
Vol. 20: 285-297.1999 
AQUATIC MICROBIAL ECOLOGY 

Aquat Microb Ecol 
Published December 30 

Dynamics of a toxic cyanobacterial bloom 
( Cylin drosperm opsis raciborskii) in a 

shallow reservoir in the semi-arid region 
of northeast Brazil 

Marc ~ o u v y ' ~ * ,  Renato ~ o l i c a ~ ,  Simone De 01iveira3, Mauro ~ a r i n h o ~ ,  
Beatriz Beker4 

'Institut de  Recherche pour le Developpement (IRD), 911 Avenue Agropolis, 34032, Montpellier cedex 1, France 
'Institute Tecnologico do Estado de Pernambuco (ITEP), RecifeIPE, Brazil 
'Universidade Federal Rural de Pernambuco. RecifeIPE 52175-030. Brazil 

T e n t r e  Oc6anologique de Marseille (COM), rue de  la Batterie des Lions, 13007 Marseille, France 

ABSTRACT: The species composition and the seasonal succession of phytoplankton were analyzed in 
a eutrophic drinking water reservoir located in the semi-arid region of northeast Brazil. Investigations 
were based on bimonthly or monthly sampling over 2 yr (1997 to 1998) conducted at 1 representative 
station with 2 sampled depths (0.5 and 5 m near the bottom). Limnological parameters (temperature, 
pH, dissolved oxygen, conductivity, light, dissolved inorganic nutrients) were simultaneously measured 
to determine the possible factors affecting the phytoplankton composition. We determined 30 taxa dur- 
ing the survey which were numerically dominated by the class Chlorophyceae. However, both in terms 
of abundance and biomass, Cyanobacteria dominated the phytoplankton community with Cylindros- 
permopsjs raciborslili (Wolsz.) Seenayya et Subba Raju. This species can represent biomass close to 
96-100% of total phytoplankton biomass, with values reaching 70 mg 1-' (fresh weight) between April 
and November 1998. Over the survey, the filaments of C. raciborskii were coiled (average of 97 %) with 
a mean proportion of 12.3 % of terminal heterocytes. The species toxicity was determined from bioas- 
say analysis and the presence of neurotoxins was revealed during the bloom. By March 1998, chloro- 
phyll concentration reached 135 pg I-' at the surface level, inducing a sharp decrease of the euphotic 
zone depth. Favorable environmental conditions were observed for the bloom with high temperatures, 
high pH, low N/P ratio, and absence of efficient predators. The nutrient context seemed to play a role 
in the cyanobacterial bloom despite the absence of external nutrient supply. However, annual rain 
deficit and lack of water renewal in 1998 linked to the 1997 El Nifio consequences seem to be the major 
factors responsible for both hypereutrophic conditions and cyanobacterial blooms in the reservoir stud- 
ied. Thus, global climate change can influence phytoplankton population dynamics in continental 
waters, as demonstrated frequently in oceanic ecosystems. 
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INTRODUCTION level (e.g. Reynolds 1988, 1998). Dominance of a par- 
ticular species within a phytoplankton community 

Functional morphology, growth requirements and depends upon a complex of factors including physical 
adaptive strategies of freshwater phytoplankton have (e.g. retention time), chemical (e.g. nutrient loading) 
been well described over the last few decades from and biological (e.g. grazing) symptoms. Cyanobacteria 
detailed studies at an algal species andor  community are commonly encountered in many eutrophic reser- 

voirs, and are known to contribute by their blooms to 
'E-mail: bouvy@mpl.ird.fr the deterioration in the aquatic environment. Identify- 
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ing the specific environmental factors which promote 
the cyanobactenal blooms is a crucial question for 
many researchers, and it is obvious that no single fac- 
tor may serve as a reliable predictor. Establishment of 
causality between physico-chemical, biological or cli- 
matological factors and cyanobacterial blooms is an 
important issue for the effective management of reser- 
voirs. Cyanobacterial blooms are often preceded by 
nutrient enrichment which coincides with environ- 
mental changes such as stratification andor  tempera- 
ture elevation andlor absence of zooplankton grazing 
(Paerl 1988, Reynolds 1998). Few studies have focused 
on how changes in water quality parameters are re- 
lated to the increase in cyanobacterial abundances 
(Fabbro & Duivenvoorden 1996, James & Havens 1996, 
Soranno 1997, de Souza et al. 1998). On the other 
hand, the influence of local climatological factors (e.g. 
wind, light conditions) can also modify the phytoplank- 
ton slructure, as cyanobacteria communities are strongly 
driven by physical conditions such as local weather 
(e.g. Toth & Padisak 1986, Paerl 1988, Townsend et al. 
1996, Soranno 1997). Other climatological factors 
which play a role in the global climate have been 
recently studied in marine ecosystems, such as the 
El Niiio-Southern Oscillation (ENSO) cycles in the 
modification of phytoplankton communities (e.g. Bar- 
ber et al. 1996, Blanchot & Rodier 1996). However, few 
works about these El Nifio episodes have been carried 
out on continental waters, and studies on the effects of 
global warming on phytoplankton population dynam- 
ics are especially very scarce (Harris & Baxter 1996, 
Padisak 1998). Harris & Baxter (1996) reported in a 
subtropical reservoir that many cyanobacterial blooms 
appear to be linked to a decrease in total water capac- 
ity due to the severe droughts linked to the successive 
El Nifio events. In addition, Padisak (1998) concluded 
that the positive deviation of temperature (close to 2°C) 
can explain the interannual variability of cyanobacter- 
ial blooms in Lake Balaton, Hungary. 

The northeastern region of Brazil is home to a large 
semi-arid expanse referred as the Drought Polygon. 
For the past 100 yr, combating droughts in this region 
has been accomplished primarily by providing surface 
water storage, and the reliance on surface reservoirs 
has been referred to as the 'A~udes '  (Brazilian name 
for reservoir, generally man-made) policy. The main 
surface water sources are reservoirs with more than 
70000 systems with 1000 m* and even more with lower 
surface (Molle 1991). Although many are used as 
sources for treated water consumption, most are 
designed for multiple purposes such as unrestricted 
irrigation, bathing, fishing and ranching. Freshwater 
cyanobacteria also pose a potential risk to human 
health, livestock and other animals if these cells liber- 
ate toxins in water (Carmichael 1994, Jones & Poplaw- 

ski 1998). Cyanobacteria produce a wide range of tox- 
ins including the cyclic peptide hepatotoxins and alka- 
loid neurotoxins such as paralytic shellfish poisons 
(PSPs) (Carmichael 1994, Humpage et al. 1993). A 
severe outbreak of hepato-enteritis occurred at a hae- 
modialysis center in Pernambuco state, Brazil, in Feb- 
ruary 1996, with the death of 60 patients due to the use 
of a water reservoir colonized by cyanobacteria (Aze- 
vedo 1996, Carmichael 1996, Jochimsen et al. 1998). 
Among toxic cyanobacteria, the genus Cylindrosper- 
mopsis is well represented, as some species (C. raci- 
borskii) dominate major components of phytoplankton 
communities and may form water blooms in tropical 
freshwater ecosystems (e.g. Branco & Senna 1994 in 
Brazil, Fabbro & Duivenvoorden 1996 in Australia). 
Recently, Padisdk (1997) concluded m a review that C. 
raciborskii has become one of the most notorious 
cyanobacteria over the world because of its potential 
toxicity and tendency to form dense blooms. 

In 1997, as a direct consequence of the El NiAo event 
(Liu et al. 1998), irregularities in precipitation and 
reduction of the rainy seasons were observed in the 
Brazilian semi-arid region. By March 1998, water lev- 
els in reservoirs drastically decreased, favoring 
eutrophication and development of Cyhdrospermop- 
sis raciborskii (Bouvy et al. 1998b, Molica et al. 1998). 
In the framework of the 'A~udes Project', initiated in 
1994 with the Brazilian partners of the Recife Univer- 
sity of Pernambuco, a limnological study has focused 
on studies of the trophic structure of many reservoirs 
between 1996 and 1998. This paper presents the 
dynamics of a cyanobacterial bloom in 1 reservoir 
through studies of seasonal variations over 2 yr (1997 
to 1998) and its consequences related to the environ- 
mental and climatological factors studied. 

MATERIALS AND METHODS 

Study area. Ingazeira reservoir is situated between 
8" 34' S and 36" 52' W; (see Fig. l), in the south of Per- 
nambuco state. 250 km from the Atlantic Ocean. It was 
built in 1986 to retain water for irrigation and drinking 
purposes. Its direct catchment area covers a surface of 
326 km2 and the lake surface is 130 ha at maximum 
capacity (theoretical volume of 4.6 X 106 m3). At this 
optimal capacity, the mean depth is of 5 m with a max- 
imum depth of 13 m in front of the dam. The first inves- 
tigation, carried out in September 1995 (Bouvy et al. 
1998a), concluded that the characteristics of this reser- 
voir are close to the mesotrophic state (e.g. chlorophyll 
level of 19 pg 1-l). 

The hydrological balance in this Brazilian region is 
characterized by an annual precipitation range between 
400 and 800 mm (Cadier 1993). The historical annual 
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average precipitation is 708 mm (1920 to 1985 period) 
with a well-defined rainy season between January and 
July (Fig. 2). In 1997, this value was lower at 507 mm 
with many irregularities in precipitation. In 1998, the 
precipitation decreased dramatically, with an average 
annual rainfall of 113 mm, as a direct consequence of 
the 1997 El Nirio event. The water level in Ingazeira 
reservoir has suffered a 5.2 m decrease between Janu- 
ary 1997 and December 1998. 

Sampling and analysis procedures. Samples were 
collected at a fixed station in front of the dam, at bi- 
monthly intervals from January 1997 to March 1998. 
Between March and December 1998, samples were 
taken monthly in order to follow the cyanobacterial 
bloom. Water temperature, pH and dissolved oxygen 
were measured through the water column at intervals 
of 0.5 m from the surface to the bottom, using a hydro- 
static pump and specific electrodes (YSI probe and pH 
probe). From PAR measurements using a Li-Cor 193 
spherical quantum sensor (4 K), the vertical attenuation 
coefficient (K) was calculated from a linear regression 
analysis of the natural logarithm of irradiance with 
respect to depth. From this coefficient, the depth of the 
1 % light level, analogous to the euphotic zone, was 
obtained for each sampling. 

Water samples for nutrients, phytoplankton and 
chlorophyll concentrations were taken with a 2 1 ver- 
ticai ivisitin bocue at 2 s d ~ ~ ~ p i i r ~ y s  i e v e i b ,  -6.3 ~ L L C ;  

-5 m near the bottom. The samples for dissolved nu- 
trients (NH4-N, NO3-N, NO2-N, PO4-P) determinations 
were filtered onto Whatman GF/F fiberglass filters, 
stored at -20°C and analyzed according to Strickland 
and Parsons (1972). Water samples for chlorophyll 
analysis were filtered onto Whatman GF/F filters and 
stored in liquid nitrogen. Chlorophyll a concentra- 
tions were determined fluorometrically after metha- 
nol extraction (Yentsch & Menzel 1963). Water sam- 
ples for phytoplankton analysis were immediately 
preserved in Lugol's iodine solution, stored in dark 
and cold conditions (4 to 6 O C ) .  After sedimentation 
(for 24 h, chambers of 2 m1 for the dominant species, 
and 10 m1 for other algae), phytoplankton species 
were enumerated by inverted microscopy (Uter- 
mohl's method) in random fields (Uhelinger 1964) 
given precision of 10 %. The species Cylindrosper- 
mopsis raciborskii has been identified and confirmed 
by Dr Jaroslava Komarkova, from the Institute of 
Hydrobiology, Czech Republic. Wet biomass was cal- 
culated from recorded abundance and specific bio- 
volumes assuming a specific gravity of 1. Cell vol- 
umes based on measured dimensions were estimated 
for each species from geometric solids (Rott 1981). 
Phytoplankton diversity was expressed by the Shan- 
non-Weaver index (Shannon & Weaver 1963) based 
on biomass of each species according to the formula: 
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Fig. 1. Map of Pernambuco state (Brazil) and location of the 
Ingazeira reservoir 

H (bits cell-') = -xni/N x log2 (n j /N)  

where n, is the measure of the ith species (as specific 
wet biomass) and N is total biomass. 

Data were analyzed using the statistical software 
package SigmaStat (Jandel Corp.), and Spearman 
rank correlation coefficients were used to measure the 
degree of association between the abiotic parameters 
and the algal variables. 
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lected 3 times (April, September and October 1998) in 
plastic bottles (4 1). At the laboratory the samples were 
rapidly concentrated by centrifugation and then stored 
at  -18°C. Freeze-thawed samples were used for bioas- 
say analysis by intra-peritonea1 injection into Swiss 
Albino mice (25 to 32 g body weight) and into Tilapia 
fishes Oerochromis niloticus (10 to 20 g body weight). 
This fish dominates the fish community of Ingazeira 
reservoir. 

160 1 
- - - - 

"~istorical average = 708 mmlyear 
Rainfall in 1997 = 507 rnrnlyear 

Jan Mar May Jul Sep Nov 
Feb Apr Jun Aug Oct Dec 

Fig. 2. Monthly average precipitation for the 1920 to 1985 
period and for the 2 yr studied (1997 and 1998) 
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RESULTS 

Physico-chemical parameters 

Due to the lack of precipitation, the water level 
I 

I 
decreased continuously from August 1997 (full total -- 1400 
capacity) until the end of the survey in December 1998 1 80 

-- 7 

'E 
(20% of the total volume; Fig. 3). The reservoir com- 2 

0 

1 
-- 1200 V1, 

pletely dried in June 1999 due to an evaporation rate of g I 1 0  

3 m yr-' in this region (Cadier 1993) and the water .- 3 > 
being used for drinking. Due to the very low volume of 

A 
-- 1000 5 

catchment inflow in 1998 (Fig. 2), a theoretical reten- 0 a 
L) 

U 
40 C tion time is approximately 2 yr for our survey. Varia- 

tions of conductivity values showed an inverse pattern 
-- 800 8 

of total volume fluctuations, with an increase of salt 
20 

A 

concentrations throughout the survey starting from a-- 600 
April 1997 (Table 1). Values were generally lower at 
5 m. The depth of the euphotic zone showed a clear 
pattern with high values in 1997 (January and August; 400 

Jan MarMay Jul SepNov Jan MarMay Jul SepNov 
close to 2.5 m) and the lowest observed between April 
and August 1998. The minimum value (53 cm) was 
recorded in June 1998 and corresponded to an attenu- 
ation coefficient of 8.7 m-' (Table 1). Photon flux den- 
sity at 0.5 m varied during the survey, with the lowest 
values (<63 pE m-' S-') noted between April and Sep- 
tember 1998 (Table 1). 

Fig. 4 represents the depth-time contour lines for 
temperature, pH and dissolved oxygen in Ingazeira 
reservoir. Water temperatures were always high dur- 
ing the survey with minima at 0.5 m (subsurface) regis- 
tered in June and August (24 to 25.3"C). Temperature 
profiles did not show vertical stratification: according 
to the season, the general cooling and warming of the 

Fig. 3. Fluctuations of conductivity and total reservoir volume 
from January 1997 to December 1998 

water column affected all the water column down to 
the bottom. From October to December 1998, water 
temperatures in the upper column were slightly 
higher, inducing a thermal stratification of the water 
column between 0.5 and 1 m (Fig. 4A). Surface pH val- 
ues were always above 8.12 and reached up to 9.39 in 
March 1998 (Fig. 4B). The high pH values corre- 
sponded to extremely high oxygen concentrations in 
March and April 1998. Surface pH values were higher 

Table 1. Euphotic depth (Z,,,,), vertical attenuation coefficient of irradance (K,), light intensity at 0.5 m, conductivity values, 
chlorophyll levels, algal dens~ty and biomass, Shannon-Wiever (S-W) index for each depth during the survey between January 

1997 and December 1998 in Ingazeira reservoir. S: 0.50 m depth; B: 5 m depth 

Units Level Jan Mar May Aug Oct Dec Mar Apr May Jun Aug Sep Oct Nov Dec 

Zeuph M 2.67 2.30 1.62 2.57 0.95 1.80 0.93 0.71 0.64 0.53 0.61 0.82 0.99 0.92 0.89 

I Light intensity pE mm' S-' S 233 230 500 650 141 l80 140 15 63 14 23 33 169 180 169 1 
Conductivity pS cm-' S 1095 706 611 665 782 872 1009 1016 1056 1104 1208 1420 1566 1585 l700 

B 1086 727 597 668 789 893 1019 1018 1053 1085 1173 1270 1318 1321 1736 

Chlorophyll pg1-' S 30.2 25.6 45.7 36.7 55.7 35.1 65.6 70.8 109.2135.4 106.9 97.4 42.1 38.1 51.4 
B 23.3 1 6 8  15.6 15.3 55.2 37.8 65.3 58.3 125.1 140.9 89.5 85.1 36.4 34.4 46.8 

Algal density 106 cell l-' S 19.1 36.8 70.8 35.1 86.8 74.5 157.0 177.0 219.1 120.1 84.3 89.4 92.3 68.1 56.7 
B 19.6 8.1 4.4 22.7 48.5 19.5 198.1 374.5 177.6 150.2 130.3 99.3 91.3 92.1 154.2 

Algal biomass mgl-' S 9.3 30.1 66.8 6.6 45.5 43.1 92.8 114.9119.4 106.7 68.8 67.7 20.9 29.3 32.9 
(fw) B 7.7 10.3 4.7 5.7 27.1 10.2 11.8 28.1 43.1 33.4 23.9 19.6 11.8 19.7 23.1 

S-W index bits cell.' S 0.182 0 903 0.242 1.370 0.499 0.069 0.052 0.047 0.024 0.014 0.012 0.015 0.659 0.824 
B 0.364 0.671 0.195 1.611 0.423 0.057 0.058 0.256 0.176 0.151 0.001 
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Flg 4 Depth-tlme contour lines for (A)  temperature ("C), (B) 
pH (pH units) and (C) dissolved oxygen (mg I-') during the 

survey 

than those observed at 5 m, but the vertical distribution 
of pH did not show seasonal stratification. In 1998, the 
vertical profiles showed a great homogeneity of the 
water column compared with those observed in 1997 
(Fig. 4B) .  On the contrary, dissolved oxygen values 
presented a well-marked stratification. Throughout 
the survey, water was supersaturated at 0.5 m with 
oxygen concentrations exceeding 7 mg I-', while the 
values decreased dramatically with depth. The oxy- 
genated zone comprised the first 3 m until December 
1997, and was limited to the first meter in December 
1998. Anoxic conditions generally occurred in the 
hypolimnion and were probably due to the lack of 
strong winds (Fig. 4C). 

Soluble reactive phosphorus (SRP) concentrations de- 
creased from high values observed in February 1997 
(380 and 544 pg I-', respectively at 0.5 and 5 m) to low va- 
lues in September 1998 (6 pg 1-' for the 2 levels studied). 
During the survey, no significant difference of concen- 
trations was observed between the 2 levels studied, with 

Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov 

Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov 

Fig. 5. Temporal vanations in ammonium and soluble reactive 
phosphate concentrations (logarithmic scale) at  2 sampled 

levels (0.5 and 5 m) In 1997 and 1998 

a mean of 65 and 85 mg 1-', respectively at 0.5 and 5 m.  
Ammonium concentrations ranged at 0.5 m between 8 
and 98 1-19 1-' (mean of 41 pg I-') with the highest values 
from May 1998 (Fig. 5).  Large variations of this com- 
pound were recorded between the surface and the bot- 
tom, with higher values recorded at 5 m (close to 350 pg  
1-' in May 1997 and April 1998). Due to technical prob- 
lems, the nitrate analyses only began in 1998. Oxidized 
nitrogen (nitrite and nitrate) ranged from 1.3 to 80.2 pg 
1-' at 0.5 m and 7.7 to 91.7 pg 1-l at 5 m with low values in 
November and December 1998. The highest values were 
recorded in May. The dissolved inorganic N/P ratio (by 
weight) averaged 3.5 at 0.5 m and 9.2 at 5 m with values 
close to 2 in December 1998. Chlorophyll a concentra- 
tions at 0.5 m ranged between 25.9 pg 1-' in March 1997 
and 135.4 pg  1-' in June 1998. The pattern was very sim- 
ilar at 5 m with the highest values close to 140 pg 1-' in 
August 1998. For the 2 depths studied the period with 
the hlghest chlorophyll concentrations was observed be- 
tween May and September 1998 (Table 1, Fig. 6). 
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Species composition and phytoplankton biomass (fresh weight). In 1998, maxima were recorded be- 
tween March and October 1998, with 2.2 X 10' fila- 

The relative abundance and biomass of phytoplank- ments l-' at 0.5 m in May and 3.7 X 10' filaments 1-' at 
ton community showed an obvious pattern during the 5 m in April. No significant difference was found in 
survey. In 1997, abundances at 0.5 m were all above total abundance for the 2 levels studied. In contrast, 
5 X 107 filaments 1-' and biomasses above 70 mg 1-' phytoplankton biomass was strongly reduced at 5 m. 

Table 2. Phytoplankton species for each depth studied from Ingazeira reservoir between January 1997 and December 1998. 
S: 0.5 m depth; B: 5 m depth 

Algal Jan Mar May Aug Oct Dec Mar Apr May Jun Aug Sep Oct Nov Dec 
v o l u r n e S B S B S B S B S B S B  S B S B S B S B S B S B S B S B S B  
(m3) 

Chlorophyceae 
Carteria sp. 785 m , .  . 
Chloreflasp. 14 7 . .  

Closteriopsis sp. 509 E . .  

Closterium acuturn 33078 . S . .  

Coelastrum microporum (colonies) 452 ' ' 
Coelastrum microporum (cells) 113 
Coelastrum ~nicroporum (isolated cells) 523 
Kirchneriella rotunda 5 
Monoraphdiurn contorturn 19 
Oocystis lacustris 804 
Scenedesm us falcatus 160 
Scenedesmus sp. 47 
Tetraedron gracile 382 

Cryptophyceae 
Cryptomonas sp. (15 m) 
Cryptomonas sp. (18 pm) 
Cryptomonas sp. (25 pm) 

Cyanophyceae 
Anabaena torulosa (cells) 34 
Anabaena torulosa (filaments) 2670 
Ana baenopsis circularis 1495 ' 

Ana baenopsis cunningtonii 786 
Raphidiopsis curvata 600 
Lyngbya (lauterbornii?) 300 
Lyngbia limnetica 628 ' 

Merismopedia sp. 35 
Microcystis flos-aquae 65 . 
Microcystis viridis 39 ' ' . . . . . . . . . . . .  CyLindrospermopsisr. (straight form) 736 ' ' ' ' ' ' ' ' ' ' ' ' . . . . . . . . . .  . . . . . . . . . . . . . . . .  Cylindrospermopsis r. (coiled form) G13 " " . . . . . . . . . . . . . . . . . . . . . . . .  Cylindrospermopsis r. (part of  coiled form) 152 . . . .  Pseudoanabaena catenata 314 . . .  Oscillatona planctonica 353 . m .  

Dinophyceae 
Gymnodinium sp. (30 pm) 

Bacillariophyceae 
CycloteUa sp. (4 pm) 
CycloteUa sp. (1 0 pm) 
Cyclotella sp. 
A ulacoseira gran ulata 
Aulacoseira granulata var. minima 
Nitzschia capita ta 
Nitzschia Ianceolatae 

Total number of species 30 1 4 1 2 1 2 1 2 1 5 6 1 5 9 8 7 3 5  6 5 5 4 5 7 4 4 5 3 1 1 4 2 3 3 5 2  
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Table 2 lists the taxa which contributed to the total 
phytoplankton biomass during the study period. There 
were 30 species identified, with the largest number of 
species belonging to Chlorophyceae, followed by 
Cyanobacteria. Organisms belonging to Cryptophy- 
ceae, Dinophyceae and Bacillariophyceae are not very 
important members of the phytoplankton comn~unity. 
In terms of abundance and biomass, Cyanobacteria 
dominated the phytoplankton community throughout 
the survey (mean of 90.3 and 95.5% for the 2 levels 
studied) with the permanent presence of Cylindrosper- 
mopsis raciborskii. This population increased dramati- 
cally between April and November 1998 and reached, 

- r 160 

L C h l o  i A: 0.5 m depth 1 
t &\\W Cryp 1997 1 

Cyan - Dtno 
ll'llllll Bach 1 -0- Chlorophyll 

- 

in term of biomass, proportions of 96 to 100% of the Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov 
50 T- 160 

phytoplankton community. This species was repre- 
sented by both straight and coiled forms at 0.5 m (close 
to 700 pm3), but the coiled form dominated with a 
mean of 98% during the survey. In the deeper zone, 
small parts of coiled form (close to 100 pm3) were gen- 
erally observed, explaining the lower algal biomass 
observed at this level. During the bloom, scums were 
frequently observed early in the morning at the water 
surface with a predominance of the coiled form. The 
second group was represented by Chlorophyceae, 
only present in March and June 1997 (before the 
bloom) and in November and December at 5 m (after 
the bloom). The other groups were very low in number 

7 7 .  ( 7 . .  * \  7 .. .. A ....- L L. ----A--->--- a n n o  
allu uLullla>a ( I ' I ~ .  uj. L IULU ~ U Y U J L  LU J G ~ L G I I I U G I  L ~ J Y ,  

Jan Mar Mav Jul S ~ D  Nov Jan Mar May Jul Sep Nov 

all values decreased down to pre-bloom concentra- 
Fig. 6. Time course of phytoplankton biomass of different tax- 

tions. onomic groups, and of chlorophyll concentrations in 1997 to 
The Shannon diversity function showed low values 1998, chlo: ~ h l ~ ~ ~ ~ h ~ ~ ~ ~ ~ ;  cryp: ~ ~ ~ ~ ~ ~ ~ h ~ ~ ~ ~ ~ ;  cyan: 

during the study with a mean of 0.33 and 0.29 bits Cyanophyceae; Dino: Dinophyceae; Baci: Bacillariophyceae 

Table 3. Spearman correlation coefficients (n = 15) for the algal variables (the 5 phytoplanktonic groups, the Cylindrosperrnopsis 
species and the Shannon index) and the abiotic variables studied at 0.5 m depth for the Ingazeira reservoir, January 1997 to 
December 1998. Significant values (p < 0.05) are given In bold. Pigm: chlorophyll pigments; Depth: depth of euphotic zone; 

Cond: conductivity; NH,: ammonium; PO,: ortophosphate, Temp: temperature; Oxyg: dissolved oxygen 

Chlor Crypt Cyano Dino Bacil Cylind Index Pigm Depth Seston Cond NH, PO4 Temp Oxyg pH 

Chlor ""' 0.11 -044 0.18 0.21 -0.44 0.55 -0.39 0.05 0.03 0.35 0.01 0.27 0.48 0.33 0.16 

Crypt 
. . . . . -0.33 0.93 -0.24 -0.33 0.51 -0.21 -0.02 0.08 0.11 -0.26 -0.12 0.35 0.42 0.27 

Cyano ..... -0.23 -0.07 0.99 -0.66 0.78 -0.66 0.48 -0.11 0.52 -0.19 -0.43 -0.22 0.03 
Dino . . . . . -0.19 -0.23 0.34 -0.11 -0.19 0.25 0.31 -0.17 -0.09 0.44 0.42 0.28 
Bacil m , . . .  -0.11 0.29 -0.21 0.44 -0.41 -0.43 -0.15 0.84 0.04 -0.29 0.06 
Cylind . . .a .  -0.68 0.79 -0.68 0.51 -0.08 0.54 -0.23 -0.43 -0.21 0.01 
Index ..... -0.55 0.53 -0.38 -0.18 -0.33 0.35 0.25 0.27 0.12 
Pigm S.... -0.72 0.68 0.17 0.64 -0.33 -0.71 -0.33 -0.14 
Depth ..... -0.91 -0.51 -0.58 0.41 0.17 -0.18 -0.18 
Seston a.... 0.74 0.66 -0.48 -0.08 0.24 0.17 
Cond ..... 0.33 -0.49 0.31 0.31 0.09 

NH4 
..... -0.41 -0.24 0.17 0.07 

p04 ..... 0.05 -0.14 -0.02 

Temp ..... 0.59 0.44 

O X Y ~  
..... 0.54 

P* 
. . . . m  
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cell-', respectively, at 0.5 and 5 m depth. The highest 
values were observed during high water in August 
1997. In 1998, minimum values of the index coincided 
with the dominance of Cylindrospermopsis raciborskii, 
but it is clear that this index is strongly influenced by 
the number of species occurring. 

Table 3 lists the results of the Spearman correlations 
calculated between algal variables and abiotic para- 
meters studied. Only the coefficients showing a signif- 
icance level ~ 0 . 0 5  are discussed. Significant relation- 
ships between Shannon index and algal groups were 
observed, with negative correlations for Cyanophy- 
ceae and Cylindrospermopsis raciborskii, and positive 
correlations for Chlorophyceae and Cryptophyceae. 
The indexes were negatively correlated with the 
chlorophyll level, suggesting that the algal diversity 
was higher when the trophic level (in terms of chloro- 
phyll) was lower. Cyanophyceae and C. raciborskii 
biomasses evicieniiy showed ihe same correiations 
with abiotic variables. In particular, they were corre- 
lated negatively with the euphotic depth, and positively 
with chlorophyll level, suggesting that cyanobacterial 
development is responsible for the reduced euphotic 
zone by self shading. Among abiotic variables, a posi- 
tive significant correlation was observed between pH 
values and dissolved oxygen concentrations, revealing 
a strong influence of the algal development during the 
survey. 

Bioassays for toxicity 

In April 1998, mouse death occurred within 5 min 
after injection when the dose administrated was 280 mg 
dry weight kg-' mouse live weight. For fish alevins, the 
lethal dose was 381 mg dry weight kg-' fish live weight 
in September 1998, with death occurring within 6 min 
after injection. In October 1998 the dose was lower 
(139 mg dry weight kg-' fish live weight) for death 
occurring within 3 min. 

DISCUSSION 

Context of the study 

The catastrophic effects of the El Nino Southern Os- 
cillation on the productivity of marine ecosystems in 
South America are well known (Cushing 1971), and 
these large and widespread changes affect planktonic 
communities at multiple trophic levels in various regions, 
e.g. picophytoplankton in the western tropical Pacific 
Ocean (Blanchot & Rodier 1996). Since 1997, the impacts 
of the El Nino event have affected the climate in the 
Northeast of Brazil, especially the irregularities of the 

precipitation over the year. In our study, 2 recognizable 
steps can be identified: at the beginning in 1997, the wa- 
ter level was high with marked seasonal variations in 
abiotic parameters (conductivity, pH, dissolved oxygen, 
chlorophyll); from March 1998, a new phase began with 
drought c0ndition.s and the gradual decrease in water 
level that coincided with the high development of one 
phytoplankton species inducing a bloom. 

Phytoplankton cdmposition 

The composition of algal assemblage can be impor- 
tant for understanding the complexity of the processes 
in the system. According to Huszar et al. (1998), many 
of the trophic indexes developed for temperate regions 
(OECD 1982) could not be applied in tropical waters, 
and the phytoplankton assemblage appears more ade- 
quate for the resoiution of trophic state in tropical 
regions. During the initial phase of the survey, Chloro- 
phyceae and Bacillariophyceae were present until 
October 1997. According to Reynolds (1998), genera 
like Cyclotella are more frequently associated with 
moderately eutrophicated systems. Diversity Shannon- 
Weaver index gave its highest values in the more dis- 
turbed periods, characterized by high precipitation 
and low chlorophyll concentrations. During the 
drought period, an evident trend of decrease in diver- 
sity is observed with an increase in Cylindrospermop- 
sis raciborskii dominance. These low values might be 
attributed to the onset of nutrient depletion due to the 
dominance of the cyanobacterial competitor. The spe- 
cies C. raciborskii can proliferate until it represents 
close to 100% (with the precision error of algal counts) 
of the total algal composition over 9 mo (December 
1997 to November 1998). For this species, this fact is 
more of an exception than a rule according to Padisak 
(1997). Very high biomass of C. raciborskii (70 mg I-') 
was noted close to the cyanobactenal peak (50 mg I-') 
reported in a hypereutrophic lake in Austria by Mayer 
et  al. (1997). These high biomasses are generally con- 
sidered as a characteristic of eutrophic environment, 
although Huszar et al. (1998) and Reynolds (1998) 
demonstrated that cyanobacteria can also represent an 
important part of phytoplankton in non-eutrophic trop- 
ical environments. According to the new classification 
established by Padisak & Reynolds (1998), the domi- 
nance of C. raciborskii throughout the survey (2 yr) in 
poor light conditions and during the low water period 
allowed u.s to conclude that this cyanobacterial species 
can be defined as SN (S is an association in the phy- 
tosociological scheme of Reynolds 1996) species in 
terms of life strategies. One possible factor for the re- 
apparition of Chlorophyceae and Bacillariophyceae 
after the bloom (October to December 1998) is the 
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small ratio of the photic depth to the mixed depth due 
to the major decrease of the water level linked to the 
reservoir topography. In this context, thermic winds 
which characterize the region (no wind during the 
night) can induce sediment resuspension and liberate 
nutrients in the water colun~n more easily as demon- 
strated in a shallow tropical lagoon (Arfi & Bouvy 
1995). Thus, C. raciborskii can lose their competitive 
advantage because nutrients become more available 
to all types of phytoplankton species that are more 
nutrient-dependent in the photic zone. 

Phytoplankton dynamics: influence of 
environmental conditions 

Many freshwater lakes and reservoirs with cyano- 
bacteria dominance are mainly studied in the south 
part of Brazil characterized by high temperatures in 
summer (see de  Souza et al. 1998). As in temperate re- 
gions (Coute et al. 1997, Wasmund 1997), these studies 
mention cyanobacterial blooms which generally occur 
for a short period (discrete daily dominance, months or 
season) when key factors are gathered to favor bloom 
development. The species Cylindrospermopsis raci- 
borskii is cosmopolitan, which explains its invasion in 
tropical, subtropical and temperate regions (Padisak - 
~ Y Y ~ J .  10 oul kllowiedye, i i ~ ~ b  b i d y  ib L i l t :  h a i  daiazed 
work on a toxic cyanobacterial bloom in a reservoir lo- 
cated in northeast Brazil, characterized by limnological 
and meteorological conditions far different to those ob- 
served in the reservoirs in the south of the country. Fa- 
vorable temperature conditions occurred in Ingazeira 
reservoir during the survey, with values always higher 
than 24°C and no thermal stratification of the water 
column observed. Thus, temperature should not influ- 
ence C. raciborskii development whereas this parame- 
ter plays a major role in other countries (e.g. Coute et  
al. 1997, Padisak 1998). In Ingazeira reservoir, conduc- 
tivity values ranged between 611 and 1700 pS cm-', 
and thus this species is able to tolerate large differ- 
ences in ionic composition. C. raciborskii dominated 
over the entire survey while the pH values ranged 
between 8.1 and 9.4 during the bloom. This result cor- 
roborates the fact that the alkalinity system (carbon 
dioxide/pH) is an important determinant of algal com- 
munity composition (Shapiro 1990, Caraco & Miller 
1998). Due to the lack of precipitation from August 
1997 and the high evaporation rate in this region, the 
long retention time (2 yr) in the reservoir studied favors 
eutrophic conditions and reduced light transparency 
and depth of photic zone. These poor light conditions 
in the water column are linked to the self shading of 
the cyanobacterial bloom, and represent for them eco- 
logically favorable conditions. Our data about photon 

flux density at  0.50 m clearly showed that bloom of C. 
raciborskii occurred during the lowest light intensities 
(<63 pE m-' S-] between April and September 1998) 
and confirmed that photosynthesis of this species can 
be light-inhibited at relatively low (< 200 mE m-2 S-')  

light intensities (Padisak in press). As suggested by 
Paerl (1988) and Padisak (1997), the physical environ- 
ment plays an important role for cyanobacteria growth, 
knowing that they strongly prefer the maintenance of 
environment stability. 

The nutrient context also seems to play a positive 
role in the cyanobacterial bloom in Ingazeira reservoir. 
Cyanobacteria often develop rapidly at times when 
concentrations in the water are at their lowest levels. 
Presing et al. (1996) reported very low SRP concentra- 
tions (c4 pg 1-l) during a bloom of Cylindrospermopsis 
raciborslcii in Lake Balaton. This fact may not only be a 
cause but an effect of the rapid phosphate uptake by 
the phytoplankton, especially by cyanobacteria, stor- 
ing phosphorus when it is available in high concentra- 
tions (Paerl 1988). In our study means of phosphate 
concentrations (SRP) were higher (65 and 85 pg 1-' for 
the 2 levels studied) than the limiting level (10 pg  1-l) 
stated by Steinberg & Hartmann (1988). Indeed, these 
authors concluded that above this threshold, cyano- 
bacterial development is regulated by physical factors 
such as water-column stability. 

A ~ ~ I I ~ L U L L L U ~ ~ ~  ;0iyt3:j; dlj;iliiiCi:;j :>L; G X ~ C L Z C ~  L~:;G,CL 

forms in Ingazeira reservoir and appears as the main 
source of dissolved nitrogen. Presing et  al. (1996) 
demonstrated that during a bloom of Cylindrosper- 
mopsis raciborskii in Lake Balaton cyanobacteria take 
advantage of their ability to assimilate ammonium at 
low ambient concentrations. Padisak & Istv~novics 
(1997) also reported similar negative correlations be- 
tween ammonium concentrations and the biomass of 
heterocytic blue-green algae in the same lake. In our 
study ammonium concentrations were positively corre- 
lated with chlorophyll level, Cyanophyceae and C. 
raciborskii biomasses. These correlations can be ex- 
plained indirectly by the high possible metabolic cou- 
pling existing between bacterioplankton and phyto- 
plankton, as demonstrated by Bouvy et al. (1998~)  in 
shallow tropical reservoirs in West Africa. In 1997 
before the bloom, bacterial numbers in Ingazeira 
reservoir were significantly correlated with cyanobac- 
terial density (Bouvy unpubl. data), suggesting a high 
degree of mineralization of dissolved organic matter by 
the bacterial communities with a supply of ammonium 
in the system. It is generally accepted that cyanobacte- 
ria dominate in conditions of reduced ratio of nitro- 
gen:phosphorus and tend to form blooms when the 
ratio is below 29 (Smith 1983). Values close to 20 were 
observed by Mayer et al. (1997) and de Souza et al. 
(1998) in reservoirs with a possible dominance of 
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cyanobacteria. In the Patos Lagoon estuary (Brazil), 
Microcystis blooms appear to be associated with a N/P 
ratio close to 13 (Yunes et al. 1996). In a hypereu- 
trophic African lake, Zohary et al. (1996) reported a 
mean annual ratio below 3.5 during a Microcystis 
bloom, similar to that during the bloom in Ingazeira 
reservoir. Unfortunately, the N:P ratio was not avail- 
able in 1997, but based on phosphate and ammonia 
concentrations, the ratio was low long before the 
bloom, suggesting that a low dissolved inorganic N:P 
ratio may be a prerequisite but not a cause for the 
cyanobacterial bloom. However, Reynolds (1998) argued 
that this resource-ratio theory is difficult to justify and 
cautioned the use of this parameter for predictions of 
algal dominance. 

Cylindrospermopsis raciborskji 

Morphological characters 

Among the genus CyLindrospermopsis, the most 
widely distributed and well known is the pantropical- 
type species C. raciborskii (Komarkova 1998). Misin- 
terpretation of the filaments without heterocytes and 
akinetes is easily possible, but not with C. catemaco 
due to the small dimensions of their filaments (Komar- 
kova-Legnerova & Tavera 1996). The other species 
C, philippinensis is more known but the position of 
akinetes is specific (Komarkova-Legnerova & Tavera 
1996). During the survey, C. raciborskii filaments were 
coiled with a mean proportion of 97 %. However stud- 
ies about blooms of C. raciborskii reported the pres- 
ence of straight filaments (Rothhaupt 1991, Coute et al. 
1997, Mayer et al. 1997, Thomas et al. 1998). Only 
1 work (Fabbro & Duivenvoorden 1996) revealed a 
bloom of predominantly coiled C. raciborskii, without 
reporting the percentage of coiled filaments. In a 
review about the genus Cylindrospermopsis, Komar- 
kova (1998) confirmed that C. raciborskii is a common 
species in freshwater plankton but in the form of 
straight trichomes. Recently, Saker et al. (1999) re- 
ported the presence of the 2 forms of C. raciborskii at 
Salomon Dam, Australia, and concluded that these 
2 forms have clear and consistent morphological and 
physiological differences, although no genetic separa- 
tion (from 16s rRNA gene nucleotide sequences) is 
observed between the 2 forms. These authors sug- 
gested that the dominance of the coiled form in natural 
populations mainly occurred in destratified and unsta- 
ble conditions. Our results from Jngazeira reservoir are 
contradictory, with a dominance of the coiled form in 
oxygen-stratified and stable conditions. In other hydro- 
graphic basins of Pernambuco state, we observed all 
the cases of Cylindrospermopsis forms, with the pres- 

ence of the 2 forms or only 1 dominant form (Bouvy 
unpubl. data). However, in agreement with Saker et al. 
(1999), the reason for the form change is not clear, but 
we think that the morphotype of C. raciborskii can 
change following the environmental conditions. 

In our study, the coiled trichomes were composed of 
a variable number of cells with a length range of 42 to 
194 pm (mean: 97 pm, n = 204). Trichomes with termi- 
nal heterocytes were scarce with a mean proportion of 
12 %, generally with the simultaneous development of 
2 apical heterocytes (Bouvy unpubl. data). A similar 
proportion (8%) was observed with the trichomes of 
Cylindrospermopsis raciborskii in the Paranoa reser- 
voir (Branco & Senna 1994). Thus in terms of physiol- 
ogy, this species is not stressed by atmospheric nitro- 
gen fixaliori during the growth (and bloom) and 
directly uses the dissolved nitrogen forms. Knowing 
that ammonium is the preferred nitrogen form by C. 
raciborskii (Branco & Senna 1994, Presing et al. 1996, 
Padisak 1997) and that inorganic nitrogen concentra- 
tions are relatively high in Ingazeira reservoir, the 
absence of heterocytes could be explained by the lack 
of trigger. Finally, a very small number of akinetes 
were found during the survey, suggesting that envi- 
ronmental conditions were not yet unfavorable for the 
growth of C. raciborskii. 

It is interesting to speculate that one of the reasons 
for the scum formation of Cylindrospermopsis raci- 
borskii in Ingazeira reservoir is the feature of the coiled 
form of trichomes. During the bloom, presence of 
scums was often detected early in the morning. In June 
1998, chlorophyll concentrations showed the highest 
values (135 and 141 pg I-', respectively, at 0.5 and 5 m), 
and in the scum, concentrations increased 1600 pg 1-'. 
However Padisak (1997) mentioned in a review that 
despite the good floating abilities of the C. raciborskii, 
reports for scum in the literature were absent, except 
for 1 report in a Kansas lake. According to Saker et al. 
(1999), the coiled form is characterized by its higher 
relative growth rates at lower light availability. In 
future, it would be interesting to investigate this hy- 
pothesis. Anyhow, in Ingazeira reservoir, all scum dis- 
appeared each day and returned the next day; t h~s  
scum presence also seems strongly associated with 
meteorological variables (wind, precipitation, atmos- 
pheric pressure) as demonstrated by Soranno (1997). 

Toxicity 

The mouse bioassay has been the standard screen- 
ing bioassay for toxins (Hughes et al. 1958), but due to 
our difficulties to obtain mice, we applied an alterna- 
tive bioassay with fish which provided a measure of 
the total toxicity for routine toxin monitonng. These 
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bioassays cannot explicitly identify the toxic agent, 
only a possible or likely mode of toxicity. Cyanobacte- 
ria were considered toxic if death occurred at doses 
below 1500 mg kg-'. All results reported in this study 
were below this dose, especially in October after the 
bloom of Cylindrospermopsis raciborskii. In mouse 
bioassays death by respiratory arrest occurs rapidly 
within 2 to 30 min with the neurotoxin presence in the 
cell extracts (see Chorus & Bartram 1999). In the pre- 
sent case, death of mice always occurred within 10 min 
after injection and confirmed the presence of neutox- 
ins in the cell extracts from Ingazeira samples during 
the C. raciborskii bloom (Molica et al. 1998). The che- 
mical analysis of neurotoxins are being investigated by 
W. Carmichael's group (Wnght State University, USA). 
Very few reports demonstrated that C. raciborskii is a 
producer of neurotoxin (Lagos et al. 1999). Previous 
works about Cylindrospermopsis only reported the 
presence of a cytotoxic alkaloid (called cylindrosper- 
mopsin; Ohtani et al. 1992). 

Zooplankton grazing 

It is well known that toxic cyanobactena are harmful 
to feeding, growth and reproduction of many zoo- 
plankton species (Boon et al. 1994, Gilbert 1996). -. 7 . - . . c - - -  --- 2 -1- J -  ------ --- L- ----; 
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tive to toxic cyanobacteria (e.g. Smith & Gilbert 1995). 
The structure of the zooplankton population found 
during the survey (Bouvy unpubl. data) consisted pri- 
marily of rotifers including 4 species of Brachionus and 
2 species of KerateLla, and secondarily of copepods 
with 1 calanoid and 1 cyclopoid. The peaks of rotifers 
and cyclopoids coincided with the Cylindrospermopsis 
bloom, suggesting that several species can benefit 
from feeding on cyanobacteria. However, preliminary 
experiments conducted in the laboratory, and based on 
grazing of Cylindrospermopis by different zooplank- 
ton groups (by size), revealed that all groups can cut 
filaments (before 48 h) but only copepods can ingest 
the small lengths of coiled filaments of Cylindrosper- 
rnopsis (Bouvy & Molica 1999). Thus, despite the toxic- 
ity of Cylindrosperrnopsis, some species of zooplank- 
ton can utilize cyanobacteria for their growth. Further 
research will be based on 1 species of each zooplank- 
ton group. This result differs from Rothhaupt's (1991) 
conclusions which demonstrate that Brachionus may 
be negatively affected by the mechanical (rigid fila- 
ments) or biochemical (toxins) properties of C, raci- 
borskii. Fabbro & Duivenvoorden (1996) reported the 
absence of grazing for the dominant coiled forms dur- 
ing the bloom of C. raciborskii. The degree to which 
toxic cyanobacteria affect the zooplankton population 
may be greatly influenced by environmental factors. 

Causes of blooms 

Cyanobacterial blooms are often linked to external 
nutrient enrichment coinciding with a modification of 
temperature and light, but these conditions can be 
sometimes initiated by meteorological factors. Toth & 
Padisak (1986) explained the bloom of Cylindrosper- 
mopsis raciborskii in a temperate zone (Lake Balaton) 
by the high precipitation with the nutrient arrival. Fab- 
bro & Duivenvoorden (1996) suggested that several 
thunderstorms were responsible for the bloom of C. 
raciborskii in tropical Queensland with the downward 
thermocline movement probably inducing the akinete 
resuspension and the release of sediment-bound phos- 
phorus. Harris & Baxter (1996) concluded that the 
phytoplankton assemblages switched between cyano- 
bacterial (C. raciborskli) and diatom blooms during the 
El Nifio Southern Oscillation events in a subtropical 
reservoir. More recently, Padisak (1998) concluded 
that global changes drive modifications in the dynam- 
ics of phytoplankton with the example of a global 
warming affecting the frequency of the C. raciborskii 
blooms. Changes in climatological conditions linked to 
the 1997 El Nifio phenomenon in northeast Brazil have 
modified the ecological conditions in many reservoirs. 
Droughts have induced a high water column stability 
(lack of turbulence), a long water retention time (lack 
- C  V& -.--to- ..U.uA r n n n . . r ~ l ~  .CIA.-..U-,, U---------- 3 -7,tT;nnt onnoantratinn -I--__.-..-......._ in p v r ~ l l ~ n f  

conditions of temperature and irradiation. In 1995, the 
Ingazeira reservoir presented mesotrophic conditions 
(Bouvy et al. 1998a), but since 1997 to 1998, its trophic 
status has become hypertrophic with a bloom of 1 
filamentous cyanobactena. Thus, climate variability 
linked to the 1997 El Niiio effects (and not directly 
external nutrient input) has been responsible for the 
seasonal and interannual changes on phytoplankton 
community in Ingazeira reservoir, as concluded by 
Harris & Baxter (1996) and Padisak (1998) for other 
continental aquatic ecosystems. 

Conclusion and perspectives 

Global climate change can influence phytoplankton 
population dynamics in continental waters, as proven 
frequently in marine ecosystems. Physical and climato- 
logical factors are responsible for the ecological deter- 
minants of the cyanobacterial bloom in reservoirs 
located in the semi-arid region of Brazil. In 1998, 
cyanobacterial blooms of Cylindrospermopsis raci- 
borskii were detected in many reservoirs of the same 
hydrographic basin, but also in other basins located in 
the semi-arid region of Pernambuco state (Pereira et al. 
1999). Blooms have induced numerous effects on envi- 
ronmental conditions such as water column deoxy- 
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genation, presence of toxins, nutrient concentrations, 
chemistry and biological changes. Considering the 
regional and economical context and the present cli- 
matic conditions, toxic cyanobacterial blooms have 
dramatic consequences for the populations of north- 
east Brazil. Furthermore, the population of Pernam- 
buco state living near reservoirs remembers the Caru- 
aru tragedy which occurred in 1996 (Azevedo 1996, 
Carmichael 1996, Jochimsen et al. 1998). A monitoring 
program has been established for a Lirnnologcal survey 
of main drinking water reservoirs. In future research, 
our goal is to elucidate the taxonomic significance of 
numerous morphotypes of Cylindrospermopsis by a 
genetical approach in order to discover the influence of 
environmental conditions in relation to genetic causes. 
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