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AbstractAbstractAbstractAbstract    
    
Cercidiphyllum japonicum is a tertiary relict species that was once widespread across the Northern 

Hemisphere but is now a rare and endangered plant in China, valued for its ornamental, medicinal, and 
scientific importance. Understanding the structure and dynamics of its wild populations is essential for 
forecasting their future and informing conservation strategies. This study, conducted in the Houhe National 
Nature Reserve, Hubei Province, analyzed a population of 62 individuals across 23 sampling plots. Based on 
detailed field measurements of diameter at breast height (DBH), a static life table was compiled and population 
dynamics were projected using age class dynamics indices and time series analysis. Results showed the 
population inhabits sandy, organic-rich, weakly acidic yellow-brown soils. The age structure approximated an 
irregular, spindle-shaped pyramid, characterized by a complete absence of germinated seedlings and a reliance 
on sprouting for regeneration. The population dynamic indices (Vpi > V′pi > 0) indicated a marginally growing 
but stable population that is highly sensitive to environmental and anthropogenic disturbances. The survival 
curve conformed to the Deevey-III type, indicating high mortality in early life stages. Time-series forecasting 
suggested that the current abundance of middle-aged individuals could maintain the population in the short 
term. We conclude that recruitment failure, intense environmental filtering, and historical logging are the 
primary drivers of its endangered status. Conservation efforts must therefore prioritize artificial regeneration 
to supplement seedlings, active management of existing sprouts, and the establishment of a long-term 
monitoring program for this vulnerable population. 

 
Keywords:Keywords:Keywords:Keywords: Cercidiphyllum japonicum; conservation management; dynamic index; population 
structure; static life table 
 
 
IntroductionIntroductionIntroductionIntroduction    
    
A population, defined as a group of interbreeding individuals of the same species within a specific 

spatiotemporal context, has a structure that is a central focus in ecological research (Condit et al., 2000). 
Population structure and its dynamic changes reflect the current status of a population, its response to 
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disturbances, and can be used to predict its developmental trajectory (Suzán-Azpiri et al., 2002; Kang et al., 
2014). This aids in elucidating the ecological characteristics of populations, their renewal strategies, and the 
formation and succession patterns of communities (Taylor and Halpern, 1991). Understanding the survival 
status and developmental dynamics of plants, and revealing their survival characteristics, potential, and 
mechanisms of endangerment, holds great significance for the conservation and management of rare and 
endangered plant species (Hedrick, 2005; Aguilar et al., 2006). 

In recent years, research and conservation of endangered species have garnered widespread global 
attention (Qiu et al., 2004; Aboukhalid et al., 2017). Cercidiphyllum japonicum, a Tertiary relict plant, was once 
distributed across the entire Northern Hemisphere but is now found only in certain parts of Japan and China 
(Sakio and Kubo, 2022). In 1989, it was listed as a rare and endangered plant in China, sporadically distributed 
in provinces such as Anhui, Zhejiang, Jiangxi, Hubei, Sichuan, Shaanxi, Shanxi, and Gansu (Yan et al., 2007; 
Li et al., 2020). Despite its significant ornamental, medicinal, and scientific value (Zou et al., 2022), wild C. 

japonicum populations are limited in number and scale, often occurring as scattered individuals (Jiang et al., 
2002). Some studies indicate that the species is in a state of decline (Li et al., 2009). In terms of reproductive 
biology, its dioecious nature leads to inefficient pollination, coupled with seed dispersal limitations and 
difficulties in seedling establishment, resulting in significantly weakened natural regeneration capacity (Li et 

al., 2009; Wei et al., 2025). At the ecological genetics level, extant populations exhibit a fragmented distribution 
and ongoing loss of genetic diversity, posing a risk of regional extinction (Ma et al., 2019). While stump 
sprouting can occur (Yang et al., 2012), this does not mitigate the primary threat: human-induced logging and 
habitat destruction remain the dominant drivers of population decline (Xu, 2018). Therefore, strengthening 
the protection of wild C. japonicum is extremely urgent. 

Current research on C. japonicum primarily focuses on genetic characteristics (Qi et al., 2012), spatial 
genetic structure of canopy trees (Sato et al., 2006), the relationship between life-history traits and 
environmental factors (Kubo et al., 2004), ecological niche modeling (Zeng et al., 2020), the relationship 
between seedling regeneration and environmental conditions (Kubo et al., 2005), and its coexistence 
mechanisms with other species (Sakio et al., 2002; Masaki et al., 2007). Although the mechanisms sustaining 
its populations in Japan have been preliminarily clarified, the species in China faces unique distribution 
patterns and survival challenges, often growing sporadically in vulnerable mountainous valleys and even 
demonstrating a patchy or insular, disjunct distribution pattern (Wang and Liu, 2002; He et al., 2009). This 
situation underscores the urgency of conducting targeted conservation research on Chinese populations. 
However, systematic studies on the population structure and dynamics of C. japonicum remain scarce. 

 Previous studies have shown that by adopting a "space-for-time substitution" approach, constructing 
static life tables, plotting survival curves, applying four survival analysis functions, quantitative indices for 
population dynamics, and time-series projection, it is possible to effectively reveal the structural characteristics 
and dynamic patterns of wild C. japonicum populations (Yang et al., 2012; Zhang and Bi, 2018; Ding et al., 
2022). In this study, we focus on the wild C. japonicum population in the Houhe National Nature Reserve of 
Hubei Province. Following this research paradigm, we systematically analyze the current status and 
development trends of the population, aiming to provide theoretical support for its sustainable conservation 
and management, and to lay a scientific foundation for elucidating the endangered mechanisms of C. 

japonicum. The specific objectives of this study were: (1) to characterize the current age structure and identify 
the dominant regeneration strategy of the population; (2) to quantify population dynamics and project future 
trends through survival analysis and time-series forecasting; and (3) to assess the key factors contributing to its 
endangerment. The aim is to predict the future succession trends of the population, provide a theoretical basis 
for the sustainable development of wild C. japonicum populations, and lay a foundation for elucidating the 
mechanisms behind its endangerment, thereby informing effective conservation strategies. 
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Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Study area 

Houhe National Nature Reserve is located in Wufeng Tujia Autonomous County, Hubei Province 
(30°2′45″ - 30°8′40″N; 110°29′25″–110°40′45″E), in the eastern section of the Wuling Mountains, and 
constitutes a vital component of the biodiversity hotspot in the Sichuan-East Hubei region of China (Figure 
1). The reserve covers a total area of 40,964.9 hm2, characterized by mountainous terrain with significant 
topographical complexity and an elevational gradient ranging from 398.5 to 2,252.2 m. The region experiences 
a transitional climate between the central and northern subtropical zones, featuring distinct seasons, 
synchronous rainfall and heat periods, and pronounced vertical climatic zonation (Zhang et al., 2013). The 
mean annual temperature is 11.5 °C, with an average annual precipitation of 1814 mm, an average annual 
evaporation of 1,185.7 mm, and a frost-free period of 211 days. The geological substrate is predominantly 
limestone, and the corresponding soil type is typical yellow-brown earth (Li et al., 2002). The zonal vegetation 
consists of evergreen broad-leaved forests and mixed evergreen-deciduous broad-leaved forests. The area is rich 
in vascular plant resources and hosts 29 rare and endangered protected plant species, earning it the reputation 
as the "Three Gorges Emerald" (Zha et al., 2006; Zhang et al., 2013; Zha et al., 2016). 

 

 
Figure 1.Figure 1.Figure 1.Figure 1. Location of the study area: (A) The geographical position of Hubei Province in East Asia (red 
area); (B) The geographical position of Houhe National Nature Reserve in China (red area) and（C）
Basic situation of the Houhe National Nature Reserve 
*Note: The shapefile of the reserve boundary was acquired from https://zenodo.org/records/14875797  

 
Cercidiphyllum japonicum is a light-demanding, tall deciduous tree that thrives in cool, moist 

environments with deep, well-drained, slightly acidic soils (Zeng et al., 2020). Within the reserve, its 
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populations are mainly distributed in valley bottoms at elevations between 1,200 and 1,350 m, often associated 
with tree species such as Tetracentron sinense, Davidia involucrata, and Tapiscia sinensis, and exhibit a strong 
capacity for sprouting regeneration. Furthermore, field surveys and local interviews revealed that the area 
experienced logging from 1960 until the reserve's creation in 1988, a period of which the 1970s were the most 
severe (Ding et al., 2022). 

 
Survey design 

In October 2016, a 1 km² sampling area was established within the core distribution zone of the C. 

japonicum community in Houhe National Nature Reserve. A total of 23 random quadrats (20 m × 20 m each), 
each containing at least one living individual, were surveyed. Within each quadrat, all living individuals of C. 

japonicum were censused. A distinct individual (genet) was defined as a standalone seedling or a cluster of 
physically connected ramets (sprouts) sharing a common root system. For each individual, the diameter at 
breast height (DBH) of all above-ground stems was measured at 1.3 m above ground level using a diameter 
tape, with the thickest or most dominant stem defined as the main trunk. Any stem with a DBH of less than 1 
cm was recorded as a seedling, applying this criterion uniformly to both germinated seedlings and sprouted 
ramets. As soil conditions are a critical factor limiting plant growth, distribution, and population regeneration, 
and since C. japonicum exhibits specific requirements for its habitat soil (Zeng et al., 2020), a five-point 
sampling method was employed to determine soil moisture content and electrical conductivity. Composite soil 
samples from a depth of 0–20 cm were collected from each quadrat and transported to the laboratory for 
analysis of soil type and properties. 

 
Soil analysis 

Soil type and properties were determined following standard methods (Bao, 2004). The soil texture 
composition was calculated as follows:  

WSand (%) = Msand / M1 × 100 
WSilt (%) = Msilt / M1 × 100 
WClay (%) = 1 - (WSand + WSilt) 

where Wsand, Wsilt, and Wclay represent the mass fractions of sand, silt, and clay, respectively; Msand is the 
mass of sand before sieving; Msilt is the dry mass of silt after removing sand; and M1 is the initial dry mass of the 
unsieved sample.  

Moisture content was determined by the gravimetric method: fresh soil samples were dried at 105 °C to 
constant weight, and moisture content was calculated from the mass difference. Electrical conductivity (EC) 
was measured in a 1:5 soil-water suspension using a conductivity meter after 30 minutes of equilibrium. Soil 
pH was determined potentiometrically in a 1:2.5 soil-water suspension using a calibrated pH meter. Alkali-
hydrolyzable nitrogen was measured by the alkali diffusion method using 1.0 M NaOH hydrolysis and boric 
acid absorption. Available phosphorus was extracted with 0.5 M NaHCO3 (pH 8.5) and determined by the 
molybdenum-blue method using spectrophotometry. Available potassium was extracted with 1 M NH4OAc 
(pH 7.0) and quantified by flame photometry. Organic matter content was determined by the potassium 
dichromate oxidation method (external heating version) and titrated with ferrous sulfate (Bao, 2004). 

 
Population structure 

Within a species, diameter and age classes respond to a given environment in a similar manner (Frost 
and Rydin, 2000). To avoid destructive sampling, diameter class structure is widely used as a proxy for age 
structure in analyzing population structure and dynamics (Wu et al., 2010; Boulanger-Lapointe et al., 2014). 
In this study, the diameter at breast height (DBH) of the main trunk were categorized into 8 age classes (Henry 
and Walters, 2023): Age class I (0 cm ≤ DBH < 10 cm), II (10-20 cm), III (20-30 cm), IV (30-40 cm), V (40-
50 cm), VI (50-60 cm), VII (60-70 cm), and VIII (70-80 cm). Based on the number of wild C. japonicum 
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individuals in each age class, the percentage of individuals was calculated. The age class was used as the abscissa, 
and the percentage of individuals was used as the ordinate to plot the age structure. 

 
Static life table preparation and survival curve 

The static life table and the survival curve can intuitively show the actual survival number, the number 
of deaths, and the survival trend of the population at different age classes (Dı ́az et al., 2000). To avoid negative 
mortality rates during compilation, a “smoothing technique” was applied to adjust the actual number of 
individuals in each age class. The smoothed individual counts (ax) were used to construct static life tables (Zhao 
et al., 2017; Shen et al., 2018). A static life table includes the following parameters: Ax: existing individual 
number within age class x; ax: existing individual number within age class x after the application of the 
“smoothing technique”; lx: standardized survival number at the beginning of age class x (generally converted to 
1000); lnlx: logarithmic standardized survival number; dx: standardized death number within the interval from 
age class x to x+1; qx: mortality rate; Lx: average survival number within the interval from age class x to x+1; Tx: 
total survival number from age class x and beyond; ex: life expectancy of individuals entering age class x; Kx: 
disappearance rate of the population. the formula is as follows: 
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The survival curve is drawn with the age class as the horizontal coordinate and the natural pair value of 
the survival number lnlx as the vertical coordinate. Using the exponential function (Nx=N0e-bx) and the power 

function (Nx=N0x-b) to describe the Deevey-Ⅱ type and Deevey-Ⅲ type survival curves (Hett and Loucks, 
1976). 

 
Quantitative of population dynamics 

The population dynamic index quantitative analysis method (Liu et al., 2023) was used to analyze the 
population age structure dynamics of wild C. japonicum by introducing the population dynamics between two 
adjacent age classes (Vn), ignoring the population dynamics of external interference (Vpi), the population 
dynamics of external disturbances caused (V'pi) by the number of individuals (Sn) and the number of age classes 
(k). The formula is as follows: 
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Survival analysis functions 

Applied to the survival function S(i) in the survival analysis, the cumulative mortality rate function F(i), 
the mortality density function f(ti), and the hazard rate function λ(ti) Population dynamics (Ma, 2021) of wild 
C. japonicum trees in each region. Where Pi is the survival rate, hi is for age width. The formula is as follows: 
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Time sequence prediction model 

The average passage method in time series model analysis was used to predict the dynamic trend of the 
wild C. japonicum population after 2, 4, and 6 years (Dı́az et al., 2000). The formula is as follows: 

 −−=
=

t

ntk kt X
n

M
1

)1( 1

 
where n is the future period to be predicted; Mt

(1) is the size of the population at diameter class t in the 
future n years; Xk is the current size of the population at diameter class k. 

 

Description of statistical analysis 

All the obtained data were treated using Excel (version 2020), and all the figures in this work were 
created using Origin (version 2021). 

 
 
Results Results Results Results     
 
Living status and age structure of C. japonicum population 

A total of 62 individuals of C. japonicum were recorded in the survey. The population distribution area 
is characterized by sandy yellow-brown soil (Table 1), with the trees predominantly growing in slightly acidic 
habitats rich in organic matter (Table 2), reflecting the species' preference for fertile and moist environments. 

 
 
Table 1.Table 1.Table 1.Table 1. Soil texture composition in the sampling plots of the Cercidiphyllum japonicum population (n=23) 

Soil fractionSoil fractionSoil fractionSoil fraction    Percentage (%)Percentage (%)Percentage (%)Percentage (%)    Standard deviation (%)Standard deviation (%)Standard deviation (%)Standard deviation (%)    
Sand 17.64 1.25 
Silt 76.77 11.11 
clay 5.61 2.03 
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Table 2.Table 2.Table 2.Table 2. Soil properties in the sampling plots of the Cercidiphyllum japonicum population (n=23) 

Soil propertiesSoil propertiesSoil propertiesSoil properties    Mean ± SDMean ± SDMean ± SDMean ± SD    
Moisture content (%) 20.57±9.24 

Conductivity (mv) 529±181.39 
pH 5.72±0.50 

Alkali-hydrolyzable nitrogen (mg kg-1) 569.47±82.46 
Rapidly available phosphorus (mg kg-1) 31.43±8.92 
Rapidly available potassium (mg kg-1) 243.55±51.61 

Organic matter (mg kg-1) 431.82±99.15 
*Note: Values represent mean ± standard deviation (SD) 

 
The population structure of C. japonicum was continuous, with individuals distributed across all eight 

age classes (Figure 2). Notably, no germinated seedlings (from seed) were found in the plots. The individuals in 
age class I emerged as sprouts from stumps, comprising 1.59% of the population. Individuals were primarily 
concentrated in age classes II–IV (68.25% of the total), while age classes V–VIII accounted for 30.65%. The 
peak occurred in age class II and Ⅳ, indicating a structure with sufficient middle-aged individuals but a severe 
deficiency of young-aged individuals, along with relatively few old-aged individuals. Beginning from age class 
IV, the number of individuals showed a general declining trend, with the exception of a minor fluctuation in 
age class VI. Overall, the age structure approximated a spindle-shaped, irregular pyramid. 

 

 
Figure 2.Figure 2.Figure 2.Figure 2. Age class structure of Cercidiphyllum japonicum population 
*Note: The individuals represent genetically distinct individuals 

 
The dynamics of the population age class structure and sensitivity index indicate fluctuations within the 

C. japonicum population (Table 3). Values of V
Ⅰ

, V
Ⅲ

, and V
Ⅴ

 were negative, indicating a decline in transitions 

from age class Ⅰ to Ⅱ, Ⅲ to Ⅳ, and Ⅴ to Ⅵ. The values of V
Ⅱ

, V
Ⅳ

, V
Ⅵ

, and V
Ⅶ

 were positive, indicating 
population growth during the transitions from age class II to III, IV to V, and VI to VIII. The overall 
quantitative dynamic index of the population, V′pi (which incorporates external disturbances), was lower than 
Vpi (under random disturbances alone), though both were greater than zero. The fact that V′pi approaches zero 
suggests that the population exhibits limited growth and is tending toward stability. Furthermore, the C. 

japonicum population showed high sensitivity to environmental or anthropogenic disturbances. The maximum 
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stochastic disturbance risk value (Pmax) was positive but very small, indicating that the population remains 
relatively vulnerable. 

 
Table 3.Table 3.Table 3.Table 3. Age class dynamic index of Cercidiphyllum japonicum population 

Dynamic indexDynamic indexDynamic indexDynamic index    Dynamic index valueDynamic index valueDynamic index valueDynamic index value    (%)(%)(%)(%)    

V
Ⅰ

 -93.33 

V
Ⅱ

 20.00 

V
Ⅲ

 -20.00 

V
Ⅳ

 60.00 

V
Ⅴ

 -14.29 

V
Ⅵ

 28.57 

V
Ⅶ

 80.00 
Vpi 22.27 
V'pi 2.78 

Pmax 12.5 

 
Static life table and survival curve of C. japonicum population 

With plant development, all key survival parameters of the C. japonicum population - including the 
standardized survival number (lx), standardized mortality (dx), mean survival number (Lx), and total survival 
number (Tx) - consistently decreased (Table 4). Individual life expectancy (eₓ) demonstrated a pattern of initial 
increase followed by subsequent decline with advancing age class. The maximum life expectancy occurred in 
age class III, reflecting more vigorous growth among middle-aged individuals. Beyond age class IV, a gradual 
reduction in life expectancy was observed, indicating progressively evident senescence. 

 
Table 4.Table 4.Table 4.Table 4. Static life table of Cercidiphyllum japonicum population 

Age Age Age Age 
classclassclassclass    

Diameter at Diameter at Diameter at Diameter at 
breast height breast height breast height breast height 

(cm)(cm)(cm)(cm)    

MidMidMidMid----value value value value 
of classof classof classof class    

AAAAxxxx    aaaaxxxx    llllxxxx    lnlnlnlnllllxxxx    ddddxxxx    qqqqxxxx    LLLLxxxx    TTTTxxxx    eeeexxxx    KKKKxxxx    

Ⅰ 0-10 5 1 66 1000 6.91 652 0.65 674 1371 1.37 1.05 

Ⅱ 10-20 15 15 23 348 5.85 167 0.48 265 697 2.00 0.65 

Ⅲ 20-30 25 12 12 182 5.20 61 0.33 152 432 2.38 0.41 

Ⅳ 30-40 35 15 8 121 4.80 30 0.25 106 280 2.31 0.29 

Ⅴ 40-50 45 6 6 91 4.51 30 0.33 76 174 1.92 0.41 

Ⅵ 50-60 55 7 4 61 4.10 15 0.25 53 98 1.63 0.29 

Ⅶ 60-70 65 5 3 45 3.82 0 0.00 45 45 1.00 0.00 

Ⅷ 70-80 75 1 3 45 3.82 - - - 0 0 - 

 
The survival curve of the C. japonicum population showed a declining trend overall (Figure 3). A sharp 

decrease was observed from age class I to II, followed by a more gradual decline from age classes II to V. The 
rate of decline intensified again between age classes V and VI, after which the population stabilized from age 
classes VI to VIII. Model fitting of the survival curve demonstrated that both the power function and 
exponential function models reached a highly significant level (p < 0.001). The exponential function model 
yielded a lower R2 value but a higher F-value compared to the power function model (Table 5), suggesting that 
the survival curve of C. japonicum approximates the Deevey-III type, characterized by high mortality in early 
life stages (Deevey, 1947). These modeling results are generally consistent with the observed trends in the 
survival curve. Both the mortality rate (qx) and the disappearance rate (Kx) curves displayed an overall 
decreasing trend, with mortality rate showing relatively minor fluctuations (Figure 4). Notably, both curves 
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reached a trough at age class IV and peaked at age class V. The two survival curves Deevey-Ⅱ and Deevey-Ⅲ 
approach the exponential function and the power function respectively. 

 
Table 5.Table 5.Table 5.Table 5. Test models of survival curves of Cercidiphyllum japonicum population 

Survival curveSurvival curveSurvival curveSurvival curve    Fitting modelFitting modelFitting modelFitting model    Fitting resultFitting resultFitting resultFitting result     RRRR2222    FFFF    PPPP    

Deevey-Ⅱ Nx= N0e-bx Nx=6.975e-0.084x 0.944 119.442 0.000 

Deevey-Ⅲ    Nx=N0x-b Nx=7.092x-0.298 0.985 447.899 0.000 

 

 
Figure 3.Figure 3.Figure 3.Figure 3. Survival curve of Cercidiphyllum japonicum population 
lnlx: logarithmic standardized survival number 

 

 
Figure 4.Figure 4.Figure 4.Figure 4. Mortality rate and vanish rate of Cercidiphyllum japonicum population 
qx Indicates the mortality rate, Kx indicates the vanish rate 
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Survival analysis of C. japonicum population 

As the plants developed, the survival rate S(i) of the C. japonicum population decreased, while the 
cumulative mortality rate F(i) increased, with the former remaining considerably lower than the latter 
throughout the observed period (Figure 5). The mortality density function f(i) and the hazard rate function λ(i) 
exhibited similar trends, both peaking in age class I and decreasing sharply from age class I to II (Figure 6). After 
age class II, the changes in both curves stabilized, though the hazard rate consistently remained above 0.25. By 
age class VI, the survival rate had declined to 0.05, and the cumulative mortality rate had risen to 0.95, while 
the mortality density reached its minimum value (0). Collectively, the four survival function curves reflect a 
population dynamic marked by early-stage decline, mid-term stability, and late-stage senescence. 

 

 
Figure 5.Figure 5.Figure 5.Figure 5. Survival rate and cumulative mortality rate functional curves of Cercidiphyllum japonicum 
population 
S(i) indicates the survival rate, F(i) indicates the cumulative mortality rate 

 

 
Figure 6.Figure 6.Figure 6.Figure 6. Mortality density and hazard rate functional curves of Cercidiphyllum japonicum population 
f(ti) indicates the mortality density rate, λ(ti) indicates the hazard rate 
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Time sequence prediction of C. japonicum population 

Using the current number of individuals in each age class as the baseline, time-series forecasting was 
performed based on the single moving average method to project population sizes after 2, 4, and 6 age classes 
(Figure 7). After 2 age classes, the number of individuals in age classes II and IV decreased, while that in age 
class VI remained stable; all other age classes showed an increase in predicted individual numbers. After 4 or 6 
age classes, only age classes IV and VI experienced a decline in individual numbers, whereas all other classes 
continued to increase. The overall fluctuation in population numbers across future age‐class intervals can be 
attributed to the scarcity of young trees in the current population structure. 

 

 
Figure 7.Figure 7.Figure 7.Figure 7. Time sequence prediction of number dynamics of Cercidiphyllum japonicum population 
M0 is the current number distribution curve of C. japonicum in various age classes; M2 is the predicted 2-age classes 
curve; M4 is the predicted 4-age classes curve; M6 is the predicted 6-age classes curve 

 
 
DiscussionDiscussionDiscussionDiscussion    
 
Population structure characteristics 

Population age structure is influenced by both biotic and abiotic factors (Velázquez et al., 2016). This 
study found that wild C. japonicum in the Houhe National Nature Reserve predominantly grows in weakly 
acidic, organic-rich sandy yellow-brown soils (Table 1, Table 2). This soil type aligns with the species' known 
habitat preferences and is considered favorable for its growth (Yang et al., 2012). The population exhibits an 
irregular spindle-shaped pyramid structure, a pattern consistent with many rare and endangered woody plants 
such as Acer yangbiense (Tao et al., 2020), Parakmeria omeiensis (Yu et al., 2020), and Cinnamomum chago 

(Zhang et al., 2020). A defining feature of this structure is the severe scarcity of young individuals, particularly 
germinated seedlings, coupled with the dominance of middle-aged trees (Figure 2). 

The current seedling population of C. japonicum primarily consists of sprouts, facing a shortage of 
seedlings originating from seeds. This is likely due to the wide spacing between individuals or scattered 
distribution, which limits pollination and fertilization. The dioecious nature of C. japonicum further intensifies 
the difficulty of seedling establishment through sexual reproduction (Yang et al., 2012). Numerous studies have 
also identified sprouting as a prominent regeneration strategy in this species, particularly when seedling 
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establishment is constrained (Sakio et al., 2002; Kubo et al., 2005). While sprouting helps compensate for the 
lack of seedlings and contributes to short-term population maintenance (Bond and Midgley, 2001), the 
complete absence of germinated seedlings in age class I in this study strongly supports the prevalence of this 
vegetative strategy. However, although sprouting can prolong the lifespan of genetic individuals in the short 
term, it may lead to reduced genetic diversity and diminish the population’s capacity to adapt to environmental 
changes in the long run. This reliance on vegetative regeneration is also observed in other rare woody species in 
montane riparian zones, such as C. japonicum and Euptelea pleiosperma (Wei et al., 2015; Meng et al., 2020). 

The number of individuals decreases from the middle age classes toward both younger and older classes 
(Table 4; Figure 3). The scarcity of young individuals undermines the long-term stability of middle-aged and 
older cohorts (Swamy et al., 2011). When subjected to external disturbances, the population becomes highly 
vulnerable to decline. The high maximum stochastic disturbance risk (Pmax) further indicates the population's 
sensitivity to habitat conditions, aligning with the established principle that populations lacking renewable 
young individuals are prone to regression (Table 3; Sirkiä et al., 2010). In summary, the current relative stability 
of this C. japonicum population - characterized by its spindle-shaped structure, absence of seedlings, and 
dominance of sprouting - heavily depends on existing middle-aged individuals, indicating a high risk of future 
population decline. 

 
Population dynamics and development trends 

Population dynamics reflect the interaction between individual viability and environmental conditions 
(Fuchs et al., 2000; Bierzychudek, 2014). Within this process, seedling growth and survival directly determine 
the success of natural regeneration (Ellsworth et al., 2004; Wright et al., 2015) and govern population renewal 
(Comita et al., 2009). In this study, the survival curve of the C. japonicum population conformed to the Deevey-

Ⅲ type (Table 5). Four survival functions - mortality rate, disappearance rate, and the population dynamic 
index (V′pi approaching 0) - collectively indicated high juvenile mortality (Table 3; Figure 4). Similar patterns 
have been reported in populations from the Rhodope Mountains in Greece (Milios et al., 2008) and Parque 
Nacional Puyehue in Chile (Lusk et al., 2011), underscoring the role of species-specific biological traits and 
environmental filtering. Although C. japonicum produces abundant small, winged seeds to enhance dispersal 
and evade predation (Li et al., 2008; Wu and Du, 2008), the resulting seedlings are fragile (Tíscar, 2019) and 
experience intense environmental filtering. Combined with the limited nutrient reserves in the seeds (Qi et al., 
2012), these factors contribute to low seedling survival rates (Zhang et al., 2015). Furthermore, naturally 
sprouted ramets often cluster under the canopy, leading to high juvenile mortality due to strong self-thinning 
(Comita et al., 2009). Furthermore, the forest floor litter hinders newly germinated seedlings from establishing 
contact with the soil in a timely manner, thereby contributing to the low survival rate of young individuals 
(Kubo et al., 2004). Successful seedling establishment typically requires more drastic disturbances, such as valley 
floor flooding that clears away the litter and exposes bare soil, to create the habitat conditions necessary for the 
germination and survival of this species (He et al., 2009). 

The static life table reflects fundamental population attributes and adaptive conditions under 
intraspecific and interspecific interactions (Wang et al., 2004; Omelko et al., 2018). Life expectancy (eₓ) in the 
C. japonicum population increased initially, peaking in age class III, indicating highest environmental 
adaptability at this stage (Table 4). As plants grew, limited resources and space intensified competition, which 
led to a decline in life expectancy. This pattern is consistent with findings from Rhododendron populations 
(Zhang et al., 2024), where strong competition was associated with high hazard rates and low survival 
throughout the life cycle. It is hypothesized that the observed increase in mortality and vanish rates at Age Class 
V is a consequence of historical excessive logging (Figure 4), rather than a result of physiological senescence 
(which typically begins at a DBH of 115-125 cm; Ding et al., 2022) or size-related constraints. Anthropogenic 
disturbance is a major driver of population decline (Vacek et al., 2015). Field surveys and local accounts confirm 
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that C. japonicum, valued for its high-quality timber (Zou et al., 2022), has been subjected to overharvesting, 
drastically reducing population size and exacerbating its endangered status (Guan et al., 2016). The inferred 
impact of historical logging aligns with survival analysis, which revealed a pattern of early decline, mid-term 
stability, and late senescence (Figure 5; Figure 6). Although the population is classified as growing (V′pi 
approaches 0), its growth is minimal - consistent with observations in Populus wulianensis (Wu et al., 2021). 
This marginal growth is likely sustained by the current abundance of middle-aged individuals, which may 
support short-term regeneration in the absence of disturbance. Furthermore, time-series projections also 
suggest a limited potential for population recovery (Figure 7). 

 
Conservation and restoration of the populations 

The extant Cercidiphyllum japonicum population is small, exhibits almost no natural seedling 
regeneration, and has low resistance to disturbance and limited regenerative capacity. Protecting the ecological 
environment for young individuals, ensuring sufficient seedling supply, and enhancing the population's natural 
reproductive and dispersal capabilities are crucial to halting its decline and promoting recovery. Based on these 
findings, we recommend the following conservation measures: First, implement precision habitat management 
to promote natural regeneration. Given that C. japonicum is concentrated in valley bottoms at elevations of 
1,200-1,350 m and depends on slightly acidic, organic-rich soils, such areas should be designated as core 
protection zones. To address the severe shortage of seedlings in the understory, moderate thinning should be 
applied to create forest gaps and improve light conditions. This should be complemented by artificial seeding 
and seedling protection measures to directly enhance seedling establishment and survival rates, thereby 
facilitating natural regeneration of the population (Perrino and Wagensommer, 2021). Second, enhance the 
maintenance of existing individuals and reinforce population structure. In light of the reliance on sprouting for 
regeneration, middle-aged and older individuals should receive regular care, including appropriate pruning to 
stimulate vigorous sprouting and maintain the vitality of genetic individuals. Concurrently, artificial 
propagation and ex-situ conservation should be actively implemented to expand population size (Tian et al., 
2024) and mitigate the high hazard rates and low survival resulting from resource competition. Finally, 
establish a long-term conservation and collaborative management framework. Building on the permanent plots 
established in this study, a long-term monitoring network should be established to regularly assess population 
dynamics. At the same time, given the historical felling of C. japonicum by local residents, community 
cooperation should be strengthened through awareness campaigns and protective education to eliminate illegal 
logging (Kroon et al., 2000), integrating scientific management with community-based stewardship. 

 
 
ConclusionsConclusionsConclusionsConclusions    
    
This study elucidates the current status and future trajectory of the Cercidiphyllum japonicum 

population in Houhe National Nature Reserve, Hubei Province. Key findings reveal a spindle-shaped age 
structure characterized by a complete absence of germinated seedlings and reliance on sprouting for 
regeneration. Although population dynamic indices classify it as growing and approaching stability (Vpi > V′pi 
> 0), this stability is precarious and largely dependent on existing middle-aged individuals. Survival analysis 
indicates a Deevey-III type survival curve, reflecting high early-age mortality. Time-series projections further 
confirm an uncertain future trajectory due to insufficient recruitment of young individuals. Based on these 
findings, conservation efforts should prioritize overcoming the bottleneck in seedling regeneration. 
Specifically, targeted measures - including precision habitat management, maintenance of healthy sprouting 
individuals, and establishment of long-term monitoring - are essential for the sustainable persistence of this 
endangered population. This study provides critical data support and clear guidance for the scientific 
conservation of C. japonicum. 



Dong B et al. (2025). Not Bot Horti Agrobo 53(4):14422 

 

14 
 

 

 

 

 

 

 
 
Authors’ Contributions Authors’ Contributions Authors’ Contributions Authors’ Contributions     
 
Conceptualization: YLY; Data curation: DB and PQ; Formal analysis: DB; Funding acquisition: YLY; 

Investigation: DB, HQK, YLY, and PQ; Methodology: YLY and DB; Software: DB; Visualization: DB and 
LCY; Writing - original draft: DB; Writing - review and editing: YLY.  

All authors read and approved the final manuscript. 
 
 
Acknowledgements Acknowledgements Acknowledgements Acknowledgements     
 
This work was supported by the Jingzhou City Jingzhou District Lingjiao Lake National Wetland Park 

management office project (grant number HBCM-2023N-016). 
 
 
Conflict of InterestsConflict of InterestsConflict of InterestsConflict of Interests    
 
The authors declare that there are no conflicts of interest related to this article. 
 
 
ReferencesReferencesReferencesReferences    

    
Aboukhalid K, Machon N, Lambourdière J, Abdelkrim J, Bakha M, Douaik A, … Al Faiz C (2017). Analysis of genetic 

diversity and population structure of the endangered Origanum compactum from Morocco, using SSR markers: 
Implication for conservation. Biological Conservation 212:172-182. 
https://doi.org/10.1016/j.biocon.2017.05.030 

Aguilar R, Ashworth L, Galetto L, Aizen MA (2006). Plant reproductive susceptibility to habitat fragmentation: review 
and synthesis through a meta‐analysis. Ecology Letters 9(8):968-980. https://doi.org/10.1111/j.1461-

0248.2006.00927.x 
Bao SD (2000). Soil and agricultural chemistry analysis. China Agriculture Press, Beijing. 
Bierzychudek P (2014). Plant biodiversity and population dynamics. In: Monson R (Eds) Ecology and the environment. 

The plant sciences (vol 8). Springer, New York. https://doi.org/10.1007/978-1-4614-7501-9_15  
Bond WJ, Midgley JJ (2001). Ecology of sprouting in woody plants: the persistence niche. Trends in Ecology and 

Evolution 16(1):45-51. https://doi.org/10.1016/S0169-5347(00)02033-4 
Boulanger-Lapointe N, Lévesque E, Boudreau S, H.R.Henry G, Schmidt NM (2014). Population structure and dynamics 

of Arctic willow (Salix arctica) in the High Arctic. Journal of Biogeography 41(10):1967-1978. 
https://doi.org/10.1111/jbi.12350 

Comita LS, Uriarte M, Thompson J, Jonckheere I, Canham CD, Zimmerman JK (2009). Abiotic and biotic drivers of 
seedling survival in a hurricane-impacted tropical forest. Journal of Ecology 97(6):1346-1359. 
https://doi.org/10.1111/j.1365-2745.2009.01551.x 

Condit R, Ashton PS, Baker P, Bunyavejchewin S, Gunatilleke S, Gunatilleke N, … Yamakura T (2000). Spatial patterns 
in the distribution of tropical tree species. Science 288(5470):1414-1418. 
https://doi.org/10.1126/science.288.5470.1414 

Deevey ES Jr (1947). Life tables for natural populations of animals. The Quarterly Review of Biology 22(4):283-314. 
https://doi.org/10.1086/395888 

Dı ́az S, Mercado C, Alvarez-Cardenas S (2000). Structure and population dynamics of Pinus lagunae M.-F. Passini. Forest 

Ecology and Management 134(1-3):249-256. https://doi.org/10.1016/S0378-1127(99)00261-3 



Dong B et al. (2025). Not Bot Horti Agrobo 53(4):14422 

 

15 
 

 

 

 

 

 

Ding QD, Fu ZL, Yang J, Zhang WY, Liu Y, Qi H (2022). Study on population structure and quantitative dynamics of 
Cercidiphyllum japonicum in Chagangliang Nature Reserve in Gansu. Guangxi Forestry Science 51(04):510-515. 

Ellsworth JW, Harrington RA, Fownes JH (2004). Seedling emergence, growth, and allocation of Oriental bittersweet: 
effects of seed input, seed bank, and forest floor litter. Forest Ecology and Management 190(2-3):255-264. 
https://doi.org/10.1016/j.foreco.2003.10.015 

Frost I, Rydin H (2000). Spatial pattern and size distribution of the animal-dispersed tree Quercus robur in two spruce-
dominated forests. Ecoscience 7(1):38-44. https://doi.org/10.1080/11956860.2000.11682569 

Fuchs MA, Krannitz PG, Harestad AS (2000). Factors affecting emergence and first-year survival of seedlings of Garry 
oaks (Quercus garryana) in British Columbia, Canada. Forest Ecology and Management 137(1-3):209-219. 
https://doi.org/10.1016/S0378-1127(99)00329-1 

Guan BC, Chen W, Gong X, Wu T, Cai QY, Liu YZ, Ge G (2016). Landscape connectivity of Cercidiphyllum japonicum, 
an endangered species and its implications for conservation. Ecological Informatics 33:51-56. 
https://doi.org/10.1016/j.ecoinf.2016.04.002  

He D, Wei XZ, Li LF, Jiang MX, Yang JY, Yu J (2009). Population structure and dynamics of Cercidiphyllum japonicum 
in riparian zones of the shennongjia mountainous region, central china. Chinese Journal of Plant Ecology 
33(3):469-481. 

Hedrick PW (2005). A standardized genetic differentiation measure. Evolution 59(8):1633-1638. 
https://doi.org/10.1111/j.0014-3820.2005.tb01814.x 

Henry CR, Walters MB (2023). Sugar maple (Acer saccharum) age structure reveals limited establishment and 
development of age cohorts in response to selection management in northern hardwood forests. Forest Ecology 
and Management 546:121356. https://doi.org/10.1016/j.foreco.2023.121356 

Hett JM, Loucks OL (1976). Age structure models of balsam fir and eastern hemlock. Journal of Ecology 64(3):1029-
1044. https://doi.org/10.2307/2258822 

Jiang MX, Deng HB, Cai QH (2002). Distribution pattern of rare plants along riparian zone in Shennongjia Area. Journal 
of Forest Research 13(1):25-27. 

Kang D, Guo YX, Ren CJ, Zhao FZ, Feng YZ, Han XH, Yang GH (2014). Population structure and spatial pattern of 
main tree species in secondary Betula platyphylla forest in Ziwuling Mountains, China. Scientific Reports 4:6873. 

https://doi.org/10.1038/srep06873 
Kroon HD, Groenendael JV, Ehrlen J (2000). Elasticities: a review of methods and model limitations. Ecology 81(3):607-

618. https://doi.org/10.1890/0012-9658(2000)081[0607:EAROMA]2.0.CO;2 
Kubo M, Sakio H, Shimano K, Ohno K (2004). Factors influencing seedling emergence and survival in Cercidiphyllum 

japonicum. Folia Geobotanica 39:225-234. https://doi.org/10.1007/BF02804779 

Kubo M, Sakio H, Shimano K, Ohno K (2005). Age structure and dynamics of Cercidiphyllum japonicum sprouts based 
on growth ring analysis. Forest Ecology and Management 213(1-3):253-260. 
https://doi.org/10.1016/j.foreco.2005.03.045 

Li J, Zhou TY, Lu XL, Li XT, Sun B, Meng HJ (2020). Seed traits and recruitment limitation of northern marginal 
Cercidiphyllum japonicum populations in China. Biodiversity Science 28(10):1161-1173. 
https://doi.org/10.17520/biods.2020095 

Li WL, Zhang XP, Hao CY, Wu JX, Wang L, Wang J, … Huang HM (2009). Age structure and point pattern analysis of 
four Cercidiphyllum japonicum populations in three provinces of Hunan, Hubei and Anhui. Acta Ecologica Sinica 
29(6):3221-3230. 

Li WL, Zhang XP, Hao CY, Zhang H (2008). Characteristics of seed germination of the rare plant Cercidiphyllum 

japonicum. Acta Ecologica Sinica 28(11):5443-5445. 
Li X, Tian YQ, Hu LL, Huang HD, Jiang MX (2002). Community characteristic of the mixed eevergreen and deciduous 

broadleaved forest in Houhe Nature Reserve. Journal of Wuhan Botanical Research 20(5):353-358. 
Liu D, Guo ZL, Cui XY, Fan CN (2023). Estimation of the population dynamics of Taxus cuspidata by using a static life 

table for its conservation. Forests 14(11):2194. https://doi.org/10.3390/f14112194 
Lusk C, Pérez-Millaqueo MM, Piper F, Saldana A (2011). Ontogeny, understorey light interception and simulated carbon 

gain of juvenile rainforest evergreens differing in shade tolerance. Annals of Botany 108(3): 419-428. 
https://doi.org/10.1093/aob/mcr166 



Dong B et al. (2025). Not Bot Horti Agrobo 53(4):14422 

 

16 
 

 

 

 

 

 

Ma WB, Liao CY, Ji HJ, Chen X, Dong TF (2019). Sex ratio and sexual difference of functional traits in the endangered 
plant Cercidiphyllum japonicum. Chinese Journal of Ecology 38(08):2414-2419. 

Ma Z (2021). A unified survival-analysis approach to insect population development and survival times. Scientific Reports 
11:8223. https://doi.org/10.1038/s41598-021-87264-1 

Masaki T, Osumi K, Takahashi K, Hoshizaki K, Matsune K, Suzuki W (2007). Effect of microenvironmental 
heterogeneity on the seed-to-seedling process and tree coexistence in a riparian forest. Ecological Research 22:724-
734. https://doi.org/10.1007/s11284-006-0308-1 

Meng HJ, Wu H, Wei XZ, Jiang MX (2020). Adaptive strategies and driving factors of a montane riparian tree:trait-
specific mechanisms across latitude. Science of the Total Environment 749:141578. 
https://doi.org/10.1016/j.scitotenv.2020.141578 

Milios E, Pipinis E, Smiris P, Aslanidou M (2008). The influence of overhead shade on the shade mortality of Abies 

xborisiiregis Mattf.seedlings and saplings in the central Rhodope mountains of north-eastern Greece. Plant 
Biosystems 142(2):219-227. https://doi.org/10.1080/11263500802150332 

Omelko A, Ukhvatkina O, Zhmerenetsky A, Sibirina L, Petrenko T, Bobrovsky M (2018). From young to adult trees: 
How spatial patterns of plants with different life strategies change during age development in an old-growth 
Korean pine-broadleaved forest. Forest Ecology and Management 411:46-66. 
https://doi.org/10.1016/j.foreco.2018.01.023 

Perrino EV, Wagensommer RP (2021). Crop Wild Relatives (CWR) Priority in Italy: Distribution, ecology, in situ and 
ex situ conservation and expected actions. Sustainability 13(4):1682. https://doi.org/10.3390/su13041682 

Qi XS, Chen C, Comes HP, Sakaguchi S, Liu YH, Tanaka N, Sakio H, Qiu YX (2012). Molecular data and ecological 
niche modelling reveal a highly dynamic evolutionary history of the East Asian Tertiary relict Cercidiphyllum 

(Cercidiphyllaceae). New Phytologist 196(2):617-630. https://doi.org/10.1111/j.1469-8137.2012.04242.x 
Qiu YX, Hong DY, Fu CX, Cameron KM (2004). Genetic variation in the endangered and endemic species Changium 

smyrnioides (Apiaceae). Biochemical Systematics and Ecology 32(6):583-596. 
https://doi.org/10.1016/j.bse.2003.08.004 

Sakio H and Kubo M (2022). Flowering and fruiting of the dioecious canopy tree Cercidiphyllum japonicum over an 8-
year period in central Japan. Journal of Forest Research 27(1):45-52. 
https://doi.org/10.1080/13416979.2021.1991551 

Sakio H, Kubo M, Shimano K, Ohno K (2002). Coexistence of three canopy tree species in a riparian forest in the 
Chichibu mountains, central Japan. Folia Geobotanica 37:45-61. https://doi.org/10.1007/BF02803190 

Sato T, Isagi Y, Sakio H, Osumi K, Goto S (2006). Effect of gene flow on spatial genetic structure in the riparian canopy 
tree Cercidiphyllum japonicum revealed by microsatellite analysis. Heredity 96:79-84. 
https://doi.org/10.1038/sj.hdy.6800748 

Shen ZQ, Lu J, Hua M, Tang XQ, Qu XL, Xue JL, Fang JP (2018). Population structure and spatial pattern analysis of 
Quercus aquifolioides on Sejila Mountain, Tibet, China. Journal of Forestry Research 29(2):405-414. 
https://doi.org/10.1007/s11676-017-0444-1 

Sirkiä S, Lindén A, Helle P, Nikula A, Knape J, Lindén H (2010). Are the declining trends in forest grouse populations 
due to changes in the forest age structure? A case study of Capercaillie in Finland. Biological Conservation 
143(6):1540-1548. https://doi.org/10.1016/j.biocon.2010.03.038 

Suzán-Azpiri H, Sánchez-Rámos G, Martınez-Avalos JG, Villa-Melgarejo S, Franco M (2002). Population structure of 
Pinus nelsoni Shaw, an endemic pinyon pine in Tamaulipas, Mexico. Forest Ecology and Management 165(1-3): 
193-203. https://doi.org/10.1016/S0378-1127(01)00617-X 

Swamy V, Terborgh J, G.Dexter K, D.Best B, Alvarez P, Cornejo F (2011). Are all seeds equal? Spatially explicit 
comparisons of seed fall and sapling recruitment in a tropical forest. Ecology Letters 14(2):195-201. 
https://doi.org/10.1111/j.1461-0248.2010.01571.x 

Tao LD, Han CY, Song K, Sun WB (2020). A tree species with an extremely small population: recategorizing the critically 
endangered Acer yangbiense. Oryx 54(4):474-477. https://doi.org/10.1017/S0030605319000073 

Taylor AH, Halpern CB (1991). The structure and dynamics of Abies magnifica forests in the southern Cascade Range, 

USA. Journal of Vegetation Science 2:189-200. https://doi.org/10.2307/3235951 



Dong B et al. (2025). Not Bot Horti Agrobo 53(4):14422 

 

17 
 

 

 

 

 

 

Tian M, Ke XR, Li M, Deng KX, Yang Y, Fang ZS, … Zhou HC (2024). Population status of the endangered semi-
Mangrove Dolichandrone spathacea on Hainan Island, China. Forests 15(5):865. 
https://doi.org/10.3390/f15050865 

Tíscar PA (2019). Recruitment into the seedling bank of an undisturbed Mediterranean pinewood: increasing forest 
resistance to changing climates. Forest Ecology and Management 432:591-598. 
https://doi.org/10.1016/j.foreco.2018.09.058 

Vacek Z, Vacek S, Podrázsk V, Bílek L, Štefančík I, Moser WK, … KrálíčekKrál I (2015). Effect of tree layer and microsite 
on the variability of natural regeneration in autochthonous beech forests. Polish Journal of Ecology 63(2):233-
246. https://doi.org/10.3161/15052249PJE2015.63.2.007 

Velázquez E, Kazmierczak M, Wiegand T (2016). Spatial patterns of sapling mortality in a moist tropical forest: 
consistency with total density-dependent effects. Oikos 125(6):872-882. https://doi.org/10.1111/oik.02520 

Wang T, Liang Y, Ren HB, Yu D, Ni J, Ma KP (2004). Age structure of Picea schrenkiana forest along an altitudinal 
gradient in the central Tianshan Mountains,northwestern China. Forest Ecology and Management 196:267-274. 
https://doi.org/10.1016/j.foreco.2004.02.063 

Wang Y, Liu SX (2002). Study on the natural population dynamics of Cercidiphyllum japonicum in Hubei. Journal of 
Central China Normal University, Natural Sciences 36(1):93-95. 

Wei WQ, Guo Q, Duan XG (2025). Spatiotemporal dynamics of potential suitable habitats for Cercidiphyllum japonicum 
under climate change. Journal of Henan University of Science and Technology, Natural Science 46(04):88-96.  

Wei XZ, Wu H, Meng HJ, Pang CM, Jiang MX (2015). Regeneration dynamics of Euptelea pleiospermum along 
latitudinal and altitudinal gradients: trade-offs between seedling and sprout. Forest Ecology and Management 
353:232-239. https://doi.org/10.1016/j.foreco.2015.06.004 

Wright SJ, Muller-landau HC, Calderón O, Hernandéz A (2015). Annual and spatial variation in seedfall and seedling 
recruitment in a neotropical forest. Ecology 86(4):848-860. https://doi.org/10.1890/03-0750 

Wu DL, Du GZ (2008). Relationships between seed size and seedling growth strategy of herbaceous plant: A review. 
Chinese Journal of Applied Ecology 19(1):191-197. 

Wu JX, Zhang XM, Deng CZ, Liu GJ, Li H (2010). Characteristics and dynamics analysis of Populus euphratica 
populations in the middle reaches of Tarim river. Journal of Arid Land 2(4):250-256.  

Wu QC, Zang FQ, Li CC, Ma Y, Gao Y, Zheng YQ, Zang DK (2021). Population structure and dynamics of endangered 
Populus wulianensis. Acta Ecologica Sinica 41(12):5016-5025. 

Xu ZY (2018). Protection priority order and strategy of key preserved wild plants in Hubei province. MSc Dissertation, 
Hubei university. 

Yan XL, Ren Y, Tian XH, Zhang XH (2007). Morphogenesis of pistillate flowers of Cercidiphyllum japonicum 
(Cercidiphyllaceae). Journal of Integrative Plant Biology 49(9):1400-1408. https://doi.org/10.1111/j.1744-

7909.2007.00526.x 
Yang RH, Sun BS, Liu SY (2012). Resource distribution and endangered mechanism of genus Cercidiphyllum in Qinling 

region. Journal of Northeast Forestry University 40(6):19-22. 
Yu DP, Wen XY, Li CH, Xiong TY, Peng QX, Li XJ, …Ren H (2020). Integrated conservation for Parakmeria omeiensi 

(Magnoliaceae), a critically endangered plant species endemic to south-west China. Oryx 54(4):460-465. 
https://doi.org/10.1017/S003060531900111X 

Zeng CY, Zhong QJ, Wang CY, Hu YP, Wu MH, Meng W, Peng MC (2020). Ecologically suitable habitats and 
population characteristics of Cercidiphyllum japonicum in China. Chinese Journal of Ecology 39 (8):2704-2712. 

Zha YP, Luo QG, Wang GX, Wu SB, Huang DQ, Deng CS, Wei Q (2006). Community diversity of butterfly in Houhe 
National Nature Reserve. Chinese Journal of Applied Ecology 17(2):265-268. 

Zha YP, Luo QG, Xu F, Chen JY, Xiang QB, Xiang MG (2016). Seasonal moth diversity in Houhe National Nature 
Reserve. Acta Ecologica Sinica 36(17):5575-5580. 

Zhang J, Zhang B, Qian Z (2015). Functional diversity of Cercidiphyllum japonicum, communities in the Shennongjia 
Reserve, central China. Journal of Forestry Research 26(1):171-177. https://doi.org/10.1007/s11676-014-0010-z 

Zhang KH, Bao DC, Guo YL, Lu ZJ, Huang HD, Jiang MX (2013). Phylogenetic structure of a rare plant community in 
Houhe Nature Reserve over time and space. Plant Science Journal 31(5):454-460. 



Dong B et al. (2025). Not Bot Horti Agrobo 53(4):14422 

 

18 
 

 

 

 

 

 

Zhang X, Zhou XL, Liu YH, Mo JQ, Zhang LQ, Wang YH, Shen SK (2020). Investigating the status of Cinnamomum 

chago (Lauraceae), a plant species with an extremely small population endemic to Yunnan, China. Oryx 54(4):470-
473. https://doi.org/10.1017/S0030605318001527 

Zhang YY, Wang JL, Wang XJ, Wang LJ, Wang YF, Wei JP, … Zhao XC (2024). Population structures and dynamics of 
Rhododendron communities with different stages of succession in Northwest Guizhou, China. Plants 13(7):946. 
https://doi.org/10.3390/plants13070946 

Zhang ZJ, Bi RC (2018). Dynamic study of Cercidiphyllum japonicumin Lishan, Shanxi province. Journal of Shanxi 
Agricultural University, Natural Science 38(6):49-54. 

Zhao BQ, Guo DG, Shao HB, Bai ZK. (2017). Investigating the population structure and spatial pattern of restored 
forests in an opencast coal mine, China. Environmental Earth Sciences 76:679-693. 
https://doi.org/10.1007/s12665-017-7020-z 

Zou LJ, Su J, He JY, Liang LY, Bai S, Yang HL, … Ma YH (2022). First report of leaf spot disease caused by Alternaria 

brassicae on Cercidiphyllum japonicum in China. Plant Disease 106(12):3218. https://doi.org/10.1094/PDIS-03-

22-0620-PDN 

 
 
 
 

 

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users 
are allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them 
for any other lawful purpose, without asking prior permission from the publisher or the author. 

 

License License License License ---- Articles published in Notulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici Cluj----NapocaNapocaNapocaNapoca are Open-Access, 
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License. 
© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the 
author(s) to hold the copyright/to retain publishing rights without restriction. 

 
Notes:Notes:Notes:Notes:    
 Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published 

in the journal.  
 Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 
 Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for 

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors 
or persons to whom they are credited. Publication of research information does not constitute a recommendation or 
endorsement of products involved. 

 
 


