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Abstract

Cyanobacteria carry out processes essential to sustaining life on Earth, such as oxygenic photosynthesis and
nitrogen fixation. However, the excessive growth of their populations due to eutrophication and global warming
can cause serious problems for the environment and humans. Because of the importance of quickly monitoring
information about these organisms, digital tools such as Google Trends (GT), which monitors and stores all search
history, are very useful. This study was conducted to investigate the temporal and seasonal patterns of searches
for cyanobacteria using search data stored by GT. For this purpose, 10 countries with access to the Google platform
were selected, searches were filtered by the term “cyanobacteria” in english and official languages, and the data
collected covers the period from 2004 to September 2021. Most of the selected countries showed temporal search
patterns in terms of interest in cyanobacteria regardless of language, with Brazil, Canada, India and Mexico standing
out. In terms of seasonality, the flow of research between countries in tropical regions is associated with the drier
seasons, such as spring and fall. For countries in temperate regions, this flow occurs during the seasons when the
temperature rises. The relationships of interest in online research may change as other topics become relevant,
but this can be reversed if these relevant points are identified and excluded.
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Resumo

As cianobactérias realizam processos essenciais para a manutencao da vida na Terra, como a fotossintese oxigenada
e a fixagdo de nitrogénio. No entanto, o crescimento excessivo de suas populacdes devido a eutrofizagdo e ao
aquecimento global pode causar sérios problemas ao meio ambiente e aos seres humanos. Devido a importancia
de monitorar rapidamente informagdes sobre esses organismos, ferramentas digitais como o Google Trends (GT),
que monitora e armazena todo o histérico de buscas, sio muito tteis. Este estudo foi realizado com o objetivo de
investigar os padroes temporais e sazonais das pesquisas sobre cianobactérias utilizando os dados de pesquisa
armazenados pelo GT. Para o efeito, foram selecionados 10 paises com acesso a plataforma Google, as pesquisas
foram filtradas pelo termo “cyanobacteria” em inglés e nas linguas oficiais, e os dados recolhidos abrangem o
periodo de 2004 a setembro de 2021. A maioria dos paises selecionados apresentou padrdes temporais de pesquisa
em termos de interesse em cianobactérias independentemente da lingua, destacando-se o Brasil, Canada, India
e México. Em termos de sazonalidade, o fluxo de pesquisas entre paises de regides tropicais esta associado as
estacOes mais secas, como a primavera e o outono. Para os paises de regides temperadas, esse fluxo ocorre durante
as estacdes em que a temperatura aumenta. As relagdes de interesse na investigacdo em linha podem mudar a
medida que outros tépicos se tornam relevantes, mas esta situagao pode ser invertida se esses pontos relevantes
forem identificados e excluidos.

Palavras-chave: floracdo, algas verdes azuis, pesquisa online, culturomics, varia¢do temporal.

1. Introduction

Cyanobacteria play important roles in the environment,
including oxygenic photosynthesis and biological nitrogen
fixation (BNF) (Vitousek et al., 2013; Chorus and Welker,
2021). However, due to their microscopic size, these
microorganisms often go unnoticed as providers of
important ecosystem services, thereby limiting the available

knowledge about them to the scientific community. In
scientific research, BNF is widely studied in symbiotic
associations between cyanobacteria and other organisms,
such as aquatic macrophytes, and generally in applications
toirrigated cereal crops as a form of fertilization to increase
production (Newton and Burgess, 1983; Elmerich and
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Newton, 2007; De Reviers, 2006). The presence of research
on cyanobacteria in different regions of the planet can be
explained by the ability of cyanobacteria to adapt to different
environmental conditions (De Reviers, 2006; Genuadrio et al.,
2019). These organisms have been documented in a wide
array of habitats, including glaciers, desert environments,
hot springs with temperatures ranging from 50°C to 70°C,
and both pure and salt-saturated aquatic environments (De
Reviers, 2006; Rosso and Giannuzzi, 2011).

The scientific community has demonstrated a keen
interest in the ecological and environmental ramifications
of cyanobacteria, including their excessive growth
(Wang et al., 2022; Hallegraeff, 2024). This phenomenon,
referred to as a “bloom,” has the potential to inflict harm on
aquatic environments, primarily through the obstruction
of light penetration into the water column and the
production of toxins by these organisms (Dismukes et al.,
2001; Elmerich and Newton, 2007; O'Neil et al., 2012).
This phenomenon, characterized by the uncontrolled
proliferation of cyanobacteria, is discernible to the naked
eye and has been documented in both natural aquatic
environments and drinking water supply wells (Jia et al.,
2019; Zhang et al., 2022). This phenomenon has garnered
public curiosity. The manipulation of hydrological regimes
can lead to the formation of water layers with different
temperatures that favor the proliferation of cyanobacteria
and, consequently, the occurrence of algal blooms, with
negative impacts on water quality and aquatic ecosystems
(Mitrovic et al., 2011; Gonzalez-Piana et al., 2018;
Ostrovsky et al., 2020). Another more common way for
the population to access cyanobacteria is the availability
of products on the market, with specific groups such as
the genus Spirulina in the production of supplements and
in the fight against toxicity caused by toxin-producing
species (Ferrdo Filho, 2009; Bellém et al., 2013). These
are also accessible ways that can stimulate the interest of
the general population in these organisms (Yunes, 2019).

The advent of the Internet as the prevailing medium of
communication has concomitantly given rise to a marked
increase in the pursuit of knowledge and information on
research platforms, which have emerged as the expeditious
conduit for the general population to access information
(Stocker et al., 2023; Le et al., 2023). The evolution of
Internet access from 2000 to 2021 reflects significant
advances and disparities influenced by several factors,
including technological developments, demographic
changes, and the impact of the pandemic caused by
the severe acute respiratory syndrome (Covid-19) virus
(Campens et al., 2024; Stocker et al., 2023).

This period has seen a significant increase in Internet
use, especially among older demographics and in response
to global crises, thereby highlighting both progress and
ongoing inequalities (Campens et al., 2024; OECD, 2024).
Among the search platforms available, Google is the
most accessed in the world, as it is free to access and
the information is widely available (Ripberger, 2011;
Cappellozza and Moraes, 2014). To this end, Google
launched the Google Trends (GT) tool in 2006, which
provides an index of searches carried out on Google
according to time, region, and search volume (Choi et al.,
2018; Google Trends, 2021).
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Given the ecological and economic significance of the
ecosystem services provided by cyanobacteria and the
pervasiveness of Google as a search engine, the objective
of this study was to examine the temporal and seasonal
patterns of searches for cyanobacteria using data stored
by GT. The following research questions were addressed:
(I) Does public interest in cyanobacteria vary on an annual
basis? and (II) Can cyanobacteria research be influenced
by the seasons?

2. Materials and Methods

2.1. Data collection

The data were collected on the GT platform (https://
trends.google.com.br) by searching for the term of interest
in the period from 2004 to September 2021 (18 years), the
maximum period of data made available by the tool until
the date of collection. Searches were filtered among ten
countries (Brazil, Australia, United States, Japan, Russia,
Argentina, Mexico, Canada, Portugal, and India) of different
languages, selected due to the search relationship within
the platform.

The GT data were evaluated from 0 to 100 points (100
being a peak of high popularity, 50 points of average
popularity and 0 points of low popularity), providing four
search sessions (Region, Time, Category and Web Search). To
standardize the search, only the “region” and “time” sections
were specified, following the line of research proposed for
this study. The language search was separated in two ways.
First, for each country, a search was performed for the term
“cyanobacteria” in their respective official languages to
recognize the pattern of interest in terms of the general
population of the countries (Table 1). However, based on
the assumption that cyanobacteria are organisms that are
not part of the daily knowledge of the general population,
a search was also performed for each country for the term
“cyanobacteria”. This second search was chosen in order
to try to identify research related to the term in academic
environments, since english is the most used language
in these environments. It was recognized that the terms
“cyanobacteria” and “cyanobacteria” differ from each other
only in Portuguese. Thus, the term “cyanobacteria” could
produce results that positively affected the evaluation of
interest due to the relativization of the data because it
broadly covered the researched group and, according to
GT, contained more research information, thus allowing
us to answer the objectives proposed in this study.

After collection, the data were separated into two
spreadsheets, one for data collected with the term in the
official language of the countries and another for data
collected with the term in english. Both the United States
of America (USA) and Australia already have english as
their official language. Thus, for both, the results were
unique, and a subsequent collection with the term in
english was not necessary.

2.2. Data analysis

To ascertain whether the relative interest in the search
term differed across the evaluated years, a generalized
linear model (GLM) was executed for each nation and
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Table 1. Identification and standardization of the term cyanobacteria
in the official languages of each country.

OFFICIAL

COUNTRY LANGUAGE TERM
Argentina (ARG) Spanish Cianobacterias
Australia (AUS) English Cyanobacteria
Brazil (BRA) Portuguese Cianobactérias

French Cyanobactéries
Canada (CAN) . .
English Cyanobacteria
United States (EUA) English Cyanobacteria
Hindi BIERIEEENE]
India (IND) . .
English Cyanobacteria
Japan (JAP) Japanese ST/ INGTIT
Mexico (MEX) Spanish Cianobacterias
Portugal (POR) Portuguese Cianobactérias
Russia (RUS) Russian LmaHobakTepum

Source: From the author (2021).

for each search term (official language and english
term). Additionally, a GLM was implemented to ascertain
whether there was a discrepancy in searches for the term
“cyanobacteria” (in both English and the official language)
across the four seasons for each country. Subsequently,
the Tukey test was performed to verify paired differences.
The analyses were performed using the Systat © and
Minitab © software.

3. Results

3.1. Annual relative interest

From January 2004 to September 2021, a total of 2,130
monthly data points were collected for the annual relative
interest of the term in the official language across ten
countries, and 1,704 data points were recorded for the
interest of the term in the english language. In the survey
conducted to ascertain the relative interest of the term as
a function of the season, an equal number of data points
were collected for the term in both the official language
and english, totaling 7,668 data points throughout the
sampling period. The observed difference in data between
searches using the term in english and the official language
was explained by the fact that Australia and the USA have
english as their official language.

A comprehensive analysis of annual fluctuations in the
relative interest in the term in english revealed significant
variations in Brazil, Canada, India, Japan and Mexico.
Specifically, Brazil exhibited a substantial number of
searches between 2004 and 2006, followed by a notable
decline in 2007, with a sustained low level in subsequent
years (r?=0.36; F=9.09; p = 0.008; Figure 1A). In Canada,
the volume of research remained high but showed a gradual
decline from 2005 to 2020, with a further reduction in
2021 (r? = 0.58; F = 22.04; p < 0.01; Figure 1B). Research
in India demonstrated a consistent high level in 2004 and
2005, followed by a decline from 2007 to 2013 and the
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subsequent maintenance of a constant level. However,
in 2019, a further increase was observed (r? = 0.44; F =
12.88; p=0.002; Figure 1C).Japan demonstrated a gradual
oscillation in the decrease of interest rates over time, with
peaks of increase in 2004, 2009, and 2018 (r?> = 0.41; F
= 11.15; p = 0.004; Figure 1D). A comparable trend was
observed in Mexico, characterized by a decline commencing
in 2005 and persisting until 2016, followed by an uptick
between 2017 and 2019, and then a subsequent decline (12
=0.29; F=6.81; p=0.02; Figure 1E). In contrast, the other
countries—namely Argentina (r?=0.18; F=3.59; p=0.07),
Portugal (r>=0.17; F=3.37; p=0.08), and Russia (r?=0.10;
F = 1.89; p = 0.18) maintained constant interest data for
the english term, without showing an annual difference.

In the USA, the interest related to the term remained
consistent over the years (r? = 0.054; F = 0.90; p = 0.35).
In contrast, the analysis of interest in Australia revealed
an annual discrepancy in relation to the search for the
term (r? = 0.68; F = 34.86; p < 0.01; Figure 1F). The search
frequency exhibited a heightened trend between 2004 and
2005, followed by a decline until 2010 and a subsequent
steady trend from 2012.

An analysis of the survey data pertaining to the official
language of each nation revealed an annual fluctuation
of interest relative to the search term in Brazil, Canada,
India, Mexico, and Portugal. In the case of Brazil, this
annual fluctuation can be attributed to an initial surge in
studies until 2005, followed by a decline until 2013, and
subsequently, a period of stability (r> = 0.71; F = 40.57; p
< 0.01; Figure 2A). In Canada, a high number of studies
was observed, which fluctuated until 2009, followed by a
decrease in interest and becoming constant in subsequent
years (r? = 0.63; F = 27.87; p < 0.01; Figure 2B). The data
obtained from India demonstrated a modest interest in
the term from 2004 to 2017, subsequently followed by a
substantial increase during the subsequent years (r>=0.52;
F=17.26; p=0.001; Figure 2C). The annual discrepancy in
Mexico can be attributed to an elevated number of studies
during the initial years, followed by a decline from 2010
to 2015 and a subsequent maintenance of the figure in
subsequent years (1= 0.57; F=21.88; p <0.01; Figure 2D).
Portugal exhibited a substantial decline in searches between
2004 and 2005, followed by a surge in interest between
2006 and 2010. However, this was subsequently followed
by a decline until 2012, after which a period of stability in
searches ensued (r?=0.53; F=18.36; p = 0.001; Figure 2E).
In the other countries, Argentina (r> = 0.01; F=0.16; p =
0.69), Japan (r? = 0.003; F = 0.04; p = 0.83), and Russia (r?
=0.005; F=0.07; p = 0.79) demonstrated no discernible
change in the search for the term over the years.

3.2. Relative interest by season

The analyses conducted to ascertain the relative
interest in the term “cyanobacteria” (and its equivalents
in the official language of each country) across the
various seasons of the year revealed that searches were
influenced by seasonality in certain countries, while in
others, this influence was absent. For both the United
States and Australia, the search patterns for the term in
question exhibited variation across the seasons. In the
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Figure 1. Annual interest in the search term “cyanobacteria”, from 2004 to 2021; (A) Brazil; (B) Canada: (C) India; (D) Japan; (E) Mexico;

(F) Australia.

United States (r? = 45.95; F = 22.80; p < 0.01; Figure 3A),
the seasonal difference was found in the lower number of
studies conducted in summer compared to spring (T =-7,
09; p<0.01),autumn (T=-6.74; p<0.01), and winter (T =
-6.35; p<0.01).In Australia (r?=18.27; F=6.29; p=0.001;
Figure 3B), a greater number of searches was observed
in winter and a reduced number in the warmer seasons,
spring (T = -3.45; p = 0.005) and summer (T = -3.65; p =
0.003), with no significant difference from autumn (T =
-1.21; p=0.622).

4

With regard to searches conducted using the term in
english, searches performed solely in Canada (in addition
to those in the USA and Australia previously mentioned)
varied across the seasons (r? = 8.61; F = 3.23; p = 0.028;
Figure 3C). These searches were higher in autumn and
lower in summer (T =-2.99; p = 0.020), and did not differ
between spring (T=-1.70; p=0.331) and winter (T = 2.24;
p = 0.122). The findings of the study demonstrated that
there was no significant difference in search interest for
the term in english and the seasons, as evidenced by the
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Figure 2. List of annual interest in searching for the term in the official languages from 2004 to 2021; (A) Brazil; (B) Canada: (C) India;

(D) Mexico; (E) Portugal.

data from Argentina (r? = 0; F = 0.15; p = 0.930), Brazil (r?
=0; F=0.85; p=0.470), India (r? = 0; F=0.77; p = 0.513),
Japan (r? = 0; F = 0.09; p = 0.963), and Mexico (r? = 3.98;
F=1.98; p =0.125), Portugal (r> = 0; F = 0.82; p = 0.487),
Russia (r? = 1.10; F = 1.26; p = 0.294).

A comparative analysis of search trends for terms
denoting the official languages of various countries across
different seasons was conducted. The findings revealed a
distinct pattern in search activity for Brazil, Canada, and
Mexico. In contrast, Argentina (r>=0; F=0.30; p=0.827),

Brazilian Journal of Biology, 2025, vol. 85, e290864

India (r>=0; F=0.59; p=0.623), Japan (r?=0; F=0.93; p
=0.431), Portugal (r? = 0; F = 0.86; p = 0.466), and Russia
(r2=1.35; F=1.32; p = 0.274) did not show differences in
searches between the seasons.

In Brazil, the variation in research interest concerning
the term between seasons was observed in autumn (r? =
17.77; F=6.11; p = 0.001; Figure 3D) due to a heightened
average level of interest when contrasting autumn with
winter (T =2.98; p = 0.021), spring (T = -3.83; p = 0.002),
and summer (T = -3.48; p = 0.005). In Canada, a marked
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seasonal difference was observed in search trends, with a
heightened search activity during the spring months relative
to winter (12 = 18.85; F = 6.50; p = 0.001; Figure 3E). This
heightened activity was further pronounced in the summer
months compared to the autumn (T=3.35; p=0.007) and
winter (T = 3.79; p = 0.002). In Mexico (18.59; F=6.41; p
=0.001; Figure 3F), a discernible seasonal fluctuation in
search activity was observed, with a decline in interest
during the summer months relative to the spring (T =
-4.29; p<0.01)and autumn (T =-2.92; p=0.024) periods.

4. Discussion

The GT delineates the relativity and constancy of
the search by means of an analysis of user behavior
utilizing a designated term. It is noteworthy that the data
disseminated by the platform may have been influenced
by factors such as internet access levels, the relativity of
the search term, and the interplay between the region
and the language of the search. The findings reveal that
the trend of relative interest in the term “cyanobacteria”
(in both english and the official language of the country)
is sensitive to the data provided by the GT platform, as
evidenced by the accumulation of research related to
cyanobacteria in 2004. This is likely attributable to the

6/11

platform’s launch in 2006, which does not preclude the
possibility of data migration from previous years (as
indicated by GT directories). A notable observation in the
data s the low rate of research on cyanobacteria between
2020 and 2021, a period coinciding with the pandemic.
The initial phase of the pandemic, which commenced in
2020, elicited widespread concern and mobilized the global
population. This heightened awareness led to a substantial
surge in research interest concerning the topic of COVD-19
(Xavier et al., 2020), thereby subsequently diminishing
interest in the field of cyanobacteria.

A 1999 UN Human Development Report on a new
media landscape revealed that less than 7% of the world’s
population was connected to the internet (Portcom,
2001). According to a study conducted by Knime Analytics
Platform (2020), there was an intention to increase internet
access with more than 1 billion users worldwide by 2005,
corroborating the high rate of data in the same period
as mentioned above. Queiroz et al. (2021) posit that
the constancy of interest in a given term can vary over
time according to the percentage of the population with
Internet access. Exposure to the subject in the media and
on social networks has also been shown to trigger mutual
interest, thereby increasing the number of studies on the
topic (Vardaka and Kormas, 2020; Moreira et al., 2022). A
further salient consideration pertains to the industrial and

Brazilian Journal of Biology, 2025, vol. 85, e290864



economic disparities among nations, with Europe exhibiting
the highest access rates, while Africa and certain regions of
Central Asia demonstrate considerable lag, with numerous
countries exhibiting access rates below 10% (Wang and Lin,
2024). A similar outcome was observed in the research
conducted by Wang and Lin (2024), who found that certain
countries with diverse industrial development trajectories,
including Brazil, Mexico, Portugal, and Canada, where
French is the official language, exhibited comparable results.
This observation suggests that research on cyanobacteria,
despite its sporadic nature, remained pertinent during the
specified period. Pratama and Alshaikh (2012) corroborate
this assertion, asserting that between 2000 and 2010, the
disparity between developed and developing nations
persisted, with developed countries experiencing faster
growth in Internet access.

The term “cyanobacteria” exhibited varied patterns
across the five countries, with three of them not utilizing
english as their primary language. According to Hamel
(2013), the use of english for academic purposes is on
the rise. Today, a growing number of researchers are
publishing studies in english instead of their native
language. This phenomenon is part of a broader global
educational and research process, which has led to the
establishment of exchange scholarships for scientists
and academics (Hamel, 2013). As the globalized world
becomes increasingly interconnected, it is essential to
have a fundamental understanding of the lingua franca
(LFA) (Vavrus and Pekol, 2015). However, it has been
observed that studies conducted in english may not fully
reflect academic research. Given that academic searches
are typically conducted on designated platforms and
databases, such as Web of Science, the interest in the
term “cyanobacteria” may also be indicative of general
population searches.

Brazil, India, Mexico, and Japan are countries where
english is used in academia, driven by globalization and
the job market’s emphasis on intercultural experiences
(Gualda and Silva, 2019). In Brazil, the english language
has seen significant advancements since 2000, marked by
substantial developments in educational policies, teaching
methodologies, and the integration of english in higher
education (Cogo et al., 2024). This evolution is indicative of a
mounting cognizance of english as a pivotal instrument for
academic and professional accomplishment, giving rise to
numerous initiatives that are focused on enhancing english
proficiency among Brazilian students (Monteiro, 2001;
Finardi et al., 2016). India has witnessed consistent growth
since 2019, a trend that is evidenced by the expansion of
internet access (Roser et al., 2020) and the substantial
increase in rice cultivation, which surged by 142% between
2014 and 2015 (Samal, 2024; Gupta, 2024). As chemical
fertilizers become increasingly costly, India has begun to
explore cyanobacterial fertilizers as a cost-effective and
environmentally sustainable alternative for grain cultivation
(Gonzalez, 2003; Cortes et al., 2018; Bhooshan et al.,
2020). Concurrently, Mexico has witnessed an escalation
in ecological research, underscoring the pressing need to
address the deleterious effects of toxic cyanobacteria and
devise effective monitoring and management strategies.
This imperative is further compounded by the need to assess
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the environmental conditions conducive to the proliferation
of these cyanobacteria and their potential ramifications for
water quality and public health (Tomasini-Ortiz et al., 2012;
Cartajena Alcantara et al., 2020). This surge in interest can
be attributed to the substantial growth in the population
with internet access, particularly in 2017 and 2019, which
is concomitant with the increase in research studies during
this period (Roser et al., 2020). Despite the influence
of the initial period of data accumulation in this study,
Japan continued to exhibit a high rate of english language
searches for the term in subsequent years. The study of
cyanobacteria in Japan has led to significant advancements
in taxonomy, ecological dynamics, and biotechnological
applications (Tuji and Niiyama, 2012; Nuryadi et al., 2024).
According to Strunecky et al. (2022), between 2014 and
2021, at least 273 new species of cyanobacteria were
described in the country. Furthermore, the exploration
of marine cyanobacteria has led to the discovery of new
compounds with potential pharmaceutical applications,
emphasizing their importance in drug development (Tevs
and Shevchenko, 2022; Iwasaki, 2023).

In Canada, the decline in interest was more pronounced
between 2020 and 2021, coinciding with the ongoing
public health crisis of the novel Coronavirus (Covid-19)
pandemic, which has led to recurrent outbreaks of infection
and significant public health impact (Fisman et al., 2024).
However, the country has demonstrated a consistent
interest in the term “cyanobacteria” over the years
encompassed by this study. According to Favot et al. (2023),
a notable increase in cyanobacterial blooms has been
observed across Canada, particularly in Ontario, where
confirmed reports of blooms have continued to increase
since 1994, with significant increases observed until 2019
(Favot et al., 2023). This increase has been influenced
by anthropogenic factors and climate change, posing
significant risks to human health and aquatic ecosystems
(Pick, 2016; Favot et al., 2023).

A parallel can be drawn between the United States and
Australia, as both are predominantly english-speaking
nations where the general population and the academic
community engage in research with a shared objective.
The country’s research agenda in this domain is focused
on water quality and public health, with the proliferation
of cyanobacteria in nutrient-rich waters typically
resulting from agricultural runoff, which promotes their
rapid growth (Lal and Hargreaves, 2020; Crampton and
Ragusa, 2023). Despite the recognized risks, the extant
Australian research on cyanobacteria remains limited
in the international literature, indicating the need for
more comprehensive studies and management strategies
(Crampton and Ragusa, 2023).

The presence of cyanobacteria is known to be associated
with temperature and precipitation, with the emergence
of these microorganisms being more prevalent in warmer
environments and during periods of less precipitation
(Chorus and Welker, 2021; Amin et al., 2024). In countries
with tropical and subtropical climates, where the seasons
are clearly defined, the period when cyanobacteria emerge
is well marked (Reynolds, 1987; Bouvy et al., 1999; Ferrao
Filho, 2009).
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In Brazil, studies have shown that cyanobacterial
blooms are more prevalent during the dry season, primarily
due to increased nutrient concentrations and reduced
water flow, which create favorable conditions for their
growth (Mdnica and Isaac, 2023; Regis et al., 2024). This
explains the research concentrated from autumn onwards.
Mexico has significant seasonal variability influenced by
environmental factors and anthropogenic activities. This
variability is evident in the dominance of different species
of cyanobacteria during the wet and dry seasons. For
instance, lower temperatures in January corresponded to
the highest biovolumes of heterocyst filaments (Lind et al.,
2016; Pineda-Mendoza et al., 2020).These observations
corroborate the low interest in cyanobacteria in summer,
when the climate is wetter and precipitation is abundant. In
contrast, studies conducted in Australia have indicated an
abundance of cyanobacteria during summer, accompanied
by a greater diversity in fall, suggesting seasonal changes in
community composition (May, 1981; Baker and Humpage,
1994; Robson and Hamilton, 2003; Foysal et al., 2024).
This observation, however, does not align with the data
indicating a lack of interest in cyanobacteria during summer,
suggesting a need for further research to understand
the seasonal dynamics of cyanobacterial communities
in Australia. According to climate scientists, there is
currently a lack of consensus on definitions of climate,
rainfall, and temperature, with these definitions differing
primarily between the northern and southern regions of
the country. This discrepancy hinders the ability to make
comparisons and communicate findings effectively. To
address this challenge, a bi-seasonal model is proposed,
delineating cold (April-September) and warm (October-
March) seasons. This approach aligns more closely with
the rainfall patterns observed in Australia (Freund et al.,
2017; Fiddes et al., 2021).

In countries situated in the colder, polar regions, such
as Canada, a rigid winter period that extends beyond
the other seasons has been documented (Sipari, 2023).
Research conducted in both languages occurred during
seasons marked by a certain degree of temperature
increase, such as spring (official language) and fall
(english). These observations align with the findings of
Rolland et al. (2005) study conducted in Quebec City.
According to these researchers, the maximum toxicity of
the water column typically occurs at the end of summer,
with some lakes exhibiting peak toxicity in the spring.
Other studies have indicated an exponential growth of
cyanobacteria, which has been linked to climate change
and the creation of more favorable conditions for the
formation of blooms (Favot et al., 2023). In the USA,
studies demonstrate that cyanobacterial blooms exhibit
seasonal peaks during summer months, aligning with
the findings of this study. These peaks can be subject to
variations in bloom dynamics due to the direct effects
of precipitation and temperature (Mishra et al., 2023;
Kieley et al., 2023). While the prevailing trend points to
a multifaceted interplay between climatic elements and
nutrient management, certain regions have witnessed a
decline in the intensity of these blooms, contradicting the
anticipated rise in cyanobacteria occurrences.

8/11

5. Conclusion

In sum, the findings of this study demonstrate that
the spatio-temporal variations concerning research on
cyanobacteria stored by the GT tool are satisfactory within
the issues addressed. However, these variations have been
influenced by occurrences pertinent to the socialization of
the internet and globalization. It is therefore recommended
that future studies delimit the sampling period in order to
obtain more concise data on the object of study, as well
as comparative studies between different media. The
dissemination of scientific knowledge through prominent
media channels is paramount to ensure the general
public is cognizant of the biodiversity and significance
of cyanobacteria, along with other subjects within the
scientific realm.
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