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ABSTRACT 

Cyanobacteria are known to produce secondary metabolites which are toxic to mammals, commonly known as “toxins”. These 
have been described as having neurotoxic, hepatotoxic and dermatotoxic effects, being a hazard also to humans. Cyanobacteria 
blooms may represent a hazard to aquatic organisms, when cells collapse, releasing cyanotoxins to the water. Toxins, though, 
have a dramatic influence on many groups of other arganisms. Zooplankton species are affected by cyanotoxins Duphniu is 
used as a test organism for cyanobacteria toxicity evaluation. Rotifers and small cladocerans seem to be less sensitive to 
cyanobacteria toxicity. This partly explains the dominance of small zooplankton groups during cyanobacteria blooms. 
Molluscs such as mussels are also little affected by cyanobacteria toxins, being able to transfer them along food chains up to 
humans. Mussels purify microcystins from their body slowly, making them good toxin vectors. Larger crustaceans such as 
crayfish may be also considered as toxin vectors, having low toxin sensitivity even during early larval phases. The response 
of fish to toxins is quite diverse and is related to food habit. Carp seem to accumulate more toxins than mullet or barb and they 
are not much affected by oral toxicity. Many of these animals may act as vectors for toxins better than other more sensitive 
organisms, which may be badly affected by the toxins. 
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RESUMEN 

Es bien sabido que las cianobacterias producen metabolitos secundarios con efectos toxicos sobre 10s mamiferos y que se cono- 
cen como toxinas. Estas han sido descritas por sus efectos neurot6xicos, hepatotoxicos y dermatotdxicos siendo un riesgo tam- 
biCn para 10s seres humanos. Aunque las floraciones de cianobacterias pueden representar un riesgo para 10s organismos acuati- 
cos, principalmente cuando mueren y lisan, las cianotoxinas liberadas a1 agua tienen un efecto dramatic0 en muchos otros gru- 
pos de organismos. Las especies del zooplincton son afectadas por las cianotoxinas y por este motivo se puede usar a Duphnin 
como un organism0 util para 10s tests de evaluacion de toxicidad de las cianobacterias. Los Rotiferos y pequefios cladoceros 
parecen ser menos sensibles a la toxicidad de las cianobacterias siendo este unos de 10s factores que llevan a una dominancia 
de estos grupos durante las floraciones. Los moluscos del grupo de 10s bivalvos (mejillones) tambiCn parecen ser poco afec- 
tados por las toxinas de las cianobacterias, aunque son capaces de transferirlas a travCs de las cadenas troficas hacia 10s 
humanos. El proceso de depuracion de las microcistinas por parte de 10s mejillones es bastante lento y esto les permite ser 
buenos vectores para la toxina. Los grandes crustaceos como 10s cangrejos pueden ser tambiCn considerados como vectores 
toxicos con baja sensibilidad para la toxina incluso durante las fases larvales. La respuesta de 10s peces a las toxinas es bas- 
tante diversa y se relaciona con sus habitos alimentarios. Las carpas parecen acumular mas toxinas que 10s mujoles o 10s bar- 
bos, que no resultan muy afectados por la toxicidad via oral. Muchos de estos animales pueden actuar mejor como vectores de 
las toxinas que otras especies que pueden resultar afectadas por ellas. 

Palabras clave: Cianobacterias, cianotoxinas, microcistinas, vectores de toxicidad, zooplancton, moluscos, peces. 
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CYANOBACTERIA AND THEIR TOXINS 

Toxic cyanobacteria 

Freshwater cyanobacteria are known to produce 
secondary metabolites with toxic properties to 
mammals but also to aquatic invertebrates. The 
first report on the occurrence of toxic cyanobac- 
teria is from a livestock intoxication in Australia 
in the 19th century (Francis, 1878). At that time, 
sheep were found dead and the cause was found 
to be toxic cyanobacteria ingested by them from 
water of a eutrophic lake. Since this report was 
published many others have shown that toxic 
cyanobacteria can also intoxicate mammals, 

Anatoxin-a 
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waterfowl and fish (Bossenmaier et al., 1954, 
Davidson, 1959, Sawyer et al., 1968). 

Humans are also found to be intoxicated by 
cyanobacteria, either due to accidental ingestion 
of water during, for example, aquatic sports or 
following ingestion of drinking water contami- 
nated with toxic cyanobacteria (Falconer et al., 
1983, Turner et al., 1990). The recent episode of 
a fatal human intoxication in Caruaru, Brazil, due 
to the treatment of kidney failure by dialysis with 
water contaminated with cyanobacterial toxins 
(Jochimsen et al., 1998), led us to look at cya- 
nobacteria in more detail. The most common 
cyanobacteria genera associated with toxicity are 
Anabaena, Microcystis, Aphanizomenon, Oscil- 
latoria, Nodularia and Cylindrospermopsis. 
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Figure 1. Structure of the most common neurotoxins produced by cyanobacteria (in Sivonen and Jones, 1999). Estrctctura de lus neurotoxi- 
nas mus cornunes producidas pur lus cinnohacterias (en Sivonen and Jones, 1999). 
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Cyanobacteria toxins 

Cyanobacteria toxins may be divided into three 
groups according to their effects on mammals: 
irritants, neurotoxins and hepatotoxins. 

Irritants are the toxins that may be consi- 
dered the least harmful to humans, with the 
exception made of toxins produced by Lyngbya 
majuscula in tropical waters, as these may 
cause severe dermatitis and are tumour promot- 
ers (Moikeha & Chu, 197 1 ). 

Neurotoxins compose a group of toxins with a 
diverse chemical composition, although they 
produce similar symptoms, examples are anatox- 
in-a, anatoxin-a(s), saxitoxins and neosaxitoxins 
(Fig. 1). All neurotoxins produce rapid lethal 
intoxications in mice injected with high doses. 
Animals may die in a few minutes. The bio- 
chemical effects and the chemical structure dif- 
fer among the three major groups. While anatox- 
in-a is an alkaloid, anatoxin-a(s) is a natural 
organophosphate. Indeed, it is the only naturally 
produced organophosphate known of to date. 
Saxitoxins are alkaloids that may vary in their 
composition according to changes in radicals 
(Sivonen & Jones, 1999). 

Saxitoxins produce the blockage of sodium 
ion channels leading to the inhibition of impulse 
generation in peripheral nerves and skeletal mus- 
cles. Animals die of respiratory arrest (Kuiper- 
Goodman et al., 1999). 

Anatoxin-a mimics acetylcholine and it binds 
to muscle acetylcholine receptors inducing con- 
traction of the muscle. As it is not degraded by 
acetilcholinesterase, the molecules of the toxin 
continuously stimulate the muscle until paralysis 
occurs (Kuiper-Goodman et al., 1999). 

Anatoxin-a(s) is an acetylcholinesterase 
inhibitor. The acetylcholine molecules are thus 
not degraded and can continuously stimulate the 
muscle, leading to paralysis. Animal death occurs 
after respiratory arrest and they present intensive 
salivation (Kuiper-Goodman et al., 1999). 

On the other hand, hepatotoxins cause death in 
animals either by liver failure or by hypovolemic 
shock. A group of these toxins, the cylindrosper- 
mopsins, may also cause kidney damage. 

Hepatotoxins may be divided in three groups: 
microcystins, nodularins and cylindrosper- 
mopsins, a according to their chemical structure. 
The first two groups are peptides while cylin- 
drospermopsins are alkaloids. 

Microcystins are cyclic heptapeptides (Fig. 2) 
composed of common aminoacids such as ala- 
nine, arginine, tryptophane, leucine and of a spe- 
cial amino acid only found in these toxins and in 
nodularins called ADDA. ADDA is a 
(2S,3S,8S,9S)-3-amino-9-methoxy-2,6,8- 
trimethyl- 10-phenyldeca-4,6-dienoic acid, and it 
is the structure responsible for the toxic proper- 
ties of microcystins and nodularins. Changes may 
occur in some of the variable amino acids and 
also some chemical transformations (methyla- 
tions, etc.), leading to the occurrence of more 
than 60 variants of microcystins found until now. 

Nodularins have a structure similar to that 
of microcystins except for the number of amino 
acids (Fig. 2). Nodularins are composed of five 
amino acids, being ADDA one of them. There 
is some variation in aminoacid composition 
among nodularins, although not as large as that 
in microcystins. 

Microcystins and nodularins cause severe dis- 
ruptions of liver structure. They inhibit eukariotic 
protein phosphatases 1 and 2A (Mackintosh et 
al., 1990, Runnegar et al., 1993). This property is 
responsible for the tumour-promoting activity of 
these toxins (Fujiki & Suganuma, 1993). They 
are not very lipophylic and can enter hepatocytes 
via the bile acid transport system. Once inside 
these cells they are responsible for the disruption 
of the cytoskeleton. Cells shrink, leading to 
haemorrhage of the liver. Blood will progressive- 
ly fill gaps between cells leading to intra-hepatic 
haemorrhage and to death by hypovolemic shock 
(Falconer & Yeung, 1993). 

Cylindrospermopsins are alkaloids produced 
by Cylindrospermopsis, Umezakia or Aphanizo- 
menon (Sivonen & Jones, 1998). This toxin 
induces pathological changes in the liver but also 
in kidneys, spleen, thymus and heart (Hawkins et 
al., 1985, 1997). In vitro studies show that they 
inhibit glutathione synthesis and protein synthe- 
sis (Runnegar et al., 1994, Terao et al., 1994). 
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Figure 2. Structure of the most common hepatotoxins produced by cyanobacteria (in Sivonen and Jones, 1999). Estrucrura de /us hepuroto- 
xinas mus comunes producidas por cianobacterias (en Sivonen and Jones, 1999) 

Cyanotoxins are usually found inside cells, being 
degraded very slowly there (Sivonen, 1990, 
Rapala et al., 1997, Orr & Jones, 1998). Even 
cyanobacteria scums that accumulate and dry on 
lake shores may retain high levels of micro- 

cystins for a few months (Jones et al., 1995). 
Animal intoxication may occur either by direct 
ingestion of live cells or by drinking conta- 
minated water after the bloom collapses and 
toxins are released from cells. 
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In Portugal, the main cyanobacteria toxins 
are microcystins (Vasconcelos et al., 1993, 1995, 
1996), although PSP toxins have been recently des- 
cribed (Pereira et al., 2000, Ferreira et al., 2001). 
Toxic cyanobacteria occur not only in natural sys- 
tems but also in waste water treatment plants 
(Vasconcelos & Pereira, 200 1). Microcystin-LR is 
the dominant toxin in blooms and in isolated 
strains, although MCYST-RR and MCYST-YR 
also occur (Vasconcelos et al., 1995, 1996). 

CYANOTOXINS AND EFFECTS ON 
AQUATIC COMMUNITIES 

Aquatic organisms from bacteria to fish may be 
affected by toxic cyanobacteria but also terres- 
trial animals such as mammals and birds may suf- 
fer from exposition to toxic cyanobacteria. 

Bacteria and fungi 

After the collapse of a cyanobacteria bloom, 
decomposition of dead cells may provide an 
important amount of organic matter to bacteria 
and fungi. Whenever toxicity occurs, it might 
affect more some species than others, leading to 
an unbalanced development of those communi- 
ties. Welch (1962) studied the toxic metabolites 
of the cyanobacterium Lyngbya majuscula, 
responsible for severe human dermatitis. He 
showed that these toxins inhibited the develop- 
ment of fungi such as Penicillium, Candida albi- 
cans and Cryptococcus neoformans. On the other 
hand, Moikeha & Chu (1971) showed that 
extracts of the same cyanobacterium were not 
toxic to Candida krusei, Penicillium notatum or 
Z? chrysogenum. These authors reported extracts 
of L. majuscula inhibited the growth of certain 
bacteria species, such as Bacillus cereus, 
Mycobacterium smegmatis, M. phley, M .  balnei, 
GafSkyya tetragena, Sarcina lutea and Staphy- 
lococcus aureus. 

Tests performed with the freshwater cyanobac- 
terium Microcystis aeruginosa showed that this 
species may inhibit the growth of Candida sp. 

and of some bacteria such as Escherichia, 
Shigella and Salmonella (Grigor’ yeva et al., 
1977). Grabow et al. (1982) showed that extracts 
of M. aeruginosa stimulate the growth of 
Escherichia coli and Streptococcus ,faecalis at 
concentrations that cause cytolythic effects on 
mammal cells or even lethal toxicity in mice. 

More recently, Foxall & Sasner (1988) 
showed that extracts of M. aeruginosa or pure 
MCYST-LR were non-toxic to B. subtilis, 
Staphylococcus aureus, E. coli or Pseudomonas 
hydrophila. This might be related to the fact that 
MCYST are potent inhibitors of protein phos- 
phatases of eukariots (Mackintosh et al., 1990). 
These data are in accordance with works that 
show that aquatic bacteria are able to degrade 
cyanotoxins. Several authors found degradative 
bacteria in water, sediment or effluents (Jones et 
al., 1994, Lam et al., 1995, Rapala et al., 1997, 
Lahti et al., 1997). 

These facts suggest certain bacteria species 
may take advantage of their resistance to 
cyanobacteria toxins. 

Phytoplankton 

In aquatic systems subjected to cyanobacteria 
blooms the phytoplankton groups other than 
cyanobacteria usually disappear or only attain 
very low densities. This leads us to the suspicion 
that cyanobacteria might inhibit other phyto- 
plankton species by their release of chemical 
compounds to the water. Vance (1965) proved 
that M. aeruginosa was toxic to four algae 
species. Keating (1978) showed that filtrate from 
cyanobacteria cultures provoked the inhibition of 
diatom growth. Infante & Abella (1985) con- 
cluded that Oscillatoria inhibited the reproduc- 
tion of Cryptomonas. 

Despite the scarcity of conclusive work in this 
field, we propose that the release of toxic com- 
pounds by cyanobacteria may be one mechanism 
responsible for the dominance of this group over 
other phytoplankton. Nevertheless, other factors 
may be important as well, such as the ability of 
cyanobacteria to fix nitrogen, to regulate their 
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position in the water column and to form colonies 
or flakes giving them some protection against 
ingestion by zooplankton. 

Zooplankton 

The decrease of zooplankton abundance in water 
bodies with toxic cyanobacteria was the first 
observation taht lead to the hypothesis that the 
latter may produce toxins with deleterious effects 
on zooplankton (Stangenberg, 1968, Gentile, 
197 1, Infante & Riehl, 1984). 

Moikeha & Chu (1971) showed that extracts of 
L. majuscula acted very fast to provoke the lysis 
of the protozoan Tetrahymena pyriformis. On the 
other hand, Grabow et al. (1 982) using the same 
protozoan species showed that toxins produced 
by M. aeruginosa did not change significantly the 
protozoan’s mobility, morphology or viability. 
The protozoan Paramecium caudatum, by con- 
trast reacted very differently to the toxins of seve- 
ral cyanobacteria species tested. Thus, while 
Nostoc linckia did not cause any changes at all in 
the protozoan, the toxins of Gloeotrichia echinu- 
lara and of Fisherella epiphyrica were lethal 
(Ransom et al., 1978). 

Rotifers show a different response to toxins 
relative to other zooplankton groups, with some 
species being able to utilise cyanobacteria. 
Starkweather (198 1) showed that Brachionus 
calicyflorus could ingest filaments of Anabaena, 
albeit at lower rates when compared to the con- 
trol food. Nevertheless, the rotifers were able to 
attain sexual maturation and reproduction on a 
diet based on the cyanobacterium. On the other 
hand, Fulton & Paerl (1987) found that during 
blooms of M. Aeruginosa, rotifers were usually at 
high density. Brachionus calicyflorus used M. 
aeruginosa in unicellular or colonial forms and 
attained reproduction (Fulton & Paerl, 1987). 
Snell, in contrast, (1980) showed that 
Asplanchna girodi was sensitive to toxins of 
Anabaenaflos-aquae and L. majuscula. 

Cladocerans seem to be affected by cyanobac- 
teria as suggested by a correlation between clado- 
ceran body size and cyanobacteria abundance. 

Stangenberg (1968) showed that extracts of M. 
aeruginosa were toxic to Daphnia longispina and 
to Eucypris virens. Arnold (197 1) tested seven 
species of cyanobacteria as food for D. pulex 
showing that toxicity is species-dependent. De 
Bernardi et al. (1981) showed that three species 
of Daphnia could feed and reproduce on M. 
aeruginosa if provided in a non-colonial form. 
Infante & Riehl (1984) showed that the density 
of cladocerans was not significantly affected du- 
ring blooms of M. aeruginosa. Lampert (198 1) 
also stated that while Synechococcus led to 
some growth of D. pulicaria, Aphanizomenon 
jlosaquae and M. aeruginosa were not adequate. 
Different cyanobacteria strains producing dif- 
ferent toxin profiles may explain these contra- 
dictory results. 

Cladoceran body size may be responsible for the 
different reaction of cladocerans to cyanobacteria 
(Porter & McDonough, 1984). Smaller cladocer- 
ans presented lower rejection and respiration rates 
than large animals. Vasconcelos (1 990) showed 
that non-toxic strains of Microcystis aeruginosa 
used as food source for Daphnia longispina, 
Ceriodaphnia pulchella and Simocephalus vetulus 
caused total mortality to Daphnia in four days 
while the other two species survived longer. A 
toxic strain of the same cyanobacteria species pro- 
duced total lethality of the three cladocerans in two 
days (Vasconcelos, 1990). 

Recent work shows that four species of 
zooplankton differ in their sensitivity to hepato- 
toxins by two orders of magnitude (De Mott et al., 
199 1 ). Jungmann & Benndorf (1994) also showed 
that Daphnia was sensitive to dissolved micro- 
cystins, although at very high concentrations, not 
commonly found in nature. Nevertheless, these 
authors used dissolved microcystin and not the 
whole cyanobacteria cells. 

Nogueira (1 999) showed that strains contain- 
ing microcystins were acutely toxic to Daphnia at 
concentrations around 105 cells/ml (Fig. 3). Non- 
microcystin strains caused mortality in Daphnia 
with LT,, around 5 to 6 days (Fig. 4) (Nogueira, 
1999). These data indicate that other compounds 
apart from microcystins may be involved in zoo- 
plankton dynamics. 
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Figure 3. Effect of Microcystis strains producers of microcystins on the survivorship of Dcrphnia pulex . Cladocerans were fed around 10" 
cells/ml of intact cells and also sonicated cells (s) of different strains of Microcystis (from Nogueira, 2000). Efecto de /as  microcistinas p m -  
ducidas por lu ruptirra de Microcystis et1 la supervivenciu de Daphnia pulex. Los c1udrjcero.s fueros alimentados con cerca de /Or cIilulas/m/ 
de cCIulas intactus y productos de cIilulas de Microcystis frugmentudas por sonicacicin (dr Nogueira. 2000). 

In an experiment using toxic and non-toxic 
strains of M. aeruginosa as food for the copepod 
Acanthocyclups robustus, Vasconcelos ( 1990) 
showed that the copepod could use both strains 
although no reproduction was achieved. 

Despite the large number of cyanobacteria 
strains used in experiments, we may conclude 
that biotoxins and other metabolites can inhibit 
zooplankton populations during blooms. 

Other invertebrates 

The impact of cyanobacteria on aquatic macro- 
invertebrates has not been studied very intensi- 
vely. Eriksson et al. (1989) showed that the 
freshwater mussel Anodunta cygnea may accu- 
mulate high levels of microcystins from 
Oscillatoria agardhii without suffering adverse 
effects. Lindholm et al. (1989) also described the 

accumulation of hepatotoxic peptides in 
Anodonta from an 0. agardhii lake bloom. On 
the other hand, Falconer et al. (1992) studied the 
marine mussel - M. edulis - proving that they 
could accumulate nodularins during blooms of 
Nodularia in an Australian estuary. 

The accumulation of microcystins in inverte- 
brates such as the crayfish Procambarus clarkii 
or the mussel Mytilus galloprovincialis seems to 
be quite fast (Vasconcelos, 1995, Amorim & 
Vasconcelos, 1999, Vasconcelos et al., 2001). 

Mytilus galloprovincialis are quite resistant to 
microcystins. These molluscs are able to exclu- 
sively feed on a toxic strain of M. aeruginosa for 
a month with a low mortality rate - 6% - 
(Vasconcelos 1995). The mussels may accumu- 
late 52% of the total toxin provided in less than 2 
hours, using a cell density of 105 cells/ml which 
is a density commonly found in aquatic systems 
(Vasconcelos, 1995). Nevertheless, the depura- 
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Figure 4. Effect of Microcystis strains (non-producers of microcystins) on the survivorship of Dupkniu pulrx. Cladocerans were fed around 
105 cells/ml of intact cells and also sonicated cells (s) of different strains of Microcystis. (from Nogueira, 2000). Efecro de losproductos dr lu 
rupturu de Microcystis no productorus de microcisrinus en lrc supervivencici de Daphnia pulex. Los cladricerosfueroos alinzentudos con cercu 
de 10' cdlulns/ml de cilulus intuctus y productos de cilulus rle Microcystis jrugmmtudus por sonicucicin (dr Noguriru, 2000). 

tion of the toxins is very slow. Mussels contami- 
nated with 10.7 mg MCYST/g still had 2.5 mg 
MYST/g two weeks after depuration started 
(Amorim & Vasconcelos, 1999). 

Crayfish are also quite resistant to toxic 
cyanobacteria. Larvae exposed to 3,3 x107 
cells/ml of a toxic M. aeruginosa strain survived 
for a 72 hour period with a maximum mortality 
of 15% (Vasconcelos et al., 2001). Juvenile cray- 
fish fed on M. aeruginosa strains during an 8- 
week period showed higher mortality rates if fed 
a strain that does not produce microcystin com- 
pared with a microcystin-producer strain 
(Vasconcelos et al., 2001). Crayfish also bioaccu- 
mulate microcystins at a mg/g level (Fig. 5).  

Fish 

The impact of cyanobacteria on fish populations 
is not only due to the toxins that they release but 
also to anoxia and the release of compounds dur- 
ing and after bloom collapse (Barica 1978, Ayles 
et al., 1986). Nevertheless, Shelubsky (1 95 1) 
proved that fish deaths occurred in the presence 
of a toxic strain of M. aeruginosa with and with- 
out oxygen supply, indicating that toxins were 
also involved in the fish kills. 

Sawyer et al. ( I  968) showed that the toxins of 
Aphanizomenon pas-aquae killed several fish 
species such as Catostomus commersoni, 
Lepornis gibbosus and Lebistes reticulatus. 



Cyanobacteria toxins 53 

Fish i 
U) 
Q) 

P 
U) 

.- 
$ Crayfish 

I I I I I 
0 5 10 15 20 

accumulated MCYST (uglg) 

Figure 5. Average levels of microcystins (mg/g) accumulated i n  
mussels, crayfish and fish species (in Vasconcelos, 1999). Niveles 
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Gentile & Maloney (1969) also found toxicity 
associated with Ay. $os-aquae cultures to 
Notemigonus crysleucas, Fundulus heteroclitus 
and Cyprinodun variegatum. 

Carmichael et al. (1975) showed that 
Anabaena jlos-aquae was toxic to Carassius 
auratus when administered orally or intraperi- 
toneally. On the other hand, if the animals were 
only immersed in the toxic water they did not die, 
meaning that the toxins were not readily absorbed 
through the gills. 

Tencalla et al. (1994) proved that microcystins 
administered orally to fish caused massive 
hepatic necrosis followed by death. However, if 
fish were only immersed in contaminated water, 
no deaths occurred. 

Age may also be an important factor. Obe- 
remm et al. (1 997) showed that microcystins may 
affect the development of fish embryos. On the 
other hand, the apparently low oral toxicity of 
fish may lead to the bioaccumulation of toxins. 
Vasconcelos (1 999) showed that wild fish species 
such as carp, barbel or mullet might accumulate 
microcystins in the muscle (Fig. 6). Levels of 
microcystins reached 250 ng/g in the edible parts, 
while in the viscera values may be ten to hundred 
fold higher. The amount of toxins detected in 
flesh are not very significant in terms of human 
health except for fishermen populations with a 
diet based on fish. 
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Figure 6. Levels of microcystins (mg/g) accumulated in different 
fish species (in Vasconcelos, 1999). Niveles de rnicrocistinas (mg/g) 
ucumuludris en dlferentes rspecirs de peces (en Vu.sconc.elos. 1999). 

Birds 

The occurrence of high mortality of birds associ- 
ated with the occurrence of cyanobacteria 
blooms is a fact referred to by many authors 
(Bossenmaier et al., 1954, Ingram & Prescott, 
1954, Davidson 1959, Senior 1960). However, 
botulism in birds frequently coincides with the 
occurrence of toxic cyanobacteria malung it diffi- 
cult to distinguish the causes of deaths (Bossen- 
maier et al., 1954). 

Gorham (1960) described the lethal effects of a 
strain of M. aeruginusa administered orally to 
chickens but stated that the same strain was non 
toxic to ducks. Konst et al. (1965) testing the 
same cyanobacteria species verified that ducks 
were completely resistant to oral doses that were 
lethal to mice and sheep. However, this apparent 
resistance of ducks to cyanobacterial toxins can- 
not be generalized to all types of toxins. For 
instance, in a work done with a toxic Anabaena 
$us-aquae, Carmichael & Gorham (1977) con- 
cluded that ducks and pheasants were more sen- 
sitive to the toxins than mice were. McBarron et 
al. (1975), by contrast, showed that toxins of A. 
circina1i.r administered orally were lethal to mice 
and sheep but not to chicken. Carmichael & 
Gorham (1978) proposed that ducks are more 
sensitive than pheasants to Anabaena $os-aquae 
toxins because of the different sensitivity to the 
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toxins of neuromuscular junctions in both 
species. 

Mammals 

The association between cattle mortality and toxic 
cyanobacteria was first described by Francis 
( I  878), but many other reports followed (McLeod 
& Bondar, 1952, Davidson, 1959, Siegelman et 
al., 1984). Toxic Microcystis may cause symptoms 
such as prostration, loss of equilibrium, muscle 
trembling (MacDonald I960), periods of hyper 
excitability followed by apatia and weakness 
(Konst et al., 1965), diarrhoea (Dillemberg & 
Dehnel, 1960, Aziz, 1974) and, finally, death. On 
the other hand, toxic Anabaena Jlos-aquae and 
Aphanizomenon flm-aquae may cause muscle 
paralysis and respiratory arrest in a short period of 
time (McLeod & Bondar, 1952, Carmichael et al., 
1975). Beasley et al. (1983) reported the death of 
I0 pigs after ingestion of water contaminated with 
a toxic A. spiroides bloom. 

Human intoxication 

The occurrence of toxic cyanobacteria blooms was 
first associated to human intoxication in the early 
1930’s (Tisdale, 1933, Heise & Milwaukee, 1949). 
The main routes for cyanobacteria toxins in hu- 
mans are ingestion (toxins in water, contaminated 
food), inhalation (water sports, bathing in contami- 
nated waters), shn  contact (recreation, bathing) 
and intravenous (dialysis). The only reported lethal 
human intoxication was due to the use of water 
contaminated with cyanotoxins in a dialysis clinic 
in Caruaru, Brazil (Jochimsen et al., 1999). Al- 
though maybe not the most common route for in- 
toxication in humans, it is certainly the most tragic. 

CONCLUSIONS 

The toxicity of cyanobacteria, formerly associated 
to mammal bioassays should be studied taking 
into account other bioassays. This approach is 

necessary for a better understanding of the eco- 
logical role of cyanobacteria metabolites. 
Although the most common biotoxins - hepato- 
toxins, neurotoxins and irritants - may cause 
adverse effects to procariont and eucariont popu- 
lations, other, less common, compounds may also 
have an important role. Although biotoxins only 
affect organisms when the cyanobacteria cell 
lyse, other bioactive compounds may be excreted 
to the water. This chemical signalling is much 
more effective and with more pronounced effects 
in aquatic communities. 

The long-term evolution of cyanobacteria have 
enabled them to develop an important diversity 
not only in terms of habitats but also in terms of 
metabolic products produced by them. The co- 
occurrence of toxic compounds to mammals, and 
anticarcinogenic and carcinogenic compounds in 
one single organism is a source for numerous 
future studies on the bioactivity of metabolites 
from cyanobacteria. 
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