelf break (b = 0.94) by
Ferreira et al. (2009). Differences between unlike that observed by Ferreira et al. summer associated with the presence of
the SJG aphy(440) values and those pre- (2009) at the Patagonia shelf-break, tidal fronts (Glembocki et al., 2015).
dicted by the regression of Bricaud et al. where the community was dominated by
Another factor that can influence the
(1995, 2004) or observed by Ferreira et al. nanophytoplankton (2–20 µm) in sum- relation between aphy and in situ Chla is
(2009) (Figure 6a,b) possibly result from mer. Another possible source of dis- the pigment packaging effect, which can
differences in pigment compositions crepancies with Bricaud et al. (2004) is be evaluated using the Qa*(675) indicaand cell sizes relative to what is typically that they used HPLC-derived pigment tor (Johnsen and Sakshaug, 2007; Roy
found in other waters with similar Chla. concentrations, which can differ mark- et al., 2008). For the SJG, the calculated
Bricaud et al. (2004) indicated that the edly from fluorescence-
derived Chla value is ~0.6, indicating a minimal packsize structure of the algal population was (Ferreira et al., 2009). As found elsewhere aging effect that is associated with more
the dominant cause of variations from (Bricaud et al., 1995), the power func- oligotrophic waters and dominance of
the average aphy vs. Chla relationship. In tion regression between aphy*(440) and small cells. At 440 nm, carotenoids,
this sense, our results showed that the Chla shows inverse correlation but with chlorophyll-b and -c, and phycobilins can
phytoplankton composition in the sur- a relatively weak coefficient. This possi- contribute to the absorption, resulting in
face layer was mainly dominated by small bly results from the spatial variability of a specific absorption coefficient increase
cells (0.2–2 µm, i.e., picophytoplankton), phytoplankton species within the SJG in for a given in situ Chla concentration,
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CONCLUDING REMARKS
This study contributes to a better understanding of the annual phytoplankton
cycle in San Jorge Gulf, a key coastal ecosystem in the Patagonian region. The general bio-optical characterization of the
SJG showed the dominance of CDOM
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