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ABSTRACT

Microalgae blooms are frequent and periodic throughout the year in La Ensenada de
La Paz, a lagoon formed by a large sand bar enclosed at the southern end of the Bahia de La
Paz in the southwestern Gulf of California. Brown patches of the dinoflagellate Peridinium
quinquecorne Abé, an armored dinoflagellate that is cosmopolitan in neritic and estuarine
waters, were observed in July 2003 near a beach at the mouth of the lagoon. The patches were
about 50-100 m long by 10-15 m wide and persisted for two days when water temperature
was 26.2 to 27 °C. The blooms occurred after four days of a heavy rain. Abundance of P.
quinquecorne varied from 3.4 to 6.4 x 10° cells I! and chlorophyll ¢ varied from 13.20 to
17.75 mg m. Concentrations of nutrients in this area were higher than normal, related to a
continuous re-suspension of sediment caused by wave action. The higher nutrient content
promoted formation of patches of P. quinquecorne in this part of the lagoon.

Key words: Ensenada de La Paz, Gulf of California, Mexico, microalgae bloom,
Peridinium quinquecorne.

RESUMEN

Los florecimientos de microalgas son frecuentes y periddicos a lo largo de todo el
aflo en La Ensenada de La Paz, una laguna formada por una barra de arena larga que se
encuentra al extremo sur de la Bahia de La Paz, ubicada al suroeste del Golfo de California.
En julio de 2003 se observaron parches de color café de Peridinium quinquecorne Abé en la
playa cercana a la boca de esta laguna. P. quinquecorne es un dinoflagelado tecado, el cual
es cosmopolita en aguas neriticas y estuarinas. Los parches presentaron 50 y 100 m de largo
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por 10-15 m de ancho y fueron observados durante dos dias cuando la temperatura del agua
era de 26.2 a 27 °C. Los parches de P. quinquecorne se detectaron cuatro dias después de
haber llovido. La abundancia de P. quinquecorne vari6 de 3.4 a 6.4 x 10° céls I'', y la clorofila
a lo hizo entre 13.20 y 17.75 mg m?. Las concentraciones de nutrientes en esta area fueron
mas altas que las normales, lo cual puede deberse a la resuspension de sedimentos causados
por accion de la marea. El alto contenido de nutrientes promovio la formacion de parches de
P. quinquecorne en esta porcion de la laguna.

Palabras clave: Ensenada de La Paz, florecimiento de microalgas, Golfo de California,
Meéxico, Peridinium quinquecorne.

INTRODUCTION

Microalgae blooms are proliferations of different species of phytoplankton
including dinoflagellates, diatoms, raphidophytes, cyanobacteria and ciliates in
coastal marine environments. Dinoflagellate blooms are often referred as red tides
because of the color imparted by algae suspended in the seawater. Most species of
microalgae or phytoplankton are not harmful and serve as energy producers at the
base of the food web. Microalgae blooms have increased in the past 15 years in the
Gulf of California (Cortés-Altamirano & Licea-Duran, 2004; Garate-Lizarraga et
al., 2006a). Natural events, as well as human activities, have contributed to this
increase; however, some of the increased notoriety, could be related to an increase
of publications by Mexican researchers (Cortés-Altamirano & Alonso-Rodriguez,
1997; Gérate-Lizarraga et al., 2001; 2004a; 2006a; Alonso-Rodriguez & Ochoa,
2004; Cortés-Altamirano & Licea-Durédn, 2004; Band-Schmidt et al., 2005). Along
the Pacific coast of Mexico, species with the greatest increase are the ciliate Myrio-
necta rubra (Lohman) Jankowsky and the dinoflagellate Gymnodinium catenatum
Graham (Gérate-Lizarraga et al., 2006b).

The order Peridiniales includes dinoflagellates having a transverse flagellar
furrow normally located within the middle third of the length of cell; the theca is
composed of several tens of cellulose plates organized in several series paralleling
the transverse furrow. They are free-living, photosynthetic or nonphotosynthetic
dinoflagellates occurring in marine, brackish, and freshwater environments
(Fensome et al., 1993). Blooms of species in this order, such as Ceratium balechii
Meave, Okolodkov & Zamudio, Ceratium furca (Ehrenberg) Claparade & Lachman,
Gonyaulax polygramma Stein, Peridinium quinquecorne Abé, Heterocapsa triquetra
(Ehrenberg) Stein, and Scrippsiella trochoidea (Stein) Loeblich, (Cortés-Altamirano
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& Alonso-Rodriguez, 1997; Gomez-Aguirre, 1998; Garate-Lizarraga et al., 2001;
2006a; Pefia-Manjarrez et al., 2005) were reported from the coasts of Mexico.
Peridinium Ehrenberg is a large genus of small-to-medium-sized dinoflagellates.
Some, but not all, are photosynthetic. The latter are brown because of their accessory
photosynthetic pigments and occur in freshwater and marine habitats worldwide.
At least a few photosynthetic species can form significant blooms, some of them
associated with obnoxious odors, and fish kills. There are few reports of blooms of P.
quinquecorne along the Pacific coast of Mexico (Cortés-Altamirano, 2002; Garate-
Lizarraga et al., 2006a).

Bahia de La Paz is an area where blooms have been frequently sighted since
1984. More than forty blooms and twenty-five bloom-forming taxa have been re-
corded in this bay, including La Ensenada de La Paz (Garate-Lizarraga et al., 2006a).
The bloom-forming species belong to different phytoplankton groups: dinoflagel-
lates, diatoms, raphidophytes, planktonic cyanobacteria, and the ciliate Myrionecta
rubra. This study describes the conditions in which P. quinquecorne proliferated at
the mouth of a lagoon in the southwestern part of the Gulf of California.

MATERIAL AND METHODS

On 23-24 July 2003, brown patches appeared in the mouth of the Ensenada de
La Paz (24°06' - 24°11' N, 110°19' - 110°26' W), a lagoon formed by the very large
sand spit at the southern end of the Bahia de La Paz (Fig. 1). The inlet is 1.2 km
wide, 4 km long and 7 m deep. At mean sea level, the surface area of the lagoon is
approximately 45 km?. The lagoon is shallower than the inlet; with depths from 2 to
6 m. The tide regimen is a mixed semidiurnal type (Obeso-Niebla et al., 1993).

Sea surface temperature was measured with a bucket thermometer (Kahlsico
International Corp., El Cajon, CA, USA). Water samples were collected in plastic
bottles to determine nutrient concentrations (NH,, NO,, PO,, and SiO,), pigments,
and identification and abundance of species of phytoplankton. Samples of phyto-
plankton from the bloom areas were fixed and preserved with Lugol’s solution for
identification and cell counts. We estimated abundance of phytoplankton at the same
time as we identified the microorganisms. Cell counts were made in 5-ml settling
chambers under an inverted phase contrast microscope (Hasle, 1978). Photographic
documentation of the main representative dinoflagellate species was made with a
digital camera (Cool SNAP-Pro Media Cybernetics, Silver Spring, MD, USA) and
imaging software (Image-Pro Plus 4.1, Media Cybernetics).
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Fig. 1. a) Location of blooms dominated by Peridinium quinquecorne; b) tidal variations on
23 and 24 July 2003. Arrows indicate the time of sampling.

To quantify phytoplankton biomass 250-ml seawater was passed through
Whatman GF/F filters and the filters were frozen at -20 °C until further analysis.
Filters were thawed and extracted in 10 ml of 90% acetone overnight at 4 °C in the
dark. Chlorophyll a concentrations were calculated from spectrophotometric absor-
bance measurements using the equations of Jeffrey & Humprey (1975). Nutrients
were measured according to Strickland & Parson (1972). Tidal records were ob-
tained from a meteorological station located 200 m from the southwestern shore of
the Ensenada de La Paz.

RESULTS

Brownish patches (~50-100 m long, 10-15 m wide) were directly observed
for two days in the mouth of the lagoon during rising tides (Fig. 1b). Surface water
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temperature in the bloom ranged from 26.2 to 27.0 °C. The patches were observed
for two days after four days of rain. Concentrations of nutrients (in uM) were higher
during the first day and varied as follows: ammonium (1.01 to 3.56), nitrites (0.26 to
1.86), nitrates (0.31 to 3.59), orthophosphates (0.65 to 1.42), and silicates (2.13-10.21)
(Figs. 2a, 2b).

The phytoplankton samples were mainly dominated by P. quinquecorne
(>99% of the total phytoplankton abundance). A total of 26 microalgae species
were identified. Dinoflagellates were by far the most important group in abundance
(9 species), but diatoms were more diverse (17 species) (Table 1). The density of
phytoplankton at the sampling stations was similar on both days, varying from
3.823 to 6.208 x 10° cells 1! on day 1 and 3.408 to 6.429 x 10° cells I"' on day 2
(Fig. 2c; Table 1). Of this biomass, P. quinquecorne ranged from 3.8 to 6.2 x 10°
cells I'' on day 1 and 3.4 to 6.4 x 10° cells I"\. Phytoplankton chlorophyll a varied
from 15.84 to 16.91 mg m? on day 1 and 13.20 to 17.75 mg m? on day 2 (Fig. 2c).
Peridinium quinquecorne cells varied greatly in size. Cells were 20 to 32 um long
(25 to 36 um with spines) and 16 to 18 um wide. P. quinquecorne cells have a
pointed apex, and a number of projections from the hypocone (Fig. 3a, b, c, d). The
girdle is comparatively wide and located at the middle of the cells. Chromatophores
are numerous, ovoidal and brownish green. The pulsing vacuole that connects to
the flagellar pore of the transversal flagellum is reddish and looks like an eyespot.
Among diatoms, Odontella aurita (Lyngbye) Brebison and Nitzschia sigma (Kiitzing)
Smith were the most abundant species. Blooms of Nitzschia sigma (2.8 to 3.4 x 10°
cells 1) occurred in September 1999 in shrimp ponds bordering Bahia de La Paz
(unpublished data).

DISCUSSION

Peridinium quinquecorne is an armored dinoflagellate, characterized by four
prominent antapical spines and a more-or-less angular shape (Abé¢, 1981). Balech
(1974) transferred the species to the genus Protoperidinium, making the new com-
bination Protoperidinium quinquecorne (Abé) Balech. Since this organism has 3
apical plates, 2 anterior intercalary plates, 7 precingular plates, 5 cingular plates, 5
postcingular plates, and 2 anteapical plates, we agree with Fukuyo et al. (1990) that
it is not appropriate to place this species in the genus Protoperidinium, because this
genus is characterized by possessing four cingular plates, including a transitional
plate (Horiguchi & Pienaar, 1991). However, taxonomically its generic position is
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Fig. 2. Variations in variables at three sampling sites on two consecutive days. a. Ammonium,
nitrites, nitrates; b. orthophosphates, and silicates are in pM; c. chlorophyll a is in mg m= and
total phytoplankton abundance is in cells ml™.

still controversial, with the further possibility that this species may belong to the
genus Pentapharsodinium (Steidinger & Tangen, 1997). Peridinium quinquecorne
has a wide geographical distribution, ocurring along the coasts of Belize, Brazil,
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Fig. 3. Peridinium quinquecorne cells observed under light microscopy: A. water sample
with several specimens; B, C, D, E and F. photographs of individual specimens.

China, India, Malaysia, Mexico, Japan, Russia, South Africa, Spain, Tunisia, and
the USA (Abé, 1981; Dodge, 1985; Konovalova et al., 1989; Horiguchi & Pienaar,
1991; Shamsudin et al., 1996; Tomas, 1998: Trigueros & Orive 2000; Turki & El
Abed, 2001; Faust et al., 2005; Baron-Campis et al., 2005; Garate-Lizarraga et al.,
2006a; Proenga et al., 2006, Okolodkov et al., 2007).

Along the Pacific coast of Mexico, P. quinquecorne is distributed from Punta
Baja, Baja California (29°59' N, 115° 49' W) to around Puerto Madero, Chiapas (14°
41' N and 92° 25' W) (Okolodkov & Garate-Lizarraga, 2006; Gérate-Lizarraga et
al., 2007a; this study) (Fig. 4). In the Gulf of California, Martinez-Lopez & Garate-
Lizarraga (1994) first reported this species in Bahia Concepcion. Recently, this spe-
cies has been observed in Bahia de Los Angeles on the northwestern coast of the
Gulf of California (Garate-Lizarraga, this study) and in several coastal lagoons of
the Sinaloa state in low concentrations (Ibarguen-Zamudio, 2006). Cortés-Altami-
rano et al. (2006) described P. quinquecorne as a recent introduction species in the
Gulf of California, but this hypothesis is not well supported because dinoflagellates
are a difficult group to identify. According to Alonso-Rodriguez & Ochoa (2004)
the first observation of this species was incorrectly identified as Amylax triacantha
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Fig. 4. Reports (gray circles) and blooms (black circles) of Peridinium quinquecorne along
both coasts of Mexico. Sources: Martinez-Lopez & Garate-Lizarraga (1994), Cortés-
Altamirano & Licea-Duran (2004), Barén-Campis et al. (2005), Anonymous (2005), Garate-
Lizarraga et al. (2006a,b), Okolodkov & Gérate-Lizarraga (2006), Ibarguen-Zamudio (2006),
Okolodkov et al. (2007), this study. B.C. = Baja California, B.C.S. = Baja California Sur,
CHIS. = Chiapas, JAL= Jalisco, SIN. = Sinaloa, OAX. = Oaxaca and VER. = Veracruz.

(Jorgensen) Sournia. It is possible that the small cells of P. quinquecorne (20 to 32
um) have been present in Mexican waters much earlier, but in low concentrations
(Martinez-Lopez & Garate-Lizarraga, 1994) and not identified correctly or simply
ignored.

Concentrations of nutrients were higher than reported for the inlet part of
the lagoon in a previous study (Cervantes-Duarte et al., 2001). This may be a con-
sequence of collecting samples near the beach (at 1-3 m deep), where bottom sedi-
ments are agitated by wave action. Brownish patches of P. quinquecorne were di-
rectly observed when tide was rising, suggesting that the bloom observed near the
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shore is in part a result of an accumulation processes. Faust et al. (2005) identified
P. quinquecorne in floating detritus at Douglas Cay and The Lair in Belize also
forming red tides too (1.15 x 10*cells I'"). Okolodkov et al. (2007) found P. quin-
quecorne in some samples of macrophytes in a reef zone near Veracruz, Mexico.
They postulated that this species is part of epiphytic assemblages and could be the
organism involved in recurrent red tides observed in 2005 on 24 May, 4 and 12,
August, 12 to 14, 18 and 25 October, and in 2006 on 20 June, 25 July to 5 August,
and 15 August. Blooms of P. quinquecorne in Veracruz always occurred very close
to the coastline. We suggest that blooms near the beach indicate that this species
prefers nutrient-rich environments. Shamsudin et al. (1996) reported a P. quinque-
corne bloom in brackish fishponds at Terengganu, Malaysia on the South China Sea,
where organic and inorganic nutrients were high during the dry season prior to the
wet monsoon. They concluded that this seasonal condition favored proliferation of
P. quinquecorne. Horstmann (1980) states that P. quinquecorne forms blooms in
eutrophic and polluted brackish environments, tolerating temperatures up to 30 °C.
However, blooms tend to disappear when temperatures drop sharply. It appears to
tolerate salinity from 31 to 38 ups. According to the available information we can
draw the conclusion that P. quinquecorne is well-adapted to benthic and planktonic
shallow-subtropical embayments.

Garate-Lizarraga et al. (2006a) reported small, isolated blooms of P. quingue-
corne in May 2003 (2.1 x 10° cells I"") and July 2004 (2.97 x 10° cells 1) in Bahia
de La Paz and suggested that these densities are typical occurrences. In contrast,
Proenga et al. (2006) reported 45 x 10° cells I'' and pigment biomass of 356.2 mg m™
during a bloom of P. quinquecorne at Balneario Camboriu, Santa Catarina, Brazil.
In our investigation, chlorophyll @ varied from 15.84 to 16.91 mg m* on day 1 and
13.20 to 17.75 mg m on day 2, which was similar to other events in this area involv-
ing diatoms, other dinoflagellates, and ciliates (Garate-Lizarraga, et al., 2003; 2004a,
2006a). De Madariaga et al. (1989) found that P. quinquecorne was responsible for
most of the primary production in the Gernika Estuary (Guernica, Urdaibai) during
the blooms of the summer 1987.

Cervantes-Duarte et al. (2001) reported seasonal variations in chlorophyll a
for La Ensenada de La Paz ranging from 1.25 to 2.19 mg m?. This is an eight-fold
increase in phytoplankton biomass during the P. quinquecorne bloom here reported
Blooms are also responsible for maintaining marine fertility in this lagoon (Garate-
Lizarraga et al., 2004a; Lopez-Cortés et al., 2006). Blooms of other phytoplankton
species occur in the Bahia de La Paz, where particular seasonal conditions have
been determined to lead to proliferation of some species (Garate-Lizarraga et al.,
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2001, 2006a, 2007b). Cortés-Altamirano (2002) was the first to report a bloom of P.
quinquecorne in the Bahia de Mazatlan in Sinaloa, at the end of August 1990 (rainy
season) however, cells counts were not made. In our study area, the first blooms of
P. quinquecorne were observed in May 2003, the first week in July 2004 and the two
days described in this study. Runoff seems to be a contributing factor to blooms of
P. quinquecorne, occurring four days after a heavy rain event. De Madariaga et al.
(1989) mentioned that the start of a P. quinquecorne bloom took place during neap
tides after a period of rain that provided the estuary with a considerable amount of
nutrients, mainly nitrogen compounds and silicate. This pattern supports the view
that P. quinquecorne requires particular environmental conditions to develop into a
dense bloom.

Blooms in Bahia de La Paz between May and July are very common (Garate-
Lizarraga et al., 2006a; 2007b). Lopez-Cortés et al. (2006) suggested that steady
winds from the south re-suspend sediments from the shallow bottoms of the eu-
photic zone by creating upwelling of nutrient-rich waters. This promotes massive
increases of phytoplankton and formation of single species blooms. No harmful ef-
fects were observed during the bloom of P. quinquecorne we report here. Yan et al.
(2002) estimated fish kills and economical losses from a 20-km long bloom caused
by Scrippsiella trochoidea and P. quinquecorne in Daya Bay, Guangdong, China.
Additionally, blooms of P. quinquecorne can be associated with low dissolved oxy-
gen levels in the water. Low concentrations usually occur in water bodies between 4
and 8 a.m. and can cause fish kills in confined areas because there is no oxygen left
for the fish to use (http://research.myfwc.com/features/view_article.asp?id=24273).

Monitoring programs in Bahia de La Paz provide monthly and seasonal data
of bloom species, as well as environmental conditions near the bloom sites (Garate-
Lizarragaetal.,2003; 2004b; 2006a; 2007b). This monitoring program has allowed us
to identify new blooming species such as Gyrodinium instriatum Freudenthal et Lee,
Akashiwo sanguinea (Hirasaka) G. Hansen & Moestrup, Octactis pulchra Schiller,
Thalassiosira sp. and the toxic diatom species Pseudonitzschia fraudulenta (P.T.
Cleve) Hasle, P. pungens (Grunow ex P.T. Cleve) Hasle, and P. pseudodelicatissima
(P.T. Cleve) Heiden (Garate-Lizarraga et al., 2006a; 2007b.) Seasonal variations
of toxic species, such as Gymnodinium catenatum and the degree of toxicity have
already been determined (Garate-Lizarraga et al., 2004b; 2005) for blooms in this
bay. Given the frequent occurrence of blooms, some of which are toxic, monitoring
programs must be intensified. Acquiring more data on seasonal variations, duration
of blooms, ecological succession of phytoplankton species, will improve our ability
to understand the possible impact on human health. Alternative methods, including
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satellite images must be improved to detect microalgae blooms between one sampling
and another. Additional areas must be studied, particularly areas where mollusks
represent an important commercial fishery.
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