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Abstract: Aim: This study aimed to quantify and analyze research on emerging threats to freshwater
zooplankton (Copepoda, Cladocera, and Rotifera) in Brazil, published between 2014 and 2023.
The primary focus was to systematically identify the main environmental stressors studied, knowledge
gaps, and methodological trends employed in the research. Methods: The analysis was conducted
through a systematic literature review in the Web of Science, Scopus, and SCiELO databases, using
specific terms related to zooplankton and emerging threats. Peer-reviewed articles published within
the defined period were included. Each study was categorized based on the type of stressor analyzed
(e.g., climate change, microplastic pollution, biological invasions), taxonomic groups addressed, and
methodological approaches employed, following the PRISMA model. Results: A total of 176 articles
were initially retrieved from the databases, of which 53 met all inclusion criteria and were selected for
analysis in this review. Most of these studies focused on multiple zooplankton groups (e.g., Cladocera
and Rotifera) and used laboratory experiments or field studies as the primary methodology. The most
analyzed stressors were biological invasions (28%) and climate change (24%), followed by harmful
algal blooms and emerging contaminants. Conclusions: The review highlights the need to expand
studies on the combined impacts of emerging stressors on zooplankton and to integrate more robust
methodologies that better reflect natural conditions.

Keywords: biological invasions; climate change; environmental stressors; aquatic ecosystems;
anthropogenic impacts.

Resumo: Objetivo: Este estudo teve como objetivo quantificar e analisar as pesquisas sobre
ameacas emergentes ao zooplancton de dgua doce (Copepoda, Cladocera e Rotifera) no Brasil,
publicadas entre 2014 ¢ 2023. O foco principal foi identificar sistematicamente os principais
estressores ambientais avaliados, as lacunas de conhecimento e as tendéncias metodoldgicas empregadas
nos estudos. Métodos: A anilise foi realizada a partir de uma revisao sistemdtica de literatura
nas bases de dados Web of Science, Scopus e SciELO, utilizando termos especificos relacionados a
zooplancton e ameagas emergentes. Foram incluidos artigos publicados em periddicos revisados
por pares no periodo definido. Cada estudo foi categorizado quanto ao tipo de estressor avaliado
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(mudangas climdticas, poluigio por micropldsticos, invasées bioldgicas, entre outros), grupos
taxon6micos abordados e abordagens metodoldgicas utilizadas, seguindo o modelo PRISMA.
Resultados: Foram inicialmente encontrados 176 artigos nas bases de dados, dos quais 53 atenderam
a todos os critérios de inclusdo e foram considerados relevantes para esta revisdo. A maioria desses
estudos focou em multiplos grupos de zooplancton (e.g., Cladocera e Rotifera) e utilizou experimentos
laboratoriais ou estudos de campo como metodologia principal. Os estressores mais analisados foram
as invasoes bioldgicas (28%) e a mudanca climdtica (24%), seguidos por eutrofizagio e contaminantes
emergentes. Conclusdes: A revisio destaca a necessidade de ampliar os estudos sobre os impactos
combinados de estressores emergentes no zooplancton e de integrar metodologias mais robustas que

reflitam melhor as condi¢des naturais.

Palavras-chave: invasées bioldgicas; mudancas climdticas; estressores ambientais; ecossistemas aqudticos;

impactos antropicos.

1. Introduction

The term emerging contaminants refers to
active pharmaceutical compounds, illegal drugs,
additives in personal care products, newer pesticides,
endocrine disruptors, and nanomaterials, that have
raised recent concerns (Sauvé & Desrosiers, 2014).
Freshwater ecosystems have long been subjected
to severe impacts from these contaminants,
compounded by multiple stressors such as chemical
pollution, deforestation, damming, and invasive
species (Dudgeon et al., 2006). However, in
the last years, new impacts have been added
to the list of threats to freshwater biodiversity
(Reid etal., 2019). Emerging threats in freshwater
are novel or increasingly recognized stressors that
pose potential risks to aquatic ecosystems and
their biodiversity (Reid et al., 2019). They are
multifaceted and complex, impacting various species
and ecological processes (Vorosmarty et al., 2010;
Reid et al., 2019). Examples include harmful
algal blooms that can disrupt trophic dynamics
(Amorim et al., 2019), and invasive species
that pose significant risks to local biodiversity
(Palazzo et al., 2023). Additionally, emerging
contaminants (Sauvé & Desrosiers, 2014) such as
engineered nanomaterials (i.e., man-made materials
with structures at the nanoscale; Rex et al., 2023)
and microplastics (i.e., small plastic pieces less
than five millimeters long; Bertoldi et al., 2021)
present new challenges for the health of freshwater
organisms. In this sense, Reid et al. (2019), in their
global review, identified 12 emerging and persistent
threats to freshwater biodiversity, emphasizing the
need for integrated approaches to address these
growing pressures in multiple taxa.

Zooplankton are highly sensitive organisms to
environmental changes. Also, they play a crucial role
in freshwater ecosystems, serving as a key link in food
chains and contributing to nutrient recycling and
phytoplankton population control (Fernando, 1994;
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Urrutia-Cordero et al., 2024). Consequently,
studying emerging threats to zooplankton is essential
for understanding ecological shifts in freshwater
systems (Castilho-Noll et al., 2023). Assessing these
threats provides valuable insights into the resilience
of these communities and their potential impacts on
ecosystem services (Duchet et al., 2024).

Zooplankton research has addressed various
topics in Brazil, from basic ecology to environmental
monitoringand water resource management (Castilho-
Noll et al., 2023; Elmoor-Loureiro et al., 2023).
Recent studies have focused on diversity patterns
(Diniz et al., 2023), responses to natural and
anthropogenic disturbances (Bomfim et al., 2021),
and the role of zooplankton in structuring aquatic
ecosystems (Severiano et al., 2021). However,
while some research has explored the impacts of
environmental changes, few studies have thoroughly
examined the emerging threats specifically affecting
freshwater zooplankton in Brazil. This highlights an
important knowledge gap that must be addressed
to better understand the impact of these emerging
pressures on zooplankton communities across this
megadiverse country. A systematic review of Brazilian
studies on emerging threats regarding freshwater
zooplankton can fill some knowledge gaps, find
new others and contribute to conservation and
management strategies for aquatic ecosystems facing
global environmental challenges.

We conducted a systematic review on emerging
threats to freshwater zooplankton in Brazil from 2014
to 2023, as the investigation of emerging impacts is
most relevant within a short and recent timeframe to
capture dynamic and rapidly evolving environmental
challenges. Based on the data collected from the
literature, our specific objectives are: (i) to identify
emerging threats (i.e., climate change, harmful
algal blooms, emerging contaminants, engineered
nanomaterials, microplastic pollution, light
pollution, noise pollution, freshwater salinization
and cumulative stressors); (ii) to analyze how these
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threats impact Brazilian zooplankton biodiversity,
physiology, and survival; and (iii) to highlight
research gaps regarding studies on emerging threats
in Brazilian zooplankton.

2. Material and Methods

For data collection, we used the list of major
emerging threats to aquatic biodiversity identified by
Reid et al. (2019). This study highlights twelve key
threats: (i) changing climates; (ii) e-commerce and
invasions; (iii) infectious diseases; (iv) harmful algal
blooms; (v) expanding hydropower; (vi) emerging
contaminants; (vii) engineered nanomaterials;
(viii) microplastic pollution; (ix) light and noise;
(x) freshwater salinisation; (xi) declining calcium;
and (xii) cumulative stressors. We did not include
expanding hydropower and declining calcium in our
review for specific reasons. Expanding hydropower
was excluded because Brazilian reservoirs, including
small hydroelectric plants, have been extensively
studied regarding zooplankton communities
for decades (Arcifa, 1984; Almeida et al., 2009;
Sartori et al., 2021). Declining calcium levels,
a concern particularly in regions like Europe
and North America due to acid rain and forest
regrowth (Jeziorski et al., 2008), is less documented
in Brazil and may not be an urgent issue due to
distinct geological and environmental conditions
(Esteves, 2011).

Our research was carried out during the
month of August and was conducted using the
Web of Science (2025), SciVerse Scopus (2025),
and SciELO (2025) databases, using the following
keywords: (“climate change” OR “invasion*” OR
“infection* disease®” OR “harmful algal bloom*”
OR “emerging contaminant*” OR “engineered
nanomaterial*” OR “ microplastic pollution”
OR “light pollution” OR “noise pollution” OR
“freshwater salini*ation” OR “cumulative stressor*”)
AND (cladocer* OR copepod* OR rotifer* OR
zooplan*ton) AND (“Bra*il”). The asterisk (*)
was used to encompass all linguistic variations
of words. The inclusion criteria covered studies
conducted in Brazil published between 2014
and 2023. We retrieved a total of 176 articles
through database searches conducted in SciELO
(n = 2), Web of Science (n = 101), and Scopus
(n = 73). The selection process followed the
PRISMA protocol (Moher et al., 2015) to ensure
transparency and replicability. The first screening
stage involved reading titles and abstracts, during
which 66 articles were excluded. The reasons
for exclusion at this stage were: publication date
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outside the period from 2014 to 2023; studies
not conducted in Brazil; studies not related to
freshwater environments; duplicate records; articles
that did not involve any of the biological groups
Copepoda, Cladocera, or Rotifera; and review
articles. The remaining 110 articles were read in full
during the eligibility stage. An additional 57 articles
were excluded for the following reasons: the article
was not peer-reviewed (e.g., theses, technical
reports, or abstracts); zooplankton were not the
biological group analyzed in the context of a threat;
or the study did not clearly address the impacts of
emerging environmental threats on zooplankton.
After applying all inclusion and exclusion criteria,
53 articles were selected for qualitative synthesis.
The complete flow of the article selection process
is shown in Figure 1.

For each publication we organized the
identification by i) year of publication; ii) types
of studies carried out (e.g., experimental or
observational); iii) types of systems - river, lake,
lagoon, ponds, reservoir, floodplain, wetlands,
phytotelma, microcosm, mesocosm, ponds,
coastal environments (comprise various aquatic
systems, such as estuaries, lagoons, and bays) and
unreported; iv) target biological group - Copepoda,
Rotifera, Cladocera and not reported; v) scale of
organization - population, community, ecosystem
and not reported; vi) emerging threat - Climate
change, Invasions, Infectious diseases, Harmful
algal blooms, Emerging contaminants, Engineered
nanomaterials, Microplastic pollution, Light
pollution, Noise pollution, Freshwater salinization,
and Cumulative stressors.

To understand whether there was a temporal
trend in the articles, we performed a simple linear
regression analysis in relation to the total number of
articles. We performed all analyses and graphs using
R software (R Development Core Team, 2024)
version 4.4.0.

3. Results

We observed a significant temporal increase
(R* = 0.47, F = 7.13, p < 0.05) in the number
of papers retrieved using our search criteria on
emerging threats to freshwater zooplankton in
Brazil from 2014 to 2023 (Figure 2). While this
trend indicates growing academic attention within
this scope, we acknowledge that it reflects the
specific combination of keywords and inclusion
parameters applied and may not capture all studies
on zooplankton threats during this period.
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Figure 1. Articles selected according to the PRISMA protocol.

We identified a total of eight emerging threats
to freshwater zooplankton in Brazil from a total of
10 topics investigated (Table 1). Invasions are the
most widely studied threat (28.30%, n = 15 papers),
underscoring the introduction of non-native species
such as Kellicottia bostoniensis (Rousselet, 1908),
Daphnia lumboltzi Sars, 1885, and copepod parasites
such as Lamproglena monodi Capart, 1944. Climate
change was explored in 12 papers (22.64%), focusing
on the broad impacts of increased temperatures and
droughts, and emphasizing the synergistic effects
when combined with other environmental stressors
like eutrophication. Harmful algal blooms (13.20%,
n =7 papers) revealed significant concern due to their
toxicity and disruption of food webs, particularly
through altered predator-prey interactions.
Emerging contaminants (13.20%, 7 = papers)
primarily addressed the ecological risks posed by
pharmaceutical drugs, which can interfere with
zooplankton physiology and reproductive success.
Engineered nanomaterials are studied in six papers
(11.32%) and focus on the toxicological impacts
of various metal nanoparticles, including copper,
iron, graphene oxide, and gold, on planktonic
communities, addressing bioaccumulation,
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Figure 2. Number of publications on emerging threats to
freshwater zooplankton in Brazil (2014-2023).

biotransformation, chronic exposure, and recovery.
Research on microplastic pollution is limited to four
studies (7.54%), and studies collectively explore the
effects of microplastics on cladocerans, highlighting
concerns about how these contaminants affect the
development, behavior, and diet of this organism.
Fewer studies focus on cumulative stressors
(3.77%, n = 2 papers), where the combined effects
of drought and harmful algal blooms exacerbate
ecosystem degradation.
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Table 1. Overview of emerging threats to freshwater zooplankton in Brazil from 2014 to 2023: number of studies,
geographic distribution, and key ecological impacts.

Emerging Threat

Number of papers

Key ecological impacts

Non-native Kellicottia bostoniensis, Daphnia lumholtzi,
and Copepod parasite

Increased temperatures, droughts, and the synergy between
climate change and other environmental stressors.

Toxicity and trophic interactions
Pharmaceutical drugs, toxic cyanobacteria and antivirals

Toxicity of titanium dioxide nanoparticles (TiO, NPs),
copper oxide nanoparticles, graphene oxide and gold nanorods

Effects of PET microplastics on planktonic zooplankton

Invasions 15
Climate change 12
Harmful algal blooms 7
Emerging contaminants 7
Engineered nanomaterials 6
Microplastic pollution 4
Cumulative stressors 2
Light and noise 0
Freshwater salinisation 0
Infectious diseases 0

Drought and Harmful algal blooms

We provided an overview of the methodological
approaches used in studies addressing emerging
threats to freshwater zooplankton in Brazil
(Figure 3). Regarding invasions, most studies
(13 out of 15) employ observational approaches
(Figure 3a). The largest number of studies (4) focus
on reservoirs, followed by rivers and floodplains
(3 each). Lakes, wetlands, and lagoons are less
commonly studied, with only one paper ecach.
No studies investigated biological invasions using
microcosms or mesocosms (Figure 3b). Rotifera is
the most studied group in the context of invasions
(8 papers), followed by Cladocera (4 papers) and
Copepoda (2 papers) (Figure 3c). Research at the
population level is the most common (9 papers),
followed by community-level studies (4 papers)
and ecosystem-level research (2 papers) (Figure 3d).

Climate change is emphasized in experimental
research, with 7 out of 12 studies using this
approach (Figure 3a). Research is evenly distributed
across reservoirs, microcosms, lakes, floodplains,
and coastal environments, with two studies
cach. Phytotelma and pond systems were each
investigated in one study (Figure 3b). Multiple taxa
are often studied together, with five studies focusing
on Copepoda, Rotifera, and Cladocera, followed
by studies exclusively on Cladocera (4 studies)
and Copepoda (2 studies) (Figure 3c¢). Five studies
comprise population, followed by ecosystem level
(4 papers) and community-level studies (3 papers)
(Figure 3d).
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Research on harmful algal blooms predominantly
uses experimental approaches, with 6 out of
7 studies following this method (Figure 32). Studies
are conducted in microcosms (3) and reservoirs (2),
with one study in lakes (Figure 3b). The research
is focused on Cladocera (4 studies) and Copepoda
(3 studies), with no studies on Rotifera (Figure 3c).
Community-level studies are the most common
(4 papers), followed by population-level studies
(3 papers) (Figure 3d).

All studies on emerging contaminants (7 papers)
were experimental (Figure 3a). Most studies (4)
were conducted using microcosms, one used a
mesocosm, and two did not report the system
used (Figure 3b). Research on this topic focuses
on Cladocera populations (7 studies), with no
studies on Rotifera, Copepoda, or multiple taxa
(Figures 3c and 3d). Engineered nanomaterials
are represented by six experimental studies, all
focusing on Cladocera populations (Figures 3a-d).
Research on microplastic pollution predominantly
used experimental approaches (3 papers) and one
observational study, with one study conducted
in a lake, and two studies with unreported data.
(Figures 3a and 3b). The research is focused on
the Cladocera population (2 studies) and one at
community level (Figures 3¢ and 3d). Studies on
cumulative stressors are equally distributed between
an observational study in a reservoir (1 paper),
focusing on Copepoda and Rotifera, and an
experimental study on Copepoda (Figures 3a-d).
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Figure 3. Main methodological characteristics of studies on emerging impacts on freshwater zooplankton in Brazil
from 2014 to 2023. This figure presents: (a) Types of studies conducted; (b) Types of freshwater systems investigated;
(c) Target biological groups; (d) Scales of organization of the analyzed studies.
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4. Discussion

The literature review on emerging threats to
freshwater zooplankton in Brazil highlights a
significant increase in research output over the past
decade, with a total of 176 papers retrieved and
53 studies selected for analysis. A notable temporal
trend was identified, and this growing body of
work underscores the pressing need to understand
the multifaceted threats facing zooplankton
communities, particularly invasions, which emerged
as the most studied threat. Climate change,
harmful algal blooms, and emerging contaminants
were prominent topics, reflecting a broad range
of environmental challenges. Furthermore, the
analysis highlights methodological trends, with
observational studies predominating in invasion
research, while experimental approaches are
increasingly employed to examine the impacts of
climate change, algal blooms, and contaminants.
Despite these advancements, several emerging
threats remain understudied, revealing critical
gaps in the current understanding of the ecological
impacts on freshwater zooplankton.

4.1. Invasions and e-commerce

The threat of biological invasions has been
predominantly studied through observational
methodologies, with 13 out of 15 studies focusing on
this approach. These studies emphasize monitoring
the introduction and impacts of non-native species,
particularly K. bostoniensis and D. lumbholtzi, in
reservoirs and rivers. K. bostoniensis, a rotifer native
to North America, and D. lumbolizi, originally from
Australia, southwestern Asia, and Africa, had their
occurrences documented in Brazil before the current
study period. K. bostoniensis was first detected in
the Segredo Reservoir on the Iguacu River in the
1990s (Lopes et al., 1997), while D. lumholtzi
was recorded in Brazil in 2000 at the Trés Irmaos
Reservoir, Sao Paulo (Zanata et al., 2003). Recent
studies have focused on the spread of K. bostoniensis
across Brazil’s inland waters (Palazzo et al., 2023)
and employed molecular tools to trace the genetic
similarity of D. lumboltzi with populations from
Mexico (Nunes et al., 2018).

In addition to these two free-living species,
Lamproglena monodi Capart, 1944, an African
gill parasite copepod, was reported for the second
time in Brazilian fish farms, in the Paranapanema
Basin (Garcia et al., 2019). This species, previously
identified on the gills and body surfaces of native
Brazilian fish (Astronotus ocellatus (Agassiz, 1831)
and Cichla ocellaris, Bloch & Schneider, 1801) and
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cultured species (Oreochromis niloticus Linnaeus,
1758 and Tilapia rendalli (Boulenger, 1896)), poses
risks to aquaculture and native biodiversity.

The primary concern identified by these studies is
the ecological impact and risk invasive species pose to
aquaculture. D. lumboltzi and K. bostoniensis exploit
similar food resources as native zooplankton, which
can lead to the competitive displacement of native
species (Palazzo et al., 2023). The presence of the
parasitic copepod L. monodi in aquaculture systems
raises concerns about the health of both native and
farmed species, potentially causing economic losses
for fish producers (Garcia et al., 2019). In addition
to the ecological impacts, it is crucial to implement
prevention strategies against the introduction of new
invasive species. For instance, a current pathway for
the dispersal of invasive species is e-commerce.
In Brazil, the unregulated sale of D. magna and
D. similis eggs online poses a potential threat to
aquatic ecosystems. Although these two species have
so far been found only in artificial environments
and have not been detected in natural ecosystems,
climate change could alter the physical and chemical
properties of freshwater, potentially creating
environmental suitability for aquatic invasive
species in natural habitats (Sousa et al., 2017;
Reid et al., 2019). Furthermore, there is a need to
implement educational programs aimed at raising
public awareness about the risks posed by invasive
species encouraging preventive practices in local
communities and among recreational water users.

4.2. Climate change

Research on the effects of climate change on
freshwater zooplankton has shown a stronger focus
on experimental environments. This suggests that
researchers are particularly interested in understanding
the mechanisms behind climate impacts, especially the
effects of increased temperatures (Rezende etal., 2021),
droughts (Brazil et al., 2022), and the relation
between climate change and other environmental
stressors (Goussen et al., 2020). Additionally,
most studies involve multiple zooplankton groups
(Copepods, Rotifers, and Cladocerans), indicating
a broader approach to understanding the dynamics
of aquatic communities under climate change.
This is crucial, as different taxa respond in distinct
ways to climate shifts, such as rising temperatures
(Diniz et al., 2023).

There are also studies proposing tools to mitigate
the impacts of climate change. For instance,
Amorim etal. (2019) demonstrated experimentally
the potential of a medium-sized cladoceran,
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Macrothrix spinosa King, 1853, to control algal
blooms, particularly chlorophytes, which could be
utilized in biomanipulation strategies in eutrophic
freshwater environments.

Regarding the types of freshwater systems
investigated, coastal environments, including
lagoons, estuaries, and bays, often represent
freshwater habitats with salinity levels below 0.5.
These ecosystems are particularly vulnerable to
salinization due to factors such as changes in
hydroperiods, marine intrusions, negative water
balance, and sea level rise, among others. Importantly,
these impacts may be further exacerbated by climate
change, increasing the risk to ecosystem integrity.
Our review identified only three studies addressing
this topic, which may indicate a significant gap in
research and highlight the urgent need for further
investigation to understand and mitigate the
emerging threats to these sensitive coastal freshwater
ecosystems. Our review did not identify studies in
certain environments, such as rivers and wetlands,
highlighting research opportunities. These ecosystems
may be especially sensitive to climate change due to
their dynamic characteristics and vulnerability to
extreme events (e.g., droughts and floods), and thus
require further investigation.

4.3. Emerging contaminants

In Brazil, emerging contaminants were
predominantly studied using experimental
methodologies, focusing on their ecological impacts
primarily in microcosm settings. The focus on
Cladocera, particularly Ceriodaphnia silvestrii
Daday, 1902, Ceriodaphnia dubia Richard, 1894,
and D. similis, underscores their vulnerability to
pollutants and their important role as bioindicators
in freshwater ecosystems. Studies examine the
acute and chronic toxicity of pharmaceutical
drugs (Damasceno de Oliveira et al., 2018),
antimicrobials like florfenicol and oxytetracycline
(Freitas et al., 2018), antivirals (Almeida et al., 2021),
disinfection by-products from chlorinated algal
organic matter (Leite et al., 2022), cyanobacterial
diets (Vilar et al., 2022), and the influence of
temperature conditions related with climate change
on pesticides (Pitombeira de Figueirédo etal., 2022).
For instance, Damasceno de Oliveira et al. (2018)
indicated acute and chronic effects (reproductive
adverse effects) of three pharmaceuticals (the analgesic
acetaminophen, the ant-inflammatory diclofenac,
and the antihypertensive propranolol) in the tropical
crustacean species C. silvestrii. Although the effects of
these pollutants on organism populations are known,
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no studies have focused on Rotifera, Copepoda, or
multiple taxa at the community level, highlighting
a significant gap in our understanding of how these
groups are impacted by emerging contaminants.

4.4. Harmjful algal blooms

The threat of harmful algal blooms was
predominantly addressed through experimental
studies (6 out of 7), with significant attention given
to Cladocera and Copepoda. These results suggest
that researchers are increasingly designing controlled
experiments to better understand the processes
and directly test interventions for the toxicity and
ecological disruptions caused by these blooms.
Most studies focus on predator-prey interactions,
such as those between copepods and cladocerans
as predators and microalgae and cyanobacteria as
prey (Leitao etal., 2018; Rangel et al., 2020). These
findings indicate a clear interest in understanding
the top-down control of cyanobacteria by predators
and how this control varies depending on different
feeding behaviors (e.g., raptorial versus filter
feeding). For example, Leitao et al. (2018)
experimentally demonstrated that the top-down
effect of selective grazing by copepods varies
significantly between current-feeding calanoids and
raptorial-feeding cyclopoids. Similar to the impact
of climate change, this topic includes studies on
the development of biological tools to manage
cyanobacterial blooms in tropical water bodies
(De-Souza et al., 2021). The combination of these
findings suggests that, over the past decade, research
has shifted towards understanding the mechanisms
that can inform real-world management scenarios,
enabling better control of algal bloom events, rather
than simply monitoring the incidence of harmful
algal blooms, as was more common in earlier
decades, particularly in Brazilian reservoirs.

4.5. Engineered nanomaterials (NPs)

Engineered nanomaterials (NPs) refer to
man-made materials with structures at the nanoscale,
which may have various applications but also pose
risks to aquatic ecosystems due to their potential
toxicity (Rex et al., 2023). Our review highlights the
growing concern regarding the effects of different
nanoparticles on aquatic organisms, with a focus on
various cladocerans species. The research areas multiple
nanoparticles, such as TiO, (Lucca etal., 2018) CuO
(Mansano et al., 2018), F6304 (Gebaraetal., 2019),
gold nanorods (Souza et al., 2021), and graphene
oxide (Akere et al., 2023), examining both acute
and chronic effects on reproduction, metabolism,
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bioaccumulation, and recovery. For example,
Gebara et al. (2019) indicated the effects of
iron oxide nanoparticles (Fe,O,) on life history
and metabolism of the Neotropical cladocerans
C. silvestrii. In another study, the effects of
NPs were shown to extend beyond impacts on
reproduction and filtration rates (Souza et al., 2021).
The researchers suggested that the toxic mechanism
of these NPs in cladocerans was attributed to an
increase in the generation of reactive oxygen species
(ROS). Similar to emerging contaminants, no studies
reported effects on Rotifera or Copepoda, either
alone or in combination. This bias suggests that the
susceptibility of other important zooplankton groups
to contaminants is not well understood and may be
overlooked in Brazilian research. This underscores a
narrow scope in the current research, as interactions
at the community and ecosystem levels are crucial
for understanding broader ecological consequences.

4.6. Microplastic pollution

Microplastic pollution (plastic particles <5 mm)
is a growing concern in aquatic ecosystems, as these
particles can have detrimental effects on a wide
range of organisms (Wagner et al., 2014). While
significant knowledge has been gained about the
effects of microplastics in marine environments,
much less is known about their impact on
freshwater biodiversity (Bertoldi et al., 2021).
Recently, microplastics have been reported in
several Brazilian rivers, including the Cuiabd River
in the Pantanal region (Faria et al., 2021) and the
Sinos River (Bertoldi et al., 2021). For instance,
Faria et al. (2021) found higher microplastic
concentrations in urban tributaries compared to
the lowlands of the Pantanal. Fibers were the most
dominant type of microplastic, suggesting that these
particles may either originate from urban areas or
be transported downstream, posing potential risks
to local biota.

Odur review indicates that studies on zooplankton
in Brazil are predominantly experimental, focusing
mainly on cladoceran populations (Castro etal., 2020).
One exception is a study that experimentally
evaluated microplastic consumption in planktonic
communities and its implications for the food
web (Silva et al., 2022). Silva et al. (2022) found
that smaller microplastic particles significantly
impact trophic webs, as they are more readily
consumed by lower trophic levels such as protists.
Although higher trophic levels do not directly
consume microplastics, they can ingest them
indirectly through prey, leading to bioaccumulation.
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This process can potentially disrupt food webs and
affect the physiological functions of organisms,
ultimately threatening ecosystem services.

4.7. Cumulative stressors

Cumulative stressors refer to the combined
effect of multiple environmental stressors on aquatic
ecosystems, including pollution, climate change,
habitat modification, and others (Segner etal., 2014).
According to our review, two papers have been on
this topic in the last decade (Rangel et al., 2016;
Silva et al., 2020). For instance, Silva et al. (2020)
highlights that low zooplankton richness was observed
in a reservoir in northeastern Brazil, likely due to the
combined effects of drought and eutrophication.
Although globally the last decade has seen considerable
growth in interest in potential multiple stressor
problems (Reid et al., 2019), our results suggest that
research on this topic in Brazil remains relatively scarce.
This gap may be attributed to several factors, with two
key reasons standing out. First, there are significant
uncertainties regarding how different stressors
interact in natural environments, particularly in
tropical ecosystems where biodiversity and ecological
interactions are highly complex (Reid et al., 2019).
This lack of understanding of underlying mechanisms
may discourage further investigation. Second,
studying multiple stressors requires the design of
experiments that realistically simulate environmental
conditions while controlling for multiple variables
simultaneously, which increases experimental
complexity (Breitburg et al., 1998). Such studies
demand specialized resources, time, and infrastructure,
which are not always readily available in Brazilian
laboratories, especially in regions with limited funding,

4.8. Other emerging threats not found in Brazil

Our review did not identify studies specifically
addressing the effects of freshwater salinization,
infectious diseases, light pollution, noise pollution
on zooplankton communities. These threats,
highlighted by Reid et al. (2019) as potential risks
to aquatic biodiversity, could impact zooplankton
across various regions in Brazil, particularly in urban
areas, semi-arid regions, and water bodies near
agricultural and industrial activities. Although these
works were not registered in the period analyzed,
below we register works that address these themes
and that are addressed throughout the world

The increasing salinization of inland waters,
driven by irrigation and excessive fertilizer use,
poses a significant threat to freshwater zooplankton
(Gutierrez et al., 2024). In Brazil, studies on
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zooplankton have primarily focused on estuarine
regions indicating disturbances due to increased
salinity in the face of the resilience of zooplankton
communities, demonstrating the potential role
of the dormant egg bank (Aratjo et al., 2013;
Santangelo etal., 2014). These studies indicate that the
main structural consequences of salinization include
a decrease in taxonomic richness and a reduction
in size and biomass, leading to a predominance
of smaller organisms. Freshwater ecosystems,
and consequently zooplankton communities, are
particularly vulnerable to salinization resulting
from human activities, including agricultural
practices, resource extraction, and land clearing
(Gutierrez et al., 2024). In vulnerable ecosystems
such as Brazil’s semi-arid regions, rising water salinity
may occur due to reduced rainfall under warming
scenarios (Marengo et al., 2017). This phenomenon
can exacerbate the concentration of salts in surface
waters, particularly as water tables are mitigated and
runoff is decreased.

Infectious diseases have long been a focus of human
interest, particularly as freshwater environments
harbor numerous pathogenic microbes, primarily
because water is essential to these organisms’ life cycles
(Reid et al., 2019). However, the relative impact of
infectious diseases on aquatic biodiversity remains
poorly understood (Zhang et al., 2022). Zooplankton
can be affected by pathogens and parasites that
influence their survival, reproduction, and behavior.
For instance, Terrill Sondag et al. (2023), examined
the mechanisms underlying crustacean immunity
through interactions between the crustacean host
Daphnia dentifera Forbes, 1893, in United States,
and its fungal pathogen Metschnikowia bicuspidata
(Metschnikoff) Kamienski, 1899. The researchers
found that gene ontology enrichment analysis
revealed immune-related molecules and processes—
such as cuticle development, prostaglandin pathways,
and defense responses—were enriched among
differentially expressed genes. In tropical and
subtropical ecosystems, such as those in Brazil, high
biodiversity and favorable environmental conditions
may facilitate the spread of infectious diseases,
potentially impacting keystone zooplankton species
and altering ecological dynamics.

Light acts as a primary environmental cue for
nearly all organisms on Earth, yet much of our
understanding of its effects centers on responses
during daylight hours. In contrast, artificial light at
night (ALAN) is increasingly recognized as a form
of pollution, with growing awareness of its negative
ecological consequences on aquatic organisms.
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Studies suggest that artificial light disrupts the diel
vertical migration of zooplankton (Moore et al., 2000),
potentially altering species interactions within
aquatic environments, including predator-prey
dynamics in lakes (Tatanda et al., 2022).

Noise pollution, while more commonly studied
in marine ecosystems, also poses substantial
threats to freshwater zooplankton. For example,
McCauley etal. (2017) reported that air gun signals,
similar to those used for oil exploration, reduced
zooplankton abundance by over 60% within an hour
after exposure, doubling mortality rates in a bay in
Tasmania, Australia. Another threat is the impact of
vessel noise on zooplankton life cycles and feeding
behaviors. Aspirault et al. (2023) demonstrated
that vessel noise reduced egg production in the
rotifer Brachionus plicatilis Miiller, 1786, though
no feeding behavior changes were observed in
blue mussel (Mytilus edulis Linnaeus, 1758)
veligers or the copepod Eurytemora herdmani
(Thompson & Scott, 1898). The authors emphasize
that noise effects on plankton are complex and call
for further research to unravel these often-subtle
impacts. Brazil holds potential for both light and
noise pollution impacts due to its extensive network
of reservoirs, many of which feature artificial beaches
and serve multiple purposes, including boating and
night lighting. These conditions present unique
opportunities to explore both issues, as such
environments are ideal for studying the combined
ecological effects of artificial light and noise on
aquatic life.

5. Conclusion

In conclusion, this review underscores the
essential role of emerging threat studies in advancing
freshwater zooplankton research in Brazil. Over
the past decade, the increase in publications
on invasive species, climate change, harmful
algal blooms, and emerging contaminants has
contributed significantly to understanding these
complex stressors on zooplankton communities.
However, gaps remain, particularly regarding
cumulative stressors and specific threats like
salinization, microplastics, and light and noise
pollution. Addressing these gaps is crucial for
a more comprehensive understanding of how
Brazilian zooplankton respond to environmental
changes. Moreover, this growing body of research
is pivotal for informing conservation strategies
and management practices, emphasizing the need
for integrative approaches that consider multiple
stressors and their ecological consequences.
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Looking ahead, several of the threats identified
in this review are expected to intensify in Brazil over
the coming decades. Climate change may increase
the frequency and severity of droughts, particularly in
semi-arid regions, leading to rising salinity and altered
temperature regimes in freshwater bodies—conditions
that can disrupt zooplankton reproduction,
development, and survival. Urban expansion and
inadequate waste management are likely to elevate
the input of microplastics and other contaminants
into aquatic ecosystems, while invasive species may
further expand their range due to warming and
increased hydrological connectivity. These pressures
can interact synergistically, producing non-linear
and potentially irreversible effects on zooplankton
population dynamics, community composition,
and ecosystem functioning. As such, future research
should prioritize long-term monitoring, experimental
studies under multiple stressor scenarios, and the
development of mitigation strategies that consider
the complex and interconnected nature of emerging
environmental threats.
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