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Abstract 

The occurrence of cyanobacterial blooms is a characteristic of eutrophic inland water bodies. Valle de Bravo reservoir 
(Mexico State, Mexico) is the main source of water for the Cutzamala Hydraulic System, which supplies drinking 
water to the west of Mexico City (~6 million consumers) and suburban areas of Mexico State. The goal of this study 
was to determine the presence of microcystins (MC-LR equivalents) and their relationship with toxic populations of 
cyanobacteria recorded some years ago in this important reservoir. We measured the concentration of MC-LR 
equivalents using a commercial kit (EnviroLogix) based on the ELISA test. The calculation of abundance and 
biovolume was carried out monthly from February to November 2010. The presence of MC-LR equivalents was 
related to the biovolume of Anabaena planctonica. The values of this toxin from February to June exceeded the 
World Health Organization (WHO) provisional guideline (1 µg L−1) for finished drinking water sources, particularly in 
April when the highest value was recorded (5.56 μg L−1). In addition, in April, May, June, and August, the abundance of 
cyanobacteria exceeded the WHO moderate risk level (10 × 104 cells mL−1) for recreational activities. This study 
furthers investigations ranging from the characteristics of the water column to benthic cyanobacteria and molecular 
biology tests to establish which species are toxic in the reservoir. 

Key words: Anabaena, eutrophic reservoir, microcystin-LR, toxic cyanobacteria, Valle de Bravo reservoir, 
WHO guideline

Introduction

Cyanobacteria are a major group of bacteria that occur 
worldwide. Cyanobacterial blooms occur in all types of 
surface waters as a result of eutrophication and are of 
particular concern in waterbodies used for recreational 
activities and drinking water supplies (Schindler 2006, 
Bláhová et al. 2007). The high growth of these microor-
ganisms deteriorates water quality and increases treatment 
costs (WHO 1998, Ramírez et al. 2004). Blooms of 
cyanobacteria can produce potent toxins (secondary 
metabolites), and more than one toxin could be present 
(APHA 1992, Falconer 2005).

The chemical structure of cyanotoxins is divided into 
cyclic peptides, alkaloids, and lipopolysaccharides 
(Sivonen and Jones 1999, O’Neil et al. 2012). The 

mechanisms of toxicity are diverse and are manifested in 
eukaryotes with neurotoxic effects as well as dermato-
toxic, cytotoxic, hepatotoxic, and gastrointestinal damage 
(Hoeger et al. 2005, Dittmann et al. 2013). The most 
well-known are the microcystins (MCs), which are cyclic 
heptapeptides that act as potent inhibitors of type 1 and 2A 
phosphatases (PP1 and PP2A) (Roset et al. 2001). 
Prolongued exposure at levels >1.5  µg L−1 (Canadian 
regulation) cause chronic damage. In waterbodies used for 
recreation, values from 10 µg L−1 (Australian and German 
regulation) to 25 µg L−1 (Italian and French regulation) are 
considered a health risk (Chorus 2012). When ingested in 
high concentrations, MCs produce liver damage because 
of blood accumulation, causing an increase in the liver’s 
volume with subsequent bleeding, leading to death 
(Falconer 2005). The potential for adverse human health 
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effects (Azevedo et al. 2002) has led to increased research 
(Oliver and Ganf 2000). The major genera that produce 
MCs are Microcystis, Anabaena (recently changed to 
Dolichospermum; Waclin et al. 2009), and Planktothrix 
(Sivonen and Jones 1999, Fujii et al. 2002, Falconer and 
Humpage 2005).

Some countries have laws that regulate concentration 
limits of cyanotoxins, mainly MCs, most of which are 
based on the provisional guideline established by the 
World Health Organization (WHO 1998), which is 1 μg 
L−1 MC-LR for finished drinking water. For recreational 
activities, the parameters utilized for risk management and 
regulations are number of cyanobacterial cells mL−1, 
biovolume mm3 L−1, or chlorophyll concentration µg L−1 
(Chorus 2012).

Despite evidence of hepatic, renal, pulmonary, and 
intestinal damage, as well as muscular paralysis caused by 
cyanotoxins, the permissible limits in Mexico are not yet 
regulated. Currently no drinking water policies establish 
the maximum permissible limit of MCs or other kinds of 
cyanotoxins, possibly because few studies (Ramírez et al. 
2004, Vasconcelos et al. 2010) show the presence of MCs 
in Mexican continental waters.

We studied the Valle de Bravo reservoir (VB) 
belonging to the large Cutzamala Hydraulic System 
(CHS), which comprises 6 other dams. The CHS is the 
largest in the center of Mexico and contributes ~15.6 m3 
s−1 to the southwest of Mexico City and suburban areas of 
Mexico State. Its contribution is 30% of drinking water 
consumed in these metropolitan areas, supplying ~6 
million users (Ramírez et al. 2004). The reservoir’s 
maximum water capacity is 391 hm3, and it contributes 
38% of water to the CHS (6 m3 s−1). Its natural surround-
ings have allowed major tourism development in the 
region as well as the growth of water sports such as 
yachting, water-skiing, and windsurfing. The water input 
from 4 rivers feeds the reservoir with 177.6 hm3 yr−1  
(Merino-Ibarra et al. 2008); the water quality of these 
rivers is affected by fish farming. The reservoir also 
receives diffuse pollution from farmland runoff that 
contributes to the deterioration of water quality (Olvera-
Viascán et al. 1998).

Before 1999, attention was solely placed on water 
quality monitoring of VB without considering the 
presence of potential toxin-producing cyanobacteria. In 
June 1999, however, a high abundance of Microcystis spp. 
was reported in the reservoir (Ramírez et al. 2002). In 
addition, Valadez et al. (2005) reported the presence of 
potentially toxic species in VB such as Anabaena spp., 
Planktothrix spp., Aphanizomenon flos-aquae, and Cilin-
drospermopsis raciborskii. Subsequently, from July 2000 
to July 2001, the presence of 12 species of cyanobacteria 
was recorded, but only Microcystis botrys, M. flos-aquae, 

M. wesenbergii, Snowella septentrionalis, Anabaena spp., 
and Aphanizomenon yezoense reached a high abundance 
(Gaytán et al. 2011). A large bloom of Lyngbya birgei, 
Woronichinia naegeliana, and Microcystis wesenbergii 
appeared in June 2012. After that, the populations 
remained codominant with M. aeruginosa until October 
2012 (CNA 2012).

While Ramírez et al. (2004) reported levels of 4 µg L−1 
MC-LR in July 2001, Vasconcelos et al. (2010) 
emphasized the absence of MC-LR equivalents in samples 
taken from VB in 2008, dominated by M. wesenbergii. We 
hypothesized that the discrepancy between the presence 
and absence of MC-LR could be due to a temporary 
change in populations of cyanobacteria in the waterbody. 
Our aim was therefore to establish the presence of MC-LR 
equivalents and their relationship with the potentially 
toxic cyanobacteria identified in the study.

Study site

Valle de Bravo is a tropical high altitude (1780 m a.s.l.) 
reservoir located at 19°11′50″N; l00°09′13″W (Fig. 1). 
The reservoir and CHS are situated in the high basin of the 
Balsas River that belongs to the Mexican Hydrologic 
Region 18 (RH-18). The climate is subhumid, warm to 
temperate, with pronounced dry (Nov–May) and rainy 
(Jun–Oct) seasons. The reservoir is classified as warm 
monomictic, stratified for 9 months, with an anoxic 
hypolimnion (Mar–Oct), and with complete mixing from 
November to January (Olvera-Viascán et al. 1998, 
Merino-Ibarra et al. 2008). The surface area is 19 km2 and 
represents 3.5% of the drainage basin; the mean depth (Z) 
is 21.1 m, and the maximum depth (Zmax) is 38.6 m. 
During the stratification period, Secchi depth (Zsd) was 
<2 m,  soluble reactive phosphorus (SRP) was  9 µg L−1 in 
the epilimnion and  39 µg L−1 in the hypolimnion, 
dissolved inorganic nitrogen (DIN) was  43 µg L−1 in the 
epilimnion and  508 µg L−1 in the hypolimnion, and 
ammonium was at its highest levels with 427 µg L-1. 
During mixing, Zsd was 3.4 m, SRP  10 µg L−1, and DIN 
336 µg L−1 (Merino-Ibarra et al. 2008).

Methods

From February to November 2010, we collected monthly 
samples from a subsurface depth (0.5 m) with a van Dorn 
bottle at 5 sample points (Tizates 1, Tizates 2, Tizates 3, 
Center, and Wall dam; Fig. 1). The following water quality 
variables were recorded at each location: pH, temperature 
(T, °C), Secchi depth transparency (Zsd, m), dissolved 
oxygen concentration (DO, mg L−1), and electric conduc-
tivity (K25, µS cm−1). From the 2 L samples, 50 mL was 
filtered through Whatman Grade No. 40 quantitative filter 
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paper (particle retention 8 µm) to determine nutrients: 
SRP by spectrophotometric method with stannous chloride 
(LOD 0.6  µg L−1 PO4-P; APHA 1992); DIN calculated as 
the sum of nitrites (LOD  2  µg L−1 NO2-N) and nitrates 
(LOD 0.5 µg L−1 NO3-N), both by the diazotization 
method; and ammonium by the modified phenol hypochlo-
rite method (LOD 1 µg L−1 NH4-N; APHA 1992).

For quantitative and qualitative analyses of cyanobac-
teria, we took 600 mL samples with a van Dorn sampler, 
immediately fixed with 1 mL of Lugol solution. Following 
the Utermöhl method (APHA 1992), we settled a 10 mL 
sample, enumerating the total cells present in approxi-
mately 40 fields located in strips across the center of the 
bottom of the sedimentation camera. Counts of microphy-
toplankton were made at 640× and nanophytoplankton at 
1008× (approximately 30 fields) using a Zeiss inverted 
microscope; abundance was reported as cells mL−1. Identi-
fication was based on taxonomic keys of Komárek and 
Anagnostidis (1999, 2005). Taxa belonging to Nostocales 
were determined according to Cronberg and Annadotter 
(2006) and Komárek (2010). The biovolume calculation 
was based on geometric models and volume formulas 
(Sun and Liu 2003). 

The determination of MC-LR concentration (hereafter 
MC-LR refers to equivalents) was performed on 
concentrate samples (600 mL) from a 90 L filtration of 
water from the reservoir in a phytoplankton net (20 µm) to 
determine the level of extracellular MCs in water samples. 
The concentrate samples were stored in a freezer (−20 °C) 
until analysis. The samples were thawed and then filtered 
to remove phytoplankton; from the supernatant; 200 µL 
were subjected to an ELISA test using the Quantiplate Kit 

for Microcystin (EnviroLogix, USA) with an optimal 
detection range from 0.16 to 2.5 µg L−1. The values 
reported were determined from a curve calculated from 
the [MC-LR] standard versus absorbance. 

A Pearson product-moment correlation coefficient 
between biovolume and cyanotoxin was calculated using 
MS-Excel software. Relationships between the MC-LR 
equivalents and variable physicochemical and cyanobacte-
ria biovolume data (except rare species, frequency <10%) 
were calculated using the partial canonical correspondence 
analysis (pCCA; Canoco for Windows 4.5) considering 
period of time (months) as a covariable. Variables and 
biovolume values, except for pH, were transformed by 
adding one unit and then calculating the log10.

Results 

Water quality variables

The pH ranged from 7.8 to 9.0 during the first 9 months 
but fell to 7.1 in November. The water temperature ranged 
between 18.5 and 25 °C, with the highest temperatures 
from May to August. The average Zsd was 1.46 m, except 
in November when it rose to 4.9 m. The DO in the 
reservoir was at a mean level of 8.2  mg L−1 from February 
to October but in November fell sharply to 3.8 mg L−1. 
The K25 increased during the first 4 months to 185 µS 
cm−1, gradually decreased to 160 µS cm−1 in October, and 
rose again in November. SRP concentrations ranged from 
0.6 to  94 µg L−1 PO4

−3-P, with pulses in March, June, and 
November. DIN had 2 pulses, one in April (200 µg L−1) 
and another in November (290 µg L−1; Fig. 2 A–G). 

Fig. 1. Sampling sites in Valle de Bravo reservoir, State of Mexico, Mexico



330

DOI: 10.5268/IW-4.3.573

José L Alillo-Sánchez et al.

© International Society of Limnology 2014

Species richness, abundance, and biovolume of 
cyanobacteria

Species richness in the VB reservoir consisted of 18 taxa 
(Table 1), with 6 belonging to order Chroococcales, 4 to 
Oscillatoriales, and 8 to Nostocales. The highest number 

of taxa (10–15) was observed in the warm season and 
early rainy season (Apr, May, and Jul; Fig. 3); during this 
period, Nostocales were well represented by 8 taxa, and 
Oscillatoriales were represented by 2–4 taxa. In the 
months that followed, Chroococcales were dominant, with 
only one taxon belonging to Oscillatoriales.

Fig. 2. Variation of physicochemical variables from surface water samples in Valle de Bravo reservoir from February to November 2010.  
Mean ± SD.
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The average abundance of cyanobacteria at 5 sample 
points had 2 peaks, one in June (14.3 × 104 cells mL−1) and 
another in August (11.3 × 104 cells mL−1; Fig. 4A). 
Pseudanabaena mucicola (4.1 × 104 cells mL−1) was most 
abundant during the sampling months, followed by 
Microcystis wesenbergii (2.7 × 104 cells mL−1). Woron-
ichinia naegeliana was the third most abundant taxa with 
0.2 × 104 cells mL−1.

After transforming the abundance to biovolume, 
Microcystis wesenbergii contributed overwhelmingly to 
the highest value (Fig. 4B), followed by Lyngya birgei 
with larger cellular dimensions (3.2 µm length × 7.16 µm 
width), which maintained the biovolume curve at the 
abundance in July and August. Pseudanabaena mucicola 
was the third species that contributed to the biovolume in 
August, September, and November; however, because of 
their small size (3.2 × 1.2 µm), biovolume input was low 
and therefore did not match patterns of abundance. Unlike 
abundance patterns, biovolume pulses were apparent in 
April and June. The distribution of average biovolume in 
the sampling sites decreased in the following order: 
Tizates 1 > Tizates 3 > Tizates 2 > Wall dam > Center 
(Fig. 5).

Distribution of MC-LR 

The highest concentration of MC-LR (5.56 µg L−1) was in 
April and the lowest in September (0.25 µg L−1). Of the 5 
stations, the Wall dam site had the highest equivalents of 
the toxin and the Center site had the lowest (Fig. 6). 
Correlating biovolume with MC-LR equivalents, a higher 

Cyanobacteria
Order Chroococcales Family Phormidiaceae
Family Merismopediaceae    9. Planktothrix agardhii
   1. Merismopedia sp. (Gomont) Anagnostidis & Komárek 1988
   2. Snowella septentrionalis Family Oscillatoriceae

Komárek & Hindák 1988    10. Lyngbya birgei G. M. Smith 1916
   3. Woronichinia naegeliana

(Unger) Elenkin 1933 Order Nostocales
Family Microcystaceae Family Nostocaceae
   4. Microcystis sp.    11. Anabaena sp.
   5. Microcystis aeruginosa    12. Anabaena planctonica

(Kützing) Kützing 1846   (Brunnthaler 1903)
   6. Microcystis wesenbergii    13. Anabaena  aff. viguieri

(Komárek) Kommarék in Kondrateva 1968    14. Anabaena aff. spiroides
   15. Anabaena  crassa

Order Oscillatoriales   (Lemmermann) Komárek-Leng & Cronberg 1992)
Family Pseudanabaenaceae    16. Cuspidothrix issatschenkoi   
   7. Pseudanabaena mucicola   (Usac.) Rajaniemi et al. 2005

(Naumann & Huber-Pestalozzi) Schwabe 1964    17. Aphanizomenon yezoense  
   8. Limnothrix redekei   (Watanabe 1991)

(Van Goor) Meffert 1988    18. Cylindrospermopsis raciborskii
  Seenaya & Subba Raju 1972

Table 1. List of cyanobacteria encountered during February to November of 2010 in Valle de Bravo reservoir.

Fig. 3. Species richness by orders of cyanobacteria in VB reservoir.
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value was obtained for the Anabaena genera (Table 2). A 
high correlation was also obtained for Anabaena 
planctonica (r = 0.65, n = 50) and A. aff. viguieri (r = 0.50, 
n = 50).

The  pCCA showed certain groupings among variables 
and species. During the dry season, the higher conductiv-
ity, high temperatures, and DIN peak were associated 
mainly with Nostocales (Fig. 7B). Microcystis wesenbergii 
and its epiphyte Pseudanabaena mucicola were associated 
with increasing SRP (Fig. 7A).

Discussion

Temperature values ​​from March to November are typical 
for the prevailing subtropical climate in the country and 
provide favorable conditions for cyanobacterial growth 
(20–25 °C optimal) for most of the year (Oliver and Ganf 
2000, Msagati et al. 2006, O’Neil et al. 2012). The active 
photosynthesis of these organisms produces the high DO 
concentrations and high pH values (O’Neil et al. 2012, 
Paerl and Paul 2012), in accordance with the reported 
optimal for these bacteria (6–9 pH units; Oliver and Ganf 
2000, Msagati et al. 2006).

The SRP value exceeded 10 µg L−1 (optimum concen-
tration for development of cyanobacteria; Oliver and Ganf 
2000, Msagati et al. 2006) in March, June, and November. 
The average SRP value was 12.6 µg L−1, indicating a 

Anabaena spp. 0.65
Microcystis spp. 0.24
Anabaena planctonica 0.65
Anabaena aff. viguieri 0.50
Planktothrix agardhii 0.42
Microcystis wesenbergii 0.24
Woronichinia naegeliana 0.21
Pseudanabaena mucicola −0.014
Lyngya birgei −0.0325

Table 2. Correlation coefficient biovolume of genera and species vs. 
MC-LR equivalents in Valle de Bravo reservoir (n = 50).

Fig. 5. Biovolume average and standard deviation of 5 sampling 
points.

Fig. 6. Cyanotoxin equivalents in the different sampling sites of VB 
reservoir. Dotted line shows the provisional guidance value 
(1 µgL−1) for finished drinking water (WHO 1998).

Fig. 4. (A) Abundance of cyanobacteria in Valle de Bravo reservoir. 
The line refers to 10 × 104 cells mL−1. (B) Monthly percentage  
and total biovolume of cyanobacteria in Valle de Bravo reservoir  
(mm3 mL−1).
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mesotrophic condition, but the low transparency Zsd 
(average 1.2 m) indicates that this waterbody is eutrophic 
(OECD 1982), and this trophic state coincides with 
previous reports (Olvera-Viascán et al. 1998, Gaytán et al. 
2011).

Ammonium was the main contributor to DIN pulses in 
April and November (average for the 2 months 234 
µg L−1), but also during the sampling period (112 µg L−1). 
Especially during February to June, the concentration of 
this resource (130 µg L−1) was coupled to the optimum 

level of 100 µg L−1 reported for the growth of cyanobacte-
ria (Oliver and Ganf 2000, Msagati et al. 2006, O’Neil et 
al. 2012). The average N:P in February and March was 12, 
indicating a limitation of N for phytoplankton growth. The 
concentration of DIN from February to June and N 
limitation during this period met the conditions  
for the development of Nostocales (Oliver and Ganf 2000, 
Jöhnk et al. 2011), as observed in high abundance and 
species richness in VB (Figs. 3 and 4B) and in the 
associated cluster of Nostocales–DIN in the pCCA  
(Fig. 7B). 

From July to October, the SRP and DIN levels were 
less than optimal for the growth of cyanobacteria, and the 
decrease in species richness could be attributed to the 
drastic reduction of nutrients. SRP contribution from 
rainfall seems to favor M. wesenbergii and the epiphyte 
Pseudanabaena mucicola, as shown in the pCCA 
(Fig  7A). However, the dominance and persistence of  
M. wesenbergii throughout the study period (February to 
November), even when resources are limited, could be 
explained by their ability to move toward the thermocline 
during night and incorporate SRP and ammonium from 
this stratum (Shapiro, 1997, Chen et al. 2003, Merino-
Ibarra et al. 2008, Vidal et al. 2009).

The K25 was inversely proportional to the level of the 
reservoir, with higher values in months of drought and 
lower values in rainy months due to dilution. Changes 
occurred in November, when stratification breaks (Fig. 2; 
Olvera-Viascán et al. 1998, Merino-Ibarra et al. 2008).

Cyanobacterial abundance peaks in April, May, June, 
and August exceeded the WHO (1998) guideline value of 
10 × 104 cells mL−1 considered a moderate level of risk 
for recreational activities. Cellular counts exceeding this 
guideline in waterbodies should alert both authorities and 
users to avoid recreational contact; therefore, water not 
appropriately treated is also unsafe to drink because it 
increases negative health effects (Chorus and Bartram 
1999). The high biovolume observed during June and 
July (Fig. 4B) is due to the contribution of nutrients from 
the inflow of the River Tizates in the rainy season, 
especially SRP in June (Fig. 2F), which resulted in the 
proliferation of cyanobacteria in this region of the 
reservoir (Fig. 5).

Cyanotoxins

From February to June, the 4 µg L−1 mean toxin concen-
trations in VB exceeded the safety value established by 
WHO (1998) for drinking water (1 µg L−1). A daily 
ingestion of 12.5, 50, and 150 μg L−1 respectively, of 
MC-LR by children weighing 5 and 20 kg and adults 
weighing 60 kg could have adverse effects on health 
(Dietrich and Hoeger 2005). A low probability of acute 

Fig. 7. (A) axis 1 and 2; and (B) axis 2 and 3. Biplot based on pCCA 
separated in variables and species. Abbreviations of species 
presented as numerals: 1 = Merismopedia sp., 2 = Woronichinia 
naegeliana, 3 = Microcystis wesenbergii, 4 = Pseudanabaena 
mucicola, 5 = Planktothrix agardhii, 6 = Lyngbya birgei, 7 = 
Anabaena sp., 8 = Anabaena planctonica, 9 = Anabaena aff. 
viguierii, 10 = Anabaena crassa, 11 = Cuspidothrix issatschenkoi, 
12 = Aphanizomenon yezoense.
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Although Microcystis wesenbergii was the dominant 
species in the reservoir, and genus Microcystis is the 
leading producer of MCs (WHO 2003, Blahová et al. 
2007), we found a low correlation with MC-LR (r = 0.24; 
Table 2). This taxon does not produce MCs (Xu et al. 
2008) because it does not have the fraction mcyE gene 
(Watanabe 1996, Kurmayer et al. 2003, Via-Ordorika et 
al. 2004). For this reason, the M. wesenbergii bloom study 
by Vasconcelos et al. (2010) did not find MC-LR because 
samples were absent of MCs producers.

Anabaena biovolume presented the highest correlation 
with MC-LR equivalents. This genus produces mainly 
anatoxina-a (Sivonen and Jones 1999, Falconer and 
Humpage 2005), but some species also produce MCs 
(Sivonen and Jones 1999, Fujii et al. 2002, Rejmánková 
et al. 2011, O’Neil et al. 2012). Msagati (2006) reported 
the production of MC-LR in Anabaena sp. at tempera-
tures <25 °C (a condition present from February to April 
in VB). In particular, A. planctonicum biovolume 
explained most of the pattern of MC-LR concentration 
observed in the early months of stratification in VB, a 
finding that agrees with the association of MC-LR with  
A. planctonica in pCCA (Fig. 7A axis 1 and 2; Fig. 7B, 
axis 2 and 3) and that reported by Bruno et al. (1994) in 
the same species.

Although we found no published information on the 
toxicity of Anabaena aff. viguierii, Lozano (2009) 
reported that a strain isolated from VB with the same 
characteristics as Anabaena aff. viguierii presented the 
fraction mcyE gene that codifies for MC, which could 
explain the relatively high correlation coefficient found 
and a similar behavior with A. planctonica in pCCA 
analysis.

One of the most interesting findings of this study was 
that minor components of the cyanobacterial biomass in 
the system produce relative high concentrations of 
MC-LR. This indicates that when these species become 
dominant under the right conditions, extremely high MC 
concentrations could be expected, and available data 
suggest DIN is an important factor promoting their 
growth.

The production of MC-LR by cyanobacteria 
populations reported in this study and the report of the 
toxin associated with the presence of Microcystis in 1999 
and 2000 (Ramírez et al. 2004), as well as the abundance 
of the potentially toxic species, warrants the establishment 
of a permanent monitoring program for the eutrophic VB 
reservoir. Furthermore, isolation of the different species 
should be maintained, genetic testing should be used to 
identify toxic cyanobacteria, and chromatography 
methods should be used to establish the types of 
cyanotoxins produced. This information is currently 
almost nonexistent in Mexico, particularly in VB.

health effects exists from the concentrations of MC-LR 
levels found in VB (Chorus and Bartram 1999), but 
exposure to chronic doses promotes liver tumours (Ito et 
al. 1997, WHO 1998, Rzymski et al. 2011).

The VB reservoir has a permanent wind pattern that 
blows mainly along the major northwest–southeast axis 
in the afternoon, reaching up to 7–8 m s−1. At night and 
early morning, the wind is weak (~1.7 m s−1), blowing 
in the opposite direction to the dam (Merino-Ibarra et 
al. 2008), which causes an accumulation of phytoplank-
ton near the wall dam. Hence, accumulation of toxic 
species could explain the highest concentration of 
MC-LR in this area; in comparison, this accumulation 
does not occur in the center of the reservoir. A higher 
biovolume of cyanobacteria was observed in the Tizates 
River area (Fig. 5); however, the concentration of 
MC-LR at the Wall dam was higher, possibly due to the 
senescence of cyanobacteria that arrive by wind and 
water currents.

Special attention should be paid to Lyngbya birgei in 
VB because, rather than MCs, it produces lipopolysaccha-
ride, also called dermotoxin or lyngbyatoxin (Ito and 
Nagai 1998), which causes severe contact dermatitis for 
people participating in water sports. When ingested, it 
causes severe oral and gastrointestinal inflammation 
leading to diarrhea and fever symptoms (Ito and Nagai 
1998, Sivonen and Jones 1999).

Woronichinia naegeliana was an important species 
(third in abundance) in this study, mainly from February 
to May. Despite reports of this species producing MC-LR 
(Santos et al. 2012), we found low correlation with 
MC-LR levels (r = 0.21; Table 2). 

Planktothrix agardhii had a maximum abundance in 
May (0.2 × 104 cells mL−1), but high abundance has also 
been reported in December (0.3 × 104 cells mL−1; Gaytán 
et al. 2011), likely because the content of phycoerythrin in 
this taxon increases its tolerance to low light incidence, as 
occurs at the end of the year (Scheffer et al. 1997). This 
taxon is a potential producer of different isoforms of  
MCs (Christiansen et al. 2003, Pawlik-Skowrońska et al. 
2004) and is one of the species with the highest MC 
content in its cells (Fastner et al. 1999). This taxon also 
reached significant correlation values with MC-LR 
(r = 0.42; Table 2).

Other potentially toxic species were found in small 
concentrations from February to November in 2010 
(Kurmayer et al. 2003, Via-Ordorika et al. 2004, Cronberg 
and Annadotter 2006) but during other periods reached 
significant levels of abundance. These species include 
Anabaena aff. spiroides in July–October 2000, Microcystis 
botrys and M. flos-aquae in October 2000 and March 2001 
(Gaytán et al. 2011), and M. aeruginosa in September–
November 2012 (CNA 2012). 



DOI: 10.5268/IW-4.3.573

335Microcystin-LR equivalents and their correlation with Anabaena spp. 

Inland Waters (2014) 4, pp. 327-336 

Acknowledgements

The National Commission of Water, Mexico 2010 
partially supported this research. We also wish to thank 
Miquel Lürling, S.S.S. Sarma, S. Nandini, Jennifer 
Graham, and one anonymous reviewer for their 
willingness to read and make useful comments regarding 
the manuscripts submitted.

References

[APHA] American Public Health Association. 1992. Standard methods 
for the examination of water and wastewater, 18th ed. Washington 
(DC).

Azevedo SMFO, Carmichael WW, Jochimsen EM, Rinehart KL, Lau 
S, Shaw GR, Eaglesham GK. 2002. Human intoxication by micro-
cystins during renal dialysis treatment in Caruaru/Brazil. Toxicology. 
181/182:441–446.

Bláhová L, Babica P, Maršálková E, Maršálek B, Bláha L. 2007. Con-
centrations and seasonal trends of extracellular microcystins in 
freshwaters of the Czech Republic - Results of the National 
Monitoring Program. Clean-Soil Air Water. 35(4):348–354.

Bruno M, Barbini DA, Pierdominici E, Serse AP, Ioppolo A. 1994. 
Anatoxin-a and a previously unknown toxin in Anabaena 
planctonica from blooms found in Lake Mulargia (Italy). Toxicon. 
32(3):369–373.

Chen YW, Fan CX, Teubner K, Dokulil M. 2003. Changes of 
nutrients and phytoplankton chlorophyll-a in a large shallow Lake 
Taihu, China: an 8-year investigation. Hydrobiologia. 506–
509:273–279.

Chorus I, editor. 2012. Current approaches to cyanotoxin risk 
assessment, risk management and regulations in different countries. 
Federal Environment Agency (Umweltbundesamt). Germany.

Chorus I, Bartram J, editors. 1999. Toxic Cyanobacteria in water: a 
guide to their public health consequences, monitoring and 
management. World Health Organization. London (UK): E. & F.N. 
Spon.

Christiansen G, Fastner J, Erhard M, Börner T, Dittmann E. 2003. 
Microcystin biosynthesis in Planktothrix: genes, evolution and ma-
nipulation. J Bacteriol. 185(2):564–572.

[CNA] Comisión Nacional del Agua (National Water Commission). 
2012. Floating islands of macrophytes: deputating effect of nitrogen 
and phosphorous in influent area of Tizates and Amanalco rivers, in 
Valle de Bravo reservoir. Technical Report UNAM-CONAGUA / 
OAVM-DT-MEX-12-482-RF-CC.

Cronberg G, Annadotter H. 2006. Manual on aquatic Cyanobacteria: a 
photo guide and a synopsis of their toxicology. International Society 
for the Study of Harmful Algae (ISSHA); Natural History Book 
Service (NHBS).

Dietrich D, Hoeger S. 2005. Guidance values for microcystins in water 
and cyanobacterial supplement products (blue-green algal 
supplements): a reasonable or misguided approach? Toxicol Appl 
Pharmacol. 203(3):273–289.

Dittmann E, Fewer DP, Neilan BA. 2013. Cyanobacterial toxins: bio-
synthetic routes and evolutionary roots. FEMS Microbiol Rev. 
37(1):23–43.

Falconer IR. 2005. Cyanobacterial toxins of drinking water supplies: 
Cylindrospermopsins and microcystins. Boca Raton (FL): CRC 
Press.

Falconer IR, Humpage AR. 2005. Health risk assessment of cyanobac-
terial (blue-green algal) toxins in drinking water. Int J Environ Res 
Public Health. 2(1):43–50.

Fastner J, Neumann U, Wirsing B, Weckesser J, Wiedner C, Chorus I. 
1999. Microcystins (hepatotoxic heptapeptides) in German fresh 
waters. Environ Toxicol. 14:13–22.

Fujii K, Sivonen K, Nakanoa T, Haradaa K. 2002. Structural elucidation 
of cyanobacterial peptides encoded by peptide synthetase gene in 
Anabaena species. Tetrahedron. 58:6863–6871.

Gaytán HML, Martínez AV, Oliva MMG, Durán DA, Ramírez GP. 
2011. Temporal variation of phytoplankton from the tropical 
reservoir Valle de Bravo, Mexico. J Environ Biol. 32:117–126.

Hoeger SJ, Hitzfeld BC, Dietricha DR. 2005. Occurrence and 
elimination of cyanobacterial toxins in drinking water treatment 
plants. Toxicol Appl Pharm. 203:231–242.

Ito E, Kondo F, Harada KI. 1997. Hepatic necrosis in aged mice by oral 
administration of microcystin-LR. Toxicon. 35(2):231–239.

Ito E, Nagai H. 1998. Morphological observations of diarrhea in mice 
caused by aplysiatoxin, the causative agent of the red alga Gracilaria 
coronopifolia poisoning in Hawaii. Toxicon. 36:1913–1920.

Jöhnk K, Brüggemann R, Rücker J, Luther B, Simon U, Nixdorf B, 
Wiedner C. 2011. Modelling life cycle and population dynamics of 
Nostocales (cyanobacteria). Environ Modell Softw. 26:669–677.

Komárek J. 2010. Modern taxonomic revision of planktic nostocacean 
cyanobacteria: a short review of genera. Hydrobiologia. 639:231–
243.

Komarek J, Anagnostidis K. 1999. Cyanoprokaryota 1 Teil: Chroo-
coccales. In: Etts H, Gartner G, Heynig H, Mollenhauer D, editors. 
Susswasserflora von Mitteleuropa. Jena (Germany): Gustav 
Fischer.

Komarek J. Anagnostidis K. 2005. Cyanoprokaryota 2 Teil: Oscillatori-
ales. In: Budel B, Krienitz L, Gartner G, Schagerl M, editors. Suss-
wasserflora von Mitteleuropa 19/2. Heidelberg (Germany): Elsevier/
Spektrum. 

Kurmayer R, Christiansen G, Chorus I. 2003. The abundance of micro-
cystin-producing genotypes correlates positively with colony size in 
Microcystis sp. and determines its microcystin net production in Lake 
Wannsee. Appl Environ Microb. 69(2):787–795.

Lozano OJG. 2009. Molecular tools to detect nocive cyanobacteria in 
bodywaters [master´s thesis]. [Mexico (DF):] National Autonomous 
University of Mexico.

Merino-Ibarra M, Monroy-Ríos E, Vilaclara G, Castillo FS, Gallegos 
ME, Ramírez-Zierold J. 2008. Physical and chemical limnology of a 
wind-swept tropical highland reservoir. Aquat Ecol. 42(3):335–345.

Msagati TAM, Siame BA, Shushu DD. 2006. Evaluation of methods 
for the isolation, detection and quantification of cyanobacterial hepa-
totoxins. Aquat Toxicol. 78:382–397.



336

DOI: 10.5268/IW-4.3.573

José L Alillo-Sánchez et al.

© International Society of Limnology 2014

Oliver R L, Ganf GG. 2000. Freshwater blooms. In: Whiton BA, Potts 
M, editors. The ecology of Cyanobacteria. Dordrecth (Netherlands): 
Kluwer Academic Press. p. 149–194.

Olvera-Viascán V, Bravo-Inclán L, Sánchez-Chávez J. 1998. Aquatic 
ecology and management assessment in Valle de Bravo reservoir and 
watershed. Aquat Ecosyst Health Manage. 1:277–290. 

O’Neil JM, Davis TW, Burford MA, C.J. Gobler CJ. 2012. The rise of 
harmful cyanobacteria blooms: the potential roles of eutrophication 
and climate change. Harmful Algae. 14:313–334.

 [OECD] Organisation for Economic Cooperation and Development. 
1982. Eutrophication of waters: monitoring, assessment and control. 
Paris (France). 

Paerl HW, Paul V. 2012. Climate change: links to global expansion of 
harmful cyanobacteria. Water Res. 46:1349–1363.

Pawlik-Skowrońska B, Skowroński T, Pirszel A, Adamczyk A. 2004. 
Relationship between cyanobacterial bloom composition and 
anatoxin-a and microcystin occurrence in the eutrophic dam reservoir 
(SE Poland). Pol J Ecol. 52(4):479–490.

Ramírez P, Martínez E, Martínez MD, Eslava C. 2004. Cianobacterias, 
microorganismos del fitoplancton y su relación con la salud humana. 
[Cyanobacteria, phytoplankton organisms and their relation to 
human health]. In: Secretaría de Medio Ambiente y Recursos 
Naturales, Instituto Nacional de Ecología, Programa Universitario 
del Medio Ambiente-UNAM, editors. Environ Microbiol. México. 
ISBN: 968-817-707-5. p. 83–105.

Ramírez GP, Nandini S, Sarma SSS, Robles VE, Cuesta I, Hurtado 
MD. 2002. Seasonal variations of zooplankton abundance in the 
freshwater reservoir Valle de Bravo (Mexico). Hydrobiologia. 
467:99–108.

Rejmánková E, Komarek J, Dix M, Komarkova J, Giron N. 2011. Cy-
anobacterial blooms in Lake Atitlan, Guatemala. Limnologica. 
41:296–302.

Roset J, Aguayo S, Muñoz MJ. 2001. Detección de cianobacterias y sus 
toxinas. Una revisión. Rev Toxicol. 18:65–71.

Rzymski P, Poniedziałek B, Karczewski J. 2011. Gastroenteritis and 
liver carcinogenesis induced by cyanobacterial toxins. Gastroenterol 
Polska. 18(4):159–162.

Santos MCR, Muelle H, Pacheco DMD. 2012. Cyanobacteria and mi-
crocystins in lake Furnas (S. Miguel island-Azores). Limnetica. 
31(1):107–118. 

Scheffer M, Rinaldi S, Gragnani A, Mur L, van Nes EH. 1997. On the 
dominance of filamentous Cyanobacteria in shallow, turbid lakes. 
Ecology. 78:272–282.

Schindler DW. 2006. Recent advances in the understanding and 
management of eutrophication. Limnol Oceanogr. 51(1–2):356–363.

Shapiro J. 1997. The role of carbon dioxide in the initiation and 
maintenance of blue-green dominance in lakes. Freshwater Biol. 
37:307–323.

Sivonen K, Jones G. 1999. Cyanobacterial toxins. In: Chorus L, 
Bartram J, editors. Toxic cyanobacteria in water. World Health Or-
ganization. London (UK): E. & F.N. Spon. p. 41–111.

Sun J, Liu D. 2003. Geometric models for calculating cell biovolume 
and surface area for phytoplankton. J Plankton Res. 255(11):1331–
1346.

Valadez F, Oliva G, Vilaclara G, Caballero M, Rodriguez DC. 2005. On 
the presence of Stephanodiscus niagarae Ehrenberg in central 
Mexico. J Paleolimnol. 34:147–157.

Vasconcelos V, Martins A, Vale M, Antunes A, Azevedo J, Welker M, 
Lopez O, Montejano G. 2010. First report on the occurrence of mi-
crocystins in planktonic cyanobacteria from Central Mexico. 
Toxicon. 56:425–431.

Via-Ordorika L, Fastner J, Kurmayer H, Dittman M, Komarek J, 
Erhard M, Chorus I. 2004. Distribution of microcystin-producing 
and non-microcystin-producing Microcystis sp. in European 
freshwater bodies: detection of microcystins and microcystin genes 
in individual colonies. Syst Appl Microbiol. 27:592–602.

Vidal L, Fabre A, Gabito L, Kruk C, Gravier A, Britos A, Pérez MC, 
Aubriot L, Bonilla S. 2009. Fichas de identificación de las especies. 
[Identification index for species]. In: UNESCO, editor. Cianobacte-
rias planctónicas del Uruguay: manual para la identificación y 
medidas de gestión. [Planktonic Cyanobacteria of Uruguay: 
handbook for the identification and management measures]. 
Technical Document PHI-LAC, N° 16. Uruguay. p. 45–74.

Waclin P, Hoffmann L, Komárek J. 2009. Nomenclatural validation of 
the genetically revised genus Dolichospermum (Ralfs ex Bornet et 
Flahault) comb. nova. Fottea. 9(1):59–64.

Watanabe M. 1996. Isolation, cultivation and classification of bloom-
forming Microcystis in Japan. In: Watanabe MF, Harada K, 
Carmichael WW, Fujii H, editor. Toxic Microcystis. Boca Raton 
(FL): CRC Press. p. 13–34.

[WHO] World Health Organization. 1998. Guidelines for drinking 
water quality. 2nd ed. Addendum to Vol 2. Health criteria and other 
supporting information. Geneva (Switzerland).

[WHO] World Health Organization. 2003. Guidelines for safe recrea-
tional water environments. Volume 1: Coastal and fresh waters. 
Chapter 8: Algae and cyanobacteria in fresh water. p. 136–158.

Xu Y, Wu Z, Yu B, Peng X, Yu G, Wei Z, Wang G, Li R. 2008. Non-
microcystin producing Microcystis wesenbergii (Komárek) Komárek 
(Cyanobacteria) representing a main waterbloom-forming species in 
Chinese waters. Environ Pollut. 156:162–167.


