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Abstract
Fundamental ecological information on the Chinese kissing loach (Leptobotia tchangi) was collected in the North Tiaoxi River, China, in September 2010. The length-frequency distribution calculated using FiSAT software showed the population structure of this kissing loach could be classified into four age groups suggesting that the life span of the loach should be 3 - 4 years. A stepwise
multiple linear regression analysis revealed that the density of this kissing loach was significantly
and positively correlated with water velocity, while the body size was significantly and positively
correlated with river bed pebble size. It suggested that water velocity and variation of pebble size
play important roles in the full life history of this kissing loach. Thus, maintenance of the rapid
current and variety of substrate are essential for the conservation of this species under the
present conditions in the river, which also can support river restoration being in harmony with
survival of this kissing loach.
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1. Introduction

Botiids are one of the beloved groups of fishes for the aquarists and amateur ichthyologists due to their attractive
and beautiful colours and interesting shapes of bodies [1]. However, with the destruction of their habitats in rivers, kissing loach (Parabotia curta) has been recognized as a critically endangered species in Japan since 2004
[2]-[4]. Another kissing loach, Leptobotia elongata, has also been listed as endangered species in China [5] [6].
For Botiidae, including the kissing loach, biological information such as development, growth, reproduction and
genetic diversity, have been reported [7]-[10]. However, a dispute in this family’s taxonomy still exists in China
because of overlapping distribution range among species and the highly variable morphology of their different
life stages [1] [11] [12].
Environmental variables, such as depth, velocity, substrate and conductivity have been considered to be important for stream-resident fishes [13]-[15]. Specialist species are often considered to be the “great losers” of the
past and current global changes, and trends in the abundance of these species are used as indicators of unsustainable development at national and international scales [16] [17]. To implement appropriate conservation
measures for any species, knowledge of the natural biology of the species in question is essential [18].
Leptobotia tchangi (Botiidae) is an endemic freshwater species around Tianmu Mountains in China [19]-[21].
It only inhabits in the middle-upper reaches of East Tiaoxi River, which originated from Tianmu Mountains, and
the altitude of studied reach is around 60 m. Nevertheless, the exact biology of L. tchangi has been poorly understood. This is the first study on the microhabitat preference and population structure of L. tchangi in its natural habitat, and this study is designed to: 1) determine the environmental variables that affect habitat use by different stages of L. tchangi and; 2) develop a microhabitat preference index for use in the conservation and management of this species.

2. Material and Methods
2.1. Study Area
The mountain channel, locally named the North Tiaoxi River, is one of tributaries of the Tiaoxi River which is
the largest river flowing into Taihu Lake and lies between 119˚37'30''-119˚57'42''E and 30˚22'44''-30˚33'32''N.
North Tiaoxi River originates in Shimen Mountain in the East Tianmu Mountains, and it has a catchment of
310.4 km2, and its overall length is 46.5 km to its confluence with the East Tiaoxi River with gradient of approximate 1/100. The North Tiaoxi River is composed of three main tributaries, namely the Baizhang Stream,
the Luniao Stream and the Taiping Stream (Figure 1). The stream’s substratum originates mostly the weathering

Figure 1. Sampling sites of L. tchangi in the North Tiaoxi River.
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and erosion of sandstones that form the valley and can be characterised as fine to coarse sand, gravel, cobbles
and boulders. The annual precipitation is about 1460 mm and the catchment has a humid subtropical climate
[22]. In recent decades, the North Tiaoxi River has been drastically modified for agricultural and domestic use
[19]. Levees and weirs have been constructed in several sections of the river which have resulted in changes in
flow velocities. Furthermore, the North Tiaoxi River has been utilized for numerous anthropogenic activities
such as embankment and drift [21]. The physico-chemical characteristics in the study sites is summarized in Table 1.

2.2. Sampling Methods
The survey was conducted at six sites in the North Tiaoxi River (Figure 1; Sites A-F) from 18th to 26th September, 2010. About 4 - 10 sub-sites were established each site so that the local conditions were roughly equal
within the respective sub-sites (Table 2). The fish samples were collected with an electrofisher (LR-24, SmithRoot, Vancouver, WA; Voltage: 200 V) at each sub-site. At last, 35 sub-sites were selected totally and the area
of sub-sites was from 6.0 to 46.2 m2. Although the “block-net” has been reported to be effective for the electrofishing [23], block-net was not applied in this study because the river was too large to enclose the whole subsite
area. Alternatively, 5 - 7 hand nets were used to prevent the escape of the fish, which were set beneath the electrofishing points. The one-pass electrofishing with roughly 20 minutes/10m2 was conducted for each subsite because multiple-pass electrofishing might exert adverse effect on L. tchangi and other fishes [24]-[26]. However,
to estimate the capture rate of the electrofishing for L. tchangi, electrofishing was conducted six times at one
sub-site in site B. The catchment rate was 73.8% ± 3.1% (Mean ± SE) by the DeLury method, which showed
one-pass electrofishing was valid in this study. All captive individuals of L. tchangi were counted and measured
their total length (TL) until 1 mm and then were released back to the river.
Table 1. The physicochemical characteristic in the established sampling sites
of North Tiaoxi River (September 2010).
Mean

SD

Min

Max

Water depth (cm)

25.22

7.84

16.13

52.00

Current velocity (cm/s)

45.17

37.19

1.57

138.78

Pebble size (cm)

16.50

7.75

7.29

30.14

Water temperature (˚C)

26.13

3.45

21.60

30.20

Dissolved oxygen (mg/L)

6.29

1.54

4.28

8.79

Conductivity (µs/cm)

170.22

37.97

98.50

195.40

pH

7.66

0.60

6.91

8.40

Turbidity (NTU)

13.99

10.48

4.36

32.00

Table 2. Sampling protocol at each site and its habitat characteristics.
Survey area (m2)

Habitat characteristics (mean)

No. of
sub-sites

Min.

Mean

Max.

T

DO

Con.

pH

Turb.

A

5

6

13.8

24.2

26.8

4.28

188.2

6.91

5.8

B

5

13.6

16.2

18.9

22.5

6.48

156.1

7.66

4.36

C

6

19.1

25.7

28.8

30.2

8.79

195.4

8.4

9.38

D

5

14.3

21.7

30

21.6

6.25

98.5

7.65

12.1

E

4

14.3

24.4

34.4

29.3

6.78

191.6

8.26

20.3

F

10

18

29

46.2

26.4

5.13

191.5

7.1

32

Site

Note: T: Water Temperature (˚C); DO: Dissolved Oxygen (mg/L); Con.: Conductivity (µs/cm); Turb.: Turbidity (NTU).
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Three environmental variables for microhabitat were measured at each sub-site such as water depth, water
velocity, and substrate size of river bed [15]. The three parameters were measured every three steps by walking
zigzag at each sub-site [27]. For instance, water velocity was measured near the bottom where the kissing loach
lived, while substrate size was measured the intermediate axis (width) of pebble which was selected randomly
[28] [29]. These three parameters were measured 8 - 11 times each sub-site, and the values of each factor were
averaged for each sub-site.

2.3. Data Analysis
To understand whether the L. tchangi density was correlated with the three parameters (depth, velocity and/or
pebble size), generalized linear mixed model (GLMM) was conducted, in which the depth, velocity and pebble
size were the explanatory variables and the relative density (individuals/m2) was the dependent variable. The site
was considered as the random effect. The stepwise selection was applied for the choice of effective predictors, in
which threshold of P value (Pin-out) was set 0.05. For the implementation of GLMM, the statistical software “R”
(version 2.92) was used and the function “glmmML” (glmmML package) was applied where the Poisson distribution was applied.
To understand whether the body size of L. tchangi was correlated with the three parameters, similar analysis
was conducted for average total length in respective sub-sites as dependent variable. The sub-sites where the
number of L. tchangi was less than three individuals were removed in this analysis. For the implementation of
the analysis of “R”, the function “lme” (package “nlme”) was applied.
Many previous studies have divided fishes into different age groups or cohorts on the basis of length-frequency distribution calculated using FiSAT [30]-[32]. Bhattacharya’s method to implement a FiSAT analysis
was applied to identify the cohorts of L. tchangi with different length-frequency distribution [33]. The size-frequency distribution of L. tchangi was computed at a 5 mm interval.

3. Results
3.1. Age Structure of L. tchangi Population in North Tiaoxi River
The length-frequency distribution and the results of the model analysis were presented in Figure 2. These models were assumed to correspond to distinct age groups or cohorts. The length-frequency distribution in the present study could grouped into four categories including the age class 0, age class 1, age class 2 and age class 3,
and their borders were estimated to be the valley points between the population curves of neighbouring age
classes. The total length of the age class 0, age class 1, age class 2 and age class 3 were 36.59 ± 2.98 mm (M ±
SD), 55.9 ± 8.21 mm, 75.68 ± 4.61 mm and 92.5 ± 5.05 mm, respectively (Table 3). Moreover, two individuals

Figure 2. Length-frequency distribution of L. tchangi superimposed with normal curve determined by using Bhattacharya’s methods.
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Table 3. Total length of L. tchangi for each age group in the North Tiaoxi River.
Age group
Class 0

Class 1

Class 2

Class 3

Total length (mm) (M ± SD)

36.59 ± 2.98

55.90 ± 8.21

75.68 ± 4.61

92.50 ± 5.05

Individuals

18

108

24

12

were located outside these four cohorts (Figure 2), which might indicate that few individuals can survive more
than 4 years. The number of young individuals (age class 0, 1) was much more than those older individuals (age
class 2, 3) (Table 3).

3.2. Microhabitat Preference for L. tchangi
The results of the stepwise multiple regression showed that the density of L. tchangi was significantly and positively correlated with water velocity only (Figure 3, Table 4), while water depth and pebble size were removed
by step forward selection which mean the density of L. tchangi was insignificantly related to water depth and
pebble size. However, the results of the stepwise multiple regression showed that the body size was significantly
and positively correlated with river bed pebble size (Figure 4, Table 4), while water depth and velocity were
removed by step forward selection. The results of the stepwise multiple regression showed the fish at different
stages were significantly correlated to different environmental variables (Table 5). Water depth and pebble size
were removed by step forward selection for age class 0 and age class 1. However, age class 0 preferred the site
of slow velocity, while age class 1 preferred the site of high velocity (Table 5). Water depth and velocity were
removed by step forward selection for age class 2 and age class 3, and the individuals at those two age classes
preferred to sites of large pebble size (Table 5). Therefore, large body size of L. tchangi preferred to large pebble size, whereas the small body size had a preference of riparian zone in where was small water velocity, and
medium body size prefers sites of high velocity.

4. Discussion
This is the first study on the microhabitat preference of stream fish in China. The number of individuals decreased rapidly from the age class 3 in the present study (Figure 2), suggesting that the life span of this species
should be 3 - 4 years, although a few individuals may survive to more than 4 years (Figure 2). Moreover, the
population distribution suggested that the population of L. tchangi in the North Tiaoxi River was a stable population (Table 3). Many studies have shown intraspecific differences between populations in terms of life-history traits, including age at first reproduction and reproduction life span, which can be related to environmental
variation or food availability [34] [35]. In previous studies of kissing loach in Japan, the spawning behaviour
and the rapid larval development of P. curta has been adaptation for the use of temporary waters as a spawning
ground and the rise in water level and the consequent formation of temporary waters appears to be crucial triggers for reproduction of the kissing loach, which can be used for conservation of kissing loach in Japan [2] [3] [36].
In addition, L. tchangi at different stages prefer to different habitat types. The distribution of L. tchangi in the
North Tiaoxi River was only between site F and near site A [19] [20], and it did not distribute in Taiping stream.
It might be different habitat types, such as riffle, pool, distribute continuously in the North Tiaoxi River, whereas “pool” occupied most Taiping stream. The height of weir over site F was more than 1.5 m without gap in
the weir which made by concrete. It can stop this kissing loach move to the upper reaches. However, the height
of weir over site A was only 0.5 m with gap in the weir, which can make the kissing loach, as well as other species pass the weir easily.
In the North Tiaoxi River, L. tchangi at age class 0 preferred clam water at riparian area, and then they moved
to the areas with rapid current at age class 1, and they moved to the areas with large pebble size in rapid areas
ultimately at age class 2 and class 3. It suggested that calm water at riparian area could provide a stable environment for development and growth of age class 0 or fertilized eggs, and large pebble size area could provide a
refuge for adult fish [36]. It suggested that the absolute amount of the pebbles might affect the relationship between fish size and pebble size. For example, larger fish might out-compete smaller fish for the large pebble in
streams with less large pebbles in the study stream. Slavík et al. have also shown the same substratum prefe-
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Figure 3. The relationship between fish density of L. tchangi and water velocity in
different sites.

Figure 4. The relationship between pebble size and average total length of L. tchangi
in different sites.
Table 4. Results of stepwise multiple regression analysis for fish density and total length of L.
tchangi.
Intercept (±SE)
Density
Total length
Note:

***

(−4.12 ± 0.29)

Water velocity [m/s] (±SE)

Pebble size [cm] (±SE)

***

(3.52 ± 0.30)

***

0.81
***

(30.3 ± 4.96)

(1.88 ± 0.27)

***

P < 0.001.
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R

0.68

Table 5. Stepwise multiple regression analysis using total length of L. tchangi at different
stages as dependent variables.
Age group

Intercept (±SE)
**

Class 0

(−3.15 ± 0.27)

**

Class 1

(65.86 ± 3.41)

(−1.42 ± 0.30)
(0.10 ± 0.03)

0.57
*

0.66

*

0.59

(0.48 ± 0.21)

**

(52.3 ± 4.36)

R
0.76

**

(71.39 ± 4.43)

Class 3

Pebble size [cm] (±SE)

**

**

Class 2

*

Water velocity [m/s] (±SE)

L. L. Huang et al.

(0.87 ± 0.26)

**

Note: P < 0.05; P < 0.01.

rence for spined loach (Cobitis sp.) [37]. Some studies have suggested that habitat availability affected habitat
preference of fish [15] [38]. Stream depth and water velocity could play an important role in microhabitat preference for fishes [13] [15] [39]. Voos and Lifton have suggested that bivariate habitat use of depth and velocity,
because a single factor might not be enough to describe habitat use in complex ecosystems [40]. In the present
study, neither of these two variables significantly related to the size of fish, whereas the significant relationship
between fish density and water velocity, and the significant correlation between fish size and pebble size were
revealed (Table 4). These results suggested that water velocity and substratum size should play an important
role in the growth of this kissing loach.
L. tchangi is an endemic freshwater fish in the North Tiaoxi River [19]. The present study was focused on the
microhabitat for living but not for the whole life stage of L. tchangi in the natural rivers. Therefore, the environmental variables such as physical-chemistry factors were not involved in this study. Characterising fish-habitat associations in streams have to be the first step in ecological restoration [41]. The present results including
habitat use availability and preference, allowed us to identify the relative importance of environmental factors
and to accurately describe preferred habitats of this kissing loach. In addition, as an endemic species, ecological
specialization of L. tchangi in the North Tiaoxi River remains unclear. Therefore, study of reproduction characteristic, feeding habitat of L. tchangi, which is very important information for fish conservation, will be put into
the schedule in the near future. River engineering exerts negative effect on fish diversity in the East Tiaoxi River
watershed, especially for endemic species [20]. Consequently, river restoration, which involves habitat creation
to match fish behaviour, may be beneficial to fish populations and compatible with river engineering.

5. Conclusion
The population structure of L. tchangi in the North Tiaoxi River could be classified into four age groups, which
suggested that the life span of this kissing loach should be 3 - 4 years. Water velocity and variation of pebble
size played important roles in the full life history of L. tchangi. For example, the density of L. tchangi was significantly and positively correlated with water velocity, while the body size was significantly and positively
correlated with river bed pebble size. Thus, maintenance of the rapid current and variety of substrate are essential for the conservation of L. tchangi under the present conditions in the river, which also can support river restoration being in harmony with survival of this kissing loach.
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