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Introduction

Abstract: The growth of algal organisms is influenced by hydrodynamics,
making it a crucial aspect of algal biology. We summarize recent studies on the
impact of hydrodynamics on algal growth, with a specific focus on current
velocity. In the past, extensive attention has been paid to the direct effects of
impact factors on algal blooms and there is still a certain gap in the impact
mechanisms at the cellular level. Recent literature is compared to review the
effects of current velocity, flow change the water level, and the mechanism of
hydrodynamic effects on algal blooms, thereby briefly summarizing the effects
of temperature, light, DO, and nutrient concentration on algal blooms. The
critical thresholds for temporal flow velocity and temporal wind velocity are
also provided for two eutrophication lakes, Taihu Lake and Poyang Lake,
aiming to provide a reference for the flow velocity classification criteria of the
three major water bodies: Nullahs, rivers, and lakes. The mechanism of
hydrodynamic conditions on algal growth is mainly reflected in three aspects:
(1) It affects the distribution of nutrient salts and then regulates the growth and
enrichment of algae; (2) It alters the transport process of nutrient salts and
affects the cell function; (3) It destroys the integrity of the cell structure of
algae and inactivates them. The results are significant for understanding the
growth mechanism of algal organisms under hydrodynamic conditions and
provide guidance for future research.
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DO, TN, and TP, hydrodynamic conditions are also
considered to be an essential factor affecting the growth

Algae are a group of organisms without true
differentiation of rhizomes and leaves. Most of them
can photosynthesize and reproduce with unicellular
spores and conidia. With the intensification of human
activities and the increasing prevalence of
eutrophication in water bodies, the uncontrolled growth
of algal organisms in water bodies is gradually
increasing, leading to more frequent algal blooms.
Algal blooms cannot only cause serious pollution to
aquatic environments but also pose a threat to the
stability of aquatic ecosystems, biodiversity, and
human health (Thawabteh et al., 2023; Zhang et al.,
2022; Treuer et al., 2021).

Algal blooms are an extreme phenomenon after
eutrophication in water bodies because the
uncontrolled proliferation of algal organisms would
cause a number of ecological problems (Zhang et al.,
2022). In addition to the effects of temperature, light,
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and aggregation of algae in oceans, lakes, and rivers
(Chen et al., 2015). For example, Yang et al. (2022)
found that the ratio of mixed water depth to true
photosphere depth is significantly negatively correlated
with the concentrations and growth of algae in the
Three Gorges Reservoir. In recent decades, the
mechanisms of algal growth have been increasingly
studied and one of the focuses has gradually shifted to
the effects of hydrodynamic conditions on algal growth.
Hydrodynamic conditions include factors such as water
velocity, changes in water flow, and water level. These
factors directly affect the survival and growth of algae
in the water body, which in turn play a crucial role in
the occurrence and development of algal blooms.
Previous researchers have reviewed the effects of the
influencing factors such as temperature, light, DO, TN,
and TP on algal blooms, but more attention has been paid
to the direct effects between the influencing factors and
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algal blooms. The internal reasons are complex and have
not been elaborated at the cellular level. There is still a
certain gap in the mechanism of influencing factors on the
cellular effects, as well as a lack of uniform criteria for the
classification of flow rates in different water bodies. To
better understand the growth mechanism of algae and
prevent the occurrence of algal blooms, as well as explore
the mechanism of hydrodynamic conditions on algae
growth, we mainly review the effects of current velocity,
flow change, and water level on the growth of algal
organisms and the mechanism of hydrodynamic effects on
algae, thereby briefly summarizing the effects of
temperature, light, DO and nutrient concentration on
algae. The critical thresholds of temporal flow velocity
and temporal wind velocity are also provided for two
eutrophication lakes: Taihu Lake and Poyang Lake,
aiming to provide a reference for the flow velocity
delineation criteria for the three major water bodies:
Nullahs, rivers, and lakes.

The purpose is to provide some references for the
study of the growth mechanism and cell-level effects of
algal organisms under hydrodynamic action and to
provide some guidance for future research of algal growth
under hydrodynamic conditions, as well as support for the
prevention and control of algal blooms.

Materials and Methods

This study focuses on the effects of hydrodynamic
conditions on algal growth in freshwater bodies, which are
divided into four categories according to different water
body types: Nullahs, rivers, lakes, and reservoirs. The

Table 1: Research area distribution and research factors

lakes cover two typical eutrophication lakes in China:
Taihu Lake and Poyang Lake. In terms of rivers, the main
tributaries of the Yangtze River and the Pear] River system
in China are selected. The distribution of the specific
study areas is shown in Table (1). In the following tools,
outdoor experiments refer to the measurements and
experiments conducted in the field; model simulation
refers to the construction of a mathematical model of
hydrodynamics for simulation and in-situ observation
refers to field observations in the study area or the
acquisition of in-situ data through techniques such as
satellite remote sensing.

Research data collection is carried out prior to the
preparation of the thesis. The data were collected from
two major databases, CNKI and Web of Science. During
the data collection process, the literature of the last three
years is mainly used as a reference to ensure that the data
obtained are highly and timely reliable. When collecting
data, terms such as hydrodynamics, current flow rate,
change in flow rate, algal organisms, cyanobacteria, algal
blooms, flow, water level, change in water level, lakes,
rivers, and open channels are all included in the collection
criteria. The data collected for the study are organized into
four categories: Flow rate, flow, water level, and impact
mechanisms. The effects of factors such as flow rate, flow
rate, and water level changes on the growth of algal
organisms in the relevant water bodies are studied by
analyzing the collected data, comparing and analyzing the
experiments of different authors on the same type of water
body, including research methods, data selection and
comparison of experimental results.

Research area Type of water body  Research tools Research factors References

Wuhan university proving  Nullah Outdoor tests Flow velocity Shaoyi et al. (2024)

ground

Wagquoit bay Stream Indoor tests Flow velocity Escartin and Aubrey (1995)

Middle and lower reaches ~ Stream Model simulation Flow velocity Jian et al. (2022);

of the Han river He et al. (2024)

Huizhou section of the Stream Indoor tests Flow velocity Zhou et al. (2018)

Dongjiang river basin

Taihu Lake Lake In situ observations ~ Flow velocity Li et al. (2023);
and tests Wau et al. (2013)

Poyang Lake Lake In situ test flow velocity Ping et al. (2024)

Pampean Stream In situ test flow rate Acufa et al. (2011)

Middle and lower reaches ~ Stream Model simulation Flow rate He et al. (2024)

of the Han river

Zipingpu Reservoir In situ test Water level fluctuation Liao et al. (2024)

The three gorges Reservoir In situ test Water level fluctuation Cui (2018)

Shiyan Reservoir In situ test Water level fluctuation Ke et al. (2019)

Jialing Stream Indoor tests Water level fluctuation Wang et al. (2021a)
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Results
Effects of Water Velocity on Algae

Water currents are the main driver of underwater
algal transport and current speed and direction play an
important role in the distribution and aggregation of
algae in the water column (Cui et al., 2023; Wu et al.,
2023). If the propulsive force is insufficient, too many
algae can accumulate in the water, leading to algal
blooms in the lower reaches of rivers and in the center
of lakes, with serious consequences for aquatic
ecosystems (Wu et al., 2023).

Numerous studies (Pan et al., 2023; Sun et al., 2023;
Mondal and Banerjee, 2023; Cao ef al., 2022) have shown
that the response of algal blooms caused by different algal
species to flow velocity varies significantly in different
water bodies (nullahs, rivers, lakes, etc.). The changes in
flow velocity have a great effect on algal biomass and
physiological and biochemical characteristics. For
example, there is a gap in the response of cyanobacteria,
methanogens, and diatoms to changes in flow velocity.
When the flow velocity was lower than 0.05 m/s, the
proportion of cyanobacteria and diatoms was the largest;
when the flow velocity was between 0.05 and 0.10 m/s,
the proportion of cyanobacteria decreased and the
proportion of methanobacteria and diatoms increased;
when the flow velocity was greater than 0.10 m/s, the
proportion of methanobacteria decreases and the
proportion of diatoms increased continuously (Li et al.,
2019). The sensitivity of different algal cells to changes in
flow velocity is different and there is a single-peak curve
relationship between algae and flow velocity. The internal
reasons for the sensitivity differences in the response of
different algae to flow velocity changes need to be further
investigated, such as changes in flow velocity caused by
changes in the activities of various enzymes in the algal
cells. The mechanism of flow velocity on the growth of live
algae has been studied (Calvo et al., 2022; Shaoyi et al.,
2024). It was found that increasing the flow velocity can
accelerate the transport of nutrients and promote the
cellular metabolism of algae as well as the uptake of
nutrients, thereby promoting the growth of live algae.
However, if the flow velocity is too high, the living algae
will be abraded and stripped under the action of shear
force and scouring of suspended particles, or the attached
sediment substrate will be eroded by the water flow and
directly shed. This will reduce the biomass of living algae
and change the composition of the community.

Nullah

Open nullahs do not contribute to eutrophication or
algal blooms. Eutrophication is caused by the
introduction of excess nutrients (e.g., nitrogen,
phosphorus, etc.,) into the water column and nullahs can
promote or exacerbate eutrophication under certain

294

circumstances (Xia et al., 2020). For example, when there
is agricultural land or agricultural activity around the
nullahs, fertilizers, and pesticides discharged from
agriculture can enter the nullahs through drainage from
the agricultural land, resulting in an increase of nutrients
in the nullah water bodies and triggering eutrophication.
Similarly, wastewater discharged into nullahs from
municipal sewers can cause eutrophication of nullahs if
the wastewater is not adequately treated with nutrients
rich in N, P, and organic matter.

Therefore, open nullahs do not cause eutrophication
per se, but under certain conditions, they can be one of the
transmission pathways of eutrophication. Algal growth in
open nullahs is also an important area.

Shaoyi et al. (2024) found that the biomass of
epiphytic algae increased and then decreased with the
increase of flow velocity in the nullah. The highest
biomass was found at a flow rate of 0.6 m/s, while the
lowest biomass was found at a flow rate of 0.8 m/s. The
results showed that the maximum algal biomass was at
low flow velocities (0.8 m/s) and the lowest biomass was
the lowest. The results showed that low (0.2 m/s) to
moderate (0.6 m/s) flow rates promoted the growth and
reproduction of live algae, while high (0.8 m/s) flow rates
inhibited the growth of living algae. There is a critical
threshold of about 0.6 m/s for the influence of flow
velocity on algal growth in open channels. The water flow
rate in the nullah can be controlled to a range of more than
0.8 m/s, effectively scouring the sediment substrate,
stripping off the growth of algae, and improving the
aquatic environment of the nullah.

An in-depth study of the growth mechanisms of algae
in open channels is of great importance for the prevention
and management of eutrophication in water bodies and
also provides a scientific basis for the sustainable use of
water resources. Further studies on the adaptation
mechanism of algae in open channels and the threshold
range of flow velocity in open channels are needed to
better assess and control the impact of open channels on
eutrophication and algal bloom occurrence.

Stream

Eutrophication in rivers is one of the reasons for the
destruction of river ecosystems in recent years and the
abnormal proliferation of algae in river ecosystems has
become the most important point of concern in the study
of eutrophication in water bodies. The flow rate is one of
the key environmental factors in river water ecosystems,
which is of great importance in the study of the abnormal
proliferation of algae and understanding the formation
mechanism of eutrophication in water bodies.

Through his research, Escartin was the first to propose
a minimum flow velocity for the destruction of algal
structures of rivers. Based on the results of the flume study,
he pointed out that in order to destroy the algal community
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structure, the flow velocity must reach 0.10 m/s, i.e.,
10 cm/s, and that the heterogeneity of the algal structure
plays an important diffusion role in the dispersal of algae
(Escartin and Aubrey, 1995). This indicates that the algal
community structure is relatively stable at a velocity of
less than 0.10 m/s.

Jian et al. (2022) proposed that the threshold flow rate
for water bloom control in the middle and lower reaches
of the Han River was between 0.20 and 0.67 m/s. He et al.
(2024) further found that when the flow rate reaches
0.462 m/s, the flow rate will continue to increase and
inhibit the growth of algae. The former used the Mike
21 model to simulate and invert the flow velocity during
the bloom occurrence, which was longer than the latter
and the data selection was more targeted. However, it is
insufficient because it only focuses on the initial period of
blooms and the beginning of bloom recession. The latter
selected the point data from 2015-2019 to study the
relationship between flow velocity and algal density in
different months, as shown in Fig. (2). The flow rate
reaches its maximum in summer, and algae are
transported through hydrodynamics, making it difficult
for algae to aggregate and eutrophication to occur in the
water. The negative correlation between algal density and
flow velocity is more intuitive. Considering the effect of
water temperature on algal density, the algal data affected
by water temperature was excluded in Fig. (3). The
suitability curves for flow rate and algal density were
obtained by fitting polynomial curves. The fit R%s 0.954,
with a p-value less than 0.05, which is better than that in
Fig. (1). The fitting was 0.79 in the Sha yang area and 0.69
in the Xian Tao area, with a smaller error and strong
correlation between the two.
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Fig. 1: Critical algal densities and critical flow velocities at
Shayang and Xiantao sections (thin dashed lines are
critical values) (Jian et al., 2022)
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Fig. 2: Characteristics of algal densities and flow rates over time
at different time periods (He et al., 2024)
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Fig. 3: Algae density versus flow suitability curve (He ef al., 2024)

Zhou et al. (2018) used an annular Plexiglas flume to
cultivate algae in the raw water of Huizhou River,
Guangdong Province, Dongjiang River Basin. It was
found that: Microcystis aeruginosa had weak growth
under different flow rates and the reproduction rate of
Microcystis aeruginosa and Microcystis aeruginosa was
faster under low flow rate (<0.075 m/s). This had a
promoting effect on algal growth with an increasing flow
rate of the water body. The growth of algae was inhibited
with increasing flow rate under a high flow rate (>0.075 m/s).
Different continuous flow conditions are important
factors influencing the changes in plank tonic algal
abundance and physiological indices.

Song (2023) proposed that direct hydrodynamic
effects could inhibit algal growth, while indirect
hydrodynamic effects could promote algal blooms. This
viewpoint is consistent with the conclusions obtained
from previous studies. The riverine water environment is
more complex than other water environments and the
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influencing factors are more diversified. There are
interactions between the influencing factors to regulate
each other (Wang et al., 2021b). The influence and
mechanism of the coupling effect of flow velocity and
other environmental factors on algal organisms remain
unclear and its coupling effect and mechanism of action
need to be studied in depth.

Lake

Large lakes have been prone to serious eutrophication,
resulting in cyanobacterial blooms. This is caused by the
abnormal proliferation of algae that gradually forms over
time. Therefore, the growth process, mechanism,
physiological characteristics, and factors affecting algae
growth are still hot topics. The water flow rate and water
body disturbance in lakes are important factors that
influence the hydrodynamic conditions of lakes.

In eutrophic lakes, the hydrodynamic process has a
significant impact on the vertical movement and horizontal
migration of algae (Ranjbar et al., 2022), e.g., flow velocity
can have an impact on algal community structure and
colony migration. Wu et al. (2013) demonstrated that
when the average flow velocity of the water body
exceeded 5.7 cm/s, the cyanobacterial community was
entrained by wind-induced hydrodynamics. The vertical
migration of algal biomes was controlled by
hydrodynamics, mixing with algal organisms at different
depths throughout the water body, ultimately leading to the
disappearance of the surface bloom of Taihu Lake. Water
flow velocity affects the nutrient transport process in lakes.
Wan et al. (2013) found that the critical velocity of the
Phosphorus (P) exchange process at the sediment-water
interface of Taihu Lake ranged from 7-15 cm/s. Below the
critical flow velocity, Particulate Phosphorus (PP) migrates
to the Suspended Particulate Matter (SPM), whereas above
the critical flow velocity, PP is released in the water. The
changes in Total Phosphorus (TP) in the water column have
a direct effect on algal growth and nutrient transport under
flow conditions. Knowing the critical flow rate and wind

speed is crucial for dealing with algal bloom in water bodies.

For instance, in Poyang Lake, the critical flow rate and
wind speed for algal bloom are 5 and 3-4 m/s, respectively
(Ping et al., 2024). The critical thresholds for the
occurrence of algal blooms in different lakes are shown in
Table 2, while Table 3 presents the division of flow velocity
and critical thresholds for different water bodies. In Table 2,
the time span of the references is large and the statistical
samples are numerous. The statistical results show
Gaussian distribution and the critical thresholds obtained
are basically consistent with the predicted values of the
model. Table 3 shows the critical thresholds of the flow rate
referring to the occurrence of algal bloom in the water body
and the division of the flow rate is only for the purpose of
investigating the effect of the flow rate on the growth of
algae, providing an optional interval for the study.
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Table 2: Critical thresholds for flow/wind speeds triggering algal
blooms in lakes

Lakes Flow rate Wind velocity References

Taihu lake 5.7cm/s 3.4 m/s, 6 m/s Lietal. (2023);
Wu et al. (2013)

Poyang lake 5 cm/s 3~4 m/s Ping et al. (2024)

Table 3: Classification of flow velocities and critical thresholds for
various water bodies

Water Low flow  Critical High flow

bodies rate thresholds rates References

Nullah 0.2 m/s 0.6 m/s 0.8 m/s Shaoyi et al. (2024)

Stream 0.075m/s  0.462 m/s / He et al. (2024);
Zhou et al. (2018)

Lake S cm/s 5.7cm/s / Wu et al. (2013);

Ping et al. (2024)

Flow velocities can provide information about the speed
and stability of water flow, helping to understand the
dynamic behavior of water bodies. However, flow velocity
alone cannot provide insight into the internal flow
characteristics around algal cells, nor can it accurately
describe flow phenomena at the microscopic scale. The
microscopic flow characteristics are the critical factors in
the growth of algal cells. These characteristics involve
intracellular biological processes, such as the transport of
materials, nutrient supply, and waste excretion. Therefore,
to obtain a more comprehensive understanding of the
growth mechanism of algal cells, future research should
focus on exploring the complex flow behavior of algal cells
using sophisticated technological tools and analytical
methods, such as microscopic flow simulation and
intracellular hydrodynamics.

Effects of Flow Changes on Algae

Human activities, such as constructing reservoirs and
dams to hold floodwaters, can significantly impact the
flow of water in rivers. This, in turn, affects the
physiological activity of algae in the water column.

Studies have shown that alterations in water flow can
impact the environment of algal growth, ultimately
affecting algal blooms. For instance, during high-flow
conditions, the concentration of dissolved oxygen in the
water column increases, providing oxygen for algal
growth. On the contrary, under low or no flow, the
concentration of dissolved oxygen decreases and limits
algal growth (Yang et al., 2015). In addition, alterations in
flow rate can impact the aggregation and dispersion of
algae. Typically, under a high flow rate, the forced
exclusion of water heightens the degree of algae
dispersion, thereby decreasing the likelihood of algae
aggregation. Under low or no flow rate, algae are more
prone to aggregating and forming blooms (Xu et al., 2024;
Acuna et al., 2011).

Changes in flow rate can impact the nutrient content
of the water body and cause the occurrence or
disappearance of eutrophication. The increase in flow rate
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will promote the dilution of organic matter and nutrients
(such as nitrogen and phosphorus) in the water body.
This will change the nitrogen-phosphorus ratio and other
limiting factors on algae growth, so as to control
eutrophication and prevent algal blooms. Acuiia et al.
(2011) demonstrated that the primary productivity of
algae increased under low flow (13.8 L/s) and decreased
by an order of magnitude under high flow (1300 L/s).
This is because the dilution of nitrogen and phosphorus
concentrations in the water column affects the survival
of algae. Controlling flow conditions can provide new
indicator parameters and treatments for managing algae
in streams to prevent algal blooms.

To prevent and control algal blooms, it is important to
determine the flow threshold of key sections. According
to He et al. (2024), the optimal flow rate threshold for
preventing and controlling algal blooms in the middle and
lower reaches of the Han Jiang River was 0.462 m/s, and
the ecological flow rate of it was determined using the
section flux method, and the flow inhibition method.
When the flow rate was 890, 918, 953, and 1075 m®/s in
the Sha Yang, Qian Jiang, Xian Tao, and Han Chuan
sections respectively, Han Chuan can meet the ecological
flow demand of the river without causing algal bloom.
Among them, the section flux method uses Eq. (1). The
ecological flows at key sections of the Han River for algal
bloom prevention and control are shown in Table (4):

Q> 2y ()
where, C, is the initial density of algae (g/m?); C, is the
density of algae inflow (g/m?); C, is the density of algae
outflow (g/m*); PM, is the net growth rate of algae (d"');
WS, is the mortality rate (d"'); X is the period conversion
factor and Q. is the cross-sectional flow (m?/s).

The changes in river runoff will directly affect the
habitat of aquatic organisms in the water body, the primary
productivity of aquatic algae, and the transport and cycling
of nutrients, thereby affecting the structure and function of
the ecosystem of the entire watershed from the bottom up.
In flow management, the responses at the water column
replacement and cellular levels should be considered
separately to effectively regulate algal growth in rivers. An
in-depth understanding of flow changes on algal growth
and nutrient transport is of great significance to ecology.

Effect of Water Level on Algae

Several studies have demonstrated a negative
correlation between the water level and the amount and
growth of algae in lakes and rivers. Fluctuations in water
level have an indirect effect on the growth of algae and
changes in nutrient salts and water retention time due to
fluctuations in water level are among the main factors
affecting the growth of algae (Liao et al., 2024; Ye et al.,
2022; Ferencz et al., 2023).
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In natural water bodies along shorelines, rising water
levels increase erosion of the shoreline and flash a large
amount of sediment into the water from rivers. This
sediment contains a high concentration of nutrient salts,
which increases the nutrient content of the water. In
artificial shoreline waters, the growth of algae is affected
by water levels. The high water level dilutes the nutrient
salt content and reduces the concentration of nitrogen and
phosphorus, as well as the concentration of algae, which
helps alleviate the high density of algae aggregation. The
study of the three gorges reservoir, (Cui, 2018) found that
the impoundment process can promote the deepening of
the mixed layer in different sections of the reservoir bay,
increase the vertical movement of algae, reduce the time
of algae to receive light, thus reducing the rate of algal
proliferation. The impact of mixing during the discharge
process is relatively small and the stratification of the
water body is strong. Algae explode and proliferate on the
surface of the reservoir, forming water blooms.

The growth of algae is not only affected by the water
level but also by the water level fluctuation in the reservoir.
For instance, (Ke et al., 2019) investigated the impact of
water level fluctuations on the concentration of algal
chlorophyll a. Through experiments, it is found that
alternately raising and lowering the water levels can
destroy water stratification caused by the stratified
heterogeneous flow, increase water exchange and
effectively prevent the stratification of water temperature.
In addition, this method can shorten the time of water
stagnation and disrupt the reproduction and survival of
algae, thereby slowing down the frequency of
eutrophication and blooms. The daily amplitude of change
in the water level of the reservoir also increases with this
method. At the same time, the daily variation of the
reservoir water level increased, shortening the water
retention time and disrupting the conditions necessary for
algal reproduction and survival. As a result, the frequency
of eutrophication and algal bloom slows down. Wang et al.
(2021a) concluded that algal blooms do not occur when
the water level fluctuates by more than2 m/d. Moreover,
as the water level fluctuations increase, the intensity and
frequency of algal blooms decrease.

Liao et al. (2024) studied the impact of water level
operation on algal blooms in Zipingpu Reservoir. They
found that a decrease in water level leads to a slower water
flow rate and an increase in the retention time of the water
body. They also observed that the temperature tends to rise
fast when the water body becomes shallow, which
promotes the growth of algal blooms that thrive in low
flow rates and high temperatures.

Table 4: Ecological flow at key sections of Han River for algae
bloom prevention and control

Sha Yang Qian Jiang Xian Tao Han Chuan

890 m?/s 918 m%/s 953 m¥/s 1075 m%/s
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Understanding the effect of water level on algal
growth can provide a theoretical basis for the prevention
and control of algal bloom in reservoirs. In the dry season,
maintaining a high water level and controlling the bottom
flow rate can control the density of algal growth and avoid
the release of nutrient salts in bottom sediments. During
the flood season, maintaining the water level in a
fluctuating state through hydraulic mobilization can
effectively regulate the structure of algal groups and the
environment in which the algae grow in the reservoir for
algal bloom prevention and control.

Effects of Other Environmental Factors on Algae

In addition to hydrodynamic conditions, other
environmental factors can also have an impact on algal
growth. Moresco et al. (2024) found that elevated
temperatures can promote algal primary production and
that there was a potential positive feedback relationship
between cyanobacteria and elevated temperatures.
Chunzhuk ef al. (2023) demonstrated that it was possible
to increase algal biomass productivity through light by
culturing microalgae under five different light intensities.
Dissolved Oxygen (DO) is essential for aerobic
respiration of algae in the water column. Low DO levels
can lead to slow growth or even death of algae, while high
DO levels can inhibit photosynthesis and be harmful to
algal growth. In addition, an increase in atmospheric CO,
concentration may increase the concentration of dissolved
CO;, in the water column through atmosphere-water
exchange. The increase in CO; concentration in the water
column may increase the efficiency of phosphorus
utilization by cyanobacteria and a high CO, concentration
may affect the activity of enzymes related to phosphorus
assimilation (Ma and Wang, 2021). A change in one
environmental factor may cause a chain reaction of other
environmental factors. Wang et al. (2021b) analyzed that
phosphorus concentration has a negative effect on water
transparency and a positive effect on dissolved oxygen
content. The study of algal growth should take into
account the mutual influence and interaction between
environmental factors.

Cytological-Level ~ Response to

Hydrodynamic Perturbations

of Algae

Two possible mechanisms have been proposed for the
influence of hydrodynamics on algal growth: First,
hydrodynamics will indirectly affect algal growth by
influencing the distribution of nutrient salts required for algal
growth; second, at the cytological level, hydrodynamic
perturbations will directly affect the structure and system
function of algal cells, change the efficiency of nutrient salt
transport or directly destroy the structure of the algal cell,
inactivating them (Chen ef al., 2015).
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Chen et al. (2015) proposed three conceptual
mechanisms for hydrodynamic effects on algal growth
from a cytological perspective: (1) Low-intensity
hydrodynamic perturbation causes the outer diffusion
layer of the algal cells to become thinner, facilitating
nutrient delivery from surrounding water to algal cells and
promoting algal growth; (2) Moderate intensity
hydrodynamic disturbances can damage the nutrient
absorption and photosynthetic capacity of algal cells,
inhibiting their growth; (3) High-intensity water shear
leads to the breakage of algal cell walls. Therefore,
scientists believe that effective control of algal growth and
prevention of algal blooms in flow management requires
consideration of the critical flow rates of water replacement
and cytology. The results can provide important theoretical
support for the strategy of maintaining water quality levels
and controlling algal blooms.

Discussion

The next step in hydrodynamic research should
construct a targeted dynamic model covering different
water bodies and different algae. Future research can be
carried out in the following directions:

(1) Explore the hydrodynamic flow characteristics of
algal cells at the microscopic scale, the response
mechanism of their physiological characteristics and
nutrient transport, and comprehensively understand
the growth mechanism of algal cells

Refine the differences in the responses of different
types of algal cells to hydrodynamic conditions,
analyze the reasons for the differences, and obtain a
deeper understanding of the influence of
hydrodynamics on different algal species, especially
on the organisms that cause blooms

Study the influence of hydrodynamic conditions on
the function of algal ecosystems: Explore the
mechanism of hydrodynamic conditions on algal
ecosystems, including nutrient cycling and carbon
sink effects, and reveal the relationship between
hydrodynamics and the health of algal ecosystems

O]

®)

Conclusion

The influence of hydrodynamic conditions on algal
growth is mainly reflected in three aspects: (1) It affects
the distribution of nutrient salts, which in turn regulates
algal growth and enrichment; (2) It alters the nutrient
transport process and affects the cellular function; (3) It
destroys the integrity of the cellular structure of the alga
and inactivates it.

There is a critical threshold for hydrodynamic effects
on algal growth, where critical flow rates vary in different
water bodies and their surroundings, (e.g., different
sections of the same river) vary depending on the algal
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characteristics. Therefore, it is necessary to refine
differences from the surrounding environment. Due to the
influence of nutrient salts, water disturbance, algal cell
growth, enrichment, and extinction, critical flow rates in
natural environments have multiple thresholds. Specific
research should be carried out for each water body and
algal species. We only provide a reference for critical
thresholds. Specific studies should be conducted for each
water body and algae species. This topic only provides a
reference for critical thresholds.
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