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Abstract 

Scientists, government agencies, and the public are keenly interested in evaluating ecosystem health. 
As a result, there has been an increase in research investigating the efficacy of various bioindicators as 
markers of environmental pollutants. This article presents a review of bioindicators from 2013-2023 
indexed by Scopus. The overall aim is to examine temporal trends in publications regarding 
bioindicators, contaminants of concern, species used as bioindicators, and potential future research. By 
entering the terms “bioindicators, environmental pollution, and environmental literature” into the 
search menu of the Scopus database, we obtained a total of 136 articles. After applying our criteria, we 
narrowed down our research to only 31 articles. We used the PRISMA framework for inclusion and 
exclusion purposes. Our SLR results showed that the most studied environmental pollution was air 
and freshwater pollution. The dominant keywords used in this study were bioindicators, animals, 
environmental monitoring and biomonitoring. The most studied country for bioindicators of 
environmental pollution is Italy. The most studied pollution is heavy metal and chemical pollution. 
The most used bioindicator organisms are invertebrates and plants, while the least used are algae or 
diatoms. Future research on potential bioindicators includes the application of diatoms in water quality 
assessment, the relationship between bioindicator monitoring and its impact on communities, 
interspecies comparisons to identify the most effective indicators, and studies on the level of 
understanding and skills of communities in the use of bioindicator organisms. Overall, this review 
serves as a comprehensive reference for the development of research and application of bioindicators 
in environmental monitoring. 
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INTRODUCTION  

Environmental pollution is a serious global challenge (Liu et al., 2019; Yadav et 
al., 2021), posing increasing threats to ecosystem balance and public health through 
the accumulation of pollutants such as heavy metals, microplastics, and persistent 
organic compounds (Zhu et al., 2023; Chen et al., 2024). The WHO estimates that more 
than two million premature deaths per year are caused by pollution (WHO, 2021). 
Furthermore, globally pollution-related deaths account for 23% of all deaths each year 
(Ngwenya et al., 2024). Industrial development and urban expansion have 
significantly increased pollutant levels originating from sources such as wastewater 
discharge, vehicular emissions, and agricultural runoff (Strokal et al., 2021; Thompson 
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and Darwish, 2019). Traditional monitoring methods that rely on physicochemical 
analysis are accurate but do not always reflect the biological impact of pollutants 
(Kumari & Khare, 2018). Given these challenges, there is a growing need for more 
holistic and innovative monitoring strategies, such as bioindicators (Parmar, 2016). 

Pollution monitoring mechanisms are essential to effective environmental 
management and remediation. Although physicochemical methods are widely used, 
they present several limitations, including high operational costs, the requirement for 
sophisticated infrastructure, and restricted ability to capture biological impacts or 
long-term ecological changes (Hamzah, 2014; Madheshiya et al., 2022; Dong et al., 
2022). In contrast, bioindicators offer multiple advantages: they are cost-effective, can 
detect sublethal and cumulative effects, and reflect ecosystem-level responses. For 
instance, diatoms and lichens have demonstrated utility in signaling early signs of 
water and air pollution early warnings that conventional methods often miss 
(Ghannem et al., 2018; Chowdhury et al., 2023). Consequently, there has been 
increasing advocacy for integrating biological monitoring tools to complement and 
enhance traditional techniques (Asif et al., 2018). 

To fully leverage these advantages, it is necessary to clearly define what 
constitutes a bioindicator and how these organism functions across varying pollution 
contexts. Bioindicators are organisms or biological responses that provide information 
about environmental health and pollutant presence (Chowdhury et al., 2023). They act 
as natural sensors, responding to environmental changes in observable and 
quantifiable ways (Ghannem et al., 2018). Bioindicators are highly diverse, ranging 
from enzyme activity in microbes, metal accumulation in plant tissues, to behavioral 
alterations in animals (Caro, 2016; Dubey et al., 2022; Rajamanickam et al., 2021). 
However, despite their growing use, there remains limited synthesis regarding which 
types of environmental contaminants are commonly targeted and how specific 
bioindicators are selected and applied across different studies. This gap calls for a 
comprehensive evaluation of both the pollutant types addressed and the biological 
agents involved. 

In response to this need, recent years have witnessed a surge in bioindicator 
research that embraces molecular and omics-based innovations (Vallaeys et al., 2017). 
Advanced genomic, proteomic, and metabolomic tools have been increasingly 
employed to unravel bioindicator response mechanisms at the cellular and molecular 
levels. Improved high-capacity screening methods have facilitated the discovery of 
new pollution bioindicators and biomarkers (Shen et al., 2016; De Sousa et al., 2018; 
Katar et al., 2023). Additionally, there is an increasing trend to use bioindicators in 
urban ecological assessment, reflecting the expansion of the scope of environmental 
monitoring (Zukal et al., 2015; Jakop et al., 2024; Yorkina et al., 2016). This 
development marks a paradigm shift towards more sensitive bioindicator based 
assessments. Accordingly, this systematic review aims to (1) identify publication 
trends related to the use of bioindicators over the past decade, (2) examine the types 
of contaminants assessed through bioindicators, and (3) explore emerging patterns in 
the selection and application of bioindicators in environmental pollution studies. 

Numerous systematic literature reviews have been conducted. However, 
research tends to focus on individual pollutants or specific organisms; few reviews 
provide a broad synthesis of bioindicators across different pollutant types and 
environmental contexts. According to a search on Google Scholar, only three 



Fahmi et al. Bioindicator Trends in Studying Environmental ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2025 Vol. 9, No. 2 | 109 

 

publications were found that systematically reviewed bioindicators in the context of 
environmental contamination. These studies discuss the concept of bioindicators as 
natural indicators of pollution (Parmar et al., 2016), provide a historical review from 
1970 to 2005 (Burger, 2006), and explore the development and use of bioindicators in 
ecological assessment (Burger, 2006). However, no recent review has comprehensively 
examined how bioindicators have been utilized in pollution-related research over the 
last ten years. This reinforces the relevance of conducting a review that aligns with the 
three research questions: (1) trends in publication, (2) targeted pollutants, and (3) 
bioindicator usage patterns. This review is crucial for researchers aiming to use 
bioindicators as central elements in environmental assessment and offers insights for 
directing future funding, research, and policy attention, especially toward 
underrepresented species and pollutant types, thus reinforcing the global relevance 
and applicability of bioindicator, based monitoring. 

METHOD 
A Systematic Literature Review (SLR) is a structured and rigorous method used 

to identify, evaluate, and synthesize all relevant literature to address a specific 
research question (Snyder, 2019; Xiao & Watson, 2019). This study adopts the SLR 
approach following the five-step framework proposed by Denyer and Tranfield 
(2009), as illustrated in Figure 1. This framework has been widely applied in previous 
SLR-based studies. Furthermore, the design and execution of this review adhere to the 
key methodological principles highlighted by Han et al. (2020), ensuring 
transparency, replicability, and analytical rigor. 

 

Figure 1. The SLR process consists of five steps, as modified from Denyer and 
Tranfield's (2009) framework by Han et al. (2020) 

Step 1: Question Formulation 
The first step is to determine the scope of the research. The following questions 

are proposed and attempted to be answered by this research (from 2013 to 2023). The 
selected research focus is as follows: RQ1: What is the trend of publication of 
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bioindicators to determine environmental pollution over the last ten years? RQ2: 
Which contaminants are most commonly identified using bioindicators?; RQ3: What 
are the trends in bioindicators used to determine environmental pollution? 

Step 2: Locating Studies  
The second phase of the systematic literature review is to identify, select, 

evaluate, and catalog the main contributions related to the review question. The 
objective of this study is to utilize bioindicators to assess environmental 
contamination. Articles were obtained by conducting a search using a Scopus account. 
Scopus was chosen due to its broad multidisciplinary coverage and strong reputation 
for indexing high-quality scientific articles (Gusenbauer & Haddaway, 2020). The 
search was limited to articles published between 2013 and 2023. The keywords used 
were “bioindicators,” “environmental literature,” and “environmental pollution.” The 
data obtained were saved in CSV and RIS formats and then stored in Mendeley 
Reference Manager. The VOS-viewer software was then used for visual display. This 
database was chosen due to its accessibility in academic institutions and its use in 
previous similar research. The literature articles generated from the keyword search 
were analyzed to conduct a backward search. Additional sources from specific study 
references were analyzed to continue the investigation. No additional research was 
found during this process. 

Step 3: Study Selection and Evaluation 
At this stage, a structured selection process was carried out to ensure that the 

studies included in the review were relevant, high-quality, and aligned with the 
research objectives. The inclusion criteria consisted of four main points: (1) the article 
must be indexed in Scopus and published between 2013 and 2023; (2) it must address 
topics related to bioindicators and environmental pollution; (3) it must be written in 
English; and (4) it must contain the specified keywords. To ensure transparency, this 
process was divided into four filtering phases, as illustrated in Figure 2. In the first 
phase, a total of 136 records retrieved through keyword searches were screened based 
on titles and abstracts. Articles that did not explicitly mention bioindicators, 
environmental monitoring, or pollution-related themes were excluded. In the second 
phase, articles were filtered by Scopus subject categories. Only those under 
environmental science, agricultural and biological sciences, biochemistry, genetics, 
and molecular biology were retained, resulting in 120 eligible articles. The third phase 
involved excluding 44 non-English articles—such as those written in Spanish, 
Chinese, Hungarian, and Polish—resulting in 76 remaining studies. In the fourth 
phase, a full-text assessment was conducted to determine the degree of alignment 
with the review’s thematic focus. This step evaluated whether each article (i) explicitly 
discussed the application of bioindicators in assessing environmental pollution and 
(ii) contributed either empirically or conceptually to the field. Articles that failed to 
meet these conditions were removed. Ultimately, 31 articles were selected for 
synthesis and further analysis. 
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Figure 2. Review process for study selection 

Step 4: Analysis and Synthesis 
In this phase, the selected articles were thoroughly examined to identify key 

patterns, themes, and trends related to the use of bioindicators for environmental 
pollution monitoring. The analysis focused on publication trends, targeted 
contaminants, and the types of bioindicators employed. Articles were categorized 
according to their research focus and were synthesized based on thematic similarities. 
The synthesized data were tabulated and visualized using descriptive statistics and 
thematic mapping to enhance interpretation and clarity. This approach facilitated the 
identification of both knowledge gaps and emerging trends in the field. 

Step 5: Reporting and Using the Result 
As shown in Figure 1, the final step involved reporting and summarizing the 

synthesized findings to answer the research questions. The results were compiled into 
a structured narrative that discusses the overall trends in bioindicator research over 
the past decade. The findings highlight prevalent contaminants monitored using 
bioindicators, and commonly used organisms. This comprehensive summary 
provides valuable insights for researchers and practitioners in environmental science 
and policy, paving the way for future research directions and improved applications 
of bioindicators. 

Ethical Considerations 
This review relies solely on secondary data from publicly available sources and 

does not involve any human or animal subjects. We note that no original data were 
gathered for this work. All information was obtained from peer-reviewed articles, 
databases, and other publicly accessible literature. Stating this promotes transparency 
in our methods and adheres to sound research practices. 
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RESULTS AND DISCUSSION 

Bioindicators Publication Trend For 1 Decade 
Publication trends (presentation of published articles) in the last ten years (2013-

2023) are presented in Figure 3. Trends in Bioindicator Research on Pollution (2013-
2023)Figure 3 shows the distribution of publications related to different types of 
environmental pollution using bioindicators from 2013 to 2023. Air pollution occupies 
the highest position with a proportion of 38%, followed by freshwater pollution at 
27% of the total publications.  The dominance of the topic of air pollution reflects its 
urgency as a global issue, especially due to its direct impact on human health, such as 
respiratory disorders and cardiovascular diseases (Knippertz et al., 2015; Kinney, 
2018). In addition, the high use of sensitive bioindicator organisms such as lichens and 
aquatic plants that are easy to observe is driving the growth of studies on this theme 
(Godzik et al., 2020; Michel et al., 2024; Varela et al., 2023). This trend is also in line 
with the increasing global awareness of the role of air pollution in climate change and 
public health (Orru et al., 2017; Nakazato et al., 2018; Lam et al., 2022). Meanwhile, the 
large number of publications addressing bioindicators in the context of freshwater 
pollution is inseparable from their proximity to people's lives and their vital role as 
the main source of water for domestic, agricultural and industrial purposes (Vasistha 
et al., 2021; Bawra & Pawar, 2023). The proximity of these ecosystems to human 
activities makes them more vulnerable to pollution, prompting the need for 
continuous water quality monitoring (Nguyen et al., 2023; Zhu et al., 2023).  

 

Figure 3. Research Trends in Bioindicators of Pollution (2013-2023) 

On the other hand, marine (23%) and soil (19%) pollution. The lower number of 
publications on marine and soil pollution is likely due to the complexity and longer 
time involved in developing effective bioindicators in these media. This finding is in 
line with Pillet et al. (2021), who stated that the development of bioindicators in 
marine and soil environments still faces various technical and methodological 
obstacles. Bioindicator development in the ocean has a major challenge, namely 
heterogeneity and high physico-chemical dynamics, which complicate the consistency 
of bioindicator responses (Areco et al., 2021; Lyons et al., 2010). As for soil media, 
matrix complexity and high spatial variation make it more difficult to evaluate 
contaminants and their impacts (Ghannem et al., 2024; Kim et al., 2024). 
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The keyword network visualization in Figure 4 shows that the term 
“bioindicator” occupies the most central position in the bioindicator research 
landscape on environmental pollution over the past decade. The term bioindicator is 
closely associated with other keywords such as environmental monitoring, 
biomonitoring, and animals, which are the dominant nodes in the network. This close 
relationship emphasizes the role of bioindicators as a key concept in environmental 
pollution studies, linking the presence of contaminants with the biological responses 
of organisms in various ecosystems. One prominent thematic cluster is water quality 
monitoring, as shown by the strong linkages between keywords such as water 
pollutant, marine pollution and toxicity. This indicates that bioindicators, especially 
aquatic organisms such as diatoms, invertebrates and fish, have been widely used in 
water quality degradation studies. The use of these organisms is driven by their ability 
to provide a real-time picture of environmental conditions, as well as reflect the 
cumulative impacts of different types of pollutants. Another important cluster focuses 
on heavy metal contaminants, such as mercury, cadmium, arsenic and chromium. 
This cluster illustrates the high level of scientific interest in the toxicity of heavy metals 
that can accumulate in the tissues of organisms. This visualization also shows the 
linkages between bioindicators and broader ecological concepts, such as biodiversity, 
ecosystems, and ecotoxicology. These linkages show that bioindicator studies are not 
only limited to the measurement of contaminants, but also include an understanding 
of long-term ecological impacts, including changes in community structure, 
ecosystem function, and physiological responses of organisms to environmental 
stressors. 

 

Figure 4. Co-Occurrence Network of Bioindicator-Related Keywords (2013-2023) 

Table 1 presents the national distribution of authors who contributed to the 
research themed “Bioindicators as a tool for monitoring environmental pollution.” 
Based on the data, it is noted that the authors come from 16 different countries, which 
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represents about 8.2% of the total 193 countries in the world. Italy ranked highest with 
the most number of publications (7 articles). Italy's dominance in this field can be 
attributed to its long tradition in scientific research, particularly in the fields of 
environmental and biomedical sciences. Historical institutions such as the Istituto 
Superiore di Sanità (ISS), under the leadership of prominent scientists such as 
Domenico Marotta, have become major research centers and helped shape the 
academic culture in Italy (Cozzoli et al., 2011; Lusito, 2021). This scientific heritage 
supports the emergence of an active research community in the field of bioindicators. 
Moreover, the strong integration of Italian research institutions into international 
collaboration networks fosters knowledge exchange across countries, increasing 
scientific productivity and visibility (Di Bernardino et al., 2022; Brandi & Carbara, 
2004). Furthermore, government support through strategic programs such as the 
National Research Program and the creation of technology districts has strengthened 
national research capacity (Zorzoliu, 2012; Richiedei & Pezzagno, 2022). The use of 
bioindicators is also increasingly encouraged in environmental policy-making and 
legislation programs (Kienzl et al., 2003), making Italy one of the centers of 
bioindicator research development. 

Table 1. Nationality and continent of authors regarding the use of bioindicators in 
environmental pollution 

Country Continent n 

Italia Europe 7 
United State North America 4 

Poland Europe 3 
Spain Europe 2 

Croatia Europe 2 
Mexico North America 2 
India Asia 2 
Egypt North Africa 1 

Kosovo Europe 1 
United Kingdom Europe 1 

Germany Europe 1 
Brazil South America 1 

Argentina South America 1 
New Caledonia Oceania 1 

Curacao South America 1 
Turkiye Europe 1 

Contaminant Trends in Bioindicator Use 
 Table 2 shows that heavy metals and chemical contaminants have been the 
dominant focus in bioindicator research over the past decade, each appearing in 12 
articles. This pattern reflects the substantial impact of these two pollutant groups on 
the environment and human health. These findings align with work by Cuschieri et 
al. (2023) and Panghal et al. (2024), which report that bioindicators are used to detect 
both the presence and biological effects of heavy metals and hazardous chemicals; 
these substances can accumulate in organism tissues and lead to physiological 
disruptions or ecosystem damage. Moreover, heavy metals in particular cannot be 
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biologically degraded and can transfer through the food chain up to humans 
(Ebrahimi et al., 2020; Parida & Patel, 2023). Such accumulation may result in organ 
damage, metabolic disturbances, oxidative stress, and DNA damage (Mitra et al., 
2022). The high frequency of studies using bioindicators to detect heavy metal 
pollutants and chemical contaminants is also driven by increasing industrial activity, 
mining, urbanization, and the use of pesticides and other harmful chemicals in 
community environments (Huang et al., 2018; Akansha et al., 2024). Researchers are 
concerned about the long-term implications for public health and ecosystem quality. 

Table 2. Contaminant Group 

Contaminant Group Number References 

Heavy metal 12 (Borghesi et al., 2017; Silici et al., 2016; Govers et 
al., 2014; Skibniewska & Skibniewski, 2023; 
Hédouin, L et al., 2016; Squadrone et al., 2019; 
Comess et al., 2021; Breidenbach et al., 2023; 
Brasso et al., 2020; Skorbiłowicz et al., 2018; Khalil 
et al., 2017; Gago-Tinoco) 

Chemical 
contaminant 

12 (Pizzolotto et al., 2018; Tripathi & Nema, 2023; 
Guerranti et al., 2017; Raghu, 2015; DeMille et al., 
2023; Caro-Borrero et al., 2021; Arias et al., 2022; 
Bęś et al., 2019; de Souza et al., 2023; Salmaso et 
al., 2019; Venkatachalapathy et al., 2015; Valon et 
al., 2023) 

Microplastic 3 (Valente et al., 2022; Savage, et al., 2022; Celis-
Hernández et al., 2021) 

General Pollutant 2 (Mifsud, 2014; Bzzi et al., 2023) 

Radioactive 
Radiation 

2 (Babić et al., 2020; Herceg et al., 2016) 

Contaminant Trends in Bioindicator Use  
Invertebrates are the most widely used bioindicator type in environmental 

pollution monitoring studies, as reflected in the 15 articles that used them (Table 3). 
Some examples of invertebrates used as bioindicators in the analyzed studies include 
odonates (Bazzi et al., 2023), the bumblebee Bombus terrestris (Breidenbach et al., 
2023), and marine sponges (Celis-Hernández et al., 2021). The widespread use of 
invertebrates is driven by their high sensitivity to pollutants, flexibility of application 
across a wide range of systems, both terrestrial and aquatic, and the availability of 
diverse methodological approaches to assess ecosystem condition (Dvoretsky & 
Dvoretsky, 2023; Andújar et al., 2018). Furthermore, invertebrates are easy to collect 
and have short life cycles, making them suitable for periodic environmental 
monitoring and detecting short-term changes (Bonada et al., 2006; Borges et al., 2021). 
In addition, these organisms are also favored for their ease of sampling and ability to 
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generate representative data on ecosystem health status (Parikh et al., 2021; 
Sumudumali et al., 2021). 

Table 3. Type of Bioindicator 

Type of Bioindicator Number References 

Invertebrata 15 Pizzolotto et al., 2018; Silici et al., 2016; Guerranti 
et al., 2107; Babić et al., 2020; Govers et al., 2014; 
Bazzi et al., 2023; Hédouin et al., 2016; Caro-
Borrero et al., 2021; Arias et al., 2022; de Souza et 
al., 2023; Breidenbach et al., 2023; Savage et al., 
2022; Skorbiłowicz et al., 2018; Celis-Hernández 
et al., 2021; Gago-Tinoco et al., 2014) 

Plants 11 Tripathi et al., 2023; Babić et al., 2020; Guerranti 
et al., 2107; DeMille et al., 2013; Caro-Borrero et 
al., 2021; Bęś et al., 2019; Comess et al., 2021; de 
Souza et al., 2023; Herceg et al., 2016; Salmaso et 
al., 2019; Venkatachalapathy et al., 2015 

Vertebrata  5 de Souza et al., 2023; Valente et al., 2022; Valon et 
al., 2013; Khalil et al., 2017; Mifsud, 2017 

Mamalia  5 Raghu, 2015; Borghesi et al., 2017; Skibniewska et 
al., 2023; Squadrone et al., 2019; Brasso et al., 2020 

Alga/Diatom 2 Salmaso et al., 2019; Venkatachalapathy et al., 
2015 

In second place, plants were used as bioindicators in 11 articles. Some of the 
species used include Ficus benghalensis L. (Tripathi et al., 2023), the moss Hypnum 
cupressiforme (Babić et al., 2020), and Festuca arundinacea (DeMille et al., 2023). The 
high utilization of plants as bioindicators is due to their sedentary ecological 
characteristics and ability to photosynthesize. This is in line with previous findings 
showing that plants, being sedentary, are able to reflect local environmental 
conditions consistently over time (Sevik et al., 2020; Cen, 2015). In addition, their 
intensive interaction with the environment through photosynthesis, which involves 
the absorption of carbon dioxide and the release of oxygen, makes plants a natural 
indicator of air quality (Sharkey, 2020; de Souza, 2016). Furthermore, plants are also 
widely utilized in phytoremediation and biomonitoring studies of pollutants in air 
and soil (Kalendar et al., 2024; ). 

 Meanwhile, algae or diatoms are the least used organisms. This is due to the 
high need for taxonomic expertise. This is in accordance with previous research that 
shows taxonomic expertise is needed to identify diatom species, which requires the 
use of high-resolution microscopy and a deep understanding of silica morphology 
(Schultzet al., 2024; Wilks & Armand, 2017). Diatoms have very wide morphological 
variation, and errors in identification can result in inaccurate ecological 
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interpretations (Venkataramanan et al., 2024). In addition, analysis of diatom data 
requires specialized statistical approaches, such as biotic indices (e.g. Trophic Diatom 
Index, Specific Pollution Sensitivity Index), as well as digital microscopy-based image 
processing or deep learning, which most environmental researchers have not yet 
mastered (Kim & Lee, 2025; Dalu & Froneman, 2016). Another challenge is the 
geographical variation in the application of biotic indices. Indices developed in one 
region are not always directly applicable to other regions without modification. For 
example, indices designed in Europe are not necessarily applicable in regions such as 
South Africa or the French West Indies, requiring local adaptation or the development 
of new, contextualized indices (Xue et al., 2023; Heinry et al., 2024). 

Future Potential 
The review identified three important aspects that need to be the main focus in 

the future development of bioindicator research: (1) the limited research on diatoms 
as water quality indicators, (2) the need to link bioindicator monitoring results with 
real implications for society, and (3) the importance of comparative studies between 
bioindicator species. Firstly, although diatoms have been shown to be very effective 
as bioindicators of water quality, research using them is still very limited, especially 
in developing countries and tropical regions. This is due to several technical 
constraints, such as the need for in-depth taxonomic expertise, high-resolution 
microscopy and complex data processing (Wilks & Armand, 2017; Schultz et al., 2024). 
Diatoms have the ability to record rapid and detailed changes in water quality, 
making them a potential biological indicator. Local capacity building, integration of 
technologies such as digital imagery and machine learning, and cross-institutional 
collaboration are strategic steps to expand the use of diatoms in sustainable water 
quality monitoring (Kim & Lee, 2025). Second, while bioindicator research has focused 
on measuring environmental quality, little research has examined the social and 
health impacts on communities living near monitored ecosystems. Information 
obtained from bioindicators can be used to detect potential risks to human health, food 
safety and the sustainability of local livelihoods, such as agriculture and fisheries 
(Wright, 2018). For example, the accumulation of heavy metals in aquatic organisms 
can signal danger to fishing communities that consume catches from these waters. 
Therefore, bioindicator research results should be translated into responsive 
environmental policies and participatory community education programs, so that the 
knowledge generated has a direct impact on environmental protection and social 
welfare.  

Third, bioindicator studies have so far been dominated by a single approach, 
namely the use of one species for one type of contaminant, without comparing 
effectiveness between species. In fact, each organism has different tolerance and 
sensitivity to various pollutants (Hamza et al., 2014). Comparative studies between 
species are essential to identify the most accurate, efficient, and relevant species in 
local and cross-regional contexts (Dalu & Froneman, 2016). As pointed out by Tokatli 
(2022), a multi-species approach within a single monitoring site can increase data 
reliability and enrich ecological interpretation. Fourth, the increased use of 
bioindicators in environmental quality monitoring has not been matched by research 
on public understanding and awareness of bioindicator organisms. Most studies still 
focus on technical aspects carried out by researchers, while public involvement and 
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understanding of the use of bioindicator organisms such as diatoms, aquatic insects, 
and macroinvertebrates remains very limited (Fernández et al., 2021). However, these 
organisms serve as early indicators of ecological disturbances that can directly impact 
community life (Parmar et al., 2016). Studies exploring public perception, 
understanding, and involvement in environmental monitoring processes have the 
potential to open up opportunities for collaboration between scientists, educators, and 
local communities. This collaboration will not only improve data quality but also 
foster collective awareness of the importance of preserving ecosystems and public 
health (Bertuol-Garcia et al., 2018; Kaufman & Curl, 2019). By increasing public 
awareness of the role of bioindicators, not only can the quality of monitoring data be 
improved, but a sense of collective responsibility for maintaining environmental 
quality can also be fostered. 

CONCLUSION 
This SLR produced interesting results. First, it was found that the most 

researched environmental pollution was air and freshwater pollution. Second, the 
keywords that were widely used by the authors were bioindicators, animals, 
environmental monitoring, and biomonitoring. Third, the country with the most 
research on bioindicators in environmental pollution is Italy. Fourth, the most studied 
pollution is heavy metal and chemical pollution. Fifth, invertebrates and plants are 
the most widely used bioindicators, while the least is algae or diatoms. In the future, 
bioindicator research has potential in four areas: first, the use of diatoms as 
bioindicators of water quality; second, linking bioindicator monitoring results to their 
impact on communities; third, conducting interspecies comparisons to identify the 
most effective indicators; and fourth, studying the level of community understanding 
and skills in recognizing and utilizing bioindicator organisms. This review encourages 
researchers and policymakers to adopt a more diverse, comparative, and community-
oriented approach to environmental bioindication. 

RECOMMENDATION 
This research is limited to this systematic literature review because it only uses 

limited keywords from one Scopus-indexed journal. Expanding the sample of higher 
quality journals, such as DOAJ, SINTA, ERIC, Scopus, and Web of Science, is 
recommended to conduct further research. It can also be used to compare the results 
of various Systematic Literature Review analyses of bioindicators. 
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