


Sand Extraction and Its Ecological Consequences in Aquatic Environments


Abstract
Sand is a crucial mineral for our society in protecting the environment and most mined mineral on earth in present era. Sand is essential for the maintenance of river ecosystem. However, Population growth is driving up demand for sand. The practice of mining sand and soil is becoming an environmental problem as the demand for sand in industry and construction rises. Indiscriminate and excessive mining of sand has recorded various ill-effects such as habitat alteration, destruction of food web, changes in water temperature and has many socio-economical impacts. Excessive mining of sand affects the regular course of the river. Moreover, sand mining has lead to alteration of total river ecology in many parts of India. One of the major impacts of sand mining has been noticed on riverine fisheries of Indian River system. Researchers and local fishing organizations have noticed a sharp decline in fisheries near intensive mining sites in India. However, not much attention is given to this problem in past. Sand mining not necessarily has direct impact on fisheries but various indirect effects on fisheries and now it’s playing significant role in fish population reduction.
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Introduction
Sand has been named as new gold in this era. It is now most mined mineral on earth. India is endowed with vast rivers. Globally, the estimated annual demand for natural river sand is 40-60 billion tonnes Projections show that this demand will raise to approximately 86 Gt (Matovu et al., 2024). In India, the scale of sand mining is vast due to its demand in construction and infrastructure. On an average, states like Andhra Pradesh, through the Andhra Pradesh Mineral Development Corporation (APMDC), excavate between 40,000 to 50,000 metric tonnes of sand daily. This figure reflects organized mining operations, but the actual amount could be significantly higher when considering illegal mining, which is widespread across the country. Illegal sand mining has caused severe environmental damage and continues despite legal frameworks aiming to regulate the sector.
Sand plays a vital role in our society as a buffer against storms and strong tidal waves, as well as providing habitat for marine organisms and crustacean species. Being crucial to ecosystem, simultaneously it is also significant material in the construction of roads, construction of houses, building sites, sandpaper, glass, concrete, reclamations, and the tourism sector.  Increasing population has sky rocketed demand of sands (Koehnken et al., 2020). Increasing demand is pushing sand mining into unsustainable and illegal activity. Sand is being removed a way faster that there is no time is left for natural replenishment. It is the most mined mineral on Earth, with billions of tons of it being taken out of lakes, riverbeds, coastlines, and deltas each year (Rentier et al., 2022). This is creating serious environmental problems and most affected section is fisheries (Hussain et al., 2022). River is known to dump everything. We are still fighting with water population and this unregulated mining has also adding fuel in destroying aquatic ecosystem. Fishes are considered as good indicator of aquatic health (Lopez & Diaz, 2015). Any changes in riverbeds led to alteration in fish community. Rivers are therefore said to have "long memories," which means that long after an activity has ended, the channel adjustments made in response to instream extraction or similar perturbation may still exist (Padmalal & Maya, 2014).

Intrusion with the sand on the riverbed causes disturbance in the water, which is injurious to sea animals resulting in hindrances/difficulties to the population which relies on fishing for their livelihoods. Removing coastal barriers leads to the exposure of beachside areas to floods, cyclones, and tsunamis. Depletion of sand in the riverbed resulting in the deepening of riverbeds and the widening of river mouths which increases the salinity of the water (Damseth et al., 2024). Furthermore, riverbed becomes dry due to exposure to solar radiations. Sand mining also destructs picturesque beaches (Buitrago et al., 2023). Rivers carry out crucial ecological tasks like supporting biodiversity, improving productivity, regulating flooding naturally, and fostering ecosystem development (Arthington et al., 2010). Using rivers for fishing, irrigation, religion, and other purposes has long been a part of culture. Fishing community residing near rivers is totally dependent on rivers for their food either fishing or sailing boat across banks. Moreover, they are migrating into different regions for same activity and some are forcefully choosing other occupation like selling things, labor work, selling sand etc because of drastic decrease in fish catch in rivers. Mining in India provides employment to more than 1.1 million people (4%) (Panchang,  2014).
Sand mining converts the riverbeds into large and deep pits which results in a fall in the groundwater index. Sand mining has a straight impact on the physical characteristics of the stream, such as channel geometry, bed elevation, substratum composition, stability and flow velocity (Padmalal & Maya, 2014). Mining of sand is now going into very illegal way and has become a way to earn huge amount of money for some “Mafia”. Sand Mining has become serious threat to rivers in world wide. However, it is one of the ignored and least focused problems. This is review paper to highlight impact of sand mining on fisheries and ecosystem in different river systems. 
Mining process 
Broadly extraction of sand is done from two sources of river, active channels and floodplain areas (Rentier et al., 2022). Whereas a lot of process includes sand extraction from rivers depending on demand and feasibility mentioned below. Bar skimming- It is excavation of top layer of river beds.
Dry pit mining- It is excavation of sand using mechanical (i.e., bulldozers, scrapers, loaders, etc.) or manual methods within the active channel of dry intermittent or ephemeral stream beds. 
Wet pit mining- Excavation of a pit in the active channel beneath the alluvial groundwater table or below the surface water of a perennial stream is the process of wet pit mining.
Bar excavation- A pit is excavated at the downstream end of the bar as a source of aggregate and as a site to trap sand and gravel.
Instream sand mining- It has been possible to improve habitat by reducing sand movement in downstream channels by using bed load traps or sand and gravel traps. 
Data Analysis
The main method for collecting relevant studies for this review's inclusion was searching databases throughout the peer-reviewed literature. All the data are collected by reviewing papers thoroughly which are linked to fisheries.
Impacts of Sand mining on Fisheries in different mining sites
Sand is vital building material as well as and. Moreover, there is a loss of balance between these two. As soon as we lose this balance, whole aquatic ecosystems become vulnerable. Sand mining not necessarily shows immediate affects but shows pronounced effects in long run (Rentier and Cammeraat, 2022). In present scenario mining of sand is going on at much higher rates than its natural replenishment. Mining is now uncontrolled and going in illegal way in major states of India. Rivers do not receive at least six months for habitat restoration. Sand mining is becoming major illegal way to earn money in many states for “Sand Mafia” (Mahadevan, P., 2019). Twelve of India's 29 states are significant sand mining hotspots as illustrated in Figure 1 (MINES, IBM, 2018).

[bookmark: _Ref189567771]Figure 1. Twelve major hotspots of Sand mining in India. Source- MINES, I.B.O, 2018. www.ibm.org 

Sand loss in the riverbed causes riverbeds to get deeper and river mouths to get wider, which raises the salinity of the water. When riverbeds are exposed to solar radiation, they dry out. The nearby residents' homes and means of subsistence are impacted by sand mining. Charming beaches are also destroyed by sand mining (Buitrago et al., 2023). The riverbeds become big, deep pits as a result of sand mining, which lowers the groundwater index. The physical attributes of the stream, including the channel's geometry, bed elevation, substratum composition, stability, and flow velocity, are directly impacted by sand mining (Koehnken et al., 2020). Sand mining severely affects water quality and has been reported worldwide. For instance sand and gravel mining in the Harşit stream has led to a significant decline in water quality due to the use of surface water for material washing. As a result, there has been a 125% increase in temperature (T), a 134% rise in suspended sediment concentration (SSC), a 63% increase in manganese (Mn²⁺), a 98% increase in total chromium, and a 111% increase in total iron. These changes indicate a substantial deterioration in the stream's water quality (Bayram and Onsoy, 2015).

A number of studies highlights that sand mining has led to severe effects on fisheries and river ecosystem.  Instream mining of sand in Kangsabati River has changed aquatic ecosystem (Bhattacharya, 2018). 
Significant variations in the physiochemical parameters (BOD, DO, pH, salinity, etc.) of water were found in studies conducted in mining sites. Salinity levels at mining sites have been reported to be high. Studies have shown that high pH was present, but drainage and mining have both considerably influenced changes in the BOD and DO of water. Any fluctuation in water quality significantly affects fish community. The fish community is greatly impacted by any changes in the water's quality. Mining has impacted the entire benthic flora and fauna of the Kangsabati River. Additionally, benthos like rotifers, cladocera, copepods, protozoa, and ostracoda were the most affected community. Fish that consume these species also experienced changes as a result of these changes. Most of fish species of river are affected especially fishes of family Mastacembalidae and Anguillidae (Bhattacharya, 2018). 
Studies conducted in Tamirapani River in Tamil Nadu depicted that river system has been getting worse and difficult to restore due to mining (Bindhusri et al., 2015). A lot of pits had been dug up to extract sands which alters river flow whereas slacks of sands kept near bank has affected whole estuary. Roads are constructed along floodplain which destroyed vegetation of that area. In wholesome, mining has been resulted in reduction of food, shelter and destruction of spawning and breeding grounds for aquatic and terrestrial animals.
For some local communities in Maharashtra, fishing in freshwater wetlands is a traditional source of income. The fishermen's community that lives along riverbanks, such as Warna, depends solely on fishing for their livelihood; they are not skilled in other occupation.  However, they were engaged in fishing since ages but now they are shifting to other profession like labour work to run their household due to lack of fishes in rivers. A lot of anthropogenic activity like pollution, mining, agriculture expansion and over fishing has led to habitat destruction in rivers. Massive amounts of sand are extracted from the Warna River's lower catchment, which is close to the villages of Kodoli, Chincholi, and Haripur (Mohite et al., 2013). Due to KT weirs, the Warna River has permanent water in it. Sand from the riverbed is mined by suction pumps that are mounted on floats or on the banks. This quickly rising automated sand mining activity gathers and pumps riverbed sediment; it negatively impacts the riparian biota, especially the benthic and littoral communities. The entire riparian vegetation and fauna that depends on it suffer significant harm as a result of sand dumps on riverbanks and approach roads. There was a noticeable majority of sand mining in Ghunki, Haripur, Tandulwadi, and Harugadewadi. The local fishermen in Warna River knew of 71 different species of fish. It is discovered that the fish diversity in the river system has drastically decreased, falling from the previously known 71 species to the current 42 species—a decrease of 40.8%.

Uncontrolled mining from Vembanad Lake has severely affected river channels (Padmalal et al., 2008). The physical, chemical, and biological environments of the small southwest Indian rivers have been significantly changed by the cumulative effects of uncontrolled sand mining. Kerala is endowed with vast number of small rivers and affects of mining is more pronounced in this state.  Midlands of rivers Chalakudy, Achankovil, Manimala, Periyar, Muvattupuzha, Meenachil and Pamba has major sand mining sites and high rates of sand extraction. Among these seven rivers Periyar is the one which is most urbanized. Its bed lowering value is the highest, at 19 cm year. Numerous bridges, rural water supply systems, and side protection structures in the area have been harmed by the riverbed lowering and channel degradation. Additionally due to change in physical and chemical environment of river, biodiversity of aquatic system (fishes, amphibians etc) has been changed. The findings of the study indicate that fish species such as Labeo dussumieri, Puntius denisonii, Batasio travancoria, Horabagrus nigricollaris, and Lepidopygopsis typus are seriously endangered due to habitat alteration resulting from indiscriminate sand mining along Pamba, Periyar and Chalakudy rivers.  
Study conducted in Cumbarjua and Mandovi estuaries of Goa revealed that sand mining has done irreversible habitat destruction (Parulekar et al., 1986) Sand mining has resulted as low dissolved oxygen and high amount of suspended solids in water column whereas rejects of mining has covered bottom of sediments in the estuary. This together has led to 70% reduction in clam fisheries in Mandovi and Cumbarjua estuary. Suspended solids become obstacle in light penetration in water column which led to less productivity of water. 
Frequent sand mining in midland and upper land of Kundalika estuary by suction dredges has converted it into dead zones and pits, which has resulted alteration in habitat by destruction of basis of food chain (Panchang, 2014). Moreover, not only rivers bud but tidal banks are also severely affected by suction pump. This has led to immense loss to mangroves in this estuary. Mangroves are known as nursery for fishes. Fishing community of that area noticed drastic decrease in fish catch.

One of the notable studies in the River Ganga around Patna reveals that sand mining has resulted in reduction of zooplankton species in the river. Lodhi Ghat, Digha Ghat, and Gai Ghat were the three sites that were studied; the former was not an active site for sand mining, but the latter two were (Prabhakar et al., 2019). At impacted sites, there was a decrease in the number of copepods, rotifers, and cladocerans to the extent of 10.81%, 50%, and 40%, respectively compared to Lodhi ghat (reference site). Less water transparency at sand mining sites was one of the suspected causes. The study's findings show that because of suspended particles from dredging, the water at the affected sites was much turbid. It reduces light penetration and, as a result, less water productivity. Another effect is that zooplankton may consume inorganic particles linked to phytoplankton, which would lower the nutritional value of the algal food and have an impact on the size, weight, and feeding habits of the animals (Burford and O'Donohue, 2006). On the other hand dredging has negatively affected fishes directly and directly. Fishes gets threatened due to sound of dredging at their embryonic stage and secondly alteration in food (zooplankton and phytoplankton) in turn alters fish diversity of that area. Fishes change their habitat in search of their preferable food and shelter.
Studies conducted in Umtyngngar River in Meghalaya revealed sand mining has severely affected livelihood of people residing near river (Shymbin et al., 2022) Sand mining has resulted in erosion of banks of rivers, which in turn resulted in Agriculture land of local peoples. Moreover, a drastic decrease in fish catch has been noticed by fishing community residing near river. People whose livelihood was to catch fish and sell are forced to change their profession to labour work because of lack of fish in Umtyngngar River.
A recent study of sand mining activity going on in Jhelum River across Kashmir valley revealed that miming has resulted in serious consequences like bank erosion, poor quality of water, decrease in fisheries and lowering of river bed (Dar et al., 2023). 

Figure 2 Flow chart describing indirect and direct impacts of sand mining on fish population. 

Worldwide scenario of sand mining impacts on fishes and their habitat
The impact of sand mining on fisheries and river ecosystems is not just a problem in India, it is a growing concern worldwide. Many countries are experiencing similar environmental damage due to excessive and unregulated sand extraction. Across different regions, such as Korea, Ethiopia, Indonesia, and Vietnam, studies have shown that sand mining is harming aquatic life, reducing fish populations, and affecting local communities that depend on fishing for their livelihoods. The destruction of river habitats, changes in water quality, and loss of breeding grounds are common issues seen in many parts of the world. Looking at the global situation helps us understand that this is not just a local problem but a widespread crisis that needs urgent attention and better management strategies.
Furthermore, many studies conducted on environmental impact in different countries suggest it is very important to address it. A very interesting eye opening case study conducted in Korea estimated that the estimated loss in fish catch due to mining activities at a single test site over one year is about $38,851(Kim & Grigalunas, 2009). Moreover, when mining continues over multiple years, the total losses add up significantly. Over five years, the total estimated damage across 20 mining sites reaches around $1.5 million, and over ten years, it increases to $2.2 million. To account for uncertainties, researchers use sensitivity analyses to test different assumptions. They also use a meta-analysis approach to study how mining sediment affects fish eggs and larvae, leading to increased mortality rates. This, in turn, results in a loss in fish catch valued at approximately $841.
A study conducted in Ethopia revealed that unregulated sand mining in Lake Tana and its inflowing rivers has severe negative impacts on the aquatic ecosystem, particularly on the endemic Labeo barbus species (Mingist & Gebremedhin, 2016). Significant environmental changes, including alterations in water quality and habitat degradation, have led to a decline in fish populations and disrupted migratory routes and spawning grounds. Similarly, a study conducted in Riau Island, Indonesia depicted significant decrease in fish production from 1993 to 2001 in the area of intensive mining (Supriharynono, 2003).
Dredging had a negative impact on benthic fish communities, leading to declines in both species richness and diversity (Freedman et al., 2013). This may be due to the loss of suitable spawning habitats, reduced food availability, or decreased foraging efficiency. The study conducted across the Allegheny River found that fish species richness and diversity decreased with increasing depth, mainly due to sharp declines in substratum-choosing and brood-hiding species. In contrast, dredged sites had a higher proportion of open-substratum and nest-spawning species. Researchers identified three key stages of fish assemblage changes caused by stream dredging: first, a reduction in lotic (fast-flowing water) species and an increase in lentic (still-water) species; second, a decline in lithophilic (rock or gravel-spawning) species; and third, an overall decrease in diversity, with fish communities becoming dominated by eurytopic generalists that can tolerate a wide range of conditions, as well as silt-tolerant and deeper-water species. Similar patterns were observed in stream fishes in Missouri, where lower abundance and diversity of lithophilic species were linked to increased siltation (Brown et al., 1998).
The rapid morphological changes in the Mekong and Bassac rivers, driven by large-scale river-bed mining, dam construction, and engineering modifications, has severely impacted fish populations (Brunier et al., 2014). The deepening of river channels and erosion of banks has destroyed critical breeding and nursery habitats, disrupting natural spawning cycles. Migratory fish species, which rely on seasonal water flow, face difficulties moving upstream due to altered hydrodynamics and increased water velocity. The loss of sediment supply has reduced primary productivity, leading to food shortages for fish, while saltwater intrusion during the dry season threatens freshwater species. Additionally, pollution and extreme environmental conditions have become more harmful due to the loss of natural buffer zones. These combined factors have led to declines in fish diversity and overall population reductions, threatening fisheries and local livelihoods that depend on them. Summary of impacts of sand mining on different locations in India and other countries as shown in Table 1. This table clearly states the situation ongoing in river due to unregulated sand mining. 
[bookmark: _Ref194849066]Table 1. Different Rivers, area and impact of sand mining on fisheries studied by authors.
	S.No 
	Water 
	Area 
	Impacts 
	Authors 

	1
	Kangsabati river
	West Bengal
	Increased salinity
Increase BOD
Decrease in fishes of family Mastacembalidae and Anguillidae.  
	Bhattacharya, R.K., 2018

	2
	Vembanad lake 
	Kerala 
	Labeo dussumieri, Puntius denisonii, Batasio travancoria, Horabagrus nigricollaris, and Lepidopygopsis typus
	Padmalal, D., Maya, K., Sreebha, S. et al. 

	3
	River Ganga
	Patna 
	Extinction of zooplankton community, destruction of food chain.
	Prabhakar, R., Kumari, A. and Neetu, R.K.S., 2019.

	4
	Warna river
	Western ghats
	40.8% decrease in fish diversity.
	Mohite, S.A. and Samant, J.S., 2013

	5
	Tamirapani river
	Tamil Nadu
	Reduction in food, shelter and breeding and spawning ground for aquatic habitat
	Bindhusri, A. and Arunachalam, M., 2015.

	6
	Mandovi and Cumbarjua
	Goa
	Decrease in Clam Fishery
	Parulekar, A.H., Ansari, Z.A. and Ingole, B.S., 1986.

	7
	Kundalika Estuary
	West coast
	Destruction of Mangroves
	Panchang, R., 2014.

	8
	Umtynagar River
	Meghalaya
	Drastic decrease in Fish catch
	Shymbin, B.W. and Nongbri, G., 2022.

	9
	Jhelum River
	Jammu Kashmir
	Decrease in fisheries, 
Poor quality of water
	Dar, S.A., Ganie, D.H., Teeli, J.I. and Bhat, S.U., 2023.

	10
	Marine Areas
	Korea
	Economic Loss due to decrease in fish catch
	Kim, T.G. and Grigalunas, T., 2009

	11
	Alleghney river
	USA
	Loss of fish habitat, loss of fish spawning ground.
	Freedman, J.A., Carline, R.F. and Stauffer Jr, J.R., 2013

	12
	Lake Tana
	Ethopia
	Decline in fish population of Labeo barbus
	Mingist & Gebremedhin, 2016

	13
	Mekong and Bassac rivers
	Vietnam
	Overall declination of fish population.
	Brunier, G., Anthony, E.J., Goichot, M., Provansal, M. and Dussouillez, P., 2014.




Figure 3.  Chart describing impacts of sand mining on water quality and river flora fauna which in turn affects Riverine fishery.

Conclusion
Sand mining has become a serious problem for river ecosystems and fisheries, as shown in this review. Even though sand is important for construction and economic growth, mining it without proper control has led to major environmental damage. The removal of large amounts of sand from rivers disrupts fish habitats, changes water quality, and makes it harder for fish to survive. Increased turbidity, higher salinity levels, and the destruction of breeding grounds have caused a significant decline in fish populations. Case studies from India and other countries show that sand mining has not only harmed aquatic life but also affected the livelihoods of fishing communities. Studies on rivers like the Kangsabati, Tamirapani, Warna, and Periyar in India highlight how sand mining is damaging aquatic ecosystems. It not only physically disturbs riverbeds and changes water flow but also causes indirect issues like higher salinity, lower oxygen levels, and the loss of fish breeding and spawning areas. Many fishermen are struggling because their traditional way of life is being threatened, forcing them to find alternative jobs that are often unstable. In addition, excessive sand mining causes deep pits in riverbeds, leading to erosion and changes in water flow, which further damages the environment. Similar problems are being reported worldwide, showing that this is a global issue that needs urgent attention. If this continues without proper regulation, fish populations will keep decreasing, and ecosystems may suffer permanent damage. To prevent this, strict rules should be enforced, alternative materials should be used in construction, and restoration efforts should be taken to repair damaged river ecosystems. Without these actions, the negative effects of sand mining will continue to grow, putting both nature and human livelihoods at risk.
Recommendations
According to the section 3(e) of the Mines and Minerals (Development and Regulation) Act, 1957 (MMDR Act), sand is a minor mineral. The MMDR Act's Section 15 gives state governments the authority to establish regulations governing the granting of mineral concessions for minor minerals and related uses. Every state has different laws which sometimes become loophole for whole system. The absence of thorough Integrated Coastal Zone Management (ICZM) frameworks in India exacerbates this problem even more. In 2016 Ministry of Environment Forest and Climate change released guidelines for sustainable sand mining which includes Environment clearance even up to 5 hectares area. However, present scenario of sand mining is shoeing fingers towards huge illegal mining. Apart from law, Sand mining should be now considered as serious matter of environment management.
Need for immediate actions- There is need for immediate and honest surveys about quantity of sand excavated per day all over the river system of India.
Regulate mining- There should be fixed amount of sand or fixed quota for six months and again surveys should be done regarding condition of river ecosystem. Sand is a crucial material for infrastructure, it cannot be completely banned but it’s high time to regulate sand mining in sustainable way. There should be banning period for sand excavation in monsoon, which is time for restoration of aquatic vegetation and breeding of aquatic organisms like fishes.
Surveys to check fish density in high mining areas- A thorough surveys are much needed about fishery in mining sites both primary and secondary data must be collected. These surveys can give idea of highly affected river channels.
Prohibition of mining in affected areas and Declaration of Protected Areas- Areas which has been exploited more than it can restore, sand mining should be completely ban in those areas and that area should be declare as Protected area. Rivers should get atleast 5 years for its restoration.
Fish Cooperatives- It has been already seen that Fishermen know better the value of fishes in rivers. Moreover, cooperatives are sometimes better solution to protect environment rather than laws.
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