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Abstract: The source region of the Yangtze River (SRYR) is located in the Qinghai-Tibet Plateau,
where the climatic conditions and alpine-cold natural conditions are harsh. Field investigations of the
hydrochemical characteristics and larva and juvenile fish in rivers of the SRYR were carried out in
July 2018 with the aim of obtaining further information on the unique ecological environment status
of this plateau area. The results of the present research indicated that majority of the river water
quality parameters in the SRYR were in the range of class I to class II, according to the classification
of the environmental quality standard for surface water (GB3838-2002) in China. Among 12 kinds
of metal ions, the concentrations of four major ions occurred in the following order: Ca > Na > Mg
> K. The concentrations of eight heavy metal ions (Fe, Mn, Cu, Zn, Pb, Cd, Cr and As) were all
within the class I water range based on GB3838-2002. A total of three species of larval and juvenile
fish, i.e., Triplophysa stenura (T. stenura), Schizopygopsis microcephalus Herzenstein (S. microcephalus) and
Triplophysa bleekeri (T. bleekeri), were collected from 11 sampling sites. It was found that T. stenura
covered the widest distribution range and was the most abundant. The results of principal component
analysis and canonical correspondence analysis demonstrated that the distribution of S. microcephalus
exhibited a positive response to water temperature, a positive response to K and a negative correlation
with water temperature were demonstrated in the distribution of T. stenura. T. bleekeri distribution
had a positive response to Cu, but negative responses to total phosphorus and total dissolved solid.

Keywords: ecological environment; larval and juvenile fish; water quality; the source region of the
Yangtze River

1. Introduction

The Yangtze River (Changjiang) is the largest river in Asia and the third largest river in the world in
terms of length (6300 km) and discharge (900 km3/year), which rises from the Qinghai-Tibetan Plateau
in the west and crosses the China through 11 provinces [1,2]. The source region of the Yangtze River
(SRYR) is located in the hinterland of the Qinghai-Tibet Plateau, which is called the roof of the world,
is well known as the “water tower of China” [3–5]. The SRYR is located between 90◦43′–96◦45′E and
32◦30′–35◦35′N, and has an average altitude of more than 4000 meters and an area of 12.24 × 104 km2;
its area accounts for 43.6% of the total area of the Three-river Headwater Region, which is the source
of the Yangtze, Yellow and Lancang Rivers in China and 8% of the total area of the Yangtze River
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basin [3–5]. The SRYR is an important area in the Qinghai-Tibet Plateau; its main function is to
ensure the long history of the Yangtze River and to transport water resources in high quality to the
downstream [3,4]. The SRYR is mainly composed of the Dangqu, Tuotuo and Chumaer Rivers [3,5].
The SRYR plays an important role in regulating the water volume and climate in the downstream due
to its important ecological functions, such as water resources conservation and regulation, biodiversity
conservation and ensuring the eco-security of the Yangtze River basin, which occupies an important
position in the role of ecological security in China and even in Southeast Asia [6,7].

In the past 50 years, the ecological environment in this source region has been deteriorating due to
the influence of natural processes, the intensification of human activities and the impact of global climate
change [4–6]. Environmental problems such as receding glaciers, shrinking wetlands, degradation of
grasslands and worsening soil erosion have became increasingly prominent, which pose a huge threat
to the water resources, ecological security and sustainable economic and social development for the
whole Yangtze River basin [5–7]. Therefore, increasing attention has been paid to the SRYR in recent
years, and the scientific research activities of this region are more frequent [6,7]. However, due to the
special geographical and climatic conditions in Qinghai-Tibet Plateau, research regarding the aspect of
aquatic ecological environment has been restricted in this region [8,9].

Many previous studies have focused on the major ion chemistry and hydrobiology in the middle
stream and downstream of Yangtze River [1,10,11]. However, only a few studies on the hydrochemistry
and hydroecology of the river have been conducted in the SRYR. The previous results of our research
regarding the spatial-temporal distribution of water quality in the SRYR showed that the water quality
of rivers in the SRYR is good, i.e., belonging to class I to class II of the classification of the environmental
quality standards for surface water (GB3838-2002) in China in most regions. Influenced by the sediment
contents of river water and regional geological conditions, water quality indexes varied among rivers
in different regions in the SRYR, and water quality exhibited a small inter-year variation with a similar
fluctuation [10]. Jiang et al. (2015) investigated the chemical composition of the high mountain-rivers
in the SRYR; their results indicated that the main cations are Na+, Ca2+, Mg2+ and K+, while the main
anions are Cl−, HCO3

−, SO4
2− and NO3

−, Na+ and Cl− are the dominant ions in river water [11].
Aquatic organisms such as fish, macroinvertebrates, phytoplankton, etc. are important components of
river water ecosystems in the SRYR. Yin et al. (2015) reported that diatoms were the main groups in 29
species of phytoplankton with abundances at each sampling site of 9.14−13.60 × 104/L [9]. Arthropods
were the predominant groups for macroinvertebrates, comprising 86.2% of the total density and
95.8% of the total biomass respectively in the rivers of the SRYR investigated by Pan et al. (2013) [12].
Nonetheless, scant information is available on the compositions and community diversity of fish in
rivers of the SRYR. There have been three large-scale investigations of water ecological environment in
the SRYR [13], and the investigation results indicated that the rivers in the SRYR were basically kept in
the natural state. However, the background value of water chemistry indexes in some rivers was high
due to the greater influence from the geological environment [10,13].

With the intensification of climate change and anthropogenic activities, the ecological and
environmental problems in the SRYR have attracted extensive attention [14,15]. It is of great significance
for the protection of the SRYR to obtain basic data on the water ecological environment in this
ecologically sensitive and fragile area. The few aforementioned studies have investigated and analyzed
the hydrochemistry and aquatic organisms of the rivers in the SRYR and obtained valuable data;
however, there are still insufficient data on the comprehensive water environment and aquatic biological
characteristics in this area, especially regarding information on fish distribution and the relationship
between fish characteristics and river hydrochemical signatures. Therefore, more research is required
to elucidate the spatial patterns of the river hydrochemical characteristics and diversity of aquatic
communities in the different rivers of the SRYR [10,12].

A scientific investigation was conducted in July 2018 by the Changjiang River Scientific Research
Institute with the aim of obtaining more information on the unique ecological environment status
in this plateau area by performing an analysis of the basic data of aquatic ecological environment.
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The present research analyzes variations in the characteristics of water quality parameters and larval
and juvenile fish distribution characteristics in different river sections in the SRYR, and reveals the main
environmental factors affecting larval and juvenile fish distribution, which is important to provide
a scientific basis for the protection of the ecological environment of the SRYR.

2. Materials and Methods

2.1. Sampling Site

The river system in the SRYR has a fan-shaped distribution, and five major rivers, the Chumaer,
Tuotuo, Dangqu, Gaerqu and Buqu Rivers, being distributed in this wide area [11,16,17].
Field investigations of water quality and larva and juvenile fish of rivers in the SRYR were carried
out in July 2018. A total of 12 sampling sites in 6 rivers in the SRYR were investigated (Figure 1), i.e.,
the Tongtian, Dangqu, Tuotuo and Chumaer, Buqu and Gaerqu Rivers, with the latter two being the
two main tributaries of the Dangqu; the detailed location of each sampling site is shown in Table 1.
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Table 1. The geographic coordinate and altitude of sampling sites.

Sampling Site Geographic Coordinate
Altitude(m)

River Name River Section Longitude Latitude

Tongtian River Zhimenda 33◦00′38”N 97◦14′18”E 3489

Qumalai 34◦01′32”N 95◦49′16”E 4019

Dangqu River

Dangqu 4# 32◦41′08”N 94◦32′42”E 4861

Dangqu 2# 32◦52′08”N 94◦12′55”E 4656

Dangqu 1# 32◦53′03”N 93◦50′52”E 4701

Dangqu 3# 33◦38′15”N 92◦46′54”E 4514

Gaerqu Gaerqu 33◦51′57”N 92◦22′01”E 4530

Buqu Buqu 33◦51′55”N 92◦22′01”E 4530

Yanshiping 33◦36′01′′N 92◦04′25”E 4664

Tuotuo River Tanggula Shan 34◦13′15”N 92◦26′37”E 4532

Chumaer river
Wudaoliang 35◦18′23”N 93◦18′15”E 4494

Quma River 34◦51′20”N 94◦56′30”E 4221

2.2. Field Monitoring

The following parameters of river water, including pH, water temperature, dissolved oxygen
(DO), conductivity, oxidation reduction potential (ORP), total dissolved solids (TDS), chlorophyll a,
turbidity and salinity, were simultaneously measured in the field using a multiparameter water quality
sonde (EXO2, YSI, USA).

2.3. Sample Collection and Analysis

Three replicates of river water samples in each sampling site were collected at a depth of 10 cm
and stored in pre-cleaned polyethylene bottles free of air for laboratory analyses. Immediately after
collection, water samples of 2 L were acidified with sulfuric acid to a pH < 2, which was used for the
analysis of total phosphorus and total nitrogen. Water samples acidified with nitric acid were used for
the analysis of metal ions, including K, Na, Ca, Mg, Fe, Mn, Cu, Zn, Pb, Cd, Cr and As.

Metal ions, including K, Na, Ca and Mg were measured by Microwave Plasma-Atomic Emission
Spectrometer (4200, Agilent, USA), and other metal ions were measured by inductively coupled plasma
mass spectrometer (NexION 300x, PerkinElmer, USA). The recoveries of various metal ions in different
river water samples ranged from 85.2 to 99.5% and with a detection limit of 0.01 µg/L to 0.82 µg/L.

Chemical parameters including total nitrogen (TN), total phosphorus (TP), permanganate index
(CODMn), the degree of mineralization and total hardness of river samples were measured in the
laboratory according to the standard method. TN was analyzed using the alkaline potassium persulfate
digestion-UV spectrophotometric method. TP was analyzed using the ammonium molybdate method.
CODMn was measured by the acidic potassium permanganate titration method. The degree of
mineralization and total hardness were measured by the methods of gravimetric method and EDTA
titration method, respectively, according to the protocols described in Chinese Standard Methods [18,19].

2.4. Larval and Juvenile Fish Collection and Analysis

The larval and juvenile fish samples were collected with a 60 mesh hand-net along the river bank.
The samples were stored in 95% ethanol. All fish samples were identified on the basis of “Fishes of
Qinghai-Tibet Plateau” [20].
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2.5. Statistical Analysis

Data were tested for normality (Levene’s test) and homogeneity of variance (Kolmogorov–Smirnov
test) prior to analysis and presented as mean. The significant differences among the multiple water
quality parameters and fish quantities were analyzed by one-way analysis of variance (ANOVA) with
Tukey’s multiple comparison test. The differences between the two parameters or two sets of data
were analyzed by independent samples t test (two-tailed). Pearson correlations were performed to
explore the relationship among the various water quality parameters and fish numbers. The above
all statistical analyses were performed by using GraphPad Prism (ver.5.0, GraphPad Software, USA).
Principal component analysis (PCA) and canonical correspondence analysis (CCA) were conducted by
Canoco (ver.4.5, Microcomputer Power, USA) for comparing environmental variables at each sampling
point and illustrating relations between fish assemblages and key environmental variables that have
been described as important habitat components of larval and juvenile fish, respectively.

3. Results

3.1. Water Quality

3.1.1. Field Monitoring Parameters

Field monitoring parameters of water quality in different rivers in the SRYR are presented in
Table 2. The pH values of river water samples in different ranged from 8.29 to 8.71 and conductivity
ranged from 212.4 to 2874.5 µs/cm with an average of 918.37 µs/cm, which indicating an alkaline river
environment and may relate to the regional alkaline soil environment [10,11]. The water temperature
of river water fluctuated significantly, ranging from 9.6 ◦C and 19.46 ◦C. Compared with the research
data from 2012, 2014 and 2015, water temperature of the same sampling site fluctuated greatly from
year to year, mainly due to weather factors such as temperature, sunlight intensity and precipitation
varied in different sampling time in the SRYR [10]. The conductivity of water samples ranged from
212.4–2874.5 µs/cm, and the TDS ranges from 178 to 2468 mg/L with the average value of 747.05 mg/L,
which is more than 7 times on average than the world average of 100 mg/L [11,21] and closely related
to the conductivity (r = 0.99, p < 0.01), salinity (r = 1.00, p < 0.01), degree of mineralization (r = −0.99,
p < 0.01), total hardness (r = 0.93, p < 0.01) and Ca (r = 0.65, p < 0.05) (Table A1). Based on sampling
time, there was a certain difference in the TDS concentrations between 2018 and 2010 (457–5063 mg/L).
This difference may due to the difference in sediment concentration and ion content caused by the
difference of precipitation in different years [10].

From a spatial perspective, the conductivity and TDS content of Chumaer River were higher than
that of other rivers in the SRYR (p < 0.01), which was mainly due to the difference of the sediment
content in water and regional geological conditions. The salinity of different sampling sites ranged
from 0.11–2.02 ppt, and the salinity of Chumaer River was higher than that of other rivers in the
SRYR (p < 0.05), which was affected by the difference of geological conditions and regional climatic
conditions. The chlorophyll a content in the main rivers of the SRYR is generally low, ranging from
0.24 to 3.37 mg/L. Such low content of algae in river water may be caused by special environmental
factors, such as low water temperature, high sediment concentration, high turbidity and low nutrient
concentrations such as nitrogen and phosphorus, which are not conducive to algae growth, and in
turn lead to lower levels of chlorophyll a in the river water [9]. The dissolved oxygen content (DO) of
water ranged from 5.55–7.41 mg/L, which was in the water quality range of class I–II based on the
environmental quality standard for surface water (GB3838-2002) except for sites of Quma River.
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Table 2. Water quality parameters of different rivers by field monitoring in the SRYR.

Sampling Site Field Monitoring Parameters

River Name River Section Water
Temperature (◦C)

Conductivity
(µS/cm)

TDS
(mg/L)

Salinity
(ppt)

DO
(mg/L) pH ORP Turbidity

(NTU)
Chlorophyll a

(µg/L)

Tongtian River Zhimenda 14.36 1154 942 0.73 7.04 8.48 241.3 442.14 1.1

Qumalai 18.29 1202.8 918 0.71 6.11 8.44 267.3 328.8 0.63

Dangqu River

Dangqu 4# 13.56 215.2 178 0.13 7.13 8.57 236.2 1.59 0.38

Dangqu 2# 15.79 366.2 288 0.21 6.22 8.56 233.5 1.49 0.79

Dangqu 1# 15.42 212.4 184.6 0.11 7.41 8.51 179.4 15.4 0.24

Dangqu 3# 15.85 412.9 325 0.24 6.55 8.45 252.2 142.58 0.58

Gaerqu Gaerqu 9.6 233.3 215 0.16 6.75 8.54 208.7 624.9 1.18

Buqu River Buqu 9.82 259.9 239 0.18 6.71 8.54 222.9 389.5 0.63

Yanshiping 11.73 224.2 196 0.14 6.25 8.46 228.9 112.8 1.74

Tuotuo River Tanggula Shan 10.223 1263 1127 0.88 6.45 8.71 198.8 4350.9 3.37

Chumaer River
Wudaoliang 12.27 2874.5 2468 2.02 6.39 8.63 174.9 962.8 1.74

Quma River 19.46 2602 1884 1.51 5.55 8.54 243.9 375.56 0.8
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3.1.2. TN, TP and CODMn

The concentrations of nitrogen, phosphorus and other nutrients in water are important indicators
of eutrophication, which can reflect the status of water pollution and eutrophication process [22].
The concentrations of TN and TP in river water at each sampling site in the SRYR are displayed in
Figures 2 and 3, respectively. As can be seen in Figure 2, except for the sampling sites of Dangqu 4#
and Tanggula Shan, there was no significant difference in TN among other sampling sites, and the
concentrations were below the detectable limit, which indicated that TN concentrations of river
waters in the SRYR were in the range of class I, according to GB3838-2002. The TN concentrations
of Dangqu 4# and Tanggula Shan were relatively higher (p < 0.05), i.e., in the range of class I–II
(0.2–0.5 mg/L). The concentrations of TP at the majority of the sampling sites were in the range of class
I–II (0.02–0.1 mg/L) based on GB3838-2002, while river of Buqu had the highest concentrations of TP
(p < 0.01), i.e., in the range of class II–III (> 0.1 mg/L). In general, the concentrations of nitrogen and
phosphorus in the river waters of the SRYR were at relatively low levels, and the TN concentration in
the sections of the Chumaer and Zhimenda Rivers in 2015 were lower than the detection limit [10].
Annual variations of nitrogen and phosphorus were not obvious when compared with the data in
2012 and 2015, which indicated that although the status of surface water quality in the SRYR is greatly
affected by the natural environment, due to low population density, low pollutant discharge and large
environment capacity, the water body possess a strong self-purification capacity and the water quality
remains relatively stable [10].

The CODMn of river water in each sampling site in the SRYR is shown in Figure 4. CODMn is
one of the important indicators used to evaluate the pollution level of the water [23] and the CODMn

concentrations of water samples in 12 sampling sites in the SRYR ranged from 0.96–5.64 mg/L, and were
in the range of class I (≤ 2 mg/L) and class I–II (2–4 mg/L) according to (GB 3838-2002) (Figure 4),
while at the Dangqu 4# and Dangqu 2# sites, the CODMn concentrations were in the range of class
II–III (4–6 mg/L).
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3.1.3. The Degree of Mineralization and Total Hardness

The degree of mineralization and total hardness of river water in each sampling site in the SRYR
are shown in Figure 5. The total hardness of river water is mainly formed by the dissolution of
carbonates and bicarbonates containing calcium and magnesium in water, followed by the dissolution
of sulfates, chlorides and other minerals [24]. The total hardness of the sampling sites in the SRYR
ranged from 138.66–433.02 mg/L. The degree of mineralization and total hardness of river waters
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in SRYR showed high levels of consistency in terms of concentrations; both in the Chumaer River
were significantly higher than those in the Tuotuo and Dangqu Rivers, which was consistent with the
variation of conductivity and total dissolved solids. Correlation analysis demonstrates that the degree
of mineralization is significantly related to total hardness (r = 0.95, p < 0.01), and that Ca had a positive
relationship with the degree of mineralization (r = 0.69, p < 0.01) and total hardness (r = 0.63, p < 0.05,
Table A1). This phenomenon was mainly caused by differences in the geological conditions in the SRYR.Water 2019, 11, 1342 10 of 21 
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more than the averaged (Ca2+ + Mg2+)/(Na+ + K+) ratio of the global rivers (2.2), This suggests again
that the chemistry of the river waters in the SRYR is strongly influenced by carbonate weathering [11,28].
The concentrations of the eight heavy metal elements (Fe, Mn, Cu, Zn, Pb, Cd, Cr and As) were all
within the class I range based on GB3838-2002.

In the present research, the concentrations of the same metal ion were found to be significantly
different in the different sampling sites in the SRYR, with variations of several or even dozens of times,
which may indicate that the characteristics of hydrochemistry are closely related to the geomorphic
type, rock properties and weathering degree of the study area [5,27]. In addition, due to physical
weathering in the SRYR, a large number of fine particles of mineral rocks, instantaneous hydrological
factors, as well as the high concentrations of suspended matter, will make the concentration of elements
vary greatly. Compared with the reported metal ion concentrations of river water in the SRYR, the metal
concentrations in the SRYR were found to be lower than the reported values in 1998, and were basically
consistent with the literature reported in 2012 [13,29]. Among the four major metals of K, Na, Ca and
Mg, the Na concentration is much lower than the reported values in the SRYR, which may be related to
the regional differences in the geological background of the source area.
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Table 3. The concentrations of metal ions in river waters of the SRYR.

Sampling Site Metal Ions

River Name River Section K
(mg/L)

Na
(mg/L)

Ca
(mg/L)

Mg
(mg/L)

Fe
(µg/L)

Mn
(µg/L)

Cu
(µg/L)

Pb
(µg/L)

Zn
(µg/L)

Cd
(µg/L)

Cr
(µg/L)

As
(µg/L)

Tongtian River Zhimenda 1.88 4.94 37.80 6.17 2.36 4.00 0.43 <0.09 <0.67 <0.05 0.24 1.73

Qumalai 2.77 9.01 77.46 11.87 3.99 2.96 0.59 <0.09 <0.67 <0.05 0.53 3.24

Dangqu River

Dangqu 4# 1.64 26.57 53.53 10.31 11.19 1.05 2.27 <0.09 0.94 <0.05 0.57 0.79

Dangqu 1# 3.03 9.95 39.50 19.24 3.22 3.02 2.25 <0.09 7.56 <0.05 0.23 3.20

Dangqu 2# 1.38 11.10 51.18 8.39 3.38 3.95 1.35 <0.09 1.34 <0.05 0.27 2.54

Dangqu 3# 2.87 25.58 64.19 12.12 2.93 0.67 0.66 <0.09 <0.67 <0.05 0.22 2.74

Gaerqu Gaerqu 5.98 3.75 41.78 22.11 2.10 0.64 0.51 <0.09 1.68 <0.05 0.28 1.60

Buqu River Buqu 1.03 7.64 57.74 1.54 2.51 6.49 0.45 <0.09 0.76 <0.05 0.31 1.67

Yanshiping 6.29 3.87 40.19 25.14 2.85 0.58 0.64 <0.09 0.98 <0.05 0.29 2.97

Tuotuo River Tanggula Shan 2.56 46.56 34.99 12.23 1.41 0.74 0.59 <0.09 1.61 <0.05 0.25 5.30

Chumaer River
Wudaoliang 2.95 2.94 105.1 14.78 5.38 2.27 0.96 <0.09 <0.67 <0.05 0.34 1.44

Quma River 1.40 2.23 65.04 14.53 3.32 0.25 0.50 <0.09 2.25 <0.05 0.37 0.72
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3.2. Fish Distribution Characteristics

3.2.1. The Quantity and Distribution of Fish

The distribution and quantities of fish are shown in Figure 6. Three species of fish were found
at the 11 sampling sites. Among the three species, Triplophysa stenura (T. stenura) had the highest
occurrence rate, 91%, which was observed at all the sampling sites except for Dangqu 4. Schizopygopsis
microcephalus Steindachner (S. microcephalus) was 64%, and Triplophysa bleekeri (T. bleekeri) had the lowest
occurrence rate, i.e., 27%. The quantity of T. stenura was the highest, i.e., 77.8% of the total quantity.
S. microcephalus was 18.5%. The quantity of T. bleekeri was the lowest, i.e., 3.7% of total quantity.
Correlation analysis for fish numbers and environmental factors demonstrates that the larval and
juvenile fish number has a positive relationship with pH (r = 0.57, p < 0.05) and turbidity (r = 0.68,
p < 0.01) and a negative relationship with water temperature (r = −0.64, p < 0.05) and ORP (r = −0.69,
p < 0.01) (Table A1).
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3.2.2. The Relationship between Fish Distribution and Environment Factors

Water quality parameters are important factors affecting the distribution of fish in river water [30].
Salinity is one of the key water quality factors affecting the distribution of fish in the Gulf [31]. Nutrients
such as total phosphorus are positively correlated with fish distribution (>10 cm) in lakes [32]. Climate
change is a global issue that is of great concern to the international community [33]. The Qinghai-Tibet
Plateau is the “starting zone” for China’s global change, and it is also a sensitive area for global climate
change and one of the regions with the greatest warming [34,35]. From 1977 to 2015, with the increase
of temperature, the water temperature of the Tuotuo River in the SRYR increased by 1.6 ◦C and 1.7 ◦C in
June and July, respectively [36]. Due to the simple and fragile structure of the plateau water ecosystem,
plateau fish are more susceptible to climate change [37]. At present, there are few basic data on the
water quality survey of the SRYR under warm and humid climatic conditions, and the relationship
between river fish distribution and water quality in the SRYR has not yet been established. Therefore,
it is necessary to establish the relationship between water quality parameters such as nutrient salt,
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water temperature and heavy metals and fish distribution, and to provide a scientific basis for carrying
out water ecological protection and restoration work in the SRYR.

Principal component analysis (PCA) was performed on 22 water quality parameters, including
water temperature, conductivity, TDS, salinity, dissolved oxygen, pH, ORP, turbidity, K, Na, Ca, Mg, Fe,
Mn, Cu, Zn, Cr, As, total phosphorus, CODMn, the degree of mineralization and total hardness (Figure 7).
Canonical correspondence analysis (CCA) was performed on the selected environmental factors and
fish characteristics to identify key water quality factors affecting the distribution characteristics of
larval and juvenile fish (Figure 8). The results indicated that the first and second axes of PCA accounted
for 64.06% and 15.75% of differences, respectively. The first major components mainly explain the
environmental factors: Cu, turbidity and TDS, which mainly represent the transparency characteristics
of river waters. The second major components mainly explain the TP, K, DO, T and Ca, mainly
representing nutrients and physical factors of river water quality.

The eight environmental driving factors in the PCA results were analyzed by CCA with various
fish numbers at each sample. The results of the analysis are shown in Figure 8. The first and second axes
explained 34.78% and 20.53% of the species differences, respectively. The distribution of S. microcephalus
had a positive response to water temperature, while the distribution of T. stenura had a positive
response to K and a negative correlation with water temperature. The distribution of T. bleekeri showed
a positive response to Cu, but a negative response to TP and TDS.
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T = temperature, TDS = total dissolved solid, TP = total phosphorous, Tur = turbidity, K = potassium ion,
Ca = calcium ion, Cu = copper ion, TStenu = Triplophysa stenura, SMicro = Schizopygopsis microcephalus
Herzenstein, TBleek = Triplophysa bleekeri).

4. Discussion

The Yangtze is the mother river of the Chinese nation, and its water quality is an essential issue
for the local people in the basin regions [38]. The SRYR is the original place of the hydrological cycle
throughout the Yangtze River Basin, and the changes of water environment in the SRYR will have
an impact on the aquatic ecological environment and the sustainable water resources use of the whole
Yangtze River Basin [4]. Therefore, it is crucial to illuminate the current status and change trends of the
river water environment in the SRYR.

In past decades, a few studies have been conducted on the characteristics of river water environment
and water quality in the SRYR. Fu et al. (1998) indicated that the physical and chemical characteristics
of the water environment in the SRYR were basically kept within the original natural state and
background value of the river water environment [39]. Water quality monitoring and assessment for
surface water of the SRYR were conducted in 2008; the results showed that all water quality indicators
(including COD, BOD5, NH4-N, fluoride, sulfide, TN, Cr6+, phenol, Hg, petroleum.etc) were in the
range of class I according to the classification of GB3838-2002 in China, which indicated that no water
contamination was found in the source area of the SRYR [40]. Water Spatial-temporal distribution
of water quality indexes such as organic and metal pollutants in the SRYR in 2012, 2014 and 2015
demonstrated that most of the river water quality parameters in the SRYR were in the range of class I to
class II, based on the guideline of GB3838-2002, and that organic pollutants such as phthalic acid esters
were detected in surface water samples of the source area [10]. In the present research, classification of
class I-II was observed in the majority of water quality indexes in rivers of the SRYR, and especially,
the concentrations of TN in most sampling rivers were below the detectable limit, which indicates that
nitrogen levels were low in this area, and much lower than in the midstream and downstream areas of
the Yangtze River; this further suggests there is almost no effect from human activities. In general,
the river water in the SRYR is basically in a natural state. However, the environmental problems
caused by soil erosion, alpine wetland degradation, river-related project construction, domestic garbage
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produced by local herders and tourists, overgrazing, livestock manure, etc. cannot be ignored, as these
affect the water ecological environment of the SRYR [29,40]. Therefore, the environmental protection
of river water in the SRYR should be strengthened.

Water chemistry and dissolved materials in river water are strongly influenced by the lithological
composition of the bed rock, hydro-climatic conditions, human activities and the ground water within
the river basin [38,41]. Obvious zoning features were exhibited in the river hydrochemistry of the SRYR;
the degree of mineralization ranged from 550 to 3100 mg/L in 2010, in which the northern rivers the
Chumaer River belonged to the water chemical belt with strong degree of mineralization, the chemical
belt with middle-strongly mineralized water appeared in the the western rivers Tuotuo River and
Dangqu River referred to southern river exerted the lowest mineralized water [13]. Three types
of hydrochemical characteristics were exhibited in the present research on the basis of regional
differentiation and river differences in the SRYR [11]. The northern rivers refer to Chumer river
(Wudaoliang and Quma River), which is lies to the north of Tongtian river. Compared with Dangqu
River and Tuotuo River, the Chumer River had the highest conductivity, TDS and salinity in river water
among all sampling rivers (p < 0.01), i.e., approximately twice than those of the Tuotuo River (p < 0.01)
and about 10 times those of the Dangqu River (p < 0.01). However, the sediment concentration of the
Chumaer River was relatively low, and the turbidity of the water was less than 20% that of the Tuotuo
River (p < 0.01). The western rivers, Tuotuo river (Tanggula Shan), which is lies to the west of Tongtian
river, showed a TDS greater than 1000 mg/L and high salinity, which is 4–8 times that of the Dangqu
River and tributary rivers (p < 0.01). High salinity is caused by concentration through evaporation,
which accelerates the accumulation of salt [11]. Tuotuo river has the highest sediment concentration
among all the sampled rivers (p < 0.01). Its turbidity is approximately 4–11 times that of the Chumaer
River, and even thousands of times that of the Dangqu river (p < 0.01), which can be explained by
the river sediment discharge in SRYR [42]. The sediment transport volume was the largest in the
Tuotuo river, followed by the Chumaer river, and was the smallest in the Dangqu river. As for the
southern rivers, the Dangqu and its tributaries (Gaerqu and Buqu), had less TDS than the northern
rivers. The salinity of these rivers was relatively lower because glacier melt water is an important
supply source for these rivers. As for metal ions, the water chemical constitution of the SRYR also
showed a higher concentration of dissolved solutes, including Ca2+ and Mg2+. The value is not only
higher than the average for water in Europe, Africa, and North and South America, but also higher
than the Asian average, i.e., 1–2 times than in the waters of world rivers [43]. Those characteristics
of river hydrochemistry in the SRYR are closely related to the natural geographical conditions of the
region, which mainly depend on the lithology, flow process, water quantity and climatic conditions of
the bedrock through which the river flows.

In recent years, much research regarding river aquatic organisms in the SRYR has been conducted,
including field investigations of the compositions and community diversity of macrobenthos and
phytoplankton in rivers [9,12]. However, there is a lack of data or research on the distribution of river
fish and its relationship with environmental factors in the rivers of the SRYR. Habitat environment is
an essential component of the river ecosystem [44]. Environmental factors, including water quality
indicators, hydrological regime and river topographical features, have a significant influence for fish
habitat distribution. Water quality indicators such as water temperature, dissolved oxygen, pH and
sediment concentration are strongly associated with the growth and reproduction of fish. River flow,
flow rate and water depth are the most basic hydrohydraulic parameters, and changes of these variable
are closely related to fish habitats and river ecology [40,42]. There is a significant difference in the
frequency distribution of the flow rate in the spawning area of the fish and the non-oviposition area [45].
The fish spawning and growth and reproduction of the juveniles are selective for the flow rate [46].
The water depth provides sufficient activity space for the fish and a proper hatching environment for
the eggs. River topographical features have an impact on fish community function and structure [44].
Rivers with greater wide-depth ratios possess broad river valleys and well-developed river wash land,
thus providing a more diverse habitat for fish [43]. Micro-habitat refers to the habitat environment
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such as gravel, sandy mud on the pebbles and plant litters, which also play an important role in fish
distribution [47]. The river geomorphic unit and its characteristics, such as the density of the deep
shoal and the type of sediment in the geomorphic unit, are also important factors for the survival of
juveniles. The species richness, integrity and biomass of fish in the river with high sinuosity are higher
than those in straight river sections [48]. The deep pool can provide a relatively calm rest environment
for fish; shallows can meet the hydraulic environment required for fish to lay eggs, while the deep
stream shoal interlaced with complex water flow can improve the success rate of fertilization [44,47].

In the present field investigation, the established relationship between the larval and juvenile fish
distribution and water quality parameters indicated that the distribution of S. microcephalus exhibited
a positive response to water temperature, the distribution of T. stenura had a positive response to K,
and a negative correlation with water temperature, T. bleekeri’s distribution had a positive response to
Cu, while negative to TP and TDS. In addition, positive and negative relationships were observed
in the larval and juvenile fish number with pH (r = 0.57, p < 0.05), turbidity (r = 0.68, p < 0.01),
water temperature (r = −0.64, p < 0.05) and ORP (r = −0.69, p < 0.01). The above results further
demonstrated environmental factors, e.g., that water quality indicators had significant influence on
the fish habitat distribution. In addition, large numbers of larval and juvenile fish were distributed
in the Dangqu (Dangqu 1#, Dangqu 2# and Dangqu 3#), Gaerqu, Tuotuo (Tanggula Shan) and
Chumaer(Wudaoliang) rivers, which are mainly related to the habitat characteristics of juvenile
fish. In the Dangqu river, the habitats of the main fish areas are characterized by curved river
regimes, low flow rates, river banks with low sediment content or near-shore areas with large pebbles.
The sampling section of Tuotuo River is a shallow shoal with a curved river regime, the flow rate
is relatively slow, the sediment is mud, and the juveniles are distributed in a concentrated manner.
The rivers of the Gaerqu River are curved to form a small river bay. The water in the beach has a high
sediment content, and the riverbed is mixed with a large number of large pebbles and small gravel.
In contrast, the juvenile fish are rarely collected in the near-shore area of the river section, such as the
Tongtian River section, where no large pebbles exist and a steep river regime exists, in addition to
a high flow rate and sediment concentration. Although the preliminary qualitative description and
analysis of habitat factors such as flow rate, river bed matrix and river regime in three main rivers
of the SRYR associated with the larvae and juvenile fish distributions based on field observations
were carried out in present research, the key characteristics of ecological and hydrological elements
including hydrological regime and river topographical features, which could affect the distributions of
the larvae and juvenile fish, still could not be quantitatively illuminated by means of such a limited
analysis. Further research is needed to establish a clear correlation between larvae and juvenile fish
distributions and specific parameters of the hydrological regime and river topographical features via
long-term field observations, aiming to provide a scientific basis for the management and protection of
juvenile fish in the SRYR.

5. Conclusions

The water quality of river water in the SRYR was generally good in 2018, and the majority of
water quality parameters, such as nitrogen, phosphorus, CODMn and heavy metals, etc. in different
rivers of the SRYR were in the range of classes I–II, based on Chinese surface water standards
(GB3838-2002). The concentrations of four major ions occurred in the following order: Ca > Na
> Mg > K. Three species of larval and juvenile fish (Triplophysa stenura (T. stenura), Schizopygopsis
microcephalus Steindachner (S. microcephalus) and Triplophysa bleekeri (T. bleekeri)) were distributed in the
rivers of the SRYR, with T. stenura covering the widest distribution range and being the most abundant.
The distributions of larval and juvenile fish species exhibited different relationships with the river
water quality parameters.
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Appendix A

The relationship among the various water quality parameters and fish numbers is presented in
Table A1, analyzed by Pearson correlations.
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Table A1. Pearson correlations of fish and environmental factors in rivers.

Water
Temperature Conductivity TDS Salinity DO pH ORP Turbidity TP CODMn

Degree of
Mineralization

Total
Hardness K Na Ca Mg Fe Mn Cu Zn Cr As Fish

Number

Water
temperature
Conductivity 0.31

TDS 0.23 0.99 **

Salinity 0.22 0.99 ** 1.00
**

DO −0.39 −0.55 * −0.50
*

−0.50
*

pH −0.45 0.35 0.40 0.41 −0.02

ORP 0.53 * −0.15 −0.22 −0.23 −0.37 −0.62
*

Turbidity −0.41 0.27 0.32 0.31 −0.10 0.75
** −0.36

TP −0.41 −0.24 −0.23 −0.22 0.02 −0.12 −0.07 −0.06
CODMn 0.17 −0.17 −0.17 −0.18 0.53 * 0.16 −0.14 −0.10 −0.34

Degree of
mineralization 0.23 0.99 ** 0.99

**
0.99
**

−0.53
* 0.43 −0.24 0.31 −0.17 −0.14

Total hardness 0.40 0.95 ** 0.93
**

0.93
**

−0.62
* 0.34 −0.13 0.28 −0.16 −0.09 0.95 **

K −0.38 −0.23 −0.21 −0.20 −0.18 −0.17 −0.04 −0.01 −0.05 −0.47 −0.24 −0.27
Na −0.20 −0.19 −0.15 −0.16 0.19 0.49 −0.05 0.69 ** −0.20 0.38 −0.12 −0.13 −0.21
Ca 0.27 0.64 * 0.65 * 0.66 * −0.28 0.00 −0.11 −0.18 0.13 −0.03 0.69 ** 0.63 * −0.21 −0.28

Mg −0.06 −0.02 −0.02 −0.01 −0.43 −0.03 −0.03 −0.04 −0.33 −0.32 −0.03 0.00 0.87
** −0.20 −0.14

Fe 0.14 −0.01 −0.01 0.00 0.25 0.08 0.07 −0.32 −0.27 0.77
** 0.01 −0.02 −0.25 0.11 0.31 −0.10

Mn −0.10 −0.19 −0.17 −0.17 0.38 −0.14 −0.10 −0.23 0.57 * −0.08 −0.18 −0.25 −0.50
* −0.28 0.06 −0.69

** −0.14

Cu 0.15 −0.29 −0.28 −0.28 0.27 0.19 −0.08 −0.28 −0.40 0.62 −0.26 −0.28 −0.18 0.18 −0.09 0.09 0.66 * 0.00
Zn 0.21 −0.12 −0.14 −0.14 −0.28 0.19 0.05 −0.09 −0.30 −0.14 −0.14 −0.10 0.05 −0.05 −0.32 0.36 −0.12 0.00 0.57 *

Cr 0.28 0.13 0.10 0.10 −0.07 −0.08 0.32 −0.21 0.01 0.50 * 0.12 0.21 −0.21 0.00 0.40 −0.13 0.76
** −0.09 0.27 −0.28

As −0.15 −0.19 −0.15 −0.16 −0.10 0.22 −0.07 0.64 * −0.02 −0.24 −0.16 −0.15 0.20 0.60 * −0.35 0.15 −0.49 −0.08 −0.09 0.20 −0.35

Fish number −0.64 * 0.23 0.31 0.31 0.11 0.57 * −0.69
** 0.68 ** 0.39 −0.29 0.33 0.20 −0.01 0.26 0.07 −0.20 −0.47 0.17 −0.48 −0.32 −0.49 0.36

** Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level.
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