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Abstract

Background: As the most widely distributed river form in the world, meandering river is of great significance for stabilizing the physical
structure of the river and maintaining ecosystem. To quantitatively study the positive effects of meandering rivers, the Chishui River, a
natural tributary of the Yangtze River in Southwest China, is selected as the research area, and two typical river sections with different
meandering degrees are selected as the research objects. Methods: Based on the field survey data, the local endemic fish Procypris
rabaudi (Tchang) is considered the object fish, and a hydrodynamic model was used to simulate the distribution of water depth and flow
velocity in certain river reaches at different flows. By introducing the weighted usable area (WUA) and hydraulic unit diversity index,
combined with the suitability curves of the study species, the hydraulic characteristics and habitat suitability changes of two river reaches
under different flows are summarized and analyzed, and the hydrogeomorphological process of the studied river section is generalized.
Results: With the change in discharge, a positive correlation is observed between the maximum velocity and depth of the meandering
river and the discharge, whereas the WUA and hydraulic unit index of the meandering river have relatively small changes. Under low
discharge, the distribution of pool–riffle sequences can be seen in the meandering reach, which is essential to improve the ecological
suitability and stability of the river. Conclusions: This study provides scientific sustentation for river restoration and fish conservation.
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1. Introduction
Rivers are a product of the Earth’s evolutionary pro-

cess and play an important role in the evolution of the Earth.
With the evolution of nature, the flow and direction of rivers
have also evolved, and the effects of natural bending and
curving have been alternating, although the rivers tend to
have slightly curved or bent forms [1,2]. The channel plan
form is a direct representation of the spatial heterogene-
ity of the river geomorphology [3], which can be classi-
fied according to its plan form. The most widely used
river classification method, proposed by Leopold, classi-
fied rivers into straight, meandering, and braided rivers
[4]. Rust supplemented the river types into four categories:
straight, meandering, braided, and reticulated rivers based
on the meander ability and intertwining parameters [5].
Dong divided the plane morphology of rivers into three
types: sinuosity/meandering, straight-low sinuosity, and
multi-channels, which can be divided into braided, anas-
tomosing/anabranching, and wandering [2]. Monotonous,
low-meander reaches in the same area exhibit low habi-
tat suitability for unstable flow conditions, while complex-
meander, braided morphological reaches provide high spa-
tial heterogeneity and are more suitable for habitats with

unstable flow conditions [6]. However, at the same time,
we need to note that we do not want to rectify all rivers
into meandering rivers, for the actual problem we adhere
to the principle of respect for nature, for some rivers sub-
ject to human interference, aim to restore through natural
restoration-oriented, artificially guided ideas.

In the context of future impacts of climate change,
river morphology is a decisive parameter for habitat con-
servation and restoration, and a driver of habitat quality [7].
The geomorphological complexity of rivers is the natural
basis for biodiversity. It influences the dynamics of river-
ine ecosystems, both directly and indirectly, by interacting
with the physical, chemical, and hydrological processes of
a river [8]. The stability of a river structure is a key factor
that influences the diversity of aquatic organisms, particu-
larly benthic fauna [9]. Parsapour et al. [10] showed that
variation in river morphology significantly influences habi-
tat suitability, and that meandering rivers are more suitable
for fish survival. Meandering rivers have extremely com-
plex geomorphological features and constitute the natural
basis for biodiversity. They not only effectively improve
the stability of the river channel at both the overall and lo-
cal river scales but also provide diverse habitats for differ-
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ent species, which is important for stabilizing the physical
structure of the river and maintaining the ecosystem [11].
To quantitatively reveal the ecological significance of me-
andering rivers and their stabilities, the Chishui River, a
mountainous river in southwest China, is selected as the
study area for this research. As a first-order tributary of
the Yangtze River, the Chishui River is a relatively natural
mountainous river with low artificial influences, rich flora
and fauna resources, and good water quality. Combined
with field research, two typical river sections are selected
and simulated using a hydrodynamic model. The local en-
demic fish, Procypris rabaudi (Tchang), is selected as the
target species, and the ecological nature of the meandering
river is analyzed based on its weighted usable area (WUA)
changes. The stability of meandering rivers is quantified
based on the distribution of hydraulic units (HUs) and their
diversity. Diverse hydrodynamic conditions are the basis
for fish survival. The novelty of this study is as follows: it
introduces the concept of an HU and its diversity index and
quantitatively analyzes the relationship between river plan-
forms and hydrodynamic units, progressively, to clarify the
correlation between geomorphic features and ecology.

2. Methods
2.1 Study area

The Chishui River (Fig. 1) is the largest first-order
tributary on the right bank of the upper reaches of the
Yangtze River. It is located in the border zone between the
Yunnan-Guizhou Plateau and the Sichuan Basin in China,
with high terrain to the east, south, and west, and low terrain
to the north, most of which is mountainous, with local hills
and alluvial basins. The mainstream of the Chishui River is
436.5 km long, with a total drop of 1475 m, and its average
gradient is 3.4%. Owing to the interaction of the hydro-
logical and geomorphological conditions, the mainstream
of the Chishui River forms a diverse habitat from the upper
to the lower reaches. One hundred and thirty-six species of
fish are found in the basin, 42 of which are endemic to the
upper reaches of the Yangtze River.

Based on actual field research in recent years, the fol-
lowing two sections are selected from the lower Chishui
River. The first is the meandering reach (reach 1) with a
length of 5.625 km and sinuosity of 1.98. The straight-
low sinuosity reach (reach 2) below the meandering reach
is studied as a reference and for comparison. Its length and
sinuosity are 1.583 km and 1.05 km, respectively. The spe-
cific locations are shown in Fig. 1.

2.2 Hydraulic models
2.2.1 Model description

This study uses River2D, a depth-averaged two-
dimensional finite element simulation program developed
by the Alberta University, Canada, which can be used
for hydrodynamic and fish habitat simulations [12]. The
River2D model is distinguished by using the approximate
supercritical method and the wet and dry zone solution al-

gorithm for the boundary part of the calculated river chan-
nel. Simultaneously, it provides a separate area division
function that allows a more detailed grid to be divided
for the calculation area separately, thus satisfying the indi-
vidual solution of small areas within a large spatial scale,
which is conducive to the accurate solution of hydrody-
namics and habitats [13]. The hydrodynamic component of
the River2D model is based on the two-dimensional, depth-
averaged St. Venant equations expressed in a conservative
form. These three equations represent the conservation of
water mass and the two components of the momentum vec-
tor.
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where H is the depth of flow. qx, and qy are the respec-
tive discharge intensities, which are related to the velocity
components through

qx = HU (4)

qy = HV (5)

U and V are the depth-averaged velocities in the x and
y coordinate directions, respectively.

g is the acceleration due to gravity; ρ is the density
of water; S0x and S0y are the bed slopes in the x and y di-
rections, respectively—Sfx and Sfy are the corresponding
friction slopes;

τxx, τxy, τyx, τyy are the components of the horizontal
turbulent stress tensor.

Based on years of hydrological data and topographic
data combined with real-time kinematic (RTK) field mea-
surements, the model roughness is taken as the average of
the surveyed area, which is 0.04. For the simulated flow
values of 102.8, 306.9, 395.9, 540.4, 697.1, 1925, 3260, and
5020 m3/s, the changes in water flow velocity and depth,
WUA of target fish, distribution of the HUs, and diversity
were studied.
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Fig. 1. Location of the Chishui river basin. (a) Yangte River watershed boundary. (b) Chishuihe River watershed boundary. (c) Study
river reach 1. (d) Study river reach 2.

2.2.2 Model validation
The downstream water level boundary is determined

based on the hydrological data, and the water level bound-
ary under 102.8 m3/s flow is 212.5 m. The accuracy of the
model is evaluated by comparing the measured (Q = 118
m3/s) and simulated values of the velocities of each cross-
session, as shown in Fig. 2 and Table 1. The measured
flow rates are obtained by renting a local yacht and aver-
aging several measurements with an LS1260B flow meter
(Fig. 3).

Fig. 2. Model rate determination point distribution.

Table 1. Comparison of the measured and simulated values
of the velocities.

No. Measured
velocity (m/s)

Simulated
velocity (m/s)

Error (%)

1 0.64 0.643 0.47%
2 0.65 0.667 2.62%
3 0.28 0.286 2.14%
4 0.44 0.445 1.14%
5 0.5 0.489 −2.20%

2.3 WUA and habitat suitability curves
The fish habitat component of the River2D is based on

the WUA [14] concept used in the physical habitat simula-
tion model (PHABSIM) family of fish habitat models. The
WUA calculation is based on three assumptions: (1) There
is a certain correlation between habitat suitability and flow
discharge; (2) Changes in the river’s micro-environmental
factors, such as water depth and velocity, are the main fac-
tors that affect the distribution and quantity of species; (3)
Riverbed topography remains constant during the simula-
tion.

The calculation of WUA is shown as follows:

CSFi = Vi ×Di × Ci (6)

3

https://www.imrpress.com


Fig. 3. Field research. (a) Topographic survey. (b) Measuring velocity.

Fig. 4. Habitat suitability curves for adult Procypris rabaudi (Tchang). (a) Velocity suitability curve. (b) Depth suitability curve. (c)
Channel Index.

WUA =

n∑
i=1

CSF (Vi, Ci, Di)×Ai (7)

CSF (Vi, Di, Ci): composite suitability index at ev-
ery point; i: number of points; Vi: velocity suitability in-
dex; Di: depth suitability index; Ci: suitability index of the
channel index; Ai: tributary area associated with the point.

A key factor that determines the accuracy of habi-
tat simulation results is the habitat suitability index (HSI),
which is used to quantitatively describe the suitability of
species to habitat, with values ranging from 0 to 1—0 be-
ing completely unsuitable and 1 being completely suitable;
the larger the value, the better the suitability [15]. By com-
bining field research with the distribution of fish resources,
the endemic and rare fish of the Chishui River, Procypris
rabaudi (Tchang), is selected as the target fish. The HSIs
characterize the adaptability to factors such as flow veloc-
ity, depth, and channel index throughout the study area.
Based on previous literature analysis [16,17], a review of lo-
cal county records, inquiries with relevant local fishery de-
partments, and field surveys to measure the hydrodynamic
conditions of the areas where the fish commonly exist, the
suitability curve of the velocity, depth, and channel index
is established, as shown in Fig. 4.

2.4 Diversity of hydraulic units

TheHUs generally consist of basic habitats for aquatic
organisms, representing uniform patches of water flow and
substrate characteristics [18,19]. Based on the field re-
search data and considering the actual conditions of hydro-
dynamics and substrate in the study section, the hydraulic
units of the study section are generalized into pool, riffle,
glide, and slack water (Table 2) by combining the research
of related scholars [20].

The richer the diversity of the HUs, the more diverse
their hydraulic conditions are, and the more suitable their
habitats are for biological survival. Their diversity is ex-
pressed by the Shannon (H) diversity index. The higher its
value, the better the degree of depth and velocity flow het-
erogeneity and the more stable the survival of organisms in
the region [21].

H = −
m∑
i=1

(Pi)× log2 (Pi) (8)

In Eqn. 8, H denotes the diversity index, m denotes
the number of different types of areas, and Pi denotes the
proportion of the study area occupied by the ith type.
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Fig. 5. Simulated velocity in reaches 1 and 2. (a) Velocity of reach 1 with flow of 102.8 m3/s. (b) Velocity of reach 2 with flow of
102.8 m3/s. (c) Velocity of reach 1 with flow of 306.9 m3/s. (d) Velocity of reach 2 with flow of 306.9 m3/s. (e) Velocity of reach 1 with
flow of 395.9 m3/s. (f) Velocity of reach 2 with flow of 395.9 m3/s. (g) Velocity of reach 1 with flow of 5020 m3/s. (h) Velocity of reach
2 with flow of 5020 m3/s.

Table 2. Hydraulic unit classification.
HUS Conditions

Pool depth >1 m and velocity <0.5 m/s
Riffle depth <1 m and velocity >0.5 m/s
Glide depth >1 m and velocity >0.5 m/s
Slack water depth <1 m and velocity <0.5 m/s

3. Results
3.1 Change in hydrodynamic conditions

Among the 12 different discharge rates of the two river
sections, the velocity and depth of 24 cases are simulated,
and six typical cases are selected, as shown in Figs. 5,6 and
Table 3.

The maximum velocity and water depth of the two
reaches increase gradually with discharge (Fig. 7). The
maximum velocity is logarithmically related to the dis-
charge. For the maximum velocity of reach 1, the corre-

Table 3. Maximum velocity and depth at each flow condition.

Q (m3/s)
Maximum velocity Maximum depth

Reach 2 Reach 1 Reach 2 Reach 1

102.8 0.66 1.51 3.19 9.53
136.8 0.81 1.72 3.26 9.7
176.4 0.97 1.95 3.35 9.88
230.7 1.15 2.22 3.46 10.13
306.9 1.35 2.52 3.63 10.44
395.9 1.52 2.78 3.82 10.76
406.2 1.54 2.81 3.84 10.8
540.4 1.75 3.17 4.13 11.21
697.1 1.94 3.4 4.46 11.63
1925 2.76 3.89 6.94 14.04
3260 3.02 4.66 9.39 15.83
5020 3.16 5.65 12.24 17.08
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Fig. 6. Simulated depth in reaches 1 and 2. (a) Depth of reach 1 with flow of 102.8 m3/s. (b) Depth of reach 2 with flow of 102.8
m3/s. (c) Depth of reach 1 with flow of 306.9 m3/s. (d) Depth of reach 2 with flow of 306.9 m3/s. (e) Depth of reach 1 with flow of
395.9 m3/s. (f) Depth of reach 2 with flow of 395.9 m3/s. (g) Depth of reach 1 with flow of 5020 m3/s. (h) Depth of reach 2 with flow
of 5020 m3/s.

lation is

y = 0.9787 lnx− 3.0848
(
R2 = 0.9766

)
(9)

For the maximum velocity of reach 2, the correlation is

y = 0.6827 lnx− 2.5413
(
R2 = 0.9952

)
(10)

For the maximum depth of reach 1, the correlation is

y = 1.9682 lnx− 0.5309
(
R2 = 0.9461

)
(11)

For the maximum depth of reach 2, the correlation is

y = 0.0019x+ 3.0855
(
R2 = 0.9979

)
(12)

The maximum velocity and depth of the meandering
section (reach 1) are higher than those of the straight-low

sinuosity section (reach 2) in the same discharge. This indi-
cates that the increase in sinuosity provides more abundant
velocity and depth conditions, which create a more effec-
tive habitat for fish. In terms of landform patterns, the high
spatial heterogeneity of the meandering section results in
the diversity of the morphological units, such as pool, rif-
fle, and island, providing an effective boundary for the di-
versity of hydraulic conditions. Furthermore, the variation
rate of the maximum velocities of the meandering section is
lower than that of the straight-low sinuosity section, which
shows that the regulation ability of the hydrological regime
in the meandering reach is better.

The improvement in the sinuosity helps control the ve-
locity more effectively; thus, the natural meandering rivers
have more diverse and stable hydraulic conditions. During
flood season, with the large fluctuations in discharge, stable
hydraulic situations can provide more effective refuge for
aquatic organisms.

6

https://www.imrpress.com


Fig. 7. Relationships between the maximum velocities and depths and discharge. (a) Velocity. (b) Depth.

Table 4. WUA of different discharges.

Q (m3/s)
Reach 2 Reach 1 WUA/TA

WUA (m2) TA (m2) WUA (m2) TA (m2) Reach 2 Reach 1

102.8 19444 395387 78862 1922447 4.92% 4.10%
306.9 46160 395387 155148 1922447 11.67% 8.07%
395.9 40730 395387 176293 1922447 10.30% 9.17%
540.4 22310 395387 200017 1922447 5.64% 10.40%
697.1 11671 395387 192418 1922447 2.95% 10.01%
1925 4588 395387 143966 1922447 1.16% 7.49%
3260 3655 395387 157023 1922447 0.92% 8.17%
5020 266 395387 92500 1922447 0.07% 4.81%

3.2 River morphology and suitability
The weighted usable-habitat area is a visual represen-

tation of the habitat suitability of the rock carp. The results
of the River2D model at each flow condition are analyzed
to extract the WUA, total habitat area (TA), and ratio of
weighted usable area (WUA/TA) for the two reaches at each
flow condition in Table 4.

The discharge–WUA correlation curves are estab-
lished as shown in Fig. 8. The WUA of reach 2 increases
and then decreases. The largest WUA with an area ratio
of 11.67% is in the discharge of 306.9 m3/s. Those with
area ratios of 0.92% and 0.07% are in the discharge of 3260
m3/s and 5040 m3/s, respectively. This shows that during
the flood season there is less habitat in reach 2 for Procypris
rabaudi (Tchang). The WUA of reach 1 shows a double-
peak form in the discharge of 540.4 m3/s in the wet season
and 3260 m3/s, with area ratios of 10.40% and 8.17%, re-
spectively. Subsequently, with the increase in discharge,
the velocity increases and deviates from the optimal value,
which reduces the habitat area.

4.3 River morphology and hydraulic units
Based on the simulation results of the hydrodynamic

model, the changes in the hydraulic units in the two river
sections under different flows are combed, and the rela-

Fig. 8. Discharge–WUA correlation curves of reach 1 and
reach 2.

tionship between the meandering and hydraulic units is dis-
cussed and analyzed. The summarized results are shown in
Tables 5,6, and the percentage refers to the proportion of
each hydraulic unit to the total plan area of the river.

In both reach 1 and reach 2, with the increasing flow,
the area of the pool shows a decreasing trend, that of the
glide shows an increasing trend, that of the slack water
shows a decreasing trend, and the waterless area shows a
decreasing trend. For the riffle unit, reach 1 shows a de-
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Table 5. Variation in the proportion of the hydraulic units in
reach 1 at different flows.

Q (m3/s)
102.8 697.1 1925 5020

HUS

Pool 26.81% 18.58% 18.50% 13.17%
Riffle 0.71% 0.06% 0.06% 0.33%
Glide 10.70% 38.71% 49.25% 62.27%
Slack water 12.36% 5.22% 2.30% 3.14%
Waterless area 49.42% 37.43% 29.89% 21.09%

Table 6. Variation in the proportion of the hydraulic units in
reach 2 at different flows.

Q (m3/s)
102.8 697.1 1925 5020

HUS

Pool 19.82% 11.26% 11.94% 5.33%
Riffle 0.00% 0.00% 0.00% 0.67%
Glide 23.12% 59.02% 64.53% 81.99%
Slack water 24.58% 3.09% 2.79% 3.14%
Waterless area 32.48% 26.63% 20.73% 8.87%

creasing then increasing trend, and reach 2 shows an in-
creasing trend. Secondly, in terms of the change interval,
reach 1 is smaller than reach 2, and themeandering river has
a better ability to regulate the water flow than the smooth
and straight river.

Fig. 9 shows that the water-skiing unit increases
rapidly with the increasing flow, almost covering the entire
river course. Moreover, it presents uniformity, and reach 1
is slightly better than reach 2. At low discharge, the spatial
distribution of the hydraulic units in reach 2 presents ag-
gregation, whereas that in reach 1 presents alternation. In
addition, a pool–riffle sequence occurs in the bend. Based
on the above results, the hydraulic unit diversity of the two
river sections at different flows is calculated, and the results
are shown in Table 7.

Table 7. Variation in the proportion of the HUs in reach 2 at
different flows.

Q (m3/s) Reach 1 Reach 2

102.8 1.78 1.97
697.1 1.74 1.46
1925 1.61 1.38
5020 1.46 0.93

The diversity of the HUs in both reaches 1 and 2 grad-
ually decreases with the increasing flow, and for the aquatic
organisms in the studied river segments, small flows are
more likely to maintain the stability of the river ecosystem.
As shown in Fig. 9, the diversity of the HUs in straight
rivers under low flows is greater than that in meandering

rivers, which is somewhat different from our conventional
conjecture. Therefore, under constant low flow conditions,
meandering rivers and straight rivers need to be analyzed in
conjunction with ecological protection objectives. At dif-
ferent flows, river segment 1 decreases from 1.78 to 1.46—
a change of 18.0%. River segment 2 decreases from 1.97
to 0.93—a change of 52.8%. Based on the above analysis,
meandering rivers do not change rapidly with the flow and
are more stable in response to hydrological changes than
straight rivers [22].

4. Discussion
River sinuosity is an expression of the self-organizing

behavior of river systems, an ongoing natural process by
which rivers in different parts of the world shape their
unique forms [23]. Meandering rivers contain a variety of
spatially heterogeneous geomorphic units, which are im-
portant for stabilizing the physical structure of rivers and
maintaining ecosystems—these are gradually becoming a
research hotspot in river ecological geomorphology [22].
Complex geomorphological features change water flow and
sediment conditions, creating diverse microhabitats. As the
natural river morphology changes, the river water environ-
ment changes in response, with changes in the diversity and
abundance of river organisms and a certain responsive re-
lationship [20,24–26].

Hauer et al. [27] took the Grosse Mühl River in north-
ern Austria as the study area and used the hydrodynamic
model to simulate and compare the changes in habitat char-
acteristics ofmeandering rivers and plane bed reaches under
different flows. The results showed that a meandering river
has a stronger regulation ability and can ensure certain suit-
ability even under low flows. This is consistent with the re-
sults of our study. Combined with Table 3, the proportion of
WUA/TA in reach 1 under different flows ranges from 4.1%
to 10.4%, with a variation range of 6.3%. Under different
flows, the proportion of WUA/TA in reach 2 ranges from
0.07% to 11.67%, with a variation range of 11%. Meander-
ing rivers are notably more stable. In addition, the results
from Hauer et al. [27] show that fish habitats are sensitive
to flow changes. This conclusion is consistent with Table 4.

Wang et al. [28] pointed out that meandering rivers
contain a variety of spatially heterogeneous, the main chan-
nel of which is mainly a pool–riffle sequence. A pool is of-
ten located at the apex of the meandering river bends and
on the outer side (or concave bank side) of the convex part
of the deep channel bend. A riffle is a shallow channel be-
tween two bays, located between two adjacent crests of the
deep channel, and its starting point is often at the end of the
bend of a meandering river [28]. Combined with Fig. 9, the
sequence of pool and riffle in river section 1 is consistent
with the above summary. Moreover, river section 2 does
not have shallow units at low flows, and the river morphol-
ogy influences the type and composition of the HUs.

Considering the habitat from the perspective of the
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Fig. 9. Discharge–WUA correlation curves of reach 1 and reach 2. (a) Q = 102.8 m3/s, reach 2. (b) Q = 102.8 m3/s, reach 1. (c) Q =
5020 m3/s, reach 2. (d) Q = 5020 m3/s, reach 2.

Fig. 10. Trend analysis of changes based on WUA.
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HU, the spatial location suitable for survival can be lo-
cated more accurately. Chung [29] used the River2Dmodel
to simulate the hydraulics of ten geomorphological types
of the Gapcheon River (rapid riffle, bypass channel, main
channel connected pool, curved section pool, unconnected
pool, abandoned channel, pool with bottom liner, pool be-
low dam, and rocky pool) and bathymetry as well as flow
suitability curves to analyze the weighted available habitat
area for zacco platypus minnow using water depth and ve-
locity suitability curves. This indicates that the main chan-
nel connection to deep pools is extremely important for fish
survival. From the above, the type of the HUS , connectiv-
ity between them affects the survival of fish habitat. Com-
bined with Tables 4,5,6, we analyze the diversity index of
the HU and the trend of each HU based on the change of the
WUA, which is shown in Fig. 10. The vertical coordinates
of Fig. 10 do not indicate the size, but the size ranking under
the corresponding flow rate. Combined with Table 4, be-
cause theWUA in the flow rate of 102.8 and 697.1 m3/s be-
tween the inflection point, so calculate the inflection point
306.9 m3/s under the corresponding hydraulic unit diversity
index, the area of each hydraulic unit. Fig. 10 shows that
for the target fish, Procypris rabaudi (Tchang), there is no
trend of the same curve of habitat suitability with the change
of flow in either river sections 1 or 2. When studying the
habitat suitability of fish from the perspective of HUs, not
only are the type and diversity considered but also the con-
nectivity between the units.

Macura et al. [30] studied the effects of mountain
stream morphology and hydraulic characteristics on fish
habitat to derive optimal depths of microhabitats for stream
restoration measures and assessment of water withdrawal
impacts. Based on the study of the relationship between
river morphology and fish habitat, Mouton et al. [31] pro-
posed an integrated modeling approach to simulate and as-
sess the ecological impacts of changes in the physical habi-
tat of rivers. Based on previous studies, this study analyzes
the stability and ecology of meandering rivers, introduces
the definition of sinuosity, and explores the relationship be-
tween sinuosity and fish habitat. Combined with the con-
cept of geomorphic units, this paper can provide an intuitive
basis for the restoration of related damaged rivers. Based on
relevant environmental biomonitoring techniques [32–34],
combined with the relevant analytical methods presented in
this paper, it is possible to determine easy steps for the de-
sign of river restoration, especially the restoration of chan-
nelized rivers. In addition, the spatial distribution of aquatic
vegetation can be considered to promote the natural restora-
tion of the river. Vegetation can exert significant control
river morphology by five basic mechanisms: resistance to
flow, streambank robustness, sediment layers, formation of
vegetated debris dams, and river sedimentation [35]. Parker
et al. [36] proposed that riparian vegetation can increase the
riparian roughness and inhibit the horizontal narrowing of
the river bay.

5. Conclusions
In this study, the River2D model is applied to analyze

the hydraulic characteristics and habitat suitability of adult
fish in two reaches of the lower Chishui River. First, re-
garding the relationship between hydraulic characteristics
and sinuosity, the data in this study confirms that a me-
andering river reach has richer velocity and depth condi-
tions, and the regulation ability under high flow is signifi-
cantly better than that of a straight river reach. From 102.8
to 5020 m3/s, the variations in the maximum velocity and
depth in river reach 1 are 73.3% and 44.2%, respectively,
which are smaller than the corresponding values in river
reach 2—79.1% and 73.9%. Secondly, regarding the rela-
tionship between habitat suitability and sinuosity, the data
confirms that both the values of the WUA under low and
high flows and the overall variation trend are significantly
better in reach 1 than reach 2. Moreover, the greater the sin-
uosity, the higher the habitat suitability. Finally, regarding
the relationship between the HUs and sinuosity, this study
introduces the concept of hydraulic unit diversity and de-
termines that the HUs decrease with increasing discharge,
with the minimum values of 1.46 and 0.93 for reach 1 and
reach 2, respectively. Moreover, the overall HUs of reach
1 are better than those of reach 2. Under certain conditions,
the higher the sinuosity, the greater the HU diversity, and
a certain sensitivity arises between the HUs and discharge.
Most rivers in nature are meandering, and the overall sta-
bility of meandering rivers is higher. Under the premise of
the harmonious coexistence between humans and nature, it
is reasonable to preserve nature and reduce human interfer-
ence. Based on previous work, this study quantifies and
clarifies the positive effects of meandering rivers by taking
natural meandering rivers as the research object, which can
provide a theoretical basis for local river ecological man-
agement.

Several issues could be addressed from this study,
such as the ecological aspects of meanders, which could be
improved by adding long series of aquatic monitoring data,
provided there is sufficient time and financial resources, to
achieve a more scientific approach. In terms of the distri-
bution of HUs, a more detailed division can be made ac-
cording to the actual situation of the studied river section,
and more suitable HUs can be added, such that the regula-
tion of meandering rivers in response to flow changes can
be adequately studied. However, these can still be further
improved in subsequent studies.
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