




BIOINDICATORS: A REVIEW ON FUNGAL INDICATORS 
 


ABSTRACT:
Every living organism within a biological system offers insights into the health of its environment. For instance, plankton exhibit rapid responses to environmental changes and serve as crucial biomarkers for evaluating water quality and pollution levels. Bioindicators encompass biological processes, species, or communities utilized to gauge environmental quality and its fluctuations over time. Alterations in the environment are often attributed to human-induced disturbances such as pollution and land use changes, or natural stressors like droughts and late spring freezes, with primary emphasis placed on human-induced stressors in bioindicator research. They offer insights into intricate ecological processes, serve as early warning signals, aid in diagnosing ecological issues, and are vital tools for conservation planning and management. This discussion focuses solely on animal indicators, excluding plants and microbial species, and refrains from including examples derived from toxicological studies. It provides a review of organism-level indications, where the presence or absence of certain species guides further investigations prompted by inquiries.
Key words:           Bioindicators, water quality, animal, terrestrial, aquatic, pollution












INTRODUCTION
 The word "bioindication" has no established definition; rather, it alludes to a problem that is now emerging in the realm of conservation assessment.  Environmental monitoring is an essential component of maintaining and forecasting ecosystems since environmental contamination directly harms them. Understanding the trends and drivers of biodiversity change is vital when attempting to decide on appropriate conservation measures (Noss 1990; Pereira et al., 2012).  These indicators interact with the ecosystem and reflect the changes occurring in a habitat, they provide information about complex ecological processes, act as early warning signals, help diagnose the cause of ecological problems, and are essential for conservation planning and management (Duelli and Obrist 2003; Heink and Kowarik 2010; Lindenmayer and  Franklin 2002; McGeoch  2007; Parmar  et al., 2016). We can forecast the quantity or degree of pollution by using bioindicators (Khatri and Tyagi 2015).
Understanding the trends and drivers of biodiversity change is essential for identifying and implementing appropriate conservation measures. (Noss, 1990; Pereira  et al., 2012) not withstanding that it requires comprehensive and robust information from Biodiversity monitoring program (Mihoub et al., 2017).Further challenges facing the biodiversity conservation (Kissling et al., 2018) to address all issues of biodiversity, it is indispensible to quantify and predict the local and regional variations.
Despite having good amount of scientific literature on selection of indicators, the process and methods are not systematic (Dale and  Beyeler 2001; Belnap and Gillette, 1998; Reid  and Rout, 2020),it may be related to distribution, abundance, richness, functional importance or sensitivity of taxa to environmental factors (Pereira  et al., 2013; Niemeijer  and de Groot 2008; Gregory   et al., 2005; Remme  et al., 2016.). Generally, choice of the indicator is based on previous data, conservation status of taxa, and comfortness of the data collection, sorting and identification process (Siddig  et al., 2016). Sometimes it may be related to subjective criteria unrelated to ecological criteria (Niemeijer  and de Groot 2008; Kurtz  et al., 2001; Yu   et al., 2017) or carried out by the data availability (Geijzendorffer  et al., 2016).
While choosing the suitable indicators their relation to local regions and context may be taken into considerations. Additionally the experts’ presence is essential to understand the aspects of biodiversity may affect the main region differently so requires its indicators. While selecting appropriate indicators their relation to the local context and ecosystems must be taken into account. Accordingly, the knowledge of experts or specialists in local taxa is essential since one aspect of biodiversity (species, habitats, ecological processes, and biotic, abiotic, and anthropogenic problems) may affect a focal region differently and so require its indicator (Duelli and Obrist 2003). It is also important to assess which indicators are valid and informative for a region and which are redundant, overvalued, or unnecessary.
Bioindicators aid in determining the state of the environment and how it changes over time. includes microorganisms and various kinds of plants, animals, algae, lichens, zooplanktons, insects, amphibians, and molluscs. Bioindicators can even be found in human hair and nails (Burger, 2006). Bioindicators are used to examine the total biodiversity and to monitor the state of any region's air, soil, and water. These are also used to assess how mitigation strategies for environmental protection are working, and thus they have a big impact on the preservation of nature as well. This review focuses on several faunal indicators and their role in maintaining environmental health.  
As there are many methods and indicators to assess and monitor the ecosystem and habitats, but here we have chosen only the animals as indicators excluding the organism which were taken in to consideration after toxicological experiments. We have thoroughly searched the papers on animal indicator giving key words in as Animal indicators, biological indicators, and insect indicators. 
Classification of bioindicators:
Based on their wide range of origins and uses, bioindicators may be categorized into three groups: environmental, ecological, and biodiversity indicators (Mc Geoch, 1998).
Environmental bioindicators are defined as the organisms that react to environmental disturbances and hence show the symptoms of any environmental change or disturbance. They support in shaping the condition of environment so that any environmental policies may be diagnosed. For instance, animals, large-scale invertebrates, sentinels, etc.
Ecological bioindicators are the species that are responsive to environmental factors such as pollution, habitat fragmentation, or other disturbances. Lichens, plant indicators, etc., as examples. 
Biodiversity bioindicator is a species that serves as a proxy for measurable aspects of biodiversity, such as genetic variation, environmental conditions, or ecosystem health, while also representing the broader status of the community. Examples include animals, plants, and microbes.
Animal indicators:
Animal indicators help to identify the amount of toxins present in an animal's tissues. There are many different kinds of animals that may be used to gauge the health of the ecosystem, including micro- and macroinvertebrates, fishes, amphibians, reptiles, birds, and mammals (Khatri and Tyagi, 2015).
Micro invertebrates as bioindicators:
Plankton exhibit rapid responses to ecological changes and are considered excellent indicators of water quality and trophic conditions due to their short generation times and fast reproductive rates. In natural settings, the presence of planktonic organisms is closely linked to their tolerance range concerning abiotic ecological factors such as temperature, oxygen levels, and pH, as well as the biotic interactions among species. Changes within plankton communities provide valuable insights into the trophic status of aquatic ecosystems (Pradhan et al., 2008).
Zooplankton, a type of micro-invertebrate, plays a crucial role as bioindicators in aquatic environments. They are integral components of aquatic food webs and serve as valuable indicators of water body health. Zooplankton are primary consumers and exhibit pronounced responses to environmental changes (Ricciardi et al., 1998; Hanazato 2001; Brito et al., 2011; Primo et al., 2015). While zooplankton can thrive in a wide range of ecological conditions, factors such as dissolved oxygen, temperature, salinity, pH, and other physicochemical parameters act as limiting factors. The presence of specific Brachionus sp. species indicates eutrophication and natural contamination in lakes. Zooplankton has been identified as excellent bioindicators for assessing contamination in marine environments (Zannatul and Muktadir, 2009). Species like      Alona guttata, Mesocyclops edax, Cyclops, and Aheyella serve as zone-specific indicators of pollution (Underwood and Shapiro, 1999; Jha and Barat, 2003; Pradhan et al., 2008; Zannatul and Muktadir, 2009; Nkwoji et al., 2010)
 	In order to determine how zooplankton communities react to environmental stressors like eutrophication and non-native fishes, (Loria, 2017) studied the ponds in the San Francisco Bay area. 106 samples  from 53 ponds were taken and discovered that the richness of zooplankton species and the density of some zooplankton taxa, particularly cladocerans like Simeocephalus vetulus and S. serrulatus, were negatively impacted by zooplankton communities' sensitivity to higher nutrient concentrations, such as phosphorus. The study also revealed that the presence of non-native fish had a significant detrimental impact on zooplankton average body size and density but had no influence on species richness. According to their findings, ponds with more turbidity had lower densities of cladoceran species but somewhat higher densities of copepod taxa. Zooplankton species richness, average body size, and species density are all impacted differently by common environmental change, such as invasive species and nutrient runoff, emphasizing their potential as bioindicators in pond ecosystems.
Daphnia species as bioindicators:
Small planktonic crustaceans of the Cladocera suborder, known as water fleas or Daphnia spp., are prevalent in freshwater aquatic settings and range in size from 1 to 5 mm (Tatarazako and Oda 2007). Daphnia meets all requirements for a bioindicator and has been widely utilized to investigate the impacts of toxicants on aquatic systems and environmental changes too. (Chen et al., 2012; Neves et al., 2015). Daphnia are regarded as a sentinel species of freshwater bodies (such as lakes and ponds), where their decrease acts as an indicator of environmental concerns (Hanazato  and Dodson, 1995).
(Dworschak  et al., 2012; Grimaldi and Engel, 2005) carried out work on Daphnia, divulged that they are useful for environmental, evolutionary, and developmental genomics study addressing the additional complexity of genome-environment interactions. (Le et al., 2016) studied water biomonitoring employing Daphnia using omic techniques (i.e., genomics, proteomics, and metabolomics). Their research indicated that a number of Daphnia genes and proteins had distinct responses to environmental changes as indicators when exposed to toxins in water. This putative biomarker has provided details on how an organism reacts to a chemical mixture. Generations of Daphnia transgenic organisms demonstrated their sensitivity alongside a specific fluorescent protein. With vision observation, this offered a possible method for the direct detection of certain substances. Daphnia is one of the bioindicator  to evaluate water quality.
Macroinvertebrates as bioindicators: 
Macroinvertebrates are creatures that are able to be seen with the naked human eye, don't have an internal skeleton, and are both aquatic and terrestrial in nature. Insects, worms, snails, mollusks, and crustaceans are a few examples.
Insects:
Insects have a momentous role in the functioning of ecosystems and make up a significant amount of the biomass and species richness of the terrestrial environment (Mcgeoch, 1998). Terrestrial insects have been used as bioindicators in a range of species, habitats, and environmental contexts (Kremen et al. 1993). Among the well-known groups of aquatic insects found in inland wetlands are the mayflies (order Ephemeroptera), stoneflies (order Plecoptera), and caddies flies (order Trichoptera). All three of these insect orders are extremely sensitive to pollution can find only good water. Their presence or absence may be a sign of the water's quality and give a general idea of the water's chemical and physical characteristics (Yap et al., 2021). Dragonflies are furthermore utilized as environmental quality bioindicators.
Butterflies as bioindicators:
The endearing and recognisable members of the Lepidoptera order is the butterfly. Their biology, life cycle and their taxonomy is pretty well characterized (Sharma and Sharma 2017). They are among the most prosperous animals on earth thanks to their capacity to adapt to almost every environment. They are regarded as significant "flagships" for the conservation of insects (Smetacek 1996). Because of their sensitivity to even the smallest change in environmental factors, butterflies are important bioindicators. They are widely considered as bioindicators of heavy metal and environmental contamination near industrial areas and even inside urban areas (da Rocha et al., 2010).  In addition, butterflies react to climate change more swiftly than birds. Climate, and particularly temperature, had a significant influence on the butterfly species. This affirms the potential use of butterflies as indicators of climate change on fauna (Devictor  et al., 2012; Comay  et al., 2021). Due to the favourable climatic conditions in Delhi-NCT and the decreased anthropogenic stress, several butterflies have returned to the city. Papilio clytiaclytia, Delias eucharis, Spindasisictis ictis, and Acraea terpsicore are the butterflies that were seen during lockdown.
Moths as bioindicators: 
Moths are the most sensitive indicators of the quality of the environment (Thomas, 2005; Wirooks, 2005). As food for diverse creatures, agricultural pests (Sharma and Bisen, 2013) nocturnal pollinators (Macgregor et al., 2015) and other functions, they are also seen as essential for ecosystem services.   Additionally, moths are repeatedly taken as markers of plant richness and habitat type in forest ecosystems (Intachat et al., 2005; Lomov et al., 2006). Moths serve as an indication of availability of host plant species. (Kitching et al., 2000) Shown that some species of moths fall in relative abundance when environmental stress increased and vice versa. In Europe, (Netherer and Schopf, 2010) discovered that agumentation in temperature had a consequence on the maintenance and termination of diapause and came to the conclusion that moths serve as habitat indicators. (Rákosy and Schmitt 2011) studied the number of moths increased after the site was restored. (Dieker et al., 2011) concluded that moth extinction and upward mobility were both caused by temperature and that moths are good ecological markers of forested and open regions due to various reactions to environmental changes.
Ants as bioindicators:
Ants are often considered as bioindicators to evaluate habitat species richness, ecological functioning and landscape disturbance which make up a significant portion of the animal biomass in terrestrial ecosystems, react to stress on a far smaller scale than vertebrates do. Ants play a key role in many ecological processes, including pollination, soil turnover, nutrient cycling, and predation. They also help spread a wide variety of plant species (Akhila and Keshamma, 2022). Because only 20% of ants leave the nest and are exposed to the damaging effects of pollution, the ants have a great resistance to radioactive and industrial contaminants (Grześ, 2010). (Majer and Nichols, 1998) certain ants are indicators of crop management, soil atmosphere, and plantation evaluation systems in agroecosystems. Due to their capacity to improve soil aeration, drainage and nutrient availability and also their contribution to agricultural techniques with little ecological effect. Ants also play a significant role in ecosystems (Tibcherani et al., 2018). (Skaldina et al., 2018) reported that heavy metals are deposited by red wood ant Formica lugubris in both worker ant bodies and nest material i.e., Aluminum (Al), Cadmium (Cd), Cobalt (Co), Copper (Cu), Iron (Fe), Nickel (Ni), Lead (Pb) and Zinc (Zn). 
Ground beetles as bioindicators:
The ground beetles (Coleoptera, Carabidae), as their common English name indicates, are mostly restricted to the ground. It makes sense that the impact of soil characteristics on their distribution immediately attracted attention and experimental examination (Thiele, 1977). The families Carabidae, Staphylinidae, and Curculionidae are mostly comprised of coleopterans and are thought to be potential bioindicators (Ghannem et al., 2018). Since they can be easily found in many kinds of terrestrial habitats and have drawn a lot of interest as possible bioindicators, carabid beetles (Coleoptera: Carabidae) are widely utilized for ecotoxicological investigations (Simon et al., 2016). Study on P. oblongopunctatus revealed high BAF (Bioaccumulation Factor) concentrations for Cu and Zn indicates the assessment of pollution and also showed how the carabid Parallelomorphus laevigatus can serve as a reliable indication of a harmful substance. Due to copper's toxicity, adult carabids' locomotory behavior has changed and resulted in significant amount of death of larva. Exposure to copper at the time of development of larva is considered to cause behavioral alterations (Bayley et al., 1995).
Honey bees as bioindicators:
Numerous researchers have recognized honey bees as effective indicators of environmental contamination due to their ability to capture and accumulate pollutants, adaptability to various habitats (including those affected by human pollution), and capability to forage over large areas with diverse plant life. Honey bees signal the condition of their environment through two main indicators: mortality rates and the presence of residues in their bodies and hive products (Barganska et al., 2016). The European honey bee,  Apis mellifera, encounters contaminants and diseases while foraging, subsequently transporting these pollutants back to their colonies, making them suitable candidates for biomonitoring efforts. Various pollutants such as heavy metals and pesticides have been detected in both bees and their hives. Moreover, honey bees are being increasingly recognized as early indicators of climate change and antibiotic resistance (Cunningham et al., 2022).
Termites as bioindicators
Termites, on the other hand, serve as bioindicators of soil fertility due to their widespread presence and significant impact on various soil processes. Their activities, including nitrogen fixation, acetogenesis, methanogenesis, soil transportation, and nutrient cycling, greatly influence soil health. Termites play a crucial role in the movement, recycling, and distribution of soil nutrients, contributing to the formation of mounds with elevated levels of organic carbon, clay, and nutrients (Nithyatharani et al., 2018). Additionally, termites exhibit chemical fertility, hydrological functions, macro-aggregation, and biodiversity indicator capabilities (Duran-Bautista et al., 2020). Studies have shown a direct correlation between termite presence and concentrations of various elements such as Al, Cu, Zn, Be, Cd, Mn, Ca, Mg, Pb, V, and Mo, while other elements like Ba, Cr, Ni, Co, and Fe exhibit an indirect association (Alajmi et al., 2019).
Parasitic wasps as bioindicators: 
Lately, parasitic wasps have been utilized as indicators of forest ecosystem health (Hilszczanski et al., 2005). These wasps, recognized for their elevated trophic position, complex biochemistry, and narrow host preferences, exhibit a high degree of biological specialization. Both social and solitary species of aculeate wasps have shown promise as accurate indicators of heavy metal contamination (Chowdhury et al., 2023), and they are capable of effectively gauging the diversity of arthropod species present in their environment.
Collembolan as bioindicators: 
Impact of pollutants on the abundance and variety of Collembolan in urban soils of three parks in Bucharest was investigated and discovered that the numerical densities are varied for different research sites (Kumar et al., 2011). While certain species are immune to pollution and predominate in polluted locations, he observed that species richness was lowest there. (Grześ, 2010) noticed collembolan are insects that affect soil fertility by promoting microbial activity, spreading fungal spores, and preventing bacteria and fungi from inflicting plant illnesses. They are highly sensitive to change in soil characteristics that leads to loss of biodiversity, both of which might indicate contamination by organic waste and other contaminants.
Springtails as bioindicators: 
Springtails are common soil arthropods are very much sensitive to soil nature and anthropogenic activity. The decline in springtail species is due to presence of trace metals, pesticides in higher concentration and  increase in pH of soil water  due to organic waste. The QBS-adapt index is a sensitive instrument for differentiating between distinct land use patterns for various seasons since it assesses the health of the soil in response to seasonal variations. The physical characteristics of springtails may be used to calculate the QBS-adapt index (Chowdhury et al., 2023).
Syrphid flies as bioindicators:
Syrphid flies, owing to their broad geographic range and diverse environmental requirements during larval stages, serve as valuable bioindicators (Sommaggio, 1999). They are particularly potent indicators of landscape-level forest management techniques due to their widespread distribution (Maleque et al., 2009). Eristalis spp. and Sphaerophoria spp. accumulate heavy metals such as Mn, Pb, and Cd from industrial regions in their bodies (Chowdhury et al., 2023).
Sea-skaters as bioindicators:
Sea-skaters are good bioindicators for cadmium distribution in ocean surface waters (Cheng et al., 1984). Cadmium is concentrated in the tissues of sea skaters, and large quantities have been found in tropical ocean sea skaters (Parikh et al., 2021).
EPT taxa as bioindiactors:
EPT taxa or Ephemeroptera, Plecoptera and Trichoptera are superior bioindicators of healthy water. Other names for them include caddisflies, stoneflies, and mayflies. Mayflies suffer because of the lack of oxygen in flowing water. Due to their susceptibility to water contamination, caddisflies are used as bioindicators of water quality (Parikh et al., 2021). Stoneflies are a sign of highly oxygenated water, and its also reported that while caddisflies and mayflies are common in waterways with low toxic stress, their relative abundances may indicate various degree of heavy metal concentration (Winner et al., 1980). Similar to all living things, aquatic mayflies also rely heavily on the physical, biological, and chemical characteristics of the water they inhabit to survive. Its understood that the mayfly group reacts readily changes in the environment. Because of this, the existence or absence of mayfly species can divulge vital information about the health of environment. As a result they may be used as bio-indicators of the environment and to aid in the evaluation of water quality (Alhejoj et al., 2023).
Chironomids as bioindicators:
Among biological indicators, Chironomids are distinguished because they make up the most widespread insect family and they have received attention by researchers worldwide due to their outstanding abilities as biological indicators of environmental conditions (Pinder, 1986). Environmental contamination and the occurrence of mouth part abnormalities in Chironomids are related. Chironomid polytene chromosomes have the potential to serve as bioindicators of the health of the ecosystem. The BR and NOR structures on polytene chromosomes can be utilized as biomarkers to detect heavy metal contamination. Chironomid polytene chromosomal aberrations (inversions, duplications, deletions, deficiencies, etc.) are consistent with environmental contamination. Chironomids react differently to stress brought on by poisonous substances. In general, chironomid larvae have a strong chance of giving early warnings of unfavourable long-term impacts of toxic substances at the individual, population, and community level. They may also be employed as a low-cost method to assess the environmental health of aquatic ecosystems (Rawal et al., 2019).
Earthworms as bioindicators:
 Earthworms are a common invertebrate species in soil and are frequently employed in the field as bio indicators of soil quality. Earthworm species like Eisenia fetida are among the most often utilized species for determining environmental contamination levels. They also serve as standard test organisms in investigations on terrestrial ecotoxicology. In dumpsite ecosystems, earthworms can operate as a bio indicator by accumulating heavy metals including Pb, Cu, Cd, and Hg in their bodies without being negatively impacted (Bamgbose et al., 2005). In their terrestrial habitat, earthworms are exposed to high levels of chemicals, which have an impact on their behaviour, development, and reproduction (Ali and Naaz, 2013). Eisenia fetida is the main testing organism employed in terrestrial ecotoxicology because of its quick life cycle and effectiveness in laboratory culture (Lionetto et al., 2012). For assessing how contaminants affect soil organisms, earthworm indicators are becoming increasingly important. Earthworms have been studied to determine potential biomarkers for DNA changes, metal exposure (MT induction), metal-binding protein activation (MTs and MBP), depressed AChE activity and other enzymatic reactions, energy reserve responses, immunological responses, and behavioral abnormalities. To lessen the negative impacts on soil fauna and species in the food web, a better understanding of the chemical components, modes of action, and methods of degradation of contaminants in the soil is necessary (Singh and Fatima, 2022).
Helminths as bioindicators:
It has been shown that some parasites and certain pollutants in a body of water are closely connected. (i) Metals: According to Biswal and Chattergee (2020), digeneans and acanthocephalans are accurate indicators of heavy metals and societal disturbance. The Pomphorhynchus laevis and Paratenuisentis ambiguous experiments using acanthocephalans as accumulation indicators (Palm, 2011) showed greater concentrations of cadmium (Cd) and lead (Pb) than their equivalent hosts (Sures, 2003; Sures and Siddall, 2003); According to (Sures and Reimann, 2003) and many others (Mehana et al., 2020), Aspersentis megarhynchus has a larger concentration of the heavy metals Ag, Co, and Ni than its host. Additionally, it has been discovered that cestodes are effective heavy metal indicators. According to (Sures et al. 1997), the tissue (posterior section of the proglottids) of the marine cestode Bothriocephalus scorpii contained greater concentrations of lead (Pb) and cadmium (Cd) than the tissue of the host Scophthalmus maximus. The ability of some intestinal parasites, such as acanthocephalans, to bioaccumulate heavy metals at levels up to a thousand times higher than those seen in host tissues is extraordinary (Mehana et al., 2020).
Snails as bioindicators:
 Due to their potential for accumulating persistent organic pollutants (POPs) and metallic trace elements, invertebrate species like snails are recognized as suitable biological indicators. They are also used as research species to determine the impact of these pollutants on their development (Baroudi et al., 2020). Snails can be used to evaluate the bioavailability of soil contaminants by measuring soil-snail or soil-plant-snail transmission, as well as to analyze the bioavailability of environmental pollutants (soil, plants, and air) by measuring their concentration in caged snails over a set period of time. By storing some of the hazardous chemicals found in their biotope in its twist or visceral mass and shell, snails may serve as a reflection of the quality of the atmosphere in which they live. Additionally, it has been established that the apple snail "Pomacea canaliculata" is a bioindicator for numerous environmental pollutants, indicating both the level and profile of pollutants, as well as for persistent organic pollutants, metals, and organometallic compounds (Harmon and Wiley, 2010; Fu et al., 2011). Their ecology and biology can be classified as possessing the key characteristics of an ideal indicator species to assess environmental pollution, such as the capacity for bioaccumulation, short lifespan, constrained range of movement, wide distribution, and ease of collection compared to other animals like fish or birds (Baroudi et al., 2020).
Crustaceans as bioindicators:
As benthic organisms, crabs, swimming crabs, shrimp, and lobsters are tightly related to the substrate. They are regarded as superior bioindicators of environmental pollution as a result. In particular, among crustaceans, crabs have the greatest rates of metal bioaccumulation ( Anani and Olomukoro, 2019). (Zhu et al., 2018) investigated the effects of Cd exposure in crabs (Scylla paramamosain) reporting significant histological changes, including gill lamellae surface wrinkles, which can result in osmoregulatory dysfunctions, and changes in hepatopancreatic nuclei and mitochondrial morphology, which can result in decreased energy production and impair animal metabolism. The effects of cadmium poisoning can be seen in the slowdown of the energy metabolism, molting, and histological alterations, as well as possible increases in oxidative stress and apoptosis. After exposure to high Cd concentrations, (Das et al., 2019) discovered impact on the hepatopancreas of shrimp (Austinogebia edulis), including the disappearance of epithelial cell boundaries, cell detachment from the basal lamina, cellular swelling, necrosis, reduction of glycogen, oxidative damage, and decreased activity of antioxidant enzymes.
Fish as bioindicators:
Fish are a useful test subject for determining the health of an ecosystem since they are more susceptible to numerous toxicants than invertebrates are. Due to their toxicity, lengthy persistence, bioaccumulation, and biomagnification in the food chain, heavy metals and metalloid pollution in water and sediment poses a major concern when present at higher quantities. Fishes have various distinct advantages in defining the natural properties of aquatic systems and in detecting changes to habitats, making them the most important biomonitors in aquatic systems for the assessment of metal pollution level. Fish have the capacity to absorb concentrated metals either directly from the surrounding water or inadvertently from other creatures including tiny fish, crustaceans, and aquatic plants. According to (Authman et al., 2015) fish preferentially collect contaminants in their fatty tissues like the liver, where concentrations reach a critical point. In the management of water resources and applied limnological research, fish are essential bioindicators since they act as "ecological indicators," "keystones," "umbrellas," "flagships," and "vulnerables" (Omar et al., 2014). 
Fish gills are extremely sensitive to both physical and chemical changes in the aquatic environment, such as temperature changes, acidification of water sources due to acid rain, salts and heavy metals, and any change in the environment's composition, which is a key indicator of waterborne toxicants (Tashla et al., 2018). 
Fish gills are a good instrument for determining the bioavailability of elements in water because they may store bioavailable contaminants and their measurement on gills can represent the speciation of pollutants, particularly metals in water (Georgieva et al., 2014). Puntius sophore tissues were examined by (Ali et al., 2020) for the bioaccumulation and genotoxic effects of several metals, including Pb, Cd, Cr, and Cu. The amount of heavy metals (Pb, Cd, Cr, and Cu) in the river water and the amount of metals that P. sophore bioaccumulates are identical. Fish's role as a sentinel signal of the environment's metal contamination was thus validated.
Amphibians as bioindicators: 
Amphibians are particularly sensitive to environmental changes due to their limited mobility, complicated life cycles, and skins with high water permeability (Gonzalez -Mille et al., 2013). Amphibians are the most recommended bioindicator creatures to assess the impact of pollutants (Marquis et al., 2009) due to their special characteristics that might lead to quick and effective bioaccumulation of chemicals (Gurushankara et al., 2007). (Whittaker et al., 2013) pesticide usage and human pollution are the main causes of global population reduction of the frog species. A number of studies has demonstrated the sensitivity of amphibians as being suited for the detection of genotoxic substances (Mann, 2006). The micronucleus (MN) test has been used to assess genotoxicity in frogs and has demonstrated promise for application in in-situ water quality monitoring (Gauthier et al., 2004). In order to evaluate genotoxic damage, MN test is recommended since it evaluates chromosomal loss and breakage (Fenech, 2000). 
Sinusoidal dilatations, pulmonary bleeding, and damage of the lung parenchyma were seen in Hoplobatrachus occipitalis treated to sublethal amounts of cadmium (Ikechukwu and Ajeh, 2011). The most noticeable modifications were found in Kupffer cells and melanomacrophages in the livers of adult R. esculenta specimens obtained from two sample rice fields, one substantially contaminated and one comparatively unpolluted (Fenoglio et al., 2005). (Renuka, 2007) tubular dilatation, bleeding, an increase in inflammatory cells, separation of the tubular epithelium, glomerular atrophy, and lymphocytic infiltration were found in Euphlyctisheaxadactylus, also known as the Indian green frog, after exposure to Carbaryl.
Reptiles as bioindicators: 
A wide range of terrestrial and aquatic creatures have been utilized as instruments to assess the environmental consequences associated to pollution in the different environmental compartments to understand the effects of chemical agents on biota (Zapata et al., 2016). As long as they are abundant in the area, have a low migration rate, and a small displacement area, which is the case for the majority of lizards, organisms that are reactive to environmental contamination, with the exception of humans, can be considered apt to serve as evaluation models (Zocche et al., 2013). The likelihood of eating some contaminated soil, water, or food, as well as skin contact with contaminated substrates and gas inhalation, are all exposure pathways for reptiles, making them particularly vulnerable to environmental contaminants (Maria Silva et al., 2020).
As coal is hazardous to the respiratory system, coal mines are thought to be causes of biota pollution. Two animal species, the Mus musculus rat and the Iguana iguana lizard, were used in a research to determine the environmental impact on two cities near coal mines in northern Colombia. There was a rise in the frequency of DNA damage and cells with micronuclei in the biomonitors employed in affected regions close to the mine (Cabarcas Montalvo et al., 2012). It was discovered that there was a direct correlation between heavy metal contamination and an increase in the frequency of damage to DNA and micronucleus cells in lizards (Darevskia armeniaca and Darevskia raddei), which were sensitive to pollutants. In seven distinct locations around Armenia, including a protected region an industrial sector and an urban area these studies were conducted (Sargsyan et al., 2019; Simonyan et al., 2018).
Birds as bioindicators:
Compared to other animals, birds are far more efficient in detecting environmental disturbances. Because they can be easily identified by their songs and tweeting, they provide us with extremely cost-effective assistance in understanding environmental conditions. (Morelli et al., 2017) humans also used bird knowledge as indicators. The ability to fly large distances allows birds to cover a wide range of terrain, and migrating birds can inform us about the sort of pollution that has occurred along their migration route (Dasgupta, 2022).
Many birds, including the Northern Cardinal, Oak Titmore, Eastern Bluebird, and Purple Martin in the United States, migrate away from urban areas because of noise pollution (Senzaki et al., 2020).
 The amount of floating plastic in oceans may be detected by a variety of indicator birds, including Fulmars (Fulmarus sp.). The birds died after consuming the plastic debris. Younger birds were more affected by this issue, which is why after 2000, many European and American nations reduced plastic pollution through the OS.P.A.R. (OSLO/Paris convention for the protection of the marine environment of the North Atlantic) and M.S.F.D. (Marine Strategy Framework Directive) conventions, which Fulmars were regarded as bioindicators of the marine ecosystem (Van Franeker and Law ,2015).
Mammals as bioindicators: 
Of all the species investigated, terrestrial small mammals (shrews, moles, voles, and mice) meet the fundamental criteria for use in bio-monitoring and eco-toxicological research. Due to their tiny body size and fast metabolic rate, they are more exposed to environmental pollutants than big animals (Levengood and Heske, 2008). Small mammals (voles, mice, and shrews) behave at many trophic levels and contribute significantly to terrestrial food webs. Small mammals known as rodents have been widely utilized in earlier research to monitor heavy metal pollution as bio-indicator species (biota produced as indicators of the quality of the environment, the biotic component, or people within an ecosystem) (Khazaee et al., 2016). Big brown bat Eptesicus fuscus, gray bat Myotis grisescens, bigger mouse-eared bat Myotis myotis and common Pipistrelle  Pipistrellus sensulato were among the bat species investigated by  (Zukal et al., 2015). 
Table 1 : Types of animal indicators 
	Invertebrates/ Vertebrates
	Group
	Species
	Habitat
	Bioindication
	Reference

	Zooplankton

	Rotifera
	Keratella tropica, Hexarthramira
	Aquatic
	High turbidity due to suspended sediments 
	Thakur et al. (2013) 

	
	
	Brachionus calyciflorus    

	Aquatic
	Eutrophic conditions and organic pollution of lakes
	Jain et al. (2010)

	
	Cladocera
	Cladocerans group (unspecified)
	Aquatic
	Low concentration of contaminants
	Hosmani (2014)

	
	
	Trichotriate tratis 
	Aquatic
	Pollution caused byaccumulation ofphosphorous and heavymetal ions
	Aslam et al. (2012)

	
	
	Cladocerans (Moina,Daphnia, Dosmina)    
	Aquatic
	Health of the marine body
	Aslam et al. (2012)

	
	Zooplanktons
	Daphnia spp
	Aquatic
	Water pollution
	Le et.al , 2016

	
	Copepods
	Thermocyclops,
argyrodiaptomus

B. angularis,
Rotatoria

	Aquatic
	Eutrophic conditions 


Eutrophic conditions

	(Markert et al. 2003).

(Markert et al.2003)

	
	
	Copepods (Cyclops & phyllodiaptomus) 

	Aquatic
	Health of the marine body    
	Aslam et al. (2012))

	
	
	Leeches 
	Terrestrial
	Indicates contamination because of presence of PCB (polychlorinated biphenyl) in a river
	Uttah et al. (2008)

	
	
	Leeches 
	Terrestrial
	Sensor-bioindicator of river contamination of PCB’s
	Uttah et al. (2008)

	
	Oyster
	Oyster (Crassostreagi-gas), crabs (Geoticadepressa) 
	Aquatic
	Presence of lead
	Uttah et al. (2008)

	
	
	B. dolabrotus 
	Aquatic
	High turbidity due to suspended sediments
	Grizzle (1984)

	Macroinvertebrates
	Butterflies


	Papilio clytiaclytia, Delias eucharis, Spindasisictisictis, Acraea terpsicore.
	Terrestrial


	Indicators of favourable climatic conditions

	Prakash et al


	
	Moths

	
	Terrestrial

	Indicators of plant diversity and habitat type in forest ecosystem
Markers of plant richness


	Intachat et al., (2005); Lomov et al.,( 2006)


	
	Ants

	Formica lugubris

	Terrestrial

	Indicators of heavy metal pollution

	Skaldina et al.,  (2018).


	
	Ground beetles

	P. oblongopunctatus
Parallelomorphus laevigatus

	Terrestrial

	
Metal pollution assessment

	Simon et al. (2016)


	
	Honeybees

	Apis mellifera

	Terrestrial

	Heavy metals, air pollution, pesticides, climate change

	Cunningham et al. (2022)



	
	Termites

	
	Terrestrial

	Indicator of heavy metals


	Alajmi et al. (2019)


	
	Parasitic Wasps

	
	Terrestrial

	Indicators of heavy metal contamination

	Chowdhury et al.( 2023)


	
	Collembolan (Lichen)


	
	Terrestrial

	Indicators of soil pollution sensitive to changes in the soil properties 

	Kumar et al. (2011)



	
	Springtails

	
	Terrestrial

	Indicators of heavy metal pollution

	Chowdhury et al.(2023).


	
	Syrphid flies

	Eristalis spp. and Sphaerophoriaspp

	Terrestrial

	Indicators of heavy metal pollution

	Chowdhury et al.(2023).


	
	Sea skaters

	
	Aquatic

	Indicators od cadmium pollution

	Parikh et al (2021).


	
	EPT taxa

Stony fly
	
	Aquatic

	Bioindicators of good water quality and heavy metals

Highly oxygenated water

	Parikh et al., (2021);
 Winner et al., (1980).


	

	Chironomids

	
	
	Indication of heavy metal pollution and environmental pollution

	Rawal et al, (2019).


	
	Earthworms

	Eisenia fetida

	
	Bio indicators of soil quality and heavy metals

	Bamgbose et al., (2005);
Lionetto et al., (2012).


	
	Helminths

	Pomphorhynchuslaevis Paratenuisentis ambiguous and Aspersentismegarhynchus

	Aquatic

	Good indicators of heavy metals 

	Sures, (2003); Sures and Siddall, (2003); Sures and Reimann, (2003).


	
	Snails

	Pomacea canaliculate

	Terrestrial

	Indicators of organometallic compounds

	Harmon and Wiley, (2010); Fu et al., (2011

	
	Crustaceans

	Scylla paramamosain
Austinogebia edulis
	Aquatic

	Indication of cadmium toxicity

	Zhu et al. (2018); Das et al. 2019

	
	
	
	
	
	

	Fishes
	
	Puntius sophore
	Aquatic
	Indicators of metal pollution
	D. Ali et al., (2020)

	Amphibians
	Frogs
	Hoplobatrachus occipitalis

Euphlyctisheaxa dactylus
	Aquatic/terrestrial
	Indicators of cadmium toxicity

Indicators of pesticide pollution

	Ikechukwu and Ajeh, (2011).

Renuka, (2007).

	Reptiles
	Lizards
	Iguana iguana
	Terrestrial
	Indicators of industrial pollution
	Cabarcas Montalvo et al. (2012).

	Birds
	
	Serinuscanaria

Northern Cardinal, Oak titmore, Eastern bluebird, and purple martin


Fulmarus sp.
	Terrestrial



Terrestrial





Aquatic
	Indicators of toxic gases like methane or carbon monoxide 


Indicators of noise pollution





Indicators of plastic pollution
	Bernal,(2019).


Senzaki et al.,(2020)



Van Franeker and Law, (2015).

	Mammals
	Bats
	Eptesicus fuscus, 
 Myotis grisescens, 
Myotis myotis and common pipistrellus sensulato.
	Terrestrial
	Indicators of metal pollution
	J. Zukal et al.,
(2015)



Discussion
Animals that indicate changes in habitat, climate, or environmental conditions fully reflect those shifts within their species. To avoid complexity, we have chosen to focus solely on animals where laboratory experiments are not taken into consideration. Among the selected animal indicators, there are 21 aquatic faunal species and 19 terrestrial species. Among terrestrial animals, a larger number are represented by insects, as anticipated. Only two indicate both habitats. The number of different groups of organisms depicted in Figs. 1 and 2. Within terrestrial habitats, the majority of species are indicative of toxicity and heavy metal pollution. Conversely, in aquatic environments, many species, particularly rotifers and crustaceans, indicate eutrophication and pollution. Fulmarus sp. serves as an indicator of plastic pollution. Today, there's a growing need for organisms that sensitively indicate changes in all ecosystems. Nature consistently communicates and reflects changes in habitats/ecosystems; the challenge lies in our ability to observe, understand, comprehend, and interpret these changes. Therefore, apart from providing information about the current state of ecosystems, the selected indicators can serve as decision criteria and early warning signals for changes in specific regions. This is particularly relevant and necessary in our ever-changing world, impacted by both natural and anthropogenic factors (Vitousek, 1999). The careful selection of indicators is as crucial as the proper design of monitoring protocols with defined objectives (Herrando et al., 2014; Herrando et al., 2016), as assessments often cannot be corroborated or are challenging to implement. If a parameter cannot be adequately sampled, its utility for monitoring is greatly diminished (Geijzendorffer and Roche, 2013)."

Fig. 1 Number of species indicating different habitat

Fig 2. No. of Indicator species from different groups
Conclusion
In conclusion, utilizing animals as biological indicators offers invaluable insights into the health of ecosystems and the impacts of environmental changes. Through their sensitivity to environmental fluctuations, behaviours, and physiological responses, animals provide real-time data that can inform conservation efforts, environmental management practices, and policy decisions.
By monitoring the population dynamics, distribution patterns, and health status of indicator species, scientists can assess the overall ecological integrity of an area and identify potential threats or stressors. Additionally, studying animal responses to environmental stressors such as pollution, habitat loss, climate change, and invasive species can help predict and mitigate future impacts on ecosystems and human communities.
Furthermore, the use of animals as biological indicators fosters interdisciplinary collaboration among scientists, policymakers, conservationists, and local communities. This collaborative approach facilitates the development of evidence-based conservation strategies and adaptive management practices that aim to safeguard biodiversity and promote sustainable development.
However, it's essential to recognize the limitations and ethical considerations associated with using animals as indicators. Ethical guidelines must be followed to ensure the welfare of animals involved in monitoring programs, and alternative methods, such as remote sensing and bioindicators, should be explored where ever possible.
In essence, animals as biological indicators play a vital role in environmental monitoring and conservation efforts, serving as sentinel species that alert us to changes in our natural world. By harnessing their unique abilities and integrating them into comprehensive monitoring programs, we can work towards preserving biodiversity, restoring ecosystems, and ensuring a sustainable future for generations to come.
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