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Abstract: The Lhasa River is one of the five tributaries of the Yarlung Zangbo River. It is the main
industrial, agricultural and animal husbandry area in Tibet. It plays an important ecological security
barrier role in regulating regional climate and maintaining biodiversity. In order to understand
the resource utilization ability and relationship of fish in Lhasa River, and provide basic data for
the protection and sustainable utilization of fish diversity in Lhasa River, the fishery resources in
September 2019 (autumn), June 2020 (summer), November 2020 (winter) and March 2021 (spring)
were investigated for the first time. The main fish in the catch were determined by the Index
of Relative Importance (IRI). Shannon index and Pianka’s index were used to analyze the niche
breadth and overlap values of the main fish caught in Lhasa River Basin from three dimensions
of time, space and space—time. The results show that a total of 1399 fish of 3 orders and 4 fam-
ilies were collected. Among them, there is one dominant species, Schizopygopsis younghusbandi,
and five common species, Schizothorax waltoni, Schizothorax oconnori, Ptychobarbus dipogon, Triplo-
physa stenura and Carassius auratus. The spatial-temporal niche breadth ranges from 1.395 to 3.628.
They are Schizopygopsis younghusbandi, Carassius auratus, Ptychobarbus dipogon, Schizothorax oconnori,
Triplophysa stenura and Schizothorax waltoni in a declining order. The temporal niche breadth is gen-
erally small, indicating that the survival activities of the main fish are greatly affected by seasonal
changes. The fluctuation range of spatial-temporal overlap value is 0-0.535, and only 20% of the
total logarithm is meaningful. The species pairs with temporal niche overlap values exceeding 0.300
reached 80%, while the spatial niche overlap value is generally low. The results show that the spatial
and temporal distributions of the main fish in Lhasa River were quite different, and the spatial and
temporal niche overlap value of the relationship between species is obviously affected by the change
in spatial distribution. This demonstrates that the competition relationship and intensity of the main
fish are quite different in different spatial positions.

Keywords: Index of Relative Importance; niche breadth; niche overlap; Lhasa River

1. Introduction

Ecological niches, as an important theory in ecology, have a wide range of applications
in the study of interspecific relationships, community structure and succession, biodiver-
sity and population evolution [1]. Most of the existing studies are focused on niche in
terrestrial ecosystems, such as plants [2-5], insects [6-8] and woodlands [9]. Additionally,
only a few studies look at niche in an aquatic ecosystem, most of which focus on mac-
robenthos to consider and evaluate the effects of disturbance and pollution on aquatic
resources [10-12]. Niche breadth can reflect the ability of species to use environmental
resources, and niche overlap can reflect the competitive relationship and intensity between
species [1,13]. Studying the niche in ecosystems is conducive to exploring the temporal
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and spatial characteristics of biological communities, and is of great significance for ex-
ploring the adaptability of biological communities to the environment and the dynamic
monitoring of the number and species of organisms in the environment. With the intro-
duction of ecosystem-based management strategies [14,15], niche studies have provided a
reference for fisheries resource management as a very important method of explaining and
contemplating fishery resources.

The Lhasa River is located on the Qinghai-Tibet Plateau, the third pole of the world. It
is the largest tributary of the Yarlung Zangbo River. The Yarlung Zangbo basin is vast, with
an average elevation of more than 4000 m and a vertical drop of about 1800 m [16-18]. It is
precisely because of the complexity of the geographical location, water flow and climate
change in the basin that the fish composition of the Lhasa River is unique and diverse, and
the fish grow slowly, have a long sexual maturity cycle, and have low fecundity. Once
the fish community is damaged, it is difficult to recover [19,20]. However, with the rapid
development of economy in Tibet, human activities have intensified, and overfishing has
led to a sharp decrease in the number of native fish. Multiple and repeated introductions
have allowed exotic fish to invade and occupy local rivers [21,22]. The construction of hy-
dropower and water conservancy projects has destroyed the original habitat environments
of native fish and provided a broader and more suitable living habitat for exotic fish [23].
Now, the fish in the Lhasa River Basin have become smaller, younger, and have been
invaded by alien species. The fish resources have been seriously damaged and need to be
protected [24,25]. However, there are few reports on the Lhasa River, resulting in a lack of
understanding of the existing fish composition and distribution in the Lhasa River and the
utilization of resources. In addition, there is a lack of targeted management and protection
measures in the conservation of fish resources in the Lhasa River Basin. Understanding the
ability of fish to use resources and the environment, and the competition and coexistence
among species may provide insights into the conservation of local fish resources and the
development of more targeted measures.

In order to explore the ability of the main fish in Lhasa River to utilize environmental
resources, and examine the competition and coexistence relationship among species, this
study conducted fishery resource surveys in September 2019 (Autumn), June 2020 (Sum-
mer), November 2020 (Winter) and March 2021 (Spring). The Index of Relative Importance
(IRI) was used to identify the main fish in the catch, and the Shannon index and Pianka’s
index were used to analyze the ecological niche breadth and overlap values of the main
fish, firstly, in the Lhasa River basin in three dimensions: time, space and space-time. The
aim is to carry out research on the spatio-temporal ecological position of major fish species
in the Lhasa and analyze the use of spatio-temporal resources by each major fish species,
providing information for the conservation and dynamic monitoring of fish diversity in the
Lhasa River basin, as well as scientific research support for the conservation management
and sustainable development of fishery resources.

2. Materials and Methods
2.1. Data Sources

Field work was approved and supervised by the Agriculture and Rural Affairs De-
partment of Tibet Autonomous Region. Data used in this study were derived from four
fishery resource surveys (September 2019 (Autumn), June 2020 (Summer), November
2020 (Winter) and March 2021 (Spring)). According to the habitat characteristics of Lhasa
River and previous survey data (Supplementary materials), a total of 39 sampling sites
were set up (Figure 1), including the mainstream of Lhasa River, 7 tributaries and 2 wet-
lands. In order to make the catches representative, three-layer gill nets (for pelagic fish)
and cages (for demersal fish) were used to catch fish in the Lhasa River Basin (gill nets:
length x height: 20 m x 1.2 m, mesh size: 2-8 cm; cage size: length x width x height:
10m x 0.3 m x 0.5m), and the placement time was 12 h. The fish resources were inves-
tigated in strict accordance with the Inland Waters Fishery Natural Resources Survey
Manual [26]. The catches captured at each site were quickly anesthetized, packed into



Water 2023, 15, 860

30f10

sample bags, numbered and recorded. Classification and identification were carried out ac-
cording to the literature, such as Chinese Fish System Search [27], Tibetan Plateau Fish [28].
The body length and weight of each fish were measured and recorded with a vernier caliper
(0.1 mm) and an electronic balance (0.1 g).
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Figure 1. Distribution of sampling stations.

2.2. Research Methods

The dominant species in the fish community were measured using the formula of the
IRI [29]:
IRI = (N+W) xF (1)

where N is the proportion of the number of individuals of a certain fish to the total number
of fish surveyed, W is the proportion of the weight of a certain fish to the total weight of
fish, and F is the proportion of the number of stations of a certain fish in the survey to the
total number of stations. The division of dominant species and common species of fish was
based on the standard of Cungen Yu et al. [30]. The IRI of dominant species is greater than
1000, and the IRI of common species ranges from 100 to 1000. According to the research
of Zhenhai Yu [31] and He Xiongbo [32], the dominant species and common species were
regarded as the main species of the community.
Calculation of species niche breadth using Shannon index [33]:

B =—

1=

(Pij In Pij) (2)
j=1

Calculation of species niche overlap using Pianka’s index [34]:

R R R
Qi =Y. (rirg) /| Lt L ®
‘ = A

j=1

where B; is niche breadth; R is the number of stations; P;; is the proportion of individual
number of species i in resource state j to the total number of species; P; is the proportion
of individual number of species k in resource state j to the total number of species; the B;
value range is [0, R]. According to the niche breadth, fish can be divided into three types:
narrow niche species (0 < B; < 1.00), medium niche species (1.0 <B; < 2.0) and wide niche
species (2.0 < B;). Qjx represents the niche overlap value, and the value range is [0, 1]. The
larger the value is, the greater the degree of niche overlap is. Q;x > 0.3 is meaningful for
overlap, and Qj; > 0.6 is significant overlap [35].

May [36] proposed that the eigenvalues of multidimensional niches can be expressed
by calculating the product of the eigenvalues of different dimensions:

Spatio — temporal niche breadth = temporal niche breadth X spatial niche breadth (4)

Spatio — temporal niche overlap = temporal niche overlap x spatial niche overlap (5)
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2.3. Data Processing

Surfer 11.0 was used to draw the survey station map of Lhasa River; the IRI was calcu-
lated with Microsoft Excel 2021; the niche breadth and niche overlap were calculated using
the ‘spaa’ package of R 4.1.0; the similarity matrix of species niche breadth was constructed
by Primer v7. Cluster analysis was performed using Bray—Curtis similarity coefficient.

3. Results
3.1. Composition of Main Fish in the Lhasa River Basin and Its Subsidiary Wetlands

Relevant research records show that there are 15 species of native fish in the Lhasa
River Basin, mainly including 8 species of Schizothoracinae, 6 species of Triplophysa and
1 species of Sisoridae. The captured alien species, as recorded, are Carassius auratus(C.
auratus), Cyprinus carpio, Pseudorasbora parva and other 14 species; there are also two inde-
terminate species [24,25]. In this study, a total of 1399 fish were captured. They belonged
to three orders: Cypriniformes, Siluriformes, Perciformes; five families: Cyprinidae, Co-
bitidae, Odontobutidae, Siluridae, Sisoridae; and a total of twenty-five species. According
to the calculated value of the IRI of all fishes caught, it is concluded that there are six
main fish species in the catch of Lhasa River Basin (Table 1), among which the dominant
species is Schizopygopsis younghusbandi (S. younghusbandi), and the common species are
Ptychobarbus dipogon (P. dipogon), Schizothorax waltoni (Schizothorax waltoni), Schizothorax
oconnori (S. oconnori), Triplophysa stenura (T. stenura), C. auratus.

Table 1. Niche breadth, IRI and Station number of major species in the Lhasa River.

Species Temporal Niche Spatial Niche Spatio-Temporal IRI Station Number
Breadth Breadth Niche Breadth of Occurrence
Schizopygopsis younghusbandi 1.091 3.326 3.628 1.2271 38
(S. younghusbandi)

Schizothorax waltoni (S. waltoni) 1.053 1.324 1.395 0.0152 8
Schizothorax oconnori (S. oconnori) 0.962 1.992 1.916 0.0203 9
Ptychobarbus dipogon (P. dipogon) 0.885 2.230 1.974 0.0378 12

Triplophysa tibetana 1.034 1.890 1.954 0.0025 8
Triplophysa orientalis 0.517 1.155 0.597 0.0019 3
Triplophysa stenura (T. stenura) 0.780 2.188 1.707 0.0160 13
Hypseleotris swinhonis 0.606 1.085 0.657 0.0009 3
Carassius auratus (C. auratus) 1.248 1.594 1.989 0.0131 3
Cyprinus carpio 0.243 1.182 0.287 0.0047 3
Pseudorasbora parva 0.637 1.574 1.002 0.0090 6

3.2. Niche Breadth of the Main Fish Species

The niche breadth of the main fish species in the Lhasa River Basin fluctuates in
the range of 0.780-1.248 in the temporal dimension. Among which, three species have a
medium niche. They are C. auratus (1.248), S. younghusbandi (1.091), S. waltoni (1.053) and
the rest are narrow niche species (Table 1).

The spatial niche breadth ranges from 1.324 to 3.326, among which three are the species
with broad niche. The largest one is S. younghusbandi (3.326), followed by P. dipogon (2.230)
and T. stenura (2.188). The remaining three species have a spatial niche width greater than 1
and less than 2. Hence, they are the species with medium niche.

The spatio-temporal niche breadth fluctuates in the range of 1.395-3.628, among which
the fish with the largest niche breadth is S. younghusbandi (3.628), and the remaining five
species were species with medium niche (1 < niche breadth < 2). Among them, the species
with the smallest niche breadth is S. waltoni (1.395), while the spatio-temporal niche breadth
of S. oconnori, P. dipogon and C. auratus reaches more than 1.9.

In terms of the three niche indexes, the time niche breadth of C. auratus is the largest,
and that of T. stenura is the smallest. The species with the largest spatial and spatio-temporal
niche breadth is S. younghusbandi and the one with smallest value is S. waltoni.
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The cluster analysis of temporal, spatial and spatio-temporal niche indices shows that
the main fish species in Lhasa River basin are clustered into five groups (Figure 2). Group
1 consists of P. dipogon and S. oconnori; group 2 consists of T. stenura; group 3 consists of
C. auratus; group 4 consists of S. waltoni; and group 5 consists of S. younghusbandi. In general,
the species in group 1 are similar in temporal, spatial and spatio-temporal dimensions.
They were clustered into one group with group 2, then group 3 and group 4, and finally
group 5 with the highest niche breadth. It can be seen that the closer the niche species, the
higher the similarity.
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Figure 2. Cluster analysis of niche breadth of main fish caught.

3.3. Niche Overlap of Main Fish Species

The niche overlap values of the main fish species in the Lhasa River Basin fluctuate in
the range of 0.107-0.978 in the temporal dimension (Table 2). There are 12 pairs of species
whose niche overlap values reach a significant level (i.e., greater than 0.300), accounting
for 80% of the total number of species pairs. Among them, nine pairs of species have
an overlap value greater than 0.600, accounting for 60% of the total number of species
pairs. The species pair with highest overlap value is S. younghusbandi-S. oconnori, reaching
0.978, followed by S. oconnori-P. dipogon (0.958), S. younghusbandi—P. dipogon (0.957). On the
whole, their species pairs achieve meaningful overlap. There are three species pairs with
an overlap value less than 0.300, accounting for 20% of the total species pairs. The species
with the smallest overlap value is P. dipogon-T. stenura.

Table 2. Temporal and spatial niche overlap of main species in the Lhasa River.

Species S. younghusbandi S. waltoni S. oconnori P. dipogon T. stenura C. auratus
S. younghusbandi 0.137 0.368 0.559 0.202 0.039
S. waltoni 0.704 0.508 0.035 0.043 0.055
S. oconnori 0.978 0.700 0.000 0.240 0.006
P. dipogon 0.957 0.769 0.958 0.006 0.000
T. stenura 0.189 0.640 0.114 0.107 0.182
C. auratus 0.589 0.712 0.461 0.473 0.844

Values under the main diagonal are temporal niche overlap parameter; values above the main diagonal are spatial
niche overlap parameter.

The spatial niche overlap values between various pairs range from 0 to 0.559. There
are three species pairs with overlap values greater than 0.300, accounting for 20% of the
total species pairs. No species pairs have overlap values greater than 0.600. In general,
the proportion of species pairs with meaningful overlap was small. The species pair with
the highest overlap value is S. younghusbandi—P. dipogon (0.559); the species pairs with the
smallest overlap values (0) are composed of P. dipogon with other two species.
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The spatio-temporal niche overlap values of the main fish caught in the Lhasa River
Basin (Table 3) ranges from 0 to 0.535. Among them, there are three species pairs that
achieve meaningful overlap, accounting for 20% of the total species pairs, and there is no
significant overlap. There are 12 species pairs with insignificant overlap values (overlap
value < 0.3), accounting for 80% of the total species pairs. Among them, there are three
species pairs with the smallest overlap values. They are S. oconnori—C. auratus (0.003),
P. dipogon-T. stenura (0.001) and P. dipogon—C. auratus (0).

Table 3. Spatio-temporal niche overlap of main species in the Lhasa River.

S. younghusbandi S. waltoni S. oconnori  P. dipogon T. stenura
S. waltoni 0.096
S. oconnori 0.360 0.356
P. dipogon 0.535 0.027 0.023
T. stenura 0.038 0.028 0.027 0.001
C. auratus 0.023 0.039 0.003 0.000 0.153

4. Discussion
4.1. Niche Breadth Analysis of Fish Community in Lhasa River Basin and Its Subsidiary Wetlands

Niche breadth is an indicator of the diversity of resources utilized by the population,
and its size represents the environmental adaptability and resource utilization ability of
the population [1]. The size of the temporal niche breadth value reflects the length of the
time when the species appeared. When the temporal niche breadth value is large, this
indicates that the species are evenly distributed in the time series. On the contrary, if the
niche breadth value is small, its distribution in the time series is fluctuating, and there are
obvious low and high peaks. The time niche breadth of C. auratus, S. younghusbandi and
S. waltoni is large, which indicates that they have a long activity cycle in the Lhasa River
basin. S. younghusbandi and S. waltoni, as important native fish in Tibet, are mainly found
in the middle and upper reaches of the Yarlung Zangbo River in Tibet. They are endemic to
China and are suitable for growing and developing in areas with high altitudes and wide
temperature fluctuations [37]. The surveyed basin is widely spread, and covers the whole
Lhasa River basin. There are S. younghusbandi in four seasons and S. waltoni in three seasons,
which is related to their adaptability to altitude and temperature changes. It also shows
that the characteristics of water environment resources of Lhasa River are more suitable for
the growth and development of S. younghusbandi and S. waltoni. Among them, C. auratus, as
an invasive species, likes a hydrostatic environment and is mainly found in wetlands and
the lower reaches of the Lhasa River. Because of its strong adaptability, high tolerance to
various dissolved oxygen and water temperature environments, and diversity of spawning
grounds, it can be caught all year round [38,39]. Other species appear in a short period of
time, only in some seasons surveyed, and the temporal niche is small. It may be related to
the living habits of the population, such as feeding, migration and spawning. Because water
temperature is one of the important factors affecting the change in fish behavior [40], the
temperature change during the four seasons of a year has a direct impact on fish migration,
location transfer of fishing ground, cluster time and length. The niche breadth of fish
in the temporal dimension in the living basin may be related to the feeding, migration,
spawning and other living habits of the population. In this study, S. younghusbandi and
C. auratus appear in four seasons, but the temporal niche breadth value of S. younghusbandi
is relatively small, indicating that the distribution of S. younghusbandi is uneven in time
series, and there is a phenomenon of seasonal biomass surge. This phenomenon may
be related to the fact that S. younghusbandi overwinters in the Yarlung Zangbo River and
migrates to the Lhasa River for reproduction in spring [24,41-43].

Spatial niche breadth can reflect the distribution range and uniformity of species in
the spatial dimension [31]. In this study, the species with largest spatial niche breadth is
S. younghusbandi, indicating that its spatial distribution in the Lhasa River basin is the most
extensive. The niche breadth of S. waltoni is the smallest, indicating that it exists in some
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areas of the Lhasa River Basin, and its ability to use space resources is lower than other
main fish. If you want to protect both, you should carry out different protection strategies.
For example, the protection of S. waltoni should focus on regional areas.

The two-dimensional niche of space and time can reflect the utilization of temporal
and spatial resources and the competitive coexistence among different species [44]. Among
the main fish species collected in this study, the niche breadth values in spatial latitude
are quite different (mean =+ standard deviation: 2.109 £ 0.692), but there is no significant
difference in temporal latitude (mean + standard deviation: 1.003 & 0.165). Therefore,
the difference in the utilization of space resources has a great influence on the utilization
level and interspecific competition among fishes for space-time resources. This reflects the
impact of spatial variation on fish biomass in the surveyed waters. This can also provide
us with an idea for protecting these fish, and can be biased towards regional protection of
different fish, especially the protection of the main living environment.

Based on the clustering results, the main catches in the Lhasa River Basin were clus-
tered into five groups. The temporal niche breadth of the three fishes in group 1 and
group 2 is small, but the spatial niche breadth is large, the spatial distribution is wide, and
the seasonal distribution uniformity is low, which is greatly affected by seasonal changes.
Group 3 and Group 4 fish have the middle ecological niche species, and have strong utiliz-
ing ability in time and space. The fifth group of fish includes the fish with the largest niche
breadth in space-time and space among all fish. These fish have a strong ability to utilize
time and space resources.

4.2. Analysis of Overlapping Temporal, Spatial and Spatio-Temporal Niches

Niche overlap reflects the similarity of resource utilization among different species
and the potential competitive relationship. In the temporal dimension, the overlap value
between most fish reaches a meaningful level, which reflects that the main fish caught in
the Lhasa River Basin in this survey have a high degree of synchronization in the utilization
of Lhasa River resources in time. The Lhasa River is a branch river in the middle reaches of
the Yarlung Zangbo River. It is an important place for fish spawning, reproduction and
fattening [45]. The seasonal changes of its main caught fish are obvious. Many species
migrate to the Lhasa River for spawning, reproduction and fattening in spring and summer
when the water temperature is warm. In winter, when the water gets cold, some species
swim to the Yarlung Zangbo River [41,43]. Among them, the overlap value between the
species pairs of S. younghusbandi-S. oconnori, S. oconnori—P. dipogon and S. younghusbandi—
P. dipogon reaches more than 0.9. However, S. oconnori and P. dipogon do not appear in
winter, which may be related to their overwintering in the Yarlung Zangbo River [41,43,46].
What the data of the main fish species investigated in this study show are consistent with
the fact that the catches of most fish species in summer and autumn are higher than those
in winter and spring, resulting in generally high temporal niche overlaps of the main fish
species. S. younghusbandi appears in spring, summer, autumn and winter. Only in autumn
and winter, the catch was less, which was opposite to that of T. stenura; therefore, the
competition for time resources between species pairs is not strong, while the coexistence
relationship between species is strong. However, S. waltoni, S. oconnori, and P. dipogon all
appear in spring, summer and autumn, so the time niche overlap between species pairs
is higher, and the proportion of simultaneous occurrence is large, which has potential
competition for time resources. This also shows that temporal niche overlap can reflect the
similarity of species life histories in ecological communities.

In the spatial dimension, the niche overlap value of the main fish species in the
Lhasa River is generally low, and only 20% of the overlap value exceeds 0.300, indicating
that the interspecific competition is weak. The main reasons primarily lie in the large
area of this survey, the small number of sampling points, and the inability to obtain
sufficient data. What is more, the large altitude difference in the Lhasa River Basin, and
the more complicated waters are contributing to this. Different fishes require different
geographic environments for survival, and their ability to compete for spatial resources
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is strongly related to their feeding habits and living habits. The results show that the
spatial niche overlap value of C. auratus with other native fish does not reach a meaningful
level, revealing that C. auratus does not have a high degree of synchronization in the use
of space resources. However, this does not mean that crucian carp will not affect native
fish. According to the results of this survey and previous studies, C. auratus mostly exists
in the lower reaches of the Lhasa River and affiliated wetlands, and prefers a still water
environment. In this area, it is highly competitive with native fish [37,39]. For a specific
region, the analysis of and study on the competition or coexistence relationship among the
three species pairs may have different results.

If there are species pairs with niche overlap in multiple dimensions, there will be a
competitive relationship, and the multidimensional niche overlap value can be used as an
index of competition degree. Compared with the single overlap index, the spatio-temporal
dimensional niche overlap index takes into account the similarity of fish distribution in
time and space dimensions, so it can better reflect the utilization or degree of competition
for resources among fish species in the Lhasa River [1]. In this study, the species pairs
with significant spatial and temporal niche overlap values are S. younghusbandi-P. dipogon,
S. younghusbandi-S. oconnori, S. waltoni-S. oconnori. The overlap value of S. younghusbandi—
P. dipogon reaches 0.54, indicating that the two species have the same utilization trend of
temporal and spatial resources, and there is a certain interspecific competition or coexistence
relationship. The temporal and spatial overlap values of P. dipogon-T. stenura, P. dipogon—
C. auratus and S. oconnori-C. auratus are 0, 0.001 and 0.003, respectively. This shows that the
demand for the sharing of space-time resources is not high, and the potential competitive
relationship is not strong. Among them, the spatial and temporal niche overlap between
S. younghusbandi, S. oconnori, C. auratus and other species, or species pairs composed of
other species, is extremely high or extremely low. This is because the spatial variation of
these types is more obvious, and the two may or may not appear at the same time in a
certain area, resulting in this overlapping extreme value.

4.3. Implications of Niche Analysis on Fishery Resource Conservation

Dynamic monitoring of the species niche has far-reaching implications for species con-
servation, ecological stability and sustainable development of fishery resources. The results
of this study show that the main fish in the survey area are S. younghusbandi, P. dipogon,
S. waltoni, S. oconnori, T. stenura and C. auratus. According to the information reflected by
the niche, the niche breadth of the main fish is greatly affected by space, indicating that the
geographical areas of different fish are different. Some fish can be protected from their main
habitats, ‘spawning grounds, feeding grounds, and overwintering grounds’. Additionally,
the temporal, spatial and spatio-temporal niche breadth values of crucian carp are relatively
high. As an invasive species, it competes for resources with native fish from common
species such as T. stenura and S. waltoni, to dominant species, S. younghusbandi. Based on
the sampling information and previous studies [47], alien species are mainly distributed in
the downstream area. So, protecting these native fish, especially in the downstream area,
and reducing the invasion of alien species, may directly or indirectly increase the amount
of resources and catch production.

This paper analyzes the temporal, spatial and spatio-temporal niche breadth and over-
lap of the main fish in the Lhasa River, and discusses the ability of the main fish to utilize
environmental resources and interspecific competition for the first time. Multi-dimensional
niche analysis can explain the utilization of temporal and spatial resources by species in an
ecosystem during a certain period of time, and the competitive relationship and potential
among species, thus providing a reference for the management, conservation and sustain-
able development of fishery resources. Continuing the ecological niche survey, increasing
the number of sampling sites in space, expanding the dimension of time, and conducting
an inter-annual survey can render a more in-depth and more accurate understanding of the
temporal and spatial niche changes of the main fish in the Lhasa River. It provides a certain
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perspective for a more detailed understanding of the changes in the ecosystem of the Lhasa
River Basin, and provides ideas for formulating fishery resource management strategies.
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