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Abstract: This is a historical account of the biodiversity of phytoplankton in Guanabara Bay, Brazil. It is based on 
57 publications that refer to sampling carried out between 1913 and 2004. The publications included are those with direct 
microscopic identification. Although 80% of the studies focus on ecological issues that tend to mention only the most 
abundant species, 24 publications provide comprehensive check-lists at the species level, especially of taxa ≥ 20 µm. The 
inventory of species includes, to date, 308 taxa among 199 diatoms, 90 dinoflagellates, 9 cyanobacteria, 5 euglenophyceans, 
1 chlorophycean, 1 prasinophycean, 1 silicoflagellate, and 2 ebriids. The most conspicuous species were the dinoflagellate 
Scrippsiella trochoidea and diatoms from the Skeletonema costatum complex. The first was the theme of the very first 
publication in the area (Faria 1914) that reported on its bloom associated with the mass mortality of fish due to oxygen 
depletion; it is still often found in high abundances (106 cell.L–1) in more protected areas. The second was long considered 
in the literature as a cosmopolitan and opportunistic species, until the recent discovery of cryptic species within the genus; 
taxonomic re-evaluation of local populations is, therefore, needed. Besides these two species, only other 25 species stood 
out in terms of frequency of occurrence and widespread distribution in the Bay, some known to be implicated in harmful 
blooms elsewhere. The biodiversity of dinoflagellates, especially within the Gymnodiniales, and that of other unidentified 
flagellates (Haptophyceae, Cryptophyceae, Prasinophyceae, Raphidophyceae) is largely underestimated because of the 
use of fixatives that distort/destroy diagnostic characters. From the initial inventory of 124 taxa published in 1917 and the 
subsequent additions in species numbers, one can have a false perception that the phytoplankton biodiversity has increased 
throughout the years, despite the overall increase in eutrophication observed in Guanabara Bay. The reason for this may 
be twofold: 1) it is an artifact caused by our progressively improving technical capability to detect and identify species 
and 2) the possible effects of eutrophication could be better perceived when the community structure is evaluated, that is, 
when space-time variations in the abundances of the populations (rather than just number of species) are also taken into 
account.
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Resumo: Este é o histórico dos estudos sobre a biodiversidade do fitoplâncton da Baía da Guanabara, Brasil, com base em 
57 publicações relativas a amostras coletadas no período entre 1913 e 2004. Estão aqui incluídas apenas as investigações 
que identificaram espécies por microscopia. Apesar de 80% dos estudos serem de cunho ecológico, os quais tendem a 
citar apenas as espécies mais abundantes, 24 publicações incluem listas completas dos táxons identificados em nível 
específico, especialmente daqueles ≥ 20 µm. Atualmente, o inventário de espécies inclui 308 táxons dentre 199 diatomáceas, 
90 dinoflagelados, 9 cianobactérias, 5 euglenofíceas, 1 clorofícea, 1 prasinofícea, 1 silicoflagelado e 2 ebriideos. As duas 
espécies que mais se destacaram foram o dinoflagelado Scrippsiella trochoidea e diatomáceas do complexo Skeletonema 
costatum. A primeira foi o tema de publicação pioneira sobre o fitoplâncton da Baía (Faria 1914), que relatou sua floração 
associada à mortandade de peixes, e continua sendo detectada em altas concentrações (106 cell.L–1) em áreas mais protegidas. 
A segunda foi considerada por muitos anos na literatura como uma espécie cosmopolita e oportunista, até a descoberta 
recente de espécies crípticas dentro do gênero, indicando que as populações da Baía da Guanabara requerem revisão 
taxonômica. Além destas duas espécies, apenas 25 apresentaram alta freqüência de ocorrência e ampla distribuição, algumas 
relatadas como causadoras de florações nocivas em outros locais. A biodiversidade de dinoflagelados, especialmente dentre 
os Gymnodiniales, assim como a de outros grupos de flagelados ainda não identificados (Haptophyceae, Cryptophyceae, 
Prasinophyceae, Raphidophyceae), está subestimada devido ao uso de fixadores que destorcem ou destroem caracteres 
diagnósticos. Se considerarmos o inventário de espécies mais antigo, uma lista de 124 táxons publicada em 1917, e o 
incremento no número de espécies desde então, é possível ter a falsa impressão de que a biodiversidade do fitoplâncton da 
Baía de Guanabara aumentou apesar da crescente eutrofização local. Há dois motivos possíveis: 1) trata-se apenas do reflexo 
do aprimoramento da capacidade técnica de detectar e identificar as espécies e 2) os efeitos potenciais da eutrofização podem 
ser melhor percebidos através da análise da estrutura da comunidade, ou seja, quando as tendências espaciais e temporais 
na abundância das populações (e não apenas no número de espécies) são levadas em consideração.
Palavras-chave: microalgas marinhas, diatomáceas, dinoflagelados, cianobactérias, florações algais.
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Introduction

The remarkable diversity of phytoplankton has been a matter 
of standing discussion for many years, a debate also known as the 
“paradox of the plankton” (Hutchinson 1961). This topic has an 
ecological component and an evolutionary component. The former 
one deals with the puzzling co-existence of dozens of species in the 
same parcel of water, all of them potential competitors for the same 
resources (nutrients) that are often at limiting concentrations. Three 
lines of thought have provided possible mechanisms to unravel this 
paradox and it is likely that these forces may act in conjunction 
with one another. First, the competition for resources takes place 
in an unstable environment, that is, the frequency and intensity of 
disturbances (in the water column and intrinsic to the competition 
itself) are intermediate to the time necessary for species succession to 
achieve any type of equilibrium that could favor the dominance of a 
few species and exclusion of others (Reynolds et al. 1993, Hulsman & 
Weissings 1999, Scheffer et al. 2003). Second, species have different 
strategies in terms of size, shape and cell content to cope with the 
need for keeping afloat, sink, rise, and/or rotate and, therefore, may 
take advantage of different (perhaps overlapping) niches within the 
photic layer (Smayda 1970). An third, differential advantage due to 
defense against grazing, such as that afforded by larger specimens, 
chain forming ones, those with tougher cell walls, and the production 
of bioactive compounds (Smetacek 2001). If one considers that these 
forces have been in place for millions of years, this leads us to the 
evolutionary component of this debate.

A common feature to most (but not all) phytoplankton species is 
the presence of the photosynthetic organelle, the plastid. However, it is 
not yet totally resolved which of the photosynthetic forms are united 
on a single branch of the tree of life through vertical endosymbiosis 
and which have plastids that have spread by multiple independent 
events (Bhattacharya et  al. 2003). When dealing with the early 
evolution of eukaryotic diversity, as stated by Baldauf (2003), “to 
(nearly) every rule there is an exception”. The end result is that the 
present-day phytoplankton community at a given space and time 
can be comprised of species that span at least 3 orders of magnitude 
in size (from 2 to 200 µm) and includes representatives of various 
taxonomic lineages, in consonance with classification systems 
available to date. Phytoplankton species fit into three out of the 
five “kingdoms” established in the more traditional classification of 
Whittaker (1969): Monera, Protista, and Plantae. In the more recently 
established classification of Adl et al. (2005), phytoplankton species 
fit into four of the six “super-groups”: Rhizaria, Archaeplastida, 
Chromalveolata, and Excavata.

The most successful phytoplankton groups in the modern ocean, 
that is, those that became the dominant assemblages since the 
Mesozoic, are diatoms, dinoflagellates and haptophytes (Simon et al. 
2009). The most recent unabridged account of the phytoplankton 
diversity of the world’s oceans is still that of Sournia et al. (1991). This 
review includes 17 classes, 498 ± 15 genera, and 3,910 ± 465 species; 
diatoms account for 1,365-1,783  species, dinoflagellates for 
1,424‑1,772, and coccolithophorids (within haptophytes) for 239-298. 
According to the authors, the higher estimate included little known or 
doubtful species, whereas the lower estimate is a better approximation 
of the taxa whose taxonomy seemed more reliable at the time. Since 
then, our perception of biodiversity has changed dramatically, mostly 
due to the intense use of electron microscopy and of molecular 
techniques. Nevertheless, a recent and more accurate inventory of 
the phytoplankton diversity of the world’s oceans is not available, 
except for one group: there are 1,555  species within 117  genera 
of extant free-living marine dinoflagellates, with 135 new species 
described between 1993 and 2003 (Gómez 2005). An appraisal of the 

biodiversity of the algae as a whole indicated that the total number of 
undescribed species may exceed present‑day estimates by a factor of 
four to eight, depending on the group (Norton et al. 1996).

Some taxonomic novelties are merely in re-arranging taxa 
around so that certain ranks are resurrected or new ones are created 
to accommodate previously described species. Selected examples of 
such cases are those species of the diatom Rhizosolenia Brightwell 
that were transferred to genera described long ago as Guinardia 
H. Peragallo and Dactyliosolen Castracane or to newer ones as 
Proboscia Sundström and Pseudosolenia Sundström (Hasle & 
Syvertsen 1997); the splitting of the naked dinoflagellates within 
Gymnodinium Stein into three additional genera, Akashiwo G. Hansen 
& Moestrup, Karenia G. Hansen & Moestrup, and Karlodinium J. 
Larsen (Daugbjerg et al. 2000); and the marine forms of Ceratium 
F. Schrank that should now be considered as Neoceratium F. Gómez, 
D. Moreira & P. López-García (Gómez et al. 2009). In other cases, 
however, there is a true increase in the actual number of species to 
consider (or varieties, or genotypes). Cryptic diversity has been found 
to be widespread in coccolithophorids (Geisen et al. 2004), in diatoms 
such as Skeletonema Greville (Sarno et al. 2007) and Pseudo‑nitzschia 
H. Peragallo (Villac et  al. 2010), and in dinoflagellates such as 
Scrippsiella Balech ex A.R. Loeblich III (Montresor et  al. 2003), 
Amphidinium Claperède & Lachmann (Murray et  al. 2004), and 
Alexandrium Halim (Lilly et al. 2007). These are but a few examples 
found among the larger-sized species (> 5-10 µm). Even more striking 
is that we are just beginning to grasp a better appreciation of the 
diversity hidden in the smaller fraction (picoplankton, cells ≤ 2 µm) 
of phytoplankton communities (e.g., Not et al. 2006, Vlprey et al. 
2008).

The marine phytoplankton check-list for Brazilian waters includes 
at least 1,364 species of which 783 are diatoms, 364 dinoflagellates, 
and 96  coccolithophorids (Tenenbaum 2002, based on Banco de 
Dados Tropicais – BDT). The higher proportion of diatoms is 
probably a consequence of a stronger background of local diatomists, 
although more recent advances have been made in other groups, e.g., 
dinoflagellates (Tenenbaum 2006) and other nanoflagellates (Bergesch 
et al. 2008). Local and regional inventories are most often found in 
academic theses/dissertations and technical reports and few of those 
studies have been published in scientific journals of wider circulation 
(e.g., Tenenbaum et al. 2004a, b, Procopiak et al. 2006, Villac et al. 
2008). This scenario reflects the trend, in Brazil and worldwide, to 
privilege funding for and dissemination of process-oriented research 
rather than fostering and broadcasting taxonomic investigations, 
despite the international cry for biodiversity studies that has been 
taking place for at least the past 20 years (Wilson 1988, Feldmann 
& Manning 1992). Scientific journals do not have page-budgets to 
print long species lists, a limitation that has been overcome with the 
advent of electronic journals. Species lists provide the baseline for 
knowing and preserving the tree of life by guiding further research 
and supporting the assessment of conservation priorities.

The publication of a species list for the phytoplankton of 
Guanabara Bay, Brazil, is long due. This is a tropical, estuarine system 
that has undergone man-mediated stresses since the establishment 
of earlier settlements around its margins in the 1600’s, a time 
when whales came to reproduce in the pristine waters of the bay 
(Sarthou 1964). The earliest impacts to this system were whaling 
(with complete decimation by the early 1800’s), drainage of some 
mangrove areas, coastal landfills to allow for urban expansion, and 
overall city run-off mostly of organic matter (Coelho 2007). At 
present, the urban area at the drainage basin surrounding the bay 
has reached 11 million inhabitants (from ca. 800 thousand in 1900) 
and it is the second largest industrial pole of the country (Brasil 
2008). Without the appropriate infrastructure to face the challenges 
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of this accelerated economic growth, Guanabara Bay has become 
the final destination for the dilution of domestic and industrial 
wastes. Better water quality is found in areas away from the margins 
and from the inner-reaches of the bay that are closer to pollution 
sources (Mayr et al. 1989). Such gradient is due to a gravitational 
and transverse residual tidal circulation that promotes the renewal 
of 50% of the bay water with cleaner coastal water in about 11 days 
(Kjerfve et al. 1997). Despite years of mistreatment, this system is 
still not only beautiful (the so-called postcard of Rio de Janeiro), but 
it also hosts a striking biodiversity that deserves the attention of the 
scientific community, policy makers and the public in general. Here 
we present a phytoplankton species list that represents a composite 
of various sampling sites from distinct areas of the bay (Figure 1), 
accompanied by the historical account of the evolution of methods 
and approaches used since the pioneer studies.

The Data Set (Figure 2, Appendix 1)

There is about one century of information produced on the 
composition and abundance of phytoplankton populations from 
Guanabara Bay. To the present date, phytoplankton data is available 
in 57 publications that refer to sampling carried out between 1913 and 
2004  whose respective publishing dates are 1914  and 2007. The 
publications included here are those that present direct microscopic 
identification at different taxonomic levels (from class to species) 
mostly of larger size taxa (cells ≥ 20 µm). Studies that estimated 
solely phytoplankton biomass by pigment analysis and/or assessed 
primary productivity are not included in this account.

Most of the information (78%) is available as abstracts in 
conference proceedings and in scientific journals. Although fewer 

in number, technical reports and academic monographs from 
bachelors degrees, masters and doctorates are very important 
because they include a wealth of detailed information as well as 
valuable species lists. The reader will find some redundancy in the 
information contained in Appendix 1 that describes various features 
of the 57 papers covered here. This is due to the fact that the data 
of some particular surveys have been partially published as an 
abstract, followed by the publication of the corresponding academic 
monograph that later became, in part or in full, a journal article.

The complete species list is found in Appendix 2. As expected, it 
was necessary to update the nomenclature used in species names. It 
was beyond the scope and possibility of the present work, however, 
to question or validate the identifications given in studies other than 
those published by the authors themselves.

The Historical Account (Figure 3, Appendix 1)

The first five studies about the phytoplankton of Guanabara Bay 
were published by investigators associated with the research institute 
“Manguinhos”, presently known as “Fundação Instituto Oswaldo 
Cruz (FIOCRUZ)”. The first study pointed out the effects of an algal 
bloom that occurred in 1913  (Faria 1914). The phenomenon was 
caused by the dinoflagellate Scrippsiella trochoidea (Stein) Loeblich 
III (then identified as Glenodinium trochoideum) and caused mass 
mortality of fish due to oxygen depletion. This is the very first record 
of a harmful algal bloom on the Brazilian coast. At about the same 
time, the survey of Faria & Cunha (1917) stands out as a pioneer 
and very comprehensive species inventory that serves as a baseline 
documentation of a time when Guanabara Bay still had pristine 
waters. Two decades passed by without a single citation, until the 

Figure 1. Guanabara Bay. Between 1913 and 2004, 34 sites located in distinct areas within the bay were visited for phytoplankton sampling.
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publication of a few surveys in the 1940-1960’s that already signaled 
concern about the occurrence of some species considered as indicators 
of organic pollution (Oliveira 1947, Krau 1958, Oliveira 1962). These 
later studies were carried out in the Manguinhos area (Figure 1) that, 
at present, is under a landfill that borders a region along the western 
margin where water quality is very poor (Mayr et al. 1989).

During the 1970-1980’s, the State Environmental Agency 
(Fundação Estadual de Engenharia do Meio Ambiente do Rio de 
Janeiro – FEEMA, presently known as INEA, Instituto Estadual do 
Ambiente) established a monitoring program of the water quality 
of the bay that included phytoplankton sampling, most often on a 
monthly basis (Garrido et al. 1978, Soares et al. 1981, Souza et al. 
1983). During the same period, the Universidade Santa Úrsula (USU) 
also carried out some intensive 3 to 6-month time-series making use 
of some of the sites from the FEEMA sampling grid (Sevrin-Reyssac 
et al. 1979, Schutze et al. 1989, Vallim & Machado 1990).

In 1984, the Biology Institute of the Universidade Federal do 
Rio de Janeiro (UFRJ) started a still on-going program called “The 

Plankton of Guanabara Bay”. During the past 20+ years, and under 
a range of sub-programs sponsored by a variety of research funds, 
the composition and abundance of the phytoplankton populations 
have been examined at various, overlapping space-time scales (from 
tidal/diel variations to inter-annual cycles, from weekly to monthly 
sampling and vertical stratification in places of deeper water columns). 
About 67% of the publications available at present have derived from 
this research program (e.g., Villac et al. 1987, 1990, Vallim 1995, 
Barbosa 1997, Valentin et al. 1999b, Tenenbaum et al. 2001, Santos 
2002, Villac et al. 2004, Lima 2007).

The Focus (Figure 4, Appendix 1)

Out of the 57 publications considered in this assessment, only 
two discuss taxonomic issues in particular (Balech & Soares 1966, 
Villac et al. 2001) and in another two the central point is the species 
inventory (Faria & Cunha 1917, Krau 1958). About 80% of the studies 
published to date focus on ecological aspects, that is, these are studies 
that aim to understand space-time distributions of phytoplankton 
populations and their relationship with possible controlling factors 
such as temperature, salinity, nutrients and density gradients. The 
majority of such studies tend to mention only the most abundant 
species and only 9 of them include a complete list of the species found 
(Braga 1980, Soares et al. 1981, Silva et al.1988, Villac 1990, Vallim 
1995, Barbosa 1997, Santos 1999, 2002, Lima 2007).

Two review publications came out in 1947 and 1980, with similar 
objectives: to trace the biogeography of phytoplankton populations 
(Oliveira 1947, Sevrin-Reyssac 1980). As data about plankton 
and water quality in general accumulated throughout the years, a 
number of robust review studies became possible (Valentin et  al. 
1997, 1999b), some of them with a clear management rationale in 
which the phytoplankton community structure and/or some species 
in particular could be used as bio-indicators of water quality (Mayr 
et al. 1989, Villac et al. 1991, SECT 2000).

The Methodological Approach (Figure 5, Appendix 1)

As mentioned before, those studies that focused on taxonomy 
and on species inventories (Figure 4) represent only 8% of the data 
available; these are here classified as having a qualitative approach 
(Figure  5). There are also very few studies considered as solely 
quantitative (8%), of which it is interesting to note the pioneer 
investigation done by Barth (1972) that evaluated the nanoplankton 
fraction (cells < 20 µm) and used a Coulter counter.

Figure  2. Types of publications in which phytoplankton information is 
available.

Figure  3. Historical record of phytoplankton studies, pointing out the 
various research institutions involved. Dates (in years) indicate either the 
sampling period or, in case of secondary data used in review studies, the 
year of publication. Legend: FIOCRUZ – Fundação Instituto Oswaldo Cruz; 
FEEMA – Fundação Estadual de Engenharia do Meio Ambiente do Rio de 
Janeiro; USU – Universidade Santa Úrsula; UFRJ – Universidade Federal 
do Rio de Janeiro.

Figure 4. Chronological classification of phytoplankton studies according 
to focus.
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The approach most frequently used, especially during the 
past 3 decades, was here considered as quali-quantitative (Figure 5), 
that is, species identification combined with cell numbers in studies 
that focused on ecological issues (Figure 4). It is noteworthy that only 
the surveys of Faria (1914) and Oliveira (1962) employed counting 
techniques that relied on cell concentration by centrifugation, whereas 
the other studies used the Utermöhl’s settling technique. A sampling 
bottle was used in all quali-quantitative studies, because this sampling 
device allows for the results to be expressed in number of cells per unit 
of volume. Phytoplankton nets were employed only in the qualitative 
surveys carried out in the early 1900’s, during the FEEMA’s monitoring 
program and by the UFRJ research group from 1997 onward. Samples 
taken by net hauls do not allow for the precise estimate of cell numbers 
(refer to Sournia 1978), but it concentrates a high number of cells and 
is thus ideal for the use of additional techniques necessary for a refined 
taxonomy. The resurgence of the use of net hauls in the late 1990’s 
reflects the increasing global concern with the loss of biodiversity in 
impacted environments, therefore the need to better understand the 
species composition in Guanabara Bay and elsewhere.

Various techniques and methods were applied more recently, 
bringing up new insights into our understanding of phytoplankton 
biodiversity/ecology in the area, as follows: epifluorescence 
microscopy to discriminate autotrophs from heterotrophs (e.g., 
Santos et  al. 1999a, Tenenbaum et  al. 2001, Santos 2002, Lima 
2007); electron microscopy to visualize ultra-structures that are key 
taxonomic characters (e.g., Villac & Tenenbaum 2001, Matos et al. 
2002, Villac et al. 2004); and the assessment of cell bio-volume to 
express biomass in terms of carbon content (Tenenbaum et al. 2001, 
Santos 2002, Santos et al. 2006).

In terms of sampling and analysis, phytoplankton surveys share 
several features with other studies such as pigment composition, 
primary production and the occurrence of ciliates. This is 
valuable information and, if any of this type of data was carried 
out in conjunction with a given phytoplankton investigation, it is 
discriminated as such in Appendix 1.

The Biodiversity: General Aspects (Figure 6, 
Appendix 2)

The inventory of the phytoplankton species found in Guanabara 
Bay includes, to date, 308 taxa among 199 diatoms, 90 dinoflagellates, 
9 cyanobacteria, 5 euglenophyceans, 1 chlorophycean, 1 prasinophycean, 
1 silicoflagellate, and 2 ebriids. The larger number of diatoms (62%) and 
dinoflagellates (32%) is not unexpected. As cited earlier, the review of Sournia 

et al. (1991) estimated the number of phytoplankton species of the world’s 
oceans as follows: 1,365‑1,783 diatoms, 1,424-1,772 dinoflagellates, 
239-298  coccol i thophorids ,  106‑121  chlorophyceans, 
95‑128 prasinophyceans, 94‑124 chrysophyceans, 56-73 cryptophyceans, 
and 35-36 euglenophyceans, just to mention the most numerous classes. 
The larger number of diatoms is a trend observed for other regions along 
the Brazilian coast as found in Sepetiba Bay (Tenenbaum et al. 2004a, b) 
and along the coast of the States of São Paulo (Villac et al. 2008) and 
Paraná (Procopiak et al. 2006). Although high diversity of diatoms can 
be anticipated in coastal areas (refer to various examples in Hasle & 
Syvertsen 1997), as mentioned before, diatomists have had a stronger 
historical influence among Brazilian scientists than researchers of other 
taxonomic groups.

The biodiversity of dinoflagellates in the bay is furthermore 
underestimated because of the occurrence of several still unidentified 
taxa belonging to the Order Gymnodiniales, a group whose fragile cell 
walls would require the study of live cells, a strategy seldom employed. 
The use of fixatives, such as formaldehyde, distort the overall shape of 
the gymnodinioid cells and can damage important taxonomic characters 
(flagella and/or grooves) essential for a precise identification. This 
limitation also applies to other delicate, thus far unidentified, flagellates 
that are often grouped at the Class level (Haptophyceae, Cryptophyceae, 
Prasinophyceae, Raphidophyceae).

It is noteworthy that about 25% of the dinoflagellates identified 
to date are heterotrophic, several of them belonging to the genus 
Protoperidinium Bergh (Santos 2002). Similarly, the ebriid species 
Ebria tripartita (Schumann) Lemmermann and Hermesinum 
adriaticum Zacharias are both obligate heterotrophs that have a very 
unstable classification track record (Hoppenrath & Leander 2006); 
they were maintained in the phytoplankton species list because of 
historical reasons, that is, in the past they have been classified among 
silicoflagellates (Drebes 1974) and dinoflagellates (Sournia 1986).

The Biodiversity: New Records and Special 
Occurrences (Figure 7, Table 1)

For a more detailed assessment of the history of phytoplankton 
biodiversity, considering species distribution and frequency of 
occurrence, we have selected 24  studies that contained check-lists 
with taxa identified to species level (those marked with an asterisk in 
Appendix 1). Taken together, this data set corresponds to 34 sampling 
sites (Figure 1), but some of them were close enough to be combined 
as a sole record leading to a total of 27 sites. A few studies did not 
provide any indication of an exact sampling position. Therefore, the 

Figure 5. Chronological classification of phytoplankton studies according to 
methodological approach.

Figure 6. Comparison of the relative number of taxa within various taxo-
nomic groups.
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Table 1. Selected phytoplankton species due to widespread occurrence in the bay (detected in ≥ 25% of sampling sites, n = 28 as explained in the text) and/or 
because they were found in several studies (cited in ≥ 25% of the publications, n = 24 as explained in the text).

Taxonomic group Species % Occurrence % Citations
Bacillariophyceae Skeletonema costatum 85 42
Bacillariophyceae Ceratoneis closterium 80 40
Bacillariophyceae Dactyliosolen fragilissimus 70 25
Bacillariophyceae Guinardia striata 67 38
Dinophyceae Prorocentrum micans 67 38
Dinophyceae Oxyphysis oxytoxoides 67 29
Bacillariophyceae Nitzschia longissima 67 13
Bacillariophyceae Leptocylindrus danicus 63 33
Bacillariophyceae Thalassiosira rotula 63 29
Ebriideae Ebria tripartita 63 25
Euglenophyceae Eutreptiella marina 63 21
Bacillariophyceae Leptocylindrus minimus 63 13
Dinophyceae Protoperidinium conicum 63 13
Dinophyceae Protoperidinium steinii 63 13
Bacillariophyceae Rhizosolenia setigera 59 29
Bacillariophyceae Thalassionema nitzschioides 59 29
Bacillariophyceae Cerataulina pelagica 59 21
Dinophyceae Protoperidinium pellucidum 59 13
Dinophyceae Protoperidinium pyriforme 59 4
Dinophyceae Prorocentrum triestinum 56 21
Bacillariophyceae Hemiaulus sinensis 52 21
Dinophyceae Prorocentrum balticum 52 8
Bacillariophyceae Helicotheca tamesis 52 4
Dictyochophyceae Dictyocha fibula 33 33
Bacillariophyceae Paralia sulcata 33 25
Dinophyceae Scrippsiella trochoidea 22 46
Bacillariophyceae Bacillaria paxillifera 7 25

Figure 7. Advances in the understanding of phytoplankton biodiversity throughout the years. Only the 24 publications that have taxa identified to species were 
included, after eliminating redundancies detected when the same data set was used in more than one citation. See Appendix 1 to associate code number (1-55) 
with its respective citation. To interpret this graph, take publication 24 as an example: 128 taxa were identified to species, of which 55 are new occurrences 
(top section in black) and 73 were already previously recorded (mid section in dark green); therefore, these 73 species are part of the cumulative number of 
species detected in earlier studies (mid section in dark green + bottom in light green).

evaluation of frequency distribution presented in Table 1 was calculated 
considering n = 28 (27 actual sites plus 1 arbitrary site to represent 
the studies that did not provide coordinates). These sampling locations 
are fairly well distributed among areas of distinct water quality and 
circulation regimes, that is to say, more polluted in protected areas and 
better conditions along/facing the main circulation channel.

During the century-long history of phytoplankton investigations 
in Guanabara Bay, only five out of the 24  selected studies stand 
out in terms of new occurrences: the very first inventory (Faria & 
Cunha 1917), the monitoring program carried out by FEEMA (Soares 
et al. 1981) and 3 master thesis monographs (Villac 1990, Santos 
2002, Lima 2007). As a result, one can have a false perception that 
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the phytoplankton biodiversity has increased throughout the years, 
despite the overall increase in eutrophication of the system as a 
whole. From the initial inventory of 124 taxa published in 1917, the 
subsequent additions in species numbers can be attributed to the use 
of different sampling and analysis strategies that correspond to two 
different periods. In the first one, the 39 new occurrences found in 
Soares et al. (1981) and the 55 found in Villac (1990) were probably 
due to extensive space-time sampling. In the second period, the 
total of 75 new occurrences detected as of 2000 are probably due to 
the use of specific microscopic techniques (refer to Appendix 1 and 
discussion above) that allowed for the precise identification of some 
taxa, especially diatoms and small flagellates.

Only 27 species stood out in terms of frequency of occurrence 
and wider distribution (Table 1): 15  diatoms, 9  dinoflagellates, 
1 silicoflagellate, 1 euglenophycean and 1 ebriid. All these species 
are regarded as common in coastal areas, especially those under 
estuarine influence (Villac 1990).

The most frequently cited species was the dinoflagellate 
Scrippsiella trochoidea (46%), theme of the first publication about 
its harmful bloom (Faria 1914). Although not widely distributed 
(present in only 22% of sampling sites), this is definitely a very 
important component of the local phytoplankton community because 
it was often found in high abundances (106 cell.L–1) in later studies, 
especially in more protected areas.

The diatom Skeletonema costatum (Greville) Cleve was the 
second most cited species (42%); furthermore, it also showed the most 
extensive space distribution in the bay (in 85% of sampling sites). 
This diatom is regarded in the literature as cosmopolitan (Hasle & 
Syvertsen 1997), but recent taxonomic reviews based on ultra-structure 
and molecular markers indicate that there is high biodiversity within 
the genus so that what is called S. costatum could include one or more 
of the following species: S. ardens Sarno & Zingone, S. dohrnii Sarno 
& Koistra, S. grethae Zingone & Sarno, S. grevillei Sarno & Zingone, 
S. japonicum Zingone & Sarno, S. menzelii Guillard, Carpenter & 
Reimann, S. potamus (Weber) Hasle, S. pseudocostatum Medlin, 
S. subslasum (Cleve) Bethge and/or S. costatum itself (Sarno et al. 
2007). Further studies are needed to establish the true biodiversity of 
this abundant and frequently reported genus, not only in Guanabara 
Bay but also along the Brazilian coast in general.

Among those prominent taxa listed in Table 1, the following ones 
have been cited as bloom-forming species, some of them as potentially 
toxic (as stated in Hallegraeff et al. 2003, Fukuyo et al. 1990, Faust & 
Gulledge 2002, Odebrecht et al. 2002, Moestrup 2004, Sunesen & Sar 
2007): the diatoms Cerataulina pelagica (Cleve) Hendey, Ceratoneis 
closterium Ehrenberg, Leptocylindrus danicus Cleve, Leptocylindrus 
minimus Gran; the dinoflagellates Oxyphysis oxytoxoides Kofoid, 
Prorocentrum micans Ehrenberg, Prorocentrum triestinum Schiller, 
Prorocentrum balticum (Lohman) Loeblich; and the silicoflagellate 
Dictyocha fibula Ehrenberg. Some taxa that did not stand out in 
terms of overall contribution to the community, but are also worth 
noting because they have been implicated in serious harmful effects 
are: the diatoms Asterionellopsis glacialis (Castracane) Round, 
Chaetoceros coarctatus Lauder, Guinardia delicatula (Cleve) Hasle; 
the dinoflagellates Akashiwo sanguinea (K. Hirasaka) G. Hansen & 
Ø. Moestrup, Ceratium fusus (Ehrenberg) Dujardin, Ceratium hircus 
Schröder, Dinophysis acuminata Claparède & Lachmann, Dinophysis 
caudata Saville-Kent, Noctiluca scintillans (Macartney) Kofoid & 
Swezy; and the cyanobacteria Trichodesmium erythraeum Ehrenberg 
ex Gomont and Trichodesmium thiebautii Gomont ex Gomont.

The occurrence of the genus Pseudo-nitzschia merits mentioning. 
This diatom has been frequently found since the first inventory of 
1917 (in 54% of citations) and is also widespread (in 63% of sampling 
sites). It was not included in Table 1 because the selecting criterion 

was based on taxa identified to species level, that is, only the most 
recent publications that used electron microscopy were capable of 
precise identification within this genus. From the 37 taxa described, 
12 can produce the neurotoxin domoic acid (Villac et al. 2010), of 
which 5 have already been found in Guanabara Bay: Pseudo‑nitzschia 
cuspidata (Hasle) Hasle, Pseudo-nitzschia delicatissima (Cleve) 
Heiden in Heiden & Kolbe, Pseudo-nitzschia fraudulenta (Cleve) 
Hasle, Pseudo-nitzschia multistriata (Takano) Takano and 
Pseudo‑nitzschia pungens (Grunow ex Cleve) Hasle.

Some Relevant Quali-Quantitative Aspects

As previously discussed, the historical account of the phytoplankton 
composition of Guanabara Bay does not reflect the loss of biodiversity 
expected in highly impacted environments. The reason for this may 
be twofold: 1) the increasing biodiversity is an artifact caused by our 
progressively improving capability to detect and identify species and 
2) the possible effects of eutrophication could be better perceived 
when the community structure is evaluated; in other words, when 
space-time variations in the abundances of the populations (rather 
than just number of species) are also taken into account.

Guanabara Bay, as an estuarine system, is subjected to natural 
stress associated with tidal variations that create spatial gradients 
in key parameters such as temperature, salinity, turbidity, and also 
nutrient concentrations (Mayr et  al. 1989). Seasonal variations in 
air temperature and rainfall, highest during summertime, influence 
the local plankton community that can naturally respond with the 
proliferation of opportunistic species as already observed during the 
harmful S. trochoidea bloom of 1913. The increase in the organic and 
chemical loads, attributed to the urban development in the Guanabara 
Bay watershed that intensified in the 1950’s, imposed additional 
stressors. It is not possible, however, to pinpoint exactly when changes 
in the phytoplankton community started to be triggered by man-
induced interference because ecological studies (quali-quantitative) 
started to be systematically conducted only in the 1970’s.

High abundances of filamentous cyanobacteria have received 
much attention since the very first quali-quantitative assessments 
(e.g., Sevrin-Reyssac et al. 1979) and can be interpreted as a response 
to increasing eutrophication levels. Concentrations that can reach 
up to 108 filaments.L–1 can be found, especially during summer and 
closer to the surface (Villac 1990). Interestingly, this does not exclude 
high cell concentrations (106-107 cell.L–1) of other species such as: 
the diatoms Cyclotella (Kützing) Brébisson spp., C. closterium and 
S. costatum; the dinoflagellates Prorocentrum spp. and S. trochoidea; 
and euglenophyceans of the genus Eutreptia Perty (Oliveira 1962, 
Sevrin-Reyssac et  al. 1979, Villac 1990, Santos  2002). Several 
unidentified nanoflagellates (among chlorophytes, raphidophytes 
and cryptophytes) are also frequently reported for their high 
abundances. All these taxa are considered as small organisms, mostly 
10-20 µm (but a few reaching 30 µm), and can often be regarded as 
opportunistic.

Total cell numbers show a fairly wide range (105-109 cell.L–1) 
that can be interpreted as the multiple responses given by the 
phytoplankton community to environmental conditions that vary both 
in space and time (Villac 1990, Santos 2002, Lima 2007). A stronger 
thermohaline gradient takes place especially during the rainy season 
(summer), when the most contrasting settings are observed. During 
this period, the highest cell abundances of opportunistic species (small 
diatoms, flagellates, and cyanobacteria) are detected on the surface 
and in areas closer to the margins and the inner reaches of the bay. 
Conversely, closer to the entrance to the bay, especially in deeper 
waters facing the main circulation channel, lower cell abundances are 
accompanied by higher biodiversity, particularly of larger diatoms.



278

Villac, M.C. & Tenenbaum, D.R.

http://www.biotaneotropica.org.br	 http://www.biotaneotropica.org.br/v10n2/en/abstract?inventory+bn02410022010

Biota Neotrop., vol. 10, no. 2

The most polluted region of the bay is a canal on the west margin, 
between the continent and the Islands of Governador and Fundão 
(Figure 1). Environmental concern with this region in particular dates 
back to 1940’s due to unstructured urbanization and landfills that altered 
its circulation pattern (Oliveira 1958). The assessment done in the 1980’s 
(Villac et al. 1991) compared the community structure of this region 
with that of the main circulation channel that faces the contribution 
of cleaner waters. The ecological instability of the first was indicated 
by very low diversity (Shannon‑Weaner index: 0.03‑1.80 bits.cell–1, 
50% < 1.00 bits.cell–1), whereas the higher diversity levels of the latter 
(Shannon-Weaner index: 1.30-3.90 bits.cell–1, 35% > 1.00 bits.cell–1) may 
suggest the presence of a community that is more prone to absorbing 
disturbances.

In more recent studies (1998-2000), the region closer to Urca was 
classified as meso-eutrophic and the one closer to Ramos was classified 
as hypereutrophic (Santos 2002, according to the classification system of 
Hakanson 1994) (Figure 1). These contrasting trophic states, which are 
based on total nitrogen and chlorophyll levels, were also detected in the 
phytoplankton community. Site Urca stood out for a larger contribution 
of the autotrophic microplankton fraction and higher species numbers 
than Ramos (respectively, 168 and 69). This difference in trophic state 
and corresponding effects on the composition and abundance of the 
phytoplankton populations may have direct implications for energy 
transfer through the aquatic food web of Guanabara Bay.

Recommendations for Future Studies Focusing 
Taxonomy

Taxonomy (and systematics) of microalgae is a very dynamic field. 
Molecular data, often in association with ultrastructure and aspects of 
life cycles, has provided valuable data to fuel frequent rearrangements 
at higher hierarchical levels (Brodie & Lewis 2007) and to boost our 
knowledge of biodiversity by revealing cryptic species (e.g., Montresor 
et al. 2003, Murray et al. 2004, Geisen et al. 2004, Lilly et al. 2007, 
Sarno et al. 2007, Casteleyn et al. 2008, Vlprey et al. 2008). The use 
of electron microscopy, although still timid, has already contributed to 
advance our understanding of the phytoplankton species composition 
of Guanabara Bay. Molecular data and information about life cycles, 
however, constitute a gap that merits the attention of researchers and 
funding agencies, provided that facilities to maintain live material are 
also available. Our contention is that resources to allow for the study of 
live material (culture collections) are urgently needed to advance our 
knowledge about the true biodiversity of the phytoplankton not only of 
Guanabara Bay but also of the Brazilian coast as a whole.
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Appendix 1. List of phytoplankton studies indicating author(s), date and type of publication, focus, sampling period, methodological approach and other details 
regarding field and laboratory work. Codes 1 - 57 are used in graph legends in the main text. Type of publication: J - journal; C - conference; U - bachelors 
undergraduate monograph; M - MSc monograph; P - PhD monograph; B - book; R - report. Laboratory analysis: LM - light microscopy; SEM - scanning 
electron microscopy; EF - epifluorescence microscopy. * Selected sources for the detailed discussion about species composition and biodiversity (see text for 
selecting criteria). nd = not determined.

Publication Focus Sampling  
period

methods Additional 
informationCode Author(s), 

date
Type Approach Sites Sampling Collector Analysis

1* Faria (1914) P ecology June 1913 quali-
quantitative

1 surface, 1 m, 2-3 m 
(close to bottom)

net, bottle centrifugation; 
LM: slides

-

2* Faria & 
Cunha (1917)

J inventory 1913 - 1917 qualitative nd horizontal tow net LM: slides ciliates

3 Oliveira 
(1947)

J review 
(biogeography)

- - - - - - -

4* Krau (1958) J inventory 1918, 1944, 1958 qualitative nd - ? LM: slides bacteria, 
ciliates, 

zooplankton
5* Oliveira 

(1962)
J ecology March, April 1960 quali-

quantitative
nd - ? LM -

6* Balech & 
Soares (1966)

J taxonomy nd qualitative nd - ? LM -

7 Barth (1972) J ecology June -August 1971, 
July-October 1972

quantitative nd daily; surface & 1.5 m 
from bottom

net 
(45/65 µm)

Coulter counter -

8* Garrido et al. 
(1978)

J ecology March, October 1976 quali-
quantitative

12 monthly; surface, 
Secchi disk & bottom

bottle LM: Utermöhl chlorophyll-a

9* Sevrin-
Reyssac et al. 

(1979)

J ecology May-July 1978 quantitative 8 every 10 days; surface & 
Secchi disk

bottle? LM: Utermöhl primary 
production, 

chlorophyll-a
10 Braga (1980) U ecology + 

inventory 
May, October 1979 quali-

quantitative
2 weekly settling 

panels
LM: slides -

11 Sevrin-
Reyssac 
(1980)

J review 
(biogeography)

- - - - - - -

12* Soares et al. 
(1981)

R ecology + 
inventory

1976-1978, 1980 quali-
quantitative

19 weekly; surface, Secchi 
disk & bottom

net 
(37/65 µm), 

bottle

LM: Utermöhl chlorophyll-a

13* Souza et al. 
(1983)

R ecology August 1980 - August 
1982

quali-
quantitative

nd monthly ? LM -

14 Villac et al. 
(1987)

C ecology October 1986 quali-
quantitative

1 every 3 hours for 24 
hours (spring tide); 

surface, 5, 18 m

bottle LM: Utermöhl chlorophyll-a

15 Paranhos 
et al. (1988)

C ecology October 1986; 
January, April, July 

1987

quantitative 1 every 3 hours for 24 
hours (spring tide); 

surface, 5, 18 m

bottle LM: Utermöhl chlorophyll-a

16* Santos & 
Tenenbaum 

(1988)

C ecology February, May, 
August, November 

1987

quali-
quantitative

1 every 3 hours for 24 hours 
(spring tide); surface, 5, 

10 m

bottle LM: Utermöhl -

17* Silva et al. 
(1988)

J ecology + 
inventory

October 1984, 
January, March 1985

quali-
quantitative

1 surface, 5, 15 and 30 m bottle LM: Utermöhl -

18 Villac et al. 
(1988a)

C ecology September 1987 quali-
quantitative

2 every 3 hours for 24 
hours (spring tide); 

surface

bottle LM: Utermöhl chlorophyll-a

19 Villac et al. 
(1988b)

C ecology January-December 
1985

quali-
quantitative

15 monthly; 5 m bottle LM: Utermöhl chlorophyll-a

20 Villac et al. 
(1988c)

C ecology January-December 
1985

quali-
quantitative

15 monthly; 5 m bottle LM: Utermöhl -

21 Mayr et al. 
(1989)

J review 
(management)

- - - - - - -

22* Schutze et al. 
(1989)

J ecology January-July 1979 quali-
quantitative

8 every 10 days; surface bottle LM: Utermöhl chlorophyll-a

23 Vallim & 
Machado 

(1990)

C ecology July-December 1988 quantitative nd monthly; surface bottle LM: Utermöhl chlorophyll-a, 
chlorophyll-c

24* Villac 
(1990)

M ecology + 
inventory

January-December 
1985; October 1986, 

quali-
quantitative

15 - 1985: monthly, 5 m bottle LM: Utermöhl chlorophyll-a

January, April, July, 
September 1987

3 - 1986/87: every 3 hours 
for 24 hours (spring 

tide); surface, 5, 18 m
25 Villac et al. 

(1991)
J review 

(management)
- - - - - - -

Appendix 1. 
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Publication Focus Sampling  
period

methods Additional 
informationCode Author(s), 

date
Type Approach Sites Sampling Collector Analysis

26* JICA (1993) R ecology 1992 quali-
quantitative

18 surface, bottom bottle LM chlorophyll-a

27* Vallim (1995) M ecology + 
inventory

August 1990 quali-
quantitative

1 every 3 hours for 
24 hours (spring & neap 

tide); surface, bottom

bottle LM: Utermöhl -

28 Barbosa & 
Tenenbaum, 

(1996)

C ecology August 1990 quali-
quantitative

1 every 3 hours for 
24 hours (spring & neap 
tide); surface, 11, 21 m

bottle LM: Utermöhl -

29 Villac et al. 
(1996)

C ecology 1985-1987, 1996 quali-
quantitative

15 - 1985: monthly, 5 m bottle LM: Utermöhl -

1 - 1986/87: every 3 hours 
for 24 hours (spring 

tide); surface, 5, 18 m
1 - 1996: occasional, 

surface
30* Barbosa 

(1997)
U ecology + 

inventory
August 1990 quali-

quantitative
1 every 3 hours for 

24 hours (spring  & neap 
tide); surface, 11, 21 m

bottle LM: Utermöhl -

31 Valentin et al. 
(1997)

C review 
(biogeography)

- - - - - - -

32* Dias et al. 
(1998)

J ecology September 1995 quali-
quantitative

1 every 3 for 12 hours 
(spring tide); surface, 

10, 20 m

bottle LM: Utermöhl ciliates

33 Santos et al. 
(1999a)

C ecology July 1998-July 1999 quali-
quantitative

2 weekly; surface bottle LM + EF: 
Utermöhl

-

34 Santos et al. 
(1999b)

C ecology July 1998-July 1999 quali-
quantitative

2 weekly; surface bottle LM + EF: 
Utermöhl

-

35 Santos 
(1999)

U ecology + 
inventory

July-December 1997, 
July 1998-July 1999 

quali-
quantitative

2 weekly; surface bottle LM + EF: 
Utermöhl;  

biovolume in 
carbon

-

36 Tenenbaum 
et al. (1999)

C ecology July 1998 –January 
1999

quali-
quantitative

2 weekly; surface bottle LM + EF: 
slides, 

Utermöhl 

-

37* Valentin et al. 
(1999a)

J ecology May 1992, June 1992 quali-
quantitative

18 at low & high tides; 
surface

bottle LM chlorophyll-a

38 Valentin et al. 
(1999b)

J review 
(biogeography)

- - - - - - -

39 SECT 
(2000)

R review 
(management)

- - 25 - - - -

40 Villac & 
Tenenbaum 

(2000)

C ecology 1985 quali-
quantitative

15 - 1985: monthly, 5 m net (20 µm), 
bottle

LM: slides, 
Utermöhl. MEV

-

1986-1987 1 - 1986/87: every 3 hours 
for 24 hours (spring 

tide); surface, 5, 18 m
1998-1999 2 - 1998/99: weekly; 

surface
41 Gomes et al. 

(2001a)
C ecology January-December 

2000
quali-

quantitative
2 every 15 days; surface bottle LM + EF: 

Utermöhl 
ciliates

42* Gomes et al. 
(2001b)

C ecology January-December  
2000

quali-
quantitative

2 every 15 days; surface bottle LM + EF: 
Utermöhl

ciliates

43 Santos et al. 
(2001)

C ecology January 
1998-December 2000

quali-
quantitative

2 weekly; surface bottle LM: Utermöhl chlorophyll-a

44 Tenenbaum 
et al. (2001)

J ecology July 1998-January 
1999

quantitative 2 weekly; surface net (20 µm), 
bottle

LM + EF: 
Utermöhl; 

biovolume in 
carbon

-

45 Villac et al. 
(2001)

C taxonomy July 1998-December 
2000

qualitative 2 weekly; surface net (20 µm), 
bottle

LM: slides, 
Utermöhl. 

MEV

-

46* Villac & 
Tenenbaum 

(2001)

C ecology 1985 quali-
quantitative

15 - 1985: monthly, 5 m net (20 µm), 
bottle

LM: slides, 
Utermöhl. 

MEV

-

1986-1987 1 - 1986/87: every 3 hours 
for 24 hours (spring tide); 

surface, 5, 18 m
1998-1999 2 - 1998/99: weekly; 

surface
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Publication Focus Sampling  
period

methods Additional 
informationCode Author(s), 

date
Type Approach Sites Sampling Collector Analysis

47 Gomes et al. 
(2002)

C ecology April, May 2001 quali-
quantitative

1 daily; surface, 30 m bottle LM + EF: 
slides

-

48 Matos et al. 
(2002)

C ecology July 1998-December 
2000

quali-
quantitative

2 - net (20 µm), 
bottle

LM: slides, 
Utermöhl. 

MEV

-

49 Santos & 
Villac (2002)

C ecology July 1998-December 
2000

quali-
quantitative

2 weekly bottle LM: Utermöhl -

50* Santos 
(2002)

M ecology + 
inventory

July 1998-December 
2000

quali-
quantitative

2 weekly; surface net (20 µm), 
bottle

LM + EF: 
Utermöhl, 

biovolume in 
carbon

-

51 Villac et al. 
2002

C ecology July 1998-December 
2000

quali-
quantitative

2 weekly; surface net (20 µm), 
bottle

LM: slides, 
Utermöhl. 

MEV

-

52* Villac et al. 
(2004)

J ecology July 1998-December 
2000

quali-
quantitative

2 weekly; surface net (20 µm), 
bottle

LM: slides, 
Utermöhl. 

MEV

-

53* Lima et al. 
(2006)

C ecology February 2004 quali-
quantitative

1 every 3 hours for 
72 hours; surface, 20 m

bottle LM: Utermöhl -

54 Santos et al. 
(2006)

C ecology January-December 
2000

quali-
quantitative

2 weekly; surface bottle LM + EF: 
slides, 

biovolume in 
carbon

-

55* Lima 
(2007)

M ecology + 
inventory

February 2004 quali-
quantitative

1 every 3 hours for 
72 hours; surface, 20 m

bottle LM + EF: 
Utermöhl 

-

56 Santos et al. 
(2007)

J ecology January-December 
2000

quali-
quantitative

2 weekly; surface bottle LM + EF: 
slides, 

biovolume in 
carbon

-

57 Gomes et al. 
2007

J ecology January-December  
2000

quali-
quantitative

2 weekly; surface bottle LM + EF: 
Utermöhl 

ciliates
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Appendix 2. List of taxa found in Guanabara Bay between 1913 and 2004. The following classification systems were adopted: Round et al. (1990) and 

Hasle & Syvertsen (1997) for diatoms (Bacillariophyta); Fensome et al. (1993) for dinoflagellates (Dinoflagellata); Throndsen (1997) for euglenophyceans, 

prasinophyceans and chlorophyceans (included in Chlorophyta), as well as silicoflagellates (included in Chromophyta); Komárek & Anagnostidis (1989) and 

Anagnostidis & Komárek (1988) for cyanobacteria (Cyanophyta). Two species of the Order Ebriidae (Phylum Sarcomastigophora) are also included in this 

inventory and follow the classification of Lee et al. (1987 in Throndsen 1997).

BACILLARIOPHYTA
Class Coscinodiscophyceae

Order Thalassiosirales
Family Thalassiosiraceae

Thalassiosira decipiens (Grunow) Jorgensen
Thalassiosira cf. gravida Cleve
Thalassiosira cf. hyalina (Grunow) Gran
Thalassiosira leptopus (Grunow in Van Heurck) Hasle & Fryxell
Thalassiosira lineata Jousé
Thalassiosira cf. minuscula Krasske
Thalassiosira rotula Meunier
Thalassiosira subtilis (Ostenfeld) Gran

Family Skeletonemataceae
Skeletonema costatum (Greville) Cleve
Detonula pumilla (Castracane) Gran
Detonula schroederi Bergon

Family Stephanodiscaceae
Cyclotella litoralis Lange & Syvertsen
Cyclotella meneghiniana Kützing
Cyclotella striata Kützing

Family Lauderiaceae
Lauderia annulata Cleve

Order Melosirales
Family Melosiraceae

Melosira borreri Greville
Melosira moniliformis (O. F. Müller) Agardh
Melosira nummuloides Agardh

Family Hyalodiscaceae
Margaritum tenebro (Leuduger-Fortmorel) H. Moreira Filho

Family Stephanopyxidaceae
Stephanopyxis appendicula (Ehrenberg) Ehrenberg
Stephanopyxis apiculata (Ehrenberg) Ehrenberg
Stephanopyxis palmeriana (Greville) Grunow
Stephanopyxis turris (Greville & Arnott) Ralfs

Order Paraliales
Family Paraliaceae

Paralia sulcata (Ehrenberg) Cleve
Order Coscinodiscales

Family Coscinodiscaceae
Coscinodiscus centralis Ehrenberg
Coscinodiscus excentricus Ehrenberg
Coscinodiscus gigas Ehrenberg
Coscinodiscus granii Gough
Coscinodiscus marginatus Ehrenberg
Coscinodiscus nitidus Gregory
Coscinodiscus oculus-iridis Ehrenberg
Coscinodiscus perforatus Ehrenberg
Coscinodiscus perforatus var. pavillardi (Forti) Hustedt
Coscinodiscus radiatus Ehrenberg
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Coscinodiscus radiatus var. media Grunow

Coscinodiscus rothii Grunow

Coscinodiscus vigilans A. Schmidt

Family Hemidiscaceae

Hemidiscus cuneiformis Wallich

Family Heliopeltaceae

Actinoptychus senarius (Ehrenberg) Ehrenberg

Actinoptychus vulgaris Schumann

Order Asteroplamprales

Family Asterolampraceae

Asteromphalus flabellatus (Brébisson) Greville

Order Triceratiales

Family Triceratiaceae

Triceratium favus Ehrenberg

Triceratium reticulum Ehrenberg

Odontella aurita (Lyngbye) Agardh

Odontella mobiliensis (Bailey) Grunow

Odontella obtusa Kützing

Odontella rhombus (Ehrenberg) W. Smith

Odontella sinensis (Greville) Grunow

Cerataulus laevis Ehrenberg

Cerataulus smithii Ralfs ex Pritchard

Family Plagiogrammaceae

Dimeregramma marinum (Gregory) Ralfs

Order Biddulphiales

Family Biddulphiaceae

Biddulphia alternans (Bailey) Van Heurck

Biddulphia biddulphiana (Smith) Boyer

Biddulphia favus (Ehrenberg) H. Van Heurck. 

Biddulphia pulchella Gray

Biddulphia tridens (Ehrenberg) Ehrenberg

Isthmia nervosa Kützing

Isthmia obliquata (Smith) C. Agardh

Trigonium alternans (Bailey) Mann

Order Hemiaulales

Family Hemiaulaceae

Hemiaulus hauckii Grunow

Hemiaulus indicus Karsten

Hemiaulus membranaceus Cleve

Hemiaulus sinensis Cleve

Eucampia cornuta (Cleve) Grunow

Eucampia zodiacus Ehrenberg

Climacodium biconcavum Cleve 

Climacodium frauenfeldianum Grunow

Cerataulina bicornis (Ehrenberg) Hasle

Cerataulina pelagica (Cleve) Hendey

Order Lithodesmiales

Family Lithodesmiaceae

Lithodesmiun undulatum Ehrenberg

Ditylum brightwellii (T. West) Grunow

Helicotheca tamensis (Shrubsole) Ricard 
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Order Corethrales

Family Corethraceae

Corethron pennatum (Grunow) Ostenfeld

Order Rhizosoleniales

Family Rhizosoleniaceae

Dactyliosolen fragilissimus (Bergon) Hasle

Dactyliosolen phuketensis (Sundström) Hasle

Guinardia cylindrus (Cleve) Hasle

Guinardia delicatula (Cleve) Hasle

Guinardia flaccida (Castracane) H. Peragallo

Guinardia striata (Stolterfoth) Hasle

Neocalyptrella robusta (Norman ex Ralfs) Hernández-Becerril & Meave del Castillo 

Proboscia alata (Brightwell) Sundström

Proboscia indica (Peragallo) Hernández-Becerril

Pseudosolenia calcar-avis (Schultze) Sundström

Rhizosolenia acuminata (H. Peragallo) H. Peragallo in H. & M. Peragallo

Rhizosolenia americana Ehrenberg

Rhizosolenia amputata Ostenfeld 

Rhizosolenia annulata Karstein

Rhizosolenia debyana H. Peragallo

Rhizosolenia hebetata Bailey

Rhizosolenia hebetata f. semispina (Hensen) Gran

Rhizosolenia hyalina Ostenfeld in Ostenfeld & Schmidt

Rhizosolenia imbricata Brigthwell

Rhizosolenia pungens Cleve-Euler

Rhizosolenia rhombus Karsten

Rhizosolenia setigera Brightwell

Rhizosolenia shrubsolei Cleve

Rhizosolenia cf. simplex Karsten

Rhizosolenia styliformis Brightwell

Order Chaetocerotales

Family Chaetocerotaceae

Bacteriastrum delicatulum Cleve

Bacteriastrum furcatum Shadbolt

Bacteriastrum hyalinum Lauder

Chaetoceros affinis Lauder

Chaetoceros brevis Schütt

Chaetoceros cf. ceratosporus Ostenfeld

Chaetoceros coarctatus Lauder

Chaetoceros compressus Lauder

Chaetoceros contortum Shuett

Chaetoceros costatus Pavillard

Chaetoceros curvisetus Cleve

Chaetoceros danicus Cleve

Chaetoceros decipiens Cleve

Chaetoceros didymus var. anglica (Grunow) Gran

Chaetoceros didymus var. didymus Ehrenberg

Chaetoceros didymus var. genuina Gran

Chaetoceros laciniosus Schütt

Chaetoceros laevis Leuduger & Fortmorel

Chaetoceros lorenzianus Grunow

Chaetoceros pelagicum Cleve 
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Chaetoceros peruvianus Brightwell

Chaetoceros pseudocurvisetus Mangin

Chaetoceros schmidtii Ostenfeld

Chaetoceros schuetii Cleve

Chaetoceros similis Cleve

Chaetoceros simplex Ostenfeld

Chaetoceros teres Cleve

Family Attheyaceae

Attheya septentrionalis (Østrup) Crawford

Order Leptocylindrales

Family Leptocylindraceae

Leptocylindrus danicus Cleve

Leptocylindrus mediterraneus (H. Peragallo) Hasle

Leptocylindrus minimus Gran

Class Fragilariophyceae

Order Fragilariales

Family Fragilariaceae

Asterionellopsis glacialis (Castracane) Round

Synedra tabulata var. acuminata (Agardh) Kutzing 

Order Licmophorales

Family Licmophoraceae

Licmophora lyngbyei (Kutzing) Grunow ex Van Heurck

Order Rhaphoneidales

Family Rhaphoneidaceae

Delphineis surirella (Ehrenberg) Andrews

Rhaphoneis cf. nitida (Gregory) Grunow

Order Thalassionemataceae

Family Thalassionemataceae

Thalassionema bacillare (Heinden in Heinden & Kolbe) Kolbe

Thalassionema frauenfeldii (Grunow) Hallegraeff

Thalassionema nitzschioides (Grunow) Mereschkowsky

Thalassiotrix gibberula Hasle

Thalassiotrix cf. longissima  Cleve & Gronow

Lioloma pacificum (Cupp) Hasle

Family Rhabdonematales

Rhabdonema adriaticum Kützing

Order Striatellales

Family Striatellaceae

Grammatophora marina (Lyngbye) Kützing

Grammatophora oceanica (Ehrenberg) Grunow

Class Bacillariophyceae

Order Lyrellales

Family Lyrellaceae

Lyrella atlantica (Schmidt) Mann

Lyrella clavata (Gregory) Mann

Lyrella lyra (Ehrenberg) Karajeva

Order Cymbellales

Family Anomoeoneidaceae

Staurophora cf. elata (Hustedt ex Simonsen) Mann

Order Achnanthales

Family Achnanthaceae

Achnantes taeniata Grunow
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Family Cocconeidaceae

Cocconeis disrupta var. flexella (Jan & Rabh) Grunow

Cocconeis cf. disruptoides Hustedt

Cocconeis cf. distans Gregory

Cocconeis cf. grata Schmidt

Cocconeis cf. lyra Schmidt

Cocconeis cf. nummularia (Greville) Peragallo

Cocconeis scutellum Ehrenberg

Order Naviculales

Family Diploneidaceae

Diploneis cf. bombus Ehrenberg

Diploneis bombus var. bombiformis (Cleve) Hustedt

Diploneis didyma Ehrenberg

Diploneis cf. suborbicularis (Gregory) Cleve

Family Naviculaceae

Navicula distans (W. Smith) Ralfs in Pritchard

Navicula cf. peregrina (Ehrenberg) Kutzing

Navicula punctata var. coarctata Grunow

Navicula punctata var. elongata Hassall

Navicula cf. socialis Gregory

Navicula spathula Brébisson ex W.Smith

Navicula spathula var. hyalina  (Gregory) Grunow

Navicula transitrans var. derasa f. delicatula Heimdal

Navicula cf. triblionella var. levidensis (W. Smith) Grunow

Haslea wawrikae (Hustedt) Simonsen

Haslea cf. trompii (Cleve) Simonsen

Family Pleurosigmataceae

Pleurosigma acuminatum (Kützing) Grunow

Pleurosigma cf. diverse-striatum Meister

Pleurosigma elongatum W. Smith

Pleurosigma naviculaceum Brébisson

Pleurosigma normanii Ralfs in Pritchard

Gyrosigma balticum (Ehrenberg) Rabenhorst

Gyrosigma fasciola (Ehrenberg) Griffith & Henfrey

Family Plagiotropidaceae

Plagiotropis lepidoptera (Gregory) Kuntze

Order Thalassiophysales

Family Catenulaceae

Amphora acuta Gregory

Amphora cf. angusta Gregory

Amphora exigua Gregory

Amphora cf. fluminensis Grunow

Amphora marina (Castracane) Desikachary & Prema

Order Bacillariales

Family Bacillariaceae

Bacillaria paxillifera (O. F. Müller) Hendey

Ceratoneis closterium Ehrenberg

Fragilariopsis doliolus (Wallich) Medlin & Sims

Nitzschia constricta (Gregory) Grunow

Nitzschia longissima (Brébisson in Kützing) Ralfs in Pritchard

Nitzschia sigma (Kützing) W. Smith

Nitzschia lorenziana var. subtilis Grunow
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Nitzschia sigma (Kützing) W. Smith

Psammodictyon panduriforme (Gregory) Mann

Pseudo-nitzschia brasiliana Lundholm, Hasle & GA Fryxell 

Pseudo-nitzschia cuspidata (Hasle) Hasle

Pseudo-nitzschia delicatissima (Cleve) Heiden

Pseudo-nitzschia fraudulenta (Cleve) Hasle

Pseudo-nitzschia multistriata Takano

Pseudo-nitzschia pungens (Grunow ex Cleve) Hasle

DINOFLAGELLATA

Class Dinophyceae

Order Gymnodiniales

Family Gymnodiniaceae

Amphidinium crassum Lohmann

Akashiwo sanguinea (K. Hirasaka) G. Hansen & Ø. Moestrup 

Order Gonyaulacales

Family incerta

Peridiniella catenata (Levander) Balech

Family Gonyaulacaceae

Gonyaulax digitale (Pouchet)

Gonyaulax verior Sournia

Schuttiella mitra (Schuett) Balech

Family Ceratocoryaceae

Ceratocorys horrida Stein

Family Ceratiaceae

Neoceratium belone (Cleve) F.Gómez, D.Moreira & P. López-García

Neoceratium candelabrum var. dilatatum (Gourret) F.Gómez, D.Moreira & P. López-García

Neoceratium extensum (Gourret) F.Gómez, D.Moreira & P. López-García

Neoceratium falcatum (Kofoid) F.Gómez, D.Moreira & P. López-García

Neoceratium furca (Ehrenberg) F.Gómez, D.Moreira & P. López-García

Neoceratium furca var. eugramma (Ehrenberg) F.Gómez, D.Moreira & P. López-García

Neoceratium fusus (Ehrenberg) F.Gómez, D.Moreira & P. López-García

Neoceratium gibberum (Gourret) F.Gómez, D.Moreira & P. López-García

Neoceratium hircus (Schröder) F.Gómez, D.Moreira & P. López-García

Neoceratium incisum (Karsten) F.Gómez, D.Moreira & P. López-García

Neoceratium karsteni var. robusta (Karsten) F.Gómez, D.Moreira & P. López-García

Neoceratium lunula (Schimper) F.Gómez, D.Moreira & P. López-García

Neoceratium cf. macroceros (Ehrenberg) F.Gómez, D.Moreira & P. López-García

Neoceratium massiliensis (Gourret) F.Gómez, D.Moreira & P. López-García

Neoceratium penatum (Kofoid) F.Gómez, D.Moreira & P. López-García

Neoceratium pulchellum (Schroeder) F.Gómez, D.Moreira & P. López-García

Neoceratium reticulatum (Pouchet) F.Gómez, D.Moreira & P. López-García

Neoceratium setaceum (Jörgensen) F.Gómez, D.Moreira & P. López-García

Neoceratium cf. trichoceros (Ehrenberg) F.Gómez, D.Moreira et P. López-García

Neoceratium tripos (Muller) F.Gómez, D.Moreira et P. López-García

Neoceratium vultur (Cleve) F.Gómez, D.Moreira et P. López-García

Family Goniodomaceae

Alexandrium cf. catenella (Whedon and Kofoid) Balech

Alexandrium fraterculus (Balech) Balech

Goniodoma polyedricum (Pouchet)

Pyrophacus horologium Stein

Family Pyrocystaceae

Pyrocystis cf. fusiformis W. Thomson ex Murray
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Pyrocystis lunula (Schütt) Schütt

Pyrocystis noctiluca Murray ex Heckel

Order Peridiniales

Family Podolampaceae

Podolampas bipes Stein

Podolampas palmipes Stein

Family Peridiniaceae

Scrippsiella trochoidea (Stein) Loeblich III

Family Congruetidiaceae

Diplopsalis lenticula Bergh

Protoperidinium cf. bipes (Paulsen) Balech

Protoperidinium conicum (Gran) Balech

Protoperidinium depressum (Bailey) Balech

Protoperidinium divergens (Ehrenberg) Balech

Protoperidinium granii (Ostenfeld) Balech

Protoperidinium humile Schiller

Protoperidinium cf. leonis (Pavillard) Balech

Protoperidinium minutum (Kofoid) Loeblich II

Protoperidinium cf. oblongum (Cleve) Balech

Protoperidinium obtusum (Karsten) Balech

Protoperidinium oceanicum (VanHöffen) Balech

Protoperidinium oceanicum var. oblongum Aurivillius

Protoperidinium ovatum Pouchet

Protoperidinium pallidum (Ostenfeld) Balech

Protoperidinium cf. parviventer Balech

Protoperidinium pellucidum (Bergh) Schütt

Protoperidinium pentagonum (Gran) Balech

Protoperidinium punctulatum (Paulsen) Balech

Protoperidinium pyriforme (Paulsen) Balech

Protoperidinium schuetti Halim

Protoperidinium steinii (Jorgensen) Balech

Family Heterocapsaceae

Heterocapsa niei (Loeblich III) Moril & Loeblich III

Order incertae sedis

Family Oxytoxaceae

Oxytoxum cristatum Kofoid

Oxytoxum gracile Schiller

Oxytoxum reticulatum (Stein) Buetschii

Oxytoxum scolopax Stein

Oxytoxum spectrum Stein

Oxytoxum tesselatum (Stein) Loeblich Jr. & Loeblich III 

Oxytoxum variabile Schiller

Order Dinophysiales

Family Dinophysiaceae

Dinophysis acuminata Claparède & Lachmann

Dinophysis cf. acuta Ehrenberg

Dinophysis caudata Saville-Kent

Dinophysis homunculus Stein

Dinophysis homunculus var. tripos Gourret

Dinophysis ovum Schuett

Histioneis highleii Murray & Witting

Ornithocercus magnificus Stein
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Ornithocercus serratus Kofoid

Phalacroma cf. ovum Schütt

Family Oxyphysiaceae

Oxyphysis oxytoxoides Kofoid

Order Prorocentrales

Family Prorocentraceae

Prorocentrum compressum (Bailey) Abé ex Dodge

Prorocentrum balticum (Lohman) Loeblich

Prorocentrum emarginatum Fukyuo

Prorocentrum gracile Schütt

Prorocentrum micans Ehrenberg

Prorocentrum minimum (Pavillard) Schiller

Prorocentrum rostratum Stein

Prorocentrum scutellum Schroeder

Prorocentrum sphaeroideum Schiller

Prorocentrum triestinum Schiller

Order Noctilucales

Family Noctilucaceae

Noctiluca scintilans (Macartney) Kofoid & Swezy

CHROMOPHYTA

Class Dictyochophyceae

Order Dictyochales

Family Dictyochaceae

Dictyocha fibula Ehrenberg

CHLOROPHYTA

Class Euglenophyceae

Order Euglenales

Family Eutreptiaceae

Eutreptia cf. ascusformis Schiller 

Eutreptia lanowii Steur

Eutreptiella cf. cornubiense Butcher

Eutreptiella gymnastica Throndsen

Eutreptiella marina da Cunha 

Class Prasinophyceae

Order Chlorodendrales

Family Chlorodendraceae

Tetraselmis gracilis (Kylin) Butcher 

Class Chlorophyceae

Order Volvocales

Family Chlamydomonadaceae

Chlamydomonas reinhardi Dangeard

CYANOPHYTA

Class Cyanophyceae

Order Oscillatoriales

Family Oscillatoriaceae

Oscillatoria chlorina Kutzing

Oscillatoria limnetica Lemmermann

Oscillatoria limosa Agardh

Oscillatoria neglecta De Toni

Oscillatoria putrida Schmidle

Oscillatoria quadripuctulata var. unigranulata Singh

Appendix 2. Continued...
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Family Phormidiaceae

Trichodesmium erythraeum Ehrenberg

Trichodesmium thiebautii Gomont

Order Nostocales

Family Nostocaceae

Richelia intracellularis Schmidt

SARCOMASTIGOPHORA

Class Zoomastigophorea

Order Ebriida

Family Ebriidade

Ebria tripartita (Schumann) Lemmermann

Family Ebriopsidae

Hermesinum adriaticum Zacharias
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