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Abstract: Dams have made great contributions to human society, facilitating flood control, power 
generation, shipping, agriculture and industry. However, the construction of dams greatly impacts 
downstream ecological environments and nearby marine areas. To summarize these impacts, this 
review used recent research to comprehensively analyze how dam construction has affected river 
hydrology, geomorphology, and ecosystem of downstream reaches globally. Effects of dams on eco-
systems occur through reduced river flow, reduced sediment flux, altered water temperature, 
changed estuary delta, altered composition and distribution of nutrients, altered structure and dis-
tribution of phytoplankton populations, caused habitat fragmentation, and blocked migration 
routes in river sections and adjacent seas. Besides, exploring new reservoir management strategies 
(including targeted control of dam storage and flushing sediment operations), banning fishing ac-
tivities, and removing unnecessary dams (obsolete or small dams) are becoming crucial tools for 
ecosystem restoration. 
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1. Introduction 
Dam construction has a long history, especially in China where dams have been uti-

lized since 3000 BC. People build dams mainly for river control, flood control, irrigation, 
hydropower, and shipping. According to statistics from the International Commission on 
Large Dams, as of April 2020 there were 68,000 large dams with heights of over 15 m or 
impounding more than 3 million m3 in the world (38,000 of which were located in China) 
(Figure 1) [1,2]. The total storage capacity of these dams approached 8,000 km3, which is 
equivalent to 10% of the annual runoff of the world’s rivers. So far, 50% of the world’s 
rivers has been controlled or altered by hydraulic projects before reaching the ocean [3]. 
Dam construction is a large part of human engineering infrastructure, which is the foun-
dation for much of our daily lives. Damming rivers provides numerous conveniences for 
human societies. Dams and reservoirs can store water during raining seasons and later 
release it to provide a consistent discharge and maintain a sufficient flow throughout the 
year. However, while developing natural resources to provide better living conditions for 
humankind, we must also ensure that the associated environmental impacts are moni-
tored and limited. 
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Figure 1. Number of registered dams in the world wide and China. 
As a part of integrated watershed management, dam construction presents both op-

portunities and challenges. Dam closures convert dynamic rivers into static reservoirs, 
which effects the hydrography and morphological evolution of rivers by altering flow ve-
locity, water quality, temperature, turbidity, particulate matter, and other physicochemi-
cal parameters of rivers [2,4,5]. Dams also result in major anthropogenic disturbances to 
the biogeochemical cycles of nutrients which affect downstream wetlands, estuaries, un-
derwater deltas, and adjacent marine ecosystems [3,6]. In 1997, the International Commis-
sion on Large Dams published a document ‘Position Paper on Dams and the Environ-
ment’ which pointed out that improving environmental awareness was one of the most 
important developments at the end of the 20th century. In 2016, Chinese government put 
forward the concept of “Great Protection of the Yangtze River” which made the ecological 
restoration of the Yangtze River Basin a priority concept that now pervades all related 
work. 

There are 1811 large and medium-sized dam reservoirs on the Yangtze River. These 
dams have had a significant impact on the environment, but extensive and in-depth re-
search is required to accurately characterize these effects. Unfortunately, because of the 
long distance covered by the Yangtze before it meets the ocean, and various other anthro-
pogenic disturbances within the river basin, the roles of dams in marine ecosystems can 
easily be ignored. Long-term observation and research are necessary to assess the impacts 
of dams on ecosystems of estuarine and adjacent sea areas. This paper provides a review 
of recent studies on river damming and its impacts on ecosystems of estuarine and adja-
cent sea areas. This review aims to: (1) discuss changes in rivers by comparing periods 
before and after dam construction and relate these changes with sediment dynamics, nu-
trient fluxes, and estuarine ecosystems where rivers meet the sea and (2) identify the fu-
ture directions and priorities for research in this field. 

2. Methodology 
The systematic bibliometric analyses were performed by ISI Web of Knowledge da-

tabase [7,8]. The search string related to the study topic included “dam”, “effect”, “im-
pact”, “ecosystem”, “estuary”, “marine” and “sea”. The subject areas were Agricultural 
and Biological Sciences, Environmental Science and Earth and Planetary Sciences. All re-
trieved files of journal papers, books, newspapers and conference articles (published be-
tween 2000 and 2021) were further evaluated and filtered: 1) continue search in the search 
to make sure all the search results related to the study topic; 2) all the dam effects focus 
on the estuary and nearby marine areas; 3) all the articles should be published. Finally, all 
the related files are classified into six categories: flow flux, sediment, geomorphology, nu-
trient, phytoplankton, fish. Not all the 235 relevant literatures retrieved were cited in this 
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paper, because of the similar conclusions. The structured and systematic approach was 
performed in order to ensure the objectivity of conclusions [9,10]. In the end, future re-
search directions were pointed out. 

3. Results 
The effects of dam construction on the environment of river estuary and its adjacent 

marine area was summarized with some examples. Effects of dams on ecosystem included 
regulating river flow, reducing sediment flux, changing water temperature of reservoir, 
erosion of estuary delta, altering the composition and distribution of nutrients, changing 
the structure and distribution of phytoplankton and habitat fragmentation in downstream 
rivers and their adjacent sea areas (Figure 2 and Table 1). 
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Figure 2. Effects of dam construction on ecosystem of river estuary and nearby marine area. 2 

Regulating river flow 
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Releasing cold water of reservoir 

e.g. the average, minimum and 
maximum flow reduced by 31%, 21% 
and 35 [11]. 

Reducing sediment flux 

e.g. sediment transport in 
the delta decreased by 
92.32% [12]. 

e.g. the fish spawning and 
growth opportunities for 13 
fishes [13]. 

Erosion of 
estuary delta 

Altering the composition and 
distribution of nutrients 

Changing phytoplankton 
dynamics and composition 

Habitat 
fragmentation 

e.g. the maximum accretion zone 
shifted 100 km landward in the 
tidal reach of the Yangtze River 
estuary following construction of 
the Three Gorges Dam [14]. 

e.g. nitrogen and phosphorus increased 
by 6.7 and 6.5 folds, silicon decreased 
by 30%, and silicon: nitrogen ratio 
dropped from 6.23 to 0.74 over the past 
50 years in the Yangtze Estuary [15]. 

e.g. the number of recorded 
dinoflagellate species has 
increased from more than 30 to 
more than 80 in the East China 
Sea [16]. 

e.g. the area under high and 
very high habitat 
vulnerability increased from 
30% to 54% afterdamming 
[17]. 

River estuary and nearby marine ecosystems 
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Table 1. Studies about the effects of dam construction. 3 

Characteristics Effects on the downstream river and coastal water Reference 
Reduces of river flow Would cause the flow reduce by 21%–90% in downstream area. [11,18,19]  

Reduces of sediment transport Would reduce the sediment transport by 75%–92% in downstream area. [12,20,21] 
Changes sediment dynamics and geo-
morphic processes 

Could cause retreatment of the estuarine turbidity maximum zone and lead to erosion 
that degrades the underwater deltas in estuaries. 

[22–26]  

nitrogen and phosphorus nutrient flux Could intercept about 42%–93% of river nutrients, especially phosphorus. [27–30]  

silicon nutrient flux Have an effect on the river flow velocity, and less silicon is supplemented from the 
continent and the amount of silicon land–sea fluxes decreased by 50%–80%. 

[31–35]  

Nutrient ratios Could reduce the silicon: nitrogen ratios sharply from 6.23 to 0.74. [15,36]  
phytoplankton community Have an impact on the phytoplankton composition and increase the outbreak num-

bers of harmful red tide. 
[37,38]  

plant Would decrease functional richness and the species diversity in downstream area. [39–42] 
bird Could provide positive and negative influences on the habitat suitability for birds. [43–46]  

fish Would cause habitat fragmentation and even affect the fish populations, species and 
sizes. 

[17,47,48]  

4 
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3.1. Effects of dam construction on sediment flux into the ocean 
A dam segments the river, changing it from a flowing whole to one impeded by a 

static reservoir that reduces river flow. The average, minimum and maximum flow re-
duced by 31%, 21% and 35% in lower São Francisco Riverin after the construction of the 
Xingó reservoir [11]. After construction of the Farakka dam in India, the river flow into 
the downstream Bengal Bay showed a deficit of 75% [19]. 

It has been reported that, in addition to impacting river flows, dams have important 
impacts on sediment dynamics and geomorphic processes [10,49–51]. Rivers are estimated 
to transport about 90% of all dissolved and particulate matter that is deposited in the 
ocean, and the total annual sediment transported by rivers is estimated at about 19 billion 
tons, representing a very important driver of hydrological changes and the morphological 
evolution of estuaries and adjacent sea areas [52]. Amenuvor et al. [12] studied the hy-
drology of Volta River before and after Akosombo Dam over the period from 1936 to 2018 
using Landsat remote sensing images, and the results indicated that the establishment of 
the dam resulted in significant hydrological changes and altered the morphological evo-
lution of the river. Their study showed that sediment transport and river flow in the delta 
decreased by 92.32% and 23.23%, respectively. In major rivers of China, it has been found 
that the annual total sediment transport to coastal areas has decreased from 2.03 billion 
tons in 1955–1968 to 0.50 billion tons in 1997–2010 [20]. About 77% sediment was trapped 
by the Three Gorges Reservoir [53]. Similarly, studies of sediment transport in Swiss rivers 
[21], Russian rivers [22], European rivers [23], North African rivers [24] and South East 
Asian rivers [25] have shown that anthropogenic disturbances in river basins (mainly dam 
and reservoir construction) are the main causes of reductions in sediment transport. 

Dam construction will change the topography of the riverbank, increase the erosion 
of the downstream riverbed, and cause erosion that degrades the underwater deltas in 
estuaries [26,54,55]. For example, the maximum accretion zone shifted 100 km landward 
in the tidal reach of the Yangtze River estuary following construction of the Three Gorges 
Dam due to the decreasing sediment flux [14]. It has been reported that the estuarine tur-
bidity maximum zone in Portugal moved 8–16 km upstream compared to previous rec-
ords after the construction of the Alqueva Dam [47]. More attention should be given to 
the effects of dam construction on sediment flux into the ocean. 

3.2. Effects of dam construction on nutrient flux to the sea 
Artificial lakes formed by dam construction will affect the biogeochemical cycles of 

nutrients (carbon, nitrogen, phosphorus, silicon, etc.) in water. The nutrients in upstream 
reaches of a river are intercepted by the phytoplankton that flourish in the reservoirs. This 
removes nutrients from the water and has far-reaching ecological impact on the global 
biogeosphere. The effects of dams on riverine nutrient fluxes vary from one nutrient to 
another. About 42%–93% of river nutrients can be intercepted by reservoirs [27], especially 
phosphorus (P), whose uptake in reservoirs ranges between 16%–98%[28,30]. After the 
construction of the Three Gorges Dam, eutrophication in downstream reaches have been 
alleviated [56]. However, due to anthropogenic sources such as domestic sewage, indus-
trial wastewater, and agricultural fertilization, the nitrogen inputs to coastal waters may 
increase by 20% and phosphorus inputs double in Indonesia by 2050, despite the dam 
nutrient retention [57]. 

Unlike other essential nutrients, silicon (Si) does not have downstream sources and 
is not resupplied to rivers after interception by dams [31,32]. Due to the effect of anthro-
pogenic perturbations (mainly dam construction), the amounts of nitrogen (N) and phos-
phorus (P) have increased by 6.7 and 6.5 times, respectively, while the amount of silicon 
has decreased by 30% [15,30,58]. In addition to nutrient retention, Si nutrient concentra-
tions in downstream rivers and coastal marine areas can be reduced by other hydrological 
changes caused by dams. Under the influence of a dam, river flow velocity decreases, the 
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erosion of river banks weakens, and the interaction between land and water is reduced. 
As a result, less Si is supplemented from the continent and the amount of silicon in the 
river decreases [33]. Humborg et al. [34] found that the major cause of the reduction in 
land–sea Si fluxes was dams. The dissolved silicate (DSi) yield of moderately dammed 
rivers was only 50% of the practically undammed river. It has also been reported that 80% 
of Si in the ocean has been imported from rivers [35]. Therefore, the global modification 
of riverine Si flux directly affects the distribution of ocean basin Si concentrations, espe-
cially for coastal marine areas. 

High anthropogenic N and P nutrient loads reduce the Si: P and Si: N nutrient ratios 
[15,36]. Clearly, nutrient composition patterns have been fundamentally changed by dams 
as they alter the absolute nutrient fluxes and the nutrient ratios of riverine and coastal 
marine areas. These findings demonstrate that dams fundamentally alter water quality 
and nutrient supply in rivers. 

3.3. Effects of dam construction on ecosystems of the estuary and adjacent coastal area 
Estuaries are complex amalgams of various material systems, structural systems, 

functional systems, and energy systems. They are ecological transition zones and repre-
sent some of the most intense and complex land-sea interactions. Macronutrients are car-
ried by rivers from land to estuaries, promoting the growth and reproduction of marine 
and saltwater tolerant organisms and maintaining the highly complex and variable eco-
systems. The abundance of organic and inorganic elements in estuarine areas make them 
ideal for primary productivity, as is demonstrated by the plumes of highly productive 
areas fronting estuaries worldwide. As some of the highest productivity zones in the 
ocean, many famous fishing grounds are associated with estuaries, such as the Lvsi and 
Zhoushan fishing grounds in the Yangtze River estuary. However, estuaries and adjacent 
sea areas are frequently densely populated with developed agriculture and industry, 
which makes estuarine ecosystems highly impacted by human activities. 

Downstream, estuarine, and adjacent marine ecosystems will all be affected by dam-
ming. Decreases in silicon concentrations and increases in nitrogen and phosphorus con-
centrations have been linked to changes in growth and species composition of phyto-
plankton communities, as well as increases in the frequency of harmful red tide outbreaks 
[37,38]. At present, Prorocentrum ranks as most frequent and disaster-associated red tide 
species, and has caused serious economic losses to fishing and aquaculture in the East 
China Sea [16]. Phytoplankton are important components of aquatic food webs, so 
changes in their abundance and composition can have effects on benthic animals, fishes, 
plants, and birds [39,59]. Worse still, marine products contaminated with algal toxins can 
cause illness or even death in humans if they are mistakenly consumed [60]. 

It is reported that, the species and richness of plants were significantly impacted by 
dam construction [40,42,61]. Most of studies in the research of dam effects focused on the 
plants in reservoir, downstream channel and lake. And the studies about the effects of 
dam on plants in coastal waters were insufficient. The water level and plant could be im-
pacted by dam construction, and which would further effect the habitat suitability of birds 
[62–64]. A recent study claimed that the Three Gorge Dam artificially generated ecological 
water level and which provided benefits for birds [43]. Besides, effects of dams on flow 
changes created stable habitat for the American dippers [44]. However, some studies in-
dicated that, dam construction would have negative influence on the habitat suitability 
for birds by destroying coastal wetlands [45,46]. 

Habitat fragmentation could be impacted by damming. For instance, the area under 
high habitat vulnerability increased from 30% to 54% after damming wetland in Tangan 
river basin of India [17]. Damming can decimate local fishing industries by reducing the 
production of important commercial fish [7,13]. For example, dam construction caused a 
shift in the phytoplankton in the Guadiana estuary of Portugal change from diatoms to 
flagella and cyanobacteria. This shift caused a corresponding change in species of fish, 
from those that eat diatom phytoplankton (e.g., anchovies) to those that eat non-diatom 
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phytoplankton, and the abundance of anchovy eggs decreased by 99.99% [47].Further-
more, the temperature decreased about 0.4 °C after the completion of the Three Gorges 
Dam, which made the spawning time of the Chinese sturgeon change [61]. There is a sim-
ilar case happened in Brazilian Amazon, where fish production and diversity were all 
impacted by dam construction [48]. 

4. Management strategies 
Some scholars have explored how reservoir management can mitigate eutrophication 

in downstream rivers and adjacent sea areas. For example, targeted control of dam storage 
can increase P and N retention so as to reduce their downstream transfer [65]. At the same 
time, reasonable release of stored water during the growth of diatoms can avoid Si limi-
tation in the diatom communities of estuaries and adjacent sea areas [66]. In addition, tar-
geted control of sediment flushing operations and removing tributary low-head dams 
could decrease harm to ecosystems in downstream reaches [21,67]. The banning fishing 
activities of the Yangtze River and the removal of unnecessary dams (obsolete or small 
dams) are means of balancing social benefits and environmental health [68,69]. By explor-
ing new reservoir management strategies and performing ecological environmental plan-
ning before dam constructions, we may be able to balance the social benefits and environ-
mental consequences of dam construction. Overall, there is significant space for the con-
tinued development of dam management in the future. 

5. Conclusions 
Rivers carry water, sediment, and nutrients downstream to the ocean. Multipurpose 

dams are constructed in order to balance economic benefits and environmental costs. The 
environmental impacts of the dams should be considered before and after dam projects 
are undertaken. Due to the ubiquity of dams, the management of the water in rivers has 
become essential to nation building. Dams and reservoirs require us to apply integrated 
water management strategies as demands for hydroelectric, irrigation, recreation, domes-
tic water supply, and environmental requirements all compete for a limited supply. Dams 
effect river flow, water temperature, sediment flux, erosion of estuary deltas, composition 
and distribution of nutrients, structure and distribution of phytoplankton communities, 
fish on ecosystems of downstream rivers and adjacent sea areas. 

To study the influence of dam construction on the ecological environment, it is nec-
essary to monitor and analyze the key ecological factors, so as to provide reliable data and 
a theoretical basis for subsequent assessments of dams. In order to balance the social ben-
efits and ecological impacts of dam construction, new reservoir construction and manage-
ment strategies should be explored. Mitigation policies made by government is a means 
of ecological rehabilitation. Under the guidance of sustainable development concepts, 
continuous improvement in technology and experience will provide scientific support for 
dam construction that effectively utilizes and protects the ecological environment. 

The impacts of dam construction are not limited to its direct effects on downstream 
hydromorphology, ecosystems, and human life, but extends to the ecological environ-
ments of the estuary and its adjacent marine area. Balancing social and environmental 
benefits is an ongoing subject, so we suggest that: (1) more comprehensive and effective 
dam and reservoir management strategies should be explored in order to reduce effects 
of dam construction on ecosystem; (2) effects of dams on fish habitats and aquaculture in 
upper and downstream reaches need further study; and (3) the effects of dams on plants, 
fish, birds, and animals in downstream and adjacent marine waters be included in future 
studies to ensure a comprehensive assessment. 
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