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resumo 
 
 

A ocorrência de blooms de cianobactérias em Portugal está a aumentar em 
frequência e intensidade, levando a impactos graves no ambiente, mas 
também a riscos para a saúde humana devido à potencial produção de 
cianotoxinas. Os registos históricos podem desempenhar um papel importante 
para ir mais longe na compreensão dos padrões de ocorrência e da ecologia 
dos blooms. A presente investigação baseia-se na recuperação de dados 
históricos reportados para Portugal ao longo das últimas décadas, publicados 
em revistas internacionais. A partir das bases de dados científicas utilizadas, a 
Scopus apresentou os registos de publicação mais elevados (163) com os 
critérios de pesquisa "Cianobactérias" + "Portugal". Nos anos 90, o número de 
publicações começou a aumentar exponencialmente, com um pico em 2011. A 
Universidade do Porto (em particular o CIIMAR) foi a instituição de filiação 
dominante (112) com os maiores resultados de publicação pertencentes ao 
autor Vitor Vasconcelos (57). Dados publicados entre 1986 e 2011 reportaram 
92 taxa de cianobactérias, pertencentes principalmente a Microcystis (28,86%), 
Aphanizomenon (15,22%), Pseudanabaena (9,85%), Anabaena (8,66%) e 
Planktothrix (8,66%). Diversos taxa de Microcystis foram reportados em todo o 
país: no Sul (por exemplo Albufeiras do Alqueva, Monte Novo, Alvito, Roxo e 
Odivelas); no Centro (Lagoas da Vela e Mira; Albufeira da Aguieira); no Norte 
(Albufeiras do Torrão, Carrapatelo e Crestuma; lagos urbanos; Rio Minho); e 
nos Açores (Lagoa das Sete Cidades). Das cianotoxinas relatadas neste 
período, destacam-se as microcistinas, saxitoxinas, anatoxina-a e 
cilindrospermopsina. A lista dos taxa resultantes é uma contribuição importante 
para bases de dados sobre a ocorrência de cianobactérias em Portugal. No 
entanto, investigação adicional deve ser desenvolvida na correspondência de 
estirpes com nomes diferentes para estabelecer trilhos históricos, 
nomeadamente através de dados moleculares, a fim de aumentar a luz sobre a 
sua reincidência em diversos sistemas aquáticos propensos aos blooms 
cianobacterianos. 
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abstract 
 

The occurrence of cyanobacterial blooms in Portugal is increasing in frequency 
and intensity, leading to severe impacts on the environment but also risks to 
human health due to the potential production of cyanotoxins. Historical records 
may play an important role to go further in the understanding of the occurrence 
patterns and ecology of blooms. The present research relies on the recovery of 
historical data reported for Portugal over the past decades, published on 
international journals. From the scientific web databases used, Scopus yielded 
the highest publication records (163) with the search criteria “Cyanobacteria” + 
“Portugal”. The number of publications exponencially increased since the 
nineties, with a peak in 2011. The University of Porto (particularly CIIMAR) was 
the dominant affiliation institution (112) with the highest publication outputs 
belonging to the author Vitor Vasconcelos (57). Data published between 1986 
and 2011 reported 92 cyanobacterial taxa, mainly belonging to Microcystis 
(28,86%), Aphanizomenon (15,22%), Pseudanabaena (9,85%), Anabaena 
(8,66%) and Planktothrix (8,66%).  Microcystis spp. were reported across the 
country: South (e.g. Alqueva, Monte Novo, Alvito, Roxo and Odivelas 
reservoirs); Centre (e.g. Vela and Mira Lakes; Aguieira reservoir); North (e.g. 
Torrão, Carrapatelo and Crestuma reservoirs; urban lakes; Minho River); and 
Azores (e.g. Sete Cidades Lake). Reported cyanotoxins included microcystins, 
saxitoxins, anatoxin-a and cylindrospermopsin. The resulting taxa checklist is 
an important contribution to feed databases on the occurrence of 
Cyanobacteria in Portugal. Nevertheless, further research should focus on the 
correspondence of differently named strains to establish historical tracks, 
namely through molecular data, in order to increase light on their reincidence in 
target water bodies prone to develop cyanobacterial blooms. 
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1. Introduction 

1.1. Cyanobacteria vs Blue-green Algae  
Cyanobacteria have their origin from the Early Precambrian (2.5 thousand million years) 

(Sánchez-Baracaldo et al., 2021). They are prokaryotic organisms, but they also present 

the capability of the autotrophs to perform photosynthesis (Xiong, 2006). Therefore, due to 

their blue-green color, they were firstly classified as Blue-green Algae (Schopf, 1974), in 

spite of being structurally Bacteria and not eukaryotic organisms. This has led to 

classification changes in their main group from Blue-green Algae to Cyanobacteria. 

Nevertheless, due to their ability to perform photosynthesis, they are thought to have had 

a key role in the evolution of eukaryotic algae (Schopf, 2002). They can occur as free 

living cells or gathered in large colonies or filaments (Kulasooriya & Magana-Arachchi, 

2016). Some filamentous cyanobacteria are also able to fix nitrogen directly from the 

atmosphere, which allows them to grow under nitrogen depleted conditions in water (De 

Figueiredo et al., 2011). Cyanobacteria are usually identified by morphological characters, 

but some species or strains can have different forms depending on the environment they 

live in and the physical-chemical conditions they are subjected to (Bittencourt-Oliveira et 

al., 2012). For this reason, it is easy to understand that using only morphological data can 

sometimes induce in error for a correct identification of a cyanobacterium (Mikhailyuk et 

al., 2019). According to recent research from the last 20 years, with the new advances 

and availability of molecular approaches, a proper classification and identification of 

cyanobacteria should be based not only in morphological information but rather integrate it 

with molecular data as well as ecological features (Komárek, 2020). Cyanobacteria have a 

ubiquitous distribution, in very different habitats. This is due to their abilities to tolerate 

extreme conditions of temperature, salinity, pH, light, desiccation and nutritional 

unavailability (Herbert, 1992). With these capabilities it is easy to understand why they are 

so widespread and able to dominate in the most harsh habitats, namely being explored for 

astrobiological purposes (de Vera et al., 2014). 

 

1.2. Climate change and the increase of cyanobacterial blooms 
The occurrence of massive growth of cyanobacteria has been recorded since long time 

(Cohen & Reif, 1953; Whitton & Peat, 1969). However, the frequency of the so-called 

cyanobacterial blooms is spreading at a global scale with the increasing temperature trend 

from Climate Change (Paerl & Paul, 2012). With the increase of temperature, the rate of 

growth and even the time of the growing season can rise in Cyanobacteria (Visser et al., 
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2016). A major concerning issue associated with this massive growth is that some of the 

bloom-forming cyanobacterial species can produce toxins that are harmful for several 

organisms, including humans (De Figueiredo et al., 2004; Moroder & Rudolph-Böhner, 

1997; Zainuri et al., 2019). Under the global warming scenario conditions, cyanobacterial 

communities will change and it is expected an increase in Harmful Cyanobacterial Blooms 

(HCBs) (Boopathi & Ki, 2014), with changes in the potential for cyanotoxins production 

(Hameed et al., 2017; Ninio et al., 2020; Saker & Griffiths, 2000; Venkataraman, 1981; 

Yang Yang et al., 2020; Yiming Yang et al., 2021). 

 

1.3. Cyanobacterial toxins 
Cyanobacteria are known to produce harmful toxins (Moroder & Rudolph-Böhner, 1997; 

Zainuri et al., 2019). Cyanotoxins can be divided in the main groups: neurotoxins, 

hepatotoxins, dermatotoxins, cytotoxin and irritant toxins (lipopolysaccharides) depending 

on their effect in mammals (Mankiewicz et al., 2003). In the group of neurotoxins there are 

Paralytic Shellfish Toxins (PST), which are responsible for the syndrome called Paralytic 

Shellfish Poisoning (PSP) (Voloshko et al., 2008; Wang et al., 2016). Other neurotoxin is 

the β-methylamino-L-alanine (BMAA), which is being associated with the 

neurodegenerative disease amyotrophic lateral sclerosis/Parkinsonism–dementia complex 

(ALS/PDC), but there are more than 65 described neurotoxins (Testai et al., 2016). The 

group of the hepatotoxins includes microcystins, for which there are up to 250 variants 

produced by Microcystis spp. (Rastogi et al., 2014; WHO, 2021). The inhibition of PP2A 

(tumor supressor) is widely assumed as the principal microcystin mechanism of toxicity 

(Arnold & Sears, 2008; Valério et al., 2016) consequently promoting cancer development. 

In fact, microcystins have been related to cases of cancer by chronic exposure and 

consumption of contaminated water. This is why two decades ago, the World Health 

Organization (WHO) has established guideline values for MC-LR (the most common 

microcystin) in the water bodies used for drinking supply (WHO, 2021). The hepatotoxic 

effects are due to the fact that microcystin needs a transporter to enter the cells, such as 

the organic acid transporter polypeptides (OATP) that are present in some tissues of the 

liver, making this organ a target to get affected, and depending on the amount of 

microcystin it can lead to haemorrhage, hepatic hypertrophy and even tumour promoting 

activity. Another example of hepatotoxin is Nodularin, which name is derived from 

Nodularia spumigena, the species where it was isolated from. Dermatotoxins are 

chemicals that harm the skin. In this group we can find lyngbyatoxins,  aplysiatoxin and 

debromoaplysiatoxin which are mainly produced by the Lyngbya genus (Rzymski & 
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Poniedziałek, 2012). In spite of some some authors refer the need to confirm causal 

effects from cyanobacterial Lipopolysaccharides for some rashes or other symptoms 

(Stewart et al., 2006), other authors have reported them as related to such symptoms 

(Durai et al., 2015). Cylindrospermopsin is a cytotoxin produced by Cylindrospermopsis 

raciborskii but also species from other genera such as Aphanizomenon, Anabaena or 

Lyngbya (Moreira et al., 2017) and it has severe effects on health and can be also a 

potential carcinogen (Carmichael, 1992; Pearson et al., 2010). Presently, there is much 

information regarding the toxins produced by cyanobacteria including data about what 

genes are used in their synthesis, for example the operons mcyA-mcyJ for microcystins 

(Davis et al., 2009) and ndaA-ndaI for nodularin (Krüger et al., 2009). 

An example of harmful and deadly effects of cyanotoxins on humans is from 1996, in 

Caruaru (Brazil), where 113 hemodialysis patients suffered health issues and more than 

50 ended up dying from liver failure after being exposed to water contaminated by 

hepatotoxic toxins produced during a Microcystis bloom occurring at the water source 

reservoir (Jochimsen et al., 1998). Therefore, when blooms occur in water supply sources, 

it is important that treatment processes are effective to remove not only cyanobacterial 

cells but also the toxins that can be released from them, implicating effective water control 

programs (Cook & Newcombe, 2008; Vasconcelos & Pereira, 2001). Even without the 

consumption of the contaminated water, it is possible to have some symptoms. In one 

study, they reported an increase in symptoms like mild rash or fever, according with the 

time of exposure under recreation activities (Osborne et al., 2007; Pilotto et al., 1997; 

Stewart et al., 2011). The impacts of cyanotoxicity on human health has led to a lot of 

research regarding cyanobacterial blooms, particularly from potentially toxic species, most 

commonly belonging to genera such as Microcystis, Anabaena, Aphanizomenon, 

Cylindrospermopsis or Nodularia (Cheung et al., 2013; Gkelis & Zaoutsos, 2014; He et al., 

2016).  

 

1.4. Potential applications of cyanobacteria and their metabolites 
The research made over the past decades has allowed to better understand the causes 

and the toxins involved in intoxication episodes caused by cyanobacteria, but at the same 

time it has enhanced the research on how these and other cyanobacterial metabolites can 

be useful as bioactive compounds. In early times, filamentous cyanobacteria were used in 

symbiotic associations as a fertilizer due to their capability to fix N2 (Bergman et al., 1997; 

Hendrayanti et al., 2018; Venkataraman, 1981) but over the past decades the recent 

biotechnological applications have been spread to multiple areas. The prodution of 
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carbohydrates has became a central focus for the prodution of biofuel, mainly bioethanol, 

biobutanol or hydrogen, and since cleaner sources of energy are booming due to the 

climatic crisis, this option can still be very interesting (Arias et al., 2021). Some 

cyanobacteria, such as Spirulina, have been used as supplements due to their high 

nutritional value and high digestibility, having a high amount of antioxidants and vitamins 

(Mazard et al., 2016), and in some cases they are used as feedstock as well. 

Cyanobacteria are also used to treat wastewater due to is hability to harvest some 

compounds from the water (Cañizares-Villanueva et al., 1994; Singh et al., 2019). This 

process is also used to remove some water contaminants since it is easy to collect the 

biomass of the cyanobacteria at the end of the process. Moreover, some toxins such as 

Paralytic shellfish toxins, can have potential for pharmacology because of their specific 

binding to voltage-gated sodium channels (Wang et al., 2016). In fact, the bioactive 

properties of cyanobacteria (antifungal, antibacterial and antiviral effects, multi-drug-

resistance reversal or even anticancer) are also being explored with very promising 

research goals (Costa et al., 2013; Llopiz, 2016; T. P. Martins et al., 2019; Patterson et 

al., 1994).  

 

1.5. Occurrence of Cyanobacteria and cyanotoxins in Portugal (at a glance) 
The increasing occurrence of cyanobacterial blooms worldwide (Visser et al., 2016) has 

also been reported in Portugal, along with an increase in toxicity (Moreira et al., 2021). In 

Portugal, there are records of different species of Cyanobacteria from all over the country 

(Araújo et al., 2009; Moreira et al., 2020), including in the islands from Azores and 

Madeira (Cordeiro et al., 2021; Luz et al., 2020; G. Martins et al., 2008). These species 

occur in ponds, lagoons, wastewater treatment plants, reservoirs and even at the 

seacoast (Araújo et al., 2009). Several species occurring in Portugal are also known to 

produce toxins (Metcalf et al., 2018; Moreira et al., 2020). Over the past 40 years, several 

cyanotoxins have also been reported, from microcystins (V.M. Vasconcelos & Carmichael, 

1993) to cylindrospermopsin (Menezes et al., 2020; Miller et al., 2017; Svirčev et al., 

2019). The first record of toxins from cyanobacteria in Portugal was related to a bloom of 

Microcystis sp. in the Douro River, with the detection of microcystin-LR, the most frequent 

variant  of microcystins (Vasconcelos, 1995) and it was related to the dominance of 

Microcystis aeruginosa and Anabaena flos-aquae in the bloom (Vasconcelos, Evans, et 

al., 1993). Some cases of severe intoxications, and even death of patients, have also 

been reported in the nineties, occurring in 1992, at the Hospital of Évora (Bellém et al., 

2013; De Olivera Araujo, 1995). There were reported high values for aluminum but also 
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for the number of cyanobacterial cells in the drinking water supply of Divor and Monte 

Novo reservoirs, from cyanobacterial taxa such as Microcystis aeruginosa, Anabaena, 

Oscillatoria and Aphanizomenon. The system of filtration, coagulation and disinfection 

was insufficient to remove both cyanobacteria and cyanotoxins (De Olivera Araujo, 1995). 

From then, a higher effort has been made to legislate and monitor the occurrence of 

cyanobacteria in reservoirs used for drinking water supply and prone to develop blooms. 

Nevertheless, it is still very important to gather and analyze data from historical 

occurrence of cyanobacteria in Portugal over the past decades to assess possible 

evolution trends in most studied water bodies. The recorded species tend to occur again 

in the warmer months of the subsequent years.  

 

1.6. The main objectives of the present research 

The main goal of the study is to create a taxa checklist to feed a future database on the 

cyanobacterial occurrence in Portugal. This information is crucial for future modelling 

approaches or for validating satellite historical information, for instance. The present work 

expects to contribute to organize and explore historical records for the development of a 

national database on the cyanobacterial blooms occurrence. In the present work, the 

methodology followed a search and exploration of existing publications concerning 

Cyanobacteria in Portugal using scientific databases from the web (e.g. Scopus) as a data 

source. Data concerning the species, location, date and potential cyanotoxins occurrence 

will be retrieved from these publications. A general overview of the selected publications 

will be also carried out in order to explore the evolution of the research made on the 

occurrence of Cyanobacteria in Portuguese water bodies. 
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2. Methodology 
2.1. Search strategy 
A search in different scientific database web sites (Scopus, Web of Science and PubMed) 

was carried out to explore the publications made on cyanobacterial occurrence in 

Portugal. The search was made for all entries until June 2021, using the terms 

‘Cyanobacteria’ and ‘Portugal’ in “Article title, Abstract, Keywords” for Scopus and Web of 

Science, and in “Title” and “Abstract” for PubMed. These two words were chosen because 

our aim was to gather information regarding cyanobacterial occurrence in Portugal, and to 

retrieve a wide record and historic review about this subject. Scopus was the most 

complete and up-to-date database, regarding the number of resulting publication outputs 

(163 on Scopus, against 44 and 123 in PubMed and Web of Science, respectively (figure 

1)). Therefore, only Scopus results were used for the subsequent analyses. 
 
 

 

Figure 1 Diagram of the workflow. 
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In a first phase, different search criteria were tested in Scopus database. The search 

criteria “Cyanobacteria” + “Portugal” (search A) yielded a total of 163 publications. 

However, by refining the search within results with the term “Bloom” (search B), the 

number of publications was reduced to 107 and by using the search criteria 

“Cyanobacteria” + “Portugal” + “Bloom” (search C) the number of entries was further 

reduced to 61. Therefore, in spite of the potential for retrieving publications more directly 

linked to cyanobacterial blooms, for a deeper analysis on the historical records of 

cyanobacterial blooms’ occurrence in Portugal, the original search criteria A should be 

adopted with an eventual manual specific inclusion/exclusion curation approach based on 

the articles’ information (abstract and eventually full text), as the term “bloom” has only 

been adopted by Portuguese researchers since the 90s and even so not by all of them. 

Therefore, the wider results from search A were the basis for the subsequent analyses. 

 

2.2.  Graphical analysis of search results 

To build the graphics, specific information about the publications was retrieved 

concerning: 1) Subject area; 2) Document type; 3) Keyword; 4) Year; 5) Affiliation; and 6) 

Author name. After retrieving the publications from the raw search, data were extracted 

directly from Scopus database as a csv file to be analysed and treated for the graphical 

outputs. It was possible to detect some mismatches with the online information. For 

example, not all the authors’ names appeared on this list, probably derived from the 

maximum different lines that can appear at the same time on the pop-up screen (only 160 

lines of data in the file for each column/different information). Nevertheless, for the present 

study, in the category of the authors only authors with four or more entries (as first author 

or co-author) were considered as relevant for graphics (n=44). Moreover, it was possible 

to detect that a same author could have two or more different nominations (e.g. for Saker 

and for Vasconcelos). This highlights the importance of manual curation when dealing 

with data directly extracted from these baselines. For the affiliation, a similar phenomenon 

was observed, with different names for a same institution (e.g. University of Porto). 

Manual corrections were carried out and only institutions with two or more appearances 

were considered for the graphs. Concerning the keywords, all the information was used 

(160 different keywords), even though it was possible to have more in all the entries that 

appeared on the online Scopus list. 
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2.3. Inclusion/exclusion criteria for data retrieval 
From the original Scopus search we obtained 163 entries that were used in the next 

phase of eligibility, with the review of each article to collect useful data about 

cyanobacterial occurrence: 1) location; 2) date; 3) species collected/reported; and 4) 

eventual detection of cyanotoxins. For the inclusion and exclusion criteria, a systematic 

process was followed by reading sequentially the title, abstract and full paper to assess 

the pertinence of the paper regarding the occurrence of Cyanobacteria in Portuguese 

water bodies. In this step, 39 articles were considered non-eligible for data retrieval 

because: a) they did not mention the location or date of the recorded cyanobacteria, or 

have doubts if it was from Portugal (which was the major goal of the present research); b) 

they only referred ‘cyanobacteria’ in general instead of a given species or genus or even a 

family name; and/or c) when the species was not collected from anywhere in Portugal 

(see figure 2). Another aspect to consider is the possibility of duplication of publications as 

recorded for Saker et al. (2004). Once again this highlights the need of manual curation of 

data directly retrieved from web databases.  
 

 

Figure 2 Diagram of the workflow (Second Phase). 
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3. Results and Discussion 

3.1. Analysis of the search results 

3.1.1. Subject area and Document type 
The 163 publications retrieved from Scopus search A (“Cyanobacteria” and “Portugal”) 

corresponded to: 148 articles, 10 conference papers, 4 reviews and 1 book chapter. Most 

of these outputs were published in the research areas of Agricultural and Biological 

Sciences (82) and Environmental Science (79) although subject areas such as Earth and 

Planetary Sciences (29), Pharmacology, Toxicology and Pharmaceutics (25), Immunology  

and Microbiology (24), and Biochemistry, Genetics and Molecular Biology (17) were also 

important (figure 3). This highlights the widespread impact of the study of Cyanobacteria 

on many diverse research areas, from ecology to toxicology and pharmaceutics, as 

frequently highlighted (Khalifa et al., 2021; Sharma et al., 2011). Furthermore, it was 

possible to explore the general path of research by subject area over the past decades 

concerning cyanobacterial publications. After analysing the evolution of subject area 

throughout the years, it was possible to observe a general trend for a wider scope of the 

publications (Table 1). Only in the nineties, publications on the field research of 

Pharmacology, Toxicology and Pharmaceutics began to be recorded. Since 2007, a 

higher diversity in the subject area of publications could also be observed, ranging from 

the fields most dominant such as Agricultural and Biological Sciences, and Environmental  

Sciences to the intensification of subject fields such as Immunology and Microbiology as  

Figure 3 Cloud word on the dominant subject area of the 163 entries from Scopus using the search 
criteria “Cyanobacteria + Portugal”. 
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Table 1 List and years of the subject area from the 163 entries from Scopus using the search criteria “Cyanobacteria + Portugal”. 
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well as Biochemistry, Genetics and Molecular Biology, with the application of molecular 

approaches to study cyanobacteria isolated from Portuguese water bodies. 

 

3.1.2. Keywords 
Regarding the keywords (figure 4), comprehensively “Cyanobacteria” and “Portugal” were 

the most used in this search output (144 and 121 times, respectively), as they match the 

search terms, but “Cyanobacterium” was also important with 95 references in keywords. 

However, by doing a parallel search, by using the term “Cyanobacterium” instead of 

“Cyanobacteria”, the output was more restrained (114) than the original search and almost 

all publications could be included in search A output. 

 

 

 

 

Figure 4 Cloud word on Keywords of the 163 entries from Scopus using the search criteria “Cyanobacteria + 

Portugal”. 
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3.1.3. Publications per year 
The timeline from figure 5 indicates that the most ancient entries retrieved from the 

Scopus search A are from 1986 (Häder et al., 1986) and 1987 (Roger et al., 1987). These 

explored topics regarding irradiance effects on Phormidium uncinatum (Häder et al., 1986) 

and the occurrence of nitrogen-fixing cyanobacteria in rice fields (Nostoc, Anabena and 

Calothrix) (Roger et al., 1987).  Only in the subsequent decade, in 1993, the first paper 

from Vitor Vasconcelos (Vasconcelos, Evans, et al., 1993) is published in a international 

journal and marks the beginning of a new era in Portugal for dedicated modern research 

on Cyanobacteria by mixing areas from Ecology to Toxicology and Molecular Biology. 

From then, several other researchers followed this scientific multidisciplinary path and the 

number of publications in the 21st century showed an exponentially increasing trendline 

(figure 5) with a peak in 2011, coinciding with the PhD conclusion of many scientists in 

Portugal over that 3 year period (2009 to 2012) from different institutions (e.g. University 

of Porto, University of Lisbon, University of Aveiro and University of Algarve). Interestingly, 

Figure 5 Number of entries per year of the 163 entries from Scopus using the search criteria 
“Cyanobacteria + Portugal”. 
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the peak of publications in 2011 was followed by a general decline trend in publications 

until 2020. One of the possible reasons behind this decline may be attributed to the 

difficult conditions felt by young researchers in proceeding with their scientific careers 

after obtaining the PhD, due to the lack of projects and scientific contracts. 

 

3.1.4. Affiliation of authors 
University of Porto was the predominant affiliation institution from most publications (figure 

6), but 54 were particularly affiliated with CIIMAR – Centre of Marine and Environmental 

Research. There were observed some mismatches, sometimes within the same 

University, where there are different faculties and research units. This makes a difficult 

task to homogenise the affiliation nominations for a quantitative analysis. Nevertheless, 

there are clear conclusions about the dominance of publication in this scientific area using 

the raw data. Despite University of Porto dominance of the research made on 

Cyanobacteria in Portugal, Universities of Lisbon, Algarve and Aveiro also presented an 

important contribution as well as the National Health Institute Dr. Ricardo Jorge which 

Figure 6 Word cloud for the affiliation of publications of the 163 entries from Scopus using the search 
criteria “Cyanobacteria + Portugal”. 
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spreads the geographical range of groups working on cyanobacterial topics to the Centre 

and South of Portugal.  

 

3.1.5. Authorship 
Regarding the authors, Vítor Vasconcelos (affiliated with University of Porto and more  

specifically with CIIMAR in the past two decades) was found as the national reference for 

B 
 

Figure 7 Word cloud of the authors (with 4 or more publications) from the 163 entries from Scopus using the 
search criteria “Cyanobacteria + Portugal”; A and B - before and after manual correction of different 
nominations for a same author, respectively. 

A 
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dedicated cyanobacterial studies in Portugal, with authorship in the majority of the 

publications (figure 7A). However, several authors including Vasconcelos and others (e.g., 

Saker, de Figueiredo, de Oliveira Araújo) presented different names associated with 

different outputs avoiding that these were automatically fused for quantitative analysis, 

even if Scopus considers it as the same author. Therefore, a manual correction and fusion 

was made on authors nomination data. After correction of the author nominations, by 

gathering the outputs of different names corresponding to a same author, it was possible 

to conclude that Vítor Vasconcelos further increased his authorship predominance (up to 

57 publications) (figure 7B). The fact that a same author could have two or more different 

nominations highlights, once more, the importance of manual curation when dealing with 

data directly extracted from this kind of web databases.  

 

3.2. Data extraction and analysis 

3.2.1. Eligible publications 
From the original 163 entries from Scopus, the first 89 (until the year 2011) were analysed 

for eligibility, sorted by year of publication (from the oldest to the newest). From these 89 

entries we aimed to extract information regarding: 1) species or genus, family name 

and/or order, 2) date of collection and 3) location of collection. Nevertheless, whenever 

possible, other information was extracted such as regarding toxins, other names or strains 

used and links to databases. We started by analyzing the entries, especially the methods 

and results, to gather the information about the date, location, and, usually in the results 

section, about the recorded species. When the information was almost nonexistent, all 

parts of the publication were analysed. The analysis resulted in 50 publications 

considered eligible for data extraction, resulting in 610 lines of information on an Excel file. 

Each line corresponded to a different cyanobacteria, or a different date or location.  

 

3.2.2. Cyanobacterial occurrence between 1986 and 2011 

3.2.2.1. General overview 
From the information retrieved concerning the geographical data, there were 

cyanobacterial records in 12 (of a total of 18) districts and 48 (of a total of 278) 

municipalities from continental Portugal (Figure 8). From figure 8, it was possible to 

observe that the data retrieved from publications between 1986 and 2011 were related to 

water bodies located in different regions of Portugal, from Algarve, in the southest region,  
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Table 2 - Records from order Chooccoccales, including water body and year of collection between 1986 and 2011.

Order Genus Species Water body Year of occurrence (Reference) 

C
H

R
O

O
C

O
C

C
A

LE
S

 

Microcystis 

M. aeruginosa 

Crestuma Reservoir  
1989 (Vasconcelos et al., 1996; Vasconcelos, Evans, et al., 1993); 1996 (Ferreira et al., 
2001) 

Barrinha de Mira Lake 1991 (Vasconcelos et al., 1996) 
Mira Lake 1991; 1992 (Vasconcelos et al., 1996) 
Vale Das Bicas Reservoir 1992 (Vasconcelos et al., 1996) 
Guadiana River 1992 (Vasconcelos et al., 1996) 
Minho River 1992 (Vasconcelos et al., 1996) 
Torrão Reservoir 1992 (Vasconcelos et al., 1996); n.d. (Oliva Teles et al., 2008) 
Carrapatelo Reservoir 1992 (Vasconcelos et al., 1996) 

Aguieira Reservoir 1992 (Vasconcelos et al., 1996); 1994; 1995; 1997 ; 1998; 1999; 2000; 2001; 2002; 2003; 
2004; 2005; 2006; 2007 (Vasconcelos et al., 2011) 

Montargil Reservoir 1996 (Pereira et al., 2000) 
Esmoriz WWTP 1999 (Vasconcelos & Pereira, 2001) 
Marco de Canaveses Reservoir 1999 (Saker et al., 2005); n.d. (Pereira et al., 2008) 
Tâmega River 1999 (Saker et al., 2005) 
Vela Lake 2001 (Abrantes et al., 2009; De Figueiredo et al., 2006); n.d. (Abrantes et al., 2006) 
Serralves Lake 2001 (Xavier et al., 2007) 
Alqueva Reservoir 2003 (Galvão et al., 2008); 2006 (Galvão et al., 2008; Valério et al., 2008) 
Odivelas Reservoir 2005 (Galvão et al., 2008; Valério et al., 2008); 2006 (Valério et al., 2008) 
Alvito Reservoir 2005 (Galvão et al., 2008); 2006 (Valério et al., 2008); n.d. (Galvão et al., 2008) 
Monte Novo Reservoir 2005 (Valério et al., 2008) 
n.d. 2005 (Saker et al., 2007; Valério et al., 2005) 

M. firma Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

M. incerta 
Roxo Reservoir  2005 (Galvão et al., 2008; Valério et al., 2008) 
Alqueva Reservoir 2005 (Valério et al., 2008) 
Monte Novo Reservoir 2005 (Valério et al., 2008) 

M. wesenbergii 

Guadiana River  1992 (Vasconcelos et al., 1996) 
Torrão Reservoir 1992 (Vasconcelos et al., 1996) 
Carrapatelo Reservoir 1992 (Vasconcelos et al., 1996) 
Odivelas Reservoir 2006 (Galvão et al., 2008; Valério et al., 2008) 
Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

n.d. 

Divor Reservoir 1991; 1992; 1993 (De Olivera Araujo, 1995) 
Monte Novo Reservoir 1992; 1993 (De Olivera Araujo, 1995) 
Guadiana Stuary 1997 (Rocha et al., 2002); 2001 (Chícharo et al., 2006) 
Mira Lake 2001 (Saker et al., 2007) 
Serralves Lake 2005 (Saker et al., 2007) 
Torrão Reservoir 2005 (Saker et al., 2007); 2009 (A. Martins et al., 2011) 
City Park Lagoo 2006 (Saker et al., 2007) 
Funcho Reservoir 2001; 2002; 2005 (Galvão et al., 2008) 
Coastal Lagoon Dunas Douradas 2006 (Cartaxana et al., 2009) 
Vela Lake 2006 (De Figueiredo et al., 2010) 
Alqueva Reservoir 2008 (Potes et al., 2011) 
n.d. 2005 (Saker et al., 2007) 
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Table 2 (Continuation) - Records from order Chooccoccales, including water body and year of collection between 1986 and 2011. 

 

Order Genus Specie Water body Year of occurrence (Reference) 

C
H

R
O

O
C

O
C

C
A

LE
S

 

Aphanothece n.d. Aguda Beach n.d. (Selheim et al., 2005) 

Chroococcus n.d. Ria Formosa Estuary  2000 (Friend et al., 2003) 
Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

C. limneticus Vela Lake 2001 (De Figueiredo et al., 2006); n.d. (Abrantes et al., 2006) 

Dactylococcopsis 
D. acicularis Serralves Lake 2001; 2002 (Xavier et al., 2007) 

Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 
D. irregularis Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 
D. smithii Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

Gloeocapsopsis G. crepidinum Luz Beach; n.d. n.d. (Ramos et al., 2010; Vasconcelos et al., 2011)  
Cyanobacterium C. stanieri Aguda Beach n.d. (Martins et al., 2005) 

Entophysalis 
n.d. Beach cabo Raso/Avencas 1997 (Cannicci et al., 2002) 
E. deusta n.d. n.d. (Araújo et al., 2009) 
E. granulosa n.d. n.d. (Araújo et al., 2009) 

Gomphosphaeria 
n.d. 

Alqueva Reservoir 2005; 2006 (Valério et al., 2008) 
Alvito Reservoir 2005 (Valério et al., 2008) 
Roxo Reservoir 2006 (Valério et al., 2008) 

G. aponina Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 
G. lacustris Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

n.d. n.d. 

Montargil Reservoir 1996 (Pereira et al., 2000) 
Torrão Reservoir 2005 (Saker et al., 2007) 
City Park Lagoon 2006 (Saker et al., 2007) 
Odeleite Reservoir n.d. (Galvão et al., 2008) 
Beliche Reservoir n.d. (Galvão et al., 2008) 
n.d. 2005 (Saker et al., 2007) 
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Table 3 - Records from order Nostocales, including water body and year of collection between 1986 and 2011. 

 
 
 
 
 

Order Genus Species Water body Year of occurrence (Reference) 
N

O
S

TO
C

A
LE

S
 

n.d. n.d. 
Odeleite Reservoir n.d. (Galvão et al., 2008) 
Beliche Reservoir n.d. (Galvão et al., 2008) 
Roxo Reservoir 2005 (Valério et al., 2008) 

Anabaenopsis n.d. Roxo Reservoir 2005 (Valério et al., 2008) 

Aphanizomenon 

n.d. 

Monte Novo Reservoir 1991; 1993 (De Olivera Araujo, 1995) 
Divor Reservoir 1993 (De Olivera Araujo, 1995) 
Montargil Reservoir; 1996 (Dias et al., 2002) 
Alcantarilha WWTP n.d. (Rosa et al., 2004) 
Mira Lake 2001 (Saker et al., 2007) 
Torrão Reservoir 2005 (Saker et al., 2007) 
Odivelas Reservoir 2005 (Galvão et al., 2008) 
City Park Lagoon; 2006 (Saker et al., 2007) 
Marco de Canaveses Reservoir 2000 (Osswald et al., 2009) 
Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 
n.d. 2000 (Osswald et al., 2009); 2005 (Saker et al., 2007) 

A. aphanizomenoides Vela Lake 2004; 2006 (De Figueiredo et al., 2010) 

A. flos-aquae 

Crestuma reservoir 1996 (Ferreira et al., 2001) 
Mira Lake n.d. (Vasconcelos, 1999) 
Douro River n.d. (Vasconcelos, 1999) 
Montargil Reservoir 1996 (Pereira et al., 2000) 
Vela Lake 2001 (Abrantes et al., 2009; De Figueiredo et al., 2006); n.d. (Abrantes et al., 2006) 
Torrão Reservoir n.d. (Oliva Teles et al., 2008) 
Alvito Reservoir 2005 (Galvão et al., 2008; Valério et al., 2008); 2006 (Valério et al., 2008) 
Funcho Reservoir N.d. (Galvão et al., 2008) 
Monte Novo Reservoir 2005 (Valério et al., 2008) 
Odivelas Reservoir 2005; 2006 (Valério et al., 2008) 
Enxoé Reservoir 2005 (Valério et al., 2008) 
Roxo Reservoir 2006 (Valério et al., 2008) 
Marco de Canavese Reservoir 2005 (Osswald et al., 2009); n.d. (Pereira et al., 2008) 
Aguieira Reservoir N.d. (Vasconcelos et al., 2011) 
n.d. 2005 (Saker et al., 2007) 

A. gracile 

Crato Lake 2000 (Pereira et al., 2004) 
Serralves Lake 2001; 2002 (Xavier et al., 2007) 
Monte Novo Reservoir 2005 (De Figueiredo et al., 2010; Valério et al., 2008) 
Odivelas Reservoir 2005 (Valério et al., 2008) 
Enxoé Reservoir 2006 (Valério et al., 2008) 
Vela Lake 2001/2005/2006/2007 (De Figueiredo et al., 2010); 2007 (Galhano, de Figueiredo, et al., 2011) 

A. issatschenkoi 
Vela Lake 2004 (De Figueiredo et al., 2010) 
Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 
Montargil Reservoir n.d. (Valério et al., 2005) 



 

 19 

Table 3 (Continuation) - Records from order Nostocales, including water body and year of collection between 1986 and 2011. 
Order Genus Species Water body Year of occurrence (Reference) 

N
O

S
TO

C
A

LE
S

 

Cylindrospermopsis C. raciborskii 

Odivelas Reservoir 1999 (Saker, Nogueira, & Vasconcelos, 2003; Saker, Nogueira, Vasconcelos, et al., 2003); n.d. (Neilan et al., 2002; Valério et al., 
2005) 

Montargil Reservoir 1999 (Saker, Nogueira, Vasconcelos, et al., 2003) 
Caia Reservoir 1999 (Saker, Nogueira, & Vasconcelos, 2003; Saker, Nogueira, Vasconcelos, et al., 2003); n.d. (Neilan et al., 2002; Valério et al., 

2005) 
Ardila River 1999 (Saker, Nogueira, & Vasconcelos, 2003; Saker, Nogueira, Vasconcelos, et al., 2003); n.d. (Valério et al., 2005) 
Vela Lake; n.d. (Saker, Nogueira, Vasconcelos, et al., 2003) 
Patudos Reservoir n.d. (Saker, Nogueira, Vasconcelos, et al., 2003) 
Mértola Reservoir n.d. (Saker, Nogueira, Vasconcelos, et al., 2003) 
Maranhão Reservoir 1999 (Saker, Nogueira, & Vasconcelos, 2003); n.d. (Neilan et al., 2002; Nogueira et al., 2004; Saker, Nogueira, Vasconcelos, et al., 

2003; Valério et al., 2005) 
Bufo Reservoir n.d. (Saker, Nogueira, Vasconcelos, et al., 2003) 
Agolada Reservoir n.d. (Saker, Nogueira, Vasconcelos, et al., 2003) 
Enxoé Reservoir 2005 (Valério et al., 2008) 

Raphidiopsis R. mediterranea Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

Calothrix C. crustacea n.d. (Araújo et al., 2009) n.d. (Araújo et al., 2009) 
C. scopulorum n.d. (Araújo et al., 2009) n.d. (Araújo et al., 2009) 

Anabaena 

n.d. 

Monte Novo Reservoir 1991; 1992; 1993 (De Olivera Araujo, 1995) 
Divor Reservoir 1993 (De Olivera Araujo, 1995) 
Guadiana estuary 1997 (Rocha et al., 2002) 
Ria Formosa Estuary 2000 (Friend et al., 2003) 
Mira Lake 2001 (Saker et al., 2007) 
Torrão Reservoir 2005 (Saker et al., 2007) 
Alqueva Reservoir 2003 (Galvão et al., 2008) 
Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 
Coastal Lagoon Dunas Douradas 2006(Cartaxana et al., 2009) 
Espelho de Água 2000 (Osswald et al., 2009) 
Maranhão Reservoir 2000 (Osswald et al., 2009) 
Marco de Canaveses Reservoir 2000 (Osswald et al., 2009) 
Odivelas Reservoir 2005 (Galvão et al., 2008) 
n.d. 2005 (Saker et al., 2007) 

A. flos-aquae 

Barrinha de Mira Lake 1991 (Vasconcelos et al., 1996) 
Mira Lake 1991 and 1992 (Vasconcelos et al., 1996) 
Foz do Almargem 2002 (Coelho et al., 2007) 
Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

A. circinalis 

Alvito reservoir  2005 (Galvão et al., 2008; Valério et al., 2008) 
Alqueva reservoir 2005 (Valério et al., 2008); 2006 (Galvão et al., 2008) 
Monte Novo reservoir 2005 (Galvão et al., 2008; Valério et al., 2008) 
Odivelas Reservoir 2006 (Valério et al., 2008) 

A. cylindrica Mondego River rice fields 2005 (Galhano, de Figueiredo, et al., 2011); 2006 (De Figueiredo et al., 2010; Galhano et al., 2010) 
A. planktonica Crato Lake 2000 (Pereira et al., 2004) 
A. spiroides Aguieira Reservoir (Vasconcelos et al., 2011) 

  n.d. 
   

Vale das Bicas Reservoir 1992 (Vasconcelos et al., 1996) 
Nostoc Mondego River rice fields 2006 (De Figueiredo et al., 2010) 

  N. muscorum Mondego River rice fields 2005 (Galhano, de Figueiredo, et al., 2011); n.d. (Galhano et al., 2009; Galhano, Gomes-Laranjo, et al., 2011) 
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Table 4 - Records from order Oscillatoriales, including water body and year of collection between 1986 and 2011. 
Order Genus Species Water body Year of occurrence (Reference) 

O
S

C
IL

L
A

T
O

R
IA

L
E

S
 

Oscillatoria 

n.d. 

Monte Novo Reservoir 1992 and 1993 (De Olivera Araujo, 1995) 
Divor Reservoir 1993 (De Olivera Araujo, 1995) 
Montargil Reservoir 1996 (Pereira et al., 2000) 
Esmoriz WWTP 1999 (Vasconcelos & Pereira, 2001) 
Guadiana Estuary 1997 (Rocha et al., 2002) 
Ria Formosa Estuary 2000 (Friend et al., 2003) 
Tagus Estuary n.d. (Ribeiro et al., 2003) 
Vila Praia de Ancora n.d. (Martins et al., 2005) 
Aguada Beach n.d. (Martins et al., 2005) 
Cabo do Mundo Beach n.d. (Selheim et al., 2005) 
Vela Lake 2001 (De Figueiredo et al., 2006) 
Alqueva Reservoir 2003 (Galvão et al., 2008) 
Coastal lagoon Salgados 2006 (Cartaxana et al., 2009) 
Foz de Almargem Coastal Lagoon 2006 (Cartaxana et al., 2009) 
Coastal Lagoon Garrão 2006 (Cartaxana et al., 2009) 
Coastal Lagoon Dunas Douradas 2006 (Cartaxana et al., 2009) 
n.d. 2005 (Saker et al., 2007) 

O. limnetica 
Mortágua Reservoir 2000 (Osswald et al., 2009) 
Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

O. planctonica Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 
O. tenuis Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

Phormidium / 
Planktothrix 

n.d. 
Moledo do Minho Beach n.d. (Selheim et al., 2005) 
Roxo Reservoir 2005 (Valério et al., 2008) 

P. autumnale Febros WWTP 2006; 2007 (Martins et al., 2010) 
P. mucicola Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 
P. nigroviride  n.d. n.d. (Araújo et al., 2009) 
P. valderianum n.d. n.d. (Araújo et al., 2009) 

n.d. 

Alcantarilha WWTP n.d. (Rosa et al., 2004) 
Serralves Lake 2001; 2002 (Xavier et al., 2007); 2005 (Saker et al., 2007) 
City Park Lagoon 2006 (Saker et al., 2007) 
Roxo Reservoir 2005; 2006 (Galvão et al., 2008; Valério et al., 2008) 
Enxoé Reservoir 2005; 2006 (Galvão et al., 2008; Valério et al., 2008) 
n.d. 2005 (Saker et al., 2007) 

P. agardhii Enxoé Reservoir n.d. (Valério et al., 2005) 
P. mougeotii Emoriz WWTP 1999 (Vasconcelos & Pereira, 2001) 

P. rubescens 
Febros WWTP 2007 (Martins et al., 2010) 
Beliche Reservoir 2005 (Paulino, Valério, et al., 2009) 

n.d. n.d. Odeleite and Beliche Reservoirs  n.d. (Galvão et al., 2008) 
Arthrospira n.d. Coastal lagoon Salgados 2006 (Cartaxana et al., 2009) 

Microcoleus 
n.d. Ria Formosa Estuary 2000 (Friend et al., 2003) 

M. acutirostris Buarcos 2004 (Araújo et al., 2009) 
M. chthonoplastes Buarcos 2005 (Araújo et al., 2009) 

Porphyrosiphon P. luteus n.d. n.d. (Araújo et al., 2009) 

Pseudophormidium P. battersii n.d. n.d. (Araújo et al., 2009) 
P. golenkinianum n.d. n.d. (Araújo et al., 2009) 

Sirocileum S. kurzii n.d. n.d. (Araújo et al., 2009) 

n.d. n.d. Vila Praia de Ancora n.d. (Selheim et al., 2005) 

Lyngbya 

n.d. 
Cabo Raso/Avencas Beach; 1997 (Cannicci et al., 2002) 
Luz Beach 1997 (Cannicci et al., 2002) 

L. aestuarii Paredão da Barra Beach 2007 (Vasconcelos et al., 2011) 

L. confervoides n.d. (Vasconcelos et al., 2011) 
L. martensiana n.d. (Vasconcelos et al., 2011) 
L. semiplena Vila Chã 2006 (Vasconcelos et al., 2011) 
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Table 5 - Records for other orders of Cyanobacteria, including water body and year of collection between 1986 and 2011. 

  
 
 

Order Genus Species Water body Year of occurrence (Reference) 

Pleurocapsales 

Dermocarpella D. prasina Buarcos 2004 (Araújo et al., 2009) 
  Mindelo Beach 2007 (Araújo et al., 2009) 
Hydrococcus H. rivularis n.d. n.d. (Vasconcelos et al., 2011) 
Chamaecalyx C. leibleiniae n.d. (Araújo et al., 2009) n.d. (Araújo et al., 2009) 
Hyella H. caespitosa n.d. n.d. (Vasconcelos et al., 2011) 
Myxosarcina M. gloeocapsoides Vila Praia de Âncora 2002 (Araújo et al., 2009) 
Xenococcus X. schousboei n.d. n.d. (Araújo et al., 2009) 

Spirulinales Spirulina S. subsalsa n.d. n.d. (Araújo et al., 2009) 

Synechococcales 

Coelosphaerium n.d. Coastal Lagoon Dunas Douradas 2001 (Cartaxana et al., 2009) 
Snowella n.d. Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 
Planktolyngbia n.d. City Park Lagon 2006 (Saker et al., 2007) 

Merismopedia n.d. 

Tagus Estuary n.d. (Ribeiro et al., 2003) 
Alqueva Reservoir 2006 (Valério et al., 2008) 
Coastal lagoon Garrão 2006 (Cartaxana et al., 2009) 
Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

M. tenuissima Aguieira Reservoir n.d. (Vasconcelos et al., 2011) 

Synechocystis n.d. 

Luz Beach n.d. (Martins et al., 2005) 
Moledo do Minho Beach n.d. (Martins et al., 2005; Selheim et al., 2005) 
Burgau Beach n.d. (Martins et al., 2005) 
Aguda Beach n.d. (Martins et al., 2005) 
Febros WWTP 2007 (Martins et al., 2010) 

Limnothrix n.d. Febros WWTP 2007 (Martins et al., 2010) 

Pseudanabaena 

n.d. 

Palácio de Cristal Lake 2003; 2004 (Soares et al., 2011) 
Vela Lake 2001 (De Figueiredo et al., 2006) 
Torrão Reservoir 2005 (Saker et al., 2007) 
City Park Lagoon 2006 (Saker et al., 2007) 
Serralves Lake 2001; 2002 (Xavier et al., 2007) 
n.d. 2005 (Saker et al., 2007) 

P. mucicola 
Esmoriz WWTP; 1999 (Vasconcelos & Pereira, 2001) 
Aguieira Reservoir; n.d. (Vasconcelos et al., 2011) 
Palácio de Cristal Lake 2002 (Xavier et al., 2007) 

Spirocoleus S. fragilis n.d. n.d. (Araújo et al., 2009) 

Synechococcus n.d. 

Ria Formosa Estuary 2002 (Edwards et al., 2005) 
Sagres Sea 2002 (Edwards et al., 2005) 
Valadares Beach n.d. (Martins et al., 2005) 
Tamariz Beach n.d. (Martins et al., 2005) 
Olhos d'água Beach n.d. (Martins et al., 2005) 
Martinhal Beach n.d. (Martins et al., 2005) 
Espinho Beach n.d. (Martins et al., 2005) 
Burgau Beach n.d. (Martins et al., 2005) 
Mira Lake 2005 (De Figueiredo et al., 2007) 
Vela Lake 2004 (De Figueiredo et al., 2010) 

Trichocoleus T. tenerrimus n.d. n.d. (Araújo et al., 2009) 
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to Viana do Castelo, the northest region. However, a visible prevalence is observed for 

Southern Portugal where persistent cyanobacterial blooms have been recorded over the 

past decades and this higher incidence has been related to the higher temperature 

conditions. Another important fact is the construction of the Alqueva dam and the 

consequent intensification of monitoring actions for its reservoir which became the largest 

artificial lake in the Iberian Peninsula. Biological data were further explored and organized 

following the Algaebase site (https://www.algaebase.org/) using The International Code of 

Figure 8 Map with the districst (A) and municipalities (B) with recorded cyanobacteria from continental 

Portugal. 
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Nomenclature for algae, fungi and plants (ICN) classification system, and the references 

of occurring taxa of Cyanobacteria were divided according to the most frequent Orders 

(Chroococcales, Nostocales, Oscillatorialles and  other orders) – see tables 3, 4, 5 and 6. 

Even though one of the first publication used for the data extraction was from 1993 

(Vasconcelos, Evans, et al., 1993), the records from this paper report samples from 

cyanobacterial blooms collected in 1989, allowing to make here a starting point for the 

subsequent analysis. From this review of data it was possible to retrieve 59 diferent 

species from/and 42 genera from 6 different orders. In Portugal, cyanobacterial blooms 

have been mostly dominated by species of the genera Microcystis spp. (28,86% of the 

recorded genera), followed by Aphanizomenon spp. (15,62%), Pseudanabaena 

spp.(9,85%), Anabaena spp. (8,66%) and Planktothrix spp. (8,66%). This review includes 

65 different water bodies from 48 diferent municipalities in 12 districts. The region with 

more records was the Alentejo region, with 32,03% of the records. In second place comes 

the Northern region and the center (with (with 29,30% and 28,79% of the records, 

respectively). According to the sequence of the publications along the years, it was 

possible to see a change in the main objectives of the research studies.  On a primary 

phase, the objectives focused more in understanding which species were present and 

what cyanotoxins could be present (e.g. (Sivonen, 1996)), even thought at this time it was 

not easy to the lack of molecular tools to suport better these studies. Then, the articles 

started to try to understand the mecanism of toxicity, via of production of the cyanotoxins 

(e.g. the genes responsible) and, more recently, the potential from secondary metabolites 

to be usefull for several applications. 

Therefore, the first publications about cyanobacterial blooms in Portugal were focused on 

the understanding of the effects of cyanotoxins on health as well as which cyanobacterium 

was responsible for the detected toxins and this concern could be mainly attributed to 

lethal toxicity episodes from Brasil and Portugal during that period (De Olivera Araujo, 

1995; Jochimsen et al., 1998). The search for more information on cyanotoxins and the 

cyanobacteria responsible for their synthesis in Portuguese water bodies was thus 

needed, even though at the time the information or availability of molecular tools was still 

limited to provide a wider understanding of the origin of the toxins and factors affecting 

their production. Nevertheless, in Vasconcelos et al. (1996), some cyanotoxins from 

Microcystis aeruginosa (recovered from Crestuma reservoir, Porto) were already identified 

as microcystins, namely variants MCYST-LR and [D-Asp3]MCYST-LR. However, for 

another bloom of Microcystis aeruginosa from Aguieira Reservoir (Vasconcelos et al., 

1996), MCYST-LR, [Dha7]MCYST-LR, [L-MeSer7]MCYST-L, MCYST-HilR, MCYST-RR 
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and [D-Asp3]MCYST-LR were identified. There are some reasons for these differences in 

the identified toxins for the Microcystis aeruginosa blooms in both reservoirs, namely the 

presence of different co-occurring species that could produce different quantities or 

different toxins, even though the M. aeruginosa was the dominant one. Furthermore, there 

could be also different strains from the same species, with physiological differences that 

originate different results, as its identification was based on morphological characters 

(Deblois & Juneau, 2012). Moreover, it has been reported that inspite toxicity may not be 

detected in an environmental sample, cyanotoxins may be produced when the isolated 

Microcystis is cultivated in laboratory (Osswald et al., 2009), corroborating previous 

studies suggesting that environmental conditions (e.g. light, temperature, nutrients) can 

also have influence on the physiology and toxicity of a given strain (Hameed et al., 2017; 

Saker & Griffiths, 2000). An important marker in the research of cyanobacterial blooms in 

Portugal was the record, for the first time, of the species Cylindrospermopsis raciborskii 

that until then had only been recorded in tropical regions (Neilan et al., 2002; Nogueira et 

al., 2004; Saker, Nogueira, & Vasconcelos, 2003; Saker, Nogueira, Vasconcelos, et al., 

2003; Valério et al., 2005).   

 

3.2.2.2. Northern Portugal 
This region is  the second where more records were registered (about 29,30%). For the 

Northen Portugal, the top 5 water bodies with more records were Serralves Lake 

(29,94%), Marco de Canaveses Reservoir (19,76%), Palácio de Cristal Lake (13,77%), 

Torrão Reservoir (11,98%) and Crestuma Reservoir (5,39%). The most recorded species 

were Microcystis aeruginosa (43,82%), Dactylococcopsis acicularis (13,48%), 

Pseudanabaena mucicola (12,36%),  Aphanizomenon gracile (12,36%) and 

Aphanizomenon flos-aquae (8,99%). The Porto district is the one with more records (163), 

from 6 different municipalities.  

For Northern Portugal, 20 species were recorded by Araújo et al. (2009): Calothrix 

crustacea, Calothrix scopulorum, Chamaecalyx leibleiniae, Entophysalis deusta, 

Entophysalis granulosa, Gloeocapsopsis crepidinum, Hydrococcus rivularis, Hyella 

caespitosa, Lyngbya confervoides, Lyngbya martensiana, Phormidium nigroviride, 

Phormidium valderianum, Porphyrosiphon luteus, Pseudophormidium battersii, 

Pseudophormidium golenkinianum, Sirocoleum kurzii, Spirocoleus fragilis, Spirulina 

subsalsa, Trichocoleus tenerrimus and Xenococcus schousboei (Araújo et al., 2009). 

In the Tâmega river, Microcystis aeruginosa was also recorded in 1999 (Saker et al., 

2005). For the Torrão reservoir, Microcystis wesenbergii was observed in 1992 
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(Vasconcelos et al., 1996), Microcystis aeruginosa in 1992 (Vasconcelos et al., 1996) and 

in other unknown period (Oliva Teles et al., 2008), and Microcystis sp. was recorded in 

2005 (Saker et al., 2007) and 2009 (A. Martins et al., 2011). At this reservoir, other taxa 

were also reported such as Pseudanabaena sp. in 2005 (Saker et al., 2007)), 

Aphanizomenon sp. in 2005 (Saker et al., 2007), Anabaena sp. in 2005 (Saker et al., 

2007)) and the order Chroococcales also in 2005 (Saker et al., 2007) as well as  

Aphanizomenon flos-aquae (Oliva Teles et al., 2008). At the Valadares beach only 

Synechococcus sp. was recorded (Martins et al., 2005). There are more five records for 

the district without mentioning the water body: Oscillatoria sp., Planktothrix sp., 

Pseudanabaena sp. and Chroococcales in Amarante in 2005 (Saker et al., 2007). At 

Mindelo beach only Dermocarpella prasine was reported in 2007 (Araújo et al., 2009). At 

Vila Chã, Lyngbya semiplena in 2006 was observed (Araújo et al., 2009). 

In the Douro River, Aphanizomenon flos-aquae was also observed (Vasconcelos, 1999). 

For Carrapatelo Reservoir, Microcystis wesenbergii and Microcystis aeruginosa were 

observed in 1992 (Vasconcelos et al., 1996). At Marco de Canaveses Reservoir, the 

species Microcystis aeruginosa was also recorded in 1999 (Saker et al., 2005) and other 

occasions (Pereira et al., 2008). There are records of Aphanizomenon flos-aquae in 2000 

(Pereira et al., 2008) and 2005 (Osswald et al., 2009)), Aphanizomenon sp. LEANJ.50 in 

2005 (Osswald et al., 2009) and Anabaena sp. LEANJ.83 also in 2005 (Osswald et al., 

2009) at this reservoir. At Crestuma reservoir, Microcystis aeruginosa was recorded in 

1989 (Vasconcelos et al., 1996; Vasconcelos, Evans, et al., 1993) and 1996 (Ferreira et 

al., 2001), and Aphanizomenon flos-aquae was observed in 1996 (Ferreira et al., 2001).  

Cyanobacteria have also been recorded in urban lakes from Porto city, namely at the 

Palácio de Cristal Lake where Pseudanabaena sp. between 2003 and 2004 (Soares et al., 

2011), and Pseudanabaena mucicola in 2002 (Xavier et al., 2007) were reported. In 2006, 

at the City Park lake, 5 taxa from Aphanizomenon, Microcystis, Planktolyngbia, 

Planktothrix, Pseudanabaena and Chroococcales could also be recorded (Saker et al., 

2007). At the Serralves lake, in 2001 and 2002, Aphanizomenon gracile and 

Dactylococcopsis acicularis were observed (Xavier et al., 2007) but Pseudanabaena sp. 

(in 2002 (Xavier et al., 2007)), Planktothrix sp. (in 2002 (Xavier et al., 2007) and 2005 

(Saker et al., 2007)), Microcystis sp. (in 2005 (Saker et al., 2007)) and Microcystis 

aeruginosa (in 2001 (Xavier et al., 2007)) were also reported.  

At Febros Wastewater Treatment Plant (WWTP), between 2006 and 2007, in several 

months and different processes from the WWTP, the taxa Phormidium autumnale, 
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Planktothrix mougeotii, Synechocystis sp. and Limnothrix sp. were recorded (Martins et 

al., 2010).  

From Aguda beach, Cyanobacterium stanieri, Oscillatoria sp. (Martins et al., 2005), 

Synechocystis sp. (Martins et al., 2005) and Aphanothece sp. (Selheim et al., 2005) were 

observed. At Cabo do Mundo beach only Oscillatoria sp. LEANCYA 4 was reported 

(Selheim et al., 2005). 

For the Viana do Castelo district, only one species and 4 genus were described, 

Microcystis aeruginosa for the Minho river in 1992 (Vasconcelos et al., 1996), 

Synechocystis sp. at Moledo do Minho beach (Martins et al., 2005) and the Synechocystis 

sp. strain LEANCYA 1 (Selheim et al., 2005). For this same beach, Phormidium sp. 

LEANCYA 2 was also reported (Selheim et al., 2005). At Vila Praia de Âncora, Oscillatoria 

sp. (Martins et al., 2005), Oscillatoriaceae LEANCYA 3 (Selheim et al., 2005) and 

Myxosarcina gloeocapsoides (in 2002) (Araújo et al., 2009)) were reported. At Espelho de 

Água, only Anabaena sp. LEANJ.37 (Osswald et al., 2009) was reported. 

 

3.2.2.3. Central Portugal 
For the central Portugal, the top 5 water bodies with more records were Aguieira 

Reservoir (29,93%), Vela Lake (26,28%), Esmoriz WWTP (20,44%), Mira Lake (10,95%) 

and Mondego River (5,11%). The most recorded species were, once more, Microcystis 

aeruginosa (34,78%), Pseudanabaena mucicola (6,69%), Planktothrix mougeotii (6,09%),  

Aphanizomenon flos-aquae (6,09%) and Chroococcus limneticus (6,09%). From Aveiro 

district the locations for cyanobacteria records include: Esmoriz WWTP, in which 

Microcystis aeruginosa, Planktothrix mougeotii, Pseudanabaena mucicola (Phormidium 

mucicola) and Oscillatoria sp. were observed in 1999 (Vasconcelos & Pereira, 2001); 

Espinho Beach, where Synechococcus sp. was reported (Martins et al., 2005); and 

Paredão da Barra Beach, where Lyngbya aestuarii was found in 2007 (Araújo et al., 

2009). 

For Coimbra district, at Mira Lake, several cyanobacteria have been reported: Microcystis 

spp. (including Microcystis aeruginosa) in 1991 and 1992 (Vasconcelos et al., 1996), and 

in 2001 (Saker et al., 2007); Anabaena spp. (including Anabaena flos-aquae) in 1991 and 

1992 (Vasconcelos et al., 1996), and in 2001 (Saker et al., 2007); Aphanizomenon spp. 

(including Aphanizomenon flos-aquae before 1999 (Vasconcelos, 1999)) and in 2001 

(Saker et al., 2007); and Synechococcus sp. in 2005 (De Figueiredo et al., 2007). Close to 

this location, at Barrinha de Mira Lake, the species Microcystis aeruginosa and Anabaena 

flos-aquae  were observed in 1991 (Vasconcelos et al., 1996). 
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Vela lake is also an important case study for the research made on the ecology of 

cyanobacterial blooms in Portugal, with several publications over the past 40 years. 

Microcystis spp. (particularly Microcystis aeruginosa) have been reported in 2001 

(Abrantes et al., 2009; De Figueiredo et al., 2006) and 2006 (De Figueiredo et al., 2010). 

Aphanizomenon spp. were also widely reported, including Aphanizomenon flos-aquae 

(recorded in 2001 (Abrantes et al., 2006, 2009; De Figueiredo et al., 2006)), 

Aphanizomenon gracile (recorded in 2001, 2005, 2006 and 2007 (De Figueiredo et al., 

2010; Galhano, de Figueiredo, et al., 2011)), Aphanizomenon issatschenkoi (observed in 

2004) and Aphanizomenon aphanizomenoides (reported in 2004 and in 2006 (De 

Figueiredo et al., 2010)). Cylindrospermopsis raciborskii was firstly reported at Vela Lake 

(Saker, Nogueira, Vasconcelos, et al., 2003). In 2001, other cyanobacterial taxa belonging 

to genera Oscillatoria, Pseudanabaena and Chroococcus were also recorded (Abrantes et 

al., 2006; De Figueiredo et al., 2006) as well as Synechococcus in 2004 (De Figueiredo et 

al., 2010). At Buarcos, in 2004, Dermocarpella prasine, Microcoleus acutirostris and in 

2005 Microcoleus chthonoplastes were recorded (Araújo et al., 2009).  

In 2005,  at the Mondego River rice fields, Anabaena cylindrica and Nostoc spp. (including  

Nostoc muscorum) (De Figueiredo et al., 2010; Galhano et al., 2010; Galhano, de 

Figueiredo, et al., 2011) were recorded. For Aguieira Reservoir, 18 species and 4 genera 

were recorded from the same reference (Vasconcelos et al., 2011): Anabaena flos-aquae, 

Anabaena spiroides, Aphanizomenon flos-aquae, Aphanizomenon issatschenkoi, 

Dactylococcopsis acicularis, Dactylococcopsis irregularis, Dactylococcopsis smithii, 

Gomphosphaeria aponina, Gomphosphaeria lacustris, Merismopedia tenuissima, 

Microcystis firma, Microcystis wesenbergii, Oscillatoria limnetica, Oscillatoria planctonica, 

Oscillatoria tenuis, Phormidium mucicola, Pseudanabaena mucicola, Raphidiopsis 

mediterranea and the taxa Anabaena sp., Aphanizomenon sp., Chroococcus sp., 

Merismopedia sp. and Snowella sp.. In particular, Microcystis aeruginosa was observed at 

Aguieira Reservoir in 1992 (Vasconcelos et al., 1996), 1994 to 2003, and between 2005 

and 2007 (Saker et al., 2007; Vasconcelos et al., 2011). At Santa Comba Dão and 

Mortágua municipalities, there are records of cyanobacteria from the genera 

Aphanizomenon, Microcystis, Oscillatoria, Anabaena and Pseudanabaena in 2005 (Saker 

et al., 2007). For Mortágua Reservoir, only one record of Oscillatoria limnetica LEANJ.7 in 

2000 was recorded (Osswald et al., 2009). From Tábua municipality, in 2000 and 2005, 

Aphanizomenon spp. were reported (Osswald et al., 2009) and Microcystis sp. and 

Pseudanabaena sp. were also recorded in 2000 (Saker et al., 2007).  
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For the district of Lisbon there is only a handfull of records for Cyanobacteria: 

Entophysalis sp. and Lyngbya sp. at Cabo Raso/Avencas Beach in 1997 (Cannicci et al., 

2002); Merismopedia sp. and Oscillatoria sp. at the Tagus Estuary, between 1997 and 

1998 (Ribeiro et al., 2003); and cyanobacteria from the genus Synechococcus at Tamariz 

beach (Martins et al., 2005). 
 

3.2.2.4. Southern Portugal 
In this region we have about 32,03% of the records. For the Alentejo Region, the top 5 

water bodies with more records were Monte Novo reservoir (14,75%), Montargil Reservoir 

(13,11%), Odivelas reservoir (11,48%), Divor reservoir (9,84%) and Roxo reservoir 

(9,84%). The most recorded species included Microcystis aeruginosa, (27,55%), 

Cylindrospermopsis raciborskii (26,53%), Aphanizomenon flos-aquae (17,35%), 

Anabaena circinalis (9,18%) and Microcystis incerta (6,12%) of the total number of 

records from species only. From the Portalegre district there are only records from 

reservoirs and Crato lake, where in 2000 there were recorded Anabaena planktonica and 

Aphanizomenon gracile LMECYA40 (Pereira et al., 2004). 

For Caia reservoir, we retrieved 4 records for Cylindrospermopsis raciborskii in 1999 

(Neilan et al., 2002; Saker, Nogueira, & Vasconcelos, 2003; Saker, Nogueira, 

Vasconcelos, et al., 2003; Valério et al., 2005). From this reservoir only one more taxa 

was recorded, Anabaena sp. with different strains being isolated, LEANJ.14, LEANJ.11, 

LEANJ.12, LEANJ.18, LEANJ.20 and LEANJ.46 (Osswald et al., 2009). 

At Montargil Reservoir, there are different records that are referred with the same strain 

name LMECYA 31 isolated in 1996: Aphanizomenon flos-aquae (Pereira et al., 2000), 

Aphanizomenon issatschenkoi (Valério et al., 2005) and Aphanizomenon sp. (Dias et al., 

2002). From 1996, there are other reports for Aphanizomenon flos-aquae, Microcystis 

aeruginosa, Oscillatoria sp. and the order Chroococcales (Pereira et al., 2000). For this 

district, 3 strains for Cylindrospermopsis raciborskii (LMECYA, 132 LMECYA 135 and 

LMECYA 168) and one strain for Microcystis aeruginosa (LMECYA 7) were also observed 

(Valério et al., 2005). From Santarém district, there are only 3 records, two for 

Cylindrospermopsis raciborskii  (Agolada and Patudos reservoirs) (Saker, Nogueira, 

Vasconcelos, et al., 2003) and one for Planktothrix agardhii (LMECYA 152) at Salvaterra 

de Magos (Valério et al., 2005). 

In Southern Portugal, the records of cyanobacterial blooms are frequent during most of 

the year. The Alqueva reservoir, in particular, since it was created in 2004, is the most 

studied water body relating to cyanobacterial occurrence. Moreover, due to its size (it is 
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the largest reservoir in the Iberian Peninsula) it is has been also subject of monitoring 

using remote sensing approaches (Dörnhöfer et al., 2018) which indicates it can be a 

usefull case study to model using historical data. There are several records of Microcystis 

spp. (including Microcystis aeruginosa) at the Alqueva reservoir (see table 2 and 3): in 

2003, 2005, 2006 (Galvão et al., 2008; Valério et al., 2008) and 2008 (Potes et al., 2011). 

Microcystis aeruginosa and Microcystis wesenbergii were also recorded downstream the 

Guadina river, in 1992 (Vasconcelos et al., 1996). Anabaena spp. (including Anabaena 

circinalis) have been recorded at the Alqueva reservoir in 2003, 2005 and 2006 (Galvão et 

al., 2008; Valério et al., 2008). Other cyanobacteria belonging to genera such as 

Oscillatoria (Galvão et al., 2008), Gomphosphaeria (Valério et al., 2008) and 

Merismopedia (Valério et al., 2008) were also reported there. Besides the Alqueva 

reservoir, for the district of Beja there are other reservoirs (Alvito, Bufo, Enxoé, Mértola, 

Odivelas and Roxo Reservoir) with records of cyanobacterial occurrence.  

For Alvito reservoir, there are records of Microcystis aeruginosa in 2005 (Galvão et al., 

2008) and 2006 (Valério et al., 2008), Anabaena circinalis in 2005 (Galvão et al., 2008; 

Valério et al., 2008), Aphanizomenon flos-aquae in 2005 and 2006 (Galvão et al., 2008; 

Valério et al., 2008) and Gomphosphaeria sp. (Valério et al., 2008).  

At the Enxoé reservoir, Planktothrix agardhii (Strains LMECYA 153 and LMECYA 153B) 

(Valério et al., 2005) but also Planktothrix sp. was recorded (in 2005 and 2006) (Galvão et 

al., 2008; Valério et al., 2008), Aphanizomenon gracile in 2006, Aphanizomenon flos-

aquae in 2005 and  Cylindrospermopsis raciborskii in 2005 (Valério et al., 2008).  

In 1999, Cylindrospermopsis raciborskii was recorded at Odivelas reservoir (Neilan et al., 

2002; Saker, Nogueira, & Vasconcelos, 2003; Saker, Nogueira, Vasconcelos, et al., 

2003). Microcystis wesenbergii  was recorded in 2005 and 2006 (Galvão et al., 2008; 

Valério et al., 2008) as well as Microcystis aeruginosa, Anabaena circinalis and 

Aphanizomenon flos-aquae (Valério et al., 2008). Other species of Anabaena and 

Aphanizomenon were also observed in 2005 (Galvão et al., 2008).  

For Roxo Reservoir, Planktothrix spp. (including Planktothrix agardhii) were recorded in 

2005 and 2006 (Galvão et al., 2008; Valério et al., 2008). In 2005, the species Microcystis 

incerta (Galvão et al., 2008; Valério et al., 2008) and Anabaenopsis sp. and Phormidium 

sp. have been also registered (Valério et al., 2008). In 2006, the species Aphanizomenon 

flos-aquae and Gomphosphaeria sp. occurred (Valério et al., 2008).  

In 1999, Cylindrospermopsis raciborskii (and in other occasion (Valério et al., 2005)) was 

recorded in the Ardila river but also in Mértola and Bufo reservoirs (Saker, Nogueira, & 

Vasconcelos, 2003; Saker, Nogueira, Vasconcelos, et al., 2003).  
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From Évora district, there are only 3 reservoirs with records for Cyanobacteria: Monte 

Novo, Divor and Vale das Bicas. From Vale das Bicas reservoir, there are only two 

records, from 1992, for the species Microcystis aeruginosa and Nostoc sp. (Vasconcelos 

et al., 1996). For Monte Novo reservoir, Microcystis spp. (including Microcystis incerta and 

Microcystis aeruginosa) have been recorded in 1992, 1993 (De Olivera Araujo, 1995) and 

2005 (Valério et al., 2008). Anabaena spp. (including Anabaena circinalis) have been 

reported in 1991, 1992 and 1993 (De Olivera Araujo, 1995). Aphanizomenon spp. 

(including Aphanizomenon flos-aquae and Aphanizomenon gracile) occurred in 1991, 

1993 (De Olivera Araujo, 1995) and 2005 (De Figueiredo et al., 2010; Valério et al., 2008). 

Oscillatoria spp. were also recorded in samples from 1992 and 1993 (De Olivera Araujo, 

1995). 

From the southest distric of Portugal (Faro), the records are mostly in brakish estuarine or 

sea water (Cannicci et al., 2002; Edwards et al., 2005; Friend et al., 2003; Rocha et al., 

2002), even though there are some records for freshwater reservoirs such as Odeleite, 

Funcho and Beliche (Galvão et al., 2008). For this region only a handfull of records was 

identified up to the species level, including Anabaena flos-aquae at the Foz de Almargem 

Coastal Lagoon (Coelho et al., 2007), Aphanizomenon flos-aquae at Funcho reservoir 

(Galvão et al., 2008) and Planktothrix rubescens at Beliche reservoir (Paulino, Valério, et 

al., 2009).  

The remaining records were for the genus level including Anabaena (Cartaxana et al., 

2009; Friend et al., 2003; Rocha et al., 2002), Microcystis (Cartaxana et al., 2009; 

Chícharo et al., 2006; Galvão et al., 2008; Rocha et al., 2002), Oscillatoria (Cartaxana et 

al., 2009; Friend et al., 2003; Osswald et al., 2009; Rocha et al., 2002) Lyngbya (Cannicci 

et al., 2002), Chroococcus and Microcoleus (Friend et al., 2003), Aphanizomenon and 

Planktothrix (Rosa et al., 2004), Synechococcus (Edwards et al., 2005; Martins et al., 

2005), Synechocystis (Martins et al., 2005), (Cartaxana et al., 2009), Arthrospira, 

Coelosphaerium and Merismopedia (Cartaxana et al., 2009). In this region, records from 

Luz beach in Lagos only refer to the strain Gloeocapsopsis crepidinum LEGE06123 

(Cannicci et al., 2002). 

 

3.2.2.5. Autonomous Regions 
For Azores, 2 articles were found that refer only to Aphanizomenon flos-aquae, 

Microcystis flos-aquae and Woronichinia naegeliana at the Sete Cidades Lake (G. Martins 

et al., 2008) and of Prochlorococcus sp. and Synechococcus sp. at the sea in Ponta 

Delgada (Michelou et al., 2007). 
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3.2.3. Cyanotoxins 
Cyanotoxins were also reported for the studied time period (1986-2011), mainly 

microcystins (associated with Microcystis spp.) but also anatoxin-a (Osswald et al., 2009; 

Vasconcelos, 2006), gonyautoxins (Dias et al., 2002; Pereira et al., 2000) and saxitoxins 

(Dias et al., 2002; Ferreira et al., 2001; Pereira et al., 2000). 

The first record of toxins from cyanobacteria in Portugal was from a bloom of Microcystis 

sp. at Crestuma reservoir, with the detection of microcystin-LR (MCYST-LR), the most 

frequent variant  of microcystins (Vasconcelos, 1995; Vasconcelos, Evans, et al., 1993). 

Although MCYST-LR was found to be the most abundant microcystin (45.5% to 99.8%) in 

several Portuguese lakes and reservoirs, other variants such as MCYST-RR, MCYST-YR, 

[D-Asp3]MCYST-LR, MCYST-HilR, [L-MeSerr]MCYST-LR and [DhaT]MCYST-LR have 

been also identified (Vasconcelos et al., 1996). 

Even thoug microcystins were the most commonly reported, also saxitoxins (Dias et al., 

2002; Ferreira et al., 2001; Pereira et al., 2000), gonyautoxins (Dias et al., 2002; Ferreira 

et al., 2001; Pereira et al., 2000) and anatoxin-a (Osswald et al., 2009) were recorded.  

 

 

3.2.4.  Cyanobacterial strains isolated in the studied period  
Over the years, hundreds of strains of Cyanobacteria have been isolated from Portuguese 

water bodies (see table 7). Many of these strains have become part of culture collections 

such as “The Estela Sousa e Silva Algal Culture Collection” from National Institute of 

Health Dr. Ricardo Jorge (INSA) with more than 131 cyanobacterial strains (Paulino, Sam-

Bento, et al., 2009) and the “LEGE Cyanobacterial Culture Collection” from University of 

Porto with more than 320 Portuguese cyanobacterial strains (Ramos et al., 2018). Strains 

retrieved from the analyzed publications until 2011 are listed here. 

In the 20th century, the characterization of isolated strains was mainly focused on its 

morphology and, eventually, toxicity potential, even without discriminating the species 

(Martins et al., 2005). However, from 2000 on, the use of molecular tools necessary to 

identify the strains was resulting in articles with the first reference to named strains from 

Portugal, in this case for Aphanizomenon gracile - LMECYA40 (Pereira et al., 2004). 
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Table 6 - Records of strains, including water body and Sample Date between 1986 and 2011. 
Sample Date Water Body Species Strain Reference 
07/07/2000 Maranhão Reservoir Anabaena sp. LEANJ.11   (Osswald et al., 2009) 
07/07/2000 Maranhão Reservoir Anabaena sp. LEANJ.12   (Osswald et al., 2009) 
07/07/2000 Maranhão Reservoir Anabaena sp. LEANJ.14   (Osswald et al., 2009) 
07/07/2000 Maranhão Reservoir Anabaena sp. LEANJ.18   (Osswald et al., 2009) 
07/07/2000 Maranhão Reservoir Anabaena sp. LEANJ.20   (Osswald et al., 2009) 
09/07/2000 Espelho de Água Anabaena sp. LEANJ.37   (Osswald et al., 2009) 
07/07/2000 Maranhão Reservoir Anabaena sp. LEANJ.46   (Osswald et al., 2009) 

13/07/2000 
Marco de Canaveses 
Reservoir 

Anabaena sp. LEANJ.83  (Osswald et al., 2009) 

n.d. Mondego River Anabaena cylindrica UTADA212 
(Galhano, de Figueiredo, et al., 
2011) 

n.d. Mondego River Anabaena cylindrica UTADA212  (De Figueiredo et al., 2010) 
n.d. Mondego River Anabaena cylindrica UTADA212  (Galhano et al., 2010) 
n.d. Tábua (Municipality) Aphanizomenon sp. LEANJ.29  (Osswald et al., 2009) 

31/08/2000 
Marco de Canaveses 
Reservoir 

Aphanizomenon sp. LEANJ.50  (Osswald et al., 2009) 

n.d. Montargil Reservoir Aphanizomenon sp. LMECYA 31  (Dias et al., 2002) 
n.d. Vela Lake Aphanizomenon aphanizomenoides UADFA13  (De Figueiredo et al., 2010) 
n.d. Vela Lake Aphanizomenon aphanizomenoides UADFA3  (De Figueiredo et al., 2010) 
n.d. Vela Lake Aphanizomenon aphanizomenoides UADFA5  (De Figueiredo et al., 2010) 
n.d. Vela Lake Aphanizomenon aphanizomenoides UADFA6  (De Figueiredo et al., 2010) 
n.d. Vela Lake Aphanizomenon aphanizomenoides UADFA7  (De Figueiredo et al., 2010) 
n.d. Vela Lake Aphanizomenon aphanizomenoides UADFA8  (De Figueiredo et al., 2010) 

26/06/2005 
Marco de Canaveses 
Reservoir 

Aphanizomenon flos-aquae LEANJ.81  (Osswald et al., 2009) 

11/06/1996 Montargil Reservoir Aphanizomenon flos-aquae LMECYA 31  (Pereira et al., 2000) 
02/08/2000 Lake Crato Aphanizomenon gracile LMECYA40  (Pereira et al., 2004) 
n.d. Vela Lake Aphanizomenon gracile UADFA10  (De Figueiredo et al., 2010) 
n.d. Monte Novo Reservoir Aphanizomenon gracile UADFA11  (De Figueiredo et al., 2010) 
n.d. Vela Lake Aphanizomenon gracile UADFA12  (De Figueiredo et al., 2010) 
n.d. Vela Lake Aphanizomenon gracile UADFA16  (De Figueiredo et al., 2010) 

n.d. Vela Lake Aphanizomenon gracile UADFA16 
 (Galhano, de Figueiredo, et al., 
2011) 

n.d. Vela Lake Aphanizomenon gracile UADFA2  (De Figueiredo et al., 2010) 
n.d. Montargil Reservoir Aphanizomenon issatschenkoi LMECYA 31  (Valério et al., 2005) 
n.d. Vela Lake Aphanizomenon issatschenkoi UADFA1  (De Figueiredo et al., 2010) 
n.d. Aguda Beach Aphanothece sp. LEANCYA 6  (Selheim et al., 2005) 

n.d. 
Portalegre 
(Municipality) 

Cylindrospermopsis raciborskii LMECYA 132  (Valério et al., 2005) 

n.d. Odivelas (Municipality) Cylindrospermopsis raciborskii LMECYA 134  (Valério et al., 2005) 

n.d. 
Portalegre 
(Municipality) 

Cylindrospermopsis raciborskii LMECYA 135  (Valério et al., 2005) 

n.d. 
Portalegre 
(Municipality) 

Cylindrospermopsis raciborskii LMECYA 168  (Valério et al., 2005) 

n.d. Luz Beach Gloeocapsopsis crepidinum LEGE06123  (Ramos et al., 2010) 
n.d. Vela Lake Microcystis sp. UADFM10  (De Figueiredo et al., 2010) 

n.d. 
Ponte de Sor 
(Municipality) 

Microcystis aeruginosa LMECYA 7  (Valério et al., 2005) 

n.d. Mondego River Nostoc sp. UTAD N213  (De Figueiredo et al., 2010) 

n.d. Mondego River Nostoc muscorum UTAD N213 
 (Galhano, Gomes-Laranjo, et al., 
2011) 

n.d. Mondego River Nostoc muscorum UTAD N213 
 (Galhano, de Figueiredo, et al., 
2011) 

n.d. Cabo do Mundo beach Oscillatoria sp. LEANCYA 4  (Selheim et al., 2005) 

26/09/2003 
Coastal lagoon 
Salgados 

Oscillatoria sp. LEANJ.69  (Osswald et al., 2009) 

18/07/2000 Mortágua Reservoir Oscillatoria limnetica LEANJ.7  (Osswald et al., 2009) 
n.d. Vila Praia da Âncora  Oscillatoriaceae LEANCYA 3  (Selheim et al., 2005) 

n.d. 
Moledo do minho 
beach 

Phormidium sp. LEANCYA 2  (Selheim et al., 2005) 

n.d. Salvaterra de Magos Planktothrix agardhii LMECYA 152  (Valério et al., 2005) 
n.d. Enxoé reservoir Planktothrix agardhii LMECYA 153  (Valério et al., 2005) 
n.d. Enxoé reservoir Planktothrix agardhii LMECYA 153B  (Valério et al., 2005) 
n.d. Beliche reservoir Planktothrix rubescens LMECYA203  (Paulino, Valério, et al., 2009) 
n.d. Vela Lake Synechococcus sp. UADFSYN1  (De Figueiredo et al., 2010) 

n.d. 
Moledo do minho 
beach 

Synechocystis sp. LEANCYA 1  (Selheim et al., 2005) 
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Phylogenetic data became an important tool to discriminate the species and even strains 

from a same species, either isolated from a same water body or from geographically 

dipersed water bodies (De Figueiredo et al., 2010; Osswald et al., 2009; Saker et al., 

2005; Valério et al., 2005). This was a great key achievement by making it possible to 

check for reincidences of dominant cyanobacteria over the years in a same water body or 

even across different water bodies, by using the genetic databases such as GenBank 

from NCBI (National Center for Biotechnology Information) where most sequences from 

Portuguese cyanobacterial strains have been deposited (De Figueiredo et al., 2010; 

Osswald et al., 2009; Saker et al., 2005; Valério et al., 2005). Nevertheless, there is still 

missing a focused research and publications on the correspondence between strains 

isolated along the past decades, to which a different strain or even species names was 

given, hindering a deeper historical ecological analysis by considering them as different 

organisms. An example of different names given for a same strain include the 3 

publications on the strain LMECYA 31 (from Montargil reservoir) which has been assigned 

with different taxa: Aphanizomenon flos-aquae (Pereira et al., 2000), Aphanizomenon 

issatschenkoi  (Valério et al., 2005) or Aphanizomenon sp. (Dias et al., 2002). Another 

case is for Cylindrospermopsis raciborskii strains (or code name) ‘PT1’, PT2’, ‘PT3’, ‘PT4’, 

4799, Caia and Marau 1 (Neilan et al., 2002; Saker, Nogueira, & Vasconcelos, 2003; 

Saker, Nogueira, Vasconcelos, et al., 2003; Valério et al., 2005). These code names were 

used in different articles, so we believe that, again, there are duplicated records, having 

the author Saker in common. But as these two, there are other examples. Therefore, 

information to ultimately merge all information regarding strains that are in fact the same 

should be further explored using molecular data (as most strains belong to culture 

collections), in order to increase knowledge on their reincidence trends and ecological 

context in target water bodies. Then again, more research should be conducted to track 

the record of a same strain over the years (also possible through the genetic databases 

using the 16S rRNA gene sequences as previously referred). Moreover, metagenomic 

approaches made it possible to obtain DNA information from dominant taxa directly from 

environmental samples, without isolation and maintenance in laboratory cultures which 

may also allow the undercrossing of information with the sequenced cultured strains.  
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4. Concluding remarks 

 
Results based on the strategic approach used in the present research work (targeting 

international publications) showed to provide an important, reliable and robust data source 

for the cyanobacterial occurrence in Portuguese water bodies over the studied period. 

However, Scopus usually does not consider non-international information sources such as 

national publications. For example, although a data compilation concerning cyanotoxins is 

made in the publication from Vasconcelos et al. (1996), the occurrence of microcystin-LR 

during blooms at the Vela, Mira and Lakes was reported 3 years earlier in a national 

journal (Vasconcelos, Campos, et al., 1993). This highlights the need to seek for other 

sources of research information (particulary before the year 2000) for a more robust 

database, namely national publications from Universities and also master and PhD thesis 

from which much data were not further published in international peer-reviewed journals. 

This was very common until the 2000’s. Moreover, the Scopus search did not also 

included  some international papers fitting on the search output (e.g. Caetano et al. 

(2001)). There are also several issues concerning the names of the isolated strains, 

including old names used in publications and then changed after becoming part of culture 

collections. More research should be conducted to track the record of a same strain over 

the years (also possible through the genetic databases using the 16S rRNA gene 

sequences from isolated strains from different culture collections). Moreover, 

metagenomic approaches made it possible to obtain DNA information from dominant taxa 

directly from environmental samples, without isolation and maintenance in laboratory 

cultures which may also allow the intercrossing of information with the sequenced pre-

existing cultured strains. This is an important research topic that should be subsequently 

explored. 
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