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Abstract

A time series with weekly sampling was conducted from February 20, to December 16, 2011 at a
station in the interior of the San Quintin Bay to estimate seasonal changes in the composition and
abundance of phytoplankton. Water temperature was recorded and the upwelling index was cal-
culated for the period. Phytoplankton abundance was estimated and phytoplankton were identi-
fied by using an inverted microscope and the CHEMTAX program. There were 16 positive phytop-
lankton anomalies during the year, but only three were considered to be blooms. The blooms were
dominated by diatoms and were recorded in the winter, spring and summer. Different genera
composed 80% of the total phytoplankton abundance of each of the blooms. The first bloom con-
sisted of diatoms of the genera Pseudo-nitzschia sp. (15.7%), Skeletonema sp. (14.6%), Eucampia
sp. (7%), and Navicula sp. (7%); a haptophyte of the genus Imantonia sp. (13.1%); and dinoflagel-
lates of the genus Prorocentrum sp. (4.6%). The second bloom consisted mainly of diatoms of the
genera Guinardia sp. (30.6%), Pseudo-nitzschia sp. (21.5%), Skeletonema sp. (14.5%), Chaetoceros
sp. (8.4%) and Eucampia sp. (5.3%). The third bloom consisted of Chaetoceros sp. (46.3%), Pseu-
do-nitzschia sp. (22.6%), Skeletonema sp. (7.29%), and Imantonia sp. (6%). Dinoflagellates were
observed in the winter, summer and autumn, but they contributed less biomass than diatoms.
Prorocentrum sp., Gymnodinium sp., and Ceratium sp. were among the dinoflagellates that were
observed. The differences in abundance and composition of phytoplankton groups in the blooms
in San Quintin Bay during 2011 were due primarily to seasonal changes in the physical and chem-
ical factors of the seawater and to upwelling events.
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1. Introduction

Phytoplankton is one of the main primary producers in marine environments. They are part of the food chain of
many marine ecosystems and are the main source of food for native and cultivated filter feeders in coastal la-
goons. In the interior of the San Quintin Bay, Baja California, México (SQB), the phytoplankton have been stu-
died by using time series with intervals of hours, days and weeks during different periods of the year [1]-[7].
These studies were focused on phytoplankton composition in the interior of the lagoon. The identification and
quantification of phytoplankton were performed using an inverted microscope, which is time consuming, re-
quires experience and is limited to identifying cells that are larger than 5 um. A scanning electron microscope,
an epifluorescence microscope and/or flow cytometry are used to identify cells that are smaller than 5 um [8].
The contribution of the different groups of phytoplankton, including pico- and nanoplankton fractions, to total
chlorophyll a (TChla) can be derived from pigments and is determined by high-performance liquid chromato-
graphy (HPLC) and the software CHEMTAX [9]. Millan-Nufiez et al. (2004) [10] studied the phytoplankton
community by analyzing pigments and using CHEMTAX program. The data that were used in their study were
obtained with a 24-hour time series that was conducted during April, 2011 at a station located in SQB. The main
conclusions were that cryptophytes, cyanophytes, bacillariophytes (diatoms) and chlorophytes were present in
higher quantities in the mouth of the bay and decreased in number toward the interior of the bay. Their study al-
so reported for the first time the value of the concentration of divinyl Chla (DvChla) and the presence of the
genus Prochlorococcus sp., which is common in oligotrophic waters [11].

Moreno-Miranda (2007) [6] assessed the quantity of phytoplankton in SQB by using CHEMTAX in May,
2004 and found that cryptophytes, bacillariophytes and dinoflagellates of the class Dinophyceae were the most
abundant groups. Cryptophytes were more abundant at all sampling locations, but bacillariophytes and repre-
sentatives of the Dinophyceae decreased in quantity from the mouth to the interior of the lagoon. In October of
the same year, [7] reported minor quantities of phytoplankton in the interior of the lagoon and that cryptophytes
were more abundant than bacillariophytes and chlorophytes. Because there have been few long-term studies in
SQB, the present paper was intended to assess changes in the abundance and composition of phytoplankton at a
location in the main channel of the lagoon during 2011. Changes in the abundance and composition of phytop-
lankton in response to seasonal changes in the physicochemical variables of seawater were of particular interest.

2. Materials and Methods
Study Area

San Quintin Bay (SQB) is a Y-shaped coastal lagoon with an approximate area of 42 km?. The west branch is
known as Falsa Bay, and the east branch is known as San Quintin Bay [12]. The coastal lagoon is located in a
semi-arid area in the northern part of the Baja California peninsula in México. The depth of the lagoon ranges
from 10 to 12 m at the mouth and from 6 to 8 m in the main channels, and it tends to decrease toward land
(Figure 1). There is a constant exchange of water between SQB and the Pacific Ocean by means of currents and
tidal flows through the mouth of the lagoon, where the lagoon and ocean meet. The tide is semi-diurnal and has
amplitudes of 0.7 m during low tide and 3.5 m during high tide. [4] [13] have reported upwelling during spring
and summer in waters that are adjacent to SQB.

Seawater samples were collected at a depth of 30 cm with black 4-liter Nalgene high-density bottles at a loca-
tion in the main channel of Falsa Bay (Figure 1). Sampling was carried out weekly from February to December,
2011. To analyze the phytoplankton, samples of 250 mL of water were preserved in a 1:100 v/v neutral Lugol’s
solution that had been prepared with sodium acetate. The samples were stored in a dark cool location until they
were analyzed in laboratory. The method that was described by Utermohl (1958) [14] and modified by the In-
tergovernmental Oceanographic Commission of UNESCO (2010) [15] was used to quantify and determine the
amount of phytoplankton. Samples of 25 mL were placed into an Utermdhl chamber (Hydro-Bios, Kiel Alten-
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Figure 1. Study area and sampling location (e).

holz, Germany) for 24 hours. The phytoplankton at the bottom of the chamber were identified and counted by
using an inverted microscope (Carl Zeiss, Jena, Germany) with phase contrast. Nanoplankton organisms (>5 um)
and microplankton (>20 um) were counted and identified at 400x and 200x magnifications. Organisms that
were larger than 30 um and were present in smaller quantities were counted at a 100x magnification [16]. Or-
ganisms that occurred in colonies or chains were counted individually.

To perform the pigment analysis, 1 L of seawater was filtered with GF/F filters that were 25 mm in diameter.
The filters that contained the sample were folded, placed onto foil paper and stored in liquid nitrogen until they
were analyzed in the laboratory. Pigment extraction was carried out in 12 mL centrifuge tubes for 24 h with a
5-mL 100% acetone solution that contained Trans Beta Apo-carotenal as an internal standard. The pigment ex-
tract was filtered by using 0.2-um acrodisc filters and injected into a high-performance liquid chromatography
(HPLC) apparatus (Varian, Washington DC, USA) that was equipped with a Hypersil MOS2 RP-C8 column
(150 x 4.6 mm and 3.5 um particle size). A two-solvent gradient system was used as described by Barlow et al.
(1997) [17]. The solvents were 70:30 v/v methanol with 1 M ammonium acetate (v/v) and the solvent B metha-
nol 100% at a flow rate of 1 mL-min™". The pigment standards that were used in the HPLC were acquired from
Sigma-Aldrich (St. Louis, Missouri, USA) and DHI (Denmark). The concentration of the standards was deter-
mined by a spectrophotometer that used the extinction coefficients that were proposed by Jeffrey et al. (1997)
[18]. The pigment standards were used to identify the absorption peaks in the chromatogram.

The contributions of diatoms, dinoflagellates, cryptophytes, chlorophytes, prymnesiophytes, prasinophytes,
cyanophytes and prochlorophytes to the total Chla (TChla) were assessed by using the software CHEMTAX [9].
TChla is the result of the addition of the concentrations of chlorophyll-a that were determined by HPLC, in-
cluding allomers and epimers of chlorophyll and monovinyl and divinyl chlorophyll-a. CHEMTAX makes use
of three matrices. Matrix 1 contains the pigment concentration in the samples. Matrix 2, which is an initial ma-
trix, contains the amount of accessory pigment and Chla for each algal group that is found in the sample. Matrix
3 defines the accessory pigment limits of the Chla relationship. Matrix 2 includes the phytoplankton groups that
had been identified previously in SQB by means of a microscope (Table 1). The necessary amount of the ac-
cessory pigment Chla was determined by consulting previous reports for SQB [10] and for other locations [9]

[19].
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Table 1. Pigment:chlorophyll ratio used in CHEMTAX: (a) Initial matrix, and (b) Final matrix. Chlc3, chlorophyll c3; Chl c2,
chlorophyll ¢2; Peri, peridinin; But, 19’Butanoloxyfucoxanthin; Fuco, fucoxanthin; Prasi, prasinoxanthin; Viol, violoxanthin; Hex,
19’Hexanoloxyfucoxanthin; Diad, diadinoxanthin; Allo, Aloxanthin; Diat, diatoxanthin; Zea, zeaxanthin; Lut, lutein; Chl b, chloro-
phyll b; and DvChla, divinyl chlorophyll a.

@) Chlc3 Chlc2  Peri But Fuco Prasi Viol Hex Diad Allo Diat Zea Lut Chlb DvChla
Diatoms 0.287 0.400 0.126 0.035
Dinoflagellates 0.034 0.155 0.114 0.027
Haptophytes 0.056 0.136 0.003 0.217 0.255 0.031
Chlorophytes 0.003 0.011 0.247
Chryptophytes 0.085 0.172
Prasinophytes 0.092 0.070 0.004 0.500
Cyanophytes 0.283
Prochlorophytes 0.146 1.0
(b)
Diatoms 0.101 0.392 0.054 0.023
Dinoflagellates 0.030 0.135 0.151 0.023
Haptophytes 0.035 0.106 0.002 0.160 0.216 0.019
Chlorophytes 0.002 0.009 0.144
Chryptophytes 0.093 0.280
Prasinophytes 0.054 0.036 0.001 0.268
Cyanophytes 0.261
Prochlorophytes 0.051 0.468

The temperature of the seawater in each sample was measured using a bucket thermometer that had an accu-
racy of £0.1°C. Wind direction and velocity were obtained for the whole year from a weather station that was
located in the northern part of the bay.

3. Results

Water temperature in the sampling site ranged from 15.2°C to 21.2°C winter half (week 7) to late autumn (week
49), then decreasing to 14°C (Figure 2(a)). The prevailing wind direction was northwest during most of the time
series. Wind velocity reached a maximum of 6 m's * and decreased to 3 m's * at the end of the year (Figure
2(b)). The upwelling index was calculated from the wind direction and wind velocity according to the metho-
dology that was described by Pérez-Brunius et al. (2007) [20] (Figure 2(c)). During the spring and summer, the
values of the upwelling indices ranged from 60 to 90 m*s* per 100 m coastline, when the wind speed was
higher than 5 m-s* and temperature values were low. In the autumn and winter, the index values were lower
than 40 m*s * per 100 m coastline, when wind velocities were under 5 m's .

3.1. Abundance of Phytoplankton

The microscopically determined quantity of micro and nanophytoplankton groups varied throughout the year
and had a maximum cell density of 29.6 x 10° cell-L™*. Diatoms were the most abundant group, followed in de-
creasing order of abundance by cryptophytes, prymnesiophytes, prasinophytes, chlorophytes, and dinoflagellates
(Figure 3). Smayda (1997) [21] defines a phytoplankton bloom (B) as a significant increase in biomass that is
expressed in terms of cell density or chlorophyll concentration. The term minibloom is used to refer to a mod-
erate increase in phytoplankton biomass that occurs during a short period [21] [22]. To determine which samples
corresponded to an algal bloom, the standardized anomalies of total phytoplankton were obtained by using
Z-scores. A Z-score is the number of standard deviations that an observation or datum falls above the mean:

()
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Figure 2. Sea surface temperature at the sampling site (a); Direction and wind velocity for 2011 as collected from a weather
station that was located in the northern part of San Quintin Bay (b); Upwelling index for 2011 in the adjacent area to San
Quintin Bay (c).
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where: Z is the standard score, X is the observed variable, and X and SD are the mean and standard deviation,

respectively.
There were 16 positive z-scores in the sampling series for the quantity of phytoplankton that was observed for
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total phytoplankton abundance (PATA) (Figure 4(a)). Most PATA coincided with positive z-scores of diatoms,
cryptophytes and chlorophytes (Figure 4(b)). However, the dinoflagellates had positive z-scores that coincided
with PATA 1, 10, 11 and 15 (Figure 4(c)). Although there were positive scores for other dinoflagellate samples
during the summer and autumn, they were more abundant relative to the average variation and the positive
scores did not coincide with any PATA. There were positive z-scores for chlorophytes and cryptophytes during
the spring, summer and the beginning of autumn, which contributed to PATA 3, 6 - 10 and 12 - 16 (for chloro-
phytes) and (6 - 10, 12 and 16) (for cryptophytes) (Figure 4(d), Figure 4(e)). There were positive z-scores for
haptophytes in the winter, summer and the beginning of autumn, which contributed only to PATA 1 -4, 10 - 12
and 14 (Figure 4(f)). There were 16 PATA in SQB during 2011, of which only three had z-scores that were
greater than 1.66 standard deviations (90% confidence level) and were considered to be blooms (B). These
blooms presented cell concentrations that were greater than 16.9 x 10% cell-L ™" in the winter, spring and summer
(Figure 4(a)). The three blooms differed in the number of cells, group composition and phytoplankton genera
that were present (Figures 5(a)-(h)). The genera that were considered to be predominant during the blooms were
those that accounted for 80% or more of the total number of cells in the sample. The first bloom (B1) occurred
during the winter (in February) (Figure 4(a)) and consisted of the diatoms Pseudo-nitzschia sp. (3.4 x 10°
cell'L ™), Skeletonema sp. (3.16 x 10° cell-L ), Eucampia sp. (1.52 x 10° cell-L %) and Navicula sp. (1.56 x 10°
cell-L™"), the haptophyte Imantonia sp. (2.84 x 10° cell-'L ™) and the dinoflagellate Prorocentrum sp. (1.0 x 10°
cell-'L™Y). (Figures 5(a)-(e)). The second bloom (B2) occurred during the spring (in April) (Figure 4(a)) and con-
sisted of the diatoms Guinardia sp. (5.92 x 10° cell-L ), Pseudo-nitzschia sp. (4.16 x 10° cell-L™"), Skeletonema
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Figure 4. Standardized anomalies for phytoplankton groups in San Quintin Bay for weekly sampling in 2011. Total phytop-
lankton (a), diatoms (b), dinoflagellates (c), chlorophytes (d), cryptophytes (e), haptophytes (f).
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sp. (2.8 x 10° cell-L™), Chaetoceros sp. (1.64 x 10° cell-'L ™) and Eucampia sp. (1.04 x 10° cell-'L ™) (Figure
5(b), Figure 5(d)). The third bloom (B3) occurred in mid July (Figure 4(a)). B3 had the largest number of phy-
toplankton cells of the three blooms and consisted of Chaetoceros sp. (13.72 x 10° cell-L %), Pseudo-nitzschia sp.
(6.2 x 10° cell-'L ™) and Skeletonema sp. (2.16 x 10° cell-L ™) (Figures 5(a)-(c)) and the haptophyte Imantonia sp.
(1.8 x 10° cell-L™Y) (Figure 5(g)). In addition to the diatoms that were found in the three blooms, other genera,
such as Gyrosigma sp., Cocconeis sp., Thalassiosira sp. and Pleurosigma sp, were present in smaller numbers.

The cell densities of the diatoms (maximum values of 1.3 x 10°, 1.78 x 10° and 1.74 x 10° cell-L " in the win-
ter, summer and autumn, respectively) were greater than those of the dinoflagellates (Figure 5(e), Figure 5(f)).
The highest cell densities were shown by the genera Prorocentrum sp. (1.0 x 10% cell-L ™) in the winter, Gymno-
dinium sp. (1.44 x 10° cell-L ™) in the summer and Prorocentrum sp. (0.92 x 10% cell-'L %) and Ceratium sp. (0.82
x 10% cell-'L ™) in the autumn. Cell density was low in the spring, when values of (0.175 x 10° cell'L ™) were
observed for Protoperidinium sp. (Figure 5(e), Figure 5(f)). Cell densities of 0.04 x 10° cell-L* for the genus
Dictyocha sp, which belongs to the order silicoflagellates, were observed in two samples that were collected at
the end of the sampling period. Cryptophytes were found throughout most of year and reached cell densities of
2.72 x 10% cell-L ! in the spring, 2.84 x 10° cell'L " in the summer and 2.5 x 10° cell-L * in the early autumn.
However, the cryptophytes cell density was lower than 1.2 x 10° cell-L ™) in the winter (Figure 5(g)). The high-
est cryptophyte cell densities were recorded for the genus Hillea sp. (Figure 5(g)) and occasionally the genus
Leucocryptos sp., for which there were only seven samples in which cell densities of 1.08 x 10% cell-'L™* were
recorded. The highest cell density of the haptophytes (Imantonia sp.) was 3.72 x 10° cell-'L™* and was found in
the winter. This value decreased during the summer and autumn to 1.87 x 10° and 1.1 x 10° cell-L?, respective-
ly, and Imantonia sp. was not present in spring (Figure 5(g)). The chlorophyte genus Eutreptiella sp. had dif-
ferent cell densities during the sampling. This genus’ cell density was 1.8 x 10% 1.44 x 10° and 1.0 x 10°
cell-'L ™ in the spring, summer and autumn, respectively, and decreased during the winter (Figure 5(h)). Prasi-
nophytes, raphidophytes and cyanophytes had cell densities that were lower than 2.0 x 10% cell-L™* (Figure 5(h)).
The prasinophytes, which were represented by the genus Tetraselmis sp., decreased from the spring to the au-
tumn. The raphidophyte genus Heterosigma sp. was found occasionally from the winter to the summer (Figure
5(h)). During summer the cyanophyte genera Oscillatoria sp. was present in two samples and Anabaena sp. only
in one sample, when these reached values of 2.0 x 10% and 1.8 x 10 for Oscillatoria sp. and 1.04 x 10° cell-L™*
for Anabaena sp. However, Oscillatoria sp. did reach a density of 1.04 x 10° cell-L™* in one sample at the be-
ginning of the autumn (Figure 5(h))

3.2. Phytoplankton Pigments

TChla concentrations differed throughout the year. The concentration reached 3.5 mg-m > during the spring and
the summer and decreased during the autumn and winter (Figure 6(a)). The highest concentration of fucoxan-
thin, which is the characteristic pigment of diatoms, was found in the summer (2.0 mg:m ) and decreased to
0.25 mg'm"° during the autumn (Figure 6(a)). The pigment alloxanthin, which is specific to cryptophytes, had
concentrations of 0.83 and 0.7 mg'm " in the spring and the summer, respectively (Figure 6(a)). The chlorophyll
b pigment was found in the summer and the autumn, when it reached concentrations of 0.84 and 0.35 mg:m 2,
respectively. However, its concentration was less in the winter and the spring (Figure 6(b)). Peridinin and
zeaxanthin were not as common and had concentrations of only 0.2 mg'm > during the sampling period (Figure
6(b), Figure 6(c)). DvChla was found in only six samples during the year (Figure 6(c)).

3.3. Contribution of Phytoplankton to TChla

The percentages of the contribution of each of the different phytoplankton groups, including those that could not
be observed by inverted microscopy, were determined by means of CHEMTAX. The highest percentage (80%)
consisted of diatoms and occurred during the summer (Figure 7). The maximum value that was recorded for
cryptophytes was 57%, and their contribution was greater than 40% in the winter, the late spring and in some
samples that were collected in the summer and early autumn. The contribution of dinoflagellates to TChla was
less 20% during most of the year. However, this increased to 57% and 52% during the early spring and late au-
tumn, respectively (Figure 7). The contribution of haptophytes was 20% in the winter and spring and decreased
to 15% and 3% in the summer and autumn, respectively. The contribution of the cyanophytes to TChla was 22%
in the winter, 17% in the spring and summer and 21% in the autumn. The contribution of the prochlorophytes to
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Figure 7. Contribution of the different phytoplankton groups to total chlorophyll a as determined by CHEMTAX, for weekly
sampling in 2011.

TChla was substantial in only six of the samples and averaged 15% during the winter, 24% in the spring and 7%
during the summer and autumn (Figure 7).

4. Discussion

The waters that are adjacent to SQB are affected by the California Current, which moves toward the interior of
the bay due to tidal currents. These currents and upwelling processes are responsible for seasonal variations in
nutrient inputs [4] [13]. Phytoplankton variation occurs in different patterns. There are cycles, tendencies, fluc-
tuations, unusual events and irregular pulses, all at temporal scales of hours, days, seasons, years, decades or
even longer periods. The variation can sometimes occur chaotically at several time scales and frequencies [21].
These fluctuations are not merely stochastic, but are instead the result of interactions among the physicochemi-
cal variables and biological parameters that control phytoplankton succession, upwelling and population dy-
namics [21]. Spring blooms are common in mild coastal systems. There is increasing evidence that changes in
the phenology, abundance and composition of phytoplankton in recent decades may be related to climate change
[23] [24]. The results of studies that were conducted by Guinder et al. (2013) [25] between 1978 and 2008 in the
Blanca Bay estuary in Argentina showed that the abundance of phytoplankton communities in the austral sum-
mer was greater toward the end of the study but the concentrations of chlorophyll remained constant throughout
the time series.

The upwelling index was greater than 60 m*s™* per 100 m coastline during the spring and summer of 2011.
These values resulted from wind velocities that were greater than 5 m's ', which caused an increase in phytop-
lankton abundance that was possibly due to nutrient inputs and high solar radiation. This phenomenon has also
been reported [4] [6], but the diatoms Pseudo-nitzschia sp., Chaetoceros sp., Skeletonema sp. and Guinardia sp.
were the most abundant phytoplankton species in the present study (Figure 5(a), Figure 5(b) and Figure 5(d)).
Additionally, [4] Millan-NGfiez et al. (1982) reported cell densities of 2.58 x 10° cell-L " in the interior of the
lagoon during the summer (during the months of June and July) and noted that diatoms and dinoflagellates were
most abundant during these seasons. Gracia-Escobar et al. (2014) [7] showed that phytoplankton abundance
during the autumn (in October, 2004) was 50% of the phytoplankton abundance that was recorded during up-
welling events that occurred in June of the same year [6]. These studies highlight the importance of physical and
chemical factors and upwelling events in the increase in biomass and in determining the composition of the
phytoplankton community in the interior of SQB. Analysis of the Pacific Decadal Oscillation index (PDO)
showed that there were negative anomalies in sea surface temperature off the Baja California coast at the end of
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2010 that were due to La Nifia. Temperatures decreased gradually toward the middle of 2011 and increased to-
ward the middle of 2012 [26]. Oceanographic conditions in areas that were adjacent to SQB in 2011 were dif-
ferent from those that were observed during 2004 [6] [7]. However, diatoms were the most abundant group in
both cases.

The greater abundance of diatoms was confirmed by microscopy and by the concentration of fucoxanthin,
which is characteristic of diatoms. Fucoxanthin concentration varied only slightly throughout the year. The
maximum values were observed in July and resulted from a bloom of the genus Chaetoceros sp. (Figure 5(a)).
This increase is consistent with the proportion of their contribution to TChla that was determined by CHEMTAX.
Diatoms of the genera Chaetoceros sp., Pseudo-nitzschia sp. and Skeletonema sp. accounted for 80% of TChla
(Figure 5(a), Figure 5(b) and Figure 5(d)).

Dinoflagellates were less abundant, which can be inferred from the lower concentrations of peridinin, which
is specific to dinoflagellates (Figure 6(b)). During the early spring and autumn, the proportional contribution of
dinoflagellates to TChla was greater. However, the peridinin concentrations and dinoflagellate abundance that
were observed in the autumn occurred during periods with lower upwelling indices (Figure 2(c), Figure 5(e),
Figure 5(f)).

The cryptophytes were the most abundant nanophytoplankton. Two different genera, Hillea sp. and Leuco-
cryptos sp., were found (Figure 5(g)). However, Moreno-Miranda (2007) [6] found that the genus Chroomonas
sp. was also present in SQB. This could be explained by the hydrological conditions that were present during the
different sampling periods and by the fact that cryptophytes are found in coastal and estuarine waters that have
high concentrations of organic matter and less light availability [27]. The water in the interior of SQB is shallow,
and light penetration is limited by the high concentration of detritus. This is especially true in and near the Falsa
Bay, in which the presence of several bivalve hatcheries and the effect of tides favor the growth and distribution
of cryptophytes.

Prochlorophytes were observed in some of the 2011 samples and contributed 32% to TChla in the spring
(Figure 7). These values are lower than those that were reported by Millan-Nufiez et al. (2004) [10] and were
due to the low temperatures that occurred during 2011 and that were associated with la Nifia during the same
year, which was the year that the present study was conducted [26]. Prochlorococcus sp. is hormally found in
oligotrophic warm waters [28].

Chlorophytes and prasinophytes have a characteristic pigment, chlorophyll b [18]. Prasinophytes also have
another specific pigment, prasinoxanthin. The contribution of prasinoxanthin to TChla was 20% during the
summer and autumn of 2011 (Figure 7). Millan-Nufiez et al. (2004) [10] and Moreno-Miranda (2007) [6] ob-
served that the contribution of prasinophytes to TChla was 10% during April, 2001 and June, 2004. Gracia-Es-
cobar et al. (2014) [7] reported percentages of 20% during high tides in 2004. The present study suggests that
the cell density of prasinophytes is low in Falsa Bay. The variability of chlorophyll b can therefore be attributed
to the presence of chlorophytes, particularly the genus Eutreptiella sp., which had high cell concentrations from
the spring to the autumn (Figure 6(b)) and contributed 17% to TChla during the spring and summer (Figure 7).
However, chlorophyll b can also be found in macroalgae and vascular plants [29]. The biomass of Ulva sp. and
Zostera marina is variable, but it is large in SQB throughout the entire year. The largest biomass of these genera
is found in June and July, when productivity is limited by nitrogen [30] [31]. The reproductive cells of some
macroalgae have a planktonic life cycle [32] and are transported by tidal currents, which could account for the
high concentrations of chlorophyll b in the spring and autumn in the sampling area. However, Z. marina is more
abundant during September and October when productivity is limited by lower light levels, lower temperature
and fewer nutrients [31].

5. Conclusion

This is the first study to be conducted in SQB that is based on weekly sampling of phytoplankton abundance and
biomass throughout an entire year. There were 16 positive z-scores that were obtained from total phytoplankton
abundance on average for 2011. However, only three had values of at least 1.66 standard deviations above the
mean, and they corresponded to blooms that occurred during upwelling events in the winter, spring and summer.
This confirms the importance of nutrient inputs toward the interior of the bay as a limiting factor of phytoplank-
ton productivity. The predominant genera during the blooms accounted for 80% of phytoplankton cells, but the
genera differed in each bloom. The first bloom consisted of diatoms of the genera Pseudo-nitzschia sp., Skele-
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tonema sp., Eucampia sp. and Navicula sp., the haptophyte Imantonia sp., and the dinoflagellate, Prorocentrum
sp. The second bloom consisted of diatoms of the genera Guinardia sp., Pseudo-nitzschia sp., Skeletonema sp.,
Chaetoceros sp. and Eucampia sp. The third consisted of Chaetoceros sp., Pseudo-nitzschia sp., Skeletonema sp.
and the haptophyte, Imantonia sp. The most abundant groups in the blooms were the diatoms Chaetoceros sp.,
Pseudo-nitzschia sp., Guinardia sp., Eucampia sp. and Skeletonema sp. The abundance, groups and phytop-
lankton genera differed in each bloom, which most likely resulted from changes in physical and chemical factors
that control phytoplankton growth and upwelling events during 2011.
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