
Ecological niche and interspeci�c relationship of
dominant bryophyte communities in stone walls of
cities at different elevations, Guizhou, China
lixin duan 

Guizhou University
xiurong wang 

Guizhou University
Yingying Zheng 

Guizhou University
Yinfang Zhang 

Guizhou University

Article

Keywords:

Posted Date: October 16th, 2023

DOI: https://doi.org/10.21203/rs.3.rs-3430355/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

https://doi.org/10.21203/rs.3.rs-3430355/v1
https://doi.org/10.21203/rs.3.rs-3430355/v1
https://doi.org/10.21203/rs.3.rs-3430355/v1
https://creativecommons.org/licenses/by/4.0/


 1 

Ecological niche and interspecific relationship of dominant bryophyte 
communities in stone walls of cities at different elevations, Guizhou, China 

Lixin Duan ¹, Xiurong Wang ¹*, Yingying Zheng ¹, Yinfang Zhang ¹ 
¹ : College of forestry, Guizhou University, Guizhou 550025，China 

 

Abstract: To investigate the utilization characteristics and distribution patterns of major bryophyte 
communities on urban walls, we examined the bryophyte communities in stone walls at varying 
elevations. This study employed niche width and niche overlap indices, Chi-square Statistic Test, 
and association coefficient to analyze the species composition, niche characteristics, and 
interspecific associations within the bryophyte communities. The results showed that the stone 
walls across the four elevation gradients supported a total of 65 bryophyte species, including six 
liverwort species, but the dominant species varied from elevation to elevation E1~E4 
(989-1398m). Didymodon rufidulus, Didymodon ditrichoides, and Bryum argenteum had larger 
niche widths and were primarily distributed in the E3 elevation. In each elevation gradient, there 
was low niche overlap among the dominant bryophyte species. Interspecific association analysis 
revealed a significant negative association among bryophytes, suggesting the early stage of 
community succession. Among the elevation gradients, E4 displayed the weakest degree of 
bryophyte association, while E3 exhibited the strongest negative association and relative stability. 
The 16 dominant species of stonewall bryophytes could be categorized into three groups. These 
findings provide insights into the competition mechanism of wall bryophyte communities at 
different elevations and offer guidance for ecological restoration of wall vegetation. 
 

Niche is a fundamental concept in ecology used to analyze interspecific relationships and 
determine the mechanisms behind community formation. It not only elucidates the position of a 
population or individual within the ecological space of a community, specifically in terms of 
resource utilization [1] but also explains species coexistence and competition within a community 
[2]. The niche characteristics of community species primarily encompass niche width and niche 
overlap. Niche width reflects a species' capacity to utilize environmental resources effectively, 
while niche overlap measures the extent to which two species share and compete for specific 
resources [3]. Interspecific association refers to the spatial correlation between different species in 
a community, highlighting the interconnected relationships formed by community species within 
various habitats [4, 5]. Investigating the integration of niche and interspecific association provides a 
comprehensive understanding of species' resource utilization patterns, interspecific cooperation 
and antagonism, and overall community stability across spatial and temporal scales. Additionally, 
this research has practical implications for ecological restoration efforts [6, 7]. 

Bryophytes are primary colonizers during natural succession [8] and can thrive on diverse 
substrates, including bark and rocks [9]. They play a crucial role in urban ecosystems and 
contribute significantly to biodiversity [10, 11]. Extensive research has been conducted on bryophyte 
niches, primarily focusing on forest and urban ecosystems. For instance, two dominant matric 
moss communities found in nature reserves are situated in the early or middle stages of succession 
[12]. Brachythecium and Bryum caespiticium serve as pioneer species suitable for ecological 
restoration efforts in protected areas [13, 14]. The width of the urban bryophyte niche exhibits a 
significant correlation with habitat characteristics [15]. Urban soil bryophytes are mainly influenced 
by human disturbance and soil pH [16]. Bryophyte species distribution is shaped by multiple 
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driving factors within their ecological niche [17], including factors like elevation, precipitation, and 
temperature gradients that influence bryophyte structure, community dynamics, and population 
maintenance [18, 19]. Previous studies have revealed the significant impact of ecological niches on 
altitude gradients on the abundance and richness of tree epiphytes [17]. Furthermore, there are 
distinct differences in the ecological niche of bryophytes across various altitude gradients, 
enabling them to survive in diverse environments [20]. Gaining insights into the ecological 
requirements and relationships of dominant bryophyte species along altitudinal gradients during 
resource utilization is crucial for the effective management and restoration of urban ecosystems. 
Notably, there is a lack of research on bryophyte niches and interspecific linkages at different 
altitudinal gradients in urban ecosystems. 

Guiyang City, situated in the central part of Guizhou Province, is a representative karst 

mountainous city [21] characterized by significant variations in elevation and topography. 

Retaining walls constructed with stone matrices for slope protection are extensively found in 

urban areas, supporting diverse populations of plants and microorganisms [22]. Among these 

inhabitants, bryophytes have been observed to occupy a wide ecological niche [23]. Previous 

studies investigating plant niches and interspecific relationships in Guizhou have primarily 

concentrated on dominant communities of trees, shrubs, herbs, and phytoplankton in nature 

reserves [24], the Maolan karst area [25], mining areas [26], and reservoirs [27]. Nevertheless, there is a 

paucity of research specifically addressing wall bryophytes in urban areas. To date, investigations 

have solely examined the species diversity of wall bryophytes in Zhaobi Mountain, Guiyang [28], 

leaving the interaction and ecological relationship among moss community species at different 

elevations poorly understood. We speculate that the ecological niche of stone wall bryophytes in 

karst urban areas is greatly affected by the elevation gradient. Due to human disturbance and 

serious rock desertification, bryophyte communities on stone walls may demonstrate 

characteristics typical of early or intermediate stages of succession. These communities effectively 

utilize wall resources and the surrounding environment and may serve as pioneer species in 

restoring the karst urban ecosystem. 

Given the study's objectives, the dominant species of wall bryophytes in the urban area of 
Guiyang City were selected as the research focus. The study aimed to quantitatively analyze the 
species' niche characteristics, community connectivity, and interspecific associations across 
different altitudinal gradients. This analysis sought to elucidate how the dominant species of wall 
bryophytes respond to varying altitudinal gradients in terms of their ecological niche and 
interspecific relationships. By understanding the impact of altitude on the structure and function of 
bryophyte communities in the urban environment, this research can provide a scientific foundation 
for effectively conserving karst urban bryophyte resources. Additionally, it can offer theoretical 
and practical insights into the ecological restoration and reconstruction of wall vegetation. 
 

Results and analysis 

Species composition and niche width of bryophytes at different elevations 

There were a total of 65 bryophyte species belonging to 11 families and 27 genera observed 
in 120 stone walls located in Guiyang City. Among them, six species are liverworts. The dominant 
families at the four different elevations were Brachytheciaceae (20 species in 3 genera), Pottiaceae 
(18 species in 11 genera), and Bryaceae (7 species in 1 genus). At the E1 elevation range 
(989-1091m), there were 40 species of bryophytes observed, belonging to 8 families and 18 



 3 

genera, with Brachythecium buchananii being the dominant species. Within the E2 elevation range 
(1092-1193m), there were 39 species of bryophytes identified, belonging to 19 genera and 8 
families, with Thuidium kanedae as the dominant species. Similarly, the E3 elevation range 
(1194-1295m) contained 35 species of bryophytes across 20 genera and 11 families, with 
Pseudosymblepharis angustata being the dominant species. Finally, at the E4 elevation range 
(1296-1398m), a total of 34 species of bryophytes were recorded, representing 8 families and 16 
genera, with Eurhynchium laxirete as the dominant species. In conclusion, the number of 
bryophyte species observed on the stone walls decreased with increasing elevation. However, the 
overall difference was not significant, and there was a noticeable variation in the dominant species 
among different elevations. 

As shown in Table 1, the Levins niche widths of the 16 dominant species within the wall 
bryophyte community varied with increasing altitude. Among these species, Didymodon rufidulus, 
Didymodon ditrichoides, and Bryum argenteum exhibited the widest niche widths across all 
elevations, measuring 10.002, 11.896, and 12.546, respectively. This indicates that these species 
possess a broad ecological range and effectively utilize environmental resources. Conversely, there 
were 9 bryophyte species with a niche width of 1.000, implying that they appeared less frequently 
within each altitude gradient. For instance, Thuidium kanedae had a niche width of 1.000 at all 
four elevations, signifying its limited ecological adaptation range. Furthermore, it was worth 
noting that the same species displayed significant variations in niche width at different elevations. 
For example, Weissia edentula exhibited a higher niche width at the E1 (989-1091m) elevation but 
a lower niche width at other elevations. 

Table1 Levins niche widths of dominant bryophyte species in stone walls at different elevations in urban areas 

Number Family Genus Species 

elevations 

E1 E2 E3 E4 

S1 Pottiaceae Pseudosymblepharis Broth Pseudosymblepharis angustata (Mitt.) Hilp 1.000 1.693 1.000 2.817 

S2 Pottiaceae Weissia Hedw Weisia controversa Hedw 4.918 2.420 5.140 7.018 

S3 

Brachytheci

aceae 

Brachythecium Bruch & 

Schimp 

Brachythecium fasciculirameum Müll. Hal 
1.000 2.907 1.000 1.828 

S4 Pottiaceae Didymodon Hedw Didymodon rufidulus (Müll. Hal.) Broth 7.445 5.787 10.002 8.536 

S5 Pottiaceae Didymodon Hedw 
Didymodon ditrichoides (Broth.) X. J. Li & S. 

He 
3.079 7.282 11.896 3.474 

S6 Thuidiaceae Haplocladium Müll. Hal Haplocladium microphyllum (Hedw.) Broth 3.621 5.190 1.000 3.383 

S7 Pottiaceae Barbula Hedw Barbula unguiculata Hedw 1.000 1.000 1.000 1.694 

S8 Bryaceae Bryum Hedw Bryum dichotomum Hedw 4.413 2.866 6.777 1.000 

S9 

Brachytheci

aceae 

Eurhynchium Bruch & Schimp 
Eurhynchium laxirete Broth 

3.011 1.000 1.000 1.000 

S10 

Brachytheci

aceae 

Brachythecium Bruch & 

Schimp 

Brachythecium piligerum Cardot 
4.584 2.586 4.612 7.488 

S11 Pottiaceae Weissia Hedw Weissia edentula Mitt 6.689 2.019 2.917 1.342 

S12 Thuidiaceae Thuidium Bruch & Schimp Thuidium kanedae Sakurai 1.000 1.000 1.000 1.000 

S13 

Brachytheci

aceae 

Brachythecium Bruch & 

Schimp 

Brachythecium brotheri Paris 
4.469 1.475 2.971 3.485 

S14 Pottiaceae Hyophila Brid Hyophila nymaniana (M. Fleisch.) Menzel 4.449 2.968 1.000 3.578 
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S15 Pottiaceae Didymodon Hedw 
Didymodon constrictus (Mitt.) Saito. var. 

constrictus 
1.000 1.768 6.000 1.000 

S16 Bryaceae Bryum Hedw Bryum argenteum Hedw 3.662 2.682 12.546 6.703 

Niche overlap of dominant bryophyte species at different elevations 

The table below shows the niche overlap values of dominant species at different altitude 
gradients (Table 2). When the overlap value exceeds 0.5, the number of species pairs at altitudes 
E1 (989-1091m), E2 (1092-1193m), and E3 (1194-1295m) are the same, with 5 pairs (4%) at each 
altitude, while at altitude E4 (1296-1398m) there are 2 pairs (2%). For the remaining species pairs, 
the overlap value was below 0.5. These results suggest that the niche overlap values in this area's 
different altitudinal gradients are low. This may be due to resource niche differentiation caused by 
the similar adaptability of moss species within the same genus. Among these species, Didymodon 
rufidulus, Didymodon ditrichoides, and Bryum argenteum have the widest niches. Their average 
niche overlap values with other bryophytes are 0.187, 0.210, and 0.214, respectively. The niche 
overlap between the narrowest Thuidium kanedae and most bryophytes was either low or 
non-existent, but some exceptions have high overlap, such as Brachythecium brotheri. This 
indicates that there is no linear relationship between niche width and niche overlap. Additionally, 
the logarithmic ranges of each ecological overlap are 49, 40, 49, and 44, respectively. This 
suggests that E1 (989-1091m) and E3 (1194-1295m) have the greatest distribution dispersity, 
while E2 (1092-1193m) has the smallest. Overall, the niche overlap of dominant bryophyte 
species at each elevation gradient is low, indicating minimal species competition and a tendency to 
coexist, with similar resource utilization. 

Table2 Niche overlap of dominant bryophyte species in stone walls at different elevations in urban areas 

Species S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 

S1  0.23 0.00 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 

S2 0.00  0.00 0.28 0.00 0.00 0.35 0.00 0.05 0.23 0.16 0.00 0.26 0.00 0.00 0.06 

S3 0.00 0.00  0.00 0.37 0.00 0.00 0.00 0.00 0.60 0.28 0.00 0.00 0.29 0.00 0.28 

S4 0.10 0.59 0.00  0.00 0.06 0.00 0.00 0.05 0.34 0.65 0.35 0.51 0.00 0.00 0.16 

S5 0.00 0.14 0.14 0.01  0.00 0.00 0.02 0.00 0.35 0.15 0.00 0.00 0.75 0.00 0.33 

S6 0.00 0.00 0.07 0.01 0.14  0.00 0.18 0.28 0.00 0.05 0.00 0.00 0.15 0.16 0.00 

S7 0.00 0.00 0.00 0.00 0.00 0.48  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

S8 0.16 0.00 0.00 0.12 0.10 0.03 0.00  0.00 0.03 0.00 0.00 0.00 0.00 0.17 0.12 

S9 0.00 0.00 0.00 0.00 0.07 0.16 0.00 0.00  0.05 0.11 0.00 0.00 0.16 0.00 0.00 

S10 0.00 0.52 0.00 0.36 0.20 0.00 0.00 0.00 0.00  0.54 0.00 0.09 0.17 0.00 0.24 

S11 0.00 0.28 0.00 0.19 0.00 0.00 0.76 0.00 0.00 0.28  0.00 0.20 0.13 0.00 0.27 

S12 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.46 0.00 0.00 0.17 

S13 0.00 0.00 0.00 0.13 0.00 0.60 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.10 

S14 0.00 0.00 0.14 0.00 0.12 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.34 

S15 0.00 0.40 0.00 0.30 0.11 0.00 0.00 0.16 0.00 0.65 0.30 0.00 0.00 0.00  0.00 

S16 0.04 0.07 0.00 0.18 0.00 0.00 0.00 0.05 0.00 0.02 0.01 0.00 0.00 0.00 0.00  

Note: The species numbers are the same as in Table 1. The upper triangle of the table is the E1 niche overlap, and the lower triangle is the E2 niche overlap 

Species S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 

S1  0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

S2 0.32  0.00 0.53 0.03 0.00 0.33 0.37 0.00 0.33 0.08 0.00 0.39 0.00 0.14 0.24 

S3 0.00 0.00  0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 
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S4 0.28 0.35 0.13  0.13 0.00 0.00 0.23 0.05 0.21 0.04 0.05 0.32 0.22 0.03 0.35 

S5 0.00 0.05 0.00 0.02  0.17 0.00 0.32 0.21 0.03 0.13 0.21 0.29 0.00 0.10 0.53 

S6 0.00 0.00 0.00 0.02 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.26 

S7 0.00 0.34 0.00 0.00 0.00 0.06  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.42 0.00 

S8 0.00 0.15 0.00 0.00 0.00 0.00 0.00  0.00 0.13 0.08 0.00 0.33 0.00 0.16 0.43 

S9 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.65 0.00 0.00 0.00 

S10 0.24 0.10 0.12 0.40 0.21 0.06 0.14 0.00 0.00  0.10 0.00 0.00 0.17 0.00 0.28 

S11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02  0.00 0.00 0.00 0.24 0.09 

S12 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.65 0.00 0.00 0.00 

S13 0.00 0.29 0.00 0.06 0.07 0.03 0.07 0.00 0.00 0.14 0.00 0.00  0.00 0.00 0.10 

S14 0.30 0.17 0.00 0.08 0.32 0.00 0.00 0.00 0.00 0.36 0.57 0.00 0.09  0.00 0.00 

S15 0.00 0.00 0.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.14 

S16 0.12 0.35 0.00 0.25 0.25 0.20 0.00 0.00 0.00 0.12 0.19 0.24 0.03 0.28 0.00  

Note: The species numbers are the same as in Table 1. The upper triangle of the table is E3 niche overlap, and the lower triangle is E4 niche overlap 

The relationship between the advantages of bryophytes at different elevations 

Overall Connectedness 

The calculated results of the population association for the dominant species of wall 
bryophytes are presented in Table 3. The variance ratio (VR) value indicates an overall negative 
association among the major species, as VR < 1 for all elevations. Additionally, none of the test 
statistics fall within the limit 𝜒0.95,302 ＜Ｗ＜𝜒0.05,302 , signifying a significant deviation of VR from 
1 and thus indicating a substantial association between species (P < 0.05). Consequently, there is a 
significant negative correlation observed in the overall relationship between bryophyte dominance 
at different elevations within urban areas. 

Table3 Overall association of dominant bryophyte species in stone walls at different elevations in urban areas 

Elevation Variance ratio (VR) Statistic (W) χ²（χ0.95,302 ，χ0.05,302 ） Results 

E1 0.25 7.37 [18.49,43.77] Significant negative correlation 

E2 0.40 12.04 [18.49,43.77] Significant negative correlation 

E3 0.19 5.81 [18.49,43.77] Significant negative correlation 

E4 0.20 5.57 [18.49,43.77] Significant negative correlation 

Correlation of bryophyte dominance 

A chi-square statistic test was conducted on 120 pairs of dominant lichen species found on 
walls at various elevations, and the results are presented in Table 4 and Supplementary Table 1. 
The logarithms of positive associations in the four elevation gradients were smaller than those of 
negative associations, representing 24.17%, 18.33%, 20.83%, and 20.83% of the total species 
logarithms, respectively. The logarithms of negative associations were significantly higher than 
those of positive associations. The significant association ratio of bryophyte pairs in the four 
altitude gradients was low, suggesting a weak degree of interdependence among bryophytes. The 
bryophyte community as a whole exhibited independent distribution rather than association 
distribution, indicating an early stage of succession. 

Table 4 χ² test table of species pairs of dominant bryophyte species in stone walls at different elevations in urban areas 

Elevation 

Positive correlation (Proportion of total species pairs) Negative correlation (Proportion of total species pairs) 

Distinctly 

significant 

(P≤0.01） 

Significant 

(P≤0.05） 

Not 

significant (P

＞0.05） 

Sum Distinctly 

significant 

(P≤0.01） 

Significant 

(P≤0.05） 

Not 

significant (P

＞0.05） 

Sum 
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E1 2（1.67%） 1（0.83%） 26（21.67%） 29（24.17%） 2（1.67%） 2（1.67%） 87（72.50%） 91（75.83%） 

E2 6（5.00%） 2（1.67%） 14（11.67%） 22（18.33%） 2（1.67%） 3（2.50%） 93（77.50%） 98（81.67%） 

E3 2（1.67%） 3（2.50%） 20（16.67%） 25（20.83%） 6（5.00%） 3（2.50%） 86（71.67%） 95（79.17%） 

E4 2（1.67%） 5（4.17%） 18（15.00%） 25（20.83%） 4（3.33%） 3（2.50%） 88（73.33%） 95（79.17%） 

The division range of interspecific association coefficients (AC) varied among each altitude 
gradient (Fig. 1). The AC value of E3 (1194-1295m) ranged from 0.06 to -0.79, with the maximum 
value of 0.06 being the lowest among all altitudinal gradients. This suggests that the negative 
association between bryophyte species was strongest at this altitude and remained relatively stable. 
At elevations E1-E4 (989-1398m), there were 36, 15, 30, and 2 pairs of bryophyte species that 
showed positive connections, while 84, 105, 90, and 118 pairs showed negative connections. The 
highest number of positively connected dominant species pairs was observed at E1 (989-1091m) 
elevation, while the highest number of negatively connected dominant species pairs was observed 
at E4 (1296-1398m) elevation. This indicates that the degree of bryophyte connection was weakest 
and the number of independently distributed species pairs was largest at E4 (1296-1398m) 
elevation. 
E1 

 

E2 

E3 

 

E4 

Fig.1 Half-matrix of AC values of correlation between the advantages of bryophytes in stone walls at different elevations 

Correlation degree of bryophyte dominance 

The Pearson correlation coefficient can be further validated using the χ² test to assess the 
potential degree of co-occurrence between two species [29]. The results of the test (Fig. 2) indicate 
that the number of species positively associated with E1-E4 (989-1398m) was 26 (21.67%), 24 
(20.00%), 22 (18.33%), and 32 (26.67%) respectively. There were 8, 10, 6, and 2 species pairs that 
showed extremely significant and significant positive associations, respectively. The number of 
species with negative associations were 94 (78.33%), 96 (80.00%), 98 (81.67%), and 88 (73.33%), 
while the species pairs with significant negative associations were 1, 0, 2, and 0, respectively. 
Most of the species pairs were not significantly correlated and the correlation was weak. In 
summary, the number of species with negative associations was significantly higher than the 
number of species with positive associations, indicating that most species are not closely related to 
each other and the interspecific connection is weak. The influence between species in the growth 
process is minimal, indicating strong interspecific independence and susceptibility to external 
disturbances. 
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S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

*

* **

** ** *

**

**

**

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

0.30

-0.22 -0.24

0.42 0.24 -0.21

-0.22 -0.35 0.60 -0.42

-0.17 -0.32 -0.24 -0.36 -0.19

-0.032 0.53 -0.18 -0.19 -0.17 -0.11

-0.13 -0.29 -0.18 -0.42 -0.18 0.23 -0.078

-0.15 -0.18 -0.16 -0.27 -0.14 0.42 -0.085 -0.12

-0.16 0.018 0.80 0.19 0.37 -0.38 -0.19 -0.32 -0.23

-0.059 -0.017 0.35 0.63 0.0035 -0.35 -0.23 -0.42 -0.16 0.68

-0.010 -0.073 -0.24 0.43 -0.24 -0.19 -0.12 -0.15 -0.17 -0.22 -0.074

0.0061 0.23 -0.28 0.62 -0.36 -0.32 -0.096 -0.29 -0.26 -0.12 0.13 0.71

-0.23 -0.40 0.45 -0.50 0.92 0.0021 -0.18 -0.19 0.055 0.14 -0.12 -0.25 -0.41

-0.11 -0.18 -0.18 -0.27 -0.17 0.25 -0.056 0.31 -0.049 -0.26 -0.28 -0.12 -0.18 -0.15

0.11 -0.26 0.42 -0.090 0.47 -0.33 -0.22 -0.072 -0.28 0.25 0.16 0.040 -0.14 0.42 -0.22
-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

E1  
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

** ** **

**

* *

** **

**

**

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

-0.16

-0.12 -0.29

-0.010 0.81 -0.34

-0.21 -0.035 0.034 -0.34

-0.17 -0.39 -0.10 -0.37 -0.11

-0.094 -0.23 -0.10 -0.24 -0.15 0.65

0.15 -0.082 -0.21 -0.015 -0.15 -0.24 -0.15

-0.071 -0.19 -0.083 -0.20 0.0046 0.16 -2.5E-4 -0.13

-0.18 0.78 -0.26 0.56 0.088 -0.37 -0.22 -0.066 -0.18

-0.051 0.30 -0.25 0.24 -0.20 -0.32 -0.20 0.88 -0.16 0.31

-0.071 -0.20 0.63 -0.21 -0.12 -0.13 -0.087 -0.14 -0.065 -0.20 -0.17

-0.11 -0.21 -0.14 -0.068 -0.20 0.77 0.15 -0.18 -0.010 -0.23 -0.22 -0.11

-0.11 -0.25 0.15 -0.30 0.023 -0.033 -0.068 -0.18 -0.063 -0.23 -0.22 -0.033 -0.10
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Fig.2 Half-matrix of Pearson correlation coefficient between bryophyte dominance pairs at different elevations. (*:p≤0.05, **:p≤0.01) 

Ecological species group 

Species with similar ecological niches and habits within a community can be categorized as 
an ecological species group [30]. In this study, 16 dominant bryophytes were grouped into three 
ecological species groups based on cluster analysis (Fig. 3) and principal component analysis (Fig. 
4) sequencing, taking into account the correlation of species' ecological habits, interspecific 
associations, and habitat characteristics. 

Group I, consisting of six species, includes Pseudosymblepharis angustata (S1), 
Brachythecium fasciculirameum (S3), Barbula unguiculata (S7), Eurhynchium laxirete (S9), 
Thuidium kanedae (S12), and Didymodon constrictus (S15). This group exhibits the smallest 
ecological adaptation range, strong species independence, loose distribution, and weak 
interspecific associations. Most of these dominant species prefer shade and moisture, primarily 
distributed in wet rocks, rock surface soil, and wet forest land at elevations E1 (989-1091m) and 
E3 (1194-1295m). 

Group II comprises five species: Haplocladium microphyllum (S6), Bryum dichotomum (S8), 
Weissia edentula (S11), Brachythecium brotheri (S13), and Hyophila nymaniana (S14). These 
bryophytes exhibit a wider niche width at E1 elevation (989-1091m), but their occurrence 
frequency was low at other altitudes. The interspecific association among them was weak, and 
they were primarily found on the soil and rocks surrounding roadsides and buildings. 

Group III consists of five species: Weisia controversa (S2), Didymodon rufidulus (S4), 
Didymodon ditrichoides (S5), Brachythecium piligerum (S10), and Bryum argenteum (S16). 
Among these, the dominant bryophyte species at E3 elevation (1194-1295m) exhibit the widest 
niche width and a strong positive interspecific association, indicating their similar ecological 
characteristics. Most of these dominant species belong to the light-tolerant, drought-tolerant, 
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barren-tolerant, and ecologically adaptable species of Brachybryaceae, which were widely 
distributed in the initial stages of stone wall plant community succession. Hence, they can serve as 
preferred pioneer species for ecological restoration in artificial vegetation within this region. 
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Fig. 3 Cluster analysis of dominant bryophyte species in stone wall at different elevations 

Note:The species numbers are the same as in Table 1 
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Fig. 4 PCA 2D ranking map of 16 bryophyte species based on niche width values 

Note:The species numbers are the same as in Table 1 

Discussion 
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A total of 65 species, including six species of liverworts, belonging to 27 genera and 11 
families were found in the stone wall bryophytes of Guiyang City. The average annual relative 
humidity in this study area is 77%, which classifies it as a high-humidity area in China. This high 
humidity enables the wall bryophytes to obtain sufficient water from the air, thus creating highly 
favorable environmental conditions for their growth. Brachytheciaceae, Pottiaceae, and Bryaceae 
were widely distributed on stone walls. These mosses are capable of thriving in extreme 
environments characterized by drought, nutrient deprivation, and cold [31]. Moreover, elevation can 
serve as a strong predictor for the species composition and abundance of stone wall bryophytes [23]. 
In this study, it was observed that the number of bryophyte species decreases with increasing 
altitude, although the overall difference is small. Additionally, the dominant species vary across 
different altitude gradients, which aligns with the findings of Jin Yalin's research [32]. 

Niche width is an indicator of a species' status and role within a community [33]. The study 
results revealed that Didymodon rufidulus, Didymodon ditrichoides, and Bryum argenteum 
exhibited the widest niche widths across all elevations. These species were found in the E3 
(1194-1295m) elevation range. Previous research has indicated that as altitude increases, 
temperature variability also increases, resulting in greater niche width plasticity for genetic species. 
Furthermore, species at middle and high altitudes are more likely to occupy larger ranges [34].  

Additionally, Didymodon can serve as a climate change indicator in the Tibetan Plateau [35], 
while the three bryophytes mentioned demonstrate better adaptability and drought tolerance in the 
challenging stone wall environment [31, 36]. Consequently, these moss species can effectively utilize 
the resources available within the stone wall habitat, enabling them to establish stable populations 
at this specific altitude. However, the nine bryophyte species with a niche width of 1.000 
displayed relatively weak utilization and adaptation to environmental resources. This indicates that 
differences in resource utilization capacity and niche width among species are not solely 
determined by habitat selection but also by long-term species adaptation to their environment [37, 

38]. Furthermore, the same species may exhibit significant variations in niche width across 
different altitudinal gradients. This could be attributed to the direct influence of altitude on solar 
radiation and precipitation redistribution, which subsequently affects bryophyte growth at varying 
altitudinal gradients [39]. Therefore, greater attention should be given to variations in plant niches 
and species characteristics in communities at different elevations when formulating plant 
restoration strategies. 

Niche overlap values are indicative of the competition among populations sharing the same 
resources [40]. The findings of this study reveal a low niche overlap among 16 species of stone wall 
moss in Guiyang City. This could be attributed to most species coexisting through niche 
differentiation at their resource sites, thus minimizing inter-specific resource competition and 
resulting in a low level of niche overlap [41]. For instance, the ample availability of water in the 
stone wall habitat satisfies the needs of individuals within the community, allowing for the 
coexistence of moss species with similar resource utilization patterns [37]. Furthermore, the 
relationship between niche width and niche overlap value in this study is complex and does not 
follow a simple linear pattern. Previous research has demonstrated that species with smaller niche 
widths may exhibit larger niche overlaps due to similar or complementary resource requirements 
stemming from shared biological characteristics [42, 43]. Additionally, this study observed a higher 
distribution dispersity of niche overlap values in the E1 (989-1091m) and E3 (1194-1295m) 
altitudes, indicating relatively intense competition. Relevant studies have shown that plants along 
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vertical gradients exhibit distinct population distribution patterns and separated ecological niches 
as a result of long-term interaction and habitat adaptation, particularly light factors [44]. 

Interspecific associations reflect the stability of plant communities and serve as a crucial 
parameter for vegetation succession [45]. In general, the dominant species of stone wall bryophytes 
in the four elevations in an urban area exhibited significant negative correlations, indicating the 
community structure and species composition are in the early stage of unstable succession. This 
phenomenon may be attributed to the influence of environmental stress from the walls, the 
necessity for plant species to possess adequate environmental tolerance for survival, the 
insignificant impact of interspecific cooperation and coexistence [46-48], and the greater influence 
of external factors. Concurrently, the bryophyte species in E4 (1296-1398m) displayed the highest 
levels of independent distribution among species pairs. Previous studies have demonstrated that 
altitude can affect niche selection, with certain species exhibiting pronounced growth advantages 
in high-altitude areas [49]. The strong negative correlation observed in the elevation gradient of E3 
(1194-1295m) suggests that the bryophyte community at E3 (1194-1295m) elevation is relatively 
stable, with most stone walls in this altitude area located in parks with diverse vegetation, similar 
stone wall types, and minimal environmental impact differences. In addition, the classification of 
ecological species groups enables a thorough analysis of the structure and function of plant 
communities. In this study, 16 dominant bryophyte species were categorized into three groups. 
Group III exhibited the widest ecological adaptation range at E3 elevation (1194-1295m). 
Furthermore, the prevalence of Sphagnaceae reaffirms the superior ecological adaptability of 
drought-tolerant sphagnaceae in arid and resource-poor wall environments [50]. These species can 
serve as pioneer species for the ecological restoration of stone walls in the area. 

The examination of the ecological niche and interspecific association characteristics of stone 
wall moss species in Guiyang City enhances comprehension of bryophyte distribution patterns 
across varied elevation gradients. In addition, it offers significant scientific knowledge to support 
the preservation of biodiversity and ecological reconstruction in karst territories. It should be 
noted that altitude is merely one among numerous environmental factors that impact the 
distribution of wall bryophytes. Future studies should incorporate environmental data from the 
area to comprehensively analyze other factors affecting the distribution of bryophyte species and 
their interspecific relationships. Future research should include environmental data from the 
region to provide a thorough analysis of additional factors impacting the distribution of bryophyte 
species and their inter-species relationships. 
 

Conclusion 

(1)The findings revealed that the stone walls across four elevation gradients supported a total 
of 65 bryophyte species, including six liverwort species, but the dominant species varies from 
elevation to elevation. Brachythecium buchananii was the dominant species in E1 (989-1091m), 
Thuidium in E2 (1092-1193m), Pseudosymblepharis angustata in E3 (1194-1295m), and 
Eurhynchium laxirete in E4 (1296-1398m). 

(2)The niche analysis showed that Didymodon rufidulus, Didymodon ditrichoides, and Bryum 
argenteum had larger niche widths and were primarily distributed in the E3 elevation. In each 
elevation gradient, there was low niche overlap among the dominant bryophyte, indicating 
minimal species competition and a tendency for coexistence. 

(3)Interspecific association analysis revealed a significant negative association among the 
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moss species, suggesting a weak interdependence and independent distribution of each species, 
and the early stage of community succession. Among the elevation gradients, E4 displayed the 
weakest degree of bryophyte association and the largest number of independently distributed 
species pairs, while E3 exhibited the strongest negative association and relative stability. 

(4)Cluster analysis and principal component analysis demonstrated that the 16 dominant 
species of stonewall bryophytes could be categorized into three groups, with group Ⅲ exhibiting 
the widest niche width. Species within this group can be considered pioneer species for ecological 
restoration efforts on stonewalls. 

 

Materials and methods 

Study area 

Guiyang City (106°07 '-107° 17'E, 26°11' -26° 55'N) is a significant central city in 
southwestern China, situated amidst mountains and hills, making it a prime example of a karst 
region. The terrain varies greatly, with higher elevations in the southwest and lower elevations in 
the northeast, resulting in a substantial elevation range (880-1659m) [51]. The climate is 
characterized as subtropical humid, with an average annual temperature of 15.3°C, an average 
annual relative humidity of 77%, and an annual precipitation of 1129.5mm. Due to the karst 
topography and the presence of residual mountains within the urban area, there are numerous 
retaining walls and slope protection walls. Stone walls are widespread throughout the urban area 
of Guiyang City, providing an environment for the settlement and growth of urban plants. 
Research methods 

The geographical elevation data (DEM) for the built-up area of Guiyang City was obtained 
from the geospatial data cloud at http://www.gscloud.cn/. Subsequently, the elevation of the study 
area was extracted using ArcGIS 10.2. The elevation of Guiyang City's built-up area ranges from 
989m to 1398m and was categorized into four altitude gradients based on equal height difference 
intervals in ArcGIS 10.2: E1 (989-1091m), E2 (1092-1193m), E3 (1194-1295m), and E4 
(1296-1398m). To establish a sample size of 30 representative community areas per altitude 
gradient, a total of 120 plots were selected and numbered according to the respective altitude 
gradient (Fig. 5). Each plot represents a stone wall. The stone walls are divided into large squares, 
with each square being further divided into three mesoid squares (2m x 2m) to collect wall 
bryophytes. Using the community minimum area method, within each medium quadrate, five 
small quadrants (10cm×10cm) were identified using metal frames for sampling and recording 
coverage, habitat, elevation, and other relevant information. A total of 1804 bryophyte specimens 
were collected and subsequently identified to species level using the reference texts "Volumes 1–3 
of Bryophyte Flora of Guizhou China" and "Atlas of Bryophytes of Guizhou (Xiomi Species 
Volume)" [52-55]. The bryophyte specimens are currently housed in the bryophyte herbarium of the 
College of Forestry at Guizhou University . 
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Fig. 5 Map of bryophytes at different elevations of stone walls in Guiyang City 

Statistical analysis 

The bryophyte species that dominate the analysis must be present simultaneously in each 
elevation gradient [56] and have a total importance value exceeding 0.50. The Levins niche width, 
Pianka niche overlap value, overall connectivity, χ² statistic, and degree of connectivity were 
calculated using the functions niche width(), niche.overlap(), sp. assoc(), and sp. pair() in the spa 
package of R3.5.1 software, based on their respective importance values. Pearson correlation 
analysis, cluster analysis, and principal component analysis were conducted using OriginPro9.0 to 
examine the relationships among plant pairs. 
Data processing and analysis 

Importance value 

The relative coverage and relative frequency of bryophytes are used to calculate the 
ecological importance value of bryophytes [16]. The calculation formula is as follows: 

                                L=(MI+NI)/2                                 (1) 
Where L is the ecological importance value; MI is relative coverage; and NI is the relative 

frequency. Relative coverage = average coverage of one bryophyte/sum of average coverage of all 
bryophyte species, relative frequency = frequency of one bryophyte/sum of frequency of all 
bryophyte species. 
Niche width 

The Levins niche width [29] is as follows: 

                                  𝐵𝐿 = 1/∑ 𝑃𝑖𝑗²rj=1                              

(2) 
Where, 𝑃𝑖𝑗 is the ratio of the importance value of species i on resource bit j to the sum of the 

importance value of species i on all resource bits, and r is the total number of resource bits. 
Niche overlap 
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The Pianka index calculates the niche overlap between species pairs [29] as follows: 𝑂𝑖𝑘 = ∑ 𝑃𝑖𝑗𝑟𝑗=1 𝑃𝑘𝑗/√(∑ 𝑃𝑖𝑗²𝑟𝑗=1 )(∑ 𝑃𝑘𝑗²𝑟𝑗=1 )                   (3) 

Where, 𝑂𝑖𝑘 is the niche overlap index of species i and k; 𝑃𝑖𝑗 And 𝑃𝑘𝑗 are the important 
values of species i and species k on resource j, respectively. 
Overall Connectedness 

Schluter's [57] variance ratio (VR) test method was employed to assess the overall correlation 
level within plant communities and determine the significance of correlation coefficients. 𝛿𝑇² = ∑ 𝑃𝑖(1 − 𝑃𝑖)𝑆𝑖=1                            (4) 𝑆𝑇² = (1𝑁)∑ (𝑇𝑗 − 𝑡)𝑁𝑗=1                          (5) 𝑉𝑅 = 𝑆𝑇² /𝛿𝑇²                                 (6) 𝑝𝑖 = 𝑛𝑖/𝑁                                (7) 

                                   W=N×VR                                 (8) 
Where S is the total number of species, N is the total number of quadrats, 𝑇𝑗 is the number of 

species in the j quadrat, 𝑛𝑖 is the number of species in the i quadrat, and t is the average number 
of species in the quadrat. 

Under the independence hypothesis, VR=1, when VR > 1, the plant community is positively 
connected, and when VR < 1, the plant community is negatively connected. There are positive 
associations, negative associations, and non-association among plant communities [58]. In addition, 
since positive and negative associations between species can cancel each other out, statistical W is 

used to further examine the degree to which VR values deviate from 1. When 𝜒0.95,𝑁² < W <𝜒0.05,𝑁² , 

there was no significant correlation between species; On the contrary, there is a significant 
correlation between species. 
Interspecies pair association 

Chi-square test (χ²), association coefficient (AC), and Pearson correlation were employed to 
quantify the interspecific association among dominant species in the community. A 2×2 
contingency table was constructed for each pair of species, and the counts for variables a, b, c, and 
d were recorded. Here, a represents the number of quadrats where both species A and B coexist, b 
represents the number of quadrats where species B exists but A doesn't, c represents the number of 
quadrats where species A exists but B doesn't, and d represents the number of quadrats where 
neither species A nor B exists. 

(1)Chi-Square Statistic Test(χ²) 
The Chi-Square Statistic Test (χ²) with Yates's correction formula is a qualitative measure 

used to determine the presence of correlation between two species at a specified confidence level. 
The formula is as follows [59, 60]: 

                              𝜒² = 𝑁[(|𝑎𝑑−𝑏𝑐|)−(1/2)𝑁]²(𝑎+𝑏)(𝑐+𝑑)(𝑎+𝑐)(𝑏+𝑑)                           

(9) 
N is the quadrat number. When ad > bc, the interspecies pairs are positive, and when ad < bc, 

the interspecies pairs are negative. When χ² < 3.841, the species pairs were not connected. When 
3.841 < χ² < 6.635, there was a correlation between species pairs. When χ² > 6.635, there was a 
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significant association between species pairs. 
(2)Association Coefficient AC [7]: 

                            ad≥bc时，𝐴𝐶 = 𝑎𝑑−𝑏𝑐[(𝑎+𝑏)(𝑏+𝑑)]                        (10) 

                          ad＜bc且 d≥a时，𝐴𝐶 = 𝑎𝑑−𝑏𝑐[(𝑎+𝑏)(𝑎+𝑐)]                   (11) 

                          ad＜bc且 d＜a时，𝐴𝐶 = 𝑎𝑑−𝑏𝑐[(𝑏+𝑑)(𝑑+𝑐)]                    

(12) 
The AC value further verified the chi-square test results, and the association coefficient (AC) 

range was [-1, 1]. The closer AC was to 1, the stronger the positive association between species 
pairs was. On the contrary, the closer the AC value is to -1, the stronger the negative association 
between species pairs is. If the AC value is 0, the species pairs are completely independent. 

(3)Pearson correlation 

Pearson correlation coefficient is used to measure the degree of correlation between two 
species and is a quantitative index of interspecific correlation. The formula is as follows [61]: 

           𝑟𝑠(𝑖,𝑘) = [∑ (𝑥𝑖𝑗 − 𝑥𝑖)(𝑥𝑘𝑗 − 𝑥𝑘)𝑁𝑗=1 ]/√∑ (𝑥𝑖𝑗 − 𝑥𝑖)²(𝑥𝑘𝑗 − 𝑥𝑘)²𝑁𝑗=1            

(13) 
The 𝑟𝑠(𝑖,𝑘) is the Pearson correlation coefficient between species i and species k in the 

quadrat, N is the total number of quadrats, 𝑥𝑖𝑗 and 𝑥𝑘𝑗 are the important value of species i and 
species k, respectively. They form vector sums 𝑥𝑖 and 𝑥𝑘 . The 𝑥𝑖  and 𝑥𝑘  are the average 
values of the importance of species i and i in the j-quadrat, respectively. The value of (0,1) 𝑟𝑠(𝑖,𝑘) 
is positively correlated, the value of (-1, 0) 𝑟𝑠(𝑖,𝑘) is negatively correlated, and the value of (0) 𝑟𝑠(𝑖,𝑘) is not correlated. 
Division of ecological species groups 

The ecological species group represents the association of species sharing similar ecological 
habits within a community, providing a more accurate reflection of the relationship between the 
community and population and the population's adaptation to the environment and dominant 
ecological factors [62]. In this study, based on the results of the species χ² test, AC association 
coefficient, and Pearson correlation coefficient test, cluster Analysis and Principal Component 
Analysis (PCA) [63] were used to classify the dominant bryophyte species of stone wall by using 
niche width matrix as the index. 
 

Data availability 

The datasets generated during or analysed during the current study are available from the 
corresponding author on reasonable request. 
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