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Resumen.- Las especies dominantes de las comunidades fitoplancténicas presentes en un evento de proliferacion algal
son identificadas y descritas en la Laguna de Cuyutlan, México. El muestreo se llevé a cabo a principios de diciembre de
2009 en ocho estaciones. Se observan variaciones en salinidad y la temperatura de la laguna, posiblemente provocadas
por el intercambio de marea. Los valores mas altos de temperatura y salinidad fueron registrados en las estaciones
internas. Debido a la evaporacién la salinidad es mas alta que en el océano adyacente y en contra parte valores similares
a los del océano fueron detectados en las estaciones cercanas al Canal de Tepalcates. Los valores de oxigeno disuelto se
relacionaron directamente con la profundidad y la hidrodindmica de la zona de muestreo. Cerca del canal de Tepalcates
se produce un alto intercambio de agua océano-laguna que disminuye en las areas mas alejadas. Este intercambio
permite una mayor resuspension de material sedimentado (con alto material organico), por esto las altas concentraciones
de nutrientes inorganicos disueltos se presentaron en areas menos profundas, influenciadas por la hidrodinamica y
liberacion desde los sedimentos y los tiempos de retencion mayores en las estaciones internas (del orden de 2 dias),
mientras que las bajas concentraciones se midieron en las proximidades del Canal de Tepalcates. Las interacciones
biofisicas determinaron la composicion taxonémica de los principales grupos del fitoplancton en el area de estudio. Los
grupos fitoplancténicos estan dominados por diatomeas principalmente del género Pseudo-nitzschia, seguido de
nanoflagelados. Tres especies de Pseudo-nitzschia fueron identificadas: P. delicatissima, que es potencialmente toxica,
P. brasiliana y P. micropora, cuyo registro es el primero para la costa Pacifica Mexicana.
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Abstract.- The dominant communities of phytoplankton species present during a bloom event in Cuyutlan Lagoon,
Mexico, were identified and subsequently described. Sampling was carried out in early December 2009 at eight stations.
Variations in the lagoon’s salinity and temperature were observed and probably corresponded to tidal exchanges. Maximum
values of temperature and salinity were measured at internal stations. Due to evaporation, salinity is higher than in the
ocean, and values similar to those of the ocean were determined at stations near the Tepalcates channel. Dissolved
oxygen values were directly related to the depth and hydrodynamics of the sampled waters. Close to the Tepalcates
channel there is a high exchange of lagoon-ocean water, and those further away have little exchange. This exchange
allows for a greater sediment material resuspension (with high organic matter), due to this, this study found higher
concentrations of inorganic dissolved nutrients occurring in shallower areas, influenced by the hydrodynamics of sediment
release and the major retention times at internal stations (in order of 2 days), while lower concentrations were measured
in proximity to the Tepalcates Channel. Bio-physical interactions determine the taxonomic composition of the main
phytoplankton groups in the study area. These phytoplankton groups are dominated by diatoms primarily of the genus
Pseudo-nitzschia, followed by nanoflagellates. Three Pseudo-nitzschia species were identified, P. delicatissima, which
is potentially toxic, P. brasiliana and P. micropora, which are recorded for the first time on the Mexican Pacific coast.
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I NTRODUCTION

Tide-dominated coastal |agoons are complex and dynamic
ecosystems whose chemical, physical, and biological
properties show wide spatial variations ranging from daily
to seasond . Recent increasesin anthropogenic activitieshave
affected theinternal processesthat definethese ecosystems,
due to ocean-continent interactions. Continental discharges
(runoff from urban, industrial, and agricultural activities)
typically contain high concentrations of nitrogen and
phosphorous. The constant influx of theseand other nutrients
into coastal zones produces a regional enrichment where
consequencesinclude atypica microalgal blooms (some of
which are toxic) and changes in composition of the
phytoplankton communities (Kress et al. 2002, Colbert &
McManus 2003).

Most phytoplankton isunicellular or inrelatively simply
organized colonies of autotrophic organismsthat are broadly
dispersed in the ocean (Tomas 1997, Falkowski et al. 1998,
2004). Their abundancein oceanic, fresh, and brackish water
bodiesisdetermined by several abiotic factors, such aslight,
temperature and nutrients. Along the coast, phytoplankton
arefound where conditionsthat sustain their abundance and
diversity prevail; however, extremely high abundances, in
the form of red tides or algal blooms occur with weak
seasonality in the region and more frequently with astrong
seasondlity along the north Pacific coast (Kudelaet al. 2008,
Trainer et al. 2009, Band-Schmidt et al. 2010). Among the
12 taxonomic divisionsand three kingdoms (Cavalier-Smith
1993, Falkowski et al. 1998, 2004) that make up the
phytoplankton, the diatoms are one of the most diverse and
abundant groups, followed by dinoflagellates,
silicoflagellates, and nanoflagellates (Tomas 1997,
Falkowski et al. 1998, Mann 1999, Chepurnov et al. 2005,
Garcéset al. 2008).

Of the 5000 species comprising marine phytoplankton,
only 80 havethe capacity to producetoxinsthat are harmful
to human health, directly through shellfish consumption or
indirectly through the affect on aguaculture and tourist
activitiesthat result in severe economic losses (Hall egraeff
2003). For example, cosmopolitan marine species of the
genus Pseudo-nitzschia (H Peragallo, 1899) may bloomin
coastal and oceanic regions and under certain conditions
produce domoic acid, aneurotoxin responsiblefor amnesic
shellfish poisoning (Bates 1998, Bates et al. 1998, 1989,

Mos2001). Recently, alarge number of bloom events have
been reported along Mexican coasts (Sierra-Beltran et al.
1997, Ochoa 2003, Gomez-Aguirre et al. 2004, Cortés-
Altamirano & Licea-Duran 2004, Garcia-Mendoza et al.
2009). However, studiesdescribing algal bloomsininternal
coastal bodies influenced by adjacent marine waters are
lacking. Thus, the aims of this study were to characterize
the phytoplankton community present in Cuyutlan Lagoon
(Colima, Mexico) during thealgal bloom of December 2009
and to identify the dominant Pseudo-nitzschia species
responsiblefor the bloom.

M ATERIALSAND METHODS

Cuyutlan Lagoon is located on the Mexican Pacific coast,
at 18°53'N-19°03' N and 104°00’ W-104°20' W (Fig. 1), and
is a shallow coastal lagoon (depth average of 80 cm). It
exchanges water with the sea at three points. the Tunnel,
near the port of Manzanillo; through water intake from the
Ventanas Channel which is used for the cooling of the
condensers at the electric power plant; and across the
Tepal cates Channel ; these engineering worksdivideit into
4 basins. Thelagoon circulation is determined by the tidal
interaction through its marine communications and by the
wind drag over its surface; close to the sites of water
exchange the maximum depth reaches 5 m (SAGARPA
2004, Patifio-Barragéan et al. 2008).

For the present study, sampleswere made at eight stations
located in areas influenced by tidal exchange (parts of the
basins |1 and I11) and were carried out on 28" December
2009 between 9:30 and 14:00 h. Basin |1 isbounded by the
railway embankment and the Tepal cates Bridge, while basin
111 islocated between thisbridge and agate which regul ates
water flow. The average depth of this part of the lagoon is
between 30 and 190 cm.

Temperature and salinity were measured in situ with an
Y Sl probe (model 85), and pH with an HACH model
senslON 2 potentiometer. Surface-seawater was collected
for nutrient analysis using a Skalar San Plus autoanalyzer,
as described in Grasshoff et al. (1983). Samples for
chlorophyll a extraction were kept in the dark at 4°C and
then filtered as needed through glass filters (0.7 wm pore
size). Chlorophyll a was acetone-extracted and then
quantified in a spectrophotometer (Perkin-EImer model
Lamba 35) according to Strickland & Parsons (1972).

'SAGARPA. 2004. Ecosistemas lagunares costeros. Diario oficial, Quinta seccién, 129 pp. Secretaria de Agricultura, Ganaderia,

Desarrollo Rural, Pesca y Acuacultura, México.
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For taxonomicidentification 100 mL of superficial water
wasfixed with Lugol’s solution. Phytoplankton subsamples
were examined using sedimentation chambersand an area
with arepresentative number of cells enumerated (20 mL
settled and more than 300 cells enumerated) under an
inverted bright-field light microscope at 200-400x
magnification (MoticAE31) (Throndsen 1995). Identification
was generally to the genus level and abundance reported
as cells L with alimit of detection by this method of 20
cells L (Utermohl 1931). When light microscopy
observations reveal ed a Pseudo-nitzschia abundance > 2 x
10%cells L, the cells were further examined by scanning
electron microscopy. Organic material was removed from
the sampleswith sulfuric acid and potassium permanganate,
followed by the addition of oxalic acid, as described in
Lundholm et al. (2002). The remaining material was
mounted on a polycarbonate filter, attached on stubs with
colloidal silver, sputter-coated with gold, and then observed
at 20-30 kV in a Jeol JSM- 390 LV scanning electron
microscope (SEM). In each sample, organisms identified
as Pseudo-nitzschia were examined for morphometric
characteristics (width and length of the valve, density of
striae, fibulae and poroids) under SEM in a different and
appropriate area of the filter, from one transect to awhole

filter depending on the cell abundance (minimum cell
number measured = 30). The percentages of each species
foundin SEM were applied to the cell counts.

REsuLTS

PHYSICOCHEMICAL PARAMETERS

The surface water temperature varied from 24.3t0 26.9°C,
with the minimum at station S1 and the maximum at station
S8. Dissolved oxygen valueswere between 5.6 and 8.5 mg
L, with the minimum at station S1 and the maximum at
station S8. Salinity ranged from 34.4 to 34.8 psu, with the
minimum at station S3 and the maximum at station S1.
The pH values were homogeneous, ranging from 7.9 to
8.1(Tablel).

Nutrients and chlorophyll a: Dissolved inorganic
nutrients, defined as nitrates and nitrites (NO, +NO;), were
present in concentrations ranging from 0.68 to 5.17 uM,
with the lowest value measured at station (S3) at basin 11
and the highest at basin |11 of the lagoon (S7). Ammonium
(NH,*) concentrations ranged from 1.63 to 2.4 uM.
Phosphates (PO,*) concentrations were between 0.01 (S5,
S6, and S8) and 3.63 uM (S3). Silicates (SiO,) ranged from
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Table 1. Abiotic and biotic parameters for the Cuyutlan basins: Temperature (T), Dissolved
Oxygen (DO), Salinity (S), pH, NO,+NO_, NH,*, PO 3, SiO,, Chlorophyll a concentration /

Pardmetros abioticos y bidticos de la cuenca de Cuyutlan: Temperatura (T), Oxigeno Disuelto (DO),

4

Salinidad (S), pH, NO,+NO,", NH,*, PO,3, SiO,, Concentracion de clorofila a

Station T(°C) DO (mg LY s (psu)  pH  NO;+NO;  NH,' Po,* Si0, Chlorophyll
(WM) (M) (uM)  (uM)  (mgChlam™)
S1 243 6.3 34.8 8.1 243 1.89 0.01 7.11 1.06
52 247 6.4 345 7.9 3.34 1.96 0.24 6.29 0.71
S3 24.5 6.8 343 7.9 0.68 240 3.63 5.38 0.62
S4 259 72 34.5 8.0 0.77 1.86 0.19 5.87 0.79
S5 259 73 34.4 8.0 433 2.39 0.01 8.49 0.94
S6 26.4 6.7 34.5 8.0 2.8 1.91 0.01 8.46 1.00
57 26.8 79 345 8.0 5.17 1.63 0.17 7.38 1.30
S8 26.9 8.5 34.5 8.1 3.56 1.74 0.01 8.21 1.74

-104.27 -104.265 -104.26 -104.255 -104.25 -104.245

-104.24

Figure 2. Surface phytoplankton abundance (cells
L) for December 2009, Cuyutlan Lagoon /
Abundancia superficial de fitoplancton (cells L) en

diciembre de 2009, Laguna de Cuyutlan

5.38 (S3) to 8.21 uM (S8) (Table 1). Chlorophyll a
concentrations varied from 0.62 to 1.74 mg Chl a m?,
registered at station S3 and S8, respectively (Table 1).

PHYTOPLANKTON ABUNDANCE

Thelowest abundances (2.44 x 10° cellsL") were detected
at station S2 (Figs. 2, 3) while at stations S1 and S5-S8 the
valueswerehigher, ranging from 5.4 x 10°cell L' at station
S1to 4.4 x 10°cells L* at station S8 (Figs. 2, 3). At dl
stations, the taxonomic composition of large phytoplankton
groupswas dominated by diatoms, with the lowest relative
abundance measured at station S8 (71.4%). The highest
chlorophyll concentration was measured (1.74mgChl am®)
and the highest was found at station $4 (90.3%) (Fig. 4,
Table 1). The second most abundant group were the
nanoflagellates, accounting for 24.8% of the relative
abundance at station S8 but only 9.7% at station $4 (Fig.
4). Dinoflagellateswere poorly represented, accounting only
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Figure 3. Relative abundances (%) of the most abundant Pseudo-
nitzschia species in relation to all diatoms (vertical bars). Total
phytoplankton abundance (cells L?) is noted by the solid black line
/ Abundancias relativas (%) de las Pseudo-nitzschia méas abundantes
en relacién a las diatomeas totales (barras verticales). La linea negra
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2.1% of the relative abundance at station S5 and
completely absent at stations S1, $4 and E7 (Fig. 4).

Among the diatom groups, the most abundant genus
was Pseudo-nitzschia; its relative abundance was high
at al stations, with a maximum of 74.3% at station S1 and
a minimum of 50% at station S2 (Fig. 3). Three species
were found and characterized as follows:

Pseudo-nitzschia brasiliana (Lundholm, Hasle and
Fryxell, 2002). This diatom has rectangular shape lacks a
central nodule. The species morphometric data coincided
with the original description and literature data. (Table 2;
Fig. 5A, D). This was the predominant species, with
abundance at station S1 of 3.4 x 10°cellsL! (Fig. 3).

Pseudo-nitzschia delicatissima (Cleve) Heiden, 1928.
Thisdiatom haslanceolate form and acentral nodule. Their
morphometric values were similar to those found in the
literature (Table 2, Fig. 5C, F). It occurred at station S7 but
was not the dominant species, representing only 8.3% of
the Pseudo-nitzschia identified. However, at station S8 it
wastheonly speciesidentified, with an abundance of 2.1 x
10°cellsL* (Fig. 3).

Pseudo-nitzschia micropora (Priisholm, Moestrup &
Lundholm 2002). Thislanceol ate-shaped diatom lacks a
central nodule (Table 2, Fig. 5B, E). It was found only
at station S7, with an abundance of 1.8 x 10°cells L,
accounting for 85% of Pseudo-nitzschia at thislocation

(Fig. 3).
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Figure 4. Relative abundances (%) of the principal taxonomic
components of phytoplankton / Abundancias relativas de los
principales componentes taxonémicos del fitoplancton

Figure 5. Scanning electron microscopy
images of Pseudo-nitzschia collected from
Cuyutlan Lagoon. A, D) P. brasiliana, B, E) P.
micropora, C, F) P. delicatissima. (Scale bars
A,Band C: 5 mm, Dand F: 1 mm, E: 0.5 mm)
/ Iméagenes de microscopio electrénico de
Pseudo-nitzschia colectadas en la Laguna de
Cuyutlan. A, D) P. brasiliana, B, E) P. micropora,
C, F) P. delicatissima. (Barra de escalaA, By C:
5mm, DyF:1mm,E: 0,5mm)
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Table 2. Representative morphological characteristics of the Pseudo-nitzschia species as observed in field samples from
Cuyutlan Lagoon and the comparison with data from examined literature. All measurements were done using the scanning
electron microscopy method / Caracteristicas morfoldgicas representativas de las especies de Pseudo-nitzschia observadas en
muestras naturales de la Laguna de Cuyutlan y comparadas con datos de literatura. Todas las mediciones se llevaron a cabo a través de

microscopia electrénica de barrido

Species Shape of  Fibulac*  Striac®* Rowsol Poroids**  Central  Apical Trans- Data from examined literature
valve poroids nodule axis apical axis
P. brasiliana rectangular  23-24 19-25 2 7-9 - 24-31.7 2.7-3 Present study
20-26 20-26 7-10 12-65 1.8-3 Hasle (1995), Lundholm et al.
(2003)
22-27 23-28 7-10 341394 23433 Quijano-Scheggia ef al. (2008)
P. delicatissima  lanceolate  18-24 31-35 2 10-12 + 34.8-382  1.8-2.1 Present study
19-26 35-40 812 19-76 1.5-2 Hasle (1995), Lundholm ef al.
(2003)
20-30 33-42 9-12.5 39-71 1.3-1.7 Kaczmarska ef al. (2005)
20-28 36-42 9-11 32.3-78 1.01-2.4 Quijano-Scheggia et al. (2008)
P. micropora lanceolate  21-24 27-36 2 8-11 - 33.1-382  1.9-25 Present study
22-27 43-49 11-17 27.5-39.2 1.8-2.6 Quijano-Scheggia ef al. (2010)
21-29 41-46 9-12 31-57 1.3-2 Priisholm et al. (2002)

Fin 10 pm; **in 1 pm

DiscussionN

Cuyutlan Lagoon has high economic value for the State
of Colima, which is based on its fishing, salt extraction,
and eco-tourism activities. However, the lagoon has not
been systematically monitored with the aim of detecting
harmful algal blooms. While algal blooms have been
observed in the area, their toxicity was not assessed.
Quijano-Scheggia et al. (2006) described the effect on
phytoplankton communities, and especially diatoms, over
two annual cycles (1989-1990 and 1991-1993), during
periods when the Tepalcates Channel was open/closed.
They reported that salinity and temperature are the
controlling physical factors in the observed alterations
of species composition. Specifically, when the Channel
was open the diversity and abundance of planktonic
diatoms increased.

Nutrient concentrations at the study site were limited
with respect to Phosphate according to the criteria of
Justic et al. (1995), however, despite this it was in the
range measured in other tropical coastal lagoons of the
Mexican Pacific (Contreras-Espinosa 1985, Contreras-
Espinosaet al. 1997). In Cuyutlan Lagoon, like Falcao &
Vale (2003) and Carr et al. (2010) report, the nutrient levels
are related to the dynamic interaction of low depth and

the influence of wind/tide strength that causes
resuspension of organic and inorganic material from
sediments, as observed in basin II. The higher nutrient
concentrations of basin Il can be explained by the
increased water residence time that enhances the
remineralization of organic matter.This relates to the fact
that toward internal stations (S1 or S8) salinity and
temperature values are also higher, which is an indicator
that in this part of the lagoon water exchange is lower
and allows evaporation and higher salinities, as reported
in other coastal lagoons (Mudge et al. 2008, Malhadas et
al. 2010). The spatial distribution in temperature can be
supported with a correlation coefficient of 0.96 against
the distance from each station to the Tepal cates Channel.

Several Pseudo-nitzschia species were identified from
the Cuyutlan Lagoon samples where the most abundant
was P. brasiliana. This species is non-toxic and
opportunistic, proliferating when environmental
conditions are optimal (e.g., temperature > 24°C, as was
the case at station S1 during the study period), but
decreasing to levels barely within detection limits when
conditionsbecome unfavorable (Villac et al. 2005, Quijano-
Scheggiaet al. 2010). The second most abundant Pseudo-

2Quijano-Scheggia S, M Rivera-Vilarelle, E Garcés, A Olivos-Ortiz, JH Gavifio-Rodriguez, K Zepeda-Borja, MA Galicia-Pérez & M
Patifio-Barragan. 2010. Seasonal diversity of Pseudo-nitzschia spp. in the central zone of the Mexican Tropical Pacific, Manzanillo,
Colima, 14th International Conference on Harmful Algae, Hersonisson, Crete, Greece.
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nitzschia species was P. delicatissima, a species hard to
identify that is potentially toxic (Moestrup et al. 2011). It
was found at stations S7 and S8, i.e., far from Tepal cates
Channel (the communication between the sea and the
lagoon), where hydrodynamic conditions promote higher
availability of NO, + NO, and a low concentration of
PO, possibly due to the assimilation of this nutrient
from phytoplankton as proposed by Boyle et al. (2004).
Thisfact isrelated to the maximum values of chlorophyll
a (1.3 and 1.74 mg Chl a m3respectively Table 1). The
third most abundant species was P. micropora, which is
typically found in temperate to warm waters (around 28°C)
similar to the environment of the Cuyutlan Lagoon. This
species has thus far been described only in Vietnam and
Thailand (Priisholm et al. 2002) but was found in
abundance inside basin |11 (S7), where the low water
exchange results in longer residence times and higher
water temperatures. The Port of Manzanillo is the most
important of the Mexican Pacific, it handles 68% of the
load up through the Mexican Pacific and its zone of
influence extends to 74 international destinations, with
marine traffic including large ships coming directly from
Asian countries such as Indonesia, Hong Kong, China,
South Korea, Taiwan, Malaysia, Singapore and the
Philippines (ApiMan 2009)3. We assume that the detected
range of environmental parameters and the proximity of
the Port of Manzanillo are the factors which led to the
presence of these species within the lagoon, due to the
exchange of ballast water from these ships as reported by
Hallegraeff (2003).

Further studies are recommended to identify and detect
the emergence of new species capable of producing
harmful algal blooms in Cuyutlan Lagoon and adjacent
coastal areas. And finally, for Pseudo-nitzschia brasiliana
and P. micropora, thisis the first report for these species
in the Mexican Pacific.
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