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Abstract. Fish are the predominant group of vertebrates in 
aquatic environments, and they are directly affected by the 
presence of contaminants in water bodies, which undergo 
changes in the structure and function of communities and 
dynamics of the populations. The aim of the present study was to 
conduct a systematic review of studies that analyze the 
reproductive aspects of freshwater teleosts in environments 
contaminated by pesticides. A systematic search for scientific 
articles was carried out from 2000 to 2019 using the “Web of 
Science” database, using the descriptors “fish reproduction”, 
“contamination”, “toxicology”, “ecotoxicity” and “biomonitoring”, 
combined with the use of boolean operators “AND” and “OR”. The 
content analysis was performed based on the titles and the 
summary, with a first screening. Then, 98 articles were read in 
full, with 40 being selected. 24 species of fish were recorded, with 
a predominance of Danio rerio (17.5%). Insecticides were present 
in 78% of the studies, mainly Endosulfan (35%) and 
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Cypermethrin (13%). Reproductive endocrine disorders were the 
most reported pathways of action (57.5%). The effects of 
pesticides on the reproduction of freshwater teleosts are evident, 
requiring studies on structural changes in gonads and a decrease 
in the quality of gametes. 

Keywords: Biomonitoring; Contamination; Ecotoxicity; 
Toxicology. 

Resumo. Aspectos reprodutivos de peixes de água doce 
expostos a ambientes contaminados por pesticidas: uma 
revisão sistemática. Os peixes são o grupo de vertebrados 
predominante nos ambientes aquáticos, sendo diretamente 
afetados pela presença de contaminantes nos corpos d’água, que 
sofrem alterações na estrutura e função das comunidades e na 
dinâmica das populações. O objetivo do presente estudo foi 
realizar uma revisão sistemática de estudos que analisam os 
aspectos reprodutivos de teleósteos de água doce em ambientes 
contaminados por agrotóxicos. Foi realizada uma busca 
sistemática de artigos científicos publicados entre 2000 e 2019 na 
base de dados “Web of Science”, utilizando os descritores “fish 
reproduction”, “contamination”, “toxicology”, “ecotoxicity” and 
“biomonitoring”, combinado com o uso dos operadores booleanos 
“AND” e “OR”. A análise de conteúdo foi realizada com base nos 
títulos e na síntese, com uma primeira triagem. Em seguida, foram 
lidos 98 artigos na íntegra, sendo 40 selecionados. Foram 
registradas 24 espécies de peixes, com predomínio de Danio rerio 
(17,5%). Os inseticidas estiveram presentes em 78% dos estudos, 
principalmente Endosulfan (35%) e Cipermetrina (13%). Os 
distúrbios endócrinos reprodutivos foram as vias de ação mais 
relatadas (57,5%). Os efeitos dos agrotóxicos na reprodução dos 
teleósteos de água doce são evidentes, exigindo estudos sobre 
mudanças estruturais nas gônadas e diminuição na qualidade dos 
gametas. 

Palavras-chave: Biomonitoramento; Contaminação; 
Ecotoxicidade; Toxicologia. 
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Introduction 

The historical development of cities and agricultural growth have accelerated the 
degradation of natural environments through an increase in the disposal of various 
contaminants in aquatic environments (Begum, 2004; Marques and Américo-Pinheiro, 
2020). This situation mainly affects freshwater bodies, leading to reduced availability of 
good-quality water for human supply, in addition to changes in physicochemical 
characteristics that support the maintenance of the natural biodiversity of aquatic fauna 
and flora (Massaro, 2006; Montanha et al., 2012; Paschoalini et al., 2019). 

The toxicity of industrial and residual chemical compounds originating from 
agriculture has deleterious effects on both humans and other animals in the environment 
where they are found, especially fish in aquatic environments (Ribeiro and Américo-
Pinheiro, 2018). Often, these effects are not noticed because they do not cause the 
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immediate death of aquatic organisms exposed to contaminants. However, sublethal 
concentrations can affect several morphological, physiological, and metabolic processes of 
fish when those contaminants penetrate their organs (Lins et al., 2010). 

Fish are the predominant group of vertebrates in aquatic environments, and 
because they are a food resource frequently used worldwide, they are directly affected by 
the presence of contaminants in water bodies (Paschoalini et al., 2019). It is estimated that 
there are currently approximately 35,000 fish species, corresponding to more than 50% of 
vertebrate species (Fricke et al., 2021). Worldwide, fish have great environmental 
importance for aquatic ecosystems as well as social importance because they are an 
excellent source of animal protein for riverine populations that depend on the collection of 
these organisms for food and income generation (FAO, 2020). 

Because they occupy different positions in the food chain of aquatic ecosystems, 
fish are often used as bioindicators of the environmental quality of ecosystems and are 
indicated as sentinel organisms that respond to changes at various structural levels, 
including cellular, physiological, biochemical, genetic, and histological, and to variations in 
behavior patterns, which can affect the population structure of the species in response to 
stressors in the environment (Lima et al., 2018). With the need to monitor the possible 
effects of toxic contaminants on aquatic biota, several studies on ecotoxicology have been 
conducted to evaluate the effect of toxic chemicals at different levels of organization, 
including cellular structures, individuals, populations, and communities (Costa et al., 2008; 
Pinto et al., 2020). 

The deleterious effects caused by the action of contaminants in organisms 
propagate through other ecosystem components, causing changes in the structure and 
function of communities, such as changes in the predator-prey relationship, in ecosystem 
function or in the characteristics and dynamics of populations, especially migration, stock 
renewal and reproduction (Jones and Reynolds, 1997). Several Neotropical species have 
external fertilization as a reproductive strategy, which exposes the gametes to the 
contaminated environment (Rodrigues et al., 2019). Thus, the entire process of 
fertilization and embryonic development can be directly affected by excess contaminants, 
greatly influencing the reproduction and renewal of fish stocks, causing an environmental 
imbalance and reduction in species diversity (Mondal et al., 2015). 

However, there are few studies that analyze the reproductive processes of 
freshwater fish in contaminated environments in an integrated manner, especially with 
regard to the toxic effects of pesticide residues in water. Thus, the aim of the present study 
was to conduct a systematic review of studies that analyze the reproductive aspects of 
freshwater teleosts in contaminated environments, focusing on the description of the toxic 
effects of pesticide residues on water capable of affecting the reproductive processes of 
bioindicator/biomonitor species. 

Material and methods 

The present review was based on systematized searches of scientific articles that 
address the topic “influence of environmental contaminants on the reproductive processes 
of freshwater fish”. For this purpose, thorough searches were conducted in the main 
collection of the Web of Science database. To better focus the search, the following 
descriptors were used: fish reproduction, contamination, toxicology, ecotoxicity and 
biomonitoring. These terms were combined in a systematic search using the Boolean 
operators “AND” and “OR”. 

The criteria used for article selection included the type of aquatic environment, 
where only studies on freshwater fish species published between 2000 and 2019 were 
chosen. Using the 450,671 articles retrieved, a new search was conducted to filter only 
studies related to “fish reproduction”, reducing the number of articles to 1,176. The 
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articles that met the search criteria were organized in a spreadsheet in Microsoft Excel in 
chronological order for content analysis, initially performed by reading the titles and 
abstracts. A first screening was performed, reducing the number of articles from 1,176 to 
98. 

Next, content analysis of those 98 articles was performed through full reading of 
the articles, and only those that analyzed the toxic effect of contaminating substances in 
some of the reproductive stages in fish were selected, resulting in a final set of 40 articles 
analyzed in this study. The selected articles were consulted to prepare a table containing 
the main methods and results of each article (authors, year of publication, bioindicator 
species, contaminant, classification, biomonitoring method used and study site). 

Results and discussion 

Table 1 shows the data of the 40 selected articles that analyzed the toxic effects of 
pesticides on the reproductive process of freshwater teleosts, covering the period 
between 2000 and 2019. 
 
 
 
Table 1. List of articles analyzed with possible effects of pesticide residues on the reproductive 
process of freshwater teleosts from the “Web of Science” database. 

Autor Bioindicator 
species Contaminant Classification Degree of 

exposured 
Mechanism 

of action Country 

Ankley et al. (2001) Pimephales 
promelas Methoxychlor Insecticide Acute RED EUA 

Moore et al. (2001) Salmo salar Cypermethrin Insecticide Acute RED and ED UK 
Gormley and Teacher 
(2003) Oryzias latipes Endosulfan Insecticide Acute RED and ED Canada 

Roex et al. (2003) Danio rerio Parathion Insecticide Chronic RED Netherlands 

Kleinkauf et al. (2004) Platichthys flesus 
DDT and 

Hexachlorobenze
ne 

Insecticide and 
Fungicide Chronic RED UK 

Chandra et al. (2004) Cyprinus carpio Carbofuran Insecticide Chronic RED India 
Aydin and Köprücü 
(2005) Cyprinus carpio Cypermethrin Insecticide Acute ED Turkey 

Ankley et al. (2005) Pimephales 
promelas 

Prochloraze 
fenarimol Fungicide Acute RED EUA 

Aydin et al. (2005) Cyprinus carpio Diazon Insecticide Acute ED Turkey 

Hanson et al. (2007) 

Oreochromis 
niloticus 

Clarias gariepinus 
Chrysicthys 

nigrodigitatus 

Lindano, 
pentaclorofenol 

(PCP) and 
propoxur 

Fungicide Acute GSI Gana 

Ankley et al. (2007) Pimephales 
promelas Ketoconzole Fungicide Acute RED EUA 

Woo et al. (2008) Oryzias latipes Iprobenfos Fungicide Chronic GE Korea 

Singh and Singh 
(2008) 

Rita rita 
Mystus tengara 
Cyprinus carpio 

Labeo rohita 

HCH, DDT, aldrina, 
endosulfan and 

Chlorpyrifos 
Insecticide Chronic RED India 

Balasubramani et al. 
(2008) Danio rerio Endosulfan Insecticide Chronic RED India 

Kim et al. (2008) Oryzias latipes Cartap and 
Cypermethrin 

Insecticide and 
Fungicide Acute ED Korea 

Arellano-Aguilar et al. 
(2009) 

Girardinichthys 
multiradiatus 

Parathion Insecticide Chronic RED and ED Mexico 

Edwards et al. (2010) Gambusia 
holbrooki 

DDT, DDE and 
bifenilos 

policlorados 
(PCBs) 

Insecticide Chronic RED EUA 

  

http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=MarkedList&qid=40&SID=5CQFVx4aSeCSRQpfXuU&page=1&doc=31&colName=WOS
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=MarkedList&qid=40&SID=5CQFVx4aSeCSRQpfXuU&page=1&doc=31&colName=WOS
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=MarkedList&qid=40&SID=5CQFVx4aSeCSRQpfXuU&page=1&doc=32&colName=WOS
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=MarkedList&qid=40&SID=5CQFVx4aSeCSRQpfXuU&page=1&doc=26&colName=WOS
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=MarkedList&qid=40&SID=5CQFVx4aSeCSRQpfXuU&page=1&doc=26&colName=WOS
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Table 1. Continued. 

Autor Bioindicator 
species Contaminant Classification Degree of 

exposured 
Mechanism 

of action Country 

Veldhoen et al. (2010) 

Oncorhynchus 
nerka 

Oncorhynchus 
tshawytscha 

Octacloroestirene, 
clorobenzenos, 

DDTs, HCHs and 
ciclodienos 

Insecticide Chronic GE Canada 

Piazza et al. (2011) Cichlasoma 
dimerus Endosulfan Insecticide Chronic RED Argentina 

Han et al. (2011) Cichlasoma 
dimerus Endosulfan Insecticide Acute RED Argentina 

Cuña et al. (2011) Cichlasoma 
dimerus Endosulfan Insecticide Acute GH Argentina 

Montanha et al. (2012) Rhamdia quelen Cypermethrin and 
deltametrin Insecticide Acute ED Brazil 

Beyger et al. (2012) Jordanella floridae Endosulfan Insecticide Acute/ 
chronic ED Canada 

Bencic et al. (2013) Pimephales 
promelas Fipronil Insecticide Chronic RED EUA 

Cuña et al. (2013) Cichlasoma 
dimerus Endosulfan Insecticide Chronic RED and GH Germany 

Barni et al. (2014) Odontesthes 
bonariensis 

Endosulfan and 
DDT Insecticide Chronic RED Germany 

Vincze et al. (2014) Danio rerio Tetrametil 
decynediol Herbicide Acute ED Germany 

Uren-Webster et al. 
(2014) Danio rerio Glyphosate Herbicide Acute Oxidative 

stress UK 

Piazza et al. (2015) Cichlasoma 
dimerus Endosulfan Insecticide Chronic RED Argentina 

Cuña et al. (2016) Cichlasoma 
dimerus Endosulfan Insecticide Acute RED Argentina 

Ma et al., (2016) Danio rerio Azocyclotin Fungicide Chronic RED China 
Garayzar et al. (2016) Danio rerio Clorotalonil Fungicide Chronic GE Canada 
Martyniuk et al. 
(2016) 

Micropterus 
salmoides Methoxychlor Insecticide Chronic GE EUA 

Kutluyer et al. (2016) Oncorhynchus 
mykiss Cypermethrin Insecticide Acute 

Oxidative 
stress and 

sperm 
quality 

Turkey 

Marcon et al. (2015) Astyanax 
bimaculatus Endosulfan Insecticide Acute GH Brazil 

Sumon et al. (2016) Trichogaster 
fasciata Chlorpyrifos Insecticide Acute ED Netherlands 

Flynn et al. (2018) Oryzias latipes Diazon Insecticide Chronic RED EUA 

Glaberman et al. 
(2019) 

Pimephales 
promelas 

Oncorhynchus 
mykiss 

Propiconazol Fungicide Chronic RED EUA 

Xiang et al. (2019) Danio rerio Cis-Bifenthrin Insecticide Chronic RED EUA 

Sumon et al. (2019) Trichogaster 
fasciata 

Chlorpyrifos Insecticide Chronic HG e GSI Bangladesh 

Legends: ED = embryonic development; GE = gene expression; GH = gonadal histopathology; GSI = 
gonadosomatic index; RED = reproductive endocrine disorders. 
 
 
 

Subsequent analyses revealed toxicological studies with teleost fish models, 
addressing the bioindicator species used as well as the contaminant and its classification, 
in addition to the degree of exposure in the tests performed in each of the studies (acute 
or chronic), also emphasizing the mechanisms of action by which the contaminants 
influenced the reproductive processes indicated. In general, it was possible to classify 3 
classes of pesticides (insecticides, fungicides, and herbicides) and 7 mechanisms of action: 
reproductive endocrine disorders (REDs), gene expression (GE), oxidative stress, gonadal 

http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=MarkedList&qid=23&SID=5CQFVx4aSeCSRQpfXuU&page=1&doc=3&colName=WOS
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=MarkedList&qid=23&SID=5CQFVx4aSeCSRQpfXuU&page=1&doc=3&colName=WOS


1160 Santos et al. 
 

Rev. Bras. Gest. Amb. Sustent., 2021, vol. 8, n. 19, p. 1155-1168. 
 

histopathology (GH), gonadosomatic index (GSI), sperm quality, and embryonic 
development (ED). 

The reproductive strategies and mechanisms in fish can be directly influenced by 
several changes in local abiotic characteristics, such as industrial, urban, and agricultural 
pollution (Lowe-McConnell, 1999). Year after year, the chronic effects of pesticide toxicity 
in teleosts cause behavioral changes, reduced growth rates, neurological damage, 
histopathological changes (in gills, liver, and hematopoietic and endocrine tissues) and 
reproductive disorders (Sabra and Mehana, 2015). 

A total of 24 fish species were recorded (Figure 1) and Danio rerio (Hamilton, 
1822) was the most analyzed, occurring in 17.5% of the studies, followed by Cichlasoma 
dimerus (Heckel, 1840) (15%), Pimephales promelas Rafinesque, 1820 (12.5%), and 
Oryzias latipes (Temminck and Schlegel, 1846) (10%). Characteristics shared by these 
species include reduced size, short life cycle and split spawning. 
 
 
 

 
Figure 1. Main species used in toxicological studies of pesticides in fish reproductive systems. 
 
 
 

In general, small-sized fish with short reproductive cycles, such as those most used 
in the studies described here, have been targeted in analyses and the development of 
specific protocols for toxicological tests that evaluate the potential of a chemical to 
negatively affect fish through endocrine dysregulation, mainly associated with 
reproduction but also secondarily by affecting growth, development, and survival (USEPA, 
2009; Flynn et al., 2018). However, native species that are already being used in studies 
with biomarkers of aquatic contamination, such as tambaqui Colossoma macropomum 
(Cuvier, 1816) (Carvalho-Neta et al., 2015), do not appear in the studies analyzed here 
that focus on the effects of pesticide residues on reproductive processes. Although it is not 
a small species and has a single spawning event, studies with this and other species that 
occur naturally in environments impacted by agricultural pesticides are important for 
evaluating the real effects of contaminants on animal health and the continuity of natural 
stock renewal. 
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Of the total contaminants found, 78% were classified as insecticides, 18% as 
fungicides and 5% as herbicides (Figure 2), based on the descriptions in the articles 
analyzed. The pesticides most studied in toxicological tests of fish reproductive systems 
were endosulfan (35%), cypermethrin and DDT (13%) and HCH (8%). Endosulfan is 
recognized as one of the most dangerous organochlorine pesticides, as are DDT and HCH, 
and is widely used in several countries as a broad-spectrum insecticide for commercial 
plantations, with India and Israel as the main producers (Cuña et al., 2013). Once in 
contact with the aquatic biota, Endosulfan can affect the normal regulation of numerous 
biological processes, including fish reproduction (Han et al., 2011), acting as an endocrine 
disruptor, which affects hormonal regulation and thus causes reproductive disorders 
(Cuña et al., 2016). In turn, cypermethrin, a type II synthetic pyrethroid insecticide with 
high efficiency and low residual power with low toxicity for mammals and birds, is also 
part of the group of pesticides with great toxic potential in fish due to slower metabolism 
and elimination in fish than in other vertebrates (Moore et al., 2001; Montanha et al., 
2012; Kutluyer et al., 2016). 
 
 
 

 
Figure 2. Classification of the most found pesticides according to the description present in the 
analyzed articles. 
 
 
 

The mechanisms of action of the pesticides show effects at different levels of 
toxicity, with reproductive endocrine disorders being the most reported in more than 50% 
of the analyzed studies. According to Sabra and Mehana (2015), fish exposed to 
environmental pollutants such as insecticides, herbicides, heavy metals and xenobiotics 
may suffer disturbances in their natural reproductive processes, potentially resulting in 
changes such as decreased fertility and histological damage in the testes and in the ovaries 
(Cuña et al., 2011, 2013; Marcon et al., 2015), impairment of the vitellogenesis process and 
interruption of the steroidogenesis process (Singh and Singh, 2008), delayed maturation 
of the gonads evidenced by changes in the gonadosomatic index (Kleinkauf et al., 2004; 
Sumon et al., 2019), changes in reproductive and parental behavior, impaired olfactory 
response and consequent disturbance of reproductive migrations, and disturbances in the 
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coordination between the courtship behavior of male and female fish and spawning time 
(Jaensson et al., 2007). 

According to Garayzar et al. (2016), when analyzing the effect of chlorothalonil on 
gene expression in Danio rerio, there are changes in transcriptional networks associated 
with reproduction, such as stages that included fertilization, male reproduction, and 
testicular function, after exposure of fish to pesticides. Similar effects were observed by 
Xiang et al. (2019), who correlated changes in the expression of key genes associated with 
the endocrine pathways of the reproductive system of Danio rerio after exposure to cis-
bifenthrin, also inferring a reduction in the total motility rate of spermatozoa. Han et al. 
(2011) observed intratesticular sperm necrosis in Danio rerio after exposure to 
endosulfan, suggesting that the reductions identified in fertilization rates after prolonged 
exposures could be due to testicular and sperm damage. 

The use of gametes in toxicological bioassays has still been little used in 
evaluations of the deleterious effects on the reproductive processes of fish exposed to 
contaminants (Losso et al., 2007; Mamindy-Pajany et al., 2010). In an acute test study 
evaluating the toxic effect of cypermethrin on the motility rate and duration of motility in 
rainbow trout Oncorhynchus mykiss (Walbaum, 1792) sperm, the authors observed a high 
sensitivity of sperm cells to low concentrations of the pesticide (Kutluyer et al., 2016). 
Fabbrocini et al. (2012) analyzed the feasibility of using cryopreserved sperm cells from 
Sparus aurata in ecotoxicological tests in which sperm cells exposed to cadmium showed 
significant differences after 2 hours of exposure to the contaminant. Typically, 
toxicological tests use methodologies that subject a model organism to various 
concentrations of a chemical over a relatively long period to replicate conditions of 
chronic exposure (Gormley and Teacher, 2003). However, in many cases of runoff events 
after heavy rainfall, chemicals can remain in the environment for a short period, requiring 
an increase in short-term toxicological tests. 

The evaluations of parameters that characterize sperm quality, such as motility, 
are fast and easy to perform, require small sample volumes for testing and do not require 
specially equipped facilities because they can even be performed as part of field 
monitoring programs. When cryopreserved, semen can be easily stored and transferred 
(Maria and Carneiro, 2012; Salmito-Vanderley et al., 2016), allowing numerous 
opportunities to evaluate samples in future toxicological tests at a time and place based on 
the needs of the researchers, thus allowing a better standardization strategy for the 
biomonitoring in contaminated environments (Fabbrocini et al., 2012). 

Conclusion 

The effects of pesticides on the reproductive processes of freshwater teleost fish 
are evident, mainly causing endocrine reproductive disorders, morphological changes in 
the gonads and a decrease in the quality of gametes. Although the toxic effects of 
pesticides are often not observed at levels that cause immediate changes in humans, 
bioaccumulation can be a risk factor for a portion of the population that feed on fish. The 
indiscriminate use of pesticides by the agricultural sector, especially insecticides such as 
Endosulfan and cypermethrin and those belonging to the dichlorodiphenyltrichloroethane 
group, can lead to a drastic reduction in the renewal of natural fish stocks in rivers and 
lakes, which may result in the loss of biodiversity. 

Therefore, specific studies using native fish species are essential for defining 
adequate protocols to be applied by regulatory institutions in requests for the release and 
use of pesticides in agriculture, with a specific focus on analyses of sperm quality in fish, 
considering that such assays involve low-cost technique and can be executed in a short 
period of time. 
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Understanding the toxic effects and the stages of the biological cycle of nontarget 
species in toxicological tests can lead to discussions for the better management of water 
with multiple uses, particularly for greater effectiveness in the conservation of the aquatic 
environment. 
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