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Abstract. A scientific assessment on the physical habitat of a river in the only remaining free-flowing
stretch in the Upper Yangtze, which has one of the world’s highest fish diversity and is critically
important. A field survey was tentatively conducted in this non-wadeable and data-limited reach (392 km
river length, its 98.3% included the national protected area) of the Upper Yangtze River using a 200 kHz
echosounder and a 600 kHz Acoustic Doppler Current Profiler in 2011. The water depth, acoustic
backscatter characteristics of river bottom (hardness and roughness), and flowing characteristics (depth-
averaged velocity (DAV), Froude number (Fr), and Reynolds number (Re)), which are popular in
describing the habitat preference of aquatic organisms, were determined to describe the river habitat
properties. The K-means clustering method using parameters river thalweg depth, DAV, and Fr
categorized the 392 river segments into three biological meaningful habitat types, pool, run and riffle,
with occupied 5.4%, 30.1% and 64.5%, respectively. Thus, the pool was the most comparatively rare
habitat type and should be carefully protected. This study provides a fast and efficient method for
assessing the habitat characteristics of a non-wadeable and data-limited river, moreover, the results supply
fundamental information for better national protected reach management.
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Introduction

A river environment comprises the habitat for flora and fauna; it is spatially and
temporally dynamic, and its condition and characteristics provide the basis for its health
assessment (Allan and Castillo, 2007; Hauer and Lamberti, 2007; Harding et al., 2009).
Describing the physical habitat is a central component of the assessment, management,
and improvement of river environments (Clifford et al., 2006). The physical habitat
factors such as water depth, bottom type and flowing characteristics, tend to be highly
correlated with the life of aquatic organisms, and are also critical for river management
(Frissell et al., 1986; Hawkins et al., 1993).

The Yangtze River (Changjiang) is noted for high fish diversity with more than 361
species (Fu et al., 2003). The upper reach of the river is a dominant area supporting
this diversity. The Upper Yangtze is also a rich hydropower resource (up to 1.21x10°
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kW), constituting the largest hydropower energy base in China (Yang et al., 2007).
Thus, further development of hydroelectric dams in the Upper Yangtze is realistically
inevitable. At present, about 27 dams have been constructed or planned in the Jinsha
River, a stretch of the Upper Yangtze main stream, and two have been built in the
Chuanjiang River, a segment of the Yangtze main stream downstream from the Jinsha
(Yang et al., 2007). In the future, very few free-flowing stretches will remain in the
only 3,330 km of the Upper Yangtze River because of the above dam issue (Yu and
Lu, 2005). To compensate for the adverse effects of dam construction, a nature
preservation area, the Upper Yangtze National Reserve, was created in a free-flowing
stretch from Xiangjiaba Dam, the most downstream dam of the Jinsha River, to
Chongging city at the tail end of the Three Gorges Reservoir (Fan et al., 2006). This
protected area was intended to preserve three internationally protected fish species,
Chinese paddlefish Psephurus gladius (Martens 1862), Dabry’s sturgeon Acipenser
dabryanus (Duméril 1869), and the Dianchi Bullhead Pseudobagrus medianalis
(Regan 1904), as well as 67 endemic fishes along with their remaining habitat (Fan et
al., 2006; Zhang et al., 2009, 2011).

The environment of the Yangtze River has been of concern for many years (Yu and
Lu, 2005). Recent research has included studies on water quality (Miiller et al., 2008),
flow velocity (Chen et al., 2007, Zhang et al., 2008), flow discharge (Wang et al.,
2008), and channel morphology (Li et al., 2007). However, nearly all studies were
focused on the river reaches below the Three Gorges Dam or a little upstream site,
Chongging city. Moreover, the key elements of these studies were erosion and
sedimentation processes of the river channel, river-lake relationships, and/or flood
control. They were not considered with aquatic organisms or the biological aspects of
the river environment, therefore they were not directly in support of the river micro or
mesoscale biodiversity management.

There are some issues which have made it difficult for scientists to resolve. 1) The
Yangtze River is a very extensive river, and there has been much exploitation of the
water supply, navigation, hydroelectricity and others. The fish and fishery were the last
aspects to be considered. 2) The expansive size of the Yangtze River induces limitations
on implementing the standard sampling and assessment methods which were commonly
used in streams or in wadeable rivers (Bain and Stevenson, 1999; Harding et al., 2009)
and were not applicable in the Yangtze River. Also, the expenditure will be significant
when the entire river needs to be intensively surveyed. 3) The limitations of survey
instruments were a shortcoming in the past. Undoubtedly, a scientific assessment of the
environment for the free-flowing reach comprising of the Upper Yangtze National
Reserve is critically important and urgently requires conducting. Even though this
reach has been designated as a protected reach, most of the river channels still
experience heavy anthropogenic uses for waterway regulation and sand/gravel
extraction, which will alter the river habitat affecting the lives of aquatic organisms
gradually. Two large dams, Xiluodu dam and Xiangjiaba dam, located right in front of
the upstream reach, were planned to operate soon. These two dams would
significantly change the hydrological regime and sand concentration at the
downstream area, which will largely change the river habitat, for example riverbed
substances. A good understanding of the river habitat, in consideration of fish, is
highly required, and accordingly, efficient measures to conserve the fish diversity
should be taken.
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On the other hand, the characterization of physical aspects of large rivers in recent
years was restricted to parameters which were collected from the bank, from a boat, or
by desktop assessment (Bain and Stevenson, 1999; Harding et al., 2009). Studies have
shown that the thalweg measured from a boat was useful in describing river
characteristics such as pools and riffles (Jowett, 1993; Madej, 1999; Krueger and
Frothingham, 2007). The bottom acoustic backscattering characteristics have been
widely used to identify or classify the seabed or riverbed properties (Burczynski, 2011).
The Froude number (Fr), a hydraulic descriptor of habitat type, can also be applied to
differentiate habitats (Allan and Castillo, 2007; Hauer and Lamberti, 2007; Harding et
al., 2009). Therefore, in this study, a scientific echosounder and an Acoustic Doppler
Current Profiler (ADCP) were tentatively used to understand the river habitat
properties.

The aim of the study was to present a fast yet effective method to carry out a physical
habitat survey in a non-wadeable and data-limited river reach and to conduct a
quantitative assessment for realizing the physical habitat of the free-flowing stretch of
the Upper Yangtze River, and to eventually contribute to developing measures for
effective fish conservation.

Methods
Study area

A field survey was conducted in the Upper Yangtze River from Shuifu city, Yunnan
Province (about 2 km downstream from Xiangjiaba Dam, rkm 1,075; river km 0 is at
Yichang, the starting point of the Upper Yangtze mileage, and Yichang is about 1669.2
km from the estuary) to Chongging city (rkm 684, upper end of the Three Gorges
Reservoir) (Fig. 1 and 2), covering the stretch of about 392 rkm. This river stretch
passes through a mountainous area with elevations of mostly less than 500 m above
river level (Yu and Lu, 2005). The river morphology within the study area is uneven
and has many elevated points, central bars, and reef structures shaping the river bed,
with riverbed gradients of 0.27—0.40%o.. At the Jinsha section (Shuifu—Yibin), the river
is typically 150—200 m wide. The river widens at the downstream of Yibin typically
varying between 200—300 m and 600—800 m within and outside the gorges respectively.
The maximum river width broadens at certain points to 1000—2000 m. The average
annual water level, during the period 1950—2000, at Zhutuo (rkm 806) was 200.13 m
(daily mean range 196.21-216.31 m) with the flow rate of 8520 m.s > (daily mean range
1920-53,400 m.s ). Silt concentration was 1.16 kg.s (daily mean maximum 15.4
kg.s™). Building constructions took place along the river banks, and four major cities
(Yibin, Luzhou, Jiangjin, and Chongging) are located along the river (Fig. 1). Since
2005, the river reach from Shuifu to Chongging (385.26 km, 98.3% of the length of the
study area) has been a part of the Upper Yangtze National Reserve (Fan et al., 2006).
Following an international designation attributed by the United Nations Educational,
Scientific and Cultural Organization (UNESCO), biosphere reserves were demarcated
into three inter-related zones: core area, buffer zone, and transition area outside the
buffer zone. The present study reach was designed to include these three zones (Fig. 1).
Within the mainstream, there are two sections of the core area; the four buffer zones,
and three transition areas (Fan et al., 2006). However, three dams, Shipeng, Zhuyangxi,
and Xiaonanhai (Fig. 2) have been still planned for this river stretch (Yang et al., 2007).
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Figure 1. Study area of the upper Yangtze reach from the Xiangjiaba Dam (XJB) to the upper
end of the Three Gorges Reservior (Chongging), approximately 392 km river length. The two
small red triangles show the start and end of the study area. The core area of the reach is
displayed in red, the buffer zone in blue, and the transition area in green. In the expanded part,
the zigzag line shows the survey route of the echosounder, the middle line shows the river
thalweg survey route of ADCP, and polygons with numbers show the division by mileage
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Figure 2. The sketch map showing the study area between dams, the dams of Shipeng,
Zhuyangxi and Xiaonanhai which have been planned. However, there are strong concerns
about whether the dams should be built, as that area will be the only free-flowing stretches in
the 3,330 km of the Upper Yangtze River

General workflow

The general workflow for assessing river habitat properties using an echo sounder
and an ADCP is shown in Fig. 3. In the study area, the echosounder was used for the
first time to obtain the precise water depth of the river channel. A river navigation map,
which is normally used by a commercial vessel for understanding approximate water
depth, was integrated for designing an echosounder zigzag survey route along the river
thalweg. Then the ADCP survey was conducted along the river thalweg. The water
depth and river bottom acoustic scattering characteristics were acquired from the
echosounder data, while the water depth and flowing characteristics (depth-averaged
velocity, DAV, that is the average velocity from water surface to river bottom; Froude
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number, Fr; and Reynolds number, Re) of the river thalweg were obtained from the
ADCP data.
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Figure 3. General workflow of the quick and efficient habitat assessment method, here the DAV
is depth-averaged velocity, the Fr is Froude number, and the Re is Reynolds number

Field survey
Echosounder sampling

The echosounder survey was conducted between 29 March 2011 and 3 May 2011 in
the study area. The echosounder of a 200 kHz DT-X (BioSonics Inc., USA) equipped
with a 6.8° split-beam transducer was used to collect acoustic data for obtaining the
precise water depth. The transducer was mounted at the front side of a 6.3 m long
fiberglass-reinforced plastic boat equipped with an 85 hp motor. During the operation,
the rod attached to the transducer was lowered so that the sound beam started 0.5 m
below the water surface aiming vertically downward. Sampling was set to start 1 m
below the transducer; accordingly, the river was monitored from 1.5 m to the river
bottom. The pulse duration was set at 0.4 ms, the pulse rate was set to 6 pings per
second, and a threshold of —80 dB was applied to cut out general background noise. A
GPS receiver (JRC, Japan) was attached to the echosounder for collecting the
geographical positions relating to the acoustic data. The transducer source level was
220.8 dB re 1 pPa at 1 m and the receiver sensitivity was —50.4 dB re 1 pPa. A Dell
Latitude D810 laptop running Visual Acquisition 5.0.3 software (BioSonics Inc., USA)
recorded the data. The echosounder survey was conducted in zigzag transects (~200 m
interval) at the speed of ~8 km.h™*. The survey was conducted only during daytime
since there were dangers from heavy traffic from commercial ships at night.

Acoustic Doppler Current Profiler sampling

The ADCP survey was conducted over 17 days between 24 March and 16 May,
2011. The river thalweg survey route was designed by ArcGIS 9.3 software (ESRI,
USA) based on water depths from the echosounder survey and/or the river navigation
map. A 600 kHz Workhorse Monitor ADCP (Teledyne RD Instruments, USA,; single
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ping standard deviation 18.0 cm.s™) was used to measure the water depth and velocity
of the river thalweg. The transducer was mounted on a 19.0 m fiberglass-reinforced
plastic boat equipped with two 205 kW motors. The transducer, mounted 0.55 m below
the water surface, was aimed downward to sample data within the entire water column
from 1.19 m below the water surface to approximately the river bottom (cell size 0.50
m). A GPS receiver (GPSMAP 60CS, Garmin, USA; accuracy: <15 m, 95% typical)
was used to navigate and produce a geographical fix for each data point. The real-time
survey data of the ADCP and GPS were imported into the Dell Latitude D810 laptop,
and WinRiver 1l software (RD Instruments, USA) was used to receive and record the
data. To reduce the standard deviation of the velocity measurements, a four ping
ensemble was used. During the 17 days of the survey, the average water level (data
from the website of Changjiang Waterway Bureau) at Yibin, Luzhou, and Chongging
was 258.50+0.44 m (range 257.80—259.30 m), 224.49+0.35 m (range 223.85—225.00
m), and 160.98+1.09 m (range 159.39—163.03 m) respectively.

Data analysis
Echosounder data analysis

The Sonar5-Pro (Balk, 2013) was used to analyze the echosounder data for
understanding water depth and bottom acoustic scattering parameters (hardness and
roughness) of the zigzag sampling route. The main processing procedures conducted,
using the Sonar5-Pro, included: 1) Data preparation: Data were converted to Sonar5-
Pro’s processing format. During the conversion, the time-varied-gain 40logR was used
to compensate the range dependent echoes. 2) Detecting river bottom: The Image
analysis method was used to determine the bottom line with settings: bottom threshold
value was —38 dB, pre-filter width and height both were 3, and post-filter width and
height were 5 and 1, respectively. 3) Determining bottom acoustic scattering
parameters: The first echo division method, which utilizes the ratio of the first and
second parts of the first bottom echo, was used to identify the river bottom (Bakiera and
Stepnowski 1996). The first part of the first bottom echo, which is the part building up
from the beginning of a bottom echo to its maximum, contains the bottom hardness
signature. The second part of the first bottom echo, which is the part decaying of the
pulse after reaching the peak that is the maximum echo, includes the bottom roughness
signature. The two backscatter parameters were exported from Sonar5-Pro and then
imported into ArcGIS 9.3 for spatial distribution analysis.

Acoustic Doppler Current Profiler data analysis

The water depth and three hydraulic variables (DAV, Fr and Re) along the river
thalweg were calculated using the ADCP sampled data. The water depth and flow
velocity were exported as ASCII data files using the software WinRiver Il (RD
Instruments, 2012). These files were imported into Office Excel 2007 (Microsoft, USA)
software, and a Visual Basic for Applications (VBA) script was developed to assist in
the analysis. The water depth was obtained for each ADCP data point and DAV was
calculated. The Fr and Re were then obtained by using the following formulae (Allan
and Castillo, 2007; Hauer and Lamberti, 2007; Harding et al., 2009):

Fr=V (gD) *° (Ea.1)
Re = VD/v (Eq.2)
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V is the DAV (m.s 1Y), g is the acceleration of gravity (9.81 m.s ), D is the water
depth (m), and v is the kinematic viscosity (1.3 x10°° m“s™ at 10°C, 1.0 x10 ® m%s™
at 20°C). The Fr is a dimensionless velocity-to-depth ratio and differentiates tranquil
flow from broken and turbulent flow. Low Fr values are characteristics of pool
habitats and higher values of riffle habitats. The Re quantifies the ratio of inertial
forces of the moving fluid to the viscous properties of fluid that resists mixing. It is a
dimensionless number that can distinguish types of flow and the force experienced by
aquatic organisms (Allan and Castillo, 2007; Hauer and Lamberti, 2007; Harding et
al., 2009).

Habitat property analysis

The river studied was divided into 1 km segments in accordance with the range of the
waterway kilometrage used by Yangtze River navigation agencies and other
organizations. A total of 392 river segments were obtained, and the statistical values
(average and range) of the environmental variables in each segment were calculated by
spatial analyst module in ArcGIS 9.3 (ESRI Inc., USA). Two different water depths in
one segment were used in this paper. First, the “river segment depth” was defined as an
average water depth in one kilometer segment obtained from the zigzag survey by the
echosounder (to reduce the data amount, 1 ping out of every 100 pings was selected),
and second the “river thalweg depth” was defined as an average water depth calculated
from the thalweg survey by the ADCP. The Sigmaplot 12.2 (Systat Software Inc., USA)
was used to profile the water depths, bottom acoustic scattering characteristics and flow
characteristics along the river longitudinal direction. The three most common habitats,
the pool, run, and riffle, were defined based on water depth and flow velocity along
with Fr (Jowett, 1993; Krueger and Frothingham, 2007) (Table 1). K-means clustering
method in SPSS 19.0 (IBM, USA) was used to identify and categorize all 392 river
segments into the three habitat types.

Table 1. Definition of habitat types (Jowett, 1993; Allan and Castillo, 2007; Hauer and
Lamberti, 2007; Harding et al., 2009)

Habitat type Definition
Pool Deep, slow flowing, with low Fr
Run Moderate depth, flow velocity, and Fr
Riffle Shallow, high flow velocity, and high Fr
Results

Sampling efforts

A total of 18,051 effective survey points were acquired by the echosounder, while
19,823 survey points were collected by the ADCP. When dividing the survey points by
the waterway kilometrage, the average sampling number of the echosounder in each
segment was 46.0 + 16.5 (range 16—103), and the average sampling number of the
ADCP in each segment was 50.6 = 12.7 (range 9—119).

Water depths

On the whole, the river thalweg depth was slightly larger than the river segment
depth, however the variation tendency of two kinds of depth was consistent (Fig. 4a and
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4b). The average river segment depth by the echosounder from the total 392 river
segments was 9.5+4.9 m (Coefficient of Variation, CV = 51.6%) with the range of 3.2
m to 39.1 m (Fig. 4a). The average river thalweg depth was 11.9+6.1 m (CV=51.3%)
with the range of 3.9 m to 42.9 m (Fig. 4b). The maximum water depth (42.9 m) was
located at the site between Jiangjin and Ba’nan. The depth range of 4.0-12.0 m was the
commonest depth range in the study area (Fig. 4c). In relation to the river thalweg depth
in the total river segments, there were 6 (1.5%) segments with depths larger than 30 m
(rkm 706-708, 828, 839, and 957), 40 (10.2%) segments larger than 20 m, and 201
(51.3%) segments larger than 10 m.
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Figure 4. Water depths in the study area of the 392 km river reach in the Upper Yangtze River.
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Bottom acoustic scattering characteristics

In the entire study area, the roughness value was generally less than the hardness
value, and the latter had less variation than the former (Fig. 5a and 5b). The average
hardness of the 392 river segments was —20.2+2.7 dB (CV=13.4%), with the range
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being —30.1 to —13.9 dB (Fig. 5a), while the average roughness was —43.5+7.1 dB
(CV=16.3%) with —57.2 to —16.1 dB (Fig. 5b). From the histograms, the hardness is
slightly right skewed and the roughness is comparatively rather left skewed. The
hardness in the range between —22.0 and —18.0 dB occupied 56.6% of the total river
segments (count> 48) (Fig. 5¢). The roughness in the range from —54.0 to —34.0 dB was
87.2% of 329 river segments (count> 25) (Fig. 5d). The bottom acoustic backscattering
characteristic was the combination of the roughness range (—58 — —30 dB) and the
hardness range (—26 — —14 dB), which implies that the hard riverbed substrate and
uneven bedform morphology as the major bottom characteristics (Fig. 5e).
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Figure 5. Bottom acoustic scattering characteristics of the 392 km river reach in the Upper
Yangtze River. The mileage number 0 is at Yichang and the start point of the upper Yangtze
mileage. (a) hardness, mean+S.D., (b) roughness, mean£S.D., (c) and (d) histograms of
hardness and roughness, and (e) scattering plot of hardness and roughness
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Flowing characteristics

The three flowing variables had large variations along the longitudinal direction of
the study area, which means they are highly site-specific (Fig. 6). The average DAV of
the 392 river segments was 1.68+0.57 m.s * (CV=33.9%) with the range being
0.52-3.26 m.s * (Fig. 6a), the lowest velocity was located at approximately 19 km
away toward the downstream area from Luzhou (rkm 897), and the highest velocity was
at approximately 10 km upstream from Ba’nan (rkm 701). The average Fr was
0.18+0.09 (CV=50.0%) with the range being 0.03—0.38 (Fig. 6b), and the lowest and
highest values were near Ba’nan (tkm 707) and Nanxi (tkm 996) respectively. The
average Re was 1.76x10'+7.00x10° (CV=39.8%) with the range being
6.06x10°-4.78x10" (Fig. 6¢). The lowest and highest Re values were near Luzhou (at
rkm 875 and rkm 880, respectively). From the histograms, the numerical distributions
are right skewed (Fig. 6d, 6e and 6f). The DAV in the range of 1.0-2.2 m.s * (count>
36) (Fig. 6d), the Fr in the range of 0.06—0.28 (count> 20) (Fig. 6€), and the Re in the
range of 8.0x10°-2.6x10" (count> 21) (Fig. 6f) occupied 70.4%, 79.6%, and 85.5% of
the total segments, respectively.
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Figure 6. Flowing characteristics in the study area of the 392 km river reach in the upper
Yangtze River, mileage number O is at Yichang, the start point of the upper Yangtze mileage, (a)
depth-averaged velocity, meantS.D., (b) Fr, meantS.D., (c) Re, mean+S.D., (d), (€), and (f) are

histogram of DAV, Fr and Re, respectively
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Habitat classification

The K-means clustering method using the parameters of the river thalweg depth,
DAYV, and Fr categorized the 392 river segments into the three habitat types: pool, riffle
and run. As a result, the riffle was the primary habitat type, comprising 64.5% of the
entire reach. The run and pool represented 30.1% and 5.4%, respectively (Table 2). The
spatial distribution indicated that the riffle was continuously spread, the run was
intermittently distributed, and the pool was hardly seen. Yet, the pool was discretely and
unevenly located throughout the study area, and in particular it was mainly distributed
at the turning sections of the river channel. On the basis of visual observation, the most
pool was observed near Luohuang (Fig. 7). Within the seven divided areas (Fig. 1), the
component ratio of pool, run and riffle was similar in each area for example, the pool
was the least, the run medium, and the riffle the most (Table 3). The buffer zone of
Songji — Luohuang had the most pool segments which was nearly half of the total pool
numbers, however the pool (10.4%) in the buffer zone was still low compared to other
habitat types. This buffer zone had also the most run segments (33 segments), but the
highest percent of the run was at the core area of Sankuaishi — Nanxi (39.4%).
Moreover, this buffer zone occupied the most riffle segments (53 segments) although
the highest percent (84.6%) of the riffle was the transition area of Shatuozi — Tuojiang
estuary. Needless to say, special care should be taken in the two core areas since they
have been extremely important as unique diverse habitats.

Table 2. Clustering means, range and segment count of the three defined habitat types

Habitat Depth DAV Fr
tvpe Average £ S.D. Average + S.D. Average £ S.D. Count (%)
yp (Range, m) (Range, m.s %) (Range)
27.79+5.11 0.90+0.24 0.06 +0.02
Pool (23.36-42.85) (0.52-1.57) (0.03-0.11) 21(54)
16.86 +£2.92 1.37+0.45 0.12+0.04
Run (12.79-23.12) (0.64-2.65) (0.05-0.25) 118 (30.1)
. 8.23+2.34 1.89+0.51 0.23+0.07
Riffle (3.87-12.70) (0.86-3.26) (0.08-0.38) 253 (64.5)

Table 3. Segment number of the three habitat types (pool, run and riffle, Table 1 and 2) in
the seven main function areas along the mainstream of the national protected area from the
upstream downwards. The letters C, B and T signify the core area, the buffer zone, and the
transition area, respectively. *Five segments within two small function areas above
Sankuaishi were not included, therefore, the total number is five less than the total study
segments 392

Site River - Function  Segment o o Run (%)  Riffle (%)
mileage area number
Sankuaishi —Nanxi ~ 1070—-1000 C 71 2(2.8) 28 (39.4) 41 (57.7)
Nanxi — Shatuozi 999953 B 47 2 (4.3) 9(19.1)  36(76.6)
Shatuozi — Luzhou 952-914 T 39 0 (0) 6 (15.4) 33 (84.6)
Luzhou — Mituo 913-875 B 39 3(7.7) 12(308) 24 (61.5)
Mituo — Songji 874-800 C 75 4(53)  22(29.3) 49 (65.3)
Songji — Luohuang  799-704 B 96 10 (10.4)  33(34.4)  53(55.2)
Luohuang —
Masangxi Bridge 703-684 T 20 0 (0) 5 (25.0) 15 (75.0)
Total* 1070—684 387 21(5.4) 115(29.7) 251 (64.9)
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Figure 7. Habitat classification of the study area from Xiangjiaba Dam (XJB) to the upper end

of the Three Gorges Reservior (Chongging), approximately 392 km river length. The two small

red triangles show the start and end of the study area. In the expanded part, the polygons with
numbers show the division by mileage

Discussion

In this study, two common acoustic instruments on river habitat were used, which are
easily transferable to other study areas. The echosounder has been used to research
aquatic organism resources and/or their behaviors for many decades (Simmonds and
MacLennan, 2005), and it can also be used for bathymetric or bottom classification
study (Zhang et al., 2014). The ADCP is a relatively new instrument and its purpose is
to measure water velocity and flow discharge. In comparison with earlier flow meters, it
has significant advantages such as the availability of the non-disturbance of the flow
field and the rapid provision of accurate and cost-effective results (RD instruments,
2007). As the ADCP can simultaneously measure water depth and the backscatter
strength of the water volume, it is widely used in research on suspended silt (Holdaway
et al., 1999), plankton biomass (Fielding et al., 2004), fish shoals (Demer et al., 2000),
and riverbed substrate (Shields, 2010). Thus, this study of the usage of the two widely
used acoustic instruments for assessing river physical habitat could be very referable to
other similar studies.

The quick yet effective method for assessing river habitat properties has many
advantages. First, it can be simply used in many unwadeable and data-limited rivers if
the vessel navigation is available. Second, it has high efficiency, for example
approximately 12.5 km of the river length can be surveyed for one day if a river width is
500 m, a zigzag survey interval is 200 m, a vessel speed is 8 km.h™*, and the working
hour per day is 8 h. Hence, it is very powerful tool even though a research area is huge.
One of our final goals is to survey the entire Yangtze River main stream, that is 2713.2
km, which is almost the cross-distance of the entire China. Third, it can provide various
important ecological variables (the river thalweg depth, the Fr, and Re) which can be
supportive for aquatic organism studies (Madej, 1999; Allan and Castillo, 2007; Hauer
and Lamberti, 2007; Harding et al., 2009). A study indicates that both the river thalweg
depth and the Fr can be used to identify habitat types such as pool, run and riffles
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(Krueger and Frothingham, 2007). Moreover, the Fr index is highly related with many
life stages of the aquatic organisms (Clifford et al., 2006).

The environmental characteristics in the study area are different from those at the
upper end of the lower reaches. Historically, the river flow in the upper reach of Jinsha
is generally faster than the flow in the study area due to the high riverbed gradient (4.0—
17.8%o). Furthermore, its highest flow velocity can be up to 10 m.s™* (Yu and Lu, 2005).
In the lower reach, from Chongging to Yichang, the river channel is dominated by U or
V-shaped morphology, it has deeper water areas (> 50 m), and the flow velocity is
generally faster (3.0-3.5 m.s %) than the flow velocity in the study area (Chen et al.,
2007). Currently, the upper and lower reaches have turned into reservoirs because of
dam construction, and the water depth in the reaches is deeper than 100 m, while flow
velocity is less than 0.5 m.s ™ (Wen, 1999; Yang et al., 2007). The assumption is that the
reservoirs bottom will be dominated by thick sand while this study area is dominated by
gravels (Wen, 1999; Yu and Lu, 2005; Yang et al., 2007).

Several criteria and descriptions have been proposed for identifying habitat types;
these include a bed material size, a water surface slope, ranges of water depths and
velocities, Fr, and descriptions of water surface characteristics (Jowett, 1993; Krueger
and Frothingham, 2007). One common suggestion is that the definition of pool and
riffle based on bedform morphology is reliable because it alters less with discharge than
hydraulic definitions (Jowett, 1993; Krueger and Frothingham, 2007). Moreover, in
bedrock and alluvial stream channels, the interval space of pool and riffle sequence is
often 5-7 times of a river width (Keller and Melhorn, 1978). In this study, the definition
of pool, run, and riffle were determined based on the combination of bedform (water
depth) and hydraulic variables (DAV and Fr). It is envisaged that the use of this
criterion will lead to better understanding of habitat characteristics for stratified
sampling, and a means by which biological data can be grouped for habitat analysis.

This study provides a basic understanding of the river habitat properties in the
protected area which is meaningful for future river management. However,
furthermore work can be conducted to obtain more detailed habitat properties, for
example the hardness and roughness values of the bottom could be classified and
confirmed by the on-site video observations. Numerous studies have documented that
the study area is a very important reach for many endangered, endemic, and economic
fishes to spawn, rear and inhabit (Zhang et al., 2009, 2011; Jiang et al., 2010; Liu et
al., 2012; Yang et al., 2012). Hence, further studies should focus on how river
environments have a direct relationship with activities of aquatic organisms, how the
anthropogenic activities affect their life stages, and how adverse effects can be
minimized. Once more, the plan for constructing three dams in the study area should
be discarded (Fig. 2). Lastly, the enhancement and improvement of the management
in this study area is imperatively required, since the area seems to be the only area
containing the high-biodiversity of the Upper Yangtze River.
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