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length-resolved bio-optical models for characterizing re-
gional maps of primary productivity using remotely-
sensed data. Variability in the optical properties of
phytoplankton may result from changes in the commu-
nity structure and in cell size distributions. Several in-
vestigations have attempted to improve the different bio-
optical models to better describe/capture the regional
phytoplankton ecology (Kiefer and Mitchell, 1983;
Sathyendranath et al., 1995; Behrenfeld and Falkowski,
1997). The specific absorption coefficient (a*ph) is an
essential parameter because it constitutes the link between
phytoplankton biomass and light absorption by pigments.
The variability in a*ph has previously been described by
Yentsch and Phinney (1989), Nelson et al. (1993), Sosik
and Mitchell (1995), Millán-Núñez et al. (2004), Wu et
al. (2007), and Barocio-León et al. (2008) and they have
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Measurements of the specific absorption coefficients of phytoplankton (a*ph) are cur-
rently required to estimate primary productivity at regional to global scales using
satellite imagery. The variability in a*ph and phytoplankton size fraction was deter-
mined during January 2002 in the southern region of the California Current. Median
values of a*ph at 440 nm and 674 nm were 0.061 and 0.028 m2 (mg Chl-a)–1 and sig-
nificant variability was found between inshore and offshore stations. A decrease of
a*ph is associated with increased phytoplankton abundance and larger species. The
a*ph tends to be high when the photoprotector zeaxanthin is present in elevated con-
centrations and phytoplankton abundance lower. The nano-microphytoplankton (>5
µµµµµm) community consisted of 28 diatom and 15 dinoflagellate genera with mean abun-
dance values of 2.8 and 1.6 ××××× 103 cells l–1, respectively. The picophytoplankton (<5
µµµµµm) community consisted of Prochlorococcus sp. (mean 8.2 ××××× 106 cells l–1) and
Synechococcus sp. (mean 19.5 ××××× 106 cells l–1), as well as a mixture of picoeukaryotes
(mean 8.6 ××××× 106 cells l–1). The contributions of nano-microphytoplankton and
picophytoplankton to the total biomass (µµµµµg C l–1) were 46% and 54%, respectively.
This study showed that picophytoplankton cells increased 2.5 times up during Janu-
ary 2002 compared with the previous year. It was concluded that the waning of La
Niña conditions had a clear effect on the pelagic ecosystem in January 2002 and that
the higher microphytoplankton abundance in the California Current was dominated
by local and regional seasonal processes.

1.  Introduction
Changes in phytoplankton species composition are

a central feature of marine ecosystem dynamics. The de-
scription and prediction of these changes are important
goals in many oceanographic fields. In recent years, great
efforts have been made to understand how phytoplankton
species composition can affect ocean-color optical prop-
erties (Morel, 1997; Stuart et al., 1998). Light absorption
by phytoplankton pigments is a key parameter in wave-
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attributed this variability to the relation between photo-
synthetic and photoprotective carotenoids, blue-red ratio
of phytoplankton absorption, and sizes of phytoplankton
species. The goal of this study is to understand the vari-
ability in a*ph relative to changes in the phytoplankton
community structure during January 2002 in the south-
ern region of the California Current.

2.  Materials and Methods

2.1  Sampling and storage
The Mexican California Current research program

(IMECOCAL, acronym for Investigaciones Mexicanas de
la Corriente de California) was designed to occupy the
historical CalCOFI (California Cooperative Oceanic Fish-
eries Investigations (CalCOFI) transects in Mexican wa-

ters. Figure 1 shows the location of the 10 transects and
73 hydrographic stations (37 km between stations and 74
km between transects); data taken at each station include
conductivity-temperature-depth (CTD/rosette) casts to
1000 m water depth permitting. Samples were collected
in coastal/oceanic waters off Baja California between 19
January and 06 February 2002 at a depth of 10 m with 5-
litre polyethylene Niskin bottles using Tygon tubing.
Particulate matter was filtered through Whatman GF/F
filters for the analysis of spectral absorption coefficients
and phytoplankton pigment. Samples for microscope
analysis were stored in 250 ml dark bottles and preserved
with formalin-borate (0.4% final concentration). Seawater
samples of 4 ml were preserved with glutaraldehyde (0.1%
final concentration) and stored in liquid nitrogen until
analysis by flow cytometry.
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Fig. 1.  Study area and location of stations sampled during the January 2002 cruise off Baja California. Samples were taken at 10
m depth.
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2.2  Absorption coefficient of phytoplankton
Samples for light absorption by phytoplankton were

filtered onto Whatman GF/F glass microfiber filters (25
mm, 0.7 µm). Sample filters were put into tissue capsules
(Fisher HistoPrep) and then stored in liquid nitrogen for
a maximum of one month until analysis. Blank filters were
saturated with seawater through 0.2-µm Nuclepore fil-
ters. Absorption of sample and blank filters was measured
on a Perkin-Elmer Lambda 10 spectrophotometer with
integrating sphere, following the procedure proposed by
Mitchell (1990) and Cleveland and Weidemann (1993).
Sample absorption was measured between 400 and 750

nm at 1-nm resolution, and repeated after rinsing the fil-
ters twice with warm methanol (Kishino et al., 1985) for
15 minutes. The absorption spectra were corrected for two
factors: baseline from blank filters and path-length am-
plification (β) by adjusting the optical density of the fil-
tered samples (ODfil(λ)) to the optical density of samples
in suspension (ODsus(λ)) (Eq. (1)), which were previously
determined using the spectrophotometer. Phytoplankton
pigment absorption (aph(λ)) was determined as the dif-
ference between total particulate matter absorption (ap(λ))
and non-pigmented or detritus material absorption
(adet(λ)) (Eq. (2)). The specific absorption coefficient of

Table 1.  Specific absorption coefficient by phytoplankton (a*ph) at 440 nm and 674 nm (m2(mg Chl-a)–1, blue/red ratio (b/r)
(aph 440/aph 674) from 10 metre samples collected during January 2002. Trans. = transects showing a subset of the original
CalCOFI grid.

Trans. Sta. Date/time
(day/gmt)

a*ph

(440 nm)
a*ph

(674 nm)
Ratio
(b/r)

100.30 1 19/01/20:18 0.1265 0.0512 2.47
100.35 2 20/01/01:47 0.1000 0.0325 3.07
100.40 3 20/01/06:15 0.0783 0.0289 2.71
100.45 4 20/01/11:18 0.0779 0.0304 2.56
100.50 5 21/01/15:27 0.0950 0.0309 3.07
100.55 6 21/01/01:50 0.0847 0.0249 3.39
100.60 7 21/01/08:36 0.0863 0.0380 2.17
103.60 8 21/01/15:36 0.0870 0.0399 2.22
103.55 9 21/01/21:02 0.0593 0.0268 2.21
103.50 10 22/01/03:33 0.0985 0.0293 3.23
103.45 11 22/01/08:15 0.0609 0.0249 2.44
103.40 12 22/01/13:35 0.0515 0.0258 1.99
103.35 13 22/01/18:41 0.0244 0.0081 3.00
103.30 14 22/01/22:20 0.0567 0.0299 1.89
107.32 15 23/01/18:03 0.0641 0.0307 2.08
107.35 16 23/01/21:20 0.0606 0.0317 2.30
107.40 17 24/01/03:41 0.0694 0.0321 2.16
107.45 18 24/01/08:58 0.0590 0.0280 2.10
107.50 19 24/01/14:01 0.0367 0.0180 2.03
107.55 20 24/01/20:34 0.0657 0.0254 2.58
107.60 21 24/01/03:37 0.0869 0.0258 3.36
110.60 22 25/01/11:05 0.0653 0.0239 2.74
110.55 23 25/01/15:59 0.0495 0.0216 2.28
110.50 24 25/01/21:50 0.0551 0.0173 2.22
110.45 25 26/01/07:33
110.40 26 25/01/07:26 0.0588 0.0269 1.71
110.35 27 26/01/12:26 0.0580 0.0291 1.99
113.30 28 26/01/19:45 0.0561 0.0223 2.50
113.35 29 26/01/23:20 0.0602 0.0293 2.04
113.40 30 27/01/04:19 0.0709 0.0294 2.40
113.45 31 27/01/09:02 0.0653 0.0285 2.28
113.50 32 27/01/13:15 0.0562 0.0215 2.61
113.55 33 27/01/17:40
113.60 34 28/01/00:02 0.0663 0.0290 2.27
117.80 35 28/01/14:22
117.75 36 28/01/17:55 0.0551 0.0227 2.41
117.70 37 29/01/00:46 0.0599 0.0263 2.28

Trans. Sta. Date/time
(day/gmt)

a*ph

(440 nm)
a*ph

(674 nm)
Ratio
(b/r)

117.65 38 29/01/06:02 0.0379 0.0088 4.33
117.60 39 29/01/11:43 0.0665 0.0267 2.48
117.55 40 29/01/18:46 0.0694 0.0284 2.43
117.50 41 29/01/21:86 0.0650 0.0264 2.46
117.45 42 30/01/04:55
117.40 43 30/01/10:12 0.0539 0.0234 2.30
117.35 44 30/01/15:09
117.30 45 30/01/19:19
119.33 46 31/01/00:14
120.30 47 01/02/07:00 0.0610 0.0294 2.06
120.35 48 01/02/10:40 0.0688 0.0310 2.21
120.40 49 01/02/13:07 0.0640 0.0300 2.13
120.45 50 01/02/17:42 0.0604 0.0290 2.08
120.50 51 01/02/23:50 0.0503 0.0224 2.23
120.55 52 02/02/04:48 0.0581 0.0293 1.98
120.60 53 02/02/08:45 0.0653 0.0294 2.21
120.65 54 02/02/13:43 0.1041 0.0469 2.21
120.70 55 02/02/17:55 0.0969 0.0401 2.41
120.75 56 03/02/00:46 0.0382 0.0129 2.94
120.80 57 03/02/04:15 0.0629 0.0259 2.42
123.60 58 03/02/17:05 0.0267 0.0129 2.06
123.55 59 03/02/23:30 0.0668 0.0377 1.77
123.50 60 04/02/02:47 0.0680 0.0297 2.28
123.45 61 04/02/06:43 0.0442 0.0190 1.91
123.42 62 04/02/09:46 0.0957 0.0509 1.88
127.35 63 04/02/16:58 0.0727 0.0340 2.13
127.40 64 04/02/21:39 0.0473 0.0256 1.84
127.45 65 04/02/01:19 0.0605 0.0280 2.16
127.50 66 04/02/05:27 0.0234 0.0061 2.45
127.55 67 05/02/09:08 0.0524 0.0281 1.86
127.60 68 05/02/12:43 0.0406 0.0228 1.77
130.60 69 05/02/19:51 0.0341 0.0144 2.36
130.50 70 06/02/06:10 0.0536 0.0314 1.70
130.40 71 06/02/12:01 0.0515 0.0285 1.80
130.35 72 06/02/16:33 0.0264 0.0059 4.45
130.30 73 06/02/20:08 0.1240 0.0638 2.41
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phytoplankton (a*ph) was obtained by normalizing the
phytoplankton absorption data (m–1) by the concentration
of chlorophyll-a (Chl-a, mg m–3) measured by high-per-
formance liquid chromatography (HPLC) (Eq. (3)):

ODsus = 0.368ODfilt + 0.4068(ODfilt)
2 (1)

aph(λ) = ap(λ) – adet(λ) (2)

a*ph(λ) = aph(λ)/Chl-a. (3)

2.3  Microscope observation of phytoplankton
Within two months of sampling, 50 ml of water were

allowed to settle in a composite chamber and examined
using the inverted microscope technique (Utermöhl,
1958). Diatoms and dinoflagellates (>5 µm) were classi-
fied to the lowest possible taxonomic level, and identi-
fied based on Licea et al. (1996) and Moreno et al. (1997).
Only in the case of diatoms, the cells (length and width)
were measured using a micrometer. These measurements
of the nano-microphytoplankton size fractions were con-
verted to biovolume assuming the steriometric shapes
suggested by Strathmann (1967) and Edler (1979). The
equation proposed by Verity et al. (1992) was then used
to convert volume to carbon concentration. For
Synechococcus sp., picoeukaryotes, and Prochlorococcus

sp., mean cell biovolumes of 0.52, 3.05, and 0.27 µm3,
respectively, were assumed.

2.4  Flow cytometry
Samples were processed through a FACScan flow

cytometer (Becton-Dickinson) with an air-cooled argon
(488 nm) laser at high flow rate (ca. 60 µl min–1) for 5
min or until 106 events had been recorded. Data were ac-
quired by triggering on chlorophyll fluorescence (FL3)
in log mode. As an internal standard, we added 10 µl per
600 µl sample of a 105 ml–1 solution of yellow-green 0.92
µm diameter Polysciences latex beads. Synechococcus sp.
cells were detected by the orange fluorescence signature
of phycoerythrin (FL2) versus red chlorophyll fluores-
cence (FL3). Prochlorococcus sp. were distinguished by
a lower FL3 signal and no FL2 signal. Autotrophic
picoeukaryotes had higher FL3 and scatter signals and
low or no FL2 signal.

2.5  HPLC analysis of pigments
Chlorophylls and carotenoids were separated at the

Center for Hydro-Optics and Remote Sensing (CHORS)
at San Diego State University, using the Wright et al.
(1991) method, which separates the major pigment com-
pounds found in phytoplankton. An internal pigment
standard canthaxanthin was added to the 90% acetone
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sample to correct for volume changes during the extrac-
tion process. Pigment peaks were detected by a two-chan-
nel absorption detector (436 and 450 nm), a scanning di-
ode array absorption detector (190 to 800 nm at 1 nm

resolution) and a fluorescence detector for degradation
products. Although the absorption peaks for monovinyl
Chl-a and divinyl Chl-a co-elute using this method, each
compound absorbs differently at 436 and 450 nm and it
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Fig. 3.  Spectral magnitude of specific absorption by phytoplankton at 10 m depth during January 2002. The numbers to the right
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is therefore possible to correct for divinyl Chl-a contami-
nation by monitoring changes in this ratio as a function
of changes in the divinyl percentages (Latasa et al., 1996).

3.  Results

3.1  Specific absorption coefficient of phytoplankton
At 10 m depth during the survey period, a*ph at 440

-nm (a*ph(440)) varied between 0.024 and 0.126 m2

(mg Chl-a)–1, while a*ph at 674 nm (a*ph(674)) varied be-
tween 0.008 and 0.065 (Table 1). The minimum values of
a*ph(440) were found at station 13, located to the south
of Ensenada, and at stations 58, 68, and 69 off Punta
Eugenia; this parameter is not homogeneous, and it
presents some small areas with higher and lower values
(Fig. 2). The magnitude of the spectral absorption curves
showed greater variability in the blue band (440 nm) than
in the red band (674 nm) (Fig. 3). The blue red peak ratio
(aph 440 nm/aph 674 nm) ranged from 1.70 to 4.45 (Table
1).

3.2  Phytoplankton community structure
Abundances of nano-microphytoplankton (>5 µm)

were highest at the farshore stations off Punta Eugenia,
on transects 123 and 127 (Fig. 4). Taxonomic analyses
revealed a total of 28 diatom and 15 dinoflagellate gen-
era. The most common diatoms were Nitzschia spp.,

Thalassionema sp., and Chaetoceros spp., while the most
common dinoflagellates were Gymnodinium  spp.,
Gyrodinium spp., and Prorocentrum sp. High diatom
abundances of ~37.8 × 103 cells l–1 were observed at sta-
tions 59, 68, and 69. Dinoflagellate abundances ranged
from 0.2 to 25 × 103 cells l–1 off Baja California, with
higher values at stations 11 and 13 in the northern area,
and at station 64 to the south.

The abundance of picophytoplankton (<5 µm) was
~50 × 106 cells l–1 in the study area, except at stations 1,
2, 47, 48, 50, 51, and 58 where values were above 50 ×
106 and up to 195 × 106 cells l–1 (Fig. 5). The most abun-
dant organism was Synechococcus sp. with values rang-
ing from 0.02 to 132 × 106 cells l–1, followed by
picoeukaryotes with 0.2 to 60 × 106 cells l–1, while
Prochlorococcus sp. ranged from not detected to 57 × 106

cells l–1. The contributions of the size-fractionated
biomass to total phytoplankton (µg C l–1) were 36% for
microphytoplankton, 32% for picoeukaryotes, 16% for
Synechococcus sp., 10% for nanophytoplankton, and 6%
for Prochlorococcus sp. (Fig. 6). The smaller cells
(picophytoplankton) made up the dominant size fraction,
contributing 54% of the total phytoplankton biomass.

3.3  Pigments
Zeaxanthin is a characteristic pigment of

Synechococcus sp. while divinyl Chl-a is a unique pig-
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Fig. 6.  Contribution of each phytoplankton group to size-fractioned biomass ln (µg C l–1), at 10 m depth during January 2002:
microphytoplankton, nanophytoplankton, Prochlorococcus sp., picoeukaryotes, and Synechococcus sp.
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ment of Prochlorococcus sp. Values greater than 0.03
mg m–3 were recorded for zeaxanthin in the northern part
of the study area, above transect 117, except at nearshore
stations off Punta Baja (Fig. 7, Table 2). The concentra-
tions of Chl-a ranged from 0.14 to 2.14 mg m–3 (Table
2), and values higher than 0.90 mg m–3 were observed off
Ensenada and Punta Eugenia, which have been reported
to be upwelling areas (Álvarez-Borrego and Álvarez-
Borrego, 1982; Durazo et al., 2005). High Chl-a values
were also found in areas with low divinyl Chl-a concen-
trations. Overall, both zeaxanthin and divinyl Chl-a
showed the same tendency of variation and a good corre-
lation (r = 0.76, p < 0.05) (Fig. 8).

4.  Discussion
The physical oceanographic conditions of the Cali-

fornia Current during this period were characterized by
Schwing et al. (2002). These authors concluded, based
on the Multivariate El Niño/Southern Oscillation (ENSO)
Index (MEI; Wolter and Timlin, 1998) and Pacific Decadal
Oscillation (PDO; Mantua et al., 1997) that the winter of
2001–2002 marked the onset of warm upper-ocean ther-
mal anomalies in the California Current system after the
pattern of cool anomalies that had persisted for several
years. Schwing et al.’s oceanographic evidence and the
pelagic ecosystem response to interannual variability off
Baja California reported by Gaxiola-Castro et al. (2008)

Table 2.  Pigment concentrations (mg m–3). Chlorophyll-a (Chl-a), zeaxanthin (Zea), divinyl chlorophyll-a (DV Chl-a), from 10
m samples collected during January 2002.

Sta. Chl-a Zea DV Chl-a Sta. Chl-a Zea DV Chl-a

1 1.328 0.099 0.013 38 0.140 0.036 0.067
2 0.377 0.052 0.054 39 0.513 0.077 0.112
3 0.281 0.060 0.111 40 0.762 0.065 0.144
4 0.197 0.046 0.078 41 0.871 0.063 0.067
5 0.219 0.065 0.094 42
6 0.195 0.056 0.069 43 0.650 0.078 0.183
7 0.182 0.051 0.090 44
8 0.270 0.052 0.091 45
9 0.194 0.063 0.087 46

10 0.160 0.061 0.080 47 0.894 0.050 0.023
11 0.291 0.072 0.086 48 0.964 0.071 0.074
12 0.256 0.060 0.097 49 0.543 0.040 0.016
13 0.287 0.066 0.102 50 1.323 0.059 0.054
14 1.569 0.050 0.077 51 1.315 0.028 0.023
15 2.143 0.073 0.050 52 0.688 0.011 0.012
16 0.578 0.078 0.150 53 0.714 0.039 0.050
17 0.497 0.058 0.089 54 0.448 0.027 0.063
18 0.452 55 0.165 0.035 0.075
19 0.431 56 0.174 0.039 0.089
20 0.405 0.069 0.134 57 0.142 0.037 0.070
21 0.296 0.061 0.085 58 1.336 0.063 0.027
22 0.181 0.045 0.077 59 0.579 0.017 0.001
23 0.257 0.038 0.076 60 0.640 0.041 0.070
24 0.156 0.044 0.073 61 0.703 0.019 0.029
25 62 0.614 0.024 0.046
26 0.376 0.036 0.053 63 0.465 0.024 0.023
27 0.364 0.021 0.042 64 0.790 0.004 0.001
28 0.637 0.060 0.085 65 0.561 0.009 0.018
29 0.296 0.017 0.029 66 0.533 0.030 0.034
30 0.580 0.057 0.098 67 0.818 0.019 0.027
31 0.711 0.056 0.125 68 1.143 0.014 0.010
32 0.736 69 0.970 0.050 0.027
33 70 1.347 0.016 0.016
34 0.786 0.045 0.077 71 1.290 0.012 0.019
35 0.122 0.043 0.062 72 0.650 0.037 0.044
36 0.151 0.039 0.079 73 0.472 0.044 0.052
37 0.199 0.043 0.092
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Fig. 8.  Pigment (mg m–3) correlation of zeaxanthin versus
divinyl Chl-a. The line represents the tendency at 95% con-
fidence between both variables at 10 m depth during Janu-
ary 2002.

Fig. 9.  Mean phytoplankton abundance per transect at 10 m
depth during January 2001 and January 2002: (a) nano-
microphytoplankton (diatoms and dinoflagellates), and
(b) picophytoplankton (Prochlorococcus, Synechococcus,
and picoeukaryotes).

sp. relative to those from January 2001 for the same sta-
tion. Our values for Prochlorococcus sp. were lower than
those reported by Blanchot et al. (2001) for the equato-
rial Pacific and by Gin et al. (2003) for the coastal waters
of Singapore. Likewise, Goericke et al. (2000) reported
Prochlorococcus sp. cell values of up to 160 × 106

cells l–1 at 10 m depth for the eastern tropical north Pa-
cific in May 1997. However, these authors found that the
highest abundances of Prochlorococcus sp. were located
in the upper layers of the oxygen minimum zone or at the
bottom of the euphotic zone. In this study, the highest
value of Prochlorococcus sp. (~70 × 106 cells l–1) was
detected at station 43, corresponding to the highest con-
centration of divinyl Chl-a (0.183 mg m–3, Table 2).

In general, the specific absorption coefficient was
higher than that reported for January 2001 by Millán-

support the findings of Millán-Núñez et al. (2004), who
observed that in January 2001 the abundance of nano-
microphytoplankton increased and that of
picophytoplankton decreased in relation to each other.
Compared with January 2001, our results for January 2002
showed an abundance of diatoms (mean of 2.8 × 103

cells l–1, approximately 7 times less in respect to January
2001) and dinoflagellates (mean of 1.6 × 103 cells l–1,
decreased to 68% of the mean abundance of January 2001)
(Fig. 9(a)),  and a significant increase of
picophytoplankton abundance approximately 2.5 times up
in respect to January 2001 (Fig. 9(b)). This shift could be
due to the oligotrophic warm ocean waters conditions at
the end of the La Niña event. In accordance with the Na-
tional Centers for Environmental Prediction (2002), these
results suggest that the warming of upper ocean waters in
the eastern equatorial Pacific in early 2002 was due to an
oceanic Kelvin wave that propagated eastward from the
central equatorial Pacific starting in mid-December. Sam-
ples collected off Punta Eugenia were characterized by
higher diatom abundances, probably because of a strong
frontal zone associated with high (~19°C) near-surface
temperatures (Fig. 10). These thermal and saline fronts
often recorded off Baja California (Roden, 1971) may
provide the appropriate niches for the development of
moderate phytoplankton concentrations in the region.

At station 57, which had the most oceanic water char-
acteristics, the picophytoplankton was comprised of 29%
Synechococcus sp., 27% picoeukaryotes, and 44%
Prochlorococcus sp. These data show an increase of 28%
and 22% for Synechococcus sp. and picoeukaryotes, re-
spectively, and a decrease of 50% for Prochlorococcus
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Núñez et al. (2004) but lower for those reported for No-
vember 2002 by Barocio-León et al. (2006) as a conse-
quence of changes in the oceanographic conditions after
La Niña began to wane. In this study the blue/red peak
ratios ranged from 1.70 to 4.45. These values are similar

to those obtained by Sosik and Mitchell (1995) for the
California Current and by Wu et al. (2007) for the north-
ern South China Sea (1.9–3.9) during two cruise surveys
in spring (May) 2001 and late autumn (November) 2002.
According to these authors a blue/red ratio number greater

Fig. 11.  Linear correlation between the specific absorption coefficient of phytoplankton (a*ph at 440 nm and 674 nm;
m2(mg Chl-a)–1) and zeaxanthin (mg m–3) for samples taken at 10m depth during January 2002. The line represents the
tendency at 95% confidence between both variables.

Fig. 10.  Spatial distribution of temperature (°C) at 10 m depth during January 2002. Temperature estimated by CTD.
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than 3.0 implies the predominance of picoprocaryotes in
the phytoplankton community. When zeaxanthin is present
in the ocean, we are artificially increasing a*ph, because,
we normalized the phytoplankton absorption coefficient
only by the Chl-a concentration. Likewise, we observed
that a*ph (440 nm and 674 nm) shows a significant corre-
lation when zeaxanthin concentration is higher than 0.070
mg m–3 (r = 0.86 and 0.84, p < 0.05, respectively) (Fig.
11). These results concur with those published by Staehr
et al. (2004) and Hoepffner and Sathyendranath (1991),
who explain that zeaxanthin absorbs strongly in the blue
region and affects the variability of the spectral shape (Fig.
3). The increase in phytoplankton biomass and Chl-a pig-
ment contributed significantly to the variability of a*ph;
therefore, station samples with lower biomass and lower
chlorophyll pigments had higher a*ph values and vice
versa. These results are in accordance with laboratory
studies by Stramski et al. (2002), where the acclimation
to low temperature caused a significant increase in a*ph
through reduced synthesis of Chl-a.

5.  Conclusions
In this study, Synechococcus sp. was found to be an

important phytoplankton group in the oceanic and coastal
waters off Baja California, providing the main source of
zeaxanthin in the southern region of the California Cur-
rent. The contributions of size-fractionated biomass
(µg C l–1) to total phytoplankton were 46% for nano-
microphytoplankton and 54% for picophytoplankton. The
picophytoplankton fraction during January 2002 increased
by ~36% compared with January 2001. Likewise, the
mean diatom and dinoflagellate abundances off Baja Cali-
fornia decreased 7 times and 68%, respectively, compared
to the previous year for the same study area. We observed
that a*ph tends to be high when zeaxanthin is present in
elevated concentrations and with lower biomass and less
photosynthetic pigments. A clear effect on the pelagic
ecosystem was observed in January 2002 due to the wan-
ing of La Niña conditions. The higher microphytoplankton
abundance located in the California Current was domi-
nated by local and regional seasonal processes.
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