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  Factors associated with moderate blooms of 
 Pyrodinium   bahamense  in shallow and restricted 
subtropical lagoons in the Gulf of California  

   Abstract:   We examined the environmental and biological 

factors related to blooms of the toxic dinoflagellate  Pyro-

dinium   bahamense  in three shallow, restricted subtropical 

lagoons in the Gulf of California during the rainy summer. 

In the San Jos é , Yavaros, and El Colorado lagoons, the 

vegetative stage peaked at 63, 108, and 151 (  ×  10 3  cells l -1 ), 

respectively. At San Jos é , production of cysts peaked at 

9.7  ×  10 3  g -1  of dry sediment mass as the bloom declined. 

Large diatoms predominated, with  P.   bahamense  the most 

common dinoflagellate during the blooms. Abundance 

of  P .  bahamense  at San Jos é  was positively correlated 

with salinity (r  =  0.50, p  =  0.0003), seawater temperature 

(r  =  0.44, p  =  0.005), silicates (r  =  0.45, p  =  0.003), and ammo-

nium (r  =  0.32, p  =  0.005), and negatively correlated with 

dissolved oxygen (r  =  -0.34, p  <  0.0001). No such correla-

tions were found at El Colorado and Yavaros. The envi-

ronmental window that favors development of blooms 

is restricted to the summer and is influenced by seawa-

ter temperature, salinity, and relative concentrations of 

ammonium and phosphates that, in turn, depend on rain-

fall and runoff, which is greater on the eastern side of the 

Gulf where seawater quality is degraded.  
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      Introduction 

 The distribution pattern and factors related to bloom for-

mation of the bioluminescent, toxic dinoflagellate  Pyrod-

inium   bahamense  plate have been extensively described 

for coastal areas of the tropical Indo-Pacific (MacLean 

 1989 , Azanza  1997 , Azanza and Taylor  2001 ) and tropical-

subtropical North Atlantic (Phlips et al.  2004, 2006 , Soler -

Figueroa 2006 ). In the northeastern Pacific, descriptions 

are less comprehensive and ecological information is 

limited. 

 In the central Indo-Pacific region,  P.   bahamense  

blooms in shallow coastal environments during the warm 

period (April through October), peaking mainly during the 

onset of the rainy season toward the end of the summer, 

which, in combination with tidal currents, promotes 

resuspension of cysts (Azanza  1997 , Villanoy et al.  2006 ). 

Increased thermal stratification with vertical stability of 

the water column favors initiation of the bloom and its 

prolongation (Villanoy et al.  2006 ). The dinoflagellate 

caused 877 cases of paralytic shellfish poisoning (PSP) 

and 44 deaths in the Philippines during the period 1988 –

 1998. Just as the blooms unexpectedly appeared in 1988, 

they abruptly disappeared in 1999 and seem not to have 

occurred since; nevertheless, specimens of the species 

were still found during the months when blooms are 

expected to occur (Jacinto et al.  2006 ). 

 Along the Florida coastline, there is a seasonal fluc-

tuation in the abundance of  P. bahamense ; the dino-

flagellate is found nearly year-round in the Indian River 

Lagoon and Tampa Bay, but is generally restricted to 

summer (Phlips et al.  2006 ). Twenty degrees Celsius 

appears to be the lower limit for the occurrence of highest 

population abundance. Salinity tolerance ranges from 

10 to 45. The bloom potential of  P. bahamense  is most 

closely associated with shallow-water ecosystems with 

long water residence times; peak levels of biomass 

are correlated with nutrient concentrations (Phlips 

et al.  2006 ). In the Indian River Lagoon,  P. bahamense  

increases sporadically, suggesting that rainstorms after 
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a regional drought flush bioavailable phosphorus and 

nitrogen into the lagoon, which, in turn, stimulates 

bloom formation (Phlips et al.  2004 ).  Pyrodinium baha-

mense  is considered the putative source of saxitoxin 

puffer fish poisoning in the Indian River Lagoon; several 

isolates tested positive for saxitoxins (Landsberg et al. 

 2006 ). 

 Blooms also occur in the southern Gulf of Mexico and 

Caribbean Sea ( G ó mez-Aguirre 1998 , Licea et al.  2004 ); 

however, these have not been linked to outbreaks of PSP 

and there is no evidence of toxicity in strains from these 

areas. The first report of  Pyrodinium   bahamense  in the 

northeastern Pacific came from the coast of Mexico near 

the border with Guatemala (Osorio -Tafall 1942 ). Blooms 

occurred between 1985 and 2004 and were linked to 

outbreaks of PSP, with 393 human poisonings and 20 

fatalities (Cort  é s-Altamirano et al. 1993 , Orellana -Cepeda 

et  al. 1998 , INP -SAGARPA 2004 ). Very low abundances 

of  P.    bahamense  in the Gulf of California have been con-

firmed recently (Mart  í nez-L ó pez et al. 2007a , Morquecho 

 2008 ,  G á rate-Liz á rraga and Gonz á lez-Armas 2011 ), but 

blooms have not been previously reported in this region. 

Interest in the distribution of this dinoflagellate and the 

factors that regulate its seasonality and bloom dynamics 

in this region has increased. 

 The ecophysiology and bloom dynamics of  P.   baha-

mense  are still not well understood, and comparative 

studies between populations are needed to better appreci-

ate the bloom dynamics of this species (Usup et al.  2012 ). 

This study examined, for the first time, the factors related 

to the occurrence and bloom development of  P .  baha-

mense  in three shallow and restricted subtropical lagoons 

in the Gulf of California, where the impact of urban, agri-

cultural, and aquacultural activities varies from none to 

intense.  

  Materials and methods 

  Study areas 

 On the western side of the Gulf of California, at the south-

ern end of Isla San Jos é  (24 °  52 ′  32.63 ″  N, 110 °  33 ′  30.23 ″  

W), there is a small lagoon of  ∼ 86 ha (Figure  1  ), which is 

bordered by a mangrove forest and a narrow sand bar. The 

lagoon is connected to the sea by a long, narrow channel 

to the north-northwest and a small outlet to the south-

west. The lagoon is part of a natural protected area; with 

the exception of local fishing, it is not impacted by human 

activity. 

 On the eastern side of the Gulf of California are Laguna 

Yavaros ( ∼ 10,000 ha; 26 °  42 ′  15.56 ″  N, 109 °  29 ′  39.90 ″  W; 

Figure 1) and Laguna El Colorado ( ∼ 16,400 ha; 25 °  42 ′  

15.16 ″  N, 109 °  21 ′  31.29 ″  W; Figure 1). Laguna Yavaros is 

bordered by a mangrove forest and two sand bars, and is 

about 2 m deep. The lagoon is influenced by the R í o Mayo 

and annually receives  ∼ 70 t of nitrogen and 8 t of phospho-

rus from the surrounding agricultural and urban activities 

(Arreola -Liz á rraga et al. 2009 ). The R í o Fuerte, which dis-

charges into the northern end of Laguna El Colorado, runs 

through sparsely populated territory; its drainage basin is 

large and the water from it collects in R í o Fuerte Viejo and 

R í o Fuerte Nuevo. On the northeast and southeast coasts 

of the lagoon, there are mangrove forests. The lagoon is 

part of a natural protected area; however, there is a sig-

nificant impact from aquacultural activity and fishing, 

as well as waste water from the surrounding population 

( P á ez-Osuna et al. 2007 ).  

  Sampling and measurements 

 At Isla San Jos é , nine sampling stations were selected, 

13 at Laguna Yavaros, and 12 at Laguna El Colorado 

(Figure 1). At Isla San Jos é , samples were taken monthly 

from July through October 2008; at Laguna El Colorado, 

samples were taken in June 2006; at Laguna Yavaros, 

samples were taken in September 2008. Measurements 

of temperature, salinity, and dissolved oxygen were 

made with probes (600XLM and 556MPS, YSI, Yellow 

Springs, OH, USA, and DS5X Hydrolab, Hach, Loveland, 

CO, USA). Monthly mean air temperature and monthly 

accumulated precipitation were assembled from daily 

data obtained in 2006 and 2008 from meteorological 

stations relatively close to the study areas. The influ-

ence of storms was recorded, based on the bulletins of 

the meteorological service. 

 Seawater samples were collected for nutrient analy-

sis (n  =  105; 250 ml each) and phytoplankton analysis 

(n  =  105; 250-ml vials) with a standard water sampler at 

1 m depth and near the sea bottom at San Jos é  and Laguna 

El Colorado, and near the surface only at Laguna Yavaros. 

Samples of phytoplankton for taxonomic analysis (n  =  49; 

50-ml vials) were also collected by vertical hauls with a 

20- μ m mesh net. Both types of phytoplankton samples 

were fixed with 5 %  acid Lugol ’ s solution (Throndsen 

 1978 ). At San Jos é , sediment samples (n  =  32) for cyst anal-

ysis were collected in 50-ml plastic tubes from the first 

centimeter of the sea floor by a scuba diver. The sediment 

samples were wrapped in aluminum foil and stored in the 

dark at 4 ° C until analysis.  
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  Nutrient analysis 

 Seawater samples were analyzed for nitrite, nitrate, 

 ammonium, soluble phosphorus, and silicates ( Armstrong 

 1951 ; Strickland and Parsons  1972 ; Valderrama  1981 ). 

Absorption values were measured by spectrophoto-

metry (Spectronic 21D, Milton Roy, Ivyland, PA, USA, and 

Thermo Spectronic AquaMate UV, ThermoFisher Scien-

tific, Waltham, MA, USA).  

  Phytoplankton and dinoflagellate 
cyst analysis 

 Counts of  Pyrodinium   bahamense  and other common 

phytoplankton species at San Jos é  and Yavaros were 

determined in 50-ml Uterm ö hl counting chambers 

under an inverted microscope (Axiovert 100, Carl Zeiss, 

G ö ttingen, Germany); phytoplankton samples from El 

Colorado were counted with a 1-ml Sedgewick-Rafter 

chamber and a compound microscope (Pyser-SGI Ltd., 

Edenbridge, Kent, UK). A phase-contrast microscope 

(BX41TF, Olympus, Tokyo, Japan) was used to confirm 

the taxonomic identification of common species. For the 

identification and enumeration of  P.   bahamense  cysts, 

the sediment was treated as described by Matsuoka and 

Fukuyo  (2000) . Abundance of living and empty  P.   baha-

mense  cysts is expressed here as cysts per gram of dried 

sediment.  

  Statistical data analysis 

 We used multivariate, multidimensional, non-parametric 

scaling on data transformed (log x + 1) and standardized to 

determine whether the lagoons were similar in terms of 

water quality during  Pyrodinium   bahamense  peaks; the 

PRIMER 6 statistical software (Primer-E, Ivybridge, UK) 

was used to perform the analyses. The Arid Zone Coastal 

Water Quality Index (AZCI), based on the pooled effect 

of NO 
2
  - , NO 

3
  - , NH 

4
   +   ,  and PO 

4
  3- , was used to assess water 

quality ( Mendoza -Salgado et al. 2005 ). AZCI values were 

 Figure 1     Pyrodinium   bahamense : study areas in the Gulf of California:  ■ , locations of the lagoons; ●  , locations of sampling stations.    
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analyzed by comparison of means with one-way analysis 

of variance. Because of the non-normality in the data, 

the Spearman ’ s rho correlation coefficient was used to 

determine the interrelationships between abundance of  

P.   bahamense  vegetative cells and hydrologic variables. 

For the latter, significance was recognized at  α   <  0.05.   

  Results 

  Meteorological conditions 

 At the Yavaros and El Colorado lagoons, average maximum 

air temperature (35 ° C – 39 ° C) and rain occurred from July 

through October. During summer 2006 at El Colorado, 

total monthly rain fluctuated between 52 mm and 82 mm, 

whereas in 2008 at Yavaros, the peak monthly rainfall was 

373 mm in September (Figure  2  ). At San Jos é , peak air tem-

peratures (39 ° C and 42 ° C) and the rainy season occurred 

from June to October; peak total monthly precipitation 

was below 50 mm (Figure 2). 

 Figure 2     Pyrodinium   bahamense : average monthly variation in 

temperature ( ○ , average;  ● , minimum; and  ▾ , maximum) and 

monthly rainfall (bars) in 2006 and 2008 in the southern Gulf of 

California. Data came from weather stations closest to the study 

areas.    

 During 2006, the Pacific coast of Mexico was impacted 

by 21 tropical storms, but they did not provide rain to this 

part of the southern Gulf of California. During 2008, the 

rainy season was influenced by two tropical storms (August 

and September) and one hurricane at the beginning of 

October. At Isla San Jos é  and Yavaros, the maximum rainfall 

produced by these storms was 20 – 50 mm, whereas the 24-h 

accumulated rainfalls produced by the hurricane were 100 –

 150 mm near Isla San Jos é  and 40 – 60 mm near Yavaros.  

  Seawater physical and chemical 
characteristics 

 Inside the lagoons, water temperature ranged between 

25.8 ° C and 34.5 ° C (Table  1  ). In 2008, temperatures were 

highest in August and September at San Jos é  and Yavaros. 

At El Colorado, the highest water temperature was 34.5 ° C in 

July 2006. Temperatures outside the lagoons were usually 

slightly lower. At San Jos é , water temperatures were mark-

edly different inside and outside the lagoon; temperature 

differences were less extreme by late summer. 

 At San Jos é , salinity from July through October 2008 was 

similar inside and outside the lagoon, ranging from 34.5 to 

36.2 (Table 1). At El Colorado, salinity was generally similar 

inside and outside the lagoon; however, in very shallow 

areas, it reached 46.1. At Yavaros, salinity inside the lagoon 

decreased during the rainy season. At San Jos é , dissolved 

oxygen ranged from 4.3 to 11.6 mg l -1  but tended toward lower 

concentrations inside the lagoon as the summer advanced. 

At Yavaros and El Colorado, dissolved oxygen ranged from 

6.1 to 6.3 mg l -1  and from 3.8 to 7.5 mg l -1 , respectively (Table 1). 

 Among the three forms of nitrogen, NH 
4
   +   was the most 

common in the three areas; the highest concentrations 

occurred in Laguna El Colorado. At San Jos é , the three 

nitrogen components were frequently below levels of 

detection; however, in October 2008, NH 
4
   +   increased from 

0.57 to 4  μ  m  inside and outside the lagoon. The concentra-

tion of PO 
4
  3-  was similar in the three areas, ranging from 

0.38 to 2.87  μ  m . Concentrations of SiO 
3
  2-  at San Jos é  ranged 

from 1 to 11.7  μ  m  and were usually higher in the inner part 

of the lagoon, mainly in October. Concentrations of SiO 
3
  2-  

were much higher at El Colorado in June 2006, where 

the mean and maximum values were 20.32 and 43.6  μ  m , 

respectively (Table 1).  

  Phytoplankton assemblages 

 The phytoplankton community was composed mainly of 

diatoms and dinoflagellates. Diatoms were more common 
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Statistics El Colorado
2006

San Jos é 
2008

Yavaros
2008

June July August September October September

IL OL IL OL IL OL IL OL IL OL IL ML

Temperature ( ° C) Mean 32.9 32.3 26.8 23.7 30.9 29.5 30.8 29.6 27.3 27.5 31.3 30.3

Minimum 32.1 32.3 25.8 22.5 30.2 29.1 30.3 28.7 26.9 27.3 30.8 30.2

Maximum 34.5 34.2 27.4 24.9 31.7 29.9 31.2 30.0 27.6 27.6 31.7 30.4

Salinity Mean 41.7 37.3 35.2 34.8 36.1 35.8 35.6 35.6 35.9 35.6 31.9 34.8

Minimum 37.5 37.3 35.0 34.5 35.9 35.8 35.3 35.5 35.7 35.5 31.1 33.9

Maximum 46.1 37.4 35.2 34.9 36.2 35.8 35.8 35.7 36.1 35.7 32.5 35.3

Dissolved oxygen (mg l -1 ) Mean 5.3 5.8 10.0 10.6 6.9 7.1 5.2 5.8 5.7 6.0 7.5 6.2

Minimum 3.8 5.8 7.6 9.5 5.2 6.3 4.3 5.7 4.9 5.2 6.1 6.1

Maximum 7.5 5.8 11.6 11.6 9.4 8.9 6.1 6.0 6.2 6.3 8.8 6.3

NO 
2
  -  ( μ  m ) Mean 0.22 0.25 0.06 0.04 0.05 0.03 0.03 0.02 0.02 0.00 0.19 0.14

Minimum 0.04 0.17 0.00 0.00 0.01 0.07 0.00 0.00 0.00 0.00 0.02 0.09

Maximum 1.02 0.32 0.14 0.10 0.08 0.00 0.06 0.06 0.05 0.03 1.07 0.23

NO 
3
  -  ( μ  m ) Mean 1.20 0.99 0.05 0.46 0.19 0.04 0.06 0.14 0.04 0.01 0.42 0.27

Minimum 0.24 0.61 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.04 0.10

Maximum 4.66 1.37 0.34 2.08 0.85 0.26 0.39 0.67 0.26 0.07 3.68 0.59

NH 
4
   +   ( μ  m ) Mean 8.14 8.53 0.45 0.26 0.84 0.72 0.53 0.52 2.07 2.10 1.79 1.45

Minimum 0.00 5.63 0.17 0.13 0.24 0.35 0.19 0.27 0.57 0.73 0.54 1.28

Maximum 33.04 11.44 0.92 0.37 1.86 1.85 1.10 0.71 3.90 3.98 6.88 1.76

DIN ( μ  m ) Mean 9.56 9.77 0.55 0.76 1.08 0.79 0.62 0.68 2.13 2.11 2.40 1.86

Minimum 1.48 7.32 0.22 0.21 0.35 0.35 0.22 0.29 0.61 0.73 0.61 1.47

Maximum 33.6 12.22 1.40 2.47 2.79 1.92 1.55 1.18 3.90 3.98 11.63 2.58

PO 
4
  3-  ( μ  m ) Mean 1.96 1.18 1.20 1.40 1.12 1.12 1.14 1.09 0.60 0.58 1.07 0.83

Minimum 0.38 0.77 1.05 0.82 0.94 1.05 0.97 0.84 0.47 0.51 0.71 0.66

Maximum 2.87 1.59 1.49 1.67 1.39 1.26 1.31 1.17 0.75 0.68 2.79 1.04

SiO 
3
  2-  ( μ  m ) Mean 20.32 1.34 4.99 1.99 4.22 2.19 3.35 2.57 8.03 5.88 NR NR

Minimum 0.27 0.76 3.68 1.00 2.59 1.00 1.64 1.05 5.55 4.22 NR NR

Maximum 43.56 1.92 8.44 3.77 6.47 5.63 5.81 5.16 11.70 7.63 NR NR

Nitrogen/phosphorus ratio Mean 7.37 8.62 0.44 0.51 0.97 0.70 0.54 0.62 3.44 3.62 1.83 2.22

Minimum 0.79 7.71 0.20 0.15 2.40 0.33 0.23 0.26 1.08 1.28 0.74 1.97

Maximum 37.91 9.53 0.94 1.48 0.25 1.69 1.44 1.01 5.96 7.26 4.17 2.48

 Table 1       Pyrodinium   bahamense : average values and ranges of physical variables and nutrients in three lagoons in the Gulf of California 

from which samples were collected.  

   IL, inside the lagoon; OL, outside the lagoon; ML, mouth of the lagoon; DIN, dissolved inorganic nitrogen; NR, not recorded.   

than dinoflagellates inside and outside the lagoons. Chlo-

rophytes, Cyanobacteria, euglenophytes, raphidophytes, 

and silicoflagellates were also found, but at very low abun-

dance (  <  6 %  of the total). Assemblages were dominated by 

specific abundant taxa (Table  2  ). At El Colorado,  Thalas-

sionema  (   ≤   0.29  ×  10 6  cells l -1 ) was the most common genus 

among diatoms. At Yavaros, it was  Skeletonema   costatum  

(   ≤   3.1  ×  10 6  cells l -1 ) and  Nitzschia   longissima  (   ≤   0.24  ×  10 6  

cells l -1 ). At San Jos é , the major diatoms were  Pseudo -

 nitzschia  cf.  subcurvata  (   ≤   2  ×  10 6  cells l -1 ) and  Corethron  

 pennatum  (   ≤   0.25  ×  10 6  cells l -1 ), the first occurring inside 

and outside the lagoon from July through October 2008 

and the latter blooming inside the lagoon in  September 

2008. 

  Pyrodinium bahamense  was one of the most abundant 

dinoflagellates in the three lagoons. The vegetative stage 

was found mainly as single cells; cell pairs and four-cell 

chains were rarely observed (Figures  3   – 5). At El Colorado, 

a moderate bloom occurred in late June 2006; at San Jos é  

and Yavaros, moderate blooms occurred in September 

2008 (Table  3  ). At San Jos é , the vegetative stage peaked 

at 63  ×  10 3  cells l -1 . At El Colorado and Yavaros, the maxima 

were 151  ×  10 3  and 108  ×  10 3  cells l -1 , respectively. All blooms 

occurred in the lagoons and, particularly at Yavaros and 

San Jos é , occurred in the warmest months and during the 

peak of the rainy season (Figure 2 and Table 3). 

  Protoperidinium  spp. were also abundant at El Colo-

rado and Yavaros,  Prorocentrum   minimum  at Yavaros, and 
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a small, armored dinoflagellate, cf.  Heterocapsa  sp., at San 

Jos é  (Table 2). Dinoflagellates occurring commonly in the 

assemblage with  P.   bahamense  differed among lagoons 

(Table 2). The monthly sampling at San Jos é  showed that 

dinoflagellates were primarily located in the lagoon. In 

September, the bloom predominantly comprised  P .  baha-

mense , but also included  Corethron   pennatum ,  Nitzschia 

longissima ,  Pseudo - nitzschia  cf.  subcurvata ,  Skeletonema  

 costatum ,  Akashiwo   sanguinea , cf.  Heterocapsa  sp., and 

 Neoceratium   furca . Prior to the bloom, the phytoplankton 

community mainly included  Chaetoceros  spp.,  P . cf.  sub-

curvata ,  Thalassiosira  spp.,  A .  sanguinea , cf.  Heterocapsa  

sp.,  Cochlodinium  cf.  fulvescens ,  Gonyaulax verior ,  Kato-

dinium   glaucum ,  Prorocentrum   gracile , and  Prorocentrum  

 micans .  

   Pyrodinium   bahamense  cysts at Isla San 
Jos é  

 Dinoflagellate cysts occurred mainly inside the lagoon; 

outside the lagoon, cysts were uncommon. The cyst assem-

blage included (in order of abundance) the Gonyaulacales, 

calcareous Peridiniales, Gymnodiniales, and organic 

Peridiniales. Among the Gonyaulacales, the cysts of 

 P.    bahamense  were the most abundant and representative 

morphotypes. Most of these cysts were empty; however, a 

few living cysts were found at very low concentrations in 

July and August (Table 3, Figures 6 and 7). During October 

2008, the mass of cysts in the most protected parts of the 

lagoon peaked at 9.7  ×  10 3  g -1  (sediment dry mass), coincid-

ing with the decline of the vegetative form (Table 3).  

 Figures 3 – 7     Pyrodinium bahamense: Vegetative and resting stages 

from the Gulf of California. 

(3) Single vegetative cell. (4) Pair of vegetative cells. (5) Chain of four 

vegetative cells. (6) Empty cyst. (7) Living cyst. Scale bars=20 μm .    

Year Lagoon Month Location Vegetative stage (cells l -1 ) Empty cysts g -1  (dried weight) Living cysts g -1  (dried weight)

Mean Min Max Mean Min Max Mean Min Max

2006 El Colorado June IL 64,145 500 151,500 ND ND ND ND ND ND

OL 500 500 500 ND ND ND ND ND ND

2008 San Jos é July IL NR NR NR 4967 69 10,769 12 35 74

OL NR NR NR 93 62 124 10 31 31

August IL 471 40 2800 4214 23 13,667 17 204 204

OL NR NR NR 79 49 269 NR NR NR

September IL 23,139 5180 62,700 1961 31 5492 10 31 61

OL 8 80 80 7 13 13 7 13 13

October IL 4910 480 22,400 7803 84 26,464 2433 139 9712

OL 48 120 220 51 16 186 6 16 37

Yavaros September IL 30,600 800 107,600 ND ND ND ND ND ND

ML 1333 400 2400 ND ND ND ND ND ND

 Table 3       Pyrodinium bahamense : abundance of vegetative and resting stages in the El Colorado, San Jos é , and Yavaros lagoons.  

   IL, inside the lagoon; OL, outside the lagoon; ML, mouth of the lagoon; NR, not recorded; ND, no data.   
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  Seawater quality and hydrological factors 
related to  Pyrodinium bahamense  

 Multivariate non-parametric, multidimensional scaling 

(nMDS) clearly indicated a differentiation in water quality 

among the three lagoons during peaks of  P.   bahamense  

abundance. The parameters at El Colorado were most 

strongly differentiated (Figure 8). The AZCI showed that 

water quality was good at San Jos é  and Yavaros, but poor 

at El Colorado (Figure 9). 

 Spearman ’ s rho correlation coefficient, a statisti-

cal test for correlation between two rank-ordered scales, 

yields a statement of the degree of interdependence of 

the scores of the two scales. It showed that  P. bahamense  

abundance at Isla San Jos é  was moderately correlated 

with salinity (r  =  0.50, p  =  0.0003), temperature (r  =  0.44, 

p  =  0.005), silicates (r  =  0.45, p  =  0.003), and ammonium 

(r  =  0.32, p  =  0.005), and was moderately negatively cor-

related with dissolved oxygen (r  =  -0.34, p  <  0.0001). At El 

Colorado and Yavaros, no correlations with any hydrologi-

cal variable were found.   

  Discussion 

  Seasonality and habitat characteristics 
of  Pyrodinium   bahamense  
 In the Gulf of California, cysts of  P.   bahamense  were repor-

ted for the first time by Mart  í nez-Hern á ndez and Hern á n-

dez-Campos (1991) . The motile stage was reported in spring 

Figure 9 Pyrodinium bahamense: Box and whisker plot of the Arid 

Zone Coastal Water Quality Index (AZCI) for the lagoons during peak 

events. Median, quartiles, ranges, and outliers of data are shown 

for each event. Dotted line shows the threshold of water quality 

( < 0.12). El Colorado had some significant differences, compared to 

the San José and Yavaros lagoons.

Figure 8 Pyrodinium bahamense: nMDS ordination of water quality parameters for the lagoons when peaks occurred. All water quality 

parameters were included in the multivariate analysis.

through autumn, first at low  abundances ( Mart  í nez-L ó pez 

et al. 2007a , Morquecho  2008 ,   G á rate-Liz á rraga and 

Gonz á lez-Armas 2011 ) and now in bloom proportions in 

our study. In the upper reaches of Tampa Bay, Florida, a 

similar scenario was described by Badylak et al.  (2007) . 

From spring to fall in 2002,  P .     bahamense  was observed 

in bloom proportions, but previously did not appear in 

accounts of this bay, which suggests that this species 

is controlled by long-term trends or that there may be a 

lack of comprehensive long-term data that represent real 

population changes. It is likely that blooms in the Gulf 

of California went unnoticed because they developed in 

restricted and shallow lagoons with mangrove swamps for 

short periods during the summer rainy season. 

 In dry zone mangroves on the eastern side of the 

Gulf of California, litter fall is greatest during summer 
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rains (Arreola -Liz á rraga et al. 2004 ,  S á nchez-Andr é s 

et al. 2010 ), and recycling of organic phosphorus is prob-

ably more efficient, contributing to long-term phosphorus 

storage through improved binding to fulvic and humic 

acids ( S á nchez-Carrillo et al. 2009 ,  S á nchez-Andr é s et al. 

2010 ).  Pyrodinium   bahamense  blooms during the summer 

rainy season, suggesting that organic matter from the 

mangrove contributes to its population dynamics and that 

lagoons and mangroves are the most suitable habitat for 

this  dinoflagellate. In Gulf of Mexico lagoons, blooms of 

the dinoflagellates  Peridinium  aff.  quinquecorne  Ab é  and 

 Prorocentrum   cordatum  (Ostenfeld) Dodge are associated 

with high concentrations of dissolved active phenolic 

substances (tannins and lignins), which are present when 

maximum litter fall occurs (Ak  é -Castillo and V á zquez 

2008 ).  

  Rainfall and seawater quality 

 In the Gulf of California, moderate abundances of  Pyro-

dinium    bahamense  were found after the onset of the hurri-

cane season and between La Ni ñ a and El Ni ñ o events 

(NOAA data at http://www.cpc.ncep.noaa.gov/products/ 

analysis_monitoring/ensostuff/ensoyears.shtml). Indeed, 

peak abundance at Yavaros matched the peak rainfall 

in September 2008. Rainy season conditions promote 

 P .   bahamense  blooms in the western Pacific; blooms occur 

during either the northeast or the southwest monsoon 

periods (MacLean  1989 , Usup and Lung  1991 ). In  coastal 

Florida, the abundance of  P .  bahamense  increases 

during rainfall and decreases during prolonged droughts, 

responding to periodic climatic cycles (El Ni ñ o and La 

Ni ñ a) and stochastic rainfall events (Phlips et al.  2006 ). 

 The distribution range of the vegetative stage corre-

lates with the distribution of the resting stage described 

by Mart í nez-Hern á ndez and Hern á ndez-Campos in 1991. 

 Pyrodinium bahamense  blooms were stronger on the 

eastern side of the Gulf of California, mainly at Laguna El 

Colorado, where seawater quality was severely degraded, 

as indicated by AZCI values. Several rivers discharge into 

the lagoons, mainly during the rainy season, discharging 

considerable loads of nutrients that favor phytoplankton 

blooms ( P á ez-Osuna et al. 2007 , Mart  í nez-L ó pez et al. 

2007b ). This is consistent with evidence from our nMDS 

analysis, where El Colorado lagoon was different from 

Yavaros and San Jos é , which is attributable both to higher 

nutrient concentrations and to higher water quality vari-

ability. El Colorado has several sites where agricultural 

water runoff is discharged into the lagoon, resulting in a 

concentration gradient, whereas in Yavaros there is only 

one discharge channel and San Jos é  has none. On the 

western side of the Gulf, creeks discharge water to the 

gulf mainly under the influence of tropical storms or hur-

ricanes, and this coastal area is also affected by seasonal 

upwelling. In this area, cysts of  P .  bahamense  have very 

restricted distribution, occurring only in the sediments 

containing phosphorite, where it is the dominant morpho-

type (relative frequency of 34 % ). This suggests that hyper-

saline and warmer seawater masses affect abundance 

(Mart  í nez-Hern á ndez and Hern á ndez-Campos 1991 ). 

Cysts of  P .  bahamense  are common in marine sediments 

of the Gulf of Tehuantepec ( V á squez-Bedoya et al. 2008 , 

Limoges et al.  2010 ), in which there are also phosphorite 

sediments (Morales de la Garza and Carranza -Edwards 

1995 ) and an upwelling zone, which has led to massive 

toxic blooms (Cort  é s-Altamirano et al. 1993 ). In Puerto 

Rico,  P .  bahamense  inhabits several lagoons; the intensity 

of blooms varies and tends to be higher in lagoons that are 

reservoirs of bioavailable phosphorus (Pain  2008 ). 

 In the Gulf of California,  P.   bahamense  was mainly 

found inside the lagoons, where seawater temperature 

was highest. Summer temperatures are similar in distant 

areas with blooms of  P .  bahamense . Laboratory studies of 

cyst germination and establishment of cultures of isolates 

from Isla San Jos é  (L. Morquecho, R. Alonso-Rodr í guez, 

G. Mart í nez-Tepacuacho, A. Reyes-Salinas, unpublished 

data) demonstrate a temperature range of 20 ° C – 35 ° C for 

germination and 25 ° C – 30 ° C for optimal growth of vegeta-

tive cells, which is similar to the range of temperature at 

San Jos é . 

 Salinity in the Gulf of California fluctuates slightly, 

with an average of 35 (Lav  í n et al. 1997 ). It seems to be 

an important factor in  P.   bahamense  blooms. Our data 

suggest that the species prefers water with moderate 

salinity (31.1 – 46.1), and this is the case for populations in 

the Central Indo-Pacific (Usup et al.  1989 , Corrales et al. 

 1995 ) and Caribbean Sea (Seliger et al.  1971 , Faust et al. 

 2005 , Soler -Figueroa 2006 ). Populations from the coast of 

Florida tolerate a salinity range from 10 to 45 (Phlips et al. 

 2006 ). An  in vitro  assay of cysts from San Jos é  also showed 

the euryhaline character of this dinoflagellate, which is 

able to germinate at salinities from 15 to 35 (L. Morquecho, 

R. Alonso-Rodr í guez, G. Mart í nez-Tepacuacho, A. Reyes-

Salinas, unpublished data). 

 In our study, peak abundance of  P.   bahamense  

seemed to be associated with high phosphate and ammo-

nium concentrations, mainly in populations in the eastern 

lagoons after heavy rains. The lagoons at El Colorado and 

Yavaros are affected by rainfall, as well as by agriculture, 

aquaculture, and urban wastewater, and are highly sus-

ceptible to eutrophication. The role of phosphorus in 
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 P.    bahamense  blooms is well supported by the results of 

Phlips et al.  (2006)  in the Indian River Lagoon after an 

8-year study. Most major blooms coincide with the summer 

rainy season, when phosphate levels increase. Rainfall 

and phosphorus during blooms are discussed by others 

(Seliger  1989 , Azanza and Miranda  2001 , Badylak et  al. 

 2007 ). Therefore, the bloom potential of  P .   bahamense  in 

the Gulf of California appears to be controlled by limit-

ing nutrients of terrestrial origin and mangrove litter fall, 

which, in turn, depends on the amount of rainfall and 

runoff. We postulate that, along the Gulf of California, the 

habitat of  P.   bahamense  is restricted to areas near man-

groves and where there is an accumulation of phosphorite 

sediments and upwelling events occur.  

  Structure of phytoplankton communities 

 During our surveys, diatoms predominated among the 

phytoplankton in the lagoons, particularly when blooms 

were present, and they occurred with  P.   bahamense  at Isla 

San Jos é . This is very similar to the structure and species 

composition in Manila Bay (Azanza and Miranda  2001 ), 

Indian River Lagoon (Badylak and Phlips  2004 ), and 

Tampa Bay (Badylak et al.  2007 ). The diatom assemblage 

at San Jos é  was composed of large diatoms, particularly 

 Corethron   pennatum ,  Skeletonema   costatum ,  Pseudo-

nitzschia  cf.  subcurvata , and  Nitzschia   longissima . In 

Japan,  S.   costatum  only blooms in summer, when water 

temperature is high enough for growth, and dissolved 

inorganic phosphorus is plentiful (Shikata et al.  2008 ). In 

China,  S .  costatum  blooms occur after strong rains at the 

end of spring (Huo et al.  2001 ). Most of these factors were 

also found at San Jos é  and Yavaros, supporting the pos-

tulate that  S.   costatum  may be linked to a succession that 

favors  P.   bahamense . In laboratory experiments, Lorenzo 

et al.  (2007)  found that exudates of  S.   costatum  during 

the exponential and stationary growth phases dissolve 

organic matter that promotes rapid production of humic 

material. 

 Dinoflagellates occurring with  P.   bahamense  at San 

Jos é  were also similar to those in coastal areas of the 

Philippines and the USA, including  Neoceratium   furca , 

 Akashiwo   sanguinea ,  Prorocentrum   micans ,  Prorocentrum  

 gracile , and  Protoperidinium  spp. The mixotrophic and 

auxotrophic growth capacities of most of these species 

(Gaines and Elbr  ä chter 1987 ; Burkholder et al.  2008 ) 

suggest that dinoflagellate assemblages in lagoons of 

the Gulf of California use this advantage to exploit differ-

ent sources of nutrients and bloom during the summer. 

Because  P.   bahamense  was the dominant species in the 

three lagoons, it suggests that its success is related to its 

ability to absorb phosphate groups more efficiently from 

many types of molecules; endogenous alkaline phos-

phatase activity has been detected in this dinoflagellate 

(Gonz  á lez-Gil et al. 1998 ).  

  Role of cysts in the dynamics 
of  Pyrodinium bahamense  blooms 

 The relative importance of resting cysts of  P.   bahamense  in 

initiating blooms may vary with location (Usup et al. 2012). 

In our study, cysts of  P .  bahamense  were dominant in a 

moderate-to-low diversity of dinocysts from July through 

October (data not shown). This pattern is characteristic 

of unstable coastal environments, suggesting that this 

species is an opportunistic bloom-forming, r-selected phy-

toplankton (De Verteuil and Norris  1996 ).  Pyrodinium   baha-

mense  cyst production at Isla San Jos é  seems to be related 

to the decline of the bloom assemblage, which occurs as 

temperature falls at the end of summer. From July through 

October, empty cysts were always abundant and  in situ  

cyst production occurred in the most protected areas of 

the lagoon, being most evident after October. Living cysts 

were in moderate abundances in superficial sediments at 

that time, although they were also present, but in very low 

abundances, from July to September (  <  204 cysts g -1  sedi-

ment). Living cysts were found in the water column, but 

at very low densities (  <  200 cysts l -1 ). This pattern suggests 

that living cysts decreased in abundance when there were 

no blooms because they were germinating; however, vege-

tative cells were unable to develop and spread because 

adverse conditions prevailed (low temperatures, limited 

nutrients, and competition with diatoms). This postu-

late is supported by  in   vitro  tests of living cysts collected 

during October 2008 at Isla San Jos é , where cysts germi-

nate at temperatures from 20 ° C to 35 ° C (L. Morquecho, 

R. Alonso-Rodr í guez, G. Mart í nez-Tepacuacho, A. Reyes-

Salinas, unpublished data). 

 In summary, in the Gulf of California,  P.   bahamense  

occurs in restricted shallow lagoons that are partly 

surrounded by mangroves and where  environmental 

factors favor the development of short-term blooms 

( August – September). Bloom potential and intensity are 

influenced by the summer rainy season, relatively high 

seawater temperature (25 ° C – 32 ° C), typical salinity  (31 – 36), 

intense sunlight, and relatively high  concentrations of 

ammonium and phosphates, the last one, in turn, depend-

ing on rainfall and runoff and seems stronger on the 

eastern side of the gulf. Living cysts appeared to be more 

prevalent when blooms declined at the end of summer. 
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 Future investigations should study the  morphological, 

toxicological, and genetic characteristics of  P.    bahamense  

in populations in the Gulf of California and Gulf of 

Tehuante pec. To identify the mechanisms  underlying 

 P.    bahamense   population dynamics and toxicity, a 

 comparative study of ecosystems needs to be done in 

these areas.    

    Acknowledgements:  Miguel A. Aguilar, Horacio Bervera, 

Mario Cota, and Juan J. Ram í rez provided technical 

assistance in the field. Iban Murillo, Celina Beltr á n, and 

Refugio L ó pez provided technical assistance in process-

ing the nutrient samples. Patricia Gonz á lez provided 

information about mangroves of the region. Carlos H. 

Lechuga provided a multiparameter water quality sonde. 

Germ á n Ram í rez provided suggestions and comments to 

improve figures and statistical analyses. Edgar Alc á ntara 

provided meteorological data from Sonora. Ira Fogel 

provided editorial suggestions. Comisi ó n Nacional del 

Agua (CONAGUA) and Servicio Meteorol ó gico Nacional 

(SMN) provided weather data. This study was supported 

by CIBNOR research project nos. PC3.3 and 180C, and by 

SEMARNAT-CONACYT grant no. 2002-C01-0161.  

 Received June 17, 2012; accepted September 20, 2012; online first 

October 18, 2012 

  References 
   Ak é -Castillo, J. and G. V á zquez. 2008. Phytoplankton variation and 

its relation to nutrients and allochthonous organic matter in a 

coastal lagoon on the Gulf of Mexico.  Estuar. Coast. Shelf. Sci. 
78 : 705 – 714.  

   Armstrong, F.A.J. 1951. The determination of silicate in sea water. 

 J. Mar. Biol. Assoc. UK 30 : 149 – 160.  

   Arreola-Liz á rraga, J., F. Flores-Verdugo and A. Ortega-Rubio. 2004. 

Structure and litterfall of an arid mangrove stand on the Gulf 

of California, Mexico.  Aquat. Bot. 79 : 137 – 143.  

   Arreola-Liz á rraga, J.A., G. Padilla-Arredondo, L. M é ndez-Rodr í guez, 

L. Morquecho, R. Mendoza-Salgado, C.H. Lechuga-Dev é ze, 

W. Valenzuela-Qui ñ ones, M.R. L ó pez-Tapia, B. Acosta-Vargas, 

J.A. Castillo-Dur á n, A. Reyes-Salinas, C. Elizalde-Serv í n, A. 

Hern á ndez-Ibarra, M.S. Burrola-S á nchez and D. Ur í as-Labor í n. 

2009.  Propuestas de manejo para tres lagunas costeras 
prioritarias del Noroeste de M é xico.  Instituto Nacional de 

Ecolog í a (INE), Centro de Investigaciones Biol ó gicas del 

Noroeste, Guaymas, Sonora, Mexico. pp. 104.  

   Azanza, R.V. 1997. Contribution to the understanding of the bloom 

dynamics of  Pyrodinium   bahamense  var.  compressum : a toxic 

red tide causative organism.  Science Diliman 9 : 1 – 6.  

   Azanza, R.V. and L.N. Miranda. 2001. Phytoplankton composition 

and  Pyrodinium   bahamense  toxic blooms in Manila Bay, 

Philippines.  J. Shellfish Res. 20 : 1251 – 1255.  

   Azanza, R.V. and F.J.R.M. Taylor. 2001. Are  Pyrodinium  blooms in the 

Southeast Asian region recurring and spreading ?  A view at the 

end of the millennium.  Ambio 30 : 356 – 364.  

   Badylak, S. and E.J. Phlips. 2004. Spatial and temporal patterns of 

phytoplankton composition in subtropical coastal lagoon, the 

Indian River Lagoon, Florida, USA.  J. Plankton Res. 26 : 1229 – 1247.  

   Badylak, S., E.J. Phlips, P. Baker, J. Fajans and R. Boler. 2007. 

Distributions of phytoplankton in Tampa Bay Estuary, U.S.A. 

2002 – 2003.  Bull. Mar. Sci. 80 : 295 – 317.  

   Burkholder, J.M., P.M. Glibert and H.M. Skelton. 2008. Mixotrophy, 

a major mode of nutrition for harmful algal species in eutrophic 

waters.  Harmful Algae 8 : 77 – 93.  

   Corrales, R.A., G.S. Jacinto, M.C. Martin and I.B. Velasquez. 1995. 

The 1991, 1992, and 1993  Pyrodinium  blooms in Bamban Bay, 

Zambales, Philippines.  In : (P. Lassus, G. Arzul, E. Erard-Le 

Denn, P. Gentien and C. Marcaillou-Le Baut, eds)  Harmful 
marine algal blooms . Lavoisier, Paris. pp. 151 – 156.  

   Cort é s-Altamirano, R., L. Mu ñ oz-Cabrera and O. Sotomayor-Navarro. 

1993. Envenenamiento paral í tico por mariscos (PSP), causado 

por el dinoflagelado  Pyrodinium   bahamense  var.  compressum  

en la costa suroeste de M é xico.  An. Inst. Cienc. Mar y Limnol. 
Univ. Nac. Aut ó n. M é xico 20 : 43 – 54.  

   De Verteuil, L. and G. Norris. 1996. Middle to Upper Miocene  Geonettia  

 clineae , an opportunistic coastal embayment dinoflagellate of 

the  Homotryblium  complex.  Micropaleontology 42 : 263 – 284.  

   Faust, M.A., R.W. Litaker, M.W. Vandersea, S.R. Kibler and P.A. 

Tester. 2005. Dinoflagellate diversity and abundance in two 

Belizean coral-reef mangrove lagoons: a test of Margalef ’ s 

mandala.  Atoll Res. Bull. 531 – 542 : 103 – 131.  

   Gaines, G. and M. Elbr ä chter. 1987. Heterotrophic nutrition.  In : 

(F.J.R. Taylor, ed.)  The biology of dinoflagellates . Blackwell, 

Oxford. pp. 224 – 268.  

   G á rate-Liz á rraga, I. and R. Gonz á lez-Armas. 2011. Occurrence of 

 Pyrodinium   bahamense  var.  compressum  along the southern 

coast of the Baja California Peninsula.  Mar. Pollut. Bull. 62 : 

626 – 630.  

   G ó mez-Aguirre, S. 1998. First record of  Pyrodinium   bahamense  

(Dinoflagellata) in brackish waters of the Mexican Caribbean 

Coast.  An. Inst. Biol. Univ. Nac. Aut ó n. Mex. (Zool.) 69 : 121 – 123.  

   Gonz á lez-Gil, S., B.A. Keafer, A. Aguilera and D.M. Anderson. 

1998. Detection of endogenous alkaline phosphatase in 

marine minoflagellates by epifluorescence microscopy.  In : 

(B. Reguera, J. Blanco and T. Wyatt, eds)  Harmful algae . Xunta 

de Galicia, Intergovernmental Oceanographic Commission of 

UNESCO, Vigo, Spain. pp. 374 – 375.  

   Huo, W., Z. Yu, J. Zou, X. Song and J. Hao. 2001. Outbreak 

of  Skeletonema   costatum  red tide and its relations to 

environmental factors in Jiaozhou Bay.  Oceanol. Limnol. Sin./
Haiyang Yu Huzhao. 32 : 311 – 318.  

   INP-SAGARPA. 2004. Registro de mareas rojas en el Pac í fico Sur de 

1985 a 2004. Direcci ó n General de Investigaciones Pesqueras 

Pac í fico Sur, Instituto Nacional de la Pesca, SAGARPA. http://

www.inapesca.gob.mx/MAREA % 20ROJA/cuadro % 20INP % 20-

marearoja85_04.pdf. Accessed 13 Sep 2011.  



622      L. Morquecho et al.:  Pyrodinium   bahamense  in the Gulf of California

   Jacinto, G.S., R.V. Azanza, I.B. Velasquez and F.P. Siringan. 2006. 

Manila Bay: environmental challenges and opportunities.  In : 

(E. Wolanski, ed.)  The environment in Asia Pacific harbours . 

Springer, Dordrecht. pp. 309 – 328.  

   Landsberg, J.H., H. Sherwood, J.N. Johannessen, K.D. White, S.M. 

Conrad, J.P. Abbott, L.J. Flewelling, R.W. Richardson, R.W. 

Dickey, E.L.E. Jester, S.M. Etheridge, J.R. Deeds, F.M. Van 

Dolah, T.A. Leighfield, Y. Zou, C.G. Beaudry, R.A. Benner, P.L. 

Rogers, P.S. Scott, K. Kawabata, J.L. Wolny and K.A. Steidinger. 

2006. Saxitoxin puffer fish poisoning in the United States, with 

the first report of  Pyrodinium bahamense  as the putative toxin 

source.  Environ .  Health   Persp .  114 : 1502 – 1507.  

   Lav í n, M.F., E. Beier and A. Badan. 1997. Estructura hidrogr á fica 

y circulaci ó n del Golfo de California: escalas estacional 

e interanual.  In : (M.F. Lav í n, ed.)  Contribuciones a la 
Oceanograf í a F í sica en M é xico . Monograf í a No. 3, Uni ó n 

Geof í sica Mexicana, Mexico City. pp. 141 – 171.  

   Licea, S., M.E. Zamudio, R. Luna and J. Soto. 2004. Free-living 

dinoflagellates in the southern Gulf of Mexico: report of data 

(1979 – 2002).  Phycol. Res. 52 : 419 – 428.  

   Limoges, A., J. Kielt, T. Radi, A.C. Ru í z-Fernandez and A. de Vernal. 

2010. Dinoflagellate cyst distribution in surface sediments 

along the south-western Mexican coast (14.76 °  N to 24.75 ° N) . 
Mar. Micropaleontol. 76 : 104 – 123.  

   Lorenzo, J.I., M. Nieto-Cid, X.  Á lvarez-Salgado, P. P é rez and R. 

Beiras. 2007. Contrasting complexing capacity of dissolved 

organic matter produced during the onset, development and 

decay of a simulated bloom of the marine diatom  Skeletonema  

 costatum .  Mar. Chem. 103 : 61 – 75.  

   MacLean, J.L. 1989. An overview of  Pyrodinium  red tides in the 

western Pacific. In: (G.M. Hallegraeff and J.L. Maclean, eds) 

 Biology, epidemiology and management of Pyrodinium red 
tides . ICLARM, Manila. pp. 1 – 7.  

   Mart í nez-Hern á ndez, E. and H.E. Hern á ndez-Campos. 1991. 

Distribuci ó n de quistes de dinoflagelados y acritarcas en 

sedimentos holoc é nicos del Golfo de California.  Paleontol. 
Mex. 57 : 1 – 133.  

   Mart í nez-L ó pez, A., A. Ulloa-P é rez and D. Escobedo-Urias. 2007a. 

First record of vegetative cells of  Pyrodinium   bahamense  

(Gonyaulacales: Goniodomataceae) in the Gulf of California. 

 Pac. Sci. 61 : 289 – 293.  

   Mart í nez-L ó pez, A., D. Escobedo-Ur í as, A.Reyes-Salinas and M.T. 

Hern á ndez-Real. 2007b. Phytoplankton response to nutrient 

runoff in a large lagoon system in the Gulf of California. 

 Hidrobiol ó gica 17 : 101 – 112.  

   Matsuoka, K. and Y. Fukuyo. 2000.  Gu í a t é cnica para el estudio de 
quistes de dinoflagelados actuales . WESTPAC-HAB/WESTPAC/

IOC, Tokyo. pp. 30.  

   Mendoza-Salgado, R.A., C.H. Lechuga-Dev é ze and A. Ortega-Rubio. 

2005. First approach of a method to assess water quality for 

arid climate bay in the Gulf of California.  Sci. Total Environ. 
347 : 208 – 216.  

   Morales de la Garza, E.A. and A. Carranza-Edwards. 1995. 

Sedimentos fosfatados en el Golfo de Tehuantepec.  Hidrobi-
ol ó gica 5 : 25 – 36.  

   Morquecho, L. 2008. Morphology of  Pyrodinium   bahamense  Plate 

(Dinoflagellata) near Isla San Jos é , Gulf of California, Mexico. 

 Harmful Algae 7 : 664 – 670.  

   Orellana-Cepeda, E., E. Mart í nez-Romero, L. Mu ñ oz-Cabrera, P. 

L ó pez-Ram í rez, E. Cabrera-Mancilla and C. Ram í rez-Camarena. 

1998. Toxicity associated with blooms of  Pyrodinium 
bahamense  var.  compressum  in southwestern Mexico.  In : (B. 

Reguera, J. Blanco, M.L. Fern á ndez and T. Wyatt, eds)  Harmful 
algae .  Proceedings 8th International Conference on Harmful 
Algae . Xunta de Galicia and Intergovernmental Oceanographic 

Commission of UNESCO, Vigo, Spain. pp. 60.  

   Osorio-Tafall, B.F. 1942. Notas sobre algunos dinoflagelados 

planct ó nicos marinos de M é xico, con descripci ó n de nuevas 

especies.  An. Esc. Nac. Cienc. Biol. 2 : 435–450.  

   P á ez-Osuna, F., G. Ram í rez-Res é ndiz, F.A.C. Ruiz-Fern á ndez and M. 

Soto-Jim é nez. 2007. La contaminaci ó n por nitr ó geno y f ó sforo 

en Sinaloa: Flujos, fuentes, efectos y opciones de manejo. 

 In : (F.O. P á ez, ed.)  Serie Las Lagunas Costeras . ICML-UNAM, 

CODESIN, SEMARNAT-CONACYT, Mexico City. pp. 304.  

   Pain, A. 2008.  Sediment phosphorus reservoirs in tropical bays: 
implications for phosphorus availability and bioluminescent 
dinoflagellate populations . Bachelor ’ s thesis. Wesleyan 

University, Middletown, CT. pp. 118.  

   Phlips, E.J., S. Badylak, S. Youn and K. Kelley. 2004. The occurrence 

of potentially toxic dinoflagellates and diatoms in a subtropical 

lagoon, the Indian River Lagoon, Florida, USA.  Harmful Algae 
3 : 39 – 49.  

   Phlips, E., S. Badylak, E. Bledsoe and M. Cichra. 2006. Factors 

affecting the distribution of  Pyrodinium   bahamense  var. 

 bahamense  in coastal waters of Florida.  Mar. Ecol. Prog. Ser. 
322 : 99 – 115.  

   S á nchez-Andr é s, R., S. S á nchez-Carrillo, L. Alatorre, S. Cirujano 

and M.  Á lvarez-Cobelas. 2010. Litterfall dynamics and nutrient 

decomposition of arid mangroves in the Gulf of California: 

Their role sustaining ecosystem heterotrophy.  Estuar. Coast. 
Shelf Sci. 89 : 191 – 199.  

   S á nchez-Carrillo, S., R. S á nchez-Andr é s, L.C. Alatorre, D.G. Angeler, 

M.  Á lvarez-Cobelas and J. A. Arreola-Liz á rraga. 2009. Nutrient 

fluxes in a semi-arid microtidal mangrove wetland in the Gulf of 

California.  Estuar. Coast. Shelf Sci. 82 : 654 – 662.  

   Seliger, H. 1989. Mechanisms for red tides of  Pyrodinium 
bahamense var. compressum  in Papua New Guinea, Sabah and 

Brunei Darussalam.  In : (G.M. Hallegraeff and J.L. Maclean, eds) 

 Biology, epidemiology and management of Pyrodinium red 
tides . ICLARM, Manila. pp. 53 – 71.  

   Seliger, H., J. Carpenter, M. Loftus, W. Biggley and W. McElroy. 

1971. Bioluminescence and phytoplankton successions in 

Bah í a Fosforescente, Puerto Rico.  Limnol. Oceanogr. 16 : 

608 – 622.  

   Shikata, T., S. Nagasoe, T. Matsubara, S. Yoshikawa, Y. Yamasaki, 

Y. Shimasaki, Y. Oshima, I.R. Jenkinson, T. Honjo and T. 

Shikata. 2008. Factors influencing the initiation of blooms 

of the raphidophyte  Heterosigma   akashiwo  and the diatom 

 Skeletonema   costatum  in a port in Japan.  Limnol. Oceanogr. 53 : 

2503 – 2518.  

   Soler-Figueroa, B.M. 2006.  Comparaci ó n temporal y espacial de 
factores bi ó ticos y abi ó ticos en la Bah í a Bioluminiscente en 
La Parguera y Puerto Mosquito en Vieques.  Master ’ s thesis. 

Universidad de Puerto Rico. pp. 94.  

   Strickland, J.D.H. and T.R. Parsons. 1972.  A practical handbook of 
sea-water analysis.  2nd ed. Canadian Science Publishing, 

Ottawa. pp. 310.  

   Throndsen, J. 1978. Preservation and storage.  In : (A. Sournia, ed.) 

 Phytoplankton manual . UNESCO, Monographs on oceano-

graphic methodology 6, Paris. pp. 69 – 74.  



L. Morquecho et al.:  Pyrodinium   bahamense  in the Gulf of California      623

   Usup, G. and Y. Lung. 1991. Effects of meteorological factors on toxic 

red tide events in Sabah, Malaysia.  Mar. Ecol. 12 : 331 – 339.  

   Usup, G., A. Ahmad and N. Ismail. 1989.  Pyrodinium bahamense  

var.  compressum  red tide studies in Sabah, Malaysia.  In : (G.M. 

Hallegraeff and J.L. MacLean, eds)  Biology, epidemiology and 
management of Pyrodinium red tides . ICLARM Conference 

proceedings 21. Fisheries Department, Ministry of 

Development, Brunei Darussalam, and International Center for 

Living Aquatic Resources, Manila. pp. 97 – 110.  

   Usup, G., A. Ahmad, K. Matsuoka, P.T. Lim and C.P. Leaw. 2012. 

Biology, ecology and bloom dynamics of the toxic marine 

dinoflagellate  Pyrodinium   bahamense .  Harmful Algae 14 : 

301 – 312.  

   Valderrama ,  J.C. 1981. The simultaneous analysis of total nitrogen 

and total phosphorus in natural water.  Mar. Chem. 10 : 

102 – 122.  

   V á squez-Bedoya, L., T. Radi, A. Ruiz-Fern á ndez, A. de Vernal, M. 

Machain-Castillo, J. Kielt and C. Hillaire-Marcel. 2008. 

Organic-walled dinoflagellate cysts and benthic foraminifera 

in coastal sediments of the last century from the Gulf 

of Tehuantepec, south Pacific coast of Mexico.  Mar. 
Micropaleontol. 68 : 49 – 65.  

   Villanoy, C.L., R.V. Azanza, A. Altemerano and A.L. Casil. 

2006. Attempts to model the bloom dynamics of  

Pyrodinium , a tropical toxic dinoflagellate.  Harmful Algae 
5 : 156 – 183.     


